LI D ASSEMBLY FOR H GH TEMPERATURE PROCESSI NG 5

CHAMBER CROSS- REFERENCE TO RELATED APPLI CATI ONS
This application is related to concurrently filed and comonly
assigned patent application entitled "HEATER/ LI FT ASSEMBLY FOR HI GH 10
TEMPERATURE PROCESSI NG CHAMBER, " havi ng Jonat han Frankel , Hari

. Ponnekanti, Inna Shrrurun and Vi sweswaren Sivaranakrishnan |isted as
«CO0- I nventors and to concurrently filed and conmonly assigned patent
“appl i cati on entitled "CHAMBER LI NER FOR H GH TEMPERATURE PROCESSI NG

CHAMBER, " havi ng Jonat han Frankel and Vi sweswaren Sivaramakrishnan |isted
as 15 co-inventors; and to concurrently filed and commonly assi gned

patent application entitled "SUBSTRATE PROCESSI NG APPARATUS W TH
BOTTOM MOUNTED LID ASSEMBLY? FOR HIGH TEMPERATURE PROCESSING
: 5 CHAMBER

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is related to concurrently filed and commonly
assigne& patent application entitled "HEATER/LIFT ASSEMBLY FOR HIGH
10 TEMPERATURE PROCESSING CHAMBER," having Jonathan Frankel, Hari
Ponnekanti, Inna Shmurun, and Visweswaren Sivaramakrishnan listed as _
co-inventors; and to concurrently filed and commonly assigned patent application
entitled "CHAMBER LINER FOR HIGH TEMPERATURE PROCESSING
CHAMBER," having Jonathan Frankel and Visweswaren Sivaramakrishnan listed as
‘15 co-inventors; and to concurrently filed and commonly assigned patent application -
entitled "SUBSTRATE PROCESSING APPARATUS WITH BOTTOM-MOUNTED
REMOTE PLASMA SYS‘I‘EM," having Gary Fong and Irwin Silvestre listed as
co-inventors; and to concurrently filed and commonly assigned patent 'application'
entitled "LIFT ASSEMBLY FOR HIGH TEMPERATURE PROCESSING |
20 CHAMBER," having Jonathan Frankel listed as inventor; and to concurrenﬂy filed-
' and commonly assigned patent application entitled l"SYSTEMS' AND METHODS
EOR DETECTING END OF CH.AMBER- CLEAN IN A THERMAL (NON-
PLASMA) PROCESS," having Visweswaren SiQaramakrishnan and Gary Fong
listed as co-inventors; and to concurrently filed and commonly assigned patent
25  application entitled "SYSTEMS AND METHODS FOR HIGH TEMPERATURE
PROCESSING OF SEMICONDUCTOR WAFERS," having Visweswaren
Sivaramakrishnan, Ellie Yieh, Jonathan Frankel; Li-Qun Xia, Gary Fong, Srinivas
Nemani, Irwin Silvestre, Inna Shmurun, and Tim Levine listed as co-inventors; and
to concurrently filed and commonly assigned patent application entitled
30 "METHODS AND APPARATUS FOR CLEANING SURFACES IN A
SUBSTRATE PROCESSING SYSTEM, " having Gary Fong, Li-Qun Xia, Srinivas
Nemani, and Ellie Yieh listed as co-inventors; and to concurrently filed and

commonly assigned patent application entitled "METHODS AND APPARATUS



REMOTE PLASMA SYSTEM " having Gary Fong and Irwin Silvestre |isted as
co-inventors; and to concurrently filed and commonly assi gned patent

application entitled "LIFT ASSEMBLY FOR H GH TEMPERATURE PROCESSI NG 20
CHAMBER, " havi ng Jonat han Frankel listed as inventor; and to concurrently
filed and commonly assi gned patent appl? cation ent Itled "SYSTEMS AND

PLASVA) PROCESS O GRTIPRING, ELHORINER OM:HANR M ATERIAL SPREAGES

listed as co-i ”%ﬁﬂhgrm»qlﬁﬁﬁxat iSRRG AFen S drimttrl B ohrd Rin RN TREMaNi, A GE AN
patent 25 l'icafion entitled "SYSTEMS AND METHODS FOR H GH TEMPERATURE

PROCESSI NG OF saml CaxpBoriistyd RERS tventas; ragd W sorsymmantish filed and commonly

§ v amake e Bl ekt Syl OEH AR TR Shps AP PR Koons.

as co-inventrs ,DMSITING PR:EM(HMIJ: DEBLECTRIC €A YERI MDSUBHAWW
patent application_entitled 30 I\/ETHCDS AND APPARATUS 5@3 l%f
SURFACES IN A ANDJIEGAINPERAEDRE ONDITIENS:" haying 1% h.qn

GO TERE o virehisbinkes i e i
" VETHODS AND APRésigifddSpatent application entitled "METHODS AND APPARATUS FOR
SHALLOW TRENCH ISOLATION," having Ellie Yieh, Li-Qun Xia, and Srinivas
10  Nemani listed as co-inventors; and to concurrently filed and commonly assigned
patent application entitled "SYSTEMS AND METHODS FOR CONTROLLING
THE TEMPERATURE OF A VAPdR DEPOSITION APPARATUS," having
‘Jonathan Frankel listed as inventor; and to concurrently filed and commonly
assigned patent application entitled "METHODS AND APPARATUS FOR PRE-
15  STABILIZED PLASMA GENERATION FOR MICROWAVE CLEAN
APPLICATIONS," having Gary Fong, Fong Chang, and Long Nguyen listed as
co-inventors; and to concurrently filed and commonly assigned patent application
entitled "METHOD AND APPARATUS FOR FORMING ULTRA-SHALLOW
DOPED REGIONS USING DOPED SILICON OXIDE FILMS," having Ellie Yieh,

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

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

incorporated by reference.

25 ‘ BACKGROUND OF THE INVENTION
The present invention relates to semiconductor processing. More
specifically, the invenﬁon relates to a method and apparawms for forming dielectric
films over high aspect ratio features at temperatures greater than about 500°C, with
the dielectric films having low moisture content and low shrinkage. Embodiments
30  of the present invention are particularly useful to deposit doped dielectric films,
such as borophosphosilicate glass (BPSG) films, borosilicate glass (BSG) films, or
phosphosilicate glass (PSG) films, and to form ultra-shallow doped regions used, for
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substrate surface where heat-induced chemical reactions (homogeneous or

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

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

Semiconductor device geometries have dramatically decreased in size

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

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

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

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

conventional substrate processing systems are becoming inadequate to meeting these
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wet etching steps. As is well known, these gaps or voids may contribute to device

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

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

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

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

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

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

regions having a depth on the order of hundreds of nm are usually required. For
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15  fixed by annealing the implanted semiconductor material at high temperatures
(greater than about 900°C). Aﬁnealing the implanted semiconductor material,
however, may further increase the junction depth beyond that desired. With an
approach like gaseous diffusion, controlling dopant distribution and junction depth is
difficult to control in ferming ultra-shallow doped regions. As technology

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

In forming ultra-shallow doped regions, one alternative approach to
the current approaches of ion implantation and gaseous diffusion is the use of a

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

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

of the doped dielectric film is important in efficiently forming ultra-shallow doped
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known, dopants available for diffusion into the substrate to form doped regions. It is

10 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 conver;tional substrate.

process';ng systems when using a dopéd dielectric film as a dopant diffusion source.
One problt-mi is that it is difficult to obtain a high degree of control over film

15  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
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

20  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 detaii below.

Despite the advantages of using doped dielectric films as dopant

diffusion sources to form ultra-shallow doped regions, the problem of being unable

25  to control thickness and uniformity of the deposited doped dielectric film when
using conventional deposition systems is of particular concern for two primary
reasons. First, the inability to adequately control thickness and uniformity of the
deposited doped dielectric film using conventional nmiethods and apparatus
undesirably results in a diminished ability to control the dopant uniformity and

30  junction depth of the ultra-shallow doped region formed. For example, in a
conventional sequential CVD chamber, a substrate rests on a belt and travels

through various portions of the chamber. In each portion of the chamber, a layer
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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 controi
thickness of the deposited film. With thicker films deposited conventionally, some
dopants may take longer to diffuse into the substrate, since they have greater

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

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

Another problem with using doped dielectric films as dopant diffusion

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

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

when the wafer is transferred from the deposition chamber after deposition of the
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15  shallow doped regions are to be formed prevent effective and uniform dopant
diffusion into the silicon. Therefore, native oxides, which act as a diffusion barrier
layer to the dopants, need to be removed. Removing native oxides has been done
using conventional techniques such as wet etching using liquid etchants, and dry
etching using an in situ plasma. However, using liquid etchants is often difficult to

20  control and may result in overetching the substrate. Substrates that have native
oxides cleaned by conventional methods such as wet etching have shelf lives of less
than about one week before native oxides begin to form again, making it desirable
to process the wafers shortly after the native oxides have been removed. Using dry
etchixig to remove native oxides with an in situ plasma results in plasma damage to

25 the surface of the substrate. In addition to causing surface plasma damage, in situ
plasma dry etching may undesirably result in more metal contamination, as
discussed earlier. Accordingly, it is important to efficiently remove native oxides
without damaging the substrate surface so dopants may diffuse into the substrate
uniformly for ultra-shallow doped regions.

30 In addition to providing dense, low moisture dielectric films having
uniform thickness and high aspect ratio gap-filling capability with low metal

contamination, improved quality and overall efficiency in fabricating integrated
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elsewhere in the CVD apparatus, such as in the area between the gas mixing box

10  and gas distribution manifold. Undesired oxide residues also may be deposited in

or around the exhaust channel and the walls of the processing chamber during such
CVD processes. Over time, failure to clean the residue from the CVD apparatus
often results in degraded, unreliable processes and defective substrates. Without
frequent cleaning procedures, impurities from the residue built up in the CVD

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

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

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

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

normal production processing.



filmw th even dopant uniformty can provide a nore controlled diffusion of
dopant s fromthe filminto the substrate. As is well known, noisture
in doped dielectric films reacts with dopants to bind themin a
crystal structure, resulting in fewer dopants avail able for diffusion
into the substrate to formdoped regions. It;gs 10 desirable to use doped
dielectric filns having a | ow noi sture content, since these filnms
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15 processing requirements for forming devices with high aspect ratio features, and for

forming ultra-shallow doped regions.

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

deposition, heating and efficient cleaning for forming dielectric films having



conventional sequential CVD chanber, a substrate rests on a belt and
travel s t hrough various portions of the chanber. In each portion of
t he chanber, a | ayer

7 - having a certain thickness may be deposited. Thickness of the
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i nto the subst r atfartheri beassed toegeposiv undpped diglectric films used as shallow trench isolation
10  filling oxides, insulating layers, capping layers, or other layers.

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

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

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

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

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

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

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



15 di stances to travel before reaching the sem conductor material .

Al so, renoval of such a thick filmused as a dopant diffusion source
by etching or other technique often increases the total tinme to
process the wafer. Wth growi ng pressures on manuf acturers to inprove
efficiency, it is desirable to formthe dopeghdielectric film as thin
as possible in order to decrease the tine needed to deposit and then renove
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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
are able to enter the chamber, which is at high temperatures, and provide a gentle,
15  thermal cleaning of the chamber. With the remote plasma system, only chemical
reactions are utilized and the problem of physical sputtering effects are eliminated.
In contrast, with the use of an in situ plasma system, sputtering effects attack
aluminum chamber walls, which may then lead to metal contamination in the
processed wafer. In the thermal cleaning process using the remote plésma system, -
20  the radicals directed into the chamber can effectively clean unwanted deposits and
residues from the surfaces in the chamber while the plasma remains remote or
exterior to the chamber. Another advantage of the remote plasma system is that
native oxides can be efficiently removed from the wafer to effectively ensure
effective and uniform dopant diffusion from the doped dielectric layer without
25 causing significant surface damage to the silicon wafer. A further advantage of the
remote plasma system is that the system may also be configured for use to deposit
films by using different input gases as needed.
In a preferred embodiment, the remote plasma cleaning system is a
microwave plasma system configured to produce and deliver a select species (such
30 as fluorine, chlorine or other radicals) to the processing chamber. The remote
plasma system energizes gases by microwave radiation to create a plasma with

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



8 doped dielectric filmto a different processing chanber for the
next processing step in a multiple-step process). The absorbed
noisture (Herr]O then reacts with the dopants in the dielectric
film causing the filmto crystallize. Due to the crystal structure
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15  This is because conventional endpoint detection systems typically rely on the use of
a plasma within the chamber to check emissions from the in situ plasma to
determine the end of the cleaning process. In the present invention, an endpoint
detection assembly is coupled to the gas outlet of the processing chamber to
determine the endpdint of the cleaning process by detecting changes in light

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

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

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

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

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



etching to renove native oxides with an in situ plasma results in plasma
damage to 25 the surface of the substrate. In addition to causing surface
pl asma danage, in situ pl asma dry etching may undesirably result in
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nitrides The present invention also provides various heat-resistant and

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

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

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

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

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

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

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



on the surface of a substrate being processed. Undesirable oxide deposition
occurs el sewhere in the CVD apparatus, such as in the area between
the gas m xi ng box 10 and gas distribution manifold. Undesired oxide

resi dues al so may be deposited in or around the exhaust channel and
the walls of the processing chanber during sygh CVD processes. Over
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for the enclosure assembly. The lid assembly mcludes 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
inchiding 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 clearing 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 controiler, for partially or

completely closing the bypass passages to control the gas flow through the gas
distribution holes.



10 In light of the above, inproved nmethods, systens and
apparatus are needed for depositing dense, |ow noisture dielectric
films with uniformthicknesses and high aspect ratio gap-filling
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Flg 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;



20 SUWMMARY OF THE | NVENTI ON

The present invention provides systens, nethods and apparatus for

hi gh tenperature (at |east about 500-800[err]C) processing of sem conduct or
waf ers. Enbodi ments of the present invention include systens, nethods
and apparatus 25 whi ch enable nultiple prigcess steps to be perforned in
situ in the sane chanber to reduce total processing tinme and to
ensure high quality procesEigQg7A and 7BaE Sidd b@bs-sectional ividvaOdndt BoxdmOEiEws, e S
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exhaust system of the CVD apparatus 10 of Fig. 2;

Fig. 9 is a vertical cross-sectional view, partially schematic, of a
heater/lift assembly, according to an embodiment of the invention;

Fig. 10 is an enlarged cross-sectional view of a bottom portion of the

10  heater/lift assembly of Fig. 9;

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

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

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

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

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

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

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

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

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

30 Figs. 20A-20G are simplified cross-sectional views of another

exemplary application of the method and apparatus of the present invention for

ultra-shallow trench isolation;



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

bor ophosphosilicate glass (BPSG filns, borosilicate glass (BSG
films, or phosphosilicate glass (PSG films, and to form an
ul tra-shal | ow doped region used, for exanpl gg as source/drain 5 junctions

or as channel stop diffusions in shallow trench isolation. In addition,

enbodi ments of the presentFig.raleiltusteites Y ralAtioRshif besaen INF,dR0 snd m@tﬁ@ﬁﬁlve
dielectric filnms used as prenetal dielectric (PVD) |ayers, internetal

diel ectric (I MDFAPEYigppower that 8’€{FS epthaal cénaamaé@tp$ prqvided rwith Famate gHicrowave
enbodi nents of r t V., f deposi t
undoped di el ect PI cm?issﬁtgﬁussje@ aggérg% §f emfc #é%#ﬁﬁ?lxg%fﬁeegre%é?ﬁtl i ng
oxi des, i nsul at imvgntiazer s, cappi ng | ayers or ot her | ayers.

Met hods accqrding to the vention include depaosi

dielectric 1S§|’I nms by CVD o%r ggésitika?ré graphs 15:‘5 ‘E’HJ ptaﬂgq;plltﬁgshgwmg
pressure RS WGRRt PRFIE omem SHallow jaRsioReRirned ubin c§ B Gilh @

tenperature greater. than out 500[err]C. The subs e may be heated
for a variety oipf?ﬁ]’lcﬁ‘b%@fd@&lémalasmb;@mempér ®pIeseny lm@ml@lw of deposited

dielectric layers for pla | rom a
deposi ted doped dielectri Ezﬂégaégﬁr\ FI(? g‘{sh%&&g@&@g? ?’fpegmgu{%??éﬁﬁld a
si ngl e step (e.ghowingnhs idbpamg pmfd% gmf shewd Refistivig Jdfi mﬂ}lm-sthlanow@ﬁmioﬁ
tenperature eater, an 5 rr ion nultiple sfeps (e.d.,
deposi ting fone ff?‘l'"i‘ﬁ%{)‘r‘tm% if Farpe Bs6 9‘?&%#‘&’5&9@0 gm{; eé‘dlf[qg?r] C
and then heati ngréseft {dvk,mo(ﬁn the wafer after the film 20 has been

deposited). In either case h tenperature processing is acconplished
wi t hout renoving the waf erﬁlgr isephatemisrogrinhndsarons a@&éencag@;bml fill

orovessing - caeie NG Buokd B o i sty A SFERET U e

wi t h cappi ng | agertediment of the present invention;

15 Fig. 24B is a simplified diagram of a section of the structure shown
in Fig. 24A; '
Fig. 25 illustrates the FTIR spectra of a PSG film deposited at about
600°C under exemplary process conditions, according to a specific embodiment;
~ Figs. 26A and 26B are photomicrographs demonstrating the relative
20 gap fill capabilities of TEOS/O, USG films deposited at about 400°C and about
550°C, respectively, after heating at about 1050°C and a subsequent wet etch
processing, in accordance with a specific embodiment of the present invention;
Fig. 27 is a photomicrograph demonstrating the gap fill capability of
a USG film deposited at about 550°C after heating at about 1000°C and a
25  subsequent wet etch processing, in accordance with a specific embodiment of the
present invention; and
Fig. 28 illustrates the FTIR spectra of a USG film deposited at about

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

30



advant ageousl y reduce outgassing of dopants fromthe doped filmand | ower
25 noi sture content. In a specific enbodi nent, reactive gases are
delivered to the substrate surface, where heat-induced chem ca
reactions take place to produce the dielectric film Additionally or
alternatively, a controlled plasma may be fd9ned to facilitate the
deconposition of the reactive species. In an exenpl ary

enbodi ment, the di el ®EFABLED DESCREPRION: OFoPBE SPEGIFIC EMBRQBIVIENES dopant
di ffusion source f uclt ra- eh |l ow junction. The filmis
deposited at teﬁpe%%—éﬁ@@f—gf t han about 500[err]C onto the substrate

and heated to hi gheA. t@vepeieatofroD Readtat |y greater than 600[err] C
and preferably greater thap abqut . _
12 . 700[err] C, to di fEmBRAIEHSQf therRresent Huenion) ake sYSIEMS. Aythodsandhe

under | yi ng SBbSta{pg%%ms used Pc?égﬁ;&lﬁﬂé Hﬁleg:{}{% @%ﬁ%ﬁ?&éﬁ%&t@t@gg%@ritﬂﬂl HoaPS 1N

fi
t he sane chanber vi des b%t ont ne thi Ckness, )
uniformity, and 5°€ ulepartiewtian tsudyf systems dmethddsiansl apparatus may be ufed tmdeposit
| mproving the nmojsture.content. of the film.increase he, _amuni s of
avai Labl e 5 doeped ARtk ok pnd fopd aflecR 53 Suc G BATBE w80 10 g
form ng ultra-shaltdaQballow dopdduregions) remerahdiglectrio@ks tih®finétsivdielettric layers,

I n anot her aspect of the invention, a renote plasma systemis -
capping layers, oxide filling layers, or other layers. Fig. 1A is a vertical, cross-

10  sectional view of one embodiment of a CVD apparatus 10 according to a specific
embodiment. In addition to being capable of depositing dielectric layers, the
apparatus according to the present invention has high temperature heating
capabilities useful for performing reflow of deposited dielectric layers for
planarization, or for driving in dopants from a deposited doped dielectric layer

15  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, muitiple process steps may be performed in a
single chamber without having the wafer i:ramsferred out of that chamber into other

20  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
increases the overall throughput of the process. '

25 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
on a vertically movable heater 25 (also referred to as a wafer support pedestal or

" 30 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



provi ded for etching undesired deposits on the inner walls of the vacuum

chanber and conponents of the apparatus, and for cleaning native

oxi des and ot her residue 10 fromthe sem conductor wafer prior to
processing. A gentle cleaning technique using a renote energy source
is preferably enployed instead of -a conventigpal in situ plasm

process to |lower netal contam nation. For exanple, the renote plasma
system provi des gositRiihdicRbd sy RoféH iR f Whidhl iy cfolsé49 raﬂjﬁ@etft%‘ﬁﬁiﬂ 20,126 QR e

pl asma are able to enter the chanber, which is at terrperatures
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advant age of the te SYS ative.o s _can b
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and uni f or m dopa ity u’nqm; Bigandel fotinfldast dhafmbbRliser 361

causi ng si gm ficant surface egto the sili coﬁgtwafer A frurt her P

advant age ofl0 heportion of chamber 1,§+ aéﬁaxsggsg%m degail below, the sutfagecnf chamben Linerpe
configured for u t s as
needed. 135 p}&exqﬁﬁ%'rﬂpﬂslesaa 8?’%?’er re gtrjrt%g asdél n;lﬁithﬁdg armenﬁril&}tﬁré1 ‘g sha

cl eani ng syst em which serves to invmrahvawmg@mmrgr&ysuéamwﬂonfrcwdd heatequaztm:&

and deliver a sel,ect . speci.es, (spuch 30 as.fluorine,. chl ot
radicals) to thehﬂglbbcé‘é@“ e&%%fﬁ@@l’“%ﬁ'l‘?@“? 3%‘0?’5‘ are at %P&@h&’%?g?’g?ﬁm
ener gi zes gases baatmeqbqimpzsadi ation to create a plasma with

etching radicals. Specifically, mcrowaves are created by a magnetron or
ot her 15 ~ Reactive and carrier gases are supplied through supply line 43 into a

gas mixing box (o; 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
47. As will be discussed in detail below, a processor 50 preferably controllably

20  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
vented toward the wafer surface (as indicated by arrows 21), where it may be

25  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
then exhausts the gas (as indicated by arrows 22) into the annular pumping channel

30 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.



13 sui tabl e 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 m crowave
energy, which sustains the ionization of the ignited plasma to

produce a flow of radicals into the processiyg chanber. For 5 cl eani ng,
the radicals interact with residue forned on the chanber walls to form

reactant gases that are suntthdtepreiemative gaisbdiént) tHeechelivab espod\depasitipahaust
system The m crowave pl system may al so be ad%gt ed to deposit
pl asma enhanced Process Pé\%%“?‘?dl lﬂm 2gR3rats (10 1% 2 desreial . SUBrRUPRSPRETIC, Pregsite s
i nt o the processhigessNafErleferred to as sub-a oagherif CVbnﬁﬁw P AQURRG&ed EariBe
i nvention, the rempte plasma system includes 10 —an endpoi nt detection

system for indi ctermal rpredesses iseppiie reactieagasesytohthe substrate supface wilers. heitre

| ack of plas [ r n ke it difficult. usi

convent i onal ggndglgb%t% cglgﬁgégﬁegﬁtﬁ)@gﬁmenf@%g ﬁﬁfff?ﬁen???é? %kﬁé’laﬁf QUBTOGHS e
cl eani ng haesireé €ilmc AT D efpdratue 10, Wédeds dib@ibhRatbylresSicdasy-Beted' IRatedue
i n the chanber hgi] ) reacted wth the cleaning etchant so that it can
be di scharged fr o asiliscussadindstail below, that és capabje o seashingiompenees asdrghas nt

detection systengyduy BO§-8003C." Shoh lﬁﬁt aﬂﬁih'dﬁgn g{og'édﬁg u{%t@nﬁ),l APl mBadtd}Cor

chanber to check emssions fromthe In si
the wafer for effecting deposition, reflow and/or drive-in, cleaning, and/or

10 seasoning/gettering steps in a muitiple-step process in situ in chamber 15.
Alternatively, a controlled plasma may be formed adjacent to the wafer by RF
energy applied to gas distribution plate 20 from an RF power supply (not shown).
In embodiments additionally having a lower RF electrode, the RF power supply can
supply either single freguency RF power to plate 20 or mixed frequency RF power

15  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.

Remote microwave plasma system 55 integrally provided in CVD

20  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
wafer, depending on the desired application. Although gases input via line 57 into

25 plasma system 55 are reactive cleaning gases for treating a plasma to provide
fluorine, chlorine, or other radicals, remote microwave plasma system 55 also may
be adapted to deposit plasma enhanced CVD films by inputting deposition reactive
gases into system 55 via input line 57. Generally, remote microwave plasma
system 535 receives gases via input line 57, which are energized by microwave

30  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



determ ne the end of the cleaning process. In the present invention, an

endpoi nt detection assenbly is coupled to the gas outlet of the
processi ng chanber to determ ne the endpoint of the cleaning process
by detecting changes in light 20 intensity that occur due to absorbance
of light by the exhausted cl ean gas reactants, such as SiF[err].

In yet another aspect of the present invention, a nethod provides

gettering of anyilhdedisbesded: fusther belews, Somnecémizmslirhénts of apparéme if) triag adsor f ace

of - chanber | 1's. .Accordin he present inventiaqn, ,a first,..
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cl eani ng gas colff®

chamber to clean the prochetdrd@nd BpidaesenSbrs (not shoWAP e ise@o RS AME. A
second cl eaning gas is then introduced into the processing chanber

after the resi ddetergige ghecpesitionof sepvablermedhanieal assembliss spahgasghirottieryalves econd
cl eaning. gas re I ' si r i t he
Firor | 075, CHAAE 5 188 Bl 1€ BT Cesbiholy 0, REAGE Blhe VELEDAD,
chanber. Renovi dyotle valve sygemt63y, remott mticrolaze plagma agstein 55f anxdrothbesysteanber
provi des a nunber of advant ages. For exanple, in a preferred

enbodi ment of t AETPPRELEAT F?Mﬁi&ﬁ,m?‘fw isﬁé"’gga?‘l“éﬂlgmes b5, of¥Rickiglyy er ed
into the processhmgaredigh@r to renove residue, such as silicon oxide,

14 ' '

Processor 50 controls all of the activities of the CVD machine.

10 Acting as the system controller, processor 50 executes system control software,
which is a computer progfam stored in a memory 70 coupled to processor 50.
Preferably, memory 70 may be a hard disk drive, but of course memory 70 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

15 raék. 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

20  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 boar&s, interface boards and stepper motor controller boards. Various
parts of CVD apparatus 10 conform to the Versa Modular European (VME)

25 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 processdr 50 is via a CRT monitor
73a and light pen 73b, shown in Fig. 1B which is a simplified diagram of the

30  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



by formng a silicon-fluoride gas product which is punped away from
chanber. - After the fluorine-based chanber cleaning procedure, any
adsorbed fluorine on the surface of the chanmber walls which m ght
otherwi se interact wth, or be i ncorporated into, the deposited film
on the next wafer to be processed is gettergg. 5 In an alternative
enbodi nent, the gettering may be perfornmed by seasoning the chanber
usi ng m crowayv e ilgeapparanesdl0at Breénsplary tgsinframnel ufitsSednmpacibleswidi ¢ illostegipesi t a
thin filmof oxide gnto tgﬁ hanber to trap any adsorbed flugrine and
prevent ¢ Gmbastineat PERY, appAEatus g &aﬁfmtfr cRmBeiciadly aveilable as the
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el ectrical connaliffersnispartsesfes procébbie support shaft preferably conprises

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

in the clean room wall for the operators and the other behind the wall for the
* service technicians. Both monitors 73a simultaneously display the same

information, but only one light pen 73b is enabled. The light pen 73b detects light
emitted by CRT display with a light sensor in the tip of the pen. To select a

20  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

25  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

30  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



25 a ceramc material that is diffusion-bonded to the pedestal/heater to
provi de a vacuum seal within the shaft. This vacuum seal allows the
hol l ow i nterior of the shaft to be naintained at anbi ent tenperature
and pressure during high tenperature processi ng, which protects the
el ectrodes and other electrical connections 440m corrosion fromthe
process and cl ean gases within the chanber. In addition, 30 provi di ng
anbi ent pr essur etonhe Iprocesdimg chaadter 1 niAs ees imFigl N¢, remorte tniergpave plasmar ce

t hrough the holl ow core.of the, shaft to power |eads or, the outer || s of
t he s% aft . system 5? is {ntegra ly located and Bounted below chamber 15 wy con ‘?E‘S""?
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al / heat er S
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mat eri al resistas$ ftom gusasupplyopand80.i Gaesupply paneP80 krichide®findsh® dak e Niquid
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m ni m zi ng cr ackmiying/sysem P3gmhich receives the deposition process and carrier gases (or
10 vaporized liquids) from sources 90 for mixing and sending to gas 'mixing box 273
| via line 85 to supply line 43. Generally,' supply lines for each of the process gases
include (i) shut-off valves 95 that can be used to automatically or manually shut off
the flow of process gas into line 85 or line 57, and (ii) mass flow controllers 100
that measure the flow of gas or liquid through the supply lines. When toxic gases
15 (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 dobant sources, are
20  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
25  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 éonventional boiler-type or bubbler-
type hot boxes in other embodiments. A liciuid injection system is preferred as it
prbvides greater control of the volume of reactant liquid introduced into the gas
30  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.



10 otherw se occur with a single, relatively thick ceramc liner. In an

exenpl ary enbodi nent, the outer portion of the liner includes air
gaps to increase the i nsul ati on provided by the liner. .
1n still a further aspect of the invention, a lid assenbly is provided

for the encl osure assenbly. The |id assenbl ypsi ncl udes a gas m xi ng bl ock
.(or box) 15 coupled to one or nore clean gas passages and one or nore
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i ncludes a control system such as val ve an controller, for partially

or conpl et w1§chmgo‘éalvﬂ;1%@05§lm\§§ dsatsd ata peint slose & inlai 57 pmd TeMEE
through the gas system 551, s%x{chﬂxgt\}am ﬂﬁl ffithese embodiments would be connected to inlet

57 to remote microwave system 55 and also to line 83 leading to inlet 43. In

15  specific embodiments, gate valve 280 may be controlled by processor 50, with
instructions from the system software computer program, to select either the clean
gases or the deposition gases to flow into chamber 15.

Located remote from the clean room where chamber 15 of apparatus

10 is located are a microwave power supply 110 and ozonator 115. Power supply

20 110 provides power to the magnetron in remote plasma system 55. Ozonator. 115,
applies power to oxygen (O,) which is used as input to provide ozone (O;) as output
for use as at least one of the sources 90. In other embodiments, power supply 110
and ozonator 115 may be located in the clean room rather than being remotely
located. Further, in multichamber systems requiring multiple ozone sources and/or

25  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

30 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



16 These and ot her enbodi nents of the present

I nvention, as well as Its advant ages and features, are described in
nore detail in conjunction with the text bel ow and attached fi gures.
5 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1Ais a vertical, cross-sectional vi ewzgf a CVD appar at us
according to the present invention; Fig. 1Bis a

sinplified di agramenfiohd]%e:t ¥ai&GAnd00 sloPdd ﬁﬂlﬂ'gn@lé%dll@la cAdAlLsH5e JnQed.ELg?,a

mul ti chanber system ustrates a gene
overvi ew of CVD su@pas amemory system of the qoaipatarorif the enteyeds cadeptextyis jmadligh3 0
Iocatedinaclq i]Jlustrativ

. . Fig, 1D is.
bl ock di agram of & lengiiaze, theidods is cmpijeg) and the restitagt Somnilepoders
control sof t war eyitic@pbje@Icons @ﬂf)fégbﬂaﬁﬁ)ed Wiﬁd?fvﬁillwarZQo@tiﬁe@. TooRehk ke

enbodi nment ; ) . ig. 1E is a block diagram of an exenplary
heat er contr®l linked compiled object code, the system user invokes the object code, causing the
computer system to load the code in memory, from which the CPU reads and
executes the code to perform the tasks identified in the program.
Fig. 1D is an illustrative block diagram of the hierarchical control
structure of the system control software, computer program 150, according to a
10 specific embodiment. Using a light pen interface, a user enters a process sét
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 éarry out specified
processes, are identified by predefined set numbers. Process selector subroutine
15 153 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
20  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
1353 controls what type of process (deposition, wafer cleaning, chamber cleaning,
chamber gettering, reflowing) is performed at a certain time in chamber 15. In
25  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
30 controlling the process are output on the analog output board and digital output
board of CVD system 10. |



subrouti ne; ‘Fig. 2 is an exploded view of a preferred

enbodi nent of CVD apparatus 10 according to the present invention; 20
Fig. 3 is a vertical cross-section, partly in schematic, taken al ong

line 3-3 in Fig. 2; Fig. 4 is an enl arged
cross-section of a sem conductor processing 27 chanber of the apparatus
of Fig. 2; Fig. 5 is an exploded view of a gas

di stribution system for tha pideess seapareniubRotine Fisg.coriprises program code for
Fig. 6Ais a top, partiall Q#Jt-awag vi ew of lid assenbly of QéD
apparat us 10, i | PRrERYNg Y ﬁéa/eﬂﬁ g4 prpsesgrchamberand sgt ok PRORsE iP § SRE process

Fi gs. 6B and 6C ididdusit dulofitifle 159 l“a?n&%?é&i@?@g} %Br%r%@go? thePar}ou§ Wrocess

respectively, of an alternative asse apparat us "10,
i ncor porating a @itambersyMadtiple vsedsican émer prbesas setqrugrbsessand process chamber
Figs. 7A and 57 B %ﬁr%besris,dgr a giroxg g_ugee}céain%rr]l%r n\lltixltquﬁ p%]c%ssbs%tt tm?r'ﬂlx‘a’r's and process
chamber numbers, so sequencer subroutine 155 operates to schedule the selected
processes in the desired seqﬁence. Preferably, sequencer subroutine 155 includes
program code to perform the steps of (i) monitoring the operation of the process
chambers to determine if the chambers are being used, (ii) determining what
10  processes are being carried out in the chambers being used, and (iii) executing the
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
15  the process chamber being used in comparison with the desired process conditions
for a selected process, or the "age" of each particular user-entered request, or any
other relevant factor a system programmer desires to include for determining
scheduling priorities.
Once sequencer subroutine 155 determines which process chamber
20  and process set combination is going to be executed next, the sequencer subroutine
155 initiates execution of the process set by passing the particular process set
parameters to a chamber manager subroutine 157a-c which controls multiple
processing tasks in a process chamber 15 according to the process set determined by
sequencer subroutine 155. For example, the chamber manager subroutine 157a
25  comprises program code for controlling CVD and cleaning process operations in
process chamber 15. Chamber manager subroutine 157 also controls execution of
various chamber component subroutines which control operation of the chamber
components necessary to carry out the selected process set. Examples of chamber
component subroutines are substrate positioning subroutine 160, process gas control
30  subroutine 163, pressure controi subroutine 165, heater control subroutine 167,
plasma control subroutine 170, endpoint detect control subroutine 159, and gettering

control subroutine 169. Depending on the specific configuration of the CVD



respectively, of a chanber liner, in accordance with an enbodi nent of the

I nventi on; Fig. 8 is a partially schemati c,
cross-sectional view of Fig. 3 taken 5 along lines 8-8, illustrating the
punpi ng channel and the gas flow pattern in the exhaust system of the
CVD apparatus 10 of Fig. 2; 8 Fig. 9 is a vertical
cross-sectional view, partially schematic, ozf a heater/lift assenbly,

according to an gEaMer,"RAle éhflbddhﬁed@ifﬁl%é @f)'of the above subroutmes whlle oftleg- 10
is an enl arged cross- sectional view of a bottom portion_of the 1

heater/lift asseﬁﬁb @pntp,n@ay igelude only some of the subroutine; ghosglhaqvmgaprdme@'
cross-sectional t 9,
according to an e . me%f %ﬁﬁfgﬁgdl{f;%gtg e%at &ﬁ’er chmbetaé&w L%rg&tge's _Qarl 5
is a bottom vi enwb®included [depkmﬂirgl ddmhatteprocesdek dRd toche pegformied ah rocess chambeui | ;
15 = nexlode Vi ew the heater/]ift
assenbly of Big.l% In opgranon, chimB&t marPager Ribgouting 18% é‘?qe%WF rsﬁﬁ?ﬂuﬁséﬁ/ s one
of the el ectri catheGRBARS tbiRPsnent subroutinbdinack g ﬁie/%lﬁﬂéﬂr bedst Get 10;
Figs. 15A and 1SBC|CII9I ustrat g&lenh%ul govm thin ct ﬂgal%?deglal /'heat er Iﬁ c

recei ving a t her heiog gptautesn dChamber manages subtioutine E¥facchédnddsythe pr:ocess

For cl oani ng 1 hooopEd MGREES ek ke SRR SR BORRRIRCM G progees

enbodi ment of t hehmmaﬁtandrprmtss sup are to be executed next. Typicallf a&mbﬁ:ﬁtﬁ@rar e
schemati c di ?}grams of .a gggam n end opnt | detection systemin
accordance W% h %P’@WHE"& stsWE Bf mopitering the yarigys chamber components,

Fig. 18 is-a si mpkiefhiatheoWARRc gtrgleﬂﬂadeed ? %Qﬁergte& %Qleﬁo&{jﬂ'ﬁ?? cegﬁiﬁrﬁfﬁeters

manuf act ured according to an e ment o € present 1nven
for the process set to be executed, and initiating execution of a chamber component

subroutine responsive to the monitoring and determining steps.
Operation of particular chamber component subroutines will now be
15  described with referenée to Fig. 1D. Substrate positioning subroutine 160
comprises program code for controlling chamber components that are used to load
the substrate onto heater 25 and, optionally, to lift the substrate to a desired height
in chamber 15 to control the spacing between the substrate and gas distribution
manifold 20. When a substrate i$ loaded into process chamber 15, heater 25 is
20  lowered to receive the substrate and then heater 25 is raised to the desired height.
In operation, substrate positioning subroutine 160 controls movement of heater 25 in
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
25  process gas composition and flow rates. Process gas control subroutine 163
controls the open/close position of the safety shut-off valves, and also ramps
up/down the mass flow controllers to obtain the desired gas flow rate. Process gas
control subroutine 163 is invoked by the chamber mger subroutine 157a, as are
all chamber component subroutines, and receives subroutine process parameters
30  related to the desired gas flow rates from the chamber manager. Typically, process
gas control subroutine 163 operates by opening the gas supply lines and repeatedly

(i) reading the necessary mass flow controllers, (ii) comparing the readings to the



Figs. 19A-19E are sinplified cross-sectional views of an exenplary
application of the nmethod and apparatus of the present invention for an
ultra-shal | ow source/drain junction; 30 Fi gs.
20A-20G are sinplified cross-sectional views of another exenpl ary
application of the nethod and apparatus of b§e present invention for
ultra-shallow trench isol ation;

18 desired flow Fdigs reddivéd froml dhain®ér mbfages bdbirb@iiehispa paidgen NF3
fl ow and m crowave saturation power that gives optinmal cleaning rates

provided with r@f¥engthe flanataes of the ga5 wpply lings appeosssanh  FUEBeAORR cOraFash a

speci fic enbodi ; t. ' i Q.
Figs. 22A- 22C aﬁpé?‘g%%téﬁ‘f‘f’ﬁ‘?f% includes sic B {6 kofiorich the gas O, sates, for

t he-dopant pr of iunsafofatesh andattivating alid afety sinatdfpratvésovirenchnugisafy coagine i8SG
LTS o 2o SHREHISE0L 00, 0,21 STROLLIRNG of LS, B esenl LvEntl o
showi ng the dopamw ftekffol BledlGasel 8€ ell 8 irSit &eﬁbsiﬁoﬁgageﬁed%éﬁdiﬁg 80 3hd @ired
junctions 10 formed using different capped BSG fi'l ns according to anot her
enbodi ment of t Hpsocess (clean or deposition or other) that is selected. Alternative embodiments
could have more than one process gas control subroutine 613, each subroutine 613
controlling a specific type of process or specific sets of gas lines.

10 In some processes, an inert gas such as nitrogen or. argon is flowed
into chamber 15 to stabilize the pressure in the chamber before reactive process
gases are introduced. For these proceéses, process gas control subroﬁtine 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

15  steps described above would be carried out. Additionally, when a process gas is to
be vaporized from a liquid precursor, for example TEOS, process gas control
subroutine 163 would be written to include steps for bubbling a delivery gas such as
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

20 type of process, process gas control subroutine 163 regulates the flow of the
delivery gas, the pressure in the bubbler, and the bubbler temperature in order to
obtain the desired process gas flow rates. As discussed above, the desired process
gas flow rates are transferred to process gas control subroutine 163 as process
parameters. Furthermore, process gas control subroutine 163 includes steps for

25  obtaining the necessary delivery gas flow rate, bubbler pressure, and bubbler
temperature for the desired process gas flow rate by accessing a stored table
containing the necessary values for a given process gas flow rate. Once the
necessary values are obtained, the delivery gas flow rate, bubbler pressure and
bubbler temperature are monitored, compared to the necessary values and adjusted

30 'accordingly.

The pressure control subroutine 165 comprises program codé for

controlling the pressure in the chamber 15 by regulating the aperture size of the



present invention; 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 enbodi ment of
"the present invention; 15 ' Fig. 24Bis a sinplified

di agram of a section of the structure showng in Fig. 24A
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pressure, obtains PID (proportional, integral, and differential) values corresponding
10  to the target pressure from a stored pressure table, and adjusts the throttle valve
according to the PID values obtained from the pressure table. Alternatively, |
pressure control subroutine 165 can be written to open or close the throttle valve to
a particuiar aperture size to regulate the pressure in chamber 15 to the desired level.
' Heater control subroutine 167 comprises program code for controlling
15 the temperature of a heater element 473 used to resistively heat heater 25 (and any
substra_te 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 inpint (step 580). In step 582, heater
control subroutine 167 measures the current temperéture of heater 25 by measuring
20  voltage output of a thermocouple located in heater 25. The current temperature is
denoted T(k), where k is the current time step of heater control subroutine 167.
The controller obtains the temperature T(k) from the thermocouple voltage by
looking up the corresponding temperature in a stored conversion table or by
calculating the temperature using a fourth-order polynomial. In an exemplary
25  embodiment, heater control subroutine 167 in step 584 calculates the temperature
error. The temperature error, denoted Err,,, is determined by the equation
ElTynp(K) =T T(K).
In step 584, heater control subroutine 167 will select one of two
control algorithms based on the absolute value of Err,,,(k). If the absolute value of
30  the temperature error is smaller than a predetermined boundary error, the heater
control subroutine will select a temperature regulator- algorithm (steps 586 and 588).

This algorithm precisely controls the temperature at the desired temperature, Tge.



19 DETAI LED DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS l.
CVD Reactor System A. Overview of CVD Reactor

Enbodi ments of the present invention are systens, nethods and 5 appar at us
used for depositing dielectric filnms at tenperatures greater than about
500[err]C. In particular, such systens, nethpds and apparatus may be used
to deposit undoped dielectric filnms and doped dielectric filns. Such
films may be usdé thecabsainm value of the temrgperinat lefror @mdter dgn(ms boxmdarye&mbr,
dielectric layers, internetal de@ctrlc

| a a S
oxide filling | dipatex corirol sybraptine,lA7 will seject i 19!(11?"53‘5“’\/@@ @ng Ug %%@m stgp
sectional view Gggp n%ﬁfﬂ?élﬂ Bg&éls e dle ﬁ%ﬁéﬁhﬂ%&ﬁr hRrathROWAP 2
specific enbodlnent Ition to belng capabl e of depositing
diel-ectric | ayeragprqahleﬂle desxrechppmpmtxus, Bac orediingontmols the rptea avhich weent i on

has high te e heatin capabilities useful for performng
refl ow of dgg E‘BF‘E‘T éi&alng % 1 ayers for pl anari zation, or for

driving in dOpant s from a Tienes ér@ﬂr@@@@ﬁto@laﬁgoﬁ@iml(aeﬁsawﬁrmﬁSSS)mn
formng ultra- shaIIo 9‘%{)ed regions. Further, the apparatus can praovide
efficient cleanif§ed fes@@rwé C@ﬁ@%ﬂpéﬁﬁ'ﬁ%ﬂfm@ qghuergqi &xHierfigalee waf er
surfaces. CVD ap rs n t In
a single V%.gﬂl}%{r% ?}]b%%%eﬁ Iﬁ\)InggAccor gsetor?ldkﬁxh% i H{p{reo eg‘gurgt'g S ?rgay
be perforned in doseto Ty a8 pg&sé»lc:hé‘hbéeedﬁurtvhmimontral/hr@st dlgonthinesstimates shier r ed

out of that Bhanberunlt 3 powerhr%cessary to maintain the desired temperature given the amount

and type of gas flow and RF power supplied to the chamber. The feedback control
uses standard Propomonal-lntegral—Denvanve (PID) control terms to adjust- the
estimated feedforward power based on the dynamic behavior of the temperature
error, Err,, (k). PID control is the type of algonthm used in conventional heater

15  control systems without regard to the value of the temperature error. If these
routines seek to control the temperature ramp rate, they will define a time-varying
Ts(k) and then employ the PID controller described above to track this desired
temperature trajectory.

In the present invéntion, heater control subroutine 167 preferably

20  employs the temperature ramp control algorithm (steps 590) to control power to
heater 25 when the absolute value of temperature error is greater than the boundary
error. This algorithm controls T°(k), which is the rate of change of the
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

25  fracture from thermal shock if the temperature changes too quickly. The ramp
control algorithm uses feedforward and Proportional feedback control to control
T’(k) to a predetermined desired ramp rate function, T’d,(i). 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

30 ramp rate may continuously change based on the current measured temperature of
the heater, or it may be set at a constant based on a minimum rate that is low

enough to avoid thermal shock within the range of temperatures of a particular



20 external chanbers. This results in a |ower noisture content on the

waf ers by elimnating opportunities to absorb noisture fromthe

anbi ent air and, advant ageously increases the dopant retention in the
deposited dielectric layer. In addition, performng nultiple process
steps in a single chanber saves tine, whichsp I ncreases the overal

t hroughput of the process. 25 Referring to Fig. 1A CWD
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gases through pgsdimiihesh PAPad.n plate 20 to a wafer (not shown) that
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a disturbance causes the temperature to remain stable for some interval of time less
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10 than K. The controller will then attempt to as quickly as possible "catch up" to the .
desired t;rajectory Tss(k). The ramp rate for the time interval during which the
controller is catching up will be greater than T°,,. That scenario could result in
thermal shock fracture. By controlling the ramp rate directly, the current invention
avoids this potential scenario.

15 Referring to Fig. 1E, an exemplary ramp control algorithm will now
be described. After the desired temperature, T, is input (step 580), the current
temperature T(k) is measured (step 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,

20 T’ (T(k)), based on the current value of T(k), and the error in ramp rate,
EnméT’d,(T(k))-T’(k) (steps 592 and 594). The actual ramp rate T’(k) is
calculated from measured temperature T(k) over a range of temperature
measurement samples. In general, T’,,(T(k)) may be any continuous function of
temperature in various embodiments. In the specific embodiment, T’ (T(k)) is set

25  to be a predetermined constant value. The calculated ramp rate T’(k) is determined
by sampling (i.e., measuring) the temperature at a predetermined sample rate (e.g.,
10 times in a power update period, 1 second, in the specific embodiment). Then,
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

30 temperatures and the previous 10 measured temperatures is then divided by the
power update period to obtain an average measured temperature. The derivative of

the average measured temperature is then calculated to arrive at the calculated ramp



on the position of the wafer. As discussed in detail below heater 25

I ncl udes resi stivel y-heated conponents enclosed in a ceramc,
preferably alum numnitride. 5 In an exenpl ary enbodi nent, all surfaces
of heater 25 exposed to vacuum chanber 15 are made of a ceramc

material, such as alum numoxide (Al[err]Jegr] or alunmina) or
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i nto chanber 15T ST ati anemberanure Tgk). t HEGS 4 cattrol gain coaftaw(n t hr ough t he
bot t om vl | 15 f evggtltss)(s"%r/s%chfdi)edngtl (] uzsgxgdef'-llx-leg ahd rm%t?;ﬁie%axsitﬂc {hgvgsamp rate error

ErTgpy.. In the specific embodiment, Pw['l‘(k),T’d,(T(k))_] can be approximated

as P(k). This approximation is particularly true for slow systems such as the
resistive heater with large thermal mass of the present invention. The control
function is then approximated by the following equations:
20 P(k+1) = P(k) + K*[T"4(T(k)-T'(K)]
P(k+1) - P(K) = K*[T" (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

25 rate is positive, the control will increase power to the heater. The temperature will
' not, however, immediately rise according to the desired ramp rate. The control will
then at the next time step further increase power. It will continue to increase power
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
30  will continue to increase beyond its desired value. This is called overshoot. The
controller will react by reducing power, and slowly the ramp rate will decrease.

Once again, the controller can act faster than the heater, so it will reduce power too



upward past heater 25 and to an annul ar punpi ng channel 40. An exhaust

system then exhausts the gas (as indicated by arrows 22) into the
annul ar punpi ng channel 30 40 and through an exhaust |line 60 by a vacuum
punp system (not shown). Exhaust gases and residues are preferably

rel eased from annul ar punping channel 40 34 through exhaust line 60 at a
rate controlled by a throttle val ve system 63.

21 much and the Iriimp bate el Idesresse eyl Rerdeddiedbalue. tTifs &h@billaton.
vapor depositioB ) rocess performed in CVD apparatus 10 is a thermal,
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seasoni ng/ get t egiyk ftgePsechile Defvhiivellchirdt Efh B 0%A%S dafipShd Yystétn's DARBRe, 1°-

i.e. reduce overshoot and oscillation. Steady-state error can be reduced by using

10  Integral control, but this tends to increase overshoot and oscillation and is
preferably avoided in this control algorithm. In this case, derivative control is not
available. It would require numerically calculating the second derivative of the
temperature. Because the signal-to-noise ratio of the thermocouple signal is low, its
second derivative can not be calculated reliably. Therefdre, the present invention

15  uses a large K, to reduce steady-state error and a saturation function (step 598)
instead of derivative control to dampen the system response. The saturation
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

20 steady-state, errors are small, so the effective K is large.

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_+l) is the actual
power supplied to the heater. P’ is the predetermined maximum allowable

25  change in supplied power from one time step to the next. The exemplary saturation
function is as follows:

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

30 else Py(k+1)=P(k+1)

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



Alternatively, a controlled plasnma may be formed adjacent to the wafer by
RF energy applied to gas distribution plate 20 from an RF power
supply (not shown). I n enbodi ments additionally having a | ower RF
"electrode, the RF power supply can supply either single frequency RF
power to plate 20 or m xed frequency RF powsy 15 to plate 20 and the

| oner RF el ectrode to enhance the deconposition of reactive speci es
i ntroduced i nt oequabcie gainfkyrbBut if She daturaidal REERNDE APHREL, xq,g,ut; i9tiefided by
conponents of vapor, de ition apparatus 10 woul d have to be nodified to
acconmodat e thes‘%ﬁ“@ﬂéggl@*'ékf%i slkisld dpy theesqyadions above and combining them methpt e

m crowave pl asngheSanahédh: SPadnhegrgl | Wi i 2 t i's
preferably adapt edééﬁ‘ﬁqr per(f or r¥1 ng "ﬁdgﬁ(gj(’ﬂl da(gpggn-ii-nlg@‘ d%&@?ﬁfgga e dthn
deposi tion resi &ya)ives fedlowsus conponents of chanber 15, including walls
17 as |l as other conpgnents. her, . .renote mcrowave plasm
system 55 cagrl:leal SO perpgﬁwé'l g&#’iﬁr&t"ﬁm@’chl ng of native oxides or
residues fromthe surface of tke (k)=p’ m}&{g(]k)gependi ng on the desired

application. Although gases input vi a"Tine Into 25 plasma system 55
are reactive cl @é{rm%gnagﬁwﬁeﬁ@ve gaie smalh when fleasmp rate grrasvis dasge, overshoot and

fluorine, chlori : | M S 5

al 50y oB6iln, B ACEbA0E 5 A BRTLE ok ARG AR TIIRR! g
deposi tion reactthe/Bkelihood ofjdmmageitatie Ieset Eonbpooti rampniatet cdntrok  Bécordingly,
Ceneral ly, mote m crowave pl asma system 55 recgjves gases via i nput
line 57, wnf‘gh é?eefagwe’raé_'ﬁgﬁﬂgw&m e@‘&mgogftpl Subroging Y61 S8t SR WSIETF aoma
wi th etching ragegpahse Windhrgs rRmb 8@ RN odtuf BAREY résufting in more fefficient

di spersion through plate 20 to chanber 15. Specifit details of plasm
syst em 55 temperature control. . o

A plasma control subroutine 170 comprises program code for setting
the xh_agnetron power levels and mode (CW or pulsed). .In alternative embodiments
15  having RF plasma systems, plasina control subroutine 170 also could include
program code for setting low- and high-frequency RF power levels applied to the
pl'bcess 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
20  used for RF power levels. Like the previously described chamber component
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
25  embodiments having RF plasma systems, plasma control subroutine 170 also could
include program code for setting low- and high-frequency RF power levels applied
to the process electrodes in chamber 15, and for setting the low-frequency RF
frequéncy employed. Of course, some embodiments may have one plasma control
subroutine 170 used for microwave power levels and another plasma control
30 subroutine 170 used for RF power levels. Like the previously described chamber
component subroutines, plasma control subroutine 170 is invoked by chamber

manager subroutine 157a. In embodiments having gate valve 280, plasma control



22 wi Il be discussed further below. Some enbodi ments of apparatus 10
may al so I ncl ude a radio frequency (RF) plasma systemto provide in
situ plasma capability. Mot ors and optical sensors (not
shown) are used to nove and determ ne the position of novable

mechani cal assenblies such as throttle val vgg5 system 63 and heater 25.
The heater/lift assenbly 30, notors, gate val ve 280, throttle val ve
system 63, r ermtsebmxtine)mﬂsq)imhm pypramcble forrogeting and slpsing rof gate valve

conponents are cQntroll b rocessor 5Q over _control Ilnes 6 of whi ch
only. some 2%5 ‘Efaﬂ“" te’with the setting/adjusting of BHETOWaYH PO le¥al-r o1 s al | of
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processor 50 executes syStem'control softwar is a conputer
progr am st or ed iin embodiments hagingcgate walve 38Qr ocessor 50 Pr ef erably,

other ki nds B memory. 1 n AnedeoiR apBeLedtirof Stk afingis ineills BReraf coge f
CVD appar ahamagitig dnﬂptﬂn@d&éoﬁbﬁ&ij' conitrotlingRrtight Baurtigmd @ lightodepactod s k

drive and a card 15, rack, Processor 50 gperates under fhe control of the
system control SGFEViaR data fm fhe light defedior Torouseda COmpAring el JRERSH <hanass

dictate the tim oo g@gpxg
tenperature, mi c?%&g\%&%%{v?gr gﬁ?ﬁ,ﬁnsusggm the %%asnln;[gf)%n 3 Eonﬁ her
paranmet ers of a predetérouimes light intensity lexchor rmsmpatfhg mdxogmgrtbe sudpoinof theose

i g%ﬁ?e?n otIBer C amngy procesls U(En'agolnI Qéteé coHBol subrouLng Y a (')?rlfay e i%o 2d by

chamber manager subroutine 157a. Endpoint detect control subroutine 159 is
included for those embodiments using the endpoint detection system described
below. It is recognized that embodiménts not having an endpoint detection sysfem
would not need to use or have endpoint detect control subroutine 159.

15 Optionally, a gettering control subroutine 169 may be included that
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

20 recipe to facilitate gettering control in combination With the clean recipe used.

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

25  systems may be used in other embodiments of the invention. It should be
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,

30  diffusion chambers or the like. Variations of the above described system such as
variations in design, heater design, location of RF power connections, software

operation and structure, specific algorithms used in some software subroutines.



20 program product inserted in a disk drive or other appropriate drive,
may al so be used to operate processor 50. Systemcontrol software
wi Il be discussed in detail bel ow. The card rack contains a

si ngl e-board conputer, analog and digital I nput / out put boards,

I nterface boards and stepper notor controller boards. Various parts
of CVD apparatus 10 conformto the Versa Mgyl ar European (VME) 25
standard whi ch defines board, card cage, and connector dinmensions and
types. The coMifursticnsfegasl irdétslined @hd velves, land uslser shodifidations drepossibla
16-bit data bus apd.24-bit address, bus. The
interface betwe iqnally, othey P&%&Begg reagfpment §ich a5 legtropcyclptron resonance 3,
and |ight pen 7QECRB®PA‘§ﬁa'GVIE'dGVicésB intfUchidh tSupledSREMigH mghgd?@ﬁﬁ@m the 30

system moni tor and CVD apparatus 10, illustrated as one of the chambers in
a - mul t i chaiewiees, oy sheclike @yDbe pmatayed;s The disleqirie layersiang methods e to a
mai nframe ungt . | ch.contains an EQVI cltri . I ng
and ot her Slqspporf?n?ﬂﬁg?ﬁh\g{g et 8 ke G the pre%np m%‘éh&c?f sh%lxﬁi ot 'ngc%LSanBJ Hgb

23 t he apijmsitedttoani GpecHiccdfiphmibys drttb Ay apecifie) plasme exqdatiordmedhiolit h t he

illustrative ~enbodi nent of CVD apparatusg 10 are currentI}/.n 0

commerci al |y avail abl e as Asiphown in Figs. 2 and 3, CVD apparatus 10 generally includes a
enclosure assembly 200 having vertically movable heater (wafer support pedestal or
susceptor) 25 for supporting a semiconductor wafer within a vacuum chamber 15.

10 Process gas(es) are delivered into chamber 15 to perform various deposition and .
etching steps on the wafer. A gas distribution system 205 (Figs. 2-6) distributes
process gases from gas sources 90 (Fig. 1C) onto the wafer, and an exhaust system
210 (Figs. 2-4) discharges the process gases and other residue from chamber 15.
CVD apparatus 10 further includes a heater/lift assembly 30 (Figs. 1A, 9-15) that

15  includes heater 25 for heating the wafer and for lifting the wafer upwai'ds into a
processing position within chamber 15. An integral remote microwave plasma
system 55 (Figs. 1A and 16) is also proVided in CVD appérams 10 for periodic
chamber cleaning, wafer cleaning, or depositing steps. _ _

As shown in Fig. 2, CVD apparatus 10 further includes a liquid

20 cooling system 215 for delivering coolant to various components of the chamber 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 depositiori onto these components due to the high temperature
processes. Liquid cooling system 215 includes a pair of water connections 217, 219

25 that supply cooling water through the heater/lift assembly 30 and a coolant manifold '
(not shown) for delivering coolant to the gas distribution system 205 (discussed
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.
30

A. Enclosure Assembly



Preci sion 5000[err] and the Centura 5200[err] systens from Applied
Materials, Inc. of Santa Clara, California. The nultichanber system
has the capability to transfer a 5 wafer between its chanbers wi thout

br eaki ng t he vacuum and w t hout having to expose the wafer to

nmoi sture or other contam nants outside the multichanber system An
advantage of the nultichanber systemis thaggdifferent chanbers in the

- mul ti chanber system may be used for different purposes in the entire
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illustrates a general overview of CVD apparatus
bringing the chamber to atmospheric pressure. A lid hinge 239 includes a locking
15  ratchet mechanism 241 to prevent the lid cover 233 from falling closed.

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

20  robotic mechanism disposed within a transfer chamber (not shown) of the
multichamber processing system. A suitable robotic transfer assembly is described
in commonly assigned U.S. Patent No. 4,951,601 to Maydan, the complete
disclosgre of which is incorporated herein by reference.

Referring to Figs. 3, 4, 7A and 7B, the inside wall 245 of enclosure

25  assembly 200 around chamber 15 is covered with a chamber liner 250, which rests
on a shelf 252 of enclosure assembly 200. Chamber liner 250 serves to inhibit
process gases from flowing to the back side of the wafer. In addition, since heater
25 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,

30  undesired deposition onto the bottom of heater 25 and the lower portion of chamber
15 is minimized. Further, liner 250 provides thermal insulation between the

aluminum walls of enclosure assembly 200 and the edge of the wafer on heater 25,




relation to a gas supply panel 80 located in a clean room As discussed

above, CVD apparatus 10 includes chanber 15 with heater 25, gas
m xi ng box 273 with 30 i nputs fromsupply line 43 and conduit 47, and
remote mcrowave plasm system 55 with input line 57. As nmentioned

above, gas m xing box 273 is for m xing anq I nj ecting deposition
gas(es) and clean gas(es) or other gas(es) ?hrough i nl et tube 43

24 to thenRr@sas %éwnpmﬁpeeli%e;éﬂouﬁg dﬁ%?gnhigﬂ iéthratkfe p:beeg%g.arﬂ&ﬁfgwave
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sour ces 90, 2 corRfdfeWalFrgayeadversely; afschsmprgapreupilomity awsossthe wafesand rad

desir ed pr ocessgo3atohdefodiit | EitbPISTRRIRRY EAlori 3R anTHAR oS 80
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carrier gases (formédof apagess-contpatiblgunaterjal fthiav is well swieesl 00 highr temperatuge and

Gonerally, SuppPSRtTAE E ofeast HhapabPyon; GF B BRer pordR 237 of tiner

250 comprises a ceramic material, such as aluminum nitride, alumina, or the like,

10  with alumina being the preferred material. Inner portion 253 will usually have a
_thickness of about 0.1 to 1 inch and preferably about 0.2 to 0.3 inch.

Liner 250 preferably comprises an outer portion 255 that comprises a
material that is less susceptible to cracking than ceramic, such as aluminum. . Outer
portion 255 rests on shelf 252 of enclosure assembly, and includes an annular lip

15 254 for supporting inner portiox_l 253 of liner 250. In a particularly preferred
embodiment, outer portion 255 includes a plurality of circumferentially spaced -
vertical struts 257 that define inner air gaps 259 therebetween, as shown in Figs.
7A and 7B. Air gaps 259 facilitate insulation of the inner portion 253 of liner 250
from the outer chamber walls to increase wafer temperature uniformity (otherwise

20 the outer edge of the wafer could cool down due to the surrounding chamber wall
temperature, which is cool relative to the heater and wafer temperature). In
addition, air gaps 259 provide thickness to liner 250 so that it can bridge the gap
between the outer chamber walls and heater 25 while minimi__zing the cracking or
other thermal damage that may occur with a thicker liner 250. Outer portion 255 of

25  liner 250 usually has a thickness of about 0.5 to 2 inches with an air gap 259
thickness of about 0.2 to 1'.5 inches,, and preferably about .9 to 1.1 inch with an air
gap 259 thickness of about 0.6 to 0.9 inch. An annular cover 261 is positioned on
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,

30 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.



include (i) shut-off valves 95 that can be used to automatically or
manual | y shut off the flow of process gas into line 85 or |line 57,
and (ii) mass flow controllers 100 t hat nmeasure the flow of gas or
liquid through the supply lines. Wen toxic gases 15 (for exanple, ozone
and the clean gas) are used in the process, the several shut-off

val ves 95 may be positioned on each gas suppioy |ine in conventional
configurations. The rate at which the deposition and carrier gases

i ncluding, for exanple, Inan alietnativ¢ bpboditaarsinbtsiown.HOSY 25ﬂ@kllm¢nrlqpﬂi§}3$

i et hyl bor at ¢ ( ek cerafif PR 255 velye on st Aol SrsBRRSGRRBL AR By g

m xi ng syst em 93cdver abb‘tﬁomﬁmg the|boemiuf ﬂuhqmgdctﬁﬁnﬂae Iedss éhbodiment, outer
controllers (M p(?)ﬁgnot shown) and/ or val ves (not shown). In some

enbodi ment's, gas negd g%/gepbﬁedgglmﬁwaero&@ @oy shawnbbﬂmee%f?raw&wle»?»ﬂﬁar
vapori zi ng rSaCt&EEmE'x&lfded\%aIFHP %Eggere:ﬂg Eﬁgg%gﬁjmgﬂhteguk%l ese

enbodi ments, a m xture i ncludi ng S source, CS as the
25  silicon soutcoweraurd wafier fmmrthueoo@asmilmfdwqmtnssmmsﬂsblysmit@m\ddqsgen

3 f h m 93, Th
TEPO antl TEcs ar $IKEERTo 1) 230 Y oriles B8 velueeh 8 Bt b i B 28,

conventional boiler-type or bubbler- type hot boxes in other
enbodi nents. A liquid injection systemis preferred as it provi des
greater control of the vol B Dj 1 uid |ntroduced into the gas 30

m xi ng systgm The vapori zggh t g“l;\g %’Eﬁﬂ xﬁ%ﬁite
W th a carrier gas, sug S ﬂf&mﬁﬁ[)begggﬁ e| n gl Y graé to heated
line 85. O cour&dd or base plate 26§, aeodgm mandfold &tot shdvm), s clean @as afanifold270s

silicon, and Oxyﬂﬁ{'m%iuﬁgs g(?n\éuf% %7u§a?s mixing box 273 for mixing and injecting process
gas(es) and cleaning gas(es) through inlet tube 43 to the processing chamber 15, and
a gate valve 280 for selectively distributing cleaning and/or process gases to gas |
15  mixing box 273. Of course, it should be clearly understood that gate valve 280 is
" optional, and that outer lid assembly 225 can be modified to selectively distribute
.clean'mg and/or process gases to box 273 without a gate valve. As shown in Fig.. 4,
gas mixing box 273, clean gas manifold 277 and gate valve 280 are preferably -_
fastened, e.g., bolted, to the top surface of Ba's_e plate 265. First and second gas
20  passages 83, 85 are mounted to the ei_téﬁdr of plate 265, and extend into gas
mixing box 273. Gas passages 83, 85 each have inlets suitably coupi_ed to sources
90 of gas (see Fig. 1C), such as ozone, TEOS, TEPO, helium, nitrogen, clean gas','
or the like, and outlets (not shoWn) in communication with a mixing area 93 within
box 273 for mixing the gases prior to delivering them through inlet tube 43 into the
25  inner lid assembly 230. |
It should be noted that for plasma processes, CVD apparatus 10 will
further include a gas feed-through box (not shown) housing gas passages 83, 85 to
enable the application of high voltage RF power to the gas box without gas |
breakdown, and without gas deposition in the gas distribution system. A description
30 ofan exémplary 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.



25 Addi tionally, gas supply panel 80 includes

swi tching val ve 95, which under the control of processor 50, can
selectively send the clean gas with N2 al ong process gas line 83 to
gas supply line 43 or along clean gas |line 57 to renpte m cr owave

plasma system 55. Wien processor 50 causes sy{tching valve 95 to 5 send
the clean gas with N2 via input line 57 to plasnma system 55, a plasma

renot e f rom chanber A5 sflcﬁmf i Rigd 6dy elehn gaPmbhi€sd i70Mnclidedl ORGYIBME for
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chanber 15. qc‘)cat ed renote fromthe cl ean room where

chanber 15 o apfRarensvalls and thepiher qomponents of apparaict®uwave power suppl y
110 and ozonator 115. PowepsShd¥ Yn Fig. 3, clean gas manifold 270 is constructed integral to

the top part of enclosure assembly 200 of apparatus 10, with conduit 47 having an
appropriate bend or curve frqm the top toward the side of chamber 15. Conduit 47
of manifold 270 has an opening into a passage integrally formed within a side wall

15 of enclosure assembly 200 of apparatus 10, which may become heated due to the
high temperatures at which heater 25 operates. This passage is equxpped with an
mternal liner 291 that serves to protect the inner surfaces of the passage in
enclosure assembly 200 from corrosion and etching from the clean gas radicals
entering from an applicator tube 292. Liner 291 also prevents recombination of

20 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
adya_n_tageously located toward the bottom of chamber 15 in enclosure assembly
200. The location of system 55 at the bottom of apparatus 10 facilitates servicing

25  of chamber 15 for preventive maintenance cleanings, repairs, etc. In particular,
opening the lid of apparatus 10 in order to perform preventive maintenance
cleanings is easily done, since the bottom-mounted remote microwave plasma
system 55 is not located on top of the lid of apparatus 10. Microwave plasma
system 33 is discussed in further detail below. As shown in Figs. 3 and 4, inlet

30  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.



20 110 provides power to the magnetron in renote plasma system 55.
Ozonat or 115, applies power to oxygen (Jerr]) which is used as input
to provi de ozone (03) as output for use as at | east one of the
sources 90. In other enbodi nents, power supply 110 and ozonator 115
may be | ocated in the clean roomrather thap being renotely | ocat ed.
Further, in nmultichanber systens requiring nmultiple ozone sources and/or 25
mul tiple renote nicrowaveThe asdlEnt Syifolls which mibly be [Fhstered o de0op ot Shieand
muttiple power supplies 110 may be provided. The
processes for dey&RSEafPgss platerioSniecpives eaokanguid, speas Walgy or a slycohwates, ni ng
refl ow or driveqlihufd, 2in R meiPelciReRH®The Godiahild dRufOUIRYfiBin BE QO5AM
product that is executed by process 50. %e conput er program code can be
30 ~witten i nmanifokiahraghiapraahiaoenplane chaneeld@b(Egp rdoandaPninrbgsé platpufifeto

such as, for exanpl e, 68000 assenbly | anqua C,+ + Pascal,
Fortran, or ot héP‘“feﬁﬁb‘iEaa‘:‘ con ucnve. i) Zle%?fg(ﬁpé’%%ﬁgg% ajid, the, ompogeRs Ph 4
single file, or ifférlidRlssenibly 230 diksig srodessing (discussed in further detail below).

26 conventional text editor and is stored or enbodied in a

conput er -usabl e medi um  As showndmFigs. 2 apd fpinpes {id assembly 23 gensaillyt ieludest

the entered cod If%4l Wele : I |
T oy ekt 2§ bl s gl T Aok Ui
distribution plate 20 for dispersing process and clean gases into chamber 15.

10 Plates 301, 20 are preferably formed from a process-compatible material that is
capable of withsténding high temperature processes. For example, plates 301, 20
may comprise a ceramic material such as aluminum oxide or aluminum nitride
(AIN), or a mgtal, such as aluminum or anodized aluminum. Preferably, the plaies
301, 20 comprise a metal, such as aluminum or anodized aluminum, to minimize

15  gas deposition on the surfaces of plates 301, 20. In a particularly preferred
embodiment, gas dispersion plate 301 comprises anodized aluminum and gas
distribution Eplate_ 20'comprises aluminum. Gas distributiori-and gés dispersion
plates 301, 20 are each directly fastened to a léwer surface of basé plate 265.
Preferably, gas distribution and dispersion plates 20, 301 are affixed to lower

20  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
exchange therebetween (discussed in greater dcfail below). The mounting screws

25 303, 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
mounting screws 305 to provide engagement of the contact surface of plate 20 with

30  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



wi th an object code of preconpiled Wndows |ibrary routines. To execute the
5 - linked conpil ed object code, the systemuser invokes the object code,
causi ng the conputer systemto |load the code in nenory, from which

t he CPU reads and executes the code to performthe tasks identified

i n"the program Fig. 1IDis an illustrative block

di agram of the hierarchical control structure of the system control
sof tware, conputer progran1150 accordinglo a 10 speci fic enbodi ment.
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carry out spe@m shn:wn) havmgm esntrsle dispesed cavigndéfinedbyoy side enidlf andeaibaset
nunbers. Proc§,$ﬁ sel ector subroutine 15 153 identifies (i) the desired
process chanb and (ii) the desired set of process paraneters

needed tosoperate the PTRE6SE afd affRfenieti of@dsf Qistribidgor hlesI®F3 waldl vary
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process sel ector, subr, ine. T rocess p terg are provided to
the user in tﬁ%@o‘?‘ﬁ?‘%ﬁa éerpm% Qﬁﬂuﬁﬁﬁa‘l?é{e) are ‘ﬁ SIENE t%laY‘PIqul%g t he
l'i ght pen/ CRT réppiitiof 'of dBHERILE 8f She mamfold outer (bot}om) surfa@&@'xﬁ%h&ufa?rto
nonitoring the process are provided b ana

prevent the deposition of soft deposxts on that surface which could flake off and

15  drop onto the__ wafer during and after processing. In an exemplary embodiment, the

- hole array _is one of generally concentric rings of holes 315. The cfistances between
adjacent rmgs (ring-to-ring spacings) are approximately equal, and the hole-to-hole
spacing within each ring is approximately equal. A more complete description of a
suitable arrangement for the gas distribution holes is described in cbmmonly

20  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
chamber 317 formed between outer stand-off 316 and gas distribution plate 20.

25 Base plate 265 preferably includes a second, inner stand-off 318 for spacing
dispersion plate 301 from basé 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
shown) for forming chamber 320 rather than stand-off 318. Dispersion holes 325

30  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
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program code for

board of CVD system 10.
A process sequencer subroutine 155 conprises

controlling the process are output on the anal og out put

accepting the identified process chanber and set of

process paraneters from process sel gtor subroutine 153, and for
controlling operation of the various: proceéss chanbers. Multiple users
can enter
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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.
4,872,947 to Wang, the disclosure of which has previously been incorporated by
reference. |
_ As shown in Fig. 8, base plate 265 has a lower surface 321 that

defines an annular pumping channel 40 for exhausting the deposition gases
(discussed in detail below). As shown in Figs. 4 and 5, base plate 265 defines a
central hole 327 in communication with inlet tube 43 for receiving the mixed
process. gases from gas mixing box 273. Hole 327 is also in communication with
recess 311 of gas dispersion plate 301 for dispersing the gas across plate 301 to
holes 315. Base plate 265 further defines a coolant passage 93 having an inlet 331
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 plateé 301, 20 and lower
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
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



used, such as polling. Wien scheduling which process is to be executed,
sequencer subroutine 155 can be designed to take into consideration
the present condition of 15 t he process chanber being used in conparison
wi th the desired process conditions for a selected process, or the
"age" of each particular user-entered request, or any .ot her rel evant
factor a system programmer desires to |nclude for determ ning

scheduling priorities. S Once sequencer subrouti-ne 155

det er mi nes whi C‘H%‘Er 0ocess C anb %{)r ocess se ination is going
to be execut e¥'AEkIC URPGES Fe Elﬂﬁ'fr orRFovide a tig Sea AVEi RES¥SCeRecut i on
of the procespessy eﬁﬁct%%r@@exﬁﬁ% B8fahi EHl’ca%ﬁ R6R pRSAgSTS. With thifar ameters
to a chanber manager subroutine I57a-c I C controls mul tiple

processi ng t aesindiginatian pprassags 93dh dorned ehtiaclymlokierg gaodistibufiomends set
determ ned by,. uenc br Jne_ 155. e. chanber
manager subr o geﬁgoqgﬁge ?@ %Eolrjrﬁ 8&‘%‘ n’p?%@‘?g&ré: ngchgdg)gnf{opmqglan%r% and
cl eani ng pr ocgsthe APFeraiRESof Bhse plate 285 %Sﬁﬁy Qeaekeng the cofhmgRempiBagoer
subroutine 157 also controls execution of various chanmber conpodnent

subrout i nes weli BANagierRg pleiser at i on of the chanber corrponents

necessary to carry out sel ect an"

conponent subroutines a]?%egﬂlésl?or%foelz%sﬁﬁiagﬂ%ﬁfg aélLEPElFU lth%m %cgmeﬁ'r%{cess gas
control 30 ﬁmb:rm&ssembmw Wzﬂ&ﬁN@e geetibed. Sihil2ub itkeprébious heat er
control subroutjne 167 | asma control subroutine 170, endpoi nt

det ect cont r ofMBRImEN: ﬂlﬁ@smly 33 igeludes 3 hase plate 263 on grsotispersien plath 301 69,
Dependi nggon e, %E’se&lkﬁ'fbﬁu&i)ﬁ'la{egiﬁ ' AipeRing Bfocé¥Rnd clean gases into chamber

15. In addition, base plate 265 includes an annular coolant channel 500 for

receiving a coolant liquid, such as water, to cool base plate 265 and the other
components of lid assembly 230°. In this embodiment, base plate 265 further
includes an additional annular fluid channel 502 extending around central hole 295

15 ' above gas d_ispersiq_n-plate 301 for exchanging heat with the portion of base plate
265 immediately above gas dispersion and gas distribution holes 325, 315..

Inner lid assembly 230’ includes a plurality of bypass passages 510
extending from chamber 320 between base plate 265 and gas dispersion plate 301 to
vacuum chamber 15. Bypass passages 510 offer a lower resistance to ﬂuid:ﬂow

20  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,, bypés's _

‘passages 510 are preferably spaced circumferentially around bese plate 265 to-
uniformly deliver gases into the chamber 15 (see Fig. 6E). In a preferred use of

25  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.

In this embodiment, vapor deposition apparatus 10 will preferably

30 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



28 chanmber, sone enbodi nents include all of the above subroutines,
whi | e ot her enbodi nents may i nclude only sonme of the subroutines.
Those having ordi nary skill in the art would readily recognize that
ot her chanber control subroutines can be i ncl uded dependi ng on what
processes are to be performed in process chanber 5 15. I n operation,
chanber manager subroutine 157a selectively schedules or calls t he
process conponent subroutines in accordand® with the particul ar process set

bei ng executed. Chanber manager subroutine 157a schedul es the process

conponent subWE¥EhEas diftréution laad dispeesinreholen B2 A1 e unEgrmly Kisparseonihi ch
i caly, cniERREE TR, HE\INEGRE Be Shosed il teinF KA BT m passing

moni t ori ng t hearotghi bypsssqlassapey 5 1O MWHRANhS chamber is dRbRditiE VegverwilC Be
conponents need to be ,gﬁerai,ed based on the fprocess, par aneters fo
the process s®REPES Ihguigklx detiver atdeast 2 portion of e SicaRing;gases dntothe shambsr .
conponent is Shd ' ] " | : 1 NG
tops, S TnisSHRERM el aPRRDGHSLEnk Pol IR, AR piohts 20 R AICE Die”
subrout i nes wiéwn tiow dieappératus dds cOf beutseyi it il deaeeognized thaFiprpcesspas&ihmyr at e

positioning subroutine 1 conpri ses ogram code for controlling
chanber conpoalg?lgg dfﬂ%ﬁe‘ga’éo“l@ewpﬁﬁﬁnﬁﬁéﬁes 56, 1?'tdﬁ\%u"’s‘:lubstrate onto heater 25

r

and, optionally, to lift the substrate to a desired hei ght i n chanber
15 to control the spacing between the substrate and gas distribution
mani fol d 20. Wien a sub€t rHieeExhaustoSygtemn i nt o process chanber 15, heater 25

Lhe desi 10 her bt " oS R¥ErdY > HRR 5] § AR (ddf Phobil'dlpoded der ot BTV DO

apparatus 10 provides vacuum pressure to draw both the process and purge gases,
as well as residues, out of chamber 15 and through annular pumping channel 40,
where they are discharged from apparatus 10 along a discharge conduit 60. As
shown in Fig. 8, the deposition and clean gases are exhausted radially outward over

15  the wafer W (shown by arrows 351) through an annular slot-shaped orifice 355
surrounding the chamber 15 and irito pumping channel 40. The annular slot-shaped
orifice 355 and channel 40 are preferably defined by the gap between the top of the
chamber’s cylindrical side wall 17 (including inner portion 253 of the chamber liner
250, see Figs. 3 and 4) and the bottom of base plate 265. From the pumping

20  channel 40, the gases flow circumferentially around channel 40 (shown by arrows
357) and through a downwardly extending gas passage 361, i)ast a vacuum shut off
valve 363 (whose body is preferably integrated with the lowe'_r chamber béjdy), and
into disbharge conduit 60 which connects to an extéfnal vacuum pump (not shown).

Alternatively, CVD apparatus 10 may include a separate pumping

25  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
positions of inlets and outlets, gas holes may extend in a radially outward direction

30  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



I n operation, substrate positioning subroutine 160 controls novenent of

heater 25 in response to process set paraneters related to the
support height that are transferred from chanber manager subroutine
157a. Process gas control subroutine 163 has program
code for controlling 25 process gas conposition and flow rates. Process
gas control subroutine 163 controls the open/close position of the
saf ety shut-off valves, and also ranps 47 up/ down t he nass flow
controllers to aobtain the desired gas flow rate. Process contro

subrouti ne 19§°F1§“<i’1h%¥béij‘}’5§r°f RETPHIEB e Cﬁﬁﬁﬁé@‘#n"s‘t‘}lﬁo&ﬁ?@ léai% Q% are

par amot or 5. 30T R Stk RE QSR S g Rntit 261 1086 PARSERT e

nanager . TyplekétWo 278y .ethe complete daelosnetof edhichuisrimdrporeted AR raipdyat es by

openi ng the as su Egpl y lines and repeatedly (1) reading the necessary
mass flow coREiFsnf (ii) conparing the readings to the

29~ glesired flow RakezAng 8 F1CY sl AMaHNER eI AR e VAR bibf) 1572,
and (iii) adjusting t rates of the gas Supply lines as

necessary. F13|69 hmimtcsan ignlatmswalve 371 anghs throwtie valvesiM3rdisposerealo88 i ncl udes
R T B AN TR ENET s
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
10  area of conduit 60 with throttle valve 373. Preferably, processor 50 receives from
manometers 381, .383 signals that indicate the chamber pressure. Processor 50
compares the measured pressure value with set-point pressure values entered by
operators (not shown), and determines the necessary adjustment of throttle valve
333 that is reQuired- to maintain the desired pressure within chamber 15. Processor
15 50 relays an adJustment s1gnal through a controller 385 to a drive motor (not
shown), which adjusts throttle valve 373 to a proper setting correspondmg to the
set-point pressure value. Suitable throttle valves for use with the present invention
are described in commonly assigned, co-pending application Serial No. 08/672,891
“entitled "Improved Apparatus and -Methods for Contrblling Process Chamber
20  Pressure” (Attorney Docket Nos. 891/DCVD-II/MBE), filed June 28, 1996, the
complete disclosure of which is incorporated herein by reference.

Isolation valve 371 may be used to isolate process chamber 15 from
the vacuum pump to minimize the reduction of chambér ﬁressure’ due to -the
pumping action of the pump. Isolation valve 371, together with throttle valve 373,

25  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.
During calibration of the MFCs, isolation valve 371 restricts or limits the gas flow

30  to throttle valve 373 to maximize the pressure increase in chamber 15, which
facilitates MFC calibration.



5 detected. Process gas control subroutine 163 also controls the gas

conposi tion and flowrates for clean gases as well as for deposition
gases, depending on the desired process (clean or deposition or
other) that is selected. Alternative enbodi nents coul d have nore than

one process gas control subroutine 613, each subroutine 613

controlling a specific type of process or specific sets of gas lines. 10

In some processes, an inert gas such as n’3|8trogen or argon is flowed

into chanmber 15 to stabilize the pressure in the chanber before reactive
process gases areée’i \ssemblyt hese processes, process gas :
control subroutine 163 gefering 1o F@gsogrgmmﬂe,t/ﬁﬁ afEhfie36 Wil holbobe hlseitbaw the
inert gas into chanber ToF ‘2 anmount L1 necessary t

stabilize thengdetessUfhe heaterAhift zsbemtigrm fanctidnb énlifthbe $afer intoethe pdm:essmg)ed

bov | d be . i.ed- out d , b
vapor i zed { ARHEOR YOI vHBE FBaTber 19 RE dheriler GiDe SECHIRE CARHDI
subroutine 1GgseR l{{ Mma BE h&&@glhét %ebt@i‘?hﬁ‘i@seﬁ{b%p% ety 6&%@&1&1@9 f@r Qs%' oYery

gas such as hel i um t hrou qui d precursor in a bub
~assenbly, or direchy glaced inta, a:aamatjepf processugacélambeﬂs cgheritban mmmmldry qui d

I nj ection sy en.a hubh] e use far this 20 SS,
brocess gas SR VB CHam Ry SeaeHEed sa a3 herdt s Srgale Rt SBSeRSRET e
gas, the presiumey beubételnbubmhﬁfcm@hixh&rbyatgeﬁéraieemmtmmpr der to
obtain the desired process gas flow rates. di scussed above, the desired

process mﬁ&wwmnwea,t emetal YR ANG YD} é@mhgr mToberscagaentional ponon-

subrouti pg rt hernmore, process gas
control subrou I ne ?@?ﬁ qn&gcetgrgforc?%ﬁ% hﬁ?ggg obtai ning the necessary

delivery gas flow rate, Réfefririgero Rigs Seatidel3, disatedlihhksembly 30 gehaﬁmarat ure for
the desired procgss gas flow rate hy accessing a stored table

cont ai ni ng t BClHEeSA tesistivelxthgated Mafer suppart pedssial eicheatss 25 4%%%“1’%% t he
necessary val 4asiatL sitipbit! e 391108ek hifeh ge 995 cﬁ‘&:ﬂﬂ&htﬁg%t%gﬂmlsﬁiﬁsm essure

and bubbler te rature are nohitore conpar e necessary
val ues and adj2ls383 underneath heater 25 and a drive assembly 400 for vertically moving the
15 heater 25, shafts 200, 201 and lift tube 202 within chamber 15. As discussed in

detail below, heater 25 (and the wafer supported thereon) can be controllably moved

between a lower loading/unloading position where they are substantially aligned
with slot 243 in enclosure assembly 200 and an upper processing position beneath
gas distribution plate 2_0.'(Figs. 3 and 4). As shown in Fig. 7, heater 25 includes an
20 upper wafer support surface 403 surrounded by an annuiar raised perimeter
ﬂange 405 so that the wafer is accurately located during processing. Wafer support
surface 403 has a diameter approxlmately equal to the dxameter of wafer W at the
deposmon temperature, e.g., at a temperature rangmg from. about 200-800°C. This
diameter will typically be about 6-8 inches (about 150-200 mm) for large size
25  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.
Support heater 25 preferably comprises a disk made from a process-
30  compatible material that is caphble 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



30 accordi ngly. The pressure control subroutine 165

conpri ses program code for controlling the pressure in the chanber 15
by regul ating the aperture size of the

30 throttle valve in the exhaust system of the chanber. The aperture
size of the throttle valve is set to control the chanber pressure at
a desired level inrelationto the total process gas flow, the size
of the process chamber, and the punping 48t- poi nt pressure for the
exhaust system Mhen pressure, control suhrouytine 165 is I nvoked, the
desired or tg‘? é‘f‘%*r@sgéfés fesiFant i‘%eﬁcg’é‘git{ye@eég 1gals i @ aaforﬁ?“‘agle
chamber managiferiilioP Hiders! e berathies Ruf Y bR fkide VAL x4 %or
nmeasur es the pressure in chanber 15 by readi ng one or nore

convent i onal therlies uhluminum nitride cematmic & the rpnefetred ntateriah orcthatreater 25 onpar es

t he neasure yal ue( tp. the target, . . ressure, obtains PID

(proporti ona%?ca ?ﬁié?%ﬁ‘ghéﬁed’rﬁf g?lgirngwpfymegcégn&ggﬁ%?q BSSBAE 4410  to the
target prsessexc@libiQblefansd 6f BRrMACHOLE.C Thab! B a sl cay ?k?er}éaeexhbécﬁﬁ{eh@

val ve according to the PID val ues obtained fromthe pressure table.

Al t ernat i vel $he entire outpr sustage of heater 3F cemprisastaleminugbnitride. baluminemeitride open
or close t hehwfu%ﬁ %rgpe\fgt‘.\%eca%gbiliﬁes 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

10 contamination in the processed wafer, resulting in more reliable devices. In
addition, aluminum tends to react with the fluorine containing compounds typically
used in cleaning gases to form a layer of an aluminum fluoride compound that may
eventually build-up and flake off into the chamber or onto the wafer, resulting in
contamination (discussed in further detail below). Constructing the heater 25 of

15 aluminum nitride effectively eliminates this problematic reaction during cleaning.

| Referri_hg again to Fig. 7,:_ drive assembly 400 may include a variety

of driving mechanisms, including a pneumatic cylinder, controllable motor or the
like. Preferably, a stepper motor 407 coupled to the heater via a suitable gear drive
409 operates to veriically drive heater 25, shafts 391, 393 and lift tube 395 in

20 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 additibn, bellows 411, 413
allow some angular movement to ensure that the gas distribution faceplate 20 and

25  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.
Lift tube 395 usually comprises an aluminum shaft 418, an annular strike plate 420

30  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



a particular aperture size to regulate the pressure in chanber 15 to the

desired | evel. Heat er control subroutine 167 conprises
program code for controlling 15 the tenperature of a heater elenment 473
used to resistively heat heater 25 (and any substrate thereon).
Referring to Fig. 1E, heater control subroutine 167, which is al so

I nvoked by chanber manager subroutine 157a, receives a desired target/set-
poi nt tenperature parameter, T[err], as adl i nput (step 580) In step 582,
heat er control suybroutine 167 neasures th curr grrperat re of

heater 25 by HERENM fdoALO; iibit sgamisepiimena r&nherF dpt @n¢ §HEEed in
heater 25. T afetarzbq ulit@'ﬁ{éeilﬁﬁlm\ﬁr kt?af 418 fmmdtﬂgggﬁ& bk mmxﬂﬁtge ag-giﬁg'osr t he

current time step of heater contr routlne 1 roller
obt ai ns t he tfuwingroditshafe 418 k9 héatnmtmftesm tmrtumhmpmk:esswhhmhge Imyan exemplary

| ooki ng up the co resp rature Jn as d conversion table or by
cal cul ating tff8 ‘ﬁ:ﬁ’?ﬁ@ g‘?‘tﬂlggégﬂ% udes g §PTiRg GHQsSho @I S WaYh SRIE;
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cal cul ates the tenperature error. erature error, denoted
Err[err] is def temstrikedplalg 420e equati on Err[err] (k) —Td[err] T(k).

In step 584, heater con subr utlne ct .on

control al gorithnms baseé S SAeYR & &of‘&f’%%a?@b’rﬁﬁw§r"f% r'ﬁuPR‘?n}h\ﬁf)ﬁP%S
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the upper surface of heater 25 for loading and unloading wafers. Lift fingers 430
are preferably made of a ceramic material, such as aluminum oxide, and generally
have a double truncated cone shaped head (not shown) The four lift finger guide
studs 432 are preferably not uniformly distributed about the heater 25, but instead
15 form a rec_tangle having at least one side that is wider thar_x the width of the robot .
bladé, which is ;ypiéally‘ é thin, flat bar (not shown), around which the lift fingers
430 must lift the wafer. The bottom end of the lift fingers 430 are rounded. The
fingers 430 have a relatively thick diameter of about 100-200 mil, preferably about
150 mil, and a relatively short length of about 1-3 inches, preferably 2 inches, to
20  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 éCtually just
below slit 243). The wafer is supported initiaily by liﬁ ﬁngers 430, which are lifted
above heater 25 with strike plate 420. As lift fingers 430 rise along with heater 25,

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
are performed in reverse.

30 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



31 | f the absolute value of the tenperature error. is greater than

t he boundary error, heat er control subroutine 167 will select a
tenperature ranp control algorithm (step 590). This algorithm
controls the rate at which the heater tenperature wll approach the
desired tenperature, T[err], i.e., it controls the rate at which the 5

t enper at ure changes. The tenperature regul at or

al gorithm (steps 586 and 588) uses S} eedback and feedforward control

to update th ower delivered tqQ the heatin . el enent enbedded in
heater 25 soe?%i:gr_“\igﬁ Cﬂﬁ"ﬁq‘iflﬁ?%mt‘ll?é%ﬁﬁﬂs? &N ascsé'ﬁ‘g'&r%lou‘f"ét,‘m'ﬁ(wl,owa%o‘e 45 ¢l ose

to T[err] a ' h t: ' ' b £ | mat es
the 10 ammont e e T Pk DL B SR it ¢

gi ven t he anefuwithstanding weladivelypigh prapassirfg emparatur&: Prafenably,ishdft 881 wadllt he
chanmber. The_fgedback.contrpol. - es.standard . .
Proporti onaﬁ?q ﬁggﬁéﬁ‘#( fiea ?\)}ﬁ)ﬂo\yébo(nﬁcg;luw Bitride, VRich greygpts depesition

estimated fegddodselll ap ik BASIRGhiQGes BRAGKRAITNBerOB S 1R elRbirddd§ and
t enperature error, Err[err](k). PIDcontrol is the type of algorithm

used i n convelgtriesl gonpecsions within shafird9d ghatspigheathemwischoesur ifde radimioumhe

val ue of the_] tur [LOf gyl hese routines,seek to ntrol the
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heater contr5 %ftﬁiha&iqlnié a @mbjang tempemtyre 2nd pressedprefengblyt asmpsphariar e r anp.
control 1@l 9ohietdir, (i P80 il br %95k OtneP @WBbditients, hollow core 445 may be

at a pressure of about 0.8-1.2 atm and a temperature of about 10-200°C, while
chamber 15 may be at temperatures of at least about 400°C and pressures of about
20 mtorr to about 600 torr. This configuration helps to protect the electrodes and

othér electrical connections from corrosion from the process and clean gases within

15 chamber 15. In addition, maintaining the hollow core 445 of shaft 391 at ambient
'pressu're minimizes arcmg 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.

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

20  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 inhterial, such as alﬁminum or an aluminum
alloy. Lower support shaft 393 is preferably a water-cooled aluminum shaft.

25  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
veqically movable support 461 on drive assembly 400 for moving the shafts 391,

30 393 and heater 25 between the loading and processing positions. Shaft 393 defines
an inner coolant channel 463 passing around the électrical conﬁections to further

insulate these connections from the high temperature of the shaft. Coolant channel



heater 25 when the absolute value of tenperature error is greater than the
boundary error. This algorithmcontrols T (k), which is the rate of
change of the tenperature, T(k), at tinme step k. The rate of change
of tenperature should be controll ed because the heater 25 can be nade
of a ceramc material, which may 25 fracture fromthermal shock if the

t enper at ure changes too quickly. The ranﬁ control algorithmuses

f eedf orward and Proportional f eedback control ‘to control T (k) to a

predet er m ne si f (T The r
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Control lers thaig gbeReqt 0 regulate ranp rate by tracking a tined

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
10  Figs. 11 and 12, heater coil assembly 440 includes a heater coil 471 embedded into
~ the ceramic heater 25. The routing of the heater cbil 471 embedded in the heater
base 25 preferably provides a single coil 471 that begins at one electrical contact -
472 near the center of heater 25, runs back and forth along one side of heater 25
towards its perimeter, extends to the other side of heater 25, and then runs back and
15  forth toward the center of heater 25 to a second electrical contact 474. This loop -
pattern providé_s heating to maintain a generally unifdrm teinperamré across the
width of the plate while allowing for heat losses. Preferably, heater coil 471 will
provide a uniform temperature distribution of at least about +/- 2°C at 400°C and
at least about +/- 8°C at 600°C across wafer support surface 403 of heater 25. In
20  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 1nc1udes an -
‘embedded RF mesh ground plane electrode 473 connected to a plurality of
conductor lead wires 475 which extend through shaft 341 to a suitable electrical
25  energy source. Mesh ground plane element 473 is a molybdenum mesh electrode
which provides the ground ﬁath’ 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
like. In an exemplary configuration, lead wires 475 are each nickel wires coupled
30  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



5 tenperature trajectory at best can only guarantee that a desired

tenperature, T[err](K), w Il be achieved at sone tine Kin the
future. The average ranp rate over the tine interval of length K wll
be T'[err]. However, the instantaneous rate of change of tenperature

T (k) may vary widely during that interval. Consider the case in which
a di sturbance causes the tenperature to remain stable for sone interval of
time less 10 than K. The controller wI® then attenpt to as quickly as

possi bl e "catc desi.red traject k). The ranp
rate for the™g @PWeré%&%ith"gmbgﬁn% erts 49‘%%‘%“& %sg?"?efisetgatchl ng up
Wi |l be greatized htva }EnoﬂﬁfdéﬁumBhngacaméﬂ R (R bidzéeRUlehd Wire 475. Alifsyr mal
shock fracture. By controlling the ranp rate directly, the current

i nventi on the wirgs pf] thet heiater Iggtlewhetatr g‘gear@lmrgsmtm@ or primarily conductive, are
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error is detern ned (step 584), the ranp control algorithmcalcul ates
the actual rd9d¥rate T (k) u5| ng a numerical differentiation
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based on the current va ue 0 error

Err[err] =T [ entngasil ¢k therthddopple s19¢ [for aaenmﬂmg&ﬂé)emp“ému@cdmhtmgawl Bat e
T (k) is cal cul ated from neasured tenperature T(k) over a range of
t enperat ure ThErmogQuUp ‘F%lf@ﬁ}(“d%ﬁa#bﬂ@@gatq H‘bﬁéﬁérhé}’mg? 5["—8?91']‘{9?(@} Pay be any

conti nuo f d he
speci fi c“erbo | rrgﬁ{hnﬁ_}}el er rc]OPEP?E ; %yglgekg%yaf{l%%eﬁa@%r% et eers?rg Aneél‘E
const ant val L0325Txlmda frathahe Boten loatl'rc wme To(that end, Hexteyr2fi inebhdes a by
sanpling (i. r|n e te tur redet e ed sanple rate
(e.9. . UpbrGeaitie g e SENS. A\ B 15 beercISBRR AT TP COMECRR I {1 C
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conpared to the average of previous 10 sanples.” The difference

bet ween t he aplageles Sbghttspang IfQI'SG frbfn ancompression spring 503 (Fig. 15B), and

15 _provxdes a contrql signal for the temperature controller (not shown). Sensor 495 is

 preferably disposed in a well 505 which is at atmospheric pressuré, which enhances

the heat transfer between the heating element 473 and the thermocouple 491 to
provide a more accurate reading. The temperature controiler is a recipe-driven
proportional integral differential (PID) controller which anticipates the recip.e-'steps

20  which are about to oécur 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 ;ﬁonnections to heater wire ends 511 and the thermocouple tube end 513 are
made at atmospheric conditions.

25 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
432 within heater 25 so that the wafer is deposited onto wafer support surface 430

30 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



30 tenperatures and the previous 10 neasured tenperatures is then divided
by the power update period to obtain an average neasured tenperature.
The derivative of t he average neasured tenperature is then cal cul ated
to arrive at the cal culated ranp

33 rate T (k). The ranp rate error Err[err] may then determ ned by
taking the di fference between the cggstant-valued T[err](T(k)) and
the calculated ranp rate T (k) int speci fic enbodiment (step 594).
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where k i $ t hdistributien thoteis 132 5 sinepthe emicohduciort Wefen énct shaw. st ep. P(k+1) is
t he power that w l#lfbe su;t}ll iled to the heater_at the next tinme step.

Plerr][T(k), T' [ edf (erpBergtre ofthe pvafer on hearre 1350 tacallydicib abevet 1 anp
rate and nmeas wiiinin® BBSYsRio 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
10 coil 473 to heat the wafer to a temperature of about 200-800°C, according to
specific embodiments. In the preferred embodiment, the temperature is controlled
by a feedback control system (desc_ribéd above for heater control subroutine 167)
that maintains the ramp rate based onthe current temperature in the chamber.
During_ this process, inner lid assembly 230 receives heat from various sources
15 including the gases passing therethrough, the heated semiconductor wafer, and the
~ wafer heatmg source. To mamtam the components of lid assembly 230 below the
minimum deposmon temperature and thereby avoid gas reactions and deposition on
these components, a coolant liquid is introduced into coolant channel 93 to remove
heat from base plate 265 and gas distribution and dispersion plates 20, 301.
20 During the depbsition 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 throug.h:(.:hannel 40 and
- exhaust port 361 (Figs. 4 and 8). In addition, purgé gas may be directed generally
upward into processing chamber 15 through the gap between susceptor 25 and inner
25  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.
E. Integral remote microwave plasma system
30 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



I s some nodel ed approxi mati on of the necessary power to give a ranp rate of
T{err](T(k)) at a tenperature T(k). Klerr] is a control gain constant (in
15 Watts/ ([err]C/ second)) that is user-defined and nultiplied with the
ranp rate error Err[err]. In the specific enbodi nent,
Plerr][T(k), T [err](T(k))] can be approxi mat ed as P(k). This
approximation is particularly true for slgsfw systens such as the

resistive heater with |arge thermal mass the present invention. The
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value. This is called vershoot,7 The . controller w u react py
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microwaves of about 2.45 Gigahertz (GHz) frequency. Magnetron 711 is poWered
by power supply 110 (shown in Fig. 1C) which may be remotely located from
magnetron 711. Of course, other magnetrons may be utilized as well. Microwaves
from magnetron 711 are transmitted to the microwave waveguide system, which

15 includes various lengths of straight and curved waveguide sections 715, 717 which
| méy be cbnnectéd together at jbintﬁ 719. Interspersed within thc waveguide system
are optimizirig elemeﬁts that work to provide low loss, maximum microwave
transmission with minimized reflection losses and to protect the magnetron from
damage due to reflected power. The deécription below follows the desired direction
20 of microwaves from magnetron 711 toward applicator wbe 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_bnly forward microwave transmission from magnetron 711
toward applicator tube 292. Load 707 absorbs any power that might be reflected
25  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
715. Phase detector 703, if utilized, is coupled via curved waveguide section 717
30  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



34 much and the ranp rate wl| decr ease beyond its desired val ue.

This is oscillation. Over tine, the magni tude of the oscillations
will decrease and the ranp rate wll, reach a constant, steady-state
val ue. Because all real systens undergo snall di stur bances, there
will also be a small steady-state error. 5 The val ue of
Klerr] determ nes the size of the overshogg and the st eady-state
error. If Klerr] is large, the systemw | FP’be nore oscillatory, but

st eady-state rore Wl |, be small. |f err]l.is small, t Qpposite,Ls true.
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i nstead of derivative c¢ontro e Sys response. The saturation
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I nversely proportiopal to the .r rate error, Errfe . During the
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errors are small, so the effective K s large.
The exenpl ary thatrepeives asactivengases that srederergivkdhie micrpwaeas frams puagnetros 711

via the waveguide system and other optimizing elements. Applicator tube 292 is a

circular (or other cross-section) tube made of a composite or ceramic material,
preferably alumina, or other material resistant to etching by radicals in the plasma,

15 according to a specific embodiment. In the specific embodiment, applicator tube .

' 292 has a lengtﬁ of ab’dut 18-24 inches and a cross-sectional diameter-of about 3-4
inches. Applicator tube 292 is disposed through waveguide section 721, which is
open at one end for transmitting microwaves and is terminated at the other end with
a metal wall. Microwaves iu'e then able to be transmitted through the open end.of

20  waveguide section 721 to reaciive gases insidé 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 éomposité or. ceramic
material and microwaves in waveguide section 721 enter a window through the

25  exterior of applicator tube 292 to the exposed interior of tube 292 to erergize 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
supply 733, which may optionally be mounted on the metal wall of waveguide

30  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,



given by the follow ng equations (step 598). For these equations, P(k+1)

refers to t he power defined by the control equation given above.
Plerr](k+1) is the actual power supplied to the heater. P [err] is

t he predeterm ned maxi num al | owabl e 25 change in supplied power from one
time step to the next. The exenplary saturation function is as

fol | ows: i f | P(k+1)-P(k) | >P'[err],

then Plerr] (k+ 1)=P(k)-P [err] for P(k+ 1)5% P(k)
and Plerr] (k+1)=P(k)-P [ errL for P(k+1)<P(k) 30
el se Plerr](k lfyowﬁﬁniqut en sustams the ionization ofAhmgmt?‘éphﬁmeécP PIqdure &t now

be defined as oy r?f{ggiﬁ:%ﬁs't}z{ﬁ(cﬂxiérl 582? ing. to H28beCld §ih %QIe \Fak\FEezﬁi S

Clearly, if P[e I've galn a

35 - equalts chirgeg i lak|veithizg apIBwatdrftuB&EZSﬁbmrmé lirodhetiodt dmdnionzad@pbf ed,
Klerr] (k) is defined by substituting P(k+1) for Plerr](k+1) in the
equati ons aboJeACHNe| géﬁﬁﬂ‘m%&b{e% Wee pf maching; syglemq{(diGneimizesthe” 1) =

er 11T T gt Bl cotpS 1o cbicede! " ghbfh, Elnend Gk 3
K[ err] (k) * Er r [systein(701; includes at least one stub tuner under the control of processor 50 or a
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

10 connected to the botiom of the body of chamber 15 such that applicator tube 292
outputs plasma radiéals into inlet 290 of enclosure assembly 200, as seen in Fig. 3.
Radicals are input through inlet 290 into the passage in enclosure assembly 200
which is equipped with liner 291, preferably made of polytetraflouroethylene
(PTFE). PTFE, which is commercially available, for example, as Teflon™ PTFE is

15 resistant to etching or deposition from the reactive chemistry input at inlet 290.
Liner 291 pfevehts fluorine radical récombination in the passage during'. clean
processes. In addition to PTFE, liner 291 also may be made of any fluorinated
material including fluorinated polymers such as PFA (which is a polymer combining
the carbon-fluorine backbone of polytetrafluouroethylene resins with a perfluoro-

20 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 ﬁa_ssage in
enclosure assembly 200, plasma radicals flow ihto conduit 47 in clean gas manifold
270 to gate valve 280. Clean gas manifold 270 is also constructed of PTFE. PTFE

25  is preferred for cleaning applications where fluorine radicalz 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
depending on the reactive gases used.

30 In some embodiments, gate valve 280 isolates the clean processes
from the deposition processes, as discussed above. Gate vélve 280 normally

remains closed while chamber 15 is being used for deposition, reflow, or drive-in



Klerr](k) = P [err]/Err[err](k) . By making the effective gain small
when the ranp rate error is |large, overshoot and oscillation in the
response are nmnimzed by this saturation function. This reduces t he
| i kel i hood of damage to the heater from poor ranp rate control

Accordi ngly, 10 the ranp control algorithmof heater control subroutine
167 danpens the systenis response when large ranp rate errors occur,
thereby resulting in nore efficient 58t enperature contro

A plasma control subroutine 170.conprises _program code for s

0 Wi 0 e it ¢ ,€gsed
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for RF power [evels. Like the previously descri bed chanber conponent

subrouti nes, the eleaning pracesses. s Gateovalven280LisCpreferably oladel Of)?TEEa(nbélmllﬁanager
subrouti ne 157a e 170.

conpri ses pr GUHEHAIE Sk s fpossispsngd abovg%oéﬁﬁleégﬁg ?m%b@%bﬂeﬁ"g ll%)eower

level s and nugfaglwy oF dépositiof Jontd the idsed Ralve \2804fue to @iERa¢ e Themiblidsng RF
pl asma systens, plasnma control subroutine 170 al so could I ncl ude

progr am code frasm cerduit 4% [na/oreferaed pyhodimenticgats vatre 23isra pastidlpgradepgate d

Lo (he'PHGCeSR, HLambalfs ADYRE e 200 i wh LB I i pgency

pI asma cont r okafer cleanisgl biep ot iwhen hidhamdedcleatingrisc perfvrimed ﬂewegazé eale¢ 28Gnd
anot her plasna control 30 suhroutine 170 used for power |eve]s. Like
the previou S|gpegeg1}9wlgg@béwaﬁgggals to flow into fluid passage 293 of gas mixing box -

273, as seen in Fig. 3. As mentioned above, in some embodiments gate valve 280

is not used at all. The plasma radicals then may flow through annular passage 295
15 and into chamber 15 via gas dlstnbuuon plate 20. Distribution plate 20 as well as
various parts of chamber 15 are thus cleaned. Residues and used cleamng 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
detail below. | |
20
F. Endpoint Detection System -
Figs. 17"’A-1'_7D illustrate a cleaning endpoint detection_ system 800 for
microwave plésma system .55 according to another aspebt of the i)resént invention.
As discussed above, apparatus 10 preferably employs a thermal cleaning technique
25 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
effects may react with the aluminum in the chamber walls and lead to aluminum
30  metal contamination in the proéessed wafer.
In the cleaning process using remote plasma system 55, the plasma is

produced remotely from chamber 15 such that the etchant gas, preferably mostly of



conponent subroutines, plasma control subroutine 170 is invoked by chanber
manager subroutine 157a. In enbodi nents having gate val ve 280, plasm
control 36

subroutine 170 al so i ncludes program code for opening and closing of gate
val ve 280 to coordinate with the setting/adjusting of mcrowave power
| evel s. Alternatively, the systemsoftware may have a separate gate
val ve control subroutine in enbodi Nt s having gate val ve 280. 5

An endpoi nt detect contrql subroutine 159 includes pro m cqde for

managi ng endpdPHPe Ef’éiﬂ b AITERred gKe ftha qqawgexéwpgrgﬁpe §6‘H}gec‘3 'éﬁﬁ Cieapi ght
detector, occurs Xilithd plisarembind ekiehe: |d @PLnagbac: el \In%hn‘égﬁhdaibrctﬁﬂpa“ ng
light i nt ensi ty changes from absor bance, and opt’i onal stoppi ng the
cl eani ng pro@83ssesdip. bl@)t eBhhileghia process hq;smnlnnbarmfmddanmghtfox cieaning by | evel

f] di h dpoi nt |
Rhdpol nt " det CtAErg ERBRL L e BF cEREEEE ot Sharhen B (ditined 2bgee HR B ner
nmanager s3ibr giftplddfalih the cliebie@icah nedlke SCAiffQN ﬁﬁh§ LoRVeRtbna] %n&&%nﬂ s

i ncluded for those enbodi ments using the endpoini detection system
described  detectien systems, to pinpoinsdhy tiwe at wmchéhbe&maﬂlss besn ¢ommpletgd.an

endpoi nt - det qf:t.,' e Mx%tl%pprocess gas residue in the chamber has reacted with the cleaning
etchant so that it can be discharged from the chamber. Conventional eﬁdpoint
detection systems wpically' rely on the use of a plasma within the chamber and
10  check emissions from the in situ plasma to determine the end of a cleaning process.
~ The endpoint detection system of the present invention, however,
may be used with either an in situ plasma or a remote plasma, such as provided by-
microwave plasma system 55. For example, in one exemplary process, fluorine-
based gas is used to react with SiO, powder residue in the chamber to form a SiF,
15 gas, which is drawn out of chamber 15 with the vacuum pump. When substanually
Call of the SlOz in the chamber has been consumed, the ﬂuonne-based gas cannot
react with the SiO, to form SiF,. Instead, the fluorine-based gas may begin to
contaminate the chamber 15 or to react with, for example, the aluminum walls of
the chamber to form an alummum fluoride compound. Consequently, it is
20  importan: 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
endpoint of a cleaning process by detecting changes in light intensity that occur due
25  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
other locations within the exhaust system of apparatus 10. For example, detector,

30 802 may be positidned 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



woul d not need to use or have endpoi nt detect control subroutine 159. 15
Optionally, a gettering control subroutine 169 may be included that
can be invoked by chanber manager subroutine 157a. Gettering control

subrouti ne 169 includes program code for controlling gettering
processes that may be used for chanber seasoni ng, post-clean fluorine
gettering, etc. In sonme enbodi nents, gettering control subroutine 169

can invoke specified software built into ®he clean 20  reci pe to

facilitate gettering control. i onbi.nati,on with the £l ean recipe used,
The VD syst GREBRL, CYiaR lipt Bof Y BRLYER ctiiel G 4B aRE i indlif S
illustrative s passiig tﬂftﬁigﬁ hize | sb4n ot t@@orﬁﬂ@@lyd@’aﬁd%ﬁsﬂdw mdngn@p,hmixﬁzcope of
t he present invention. The exenplary CVD system 10 is a singl e-wafer

vacuum FMaforeaxampls, sitringi@ae pegcessinghel 2 @efer widin the ¢hambenr e

mul ti pl e-waf er chanber . SY.St.ens y. be used i t her odj nents,,0f the
I nvention. It should beﬁgfen‘m% ténﬁé‘r %@oﬁ?fﬁ%ﬁﬁ%‘gw{,’]‘"ﬁ%‘?‘ (gﬁr%)é%beﬁn% eg'g)lzai n
features Sf twil how bpidestiibed.c A shavna@eiector 802 HRAkkes Reusifig 1304 tdefihing 2CVD
chanber in a nultichanber. processing system the | nvention is not

necessarily | WQghdwWle 6in qommurigation with sondat ) for aHawingsthe gases and other
! o ' . ! . . _ tch
chanber o, 30 g St Uinbhel 15 (S DhsPineRAGGAE' Alpeit S HileRs sBEG7D O\ C

descri bed syspreferahly attach housing 804rtoabinduis 60.n The Sidgrwallsartiousidg 804 rinclude
| ocati on of RF power con i ans, sQftware operation andg structure,
speci fic al go? P?ﬁﬁfl@%ﬁé}m%ﬂ&%giﬁé %tﬂfﬁ)ﬁ?‘ifp%‘?d to allow g"m light to

10 pass through. Far-IR light has wavelength starting at about 10 um. IR windows

812, 813 are spaced by a length L and preferably comprise a material substantially
transparent to far-IR light such that zero or substantially little of the light is
absorbed by windows 812, 813. In addition, the IR window 812, 813 material
should be process-compatible, inert with respect to the process and clean gas

15 chemistry, and the material should not contaminate the film. In embodiments where

" ﬂ\idr_ine_ radicals are used fér the cleaning process, windows 812 and 813 are
resistant to fluorine. Preferred materials for IR windows 812, 813 include
germanium, calcium fluoride, or the like.

| As schematically shown in Fig. 17D, detector 802 further incIudeé a

20  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
may be a tungsten lamp source with an optical notch filter.

25 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
SiF, reactants, these reactants (i.e., the silicon) absorb a portion of the far-IR light,

30 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)



37 configuration of gas inlet |lines and val ves, and ot her

nodi fi cations are possible. Addi tionally, other plasma CVD equi pnent
such as el ectron cyclotron resonance (ECR) plasma CVD devi ces,

i nducti on coupled RF high density plasma CVD devices, or the |Iike may
be enpl oyed. The dielectric |ayers and nmethods for 5 form ng such | ayers
for use in the present invention should not necessarily be limted to
any specific appar atus or to any specifi ®lplasm excitation nethod.

As shown in Fi 2 and 3, CVD apparatus 10 generally inc]udes

encl osure asd ‘V‘géb‘ﬁ the, 6onegntaiion; @élfyp?%maﬂh@“%ﬁ?@u“(%‘ﬁaérsuggfﬁﬁtéﬁqy
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gas reactants utﬂlzed in the clean gas process.

By way of example, I, is the intensity of the far-IR light when no
SiF, is flowing through conduit 60 and the detector 816 receives the full intensity
from lamp 814. As SiF, flows through through-hole 806 during cleaning, the far-IR
15 hght is absorbed and the mtensny recexved by detector 816 (I) is reduced glven by

the expression:-

/I, = exp (-X*L*C)
‘where X is the extinction coefficient of IR windows 812 813 or a filter (not

20 shown), L is the length between windows 812, 813 (see Fig. 17D) and C is the
concentration of SiF, passing through detector 802. As I/I, approaches the value 1,
the SiF, concentration is diminishing, which means that the cleaniﬁg endpoint is
approaching. The controller continuously nibnitors I/I; until this value approaches
1, which indicates that the cleaning endpoint has arrived.

25 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
be taken as limiting the scope of the present invention as defined by the appended

30 claﬁns. It should be noted that the invention is not limited to a single wafer

~chamber as described above and shown in the encloséd drawings. For example, the

throttle valve of the present invention could be installed into a batch chamber that



system 215 acts to decrease the tenperature of these chanber conponents to
m ni mze undesired deposition onto these conponents due to the high

t enperature processes. Liquid cooling system 215 includes a pair of
wat er connections 217, 219 25 that supply cooling water through the
heater/lift assenbly 30 and a cool ant manifold (not shown) for

delivering coolant to the gas distribution system 205 (di scussed

bel ow). A waterfl ow detector 220 detects §he waterfl ow from a heat
exchanger (not hown) to epcl osure assenbl y 200. Preferred
enbod ment s SFBequsl Gioatses 3 PRFRR of water ot AEPR: te sy popll be

XESCH)Fed | N shidbld &9r Wd8tiRlalmBBpRWvafdPchamber that sequentially perforfis iﬂl%ﬂgﬁﬂur e
senbl y

Ref erring t o progssing sigpaion cachnef] the wagerassenbl y 200 is preferably an
I ntegral housing made from a process-conpati ble material, such as al um num

or anodi zed al um num Encl osure assenbly 200 includes an outer lid
assenbl y 225 1f oHigh Temgéﬁhiru%umgleﬁs@g Pscestid Usingahe TR Rehdib0Seeran i Nl et
tube 43 to an inner |1 d asse y _ w thin asse y 200. Inner lid
assenbly 230 functions Ao Bfemplary Strupmres-andcApplications

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

10 electrically isolated from each other by a field oxide region 920 formed by local
oxidation of silicoh (LOCOS), or other technique. Alternatively, transistors 903
and 906 may be separated and electrically isolated from each other by a shallow
trench isolation (not shown) when transistors. 903 and 906 are both NMOS or both
PMOS. Each transistor 903 and 906 comprises a source region 912, a drain region

15 915 and a gate region 918. _ _ a o

" Apremetal dielectric (PMD) layer 921 separates transistors 903 and
906 from metal layer 940 with connections between metal layer 940 and the
transistors made by contacts 924. Metal layer 940 is one of four metal layers 940,
942, 944, and 946, included in integrated circuit 900. Each metal layer 940, 942,

20 944, 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 planarizéd passivation
layers 930. -CVD apparatus 10 may be used to deposit ﬁlms used, for example, as
PMD layer 921, IMD layers 927, 928 and 929, or passivation layer 930. CVD

25  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
integrated circuit 900 of Fig. 18. Application of the present method for forming

30  ultra-shallow doped junctions in forming the source/drain regions for a MOS
transistor is discussed, as an example, with Figs. 19A-19E.



t hroughout chanmber 15 onto a wafer (not shown) supported on heater 25. As
showmn in Fig. 2, a lid cover 233 provides access to the conponents on the
top of encl osure assenbly 200 (i.e., outer |lid assenbly 32), and
shields the operator from exposure to high tenperatures during system
operation. For SACVD processes, lid 10 cover 233 preferably includes a
cutout 235 to allow clearance for lid clapps 237 t hat ensure gas
integrity of the chanber 16. Lid cover 2 general ly remains cl osed

during nost process st ss . the..chanber is opened.. for .exanple, to
perform a pr evean? é’e%?‘%? 8@1{%365%5&’88‘%“08?@‘8?%‘&3 ?%?elgbgaﬂpelggﬁi ng
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source/drain regions 1010 and 1012 on a wafer resting on resistively-heated heater
15 25. _

: Prior to forming doped dielectric layer 1008 over source/drain
regions 1010 and 1012, the surface of source/drain regions 1010 and 1012 may be
cleaned of any gate oxide or native oxide that may exist either by using a plasma
formed by reactive gases such as NF'3 from remote microwave plasmzi éystem 55

20 descﬁbed 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

25 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

30  performed in the same chambef 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.



15 is mnimzed. Further, liner 250 provides thermal insulation between the
al'um num wal I s of encl osure assenbly 200 and the edge of the wafer on
heat er 25, 39

in order to prevent wafer edge cooling during high tenperature processing.
Duri ng hi gh tenperature processing, |iner 250 prevents excessive heat
| oss fromthe hotter edges of the \ﬁfer on heater 25 (e.g., about
550-600[err] C) to the cool er surroundi ng chanber wal | s (e.g., about

60[err] O . W l.i ner ., 250 hea at .the_e f the wafer
may adversel y* Waég?lyt gw&g}rgq ﬂf“gehﬂ'ﬁayé’fzﬁi i@?g‘sg’ € Hade % ey | ead

t o non- uni f obfealiBigQEIw NF, vijorah ste0 Wmefm aldrfaBRMPIub SRS raficalayer portion
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mmtertar,  suchigiraRRble QRS ber milile (seom). fterRY BoBES00 SAEHEC i o
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al um num Cut
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

10 oxide barrier.

. After the cleaning step, gate valve 280 in some embodiments would
be closed to shut out any reactive gases used in the doped dielectric layer deposition
process from entering and depositing onto surfaces in conduit 47. Heater 25 also
would be moved into the appropriate processing position and heated to the specified

15 - temperature in the vacuum of chamber 15, aecordmg to the desired process recipe.

'. Doped dlelectnc layer 1008 is then formed at hxgh temperatures (about 500-600°C)
in the CVD apparatus 10, as described below. Without an native oxide barrier,
dopants from the doped dielectric layer 1008 formed on the wafer may more easily
and unifoimly be driven into the substrate to form ultra-shallow source/drain |

20 regions 1010 and 1012. |
After deposition of doped dielectric layer 1008, the wafer remains in
chamber 15. ‘The resistively-heated heater 25 and wafer thereon are then heated to
a higher temperature (about 800°C) for a specified time. The heating step drives
dopants from doped dielectric layer into N type material 1004. Doped dielectric
25 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 aiternative 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

30 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



portion 255 rests on shelf 252 of enclosure assenbly, and includes an
annular lip 15 254 for supporting inner portion 253 of liner 250. In a

particularly preferred enbodi ment, outer portion 255 includes a
plurality of circunferentially spaced vertical struts 257 that define
I nner air gaps 259 therebetween, as shown in Figs. 7A and 7B. Air

gaps 259 facilitate insulation of the i nn\e@ portion 253 of |iner 250
fromthe outer chanmber walls to increase fer terrperature uniformty
(otherw se 20g5qt r 8 WA et
surroundi ng chg%ggo&w?(ﬁ be?\Q&% 2?) out gga'tn u?ers mﬁ&é%f&?ﬁ& q%gt c|:vf§r %Q&Fhe

heat er and waflaninueype tiise beher einrbodunems addltlon alr gaps 259 provide
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outer chanber walls and AiEawiusen, goprd diclesirin lz“b'?fgl ds Egraeyed Ry dyy or

ot her thernal t ortion
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an air gap 25€VD apparlatusdl@rmsgs alsb batnrsed td0rethave dopéd dislebeeiz, layexniOg8risf weimd| v
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0.9 i nc_h An dRHBlEJRICIORAYe Pgltﬁﬂ% §' si5g% 73 Mathdhe gppropriate ejching (ISEHSEYr FREe of
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10 wafer from heater 25 in chamber 15. Alternatively, the removal step may be

U

performed in another chamber, dedicated to dielectric removal, within the same

multichamber system as CVD apparatus 10, which also avoids exposure of the

wafer to the environment outside the vacuum of the multichamber system. Fig.

19C illustrates the partially completed PMOS transistor 1000 after removal of doped
15 dielectric layer 1008. PMOS transistor 1000 includes gate electrode 1002 and

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

Thereafter, remaining proeess steps for the completion of the device may be

performed on the wafer.

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

20  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 perfornied using remove microwave
plasma system 55 until the chamber is cleaned to specifications, as indicated by the

25  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

30 layer 1008, preferably in an in gitu process within chamber 15. During the

deposition of layer 1008, gate valve 280 would remain closed. Then the substrate



40 In an alternative enbodi nent (not shown), I|iner

250 only conpri ses I nner ceram c portion 255 resting on shelf 252 of
encl osure assenbly and annul ar cover 261 form ng the bottom of
punpi ng channel 40. In this enbodi nent, outer portion 255 is repl aced

with an air gap (not shown) between ceram c portion 255 5 and the inside
wal | - of encl osure assenbly. The air gap insulates the high

tenperature wafer fromthe cooler walls of66t he encl osure assenbly, and it
provi des thickness to liner 250 to bridge the gap between the chanber
wal | s and heatmay tesheated for diffusion of dopants from Bope@adielpitsic ayentl088 i®pst em 10

Referring to Figs. d . L lid ass I 25.. ally includes
alid or bases%ﬁ%?%&fgg,mgw%%t)ﬁltogﬁtas%%P?S‘fgg?%o%’r?ﬁ%’W’ a cl ean gas
mani fol d 270 Alternativbigt thienwafeel iy tRNebled FromIcdanibex il f Job@ansfef Iofagr m xi ng

and injecting process gas(es) and cl eani ng gas&es) t hrough inlet tube
43 to the prodeeeaiing femacrer rapkl theppal process geagier doRdiffusion 9f dppants ALt i vel y

distributigg ¢ ' as . bl o] 73. O
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surface of base plate 26 and Second passages
mount ed t o t hel0O88tvathi overlyingptapt laye2 AB30 have diffusedlinto semigerductor material 1004

10 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
partially completed PMOS transistor 1000, as shown in Fig. 19C, ready for
remaining processing steps. For about a 0.25 um device geometry, diffusion of
boron atoms form a BSG film thickness between about 100-200 A capped with a

15 USG film of between about 100-200 A and results in a junction depth ranging from
betweén about 0.05 umi to about 0.1 ym, according to pfeferred embodiments for
PMOS transistors.

Of course, an NMOS transistor 1000 includes gate electrode 1002
and source/drain regions 1010 and 1012 where N type, ultra-shallow junctions may

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

25  film between about 100-200 A results in a depth of phosphorus driven into the

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

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

ultra-shallow doped region as a channel-stop in a shallow trench isolation structure



m xi ng box 273. Gas passages 83, 85 each have inlets suitably coupled to

sour ces 90 of gas (see Fig. 1C), such as ozone, TEGCS, TEPO helium

ni trogen, clean gas, or the like, and outlets (not shown) in
conmmuni cation with a mxing area 93 within box 273 for mxing the
gases prior to delivering themthrough inlet tube 43 into the 25 I nner

lid assenbly 230. It should be noted that for plasm

processes, CVD apparatus 10 w || fur®her include a gas feed-throug
box (not shown) housing gas passages 83, 85 to enabl e the a&al I cat
of hi.gh vol t adetweengiexises.t dppheatipasof b prgser geatheghfor forming mpdptearshiiowand

wi t hout gas de Y . ]; j i ' e £ scription 30
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4,872,947 t o Wang, Figh20A dsmlsehslifibdseonsecibnal view affa partialdy complesdde
herein by referenc
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For selectivel gthgrl tle(c)hvgigl.ges.orlnpt{lee ;:%gctzxit rz:gar}]gl%, %%Ssg;snigornglqgtor 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

10 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
conducting path from forming between devices in semiconductor material 1100.
For P type material 1100, doped dielectric layer 1106 may be a BSG film as the P

15 * type dopant source. o - -

_ | Prior to forming doped dielectric layer 1106 over trench 1102, the
surface of trench 1102 may be cleaned of any gate oxide or native oxide that may
exist by using remote microwave plasma system 55 to provide a fluorine radicals in
a remote plasma formed using reactive gases such as NF;, as discussed below.

20 During the cleaning step, gate valve 280 is open to allow fluorine radicals to flow -
from conduit 47 through outer annular passage 297 and into chamber 15 via |
distribution plate 20. Heater 25 with the wafer thei'eon, is lowered into a position
for the cleaning so that the ﬂﬁorine radicals can clear the wafer of the unwanted |
oxides that may exist on the surface of trench 1102 without damaging the substrate.

25  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
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,

30  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

described above may be used for this cleaning step. Since moisture absorption by
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5 passi ng through conduit 47 into gas m xi ng box 273. Gate val ve 280 may

be manual | y operated by actuating handl e 281, or gate valve 280 may
be controll ed by processor 50. During cleaning (discussed bel ow),
gate valve 280 is configured to al l ow the cl ean gases from pl asma
system 55 to pass into box 273, where they are di rected through inlet
tube 43 into chanber 15 to etch the wafer or the inner 10 chanber walls
and the other conponents of apparatus 10. 68 As shomm in

Fig. 3, clean gas manifold 270 is constructed |ntegral to
part of encl odhf wafgs depnidediponeytbragiiag hegwcuwnn ofchambesniduior ahmﬁawmg)f an

appropri at e b%@m9¥tlc%¥§roﬁfyét@§?}oﬁﬁ duPflcd OPRLALT B2 ¢ AEe BF naAHBREe 1°-

Condui t 47 as an opening into a passage |nt egrally
formed within barrsdrsle Afeerithel&leaning sepds p&ﬂmme&sgaaﬁrhlyemo iotloagrhaMéithosit 10,
whi ch may bec_c;gga heat ed. due to fhe er at uéiﬁ%at whi ch heat er

hi gh_.te
25 oper at es. gatyeoxidg-barder, flopaps fram fiPPegrfileleanC Iaygt may; ReKe CA8Y4Y t hat
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assenbly 200 fromcorrdsion and etching fromt ean gas radicals
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gases in appl 'ﬁﬁﬁé\QVSOO%Q @Pfor Riéposition ofMla§éroyedée energy radiated froma
magnetron in plasm system 55, which is advant ageously | ocated toward

the bottom of chamber 15After depesition oé dapadeditiestric layer 1 theafergsmainsninof

chanber 1401 o HpBELLE Rye SRREIRIHE. Gort Joiv ghO M HIOS, Ala Bger 35 i
particular,  heatedap aﬂugmertmpém@r@tabaﬁpmws The Heminy 6kirs for Respecified
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di scussed in further detarl shown 1'n
thermal process reactor (preferably within the multichamber system) to drive

15 dopants from doped dielectric layer into P type material 1100. Doped dielectric.
| layer 1106 is uséd asaP fype dopant diffusion source for- the reéulting ultra-shallow '
channel-stop region 1108, as shown in Fig. 20B. Ultra-shallow channel-stop region
1108 is a P+ type region formed in P type material 1100.
|  After diff_uéion, doped dielectric layer 1106 is removed by wet
20  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
and radicals from remote microwave plasma Systc_em 55 méy etch away layer 1106.
Of course, reactive gases input to plasma systém 55 depend on the type of doped
dielectric layer 1106. Fig. 20C illustrates the partially completed shallow trench
25  isolation structure after removal of doped dielectric layer 1106. As seer in Fig.
20D, trench 1102 is then filled with an oxide 1110 to form the shallow trench
isolation structure. In a preferred embodiment, a high quality USG film deposited
at high temperature may be used as oxide 1110 to fill high aspect ratio trenches.
Oxide 1110 also may be formed using other deposition techniques.
30 After cornpletiné shallow trench isolation structure having
ultra-shallow channel-stop region 1108, devices 1112 and 1114 separated by shallow

trench isolation structure may be formed, as seen in Fig. 20E. Devices 1112 and



30 tube 43 preferably includes an inner passage 295 for delivering

process gases into chanber 15, and an outer, annul ar passage 297 in
comuni cation with passage 293 for directing cleaning gases into the
chamber . 42

The cool ant mani fold, which may be fastened to the top or side
surface of base plate 265, receives coolant-fluid, such as water or a
gl ycol \ wat er m xture, fromthe heat 8xchanger. The cool ant is .
di stributed fromthe cool ant mani fol d through an annul ar cool ant

channel 93 (Filyk earhipeludy agatersdeciroge 41 46 and adjacent sowresidiain regiany 1§ and
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In an alternative embodiment, steps shown in Figs. 20F-20G are
performed after steps shown in Fig. 20A. After doped dielectric layer 1106 is
10 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 jn
situ process. During the deposition of capping layer 1110, gate valve 280 is closed.
Then the substrate is heated in situ in chamber 15 for dopant drive-in for diffusion
of dopants from capped, doped dielectric layer 1106 into semiconductor material
15 1100 as discussed above for Fig. 20B. Alternatively, the wafer may be removed
. from chafnber- 15 for transfer to an annealing furnace or rapid thermal process
reactor (preferably within the multichamber system) for diffusion of dopants from
capped, doped dielectric layer 1106 into semiconductor material 1100 as discussed
above for Fig. 20B. As seen in Fig. 20G, dopants from the doped dielectric layer
20 1106 with overlying cap layer 1110 have diffused into semiconductor material 1100
to form ultra-shallow channel-stop region 1108. Cap layer 1110 minimizes the
- outgassing of d_op_ants upward from doped dielectric Iaye; 1106, fhereby resulting in
more dopants diffusing down into the substrate mateﬁal 1.100. After the diffusion
step is performed, gate valve 280 is opened and both the cap layer 1110 and doped
25  dielectric layer 1106 may then etched away using remote microwave plasma system
- 55 with appropriate etchant chemistry to provide partially completed shallow trench
isolation as shown in Fig. 20C, ready for the remaining processing steps of Figs. -
20D-20E. When the wafer is transferred out of chamber 15, gate valve 280 is in
the closed position. A chamber clean of chamber 15 can then be performed by
30  operating the plasma system 55 with gate valve 280 opened.
For shallow trench isolation between NMOS transistors in a P type
substrate, the doped dielectric film 1106 may be a BSG film. For shallow trehch



(ALN), or a metal, such as alum num or anodized al um num Preferably, the
pl at es 301, 20 conprise a netal, such as al um num or anodi zed

alum num to mnimze 15 gas deposition on the surfaces of plates 301,

20. In a particularly preferred enbodi nent, gas di spersion plate 301
conpri ses anodi zed al um num and gas distribution plate 20 conpri ses
alum num Gas distribution and gas di spergjon pl ates 301, 20 are each
directly fastened to a | ower surface of bie pl ate 265. Pref erably,

gas distributign.and dis Lon pl.ates 20,,.301 are affixe to{io

surface of bds atb?rhg%[wfﬁ’gﬁéf(ﬁ_tr& forsdpiapyN &Pﬁﬁ?’&éﬁ%&?w& & o?ﬁ(?lgl@ 303,
305, - r esRaft), (e HopelldiAlkétFie M 1806 n¥3Sbe SPSAOfiRY bflen arsegicaiopee! ¥
tight, surface-to- surface contact between contact surfaces of gas

di stributi on sketeiglapefibnodosismaller dayice geometrggsuchk as jese thapd). 35 nambaviegwer

Cher cbet ween § PREGLLZY I “gieprYs deaft TR M lE Rt 1op SERE0E s

303, 305 SONpumSendiod depesmag GEenhddl winped BSGAfilm $LOGatout 206 Kethick and a
Hast el oy[ err] . Haynes[err] or the |ike. )
Referring to Hﬁesc.apamgréost, QL4 thick; agegrding ip prefaresdoembadiments 9§ thenpresgnt y
flat plate 31}.Bawng an outer flange 313 with a plurality of holes 315 for
recei vi ng nounting screws 305 to provide engagenent of the contact
surface of plate 20 w t kt sh6uld Heovmerseod fthatsimplificisintggratdcizéibit S®hsefopl at e
265 i ncl udes out er _annul ar

flog

di stribution FRHVSOPYTPRRSS PH@SL SSB%’L’H%EE‘H&%%%EREEH@%T&W%‘% the
g?g rcrte)gg 322 ( BRSeritirfethdd fdi¥abiEGioh BF Sthet Wedthidl RErchiRy suigh %8 HittdpRodelidrs,
application specific integrated circuits (ASICS), memory devices, and the like.
Further, the present invention may be applied to PMOS, NMOS, CMOS, bipolar,
‘or BiICMOS devices. Although ultra-shallow source/drain junctions and ultra-
shallow trench isolafion applications are discussed above, the present invention also
1_5 . may be used in other applications where an ultra-shallow doped region is desired.
" The present invention also may be used for forming undoped oxides as well as
doped oxides for use as various layers in integrated circuit devices, including PMD,
IMD, passivation, and damascene layers.
. Exemplary wafer cleaning, deposition, and chamber cleanihg
20 processes for in situ or individual operation within chamber 15 are further described

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

B. Cleaning Native Oxides Prior to Deposition -
In accordance with a specific embodiment of the present invention,
25  native oxides that may exist on the silicon substrate or region where an ultra-
shallow doped junction is desired may be cleaned prior to deposition of the doped
dielectric layer that may be used, for example, as a dopant diffusion source or as a
PMD layer. In these embodiments, the native oxides can be cleaned by using
fluorine radicals from a plasma formed wifh reactive clean gases like NF; by remote
30  microwave plasma system 55. Use of in situ processes in one chamber or
alternately in chambers of the same multichamber system permit enhanced quality in

the ultra-shallow junctions formed in accordance with these specific embodiments,



43 uniformy through a plurality of gas distribution holes 315 onto a

sem conduct or wafer. Alternatively, gas distribution plate 20 may
conprise a dish-shaped device (not shown) having a centrally di sposed
cavity defined by a side wall and a base wall. 5 ' 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
uniformy spaced to provide a uniformdis@ti bution of gases onto the wafer.
On the ot her hand, holes 315 may be non-uniformy spaced and
arranged, if eaewel eslproviding for dielecgitdaydrs havisg &w yndisivze conttindaed dowi n t he
range of about 5n-k100 ml| and preferably in 10 the range of about 10-50
mil. Preferabflgf é%es di stribution holes 315 are designed to pronot e

uni formty of depositiom @epdcifc ERBbERBAY Chahberefsels maihidealae $he dgpodfioh
as the manifol d tenperature, discussed above) are also designed to avoid
t he f or IRRPCHIULST adepperpiuse mngingebetuedns about 30-630°(h andpvgferably ate and,

in particu ar _c0no@’ ition o 0SLtsS . hat
surface \Ml# [ cha%%uglsaofﬁ ng(g’ %’%ﬁﬂéﬁ@ﬂ%ﬁ&ﬂ%ﬁ@ﬁbcﬁ?OE(}'%@L%%?%?S %h’fn?aﬁ'gpda%taa after
processi ng. | pressurexigimgbstwest aotua g torf,_flpi‘eferably athdblofit @15 @yr,iwhiRne of
generally concentrjic ri n?s of holes 315." The di stances between

adj acent " ri ng&aiptainngthe fomperaipee: i Hgaysr 43 i moyaddie pasiticn ek 600 mili frome
e ol . . S r G .

Conpi et e desc i fistrbRigh Bikes0. WEERAP VNG 380 5 BRAERELTHE A BUAE, f M7 ©
di stribution [mtedscedsintte sgplicled tibe 292ravandate FabounsBl gearl UhScldRatgants No.

4. 872, 9471(} © Vu\?tpo%hcécp ﬁm'? gp chtto? tucl)ieszcslzoasnﬂrtge 8;ess\>/\1ﬂia cx;shpehr?nslttcd 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
about 1000-1500 Watts, from magnetron 711 operating in CW mode is then applied
for about 5-10 seconds. The microwaves are transmitted from magnetron 711
15 through the waveguide and optimizing system to enter applicator tube 292 through
| the window, as discussed above. UV lamp 731 ignites-the reactive gases in |
applicator tube 292 to form a plasma, with ionization sustained by the microwave
energy entering applicator tube 292 at the window. The radicals from the upstream
plasma formed in applicatbr tube 292 are output to flow into inlet 290. The radicals
20  flow through the lined passage in enclosure assembly 200 to conduit 47 of clean
| manifold 270 through the opened gate valve 280 and into outer anmular passage 297
to enter chamber 15 and clean native oxides off the wa_feri Used clean gas reactants
and oxide residues are then exhausted out of chamber 15 via the opened throttle
valve. The present description is for chamber 15 which has a total volume of about
25 6 liters. It is recognized that flow values may differ depending on the size and type
of chamber used in other embodiments. |
In a specific embodiment, with chamber 15 maintained at pressures
lower than about 1-2 torr, rapid removal of fluorine species occurred, resulting in
poor cleaning resuits. At chamber pressures higher than about 1-2 torr,
30  recombination may occur due to collision losses, as well as causing overheating and
damage to applicator tube 292. Chamber 15 should be maintained at pressure levels

where fluorine species are not rapidly removed, recombination does not occur, and



previ ously 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 chanber 317 fornmed between outer stand-off 316 and gas
distribution plate 20. 25 Base plate 265 preferably includes a second,

i nner stand-off 318 for spacing di spersion plate 301 from base plate

265 and for allow ng gas passi ng through bdse pl ate 265 to di sperse
into a chamber

d bet t.and- 318 d
plate 301. Al# ’r‘ié‘f’§ Pgﬁe 7579‘5?5 ars NE Jﬁesﬁmf‘gteegngé’@%‘??é% éf’e?l?aﬁébeé prr%sé‘grgs (not
shown) for f opgsy g IGHAEDSY 33y Ex@&l"tﬁfnebﬁ%ﬁs aheRdeelf oSdlicRbeRmESioon hol es

325 30 wll usually have a d| aneter of about 0.02 - O. mm O course,

it will be when mmg«avquwbyxstumamleﬂl da 4 speciffie embpdmm Wt ppessetieon
plate 301 may be. i ncl

However . the BP JCAL n&; %& mnﬁgxc vg%vgdnror\x?ecri is QE,J cfxed ma§' e agoutr?tﬁnré\s/?ag tion.
44 i 1 egichas fheooptiag € hRMBECPréSsuré NtWhé diffefint SpplicRor @fses dieshigedbut i on

plate 20, in other
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
10 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
cleaning step etches native oxides at a rate of about 2 ym/minute. Of course, the
total time of the cleaning step depends on the thickness of the particular oxide to be
15 cleared off the wafer. With remote microwave plasma system 55 of present
. invention,'-native' 6xid¢s or other oxides may be etched and plasma _darhage to the
wafer is avoided.
Although the above wafer cleaning process conditions are
exemplary for the preéent embodiment, 6ther conditions may also be used. The
20  above description discusses NF,, merely as an example, in a Giga Fill™ Centura
system available from Applied Materials fitted for 200-mm wafers, as do the
various deposition descﬁptions below. However, other ﬂuorine—containiﬁg or
' chlorine-containing gases, such as NF, and N,, NF, and argon, NF, and O,, a dilute
F,, CF,, CFs, C;F,, SF, or Cl,, etc., may be used as well.
25
C. Exemplary Silicate Glass Depositions
According to the process of the present invention, dielectric layers
used as the dopant source, PMD layer, IMD layer, oxide filling layer, capping
layer, or other layers may be formed using any of several different processes. The
30  process recipes of a BSG film, a PSG films, a BPSG film, and a USG film are set
forth below as examples of doped and undoped dielectric layers used in the present

invention. Of course, during the below described deposition of various dielectric



enbodi nent s. As shown in Figs. 4 and 5, base plate 265
Is an integral, single-piece el ement that functions to deliver
process gas(es) to gas dispersion plate 301 and to 5 nount the entire
inner lid assenbly 230 to the mainframe unit of the processing

chanmber. In RF plasma processes, inner lid assenbly 230 will al so include

an I sol ator (not shown) that electrically insulates the chanber lid
from ground and i sol ates the chanbe7 body fromthe RF gas box (not
shown). An ex lary Iid y for use with RF Iasrra rocesses S
described in teﬂ% Pét"éh‘te 6. fe’.’t’@’ns CJPSS‘%U’@QSF ROl RigS M3 PD@ §\§I1§)B‘E}F’% uged

which has pr eiﬂr%@és&’tghe%‘a &F&%@@%‘aﬂx Mernative erftUBAERE The (xemplary

As shown in Fi ase ate 265 has a [ ower surface 321

defines an anpmk:essespmapbagexfhmmdem @UDf apparanisa LGt winigh ishe cldsguo singleowafgases
(di scussed in g?éml bel ow). _As shown_ in Figs. 4 and 5, base plate 265
defines a 15 systerp, i prefesred; gm cation with inlet tube 43 for

recei vingsthe nixed CVIPIRARRAES U 2R ridyObe mtéwmnaxfﬂ?em%ﬁémrml e 327
is also in conmuni cation wt recess 311 of gas dispersion plate 301

for dispersi ngddmmagag:uagampplglsaua:esmcideppsnt BPSG hastenic daped sBicste glasst e 265

further defin cool e 93 hav n inle 33 . .a

out | et 333 colBtEH BLoRREBBERIEYES o Srlb1f Paiey etk aydioat S0 1 o 20
t hrough porti Qﬁs’emﬂfuxﬁk@i}aﬁd 2 ofter e,%&@c;eb%@b ¥ng§ @ter tréh@ﬁ&n PRdnmsOfike plasih at e
265. Pr ef er abl %I/P cool ant passage 9 formed withi'n portions of

base pl ate 265nhanegd VO (PECVD) mey aisp\m ysed [to depasit the digldctriy Smrsews 303,

305. Thi f
i aper i 9 anbBEs Br EORESHALL pERGE S, ey bR RS Whn i igEES 2
base plate 265nd6nﬁmmmamhp¢1ﬁxddemmlem phbsphopisdoRtdes ﬁiﬁﬁu@ns 25 for
cool ant passa%rle 93 can be found in comonly assigned, co-pe

appl i cation thylpkgsphate (WODSFB‘QII,PQQ@PMFK@ExMB’quYEBhOSR%% ('?Mtqur ney
Docket No. 103dhethyipRosphite (TMP,), and other similar compounds. In addition to BSG or

PSG films, arsenic doped oxides or arsenic silicate glass (AsSG) also may be
' 15 deposited using, for example, a llquld source with an arsenic compound or an
.arsenic gas diluted in argon, as examples. Examples of silicon sources include
silane (SiH,), TEOS, or a similar silicon source, and oxygen sources mclude 0,,
O,, microwave-generated atomic oxygen (O), or the like. In the descriptions below,
flow rates for liquid soﬁrces are provided in fnilligrams per minute (mgm) while gas
20  flow rates are provided in standard cubic centimeters per minute (sccm). In these
descriptions, liquid sources are vaporized using a Precision Liquid Injection System,
and liquid flow rates in'mgm may be converted to gas flow rates in sccm by :
multiplying liquid flow rates by a factor of about 1.923 so that flow ratios may be
~ calculated accordirigly. Preferably, stable doped dielectric films may be formed
25  using the TEQS/O, chemistry in a SACVD process to form damage-free, uniformly
doped ultra-shallow junctions in some embodiments. In other embodiments, a low
moisture doped dielectric film may be formed using TEOS/O, chemistry with a
SACYVD process conducted in CVD apparatus 10 to provide a planarized insulating
layer with high aspect ratio gap-fill, low shrinkage, low metal contamination, and
30  low fluorine incorporation. -



conpl ete disclosure of which is incorporated herein by reference, and in
commonl y assigned U S. Patent No. 4,872,947 to Wang, the conplete
di scl osure of which has previ ously been incorporated by reference.
30 Referring to Fig. 5, base plate 265 further defines an
annul ar recess 343 surroundi ng central hole 327 and an annul ar cap
345 di sposed within recess 343 fastened to base plate 265 above
cool ant passage 93. Preferably, annul ar céﬁ 345 is

45 wel ded to upper urche hase eIate 265 to provide a tight seal
over .passage 93, _ the§§%§2%?¥@§@§$§¥§£8$@¥ﬁht|ng cool ant | eakage from
Ol ose to gas di stributi an moy o e B Fe ke i o
passage 93 i s bele iscapalie iof formring ABSEG Gimo chae nfay be usefltas anped dicledidce of
manf act ur i ng SiehAEed 8'a 8654nE AN a5t ot BRired IRR Ebe ey fe BB ana 6
an al terndt i veepsniding oretie girticular use for and desired qualities of the BSG layer. A PSG
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
10 heater 25 to a temperature of between about 200-650°C, preferably to a temperature
within the range of about 400-650°C and most preferably to about 500°C, and
maintaining this temperature range throughout the deposition. With gﬁte valve 280
- closed, chamber 15 is maintained at a pressure within a range of about 10-760 torr.
Preferably, the pressure is maintained within the range of about 400-600 torr, and
15-  most prefera_lbly it is maintained at about 600 torr. Heater 25 is positioned about
. 150-300 mil from gas distribution plate 20 and is preferably pdsitioﬁed about 250
mil from plate 20,
A process gas including TEB as the source of boron, TEOS as the
source of silicon, and O, as a gaseous source of oxygen is formed. Beifxg liquids,
20  the TEB and TEOS sources are vaporized and then combined with an inert carrier
gas such as helium. The liquids are vaporized either by liquid injection system in
gas mixing system 93, which provides greater control of the volume of reactant
liquid introduced. The flow rate of TEB -is between about 50-550 mgm depending.
_ on the desired dopant concentrations, while the TEOS flow rate is between about
25  300-1000 mgm and preferably about 500 mgm. The vaporized TEOS and TEB
gases then are mixed with a helium carrier gas flowing at a rate of -between 3000-
6000 sccm, preferably at a rate of about 4000 sccm. Oxygen in the form of O, is
introduced at a flow rate of between about 3000-6000 sccm and is preferably
introduced at a flow rate of about 5000 sccm. The ozone mixture contains between
30 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



inner |lid assenbly 230" will now be described. Simlar to the previous
enbodi nent, lid assenbly 230" includes a base plate 265, a gas dispersion
plate 301 10 and a gas distribution plate 20 for dispersing process and
cl ean gases into chanber 15. In addition, base plate 265 includes an
annul ar cool ant channel 500 for receiving a coolant |iquid, such as
wat er, to cool base plate 265 and the ot her conponents of |id
assenbly 230'. In this enbodi nent, base plate 265 further i ncl udes an
additional annular fluid channel 502 extendi ng around central hole 295 15
above gas di SPEP Wheth heptindieed;: chemisal meashprsgiake Blacsid rodhes 6 desisit of base
pl at e Zfip, | medi atel y above gas dispersion and gas distribution holes
325, 315. Inner |id assenbly 230" includes a plurality
of Dypass passages 510 The abovexorditiomsgcahirresulicinenBBG fdf0ddpesivesieat domseobhl at e

265 and gas dispersi ate 301 t vacuum chanber 1 ass .
passage;%lO%ﬁ‘?‘?P gé’%mr ’&If“é?'a%é’ opgoking;the 5%?8&}“26_‘““% Még@s having
di sper si of anditksedd tetwéddlibo@NsOS06 A re?&&q HeeReR BSYL00%3003K §fay
portion of the gas flow ng into chamber 320 wil1 pass through bypass
pﬁ;sgges t520 be formedjay @thrweShﬁ@ldlh@lfmmmm?mglmeBt 1060 secasdandlhar y
enbodi ment , , ass sages ar ref er, space

ci rcunferenti _S}marogatf.FdBﬁﬁztgnb?%og eé%%“i’ gh“% be easi n?#/rgrro&eé. S)é?qe{ﬁé’}y’dﬂ% es
into the chane® dbbdrofen Hedreskitihg BSG Al kRS b&tthebts Ebdth 220wt 4 lAhé

enbodi nent, cl eani ng gases, such as NF3, pass into chanber 320 and through
gas di sper si oprefembly)issabous 6 W%t i on hol es 325, 315, respectively. In
additionq a portion of the cleaning gases pass through bypass
passages 910 directly into chanber 15 to facilitate the delivery of

the cl eani ng gases i nt o .clExemplary PSG Film Deposition In this

enbodi nent, vapor deposition apparatus 10 wll preferably 30 I ncl ude a
f

control system such asAhMegsly ancsamples theoPSG (il deppsidon fecine daserilierd for

) ich asARmElYd! pion
passages 510, oeio ¢ ERble ol SGTRR d A BE Rl L PR Bt s r el

t hat the procemsssegsiwerecipegnay be varied depending on the particular use for and desired
15 qualities of the PSG layer. Other doped dielectric layers besides PSG films may be .

'used as PMD layers by using similar recipes to the recipe below and appropriately

O~

substituting the dopant(s) source gas(es) employed.
| The exemplary PSG bulk film is deposited by heating the wafer and
heater 25 to a temperature of Between about 200-650°C, preferébly to a temperature
20  within the range of about 400-650°C and most preferably to about 600°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.
'P'referably, the pressure is maintainéd within the rénge of about 400-600 torr, and
most preferably it is maintained at about 450 torr. Heater 15 is positioned about
25  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
‘ liquids, the TEPO and TEOS sources are vaporized by the liquid injection system
30 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, deperiding on the desired dopant concentration, while the



46 t hrough gas distribution and di spersion holes 325, 315 to

uni formy disperse onto the wafer. Thus, the valve will be closed to
prevent the process gases from passing t hrough bypass passages 510.
When the chanber is cleaned, the valve will be opened to quickly

deliver at least a portion of the cleaning gases into the chanber. 5 Thi s
I ncreases the speed and efficiency of the cleaning process, which reduces

t he down time of apparatus 10. Of cdfirse, it will be recognized that
process gases

al so be delivered through bypass, passages 51 i f
desired. TEOS flow rate 1s betweer@bophéo%gﬁg@g}gngggrp@)éqpbib abbut 1000 mgm. Q['he
Referring (0 Ghfiized TROSMRUIEPOMALes AN, ARRARAM: BhiGh!Ririd GabYiwine
apparatus 10 proovides vacuum pressure to draw both the process and purge
gases, ata natt lof hetweess 20002 60000setmo fprefhebiyeat 4l fata nfl abdut d000 seommul ar
punpi ng chann(a 40, . . ..

xygen in the form of O, (having between about 5-16 wt % oxygen) is introduced
5  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
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
10 1780 A/minute. By controlling the depc_)sitidn time, the thickness of the PSG film
deposited may thus be easily controlled. Preferably, the wt % of phosphorus in the

resulting PSG film ranges between about 2-8 wt % and preferably is about 4 wt %.

- 3. Exemplary BPSG Film Deposition
15 _ ' - As merely an example, the BPSG film deposition recipe described
- below is. capable of formihg a BPSG film that may be useful as a PMD layer. Of
course, the recipe may be varied depending on the particular use for and desired
qualities of the BPSG layer. _
| The exemplary BPSG bulk film is deposited by heating the wafer and
20 heater 25 to a temperature of between about 100-800°C, preferably to a témperature
within the range of about 400-650°C and most preferably to about 480°C, and
maintaining this temperature range Ethroughout the deposition. With gate valve 280
closed, chamber 15 is maihiained at a pressure within a range of about 10-760 torr. |
Preferably, the pressure is maintained within the range of about 150-600 torr, and
25 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
source of phosphorus, TEOS as the source of silicon, and O, as a gaseous source of
30 ox:,"gen 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,



mhere they are discharged from apparatus 10 along a di scharge conduit 60.
As’ shown in Fig. 8, the deposition and cl ean gases are exhausted
radially outward over 15 the wafer W (shown by arrows 351) through an
annul ar sl ot-shaped orifice 355 surroundi ng the chanmber 15 and into
punpi ng channel 40. The annul ar sl ot - shaped orifice 355 and channel
40 are preferably defined by the gap betmeen the top of the chanber' s
cylindrical side wall 17 (including inner rtlon 253 of the chanber I|iner
250, see Figs. .3 and he bof t om of e plat m.th i ng
20 .channel 4H¢ @hgncbégyggnﬁ SBP ?%H?Fpergﬁ‘i ﬁ&?"l rgey ‘?ef '{21[%3 ‘%Wﬁ?ﬁ‘iﬁqu Ae?ﬁp"(%

by arrows abodb150-200mEh PN fIaw IR YIRT PG 1§ bEiVReh BBl a9- 10SAgES 361,
past a vacuum shut off val ve 363 (whose body is preferabl |ntegrated
wi t h' t he | owerprefezabbe betyisely 3housad-75 mgm, imusb préferablarajeutchogm, dgpending hn

connects to a a cuum (n

Al ternativel ynth%%)gé%p%)rp ST fﬁﬁ@" ' ‘ﬁ@ﬁ%ﬁ’g%%&%{%" ELR%W?‘FQI a?gut 3?)9'at e
(not shown} haimd0@gm. PThy dpotixeddTEQSS TRY, @9id 'TERO Ghdes Ghdnyar oRRED WvGRl £
process chanber 15 with punping channel 40. In this enbodi nent, the

gas hol es ar e helium carrier gasrfiawing aba rrate @é&@wearm&%écmmmf&rab@pém mfe of
the champer to?{f?o%hhﬁ(t)(ﬁ)t&cﬁ\h xygen, 1&3‘5' t\d/gsfs Al SFucRl fﬁ?ﬁ%sxgafeql P ot s

t hrough the ho accomm posSitions

and outlets, gbawbal stouraf00e5000ndcrand i @ehfeﬂabby mttbﬂwad atla TR fat oB@boutf rom
inlets to outl relatjve to central opening. This radial orientation of
hol es al CSRTY | DRt @ZOne sixtuzs epntding Pﬁl“de?n about r i Wt Sk BEYES8. ofbe he

process ig@ pu &gg&gg@ngf mttrgduceaﬁﬂmeehaﬂméi 25! £ LA ESirfbhoR bRk 6 RE&HHIyY

reactive gases to the substrate surface where heat-induced chemical reactions take

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
15_ the BPSG film depositecl may thus be easily controlled. The resulting BPSG film
~ bas a boron concentration level of ‘between 2-6 wt % and a phosphorus -
concentration level of between 2-9 wt %.

The parameters in the above BSG, PSG, BPSG processes and in the

below USG processes should not be considered ﬁmiting to the claims. For
20  example, the present invention is also applicable to silicon oxide films doped with
other dopants including, for example, arsenic. As another example, the flow values
. discussed above apply for a chamber outfitted for 200-mm ‘wafers, but may differ
depending on the type or size of the chamber used. One of ordinary. skill in the art-
can also use other chemicals, chamber parameters, and conditions to produce
25  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
control dopant diffusion from these doped dielectric films into the semiconductor

30  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



47 description of this type of punping plate can be found in comonly

assi gned co- pendi ng application Serial No. 08/606,880, filed February
26, 1996 (Attorney Docket No. 978), the conplete disclosure of which
I's incorporated herein by reference. 5 Referring to
Figs. 2 and 3, a valve assenbly (throttle val ve systemn 369 incl udes

an isolation valve 371 and a throttle valve 373 disposed al ong
di scharge line 60 for controlllng the flow/$ate of the gases through

punpi ng channe The, pressure within proc er 15 is
ot oced i § HessTheg: Relgtiare With repRiGReRaOR et 2 13 (pLESOLRE. s mheshpds

control |l ed by area of conduit 60 with
throttle val ve&g%hngriedfigfzg% f&ogagggggdo Qﬁrdeeclzig)llﬂ\lles from manonet er s
381, - 383 signals that indi cate t he chanber pressure. Processor 50

conpares the neasured prgs re val 1.5.h et-Ppi nt pressure val ues entered
by operators (not h%@?ﬁﬁmt@m necessary adjustment of

throttle vglve 333 thaty.i @x{&%il{@@&ﬂﬁpb&]qﬁglﬂhtfngqﬁggﬁi red pressure
wi t hin chanber 15. Processor 15 relrays an adj ustnent Signal through a
controller 385 to a drivAcensdiog t¢ one embodnneahof/\xh)e predent inventjons as undopstt | e

Val e, S t ab S0 Bt EOSGT S e ponfR D pmpame REApe e, e P oS
are descri bed emménmrummesﬁmagdnaz@ﬁmeﬂmlﬂ@ AEMIb®akdnRR uSes forlshdidw

08/ 672, 891 entitled "I nproved Aﬁp aratus and Methods for Controlling
Pr ocess ChanbeFfenCh isolation. Of course, the USG film also may be used as an IMD layer, an
10 insulating layer, or other layer. The exemplary USG recipe discussed below
provides a very dense and unifofm film which can survive annealing at temperatures
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
15 USG. The USG film, also can endure chemical mechanical polishing (CMP) -
| planarization without opéning'up any voids or creases in the USG. |
The wafer and heater 25 are heated to a temperature within the range
of about 200-650°C, but preferably between about 550-650°C, and then maintained
at this temperature throughout the deposition. Heater 25 is positioned about
20  250-400 mil away from gas distribution plate 20 and preferably at about 350 mil.
With gate valve 280 closed, the pressure in chamber 15 is maintained at a 1evel of
_ between about 10-760 torr, preferably about 600 torr.
A process gas comprising oxygen and silicon Sources is introduced
into the deposition chamber. In a preferred embodiment, the silicon source is
25  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
silicon source, a carrier gas such as helium or nitrogen is employed. The ratio of
30 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



20 Pressure"” (Attorney Docket Nos. 891/ DCVD-11/MBE), filed June 28, 1996,
t he conpl ete disclosure of which is incorporated herein by reference.
| sol ation valve 371 may be used to isolate process chanber 15 from

t he vacuum punp to mnimze the reduction of chanber pressure due to the
punpi ng action of the punp. Isolation valve 371, together with throttle

val ve 373, 25 may al so be used to calibrate the noss flow controllers
(not shown) of CVD apparatus 10. |fY some processes, liquid dopants

are vaporize W th
a carrier gag,an%i:qo E&‘?{bl g?e 03\1/\7\@%?9 Fﬁeerpﬂé&i@ W%E%WE %?1[0 r%Pege
flow rate of dfftetwra a‘bbutl 300250000 pannd ik Prefelably @hoaied al2.flow rate of BboutNg
cal i"bration of the MFCs, isolation valve 371 restricts or limts the gas

flow 30 to 4000dPgme Quclbyiaregy 3bew Iri& Wi % oxyern) iy insEpdhesd; 3t ar dow aate pf
Zganber 15, Veun&len about Z@aﬁ@g? @éxﬁ ?{XF Xs@g %P@@édo‘é}rkccm. Helium or nitrogen

Ref erring5t o maybe usedlds,a dweritregdd thht isdaseaddeby a8 flow tateoibdiweste3000- bed
10000 sccm and preferably about 7000 sccm. Usually, the total flow of gases into
the deposition chamber will vary between about 5000-20000 sccm, preferably about
15000 sccm. Under the above conditions, deposition rates of about 1450 A/minute
or greater are attainable. The flow values above are for a 200-mm wafer chamber

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

b. Capping Laver
Accc_)rding to another embodiment of the present invention, the
deposited BSG (or PSG) layer may be capped with a thin, separate USG layer. The
15  USG capping layer is a stable film that does not readily absorb moisture. Thus, the
. USG cappiﬁg layef provides a hydrophobic’ surface on top of the BSG (or-PSG)
layer that prevents moisture present in the ambient from being absorbed into the
BSG (or PSG) film. Furthermore, the USG capping layer is a relatively dense film
that impedes boron (or' phosphorus) evolution. The USG capping layer thereby
20  facilitates controlled diffusion of more dopant atoms in the doped dielectric layer
downward into the semiconductor material. Without the USG capping layer, some
of the dopant atoms frhay diffuse upward away from the semiconductor md'terial
~ during the subsequent aﬁneal or rapid thermal process. Thus, the use ofa capping
layer contributes to controlling the diffusion and the junction depth. The USG layer
25  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 coursé, many processes for forming a
capping layer are possible.
The following process for forming a USG layer is described as an
30  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.



in detail. The heater/lift assenbly 30 functions to lift the wafer into the
pr ocessi ng position within vacuum chanber 15 and to heat the wafer
during processing. At the 5 outset, it should be noted that heater/lift
assenbly 30 nay be nodified for use, or directly placed into, a
vari ety of processing chanbers other than the exenplary SACVD chanber
descri bed and shown herein. For exanple, heater/lift assenbly 40 may
be used in a simlar CVD chanber that gen§9ates plasma with RF or

r

m crowave power, a mnet CvD ch er, or other conventjiqnal or non-
10  conventional sen ?&%H&?ﬂg%%%@sggggﬁ Reaieria agtemperature within the range
Referring to & sfour 906160043, bt Rdrefably Iﬂou9§§@’@|a}ﬁd?tﬁ)erﬂfﬁﬁfé§héd’at this

i ncludes a resistively-heated wafer support pedestal o ter 25 attached
to upper tempetrtpreibroughgp dhe depioaition. JFdebrer 2635 pasitiphied ahdpe 2395350 mil

ci-rcunscri bing support shafis. 91,. 39 nder neat eate 5 and a
drive assenbl gw%ﬁg%gas}fﬁgpfngéqq ?/‘aWD&?fSQrﬁ rapsy at ﬂ?—?&f BPS%I ?Y]'i‘? 8200,
201 ‘and 1isft talbe 2802108kd, thé pfeBi¥ i cHambef 54k HEURHAED bha level of BOWREA
bel ow, heater 25 (and the warer supported thereon) can be controllably

noved bakays SR-780|texme and isaprefemrbin Roa pressyrg of betwsan wheute200HGA0 wre

substantially | ] sl ot 243 in enclosure assenbly 200 and an
upper processfng)glsge %g%g%ql%ﬁb%ué#ggpﬂm gas distribution plate 20 (Figs. 3

and 4). As shown in Fi gA procdie@he tomPrising bR an sffon sbREY isiafrBaudedppor t
surface 403 surrounded by an annul ar raised perineter flange 405 so

that the waf efitp $hedepasition chamberatlace prefaried qmbodimentndie skisoarsogisgpsrt
surface 4@3 hagoy Qmafﬂetoﬁg%%%ﬁgey §%,ebi: E04Aite ihMfie PR Blodlizd BLET W
erature, & at  a tenpera ng

at the egposition t a , e g., rature raim rom
about 200- 800pdditipmal silicbs sources sudhassilare, WMCT toy Rimiddr| spuives,admiuéthér 8 i nches

about 150-200 for large siz 5 waf ers_and about ;3-5 i nches (about
o 150 200 i ool Bl T Nt ciar e g gy S e
as those w t haRBQEA bé%ni_p'[tﬁ'@d._( 3Rt TROR ig%eddds%;i%r?sdﬁﬁ’é&%fcat '%r §ﬁgﬁgl§"rt hin

the scope of the invention with appropriate nodification
' as helium or nitrogen is employed. The ratio of O, to TEOS may range from about

15 2-17:1, but is preferably between about 2-6:1. _
| | The optimal total flow of the gaséous reactants will vary accordihg

to the geometry and design of the deposition chamber. The gas flow also can be
varied to control the deposition rate. Typically, TEOS is introduced at a flow rate
of between about 500-1500 mgm and is preferably introduced at a flow rate of

20  between about 1000-1250 mgm. O, (between about 5-16 wt % oxygen) is
introduced at a flow rate of between about 2000-10000 sccm, preferably about 7000 |
scem. Helium or nitrogen may be used as a carrier gas that is introduced at a flow
rate of between 2000-6000 sccm and preferably about 4000 sccm. Usually, the total
flow of gases into the deposition chamber will vary between about 5000-20000

25 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
of chamber used and size of wafer.

30 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



t he chanber lining 250, and support heater 25. Suppor t
heater 25 preferably conprises a disk nmade froma process- 30 conpati bl e
material that is capable of withstanding relatively high processing

tenperatures, i.e., up to 600-800[err]C or higher. The material should al so
be resistant to deposition fromthe reactive chem stries associ ated
with the high tenperature

49 deposition, as well as resistanBlto etching by the radicals in

the clean gas. materials for heater 25 are ceramcs, such as
al umi num ni t r X dé“a%aﬁh\ IRRS &% B‘é gyer. will realizeothat apping laysrs gk dHferentge

ceram c is thgidknedsedans e@ﬁﬂ@r @rﬂfmé B ufae %tea'ﬁc?a?ghcauon aH& gbﬁg@ It has

hi gh thermal conductivity, nt corrosi on resfStance,

excel | ent tol gecometey gife.t ﬂep&milingsbmﬁie applicmioniand gap aizes dehmhyhpde;Bcfslte@d
enbodi rrent entir

crbodi et s b, Sy Be SIS uRURRR S St SAEL B BRRRE S T T
resist ancg t OdépedadibIeEria 8Py B8 Eelatively thﬁhef-“blsﬁﬁﬁ ?a%eﬂs% t’uﬂe ?@ﬂ?ﬁﬁﬁ ahd- Use
of alum numnitride, as conpared to stal nl ess steel or al'um num
materials, fotheHime & el awRy arehredutedseonpackisiodbiciert layers. The USG capping
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

10 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
performance of multiple process steps is most preferred, with use of a muitichamber
system in which vacuum is not broken during transfer of substrates between various
chambers in the multichamber system is also preferred.

_15 ~ According to another embodiment of the present invention, an in situ
"USG or similar caf; layer is formed on a doped'dielectric film by turmng off the
boron source or the phosphorus source just before completion of deposition of the
doped layer. In this embodiment, the initial doped dielectric layer such as BSG (or
PSG) is formed as described above. Flow of the dopant source into chamber 15

20 then is stopped while the thermal reaction continues for an additional period of
between 1-3_0 seconds. Preferably, the thermal reaction continues for about 3-10
seconds. In this embodiment, the dopant source - is stopped by closing a valve on
the source’s supply line so that the thermal reaction is maintained without a dopant
for at least 5 seconds.

25 Of course, stopping the dopant gas source mus: 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
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

30  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 resuits in a thin



10 contamnation in the processed wafer, resulting in nore reliable

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

fl-ake off into the chanber or onto the wafer, resulting in
contam nation (discussed in further detail below). Constructing the heater
25 of 15 aluminumnitride effectively el$%inates this problematic

reaction duri | eani ng. Referrin, ai.n to Fig.. 7,
drive assenbl yOSEF R BEYERS Qoqusrengs gf the previgysiydessried aisuss: abyrption

i ncluding a pngld@iigdsiny lphBirenosont rol I able nmotor or the l'i ke.
Preferably, a steppéer nbtor 407 coupled to the heater via a suitable gear
drive 409 oper at esThoinvsiutdepasitign dof the dJ$@ atp fodird ehiietdopsd djel®®dc and

lift tube 395 in 20 controlled increnents between.the | oadi.ng/ unl oadi ng
and processi nglaﬁgsxiewlgnlg'unproveg Sﬁ#ﬂ% aﬁ%é’@ﬁ‘ﬂm RoBoLitus Fﬂfpﬂﬁ‘gsmapper and

| ower bel | ews ohtribvtdsdiotimipréveatontrol of tllashmw et Rks AirsAadibw3dbpeand t he

bottom of the processing chanber to allow for substantially free
vertical novenw¥gtondf heater 25. In addition, bellows 411, 413 al | ow

sone angul ar novenent to,epsure that,the distri Lon faceplate 20 and
25 the heater 25 are s{fﬁg"f’gﬁf%m V%%ﬁ%ﬁ& “%P{ﬁg‘}%ﬁ 5P Rager, a plasma
Referring to Fréftmedt offtheWdpddieletiric 1hyEpQls3Inay vE LdN@Srelit® heMRire

portion of upper shaft 391 and assists in insulating upper bellows 411 from

t her mal ahserniipnrand; improvg stability dm dier daped diekecarie fayes Imehoseie i nsi de of

processi ngacha . . ' t I O i . al.um

Chart 15105, Sngbgilisn cquippedivit £ KEGialEa SYpHR, s SRR BEFGEMGH LU
shaft 418 and mayderustdwheteaplgenaldiindgeat tnedevice is not a significandeéhcem. shaf t
418. Flange 422 and strike plate 420 are preferably forned from_ . a
mat eri al capabF@%FmaPé%PQng?erﬁPPﬁlﬁw ARG sogreatsy, thanabowy 30Q°fumay be

nitride or 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
- 15 forms tl_xe ultra-shallow doped regions. Chamber 15 is mai_ntained at between about
1-5 torr during the plasma densification trezitment. With gate valve 280 closed, a
plasma formed using a reactive gas such as, for example, nitrogen (N,), ammonia
(NH,), or argon, is introduced into chamber 15. As merely one example of the
~ plasma treatment that may be used, a reactive gas such as N, is introduced in gas
20  mixing system 93 at a rate of about 1000 sccm mixed with helium at 1000 sccm.
RF plasma system is operated, for example, at a power level of about 450 Watts at
a RF frequency of about 350 Megahertz (MHz) to create a plasma in chamber 15.
‘The plasma serves to paésivate thé sufface of the doped dielectric layer, whidh may
have some nitridation on its surface. The plasma treatment thus densifies the doped
25  dielectric film. More dopants in the densified doned dielectric film, which is

resistant to moisture absorption, are available for forming the ultra-shallow

junctions.

D. Heating Processes For In Situ Deposition And/Or For Reflow
30 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 jn situ heating step concurrent to a deposition



50 alum numoxide (Al[err]Jerr] inits ceramc or alumna form.

Fl ange 422 and stri ke pl ate 420 insulate the alum num shaft 418 from
the heater to mnimze warping or fusing of shaft 418 to heater shaft
391 or to the process chanber. In an exenpl ary enbodi ment, |ift tube
395 includes a spring (not shown), such as a wave spring, 5 | oaded

bet ween flange 422 and strike plate 420 to prevent or at |east inhibit
rattling of the strike plate 420. 83 As shown in
Figs. 4 and 13, a plurality of wafer-support/]ljift fingers 430,

usual |y at | AR3esY G Ui water £g1 3 oneotiep depasition/ralew\progssht Ear Usetdsi s gui de
studs 432 sp s of..: ' t end
downward 10 6;‘iﬁgl %%}F%gi‘g&% Hsl%‘hf? {?é%t %%lpﬁﬁggéﬁogst‘s %r ﬁé%ggnééeé%gzgé fingers

430 and |ift undepedadrodoped dielectrid@lmppeh as RS asftenfrequesdseplariabizdtion whialiisig
and unl oadi ngi wafers. Lift fi refera

ceram ¢ nat er'f@PTAYJE ﬁoﬁ%‘néllq}%ﬁ{?alcg%qﬁ devigesy aB . “P9 of laydogg‘_ﬂ giFg‘:&?"doubl e
St Uds 432 ar T (H7Es PRy, FOOWy P uleridt ok’ Emptiafis, SMufiming . 1
i nstead 15  retow adsor eantribwgsao hmprowinggap-SH of thedeposited filmtespeciallydfer t han
the width of rtuEl‘% as[p%ct:)to}atio 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
10 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.
According to a specific embodiment, two-step-depositidn/reﬂow
pfocess 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
15 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
temperature of between about 500-800°C, preferably between about 550-650°C, in
chamber 15, for deposition processing. Stopping reactive gas flows, the wafer may
then be heated at between about 750-950°C, preferably between about 750-850°C
20  for about 5-30 minutes, preferably about 15-20 minutes, in order to reflow the
dielectric layer, according to a specific embodiment. The reflow temperature may
be the same as or higher than the deposition temperature in the two-step process. |
Further, for a multiple-step deposition/reflow process, the temperature may be
ramped from the deposition temperature to an intermediate temperature (or
25  intermediate temperatures) before beirg ramped to the reflow temperature. Of
course, the time and temperature for the heating steps may differ depending on the
particular application being perfozmed and on the particular layer being formed.
Agcording to another specific embodiment, a one-step
deposition/reflow process is described. With gate valve 280 closed, chamber 15
30 may be maintained at a pressui‘e 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



bl ade, which is typically a thin, flat bar (not shown), around which the

lift fingers 430 must |ift the wafer. The bottomend of the |ift
fingers 430 are rounded. The fingers 430 have a relatively thick
di anet er of about 100-200 m |, preferably about 150 ml, and a

relatively short | ength of about 1-3 inches, preferably 2 inches, to 20
mnimze finger binding to the heater duri@g processi ng.
I'n use, the robot blade (not shown) transf€rs the wafer to the

hanber 15 when the heat ] tual |
Suar " 1 boitigh SR heaheriyie S hetaBeF K JsBRBATE ) refiraly PoshRrpgs 1 1Y
fingers 430, v50cg502Ceid efalnfr 15, for shRANMeBOAIPOsifion Whd Reffdw pi@egsirﬁgt@s 420.

As |ift fingers 430 rise al ong W th heater 25, 25 t hey encounter a stop
(not -shown) . /RFCHRat@F comgses die lime @sd temperaare fprtth@dmﬁ@ggﬁﬂ@v step may

position oppos I|ft fingers 430 sink into
gui de studs dhh@r 8§ Q%Etoh 'Réjh ?\él@f%%@ ﬁ%’?’gﬁg I s deposited onto

waf er suppert surface 408s discussed ABovb)] kee@mgudnarwafféranmm%sa:@cqust he
waf er from chapber 15, the above steps are perforned in reverse. 30

Ref erring agai foraenl fiplg in Situ BropRsses preyents SXPQSHIecef the éz@&rrfﬁm}e ganjronment,
housed w thin Qﬁ&%%m?tﬁr ﬂ%%% %k%frﬁéd’ 204 ¢ S& i a%ohgsgfmggge g { t he

processi ng. Uppe stppor
heater 25 and dlﬂpmsmm oé dretec&ﬁ:Sﬁllmls at temperatures greater than about 550°C can provide
dense and high quality films which do not form voids when heated. Deposition of

10  the deposited films at these temperatures also reduces shrinkage.

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,
15 the wafer is transferred ‘out of chamber 15 for subsequent process steps as .needed.
| ‘When the vacuum lock door is closed, sealing chamber 15 without a wafer on
heater 25, chamber 15 may undergo a chamber cleaning process to eliminate
deposition process residues such as undesired oxides and/or nitrides from portions
- of chamber 15, including ihe unlined chambei walls in the lower portion of chamber
20 15, the bottom of heater 25, as well as other chamber components. To ensure
reliable wafer-to-wafer repeatability, the chamber clean removes any residues built
up during the deposition processes. These residues can be cieaned from chamber
c¢omponents by using fluorine radicals, for example, from a plasnia formed with
reactive clean gases by remote microwave plasma system 55. Due to its high
25  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.
In a preferred embodiment of the present invention, NF; is used as
30  the clean gas to provide the fluorine radicals. The present invention preferably uses
- remote microwave plasrha system 55 to decompose NF, gas and generate a flow of

F atoms into chamber 15. Using a fluorine chemistry with remote microwave



51 el ectrical connections to the heater coil assenbly 440 within a

hol | ow core 445 (di scussed bel ow). Upper support shaft 391 is nade of
a cerami c material capable of withstanding relatively high processing
tenperatures. Preferably, shaft 391 wl| be fabricated from

di f f usi on-bonded al um num nitride, which prevents deposition 5 onto, as
wel'l as attack by chem stries used in chagber 15 of, the el ectrodes and
el ectrical connections within shaft 391 tHat m ght otherw se occur if the

al um num LiL r ol _pres . | r . \

di f f usi on- bon‘%}%%l‘at %}Js%gna?%? FQ’E Rrgsr%n&n%h%?lg\%@ Eemgg%uasg-s?#glﬁ%qégegc Setleen
heat er 25 andamgihdies naeﬂax@gmbsiédl%puﬁé}ﬁaghmféc@s/\mcwrmaﬁon of cif@ingkpivafih (BOL i s
at anbi ent tenperature and pressure (preferably atnospheric 10 pressure,

i .e.., 760 torsubsgquentlyt dgposited i comparsidioniBii PIasIa BIRCGSERse BurtherRgTepe
at a pressure

. f 5 err]C,
whi I e CRALsisERe Yhn b fdontenfh Beclferfor PR PSP o A RS B TT 1 €
and "pr essfir esusefofad¥Budoes not gendthterany torgelivdqet{lfifio-carbon.(PFG) prodoctsi gur at i on
hel ps to protect the el gctrodes and t her el rical gonnections from
corrosion fromthe proc§%§“%‘ﬁ"dﬂ‘5ﬁ$éh°l§%€@0%“?ﬁi ﬁe%hux h¥rbér 1t§5:§eapwg

addi tion, mai {b:edH; : or ; a i

pressure m m?#gdergmg(r}sgg)ﬂg #?8%@ Rét g;&émg?&sgﬁ %%o‘ﬁgﬁqﬁglﬂé\%}%%re 445
to powemidrewave powerisetting uabave wikbinflte gehlarasionrof ifhafoinkate comgrensated

ot herwi se occyr .. um,i s thus a

Referring to &g’]r %C%Bmi'@f?/n?ﬁg’fgemsswﬁéﬁﬂe %@%@PCM@% Haoy gty 20
an openi n@ 45gitrowhie sdndBisn ?Nér&ﬁ@t glfveﬂh‘é|lﬁ§ié§€cl@ﬁ§ﬁ@{vﬁh&ﬁ%%%ﬂéks§i$e
coupled to a base 455 that provides a gas seal between shaft 391 and

chanber 15. Ubpdware costs, dwpesordaneshwith 3specific drabndiment, of dheypresans finvsation.o
| ower suppqr t A%%I)\Km?ﬁ?%ig.%', ﬁﬂ 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  below, the microwave saturation power is about 2100 Watts for a NF, flow of about -
. 950 sccm:. The clean uniformity can be controlled by chamber 'pressure. as _weil as
heater spacing, both of which can adjust the mean free path of the gas species and
pumping profile. As dis_cussed earlier, since the highest pressure that can be
tolerated by the above-discussed embodiment of applicator tube 292 is about 2 torr,
20  spacing was used to optimize clean uniformity. In other embodiments using
different embodiments of applicator tube 292, both pressure and spacing may be
_used in the clean uniformity optimization. ' __ | |
In an exemplary chamber cleaning process, chaniber 15 is maintained -
- at a temperature ranging between about 300-650°C, more preferably at about 550-
25  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
above, for depositing PSG films at 600°C. With the throttle valve opened and gate
30  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.



conprises a suitable process-conpatible material, such as alum numor an

al um num all oy. Lower support shaft 393 is preferably a water-cool ed
al um num shaft. 25 However, |ower support shaft 393 nay al so conprise a
ceramc material, such as al um num oxi de or alum numnitride. One or
nore sealing nenbers 457, e.g., O- rings, are positioned between
shafts 391, 393 to naintain the gas seal between core 445 and chanber
15. As shown in Fig. 9, |ower support shaft 393 is nmounted to a

vertically novabl e support 461 on drive assenbly 400 for noving the shafts

301, 30 393eand; Upgecnisthuleh pRRIA bitol 03¢hG QDS 1 GEESSTRA ARl | ONS.

Shaft 393 defi nes an i nner cool ant channel 463 passing around the
el ectrical coHRSBYY bhgoneofof etween about 3-10 secohds, eprefecably ebownScecands. from t he

hi gh tenperature of th ol ant_ channel . -

S0 P has an' 1 D B A east RS ate pRpbveigeh fore the
connections Z2lean i¥péformed. DuMHSe iora/Blelin s@bilizhGion stes Oftaliber 35 SpBMaRyY S
Cool ant channel 463 serves to nmaintain a relatively | ow tenperature

in the | ower SbAWAdemaipained gt preswuse levelsamhigh arerabsoryseyl during thesdgan step,an
alternative epadiaiBihe spERL Gle AR TGN reRDvEQ TRE rSSthbihatiol ods StHctur.
In the pre-clean stabilization step, chamber 15 is brought to a pressure between
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
10 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 overbeating and damage to applicator tube 292. Heater
25 is moved away from gas distribution plate 20 to a distance of between about 450-
700 mil, preferably about 600 mil. The clean gas, NF,, is also introduced at a rate
15 of between about 600-1100 sccm, preferably about 950 sccm, into applicator tube
292. This pre-clean stabilization step lasts between about 2-6 seconds, preferably
about 3 seconds before microwave power is applied during the chamber clean step.
In the chamber clean step, the pre-clean stabilization conditions in
~ chamber 15 are maintained at 2 pressure ranging between about 1-2 torr, preferably
20 atabout 2 torr. When the cleaning procedure is performed, microwave power of
between about 500-2500 Watts is applied to applicator tube 292. Preferably,
magnetron 711 provides about 2.45 GHz microwaves and is operated in CW mode
at about 2100 Watts for the preferred clean gas flow of about 950 sccm. The
microwaves are transmitted from magnetron 711 through the waveguide and
25  optimizing system to enter applicator tube 292 through the window, as discussed
above. UV lamp 731 ignites the reactive gases in applicator tube 292 to form a
plasma, with ionization sustained by the microwave energy entering applicator tube
292 at the window.
_ * During the chamber clean step, fluorine radicals from the plasma
30  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



5 (not shown) that supports heater 25 and extends through the | ower
opening 453 in encl osure assenbly 200. In this alternative

enbodi ment, sealing nenbers 457 woul d not be used.

Heater coil assenbly 440 is configured to provide a tenperature of at

| east about 200-800[err]C in chanber 15 at a rate of about 20[err] C m n.
Referring to 10 Figs. 11 and 12, heater coil assenbly 440 includes a

heater coil 471 enbedded into the c8Fam c heater 25. The routing of
the heater coil 471 enbedded in the heater base 25 pref erab[dy
provi des a simgttivedbidring Zadicdlatin lﬂeg;blasnmremb@ 1©l readty anghtempyptthe residue 472

near the center., of heater nd forth alon f heat er
25 tovval? léulptpso &Ei ?%ﬁ“?‘a?‘r"e’ei? ‘e 5“? €1 KNP W@P‘%ﬁg&g §?mh 'F“e25 and
then runs baciesprd o%"%eposwﬁ ﬁot;@sélafégdﬁela&«tﬁr@%ﬁa&maingfmeéceblaaéammgée&ond

el ectrical contact 474. This op pattern provides heating to

‘mai ntain a getherchumperyks. fﬁmmmmbperimmtaétsaz@tmg abpet 30 secondg 1@t 3boyt 1@ he

platevvhleallo i | 0sses

P ovi do aoun PuTE Srreab R AR R ebER SPRay and FR4SE Rrstiiabry oF gble | ¢ 4
400[ err] C and160 seconds, OEa6irsé,omeichahber&li@nrtie afay 6AHf dépehdingwnome waf er
support surface 403 of heater 25. In 20 an exenpl ary enbodi nent, heater

coil 471 will mmss&ngrtm of oxignaesidnsrinichgmprralS. As meéntioped aboveeit if heat er

25 to reduce 'gggar f

As shown in F%%Sg g‘% er co@?g%%{se%{?&%ﬁ%mg:@fé?gig'%andr%qe %fes an
enbedded RF nelsmigroandeid aarte dinentiondemdinsteriainsfahe aplplicam tpbayrased fry of
conduct or Iead WI %@E 475 whi h extend through shaft 341 to a suk%cai\bl e

el ectri call 250theppmpaJimegtsy (Ehe RRovR-dgscEibRd) clspm REPCEISATIM feduges bag
mol ybdenum meghylres tesRHR de Wﬁosmon PEHiGd bRHQHE HiotkdrHnd Pal dikEHRAIOR Oﬁﬁ@s pl asma

resi stance in enbodi ments where plasnma processes are use
wires 475 preferably codyftershe dlmmdnbamvaﬂdnmelrp(w-clﬁmsteps may becan

LISt and T Bl e AR SRR R PR Rl Rl RPRC
ni ckel wires Q&Wﬂ ®fhperatures discussed for the above deposmon and clean processes. At the
15 - end of the chamber clean step, clean gas flow is stopped and microwave power is
| g no longer suppliéd-. Chamber 15 is pumped to remove most of the F residue atoms.
Duﬁng this post-clean pumping step, heater 25 is moved to a position of between
about 1500-2200, preferably about 2000 mil, from gas distribution plate 20 while
the throttle valve is opéned and gate valve 280 remains open. The pumping step
20  lasts between about 5-20 seconds, preferably about 10 seconds, depending on the
amount of clean gas reactants and residue exhausted out of chamber 15. Clean
_ éndpoi_nt detection system also may be utilized to assist in determining the stop time
for the post-clean pumping until substantially all deposition process residues are
removed from chamber 15.
25 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
30  manifests itself as a rough surface, which may be problematic with the tolerances

required by high integration devices, resulting in device malfunctions. The present



30 to electrode 473 by a netal insert 477 that is co-sintered into
el-ectrode 473 to avoid brazi ng between ceramc and netal. Inserts
477 preferably conprise a materi al with a relatively close thernal
expansion match to alum numnitride, such as

53 nol ybdenum As shown, the nol ybdenuminserts 477 are each
fastened, e.g., brazed, to a nol ybdenum plug 481, which is then brazed
to lead wire 475. Al of the wires of 8he heater coil, whether

primarily resistive or prinarily conductive, are .Sheathed in the

conti nuous i n§BY%{Fﬁ°Hé’r%‘8§?S{TLﬁ§ a%’!’@bﬁ’ gelteg 2u¥ 2AsoEbed feRrine ﬂeﬂﬂpc‘ﬁe SUKI}acetQﬁ erate
hi gh tenper at WHambePwals bp stVetN ThARGICHI s Riov he al um num nitride heater
body. : Referring to Figs. 9, 15A and 15B, heater/lift

assenbly 30 includes Afterathe [peststleampurnpiog sepoa s¢asorifg nhayr belp¢réommiedi tog
nocoupl e 491 |
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contact wi5h tdtanmbalenis deogth JREIEHxidS (S0,PdePbsitiomn C Thefpostdedn pumping dndS
inch fromthe bottomof the wafer. To that "end, heater 25 includes a
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
another stabiljzation step to stabilize chamber pressure and gas flow and to move
10 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
embodiment, the seasoning step presently described uses ozone and TEOS with
15 | helit__u__n- as the carrier gas to season chamber 15 for subsequent silicon oxide
deposition. Of coufse, other :gases may be used in the seasoning and pre;seas(ming
stabilization steps, depending on the type of silicon oxide deposition desired. In the
pre-seasoning stabilization step, liquid TEOS at a flow rate of between about 200-
400 mgm, preferably about 300 mgm, is vaporized and transported with a helium
20  carrier gas flowing at a rate of between about 4000-8000 sccm, preferably at about
6000 sccm, into chamber 15. Gas flows may be introduced into chamber 15 via the
normal inlets used for deposition or via applicator tube 292 without application of
microwaves. This stabilization step lasts between about 5-25 seconds, preferably
about 15 seconds, beforg the seasoning step begins with the introduction of the
25  oxygen source to begin deposition of the seasoning oxide onto chamber 15. In the
thermal seasoning step, .0zone is introduced at the flow rate used for the particular
deposition process used (e.g., about 5000 sccm for the experimental USG deposition
process at 550°C discussed above, or about 4000 sccm for the experimental PSG
deposition process at 600°C discussed above) for between about 10-20 seconds,
30  preferably about 15 seconds, to deposit a thin layer of silicon oxide (e.g., the
experimental USG deposition process having about 12.5 wt % oxygen, or the

experimental PSG deposition process having about 8 wt % oxygen) onto surfaces in



t her nocoupl e gui de 501 (Fig. 15A) brazed to heater elenent.473 for
connecti ng sensor 495 of thernocouple 491 to elenent 473. The

t hernocouple 491 is held in pl ace by a slight spring force froma
conpression spring 503 (Fig. 15B), and 15 provi des a control signal for
the tenperature controller (not shown). Sensor 495 is preferably

di sposed in a well 505 which is at atnospheric pressure, which enhances
the heat transfer between the heating el en®ht 473 and the t her nocoupl e 491
to provi de e_accurate reading. The tenperature controller is a
reci pe-driven ¢tham er"ﬁ-o&w & FEASORIBY SAP. HISrZERRHPY S OPWRR)Y CORSSI U
whi ch anti i pahegeddifidnSirbiéss & ﬂﬁ?mﬁf% a Hﬁﬁu‘fﬁioﬂriﬁ 028 Yo In® E6MtenttiFon.
alters the response characteristic o fﬁé eater to malntain a

uni f or m t enperSeasonengpckaimbee .15 Aheralny cun sam fluarink agoms titht aaynisave ibeen adsorbed

the | ower support shaft 393 1is de_al ong the side surface of shaft 393
(not shown)  onto the surfages of chagiber ?% heater wire ends 511 and the

thermocoupke tube end 518ffing the theﬂW%e:%‘.oniﬂE@Egmﬁﬁésﬁd%ﬁﬂ\ﬁg,tﬂrﬁl‘s- 25
Wien the present invention is Tn use, a robot blade (not shown)

transfers the stabfilizatiop anfi puoipingosteps 18aybe performede a0pimally, itkese finabsteps ave
opposite slit 243 (or. actual.ly just bel ow sli 43) ., The heater 25
and wafer are a}lﬂ P%Woa?me&posm‘)xf)mtgfeﬁéh?f%spﬁia o byl“tf?’F\,ﬂm ssenbly
400 and lift figRzaion3ebps iitkthidil® valve G odned periodically4d Allvivi the Rhi\BBérer 25
so that the wafer is deposited onto wafer support surface 430 30 W t hin

annul ar f| angePTasYIeoto Abustde atmpsphergs while gate Malve 280 rempine slosedjHeater 2%1dh as
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t hen 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,
before the final pumping step begins. In the final pumping step, gate valve 280
15  remains closed and heater 25 is not moved. All gas flows are stopped and the
| thrdtile valve is opened. The final pumping step lasts between about 5-20 seconds,
preferably about 10 seconds, before another wafer is introduced into chamber 15,
which is now ready for the next deposition process, heéting, or wafer cleaning step.
Itis récog_nized that final stabilization and pumping steps also may be modified and
20  similarly used with the particular seasoning step or alternative gettering step
(examples discussed below) selected.
In embodiments alternative to those discussed above, the pre-clean
~ stabilization step discussed above may further inblude a ramping of the microwave
power from a low microwave power to the final clean operating level of microwave
25  power, allowing pre-clean stabilization of pressure and microwave plasma
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
30 gas, depending on the clean gas used) plasma provides a lower pressure shock
profile on applicator tube 292 upon NF, plasma generation, in accordance with a

speciﬁc_embodiment. Microwave power levels applied to magnetron 711 from



54 delivered through inner passage 295 of inlet tube 43 and through

central hole 327 of base plate 265 into chanber 320 above gas
di spersion plate 301, where it disperses outward and fl ows through
hol es 325 into chanber 317 above gas distribution plate 20 (see Figs.

4 and 5). Preferably, the gas is uniformy distributed through gas 5

di stribution holes 315 onto the sem conductor wafer (not shown).

The tenperature of the wafer on heater 2590 s typically held above a

m ni nrum deposition tenperature by heater coil assenbly 440 so that the
process MHRIYeVROWET [Sepply lﬁé@wrmrada?uswtdhmdmﬂ@rcmoi afprogessoriéPosit a
| ayer thereo Speci ficall an electric rent _is direct t hr ough
conduct or  wi 1 el B B one noy iy B fartpeffrorBzied e IyPEOC st

t enperat ure ofotawatts (GOnROSther pdver 1@ BElelW Otadd the finalSdI€dl dpetating

enbodi ments. In the preferred enbodi nent, the tenperature is controlled

by a feedbackPe¥sitlevsl) duringethe ctabBizationetiem ind dhgroio HOE: Watts imthe slleasigiemut i ne

167) t hat J.nt al . J e : t rature in
the champdr. 1 ProvidBahiit drlfuel AMnff s RaRER Pochs SHBIEA, GHIRELT o
heat from varheating srey[ heRerlZ is movedudianmsitiof abeses0miAsrag gasdisaitutiodgh,

the heated sem copductor wafer, and the waf er heating source. To

mai ntain the B3 &t N & infrpducsd abadfloy ofdertwesnoypaun d00-400 Scom. pretesably
these componehie: 200 sienf o AliEsl: fXe 8 008¢ BRRIRNS va0F HFRFLbert gy |
renove paatvaive @80 remeinp lchised. 2 Aften alsbuy dsedomisy tHeuhromte ealde ¢ dpsexdsi on
pl ates ZqD 3O%ﬁd 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
N, plasma during the next 5 seconds. For the next 5 seconds, NF, is also
.15 introduced into applicator tube 292 while the microwave power level is ramped to
R - the clean level. Specificaily, NF, may be introduced at a rate between about 600-
1100 sccm, preferably about 950 sccm, into applicator tube 292, while the
microwave power level is ramped up to the final microwave power clean operating
level of about 2100 Watts. Then, N, flow is stopped and plasma is generated using
20  only NF,, allowing for stabilization of the NF, plasma generation stabilization for
about 5 seconds. From this point, the clean may proceed, as discussed above. In
the above discussed alternative embodiment, both pressure and plasma generation
are stabilized prior to perfoiming the cleaning step with the NF; cleaning plasma.
This alternative pre-clean pressure/plasma stabilization may last for a total time
25  period preferably between about 20-30 seconds with each power level ramp-up
allotted an appropriate slice of time from the time period. Accordingly, pressure
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.
30 Although the above described embodiment is a two-step power level
ramp-up, other embodiments may have multiple-step ramp-ups (for example, from 0
to 300 to 1200 to 2100 Watts). Further, a microwave power ramp-down step
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activated to

During the deposition process, the vacuum punp is
generate vacuum pressure w thin punpi ng channel 40,

t hereby drawi ng the process gases and pl asna residue out of
processi ng chanber 15 through channel 40 and exhaust port 361 (Figs.
4 and 8). In addition, purge gas may be directed generally upwar d

I nto processi ng chanber 15 through the gap between susceptor 25 and i nner
portion 253 of liner 250. The purge ¢fas m nim zes | eakage of process

25

gas into the
r enoval

E.

| ower portion of apparatus 10 and facilitates the
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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
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
radiation (for example, between about 500-2100 Watts, preferably 2100 Watts) by
microwaves from magnetron 711 of microwave plasma system 55, to produce
atomic oxygen. O, n_iay-be introduced into applicator tube 292 at a flow rate of
between about 50-200 sccm, preferably about 100 sccm, while gate valve 280 is
opened and chamber 15 is maintained at a pressure of between about 1-2 torr,
preferably about 1.5 torr, and a temperature of between about 300-650°C,
preferably between about 550-600°C. The atomic oxygen is able to react with the
TEOS in chamber 15 to provide a microwave-enhanced chamber seasoning.
Altematlvely, for embediments having a RF plasma system able to provide an in
situ plasma, vaponzed TEOS may be introduced into chamber 15 where the RF -
plasma system can create a plasma with which the atomic oxygen may react for a
RF-enhanced chamber seasoning.

As another alternative to chamber seasoning to pfovide 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 flow into chamber 15 via line 85 into chamber 15 from one of the
other supply sources 90 (Fig. 1C) to gas mixing system 93 with closed gate valve
280, via other purge inlets to chamber 15 with closed gate valve 280, or via

applicator tube 292 with or without application of microwaves and with opened gate



pl asma renote from processi ng chanber 15 for use in efficiently etching or
cl eani ng a wafer in chanber 15 and/or conponents of chanber 15, and
possi bly for use in depositions. M crowave plasnma system 55 incl udes
applicator tube 292; a plasna ignition system (described below); a

m crowave wavegui de system (described 5 bel ow); optim zing el enents

I ncl udi ng an i npedance matchi ng system 701 whi ch may i nclude an
optional phase detector 703 for enbodi ment82requiring feedback for
automati c i npedance matching, and a circulator 705 with a |oad 707; and a
magnet ron 711.valve 280. During the silane lpargeeprocsdiufel Chamber 15 jsi maintaimegnastar on

source capabl e of operatin 0 bet ween about, .500- 2500

cont i nuous wav%‘eisaé)mfﬁb%3@%@%6‘3‘%&#‘%’?‘“ of l?ﬁ“?f?%\/\ﬁ\?@ﬁ%'ggiﬁlt 2. 45

G gahertz ( GHzpreferfifly ®Bfween YBOREISOBDOFE] With REWL1GE280 closed)y PRENEY iRk Y

110 (shown in Fig. 1C) which may be rermtelﬁl | ocated from magnet r on
o
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w thin the wavegui de system are optimzing elenents that work to
provi de | ow | oeleaning praeass isicomplesgle done. transni ssion with mninized

reflection | osses and to,pr Q? R . . DRAS, 4

refl ected power. The descAlrgiap :ﬁg%r %le oW ?3?%%“(\%58“’%@?5%2‘#%“ %I rec{ﬁgﬁm%
of m crowaves §itane) andesetibahnabbhvd, pawring myypbd achieved bytlpeovdBihg active hydrogen
In a specific enbodi nent, nicrowave plasma system 55 has nef ron
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711 Greulat O&QZ 92\ i%ﬂ:cti Sl7O 9g. 1C). Magnetron 711 is operated at CW mode at a power

level of between about 500-2500 Watts, preferably about 1000 Watts, to provide
15 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
lined passage in enclosure assembly 200 and into conduit 47 for use in chamber 15.
Of course, for systems which also include RF plasma systems, hydrogen may be
introduced into chamber 15 and RF energy applied in chamber 15 to provide the
20 active hydrogen. During the gettering procedure, chamber 15 is maintained at a
pressure of about 1-2 torr and, optimally, at the deposition temperature of aboui
-300-650°C, preferably between about 550-600°C witix gate valve 280 open. The
~ active hydrogen reacts with the adsorbed fluorine to produce hydrogén fluoride (HF)
vapor which may then be pumped out of chamber 15. An endpoint detection
25  system, operating on similar principles as the endpoint system described above but
to detect changes in light intensity due to absorbance by HF, may also be used.

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

30 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 level of between about 500-2500 Watts, preferably



707 thereby direct mcrowaves in the forward direction and protect

magnetron 711 from damage fromrefl ected power. Crculator 705
connects to wavegui de section 715 that is connected to phase detector
703 connected to anot her wavegui de section 715. Phase detector 7083,

if utilized, is coupled via curved wavegui de section 717 30 to another
wavegui de section 715 having attached tuning or matching system 701.
Tuni ng system 701, which may use stub tums or other tuning el enents,

provi des pl asma m crowave system 55 with the ability to match the

| oad at v\/avegubbuteIQQ@cWhmmm provide microwave energy to applicator tube 292, thereby
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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.
Of course, for systems which also include RF plasma systems, ammonia may be

10  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
used.

15 - Although the cleaning process conditions described above are
exemplary for the present embodiment, other conditions may also be used. The
above description discusses NF,, merely as an example, in a Giga Fill™ Centura
chamber available from Applied Materials fitted for 200-mm wafers and having 6
liters total volume, as do the various deposition descriptions below. However,

20  other fluorine-containing or chlorine-containing gases, such as NF; and argon, NF,
and N,, NF; and O,, NF, and atomic oXygen generated by microwave plasma
system 55, dilute F,, CF,, C;F;, SF;, C,F,, Cl,, etc., may be used as well. Other
gases besides those described above also may be used for the gettering procedure.
Also, pre-seasoning stabilization steps would vary depending on the particular type

25  of seasoning/gettering process selected from the various alternatives to the above
discussed thermal seasoning. The above descriptions for cleaning, gettering, and
seasoning are stated to occur at preferred temperatures (for example, about 550-
600°C), but it is noted that, most preferably, chamber 15 is maintained at the same
temperature at which the particular process is being run in chamber 15. - Of course,

30  different temperatures also may be used in other embodiments. Further, some
embodiments may combine, add, or eliminate some portions of the cleaning,

gettering, and seasoning steps described above.



As seen in Fig. 16, mcrowaves directed through the optim zed
wavegui de systemare transmtted from output wavegui de section 721 to
applicator 10 tube 292, where a plasma is created. Applicator tube 292

has an input feed |line 57 that receives reactive gases that are
energi zed by m crowaves from magnetron 711 via the wavegui de system
and other optim zing elenents. Applicator tube 292 is a circular (or

ot her cross-section) tube made of a conpote or ceramc material,
preferably alumna, or other material resistant to etching by radicals in
t he pl asma, 1HL. T L a4 c enbodinent. In the specific

enbodi nent, applicator 9\“bﬁltra-shg!lo%oﬁ?@cﬂicﬁﬂgt h of about 18-24 inches
and a cross-sectional dia - i nches. Applicator tube
292 i s di sposed t hr oughToaleapmstizte siecdpevation2df, thevappdratus and methodpeenomiingone

end for transmttjng mcr ves and is termnated at the other end with
a nmetal wall. tcl\/F‘E‘I"’?fﬂﬁK‘?B@ og\r,'\ﬁe PIRSTRLIBYSOLIOR, GRPERMSASHIYEE DATTPTRS BRASUFBE open

end of 205 waeddbdRsishly A jZl%étiGrPdé Cof MRa SRARW [UASHAR foRRdd GRhP4Ls t UbE
292, which is transparent to m crowaves. O course, other materials

such as sapphexamples BSGefjimsemanufactungd exithiout a {US6 icapping layerodndafopined asing t ube

292. I n other L ment s, plicatqr tu have .
exterior and ?ﬁ&ﬁ&‘ésr }Vg-b anggg cgppxgggm.ogﬁ?ém&p%émt\{ms were %ﬁ’fr}gﬁ%ﬁ and
i crowaves i n thiek,e@hilelthe appddoBSG FimB We@é aBouM IFA0AY thibk Stihabbiea 200 A USG
exterior of applicator tube 292 to the exposed interior of tube 292 to

erergize the cap. Both eapped @ad yaeapped BSG films were deposited on 3 lgwrresistipie N-i ¢

enbodi nen a e chani . I . eQgnLL A i ch
ol udes o o PRSPt el iy Ay 318E8on acpus of Uite BloRRRE"

whi ch may opt ifonwed ysidpethenunchped aind ichpedeBSG filvab wepé memsueli HBor fillns section
721. O course, WY powe supplsy 733 _may be npunted_in variQus other
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Actual process conditions used in the experiments are as follows. Specifically, the
15  BSG films were deposited at a temperature of about 500°C and at a pressure of
- aboui 600 'tbrr. ‘Spacing between the susceptor and manifold was about 300 mil.
Gas flows in the experiments included introducing TEB into the chamber at a rate
of about 200 mgm, introducing TEOS at a rate of about 500 mgm, introducing
oxygen (O,) at a rate of about 5000 sccm, and introducing the helium carrier gas at
20  a rate of about 8000 sccm. |
The above conditions resulted in BSG film deposited at a rate of 700
A/mimute. The deposited BSG film had a thickness of about 150 A for a process
time of about 15 seconds. | |
In experiments where a USG cap was used, the USG capping layer
25  was formed in an jn 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, tt;e
chamber was maintained at a pressure of about 600 torr, and the susceptor was
30  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



57 M crowave energy then sustains the ionization of the ignited

pl asma to produce the flow of radicals that enter inlet 290 | eading
to chanber .15 via gate val ve 280. Due to changes in load within
applicator tube 292 fromthe introduction and ionization of reactive

gases within tube 292, use of matching system 701 optim zes the 5
m crowave energy coupling for efficiency. In preferred enbodi nents,
mat chi ng system 701 incI udes at | ea® one stub tuner under the

control of processor 50 or contgoller unit for automated tuning. As
menti oned abofilm dgpesied @bﬁ\i&‘ﬁtqfcﬁbal-‘t 700 A/mipyisi ngy &3 Mdmthada dickness dfe used

in matching s scussed above, applicator
tube 292 is n%%’greiga%g%%ﬂlgcﬁ? tm%gg%%%utt 18 ?@onﬂ ‘e bottom of the body of
chanber 15 such that apDiffosdomof tofemi28dm the uncappédaridscppssd BSG AaChl s into
inlet 290 of e Q| osure assenbly 200, as seen in Fi 3. Radi cal s are
i nput t hr ough 3H¢ L@ lFating she ﬁbﬂ 5iDg Ageeaiing @héﬂe@grtbera@&@mm 2ber
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avail able, f orresakarml janctam depth onjteout SO TEME Asdei:Endmg eﬁ itld @nipetature] cftieng or

deposi tion frongit he reactive chem stry input at inlet 290.
dopant concentration

~ The parameters used in the experiments using BSG films should not
be limiting to the claims as described herein. One of ordinary skill in the art can
10 also use other chemicals, chamber parameters, dopants, and conditions to produce
BSG films or other films such as PSG, AsSG, and others.
Experiments were conducted using uncapped BSG films of about 200
A thickness having about 6 wt % of boron. These experimenis illustrate the ability
to form ultra-shallow junctions using BSG films as the dopant source for a
15 subsequent diffusion step.

" At boron concentrations exceeding 6 wt % boron, uncapped BSG
films deposited at temperatures less than about 500°C tended to become unstable
and to crystallize within hours. As mentioned above, crystallization reduces the
amount of boron atoms avaiiable for diffusion into the silicon substrate. Deposition

20  of BSG at temperatures greater than about 550°C are believed to provide stable
uncapped BSG films with boron concentration of more than 6 wt %. For
applications where boron concentrations greater than 6wt % boron are needed,

" BSG films may be optimally capped with a USG film to prevent crystallization.

By preventing outgassing, the USG cap also provides the ability to control the
25  direction of the diffusion of dopant atoms into the silicon substrate. The USG cap
therefore prevents more boron atoms from being lost so that more boron atoﬁs are
available for diffusion that may be directed more easily into the silicon substrate.
To demonstrate the further advantages of using a capping layer over
the doped dielectric layer for some applications, further experiments were conducted
30  using BSG films having about a 150 A thickness and a 6.131 wt % boron, with
about a 200 A USG cap deposited over the BSG film. These further experiments
illustrate the ability to form ultra-shallow junctions using capped BSG films as the



Li ner 291 prevents fluorine radical reconbination in the passage during

cl ean processes. In addition to PTFE, liner 291 al so nay be nmade of
any fluorinated mat erial including fluorinated polyners such as PFA
(which is a polyner conbining t he carbon-fluorine backbone of

pol ytetrafl uouroet hyl ene resins with a perfluoro- 20 al koxy si de chain),
fluorinated ethyl ene-propylene (TFE), or the |like. The passage S
preferably circular in cross-section or oPfer type of cross-section to

mat ch t he cross-section of inlet 290 and applicator tube 292. From
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both c| &3pid dhermah process @t abaut 4R807G aawl @Wabélmeomolél@mw
materials 4 Squlﬁﬁltﬁ'%ﬁﬁvnwonﬁ éﬁ?%tf'u‘ﬁpaeglaﬂggvﬁn&w lebiARld @ﬁ.ljr)eltﬁ\é}'

resistant to the pafticalar che ependi ng on t ereactlve gases
used. 30 ~ film alone or with Ithre BSﬁﬂilmrmmIUth gate vaI ve 280 isol ates the

O B es ot 1R R DSt B 56T R T SEBRSSES o
for deposi ti orpp thefiition @EptA'ahd Bopdht uniformity of the diffused regions. Measurements
for Figs. 22A and 22C were performed using solid state measurement equipment for
10 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
surface, and an "N" represents the measured concentration of the N type silicon
substrate at a depth measured from the silicon substrate surface. The junction depth
15 is defined as the position where the dopant concentration equals the substrate
concentration. In the present experiments, the silicon substrate used had a substrate
concentration of about 1.6x10' carriers/cm®. Sheet resistivity of the diffused
regions shown in Figs. 22A and 22C was measured using four-point probe (4pp)
techniques, as are well known to those skilled in the art. Fig. 22B illustrates the
20  total impurity profile of the wafer of Fig. 22A as measured by the more elabora;e
method of sécondary-ion-mass-spectroscopy (SIMS) which is useful for providing
precision profile measurements in high—é'onc_entration or shallow-junctio'n_ diffusions,
as is well known to those skilled in the art.
Specifically, Fig. 22A is a graph showing the dopant profile of an
25  ultra-shallow junction formed after a heating step using a 6.131 wt % BSG layer
having a USG capping layer. The BSG film was about 150 A thick and the USG
capping layer deposited on top of the BSG film was about 200 A thick. The heating
step was performed by a rapid thermal process for about 60 seconds at about
1050°C. The BSG and USG films were then stripped by etching. As seen in Fig.
30 22A, the resulting junction has a depth of about 0.06 um in the silicon substrate,
and the dopant profile appears fairly uniform. The maximum concentration of

boron is about 6x10'° carriers/cm®. The sheet resistance of the resulting junction



58 steps. In the closed position, gate valve 280 prevents particles

In conduit 47 used for clean processes fromcontam nating the wafer
during deposition processes, as wel | as reducing the "dead" vol une of
conduit 47 and passage during deposition. If deposition at pressures

of between about 200-760 torr occurs with gate valve 280 5 open,
deposition may be caused in applicator tube 292, |eading to contam nation
of the cl eaning processes. Gate val%e 280 is preferably made of PTFE
(or simlar materi al s such as those discussed above for liner 291 and
mani f ol d 270)va$ MeFFUHEHiL Be about 63§ Heme The dpp Ghesd Seistanee Srasdneasared| todwd

val ve 280 du aqld C ) i s j a
preferred eng%%{?r%t%gﬁ?/&gdﬁg‘wv%eve%}(’:hs&zdoﬁ%} nsé ét?e gir’ g%dlggrerﬁ?[ﬁu}&val ve.
I n enbodi men{Bp)useingy ] $x1@¢ cardlerste®80, only when chanber 15 is used for a

waf er cl eaning step or when a_chanber cleaning is performed does gate val ve

280  open, allowi r’f@s-pl%mstrﬁfm Big1dopens dePRLPTORIcGRS TEASHTel s 8RS S8 of
gas m xing by ulua-s?a\l/lé@gg&ﬁmsﬁgﬁﬂeﬁ iﬁ'fq%.szz’sz.';‘fErgf\{mé %ﬁ%‘lﬂ@ silik:léilnsome

enbodi nents gate va 'S not |'asma radi cal s
t hen may f| osubstrateupha dephulofinbqr 460 ge frogbthtSurface)dhe cdmenthaivherf bdvowi a gas

di stribution Iat% 20. Dystrj H;si on plate 20 as vveII as, , yarious parts
of chanber 15'£r¥e§ RS aPeutrfed Y ReTeavien thebays 431¢ CHRFHE Y asBEVEFR
then exhaust qgofir iy &8 a6l 3bp Alicidh |HRSuFAEAHP heSyiRbAMIBhsRSAed above. The
cl eani ng process of chanber 15 and the cleaning of wafer surfaces are

di scussed i n concentratien af borbriranges detween about 1x10? carriers/cm’ fo atient =i OH
Det ect i ofh System Il ustrate aﬂc]:é eani ng

endpoi nt - Het é:éfrfeﬁ{c@;/s Pg}ﬂ\%alapult 300 A frox'ili glse'sm!ch':Aé- %tj Llae isxllcon substrate,

concentration of boron, silicon, and oxygen diminishes rapidly indicating the bulk
substrate. The steep shallow junction shown in Fig. 22B demonstrates the dopant
incorporation possible according to an embodiment of the pi'esent invention.

Fig. 22C is a graph showing the dopant profile of an ultra-shallow

15 ju_l_lction formed without the heating step using a 6.131 wt % BSG layer having a
USG capping layer. The BSG film was about 150 A thick and the USG capping
layer deposited on top of the BSG film was about 200 A thick. No heating step was
performed. The BSG and USG films were stripped by an etching technique. As
seen in Fig. 22C, it appeafs a junction with a depth of about 0.025 um has formed

20 despite the lack of a heating step. Apparently, the junction has formed due to the
high dopant concentration of boron in the BSG film diffusing into the silicon
substrate even without a heating drive-in step. The maximum concentration of
boron is about 7x10"7 carriers/cm®. The sheei resistance of the resulting junction
was measured to be about 55 Q/cm?, with the summation of dose ions in the P type

25  layer (Zp) being 4.9x10" carriers/cm?.

Fig. 23A is a graph showing the dopant profile of the junction
formed with a heating step using an 8.084 wt % BSG layer having a USG capping
layer. Fig. 23B is a graph comparing the dopant profiles of the junctions formed
with the same heating step using a 6.131 wt % BSG layer having a USG capping

30 layer and an 8.084 wt % BSG layer having a USG capping layer, in order to
illustrate the effect of dopant concentration on junction depth. Figs. 23C and 23D

show the effect of the temperature of the heating step on junction depth and on sheet



m crowave plasma system 55 accordi ng to another aspect of the present

Lnventi on. As di scussed above, apparatus 10 preferably enploys a
t hermal cl eaning technique 25 using renote mcrowave technol ogy, instead
of a conventional in situ plasm process, to | ower netal

contam nation. In the present invention, the gentle cleaning
techni que using renote m crowave plasma system 55 utilizes only chem cal
reactions, in contrast to using in situ pglﬁasma processes where physi cal

sputtering effects act with the aluminumin_the chapher walls
and lead to a‘FﬂFHVﬁUmT%GGCC“VFrét aglgéo?'ﬂ}-:aﬁ’i‘%a%]f show e giecy of dhestirae) of e |

In the cleani t e

pr oduced rerml?"g @%g%ﬁéﬁﬂn@g# sucS tﬁ‘gﬁ“?’ﬁ‘g’ g@%ﬁf%aﬂgﬂé %?é@erébl y
nostly of resistance profiles and sheet resistivity measurements of Figs. 23A-23F were59
fluorine radicals s directed into the chanber where the gentle thermal
cl ean cwfogm ing ﬁ@l%ﬁ%@ﬁumr AR BN oI PFOTS PREUEMENSor (1

wi thin applicator tube gig, 23393ag§§ﬁ§ﬁb%3é@ dop\mtlp%oﬁﬂlo? the RBSch has a

nunber of advantages for cleanl n chanmber 15" and/ or
conponent s of formedriwith 4 beatigg s@ps&m abb 084 wt1% BSGuldyes having a JSG napping t he

chamber can nﬁke | b&&' tclmI was zlijb%u?%(? %n ecq(t z'm%&nle Iﬁ@%g;i)p%g layer deﬁosited
on top of the BSG film was about 200 A thick. A heating step was performed using
a rapid thermal process for about 60 seconds at about 1000°C. The BSG and USG
10  films weré stripped by an etching technique. As seen in Fig. 23A, an ultra-shallow
junction having a depth of about 0.12 um was formed with good dopant uniformity.
The maxnnum concentration of boron is about 1x20™ carriers/cm®. The sheet
resistaice of the resulting junction was measured to be about 145 Q/cm?, with the
summation of dose ions (Ep) being 7.9x10'" carriers/cm?. The 4pp sheet resistance
15  was measured to be about 96 Q/cm’. _
| | Fig. 23B shows the dopant profiles of the junctions formed with a
heating step using different boron wt % BSG layers (in particular 6.131 wt % and
8.084 wt %) having USG capping layers. The BSG films were each about 150 A
thick and the USG capping layers deposited on top of the BSG films were each
20  about 200 A thick. The heating step performed was a rapid thermal process for
about 60 seconds at about 1000°C. As seen in Fig. 23B, the resulting junction
depth for the 8.084 wt % BSG film is almost twice as much as the resulting
junction depth for the 6.131 wt % BSG film. | | |
Figs. 23C and 23D are graphs showing the effect of heating step
25 temperature on dopant profiles and sheet resistivity, respectively, for 6.131 wt %
BSG films having USG capping layers. The BSG films were about 150 A thick and
the USG capping layers deposited on top of the BSG films were about 200 A thick:
The heating steps were performed using a rapid thermal process for about 60
seconds at temperatures of about 900°C, 950°C, 975°C, and 1000°C. As shown in
30  Fig. 23C, the junction formed after the heating step at 1000°C is about 0.1 pm,
compared 1o the about 0.06 xm junction formed after the heating step at the lower

temperature 975°C. The sheet resistivity of the 6.131 wt % BSG film was about



detection systens, to pinpoint the tinme at which the cl eaning has been

conpl et ed, i.e., when the | ast process gas residue in the chamber has
reacted with the cleaning etchant so that it can be discharged from
t he chanber. Conventional endpoi nt detection systens typically rely

on the use of a plasma within the chanber and 10 check em ssions fromthe
in situ plasna to determ ne the end of a cl eaning process.

The endpoint detection systemof the presgft invention, however, ‘may
be used with either .an in situ plasma or a renote Iasrra such as provided -
by mi cr S¥h0EE | fax the hegtingesiem gt 1600 Ceradrpbeyt 608 QYew’ Eorcthp beatingtercess,

the chanber 8 Yorar s SeBjh Tt P N BEREL cellpbtipa Telite o RS PULIS 11

t he vacuum purssults/fendeepbsditfationldeyth for the allowfjuidiienJoid@.r] in the
chanmber has been consuned, the fluorine-based gas cannot react with

the Sigerr] to formsSi Figs. 23%%&3 effesmphfohofdng theedfeghiel basfing st tine
contani natse t g BRAH BRIICad b febdflinirbdBectl R ,%Pﬁgh%ﬁ%%@é HRnum
wal | s of orm an dalum num 1’uor

Consequent | y, hating ysmcappmgnmydranfrhbmsﬂkﬁﬁnm& iboat mmmﬁamma tead[s@ nt or

the point at which the last. Si( due has reacted with the
fluorine gas S¥PiHa ifétdSPQF&FQ/BnZ%OEgﬁ QﬁG(ﬁlhB%é?G“t about 200 Aythickanth$ ur t her

fluorine radi ﬁ@itﬁx e?%fsnﬁé?fo'rﬂgd %g@gger%pﬂﬁher%ﬁil g;%&%kksact%oﬁyfﬂd@eé for about

bel ow, endpoi nt d tion system t he I nvent1 on determ nes
t he end|§0|sm0nd$ amd fdrelhmtr@ EComiss sAbthim m:Flgn @3Ehthegesction fbimdd

i ntensity,{hat oc u d t 0.absor banc ht t he exhausted cl ean
gas reactht s 28ER4PO gﬁﬁ[:g}np]heatmg Step 1s a 24t 8106 prt, Wh-ﬂé theyngHonfopped 17A

cl eani ng endp@ft&taﬂ@is%hﬂ%@atﬁigssttﬁms%gtOI pm. 1T 40efisify SlAhER! Dy

posi tioned al On%ﬁdl scharge condui't 60 between 1solation val ve 371 and
throttle val vée B8G filpas wamahmt; Z&Q/@mztaémohe 4D second heasingotdpt andrabgut 650

ot her | ocat I oS\ st SV tem,of 3 DAr afus 10 ex
detector. 3 Qﬁ%zé%ﬁah%gﬁ 8‘%‘& afrardimely 1t 15564 P’é‘{:&&lle’ﬁggg as’
shown in Fi g tilneof the heating step may determine the diffusion depth in forming ultra-shallow

15  junctions.

ot

—_

The above 'experiments of BSG used for ultra-shallow doped junction
formation are presented merely as examples to illustrate aspects of the present
invention and should not be considered as limiting the scope of the present
invention.

20

B. PSG For PMD layer
To demonstrate the operation of the apparatus and meth_od according

to embodiments of the present invention, experiments were performed to deposit a
PSG film, for example, as a PMD layer. Prior to the deposition of PSG film as the

25  PMD layer, the wafer has typically been subjected to multiple processing steps to
form, for example, gate electrodes, oxide sidewalls, isolation trenches, etc. In the
experiments, the PSG films were deposited in a resistively-heated Giga Fill™
Centura chamber (a closed system having a total volume of about 6 liters and
outfitted for 200-mm wafers) manufactured by Applied Materials, Inc.

30 In the experiments, pre-deposition steps were performed to bring
chamber 15 to the desired deposition pressure and to stabilize the gas/liquid flows
before depositing the PSG film as a PMD layer on a wafer. Of course, it is



anot her enbodi nent, detector 802 is positioned along a bypass |ine 804 that
receives a sanple streamof gas fromconduit 60, as shown in Fig. 17C. In

this 60

enbodi ment, bypass line 804 may include a control valve 806 to vary the
anount of fl ow passing through |ine 804, or to conpletely cease gas
fl ow al ong bypass |ine 804, for exanple, during gas processing of a

waf er within the chanber. 100 Referring to Fig. 17D, a
preferred enbodi nent of gas detector 802 5 wl| now be.described. As
shown, det ect decegmzedihatRIe-deppsHinnsTIeRs o8y bejsaried figmdhe below desegEpden hol e

806 i n communi - 1,0 ] 0 ' ] t he. e .

resi due from c(ﬁgi%heg %E{gloa%p%gg‘bhrgg%{cﬁ rlcogréh&mxg%&’i % of %?i “g‘hg‘%gd‘%&?ﬁslo
el ude o T ot at rar gd (L W ndcwe B0, Bi har Bra cont i gur od
to al | ow far - | $hambgp wajls andyalso {5%§ibm?ertw§ﬂ¢inaamfpﬁn depfhiprofilss fr/@eengt h

starting at ab : r] i 0 o : by a
|l ength L a%d p‘?ég%gr a @séoﬂrflg?lllesl?enwa&gr(aﬁt ?Slné n %‘?}%;% g‘rlll?ijagv%? lssl%&éatflr&(:lns par ent
to far-1R |i ghvacewmnithaimber ¥ omodreasn @S tthrough theyvdcutimileckofiodrh evhlichistthers

absor bed by w ndo 12, .. In.additjon, the IR wi ndow 812, 8 terial
y cr:lose\g? ﬁeater %1 1% heated up to dme process?ng temperature of about gO%PE?

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

10 | In a first pre-deposition step, heater 25 is at a position about 600 mil
from gas distribution plate 20. With the throttle vaive open for about 5 seconds,
helium at a flow rate of about 4000 sccm, and O, at a flow rate of about 2900 sccm
are introduced into chamber 15. The neutral gases, helium and O,, are introduced
first into chamber 15 for their flow rates to stabilize. These flow rates of helium

15 and O, are maintained throughout the pre-deposition steps.

'. | In the second pre-deposition step; the throttle valve is closed and the -
pressure in chamber 15 is increased to the deposition pressure. The second pre-
deposition step lasts about 30 seconds and allows the pressure, which may initially
ﬂucttia_te somewhat around the desired deposition pressure, to stabilize in chamber

20 15. Heater 25 is moved to the processing position of about 330 mil from gas
distribution plate 20 in second pre-deposition step.

| In the third pre-deposition step, when the bressure in chamber 15 has
stabilized to the deposition pressure of about-450 torr, liquid TEOS is introduced to
allow stabilization of TEOS and helium flow. With the TEOS flow rate at about

25 1000 mgm, the vaporized TEOS gas mixes with the helium carrier gas for about 3
seconds during the third pre-deposition step, before the deposition step.

Having stabilized the chamber pressure, temperature, and
TEOS/helium gas flows, and adjusted the position of heater 25, deposition
processing can begin. At the onset of the deposition step, O, flow is terminated.

30 Liquid TEPO is introduced at a rate of about 24 mgm, and O, (about 8 wt %
oxy'gen) is introduced at a rate of about 4000 sccm. Being liquids, the TEPO and

TEOS sources are vaporized by the liquid injection system and then combined with



shoul d be process-conpatible, inert with respect to the process and cl ean
.gas 15 chem stry, and the material should not contam nate the film In

enbodi ments where fluorine radicals are used for the cleaning
process, w ndows 812 and 813 are resistant to fluorine. Preferred
materials for IR wi ndows 812, 813 include germani um cal ci um
fluoride, or the I|ike. As schematically shown in Fig.
17D, detector 802 further includes a 20 1flar-IR lanp 814 suitably coupl ed
to housing 804 for generating far-1R |ight and transmtting this

| i ght throughmmimtommiBﬂgas l&ljﬂnsoThisanixnhe i$ ingrodugegisiamsciamber gk from gas hol e -
806. AnIRdé‘ Lbf‘ %fcou ed to. housi n%‘304|n sition to receive
and det Hen plaje 7039 SupRlY rsactive gpsehod E)H"Wrrﬁ‘} gyheregiearor abl y,
far-1R l'anp 8iduced chenfi@Y réaen@nsttmwgfae&td uSOHE(Rsived PS@HIAP! THehbdiet ch

filter. 25 VWhen th res Invention IS in use, the clean
gas react ant scgnditpns resuit in aSPSQﬁlmr@pdsned(m ead‘aml efraboub HTAD: A/Iﬁﬁuran dBy

th th 80 det ect 802. Fa 14 t -IR
Iigﬁ?gt hr uSh %%?3‘6% §‘ie ?Shmaneh%ﬁ’éb%aﬁvawﬁﬁ% ess 0 %EM‘%e i t
i s received bforfiRle¢ R prddds cANIAR de'saﬁﬁed%%sesn aw\@ugbséchﬁdsclmvaa%

Si F4 reactants, these reactants (i.e., the silicon) absorb a portion of the
far-1R |ight, oBphosphems in thectesdting RSGfilghis abntife‘ﬁs\itt%' recei ved by detector

816. The fluorine does absorb .t r-1R | ht, ..Theref.o en
The far IR 1t i neems AT denosiieBos Mrmitalbputt is Dertofihta mal B phiblifes
val ue, det ect sabiityoof tediepésited PSE filn® 1R pfvide Bbiskire aRPErysaNidtiion

10 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 jn situ manner in chamber 15, by the
gas termination method discussed above. The USG layer is very thin compared to
the thickness of the bulk PSG film.

15 , After the PSG deposition and USG deposition steps, post-deposition
steps are utilized to control the ramping down of chamber pressure and to control
gas shut-off. By ad_!ustmg the pressure and gas shut-off, the post-deposition steps
help reduce particle formation which otherwise can cause wafer contamination and

| .damag'e. ‘

20 ' In a specific embodiment, three post-deposition steps were used. In
the first post-deposition step immediately following the above termination step,
TEOS flow is terminated while heater 25 is moved into a position about 600 mil
from gas distributioh pléte 20. Also, the throttle valve is opened periodically to
allow chamber pressure to gradually ramp down during the first post-deposition

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

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



61 I ndicating that the concentration of Si F4 passing through conduit

60 has substantially di m ni shed or conpletely stopped, which
i ndi cates that the cleaning endpoint has arrived. At this point, the
controller sends an appropriate signal to processor 50 to cl ose gate

val ve 280 and to prevent further etchant gas fromentering chanber. In 5

t he above exenplary clean process, endpoint detection system 880 utilizes
source 814 to provide, and detectorig816 to detect, far-1R wavel engths
that can be absorbed by clean gas reactants SiF[err], which absorb
light with a wavel engt hThe atxive expédrim¢realrdonditions for thmde;idsil'mni of £SGvicdble

b bs |ight th of about 5-6 h . .
anbodi ment o B GPHE bE8 5 AG WD b e SREmAA POt Be P4l bR Y ene 10
wavel engt hs, gigReNGuESpURN By éhhh@hd sBee dPRish &hﬁéx@ﬁs@&rshﬁﬁéect%}rgkess

specific clean gs réeactants utilized in the clean gas p
By way of exatglthermal &S6] filns depositédhosimgs theyTEDS/Oh ehémistry Rt hényperatmtesofno

4is fl d the d he full
ntons ty > S5ouf BT ArfBA oalicn B coriake vt dom TG GReTEee 280

during cl eani figre §tilefoxidizaton tructhiedfol P sdadis Whmlo&naa@h Eit%llbﬁttfﬂﬂﬁ gafity.
recei ved by detector 816 &I‘) I s reduced, given by he expressi on:
1

|/1[err] = ex@hg dapasited PSG film whehigh)quakitytin derast dfrftaw-tike e@pfcpveragmthl@h
W ndows 812 fhbisnite r@s:gtkﬂcte,efﬁgﬁ%%akdown voltage, smooth surface, no surface damage
(i.e., plasma damage), and no fixed charge. The deposited PSG film exhibited
10 - good film thickness uniformity. Specificaily, film thickness uniformity (49 pt., 10)
at about 1.2 um thickness of the deposited PSG film was measured to be less than
about 1.5. .
Fig. 24A is a bhotomicrograph demonstrating the as-deposited gap fill
capabilities of PSG films deposited at 600°C in accordance with a specific |
15 embodiment of the present invention. In particular, the PSG film deposited at -
600°C was shown to be capable of filling high aspect ratio gaps having a height (h)
and a spacing (w) without the formation of voids, as seen in Fig. 24A. Fig. 24B is
a simpl_iﬁed diagram (not shown to scale) of a section of the integrated circuit
structure shown in Fig. 24A. As seen in Fig. 24B, substrate 1200 has stacked gate
20 structures, specifically electrodes 1220 with tungsten silicide (WSi) caps 1240,
formed thereon. An oxide layer 1260 is deposited onto stacked gate structures to
form high aspect ratio gaps with h of about 0.35 pm and w of about 0.08 pm shown
by dotted lines, as seen in Figs. 24A-24B. Fig. 24A therefore derﬁonstrates an
exemplary structure with high aspect ratio (about 4.3:1) gaps that are filled by PSG
25  film 1280, which is used as a PMD layer. Deposited at about 600°C using the
preferred recipe discussed above, PSG film 1280 exhibits excellent high aspect ratio
gap fill capability without the need for a reflow typically done at about 750-800°C,
which is often inconsistent with increasingly tight thermal budgets.
In addition to having excellent gap fill capability for high aspect
30 ratios, PSG films deposited at about 600°C advantageously aré dense films that
exhibit high resistance to moisture absorption. Moisture absorption of the deposited

PSG film deposited was measured using conventional Fourier Transform Infrared



20 shown), L is the length between wi ndows 812, 813 (see Fig. 17D) and C

Is the concentration of SiF4 passing through detector 802. As
I/1[err] approaches the val ue 1, the SiF4 concentration is
di m ni shing, which neans that the cleaning endpoint is appr oachi ng.

The controller continuously nonitors I/I[err] until this value approaches
1, which indicates that the cleaning endpoint has arrived. 25

Wil e the description above is in terns d03a CVD chanber for a

mul ti chanber processin% system_ it would be possible to inplenent certain
f eat ures spectigscopli FEHRseehniqueseat pgnwell kroven rrepnepdizerdinast skillrig the
chanbers, physjc 1 r I l.ke. 68, the
above descri pa?ﬂl. oﬁigaggﬁﬁ‘f%“r&{se? B%? F’gﬁ% sg‘ﬁc@% lrggean%§@ mﬁ‘%p&#eéﬁtaéggﬁﬁ?gal |ém ting

the scope of unler e €6loWing eXE@fiplapNp@sesd &bhdiionhy Atdvediagneadpeciié  cl ai ns.
It should be noted that the invention is not |imted to a sin%le waf er

chanber as desRbodinasnt.the FEemplarys ProGessi condianseingiude SEQH How i 20owtol000x anpl e,

;hgét ch ¢ a;bqégﬁl% E’g?baﬁdﬁﬁ o?fab(rnﬁ%d%ﬁﬁ? Rbinke? YO b04botPEOGH Em, 2R ddikd 1 nto
62 . si muabanddusl % @ygemsiiee ofl apdut 4800 sgennf at\agfressare dfatodd#00 enr t he

i ti woul d b
$hvention vvoum(a spgcing of about 330 mil between heater 25 and gas distribution plate 20. The

PSG deposition time was about 600 seconds. As seen in Fig. 25, the FTIR spectra
of the PSG film deposited at about 600°C demonstrated no water spikes indicating
10  moisture absorption, and no measurable change in moisture absorptibn was seen
over about 155 hours after deposition, illustrating the PSG film stability over
extended periods.
As demonstrated by Fig. 25, the deposited PSG film is dénse,
resistant to absorbing moisture. Deposition of a PSG film at high temperatures, for
15  example at about 600°C, tends to drive_ out any moisture that might be absorbed
into the film, resulting in a dense film. As a dense film, the PSG film deéposited at
high temperature has the advantage of not requiring an additional step for further
densification of the film. The dense nature of the deposited PSG film makes it
compatible for ﬁse as a PMD layer which can be planarized either by a subsequent
20  anneal at a temperature greater than about 1000°C, or preferably by a CMP step.
In addition to moisture absorption resistance, the present PSG film deposited at high
temperatures is able to provide good film thickness uniformity, as well as good gap
fill without formation of voids or weak seams thaf can cause subsequent device
problems. The high temperature PSG film is particularly useful as a PMD layer as
25 it provides good phosphorus incorporation (between about 2-8 wt % phosphorus),
| which is important for gettering or trapping mobile ions such as sodium (Na+) ions
that might otherwise migrate and cause shoning in the device.
The above description of experiments depositing and measuring
characteristics of the deposited PSG film demonstrates its suitability for use, for

30  example, as a PMD layer. Ho'wever, the description shouid not be considered as
limiting the scope of the invention.



suitable for use in a nmultiple wafer chanber that sequentially perforns

l-ndi vi dual processi ng steps on each of the wafers. 5 [1. High
Tenperature Multiple-Step Processes Using the CVD Reactor System
A. Exenplary Structures and Applications Fig. 18

illustrates a sinplified cross-sectional view of an integrated
circuit 900 according to the present invention. As shown, integrated

circuit 900 “includes NMOS and PMOS1P4ansi stors 903 and 906, which are
separated and 10 el ec “UCS I le |Osol at ed from each ot her by a 1f i el d oxide
3 i 1O RO eN

region 920 forned by | Or USIGEHUNG
techni que. Alternativel t ed
and electrically isol atgddﬁ%&ggc % %Of the aﬁgzﬁru%ggnmetﬁ&i §&Bﬁdﬂé

i sol ati on (nab esthodimentheiithe rpmsntsmwmxoﬁoBx;mmm&&avmqaebﬁomed\IMepusnbxot h
PMOS. Each tr or. 903 and 906 .conpr.i ses, e regi 912, -a drain
regi on 15 é?@ézfﬁﬁ‘ éObQiaglgl%dﬁMuganallw oxide filfin fayer ({3‘(9; %aw’Yﬂ HERER 5

di el ectris (RAMNidRYPhoPHlhe Fesdsitidas from
metal |ayer 940 with cgnnectlgﬁ(';s bet%‘gﬁeﬁlﬁa%rﬁﬁayer gﬁglt}éﬁﬁld?ggﬁgg
transi st ors riayes, e wafnt has wpieally bm;twbjem;ieo n9idple pranessing stepsito formal

| ayers 940, ed in.inteqgrated cirguit 900.
Each metal | af;%tcx@ﬂé 5%5 ele%ocﬁ:sggﬁlde éﬁﬂw§ % 1lation fx ‘?‘g:%sd %0 j acent

netal |ayers dxpeimemSCiheVieSG HiRS werd aposited in le%isﬁ%l?itﬁadeéxﬁ@ Fap¥, 928,
and 929. Adj acent net al | ayers are connected at seletted - . openi ngs by

vias 926. Depleenturacchamber (recloged |sistem taxingas wtad vahune «z@abquagslitmrandn

exanp e, 18s SRR YA WY PSS SR aaler 33

passivation |ayer 930. ﬁ\@ea emﬂdimrp@é-dépommﬁ's%?s WRiYe Berfomeel {oobrikgposi t
oxide filling Ia){)ers for. shall ow trench
hamiber 15 to the desired deposition pressure and to stabilize the gas/liquid flows

1~

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
15 - (which is merely an exemplary specific embodiment), as is dptimal for different
~ deposition recipes. The pre-deposition steps reduce unnecessary deposition on
chamber walls and also contribute to yielding uniform depth profiles for the
deposited films. Before any pre-deposition steps occur, a wafer is loaded in
vaéuum chamber 15 onto heater 25 through the vacuum-lock door, which is then
20  closed. Heater 25 is heated up to the processing temperature of about 550°C,
which is maintained throughout the pre-deposition steps, the deposition step and the
. post-deposition steps.
In a first pre-deposition step, heater 25 at a position about 600 mil
from gas distribution plate 20. With the throttle valve open for about 5 seconds,
25  helium at a flow rate of about 7000 sccm, and O, at a flow rate of about 2900 sccm
are introduced into chamber 15. The neutral gases, helium and O,, are introduced
first into chamber 15 for their flow rates to stabilize. These flow rates of helium
and O, are maintained throughout the pre-deposition steps.
In the second pre-deposition step, the throttle valve is closed and the
30  pressure in chamber 15 is increased to the deposition pressure. The second pre-
deposition step lasts less than about 40 seconds and allows the pressure, which may

initially fluctuate somewhat around the desired deposition pressure, to stabilize in



I sol ation structures used in place of LOCOS field oxide region 920.

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

form ng ultra-shall ow source and drain regions 912 and 915 shown in
exenpl ary integrated circuit 900 of Fig. 18. Application of the
present nmethod for formng 30 ul tra-shal | ow doped junctions in formng
the source/drain regions for a MOS transi stor is discussed, as an
exanple, with Figs. 19A-19E. 105 :

63 Fig. 19A is a sinplified cross-sectional view of a
partial |y corfbrmbelS. Heawpads iy meypdtothe pypeassips positipn ek abpt 850 mib froms

transistor 1 kS 7 . | : SE....NMOS transistors al so
may be form%glgﬁ)s?rlwtgﬁgidgg%gﬁé §é°8§68g d%%g{t)%gém ielectric |ayer 1008
used may be a BSG fil mlashé tirdpreydeposiomn siep Swhers therpeessurbSinchembem] 5has

19A, a gate el ctrodedéogz overlying gate oxide 1003 has .. al read%/ been
formed on nat¥Abilged tgdhe denositinn pressure R abeuheA torkdiguid TEOS dpintredyced fo  pe

Thon 51265 Pkt U kit (O bl 0. B LSt PO
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
to the deposition step.

Having stabilized the chamber pressure, temperature, and

10 TEOS/helium gas flows, and adjusted the position of heater 25, deposition
processing can begin. At the onset of the deposition step, O, flow is terminated
while O; (about 12.5 wt % oxygen) is introduced at a rate of about 5000 sccm.
Being liquid, the TEOS source is vaporized by the liquid injection system and then
combined with the inert carrier gas helium. This mixture is introduced into

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

- surface where heat-induced chernical reactions take place to produce the desired
USG film. The above conditions result in a USG film deposited at a rate of about
1450 A/minute. By controlling the deposition time, a USG film having a thickness
of about 10000 A is formed at the process conditions described above in about 414

20  seconds.

After USG deposition, a purge step is performed that is optimizes the
stability of the deposited USG film to provide moisture resistah¢e. In the purge

' step, which lasts for about 3 seconds, the deposition éonditions are maintained while
TEOS flow is terminated.

25 . After the USG deposition step and purge step, pest-deposition steps
are utilized to control the ramping down of chamber pressure and to control gas
shut-off. By adjusting the pressure and gas shut-off, the post-deposition steps help
reduce particle formation which otherwise can cause wafer contamination and
damage.

30 In a specific embodiment, three post-deposition steps were used. In
the first post-deposition step immediately following the above termination step, the

carrier gas flow into chamber 15 is terminated by pumping it through bypass valve.



(LOCOS). The regions where ultra-shall ow doped junctions are desired may be
.10 defined using a mask. In the present exanple, the regions are

source/ drai n regions 1010 and 1012, but of course the regions may be
defined to formlightly doped drain (LDD) regions. Using the CVD
react or system descri bed above with process reci pes discussed in

detail below, a doped dielectric layer 1008 is forned over

source/drain regions 1010 and 1012 on a MMfer resting on resistively-heated
heater 15 25. Prior to form ng doped dielectric |ayer
1008 over soHeatey 2y i moved into 3 pefiversabiont 600 meil fomp gas distribyrien platep?0, as

source/draingregions 1010 and 101 Q xi de
or native oxfhﬁgﬂﬁoﬁgq va#%ilxse%egid %elrzoﬁ{ea%ﬁ%ggg?}d#all%%rﬁgsﬁ rsrgm cfhax%grf @@%SS‘B‘Q by
reactive gas@erifpiGb fst pdsBdépositivh ep! &hidhClasivapeutplsaseadndsy Sknetie Sécond

descri bed above or by using a thermal NF3 vapor. During the cleaning
procedure, post-deppsitionsieny dhetotile yrkye ie opgned xeriogically Encontinge r#epPingdi cal s
fromthe (NF3 2 . ' at may
exi st on 5t hedg"hﬁfs’ g%gﬁegfprg%s%rrebgﬁ%%iﬂﬁgﬁﬂ?(%%eﬁglggﬁ %g%ﬁdéﬁd%%?%szst(:‘l eani ng

t hese oxi des aRb Infoved dowsrr 1© gusitiontaboiit 600 mél-fromqslate 20 durthgpbe secohd ostdoped
dielectric layer_ 1008 that is fornmed over source/drain regions 25 1010

t
and 1012. ThEepasiion; step, r"@@‘ﬂb’éﬁ% aP?‘Brhst%OWdénD‘tnéhﬁl%HHOWP%i%%ﬁp’t o clean
native oxi degu oyt Qﬁmﬂg’af &E?ﬂdé, fHeafRie Jaive idopeied %ﬁ@'f}]ﬁv BitQ CRANES
5 may be adj uste e*fluo

heater 2 to a position ere t rine radicals
are opti mal | y5dbteemimted Wapumping it thivaghoa fimed vaivehout danmagi ng the device on

t he wafe Preferably, .this native oxide . . enoval / cl.ean te nd
t he depogq tion of dopeajheiag‘?‘@c?"PF’amF%g?onf@%‘satﬁég‘%dﬁpoi}B?‘? 8* ﬂ%@s F‘H&’ﬁe
same chanber g | st s : ' ; D
apparatus 10 fg{q/%?%sh%gﬁétdd?gﬂ gggg? 8#?1&@&%,[ g?\?g‘/ %ﬁg@‘zﬁf\dggﬁ f[i’s f?éan\(/)gcalﬁf\n/’l of
chanber 15 i optioial tor priovide Abaibesh filmapality iwitbighahroughphtt dntshallewwiengnnent .

isolation applications, the deposited USG film should be capable of void-free gap

fill (typically at a nominal angle of about 85°), in addition to being a very dense
15  and uniform film. The deposited USG film exhibited good film thickness -
 uniformity. Specifically, film thickness uniformity (49 pt., a) at about 5000 A
thickness of the deposited USG film was measured to be less than about 1.5.
Figs. 26A and 26B are photomicrographs demonstrating the relative .
| gap fill capabilities of TEOS/O; USG films deposited at about 400°C and about
20 550°C, respectively, after reflow at about 1050°C and a 6:1 buffered oxide etch
(BOE), in accordance with a specific embodiment of the present invention. In
particular, Fig. 26A illustrates a trench structure having about 0.35 ym width and
about 0.70 um depth (about 2:1 aspect ratio gap) with a filling layer that is a USG
film deposited at about 400°C after a reflow at about 1050°C. Fig. 26A shows
25  large voids in the deposited USG film, indicating that the USG film deposited at
about 400°C is not very dense and appears to have been prone to shrinkage. Even
after a reflow at a temperature above about 1000°C, which can densify a USG film
to some extent, the USG film deposited at the temperature of about 400°C is not
very dense and does not survive the high temperature anneal or a subsequent wet
30 etch processing without opening up voids. In comparison, Fig. 26B shows a trench
structure having about 0.18 pm width and about 0.45 um depth (about 2.5:1 aspect
ratio gap) with a void-free filling layer that is a USG film deposited at about 550°C



64 Al ternatively, undesired oxides may be cleaned fromthe wafer by
thermal |y breaki ng down NF[err] vapor in situ. Wth this alternative,
fluorine radicals are produced in situ in chanber 15 by introducing
NF3 bet ween about 200- 1500 standard cubic centinmeters per mnute

(sccm, preferably about 500 sccm and 5 optionally Jerr] at about
0-1000 sccminto chanber 15. At the sane time, chanber 15 i s heated
to between about 500-650[err]C, preferably7600[err]C, and maintained at a
pressure of between about 60-760 torr, preferably 400 torr, while heater 25
is s pac efferire teflosnataboutt 10560CHM0 arxsubseqpcmfmtam¢lypmbcﬂ§mg6dﬂwrﬂJSG f rom

Can be-ci eaneBrieRpsreh A 1bt 185°C fandh af P hiln'sSpbel oS AL BR?,

the cleaning gdBfiof 8} Qoidsthiter REBw, AnERIDS snh%a%ra&semwod"c as seeRSroth 0sed
to shut out any reactive %ases used in the doped el ectric er

deposi tion 1gs. 36bcwd 26Br orftemtetah prgmm afl epnsunifor etak saten, Y Se ddms n
b ocessi g poSrRTuEt AaREsIs FARIT3BerR Hep rBV T BB APEE S, e
vacuum of charBgs. 15, according to the desired process recipe.
As further evidence of the high aspect ratio gap filling capability of
USG films deposited at about 550°C, Fig. 27 is a photomicrograph demonstrating
the gap fill capability of the deposited USG film after an anneal at about 1000°C
10  and a subsequent wet etch processing, in accordance with a specific embodiment of
the present invention. Fig. 27 shows a trench structure having about 0.16 um width
and about 0.48 um depth (about 3:1 aspect ratio gap) v»(ith a filling layer that is a
USG film deposited at about 550°C after a reflow at about 1000°C. The trench
_ structure of Fig. 27 has a smaller spacing and a higher aspect ratio than the trench
15 structures shown in Figs. 26A and 26B, illustrating the superior gap filling
 capability of the USG film deposited at about 550°C. |
In addition to having excéllent gap fill capability for high aspect
ratios, USG films deposited at about 550°C advantageously are dense films that
exﬁibit high resistance to moisture absorption. Moisture absorption of the deposited
20  USG film deposited was measured using conventional FTIR techniques. Fig. 28
illustrates the FTIR spectra of a USG film deposited at about 550°C under the
following exemplary process conditions, according to a specific em_bodiment,
According to the speciﬁc embodiment, the exemplary process conditions include
TEOS flow of about 2000 mgm, helium flow of about 7000 sccm, and ozone (about
25 12.5 wt % oxygen) flow of about 5000 sccm, at a pressure of about 600 torr and
spacing of about 350 mil between heater 25 and gas distribution plate 20. As seen -
in Fig. 28, the FTIR spectra of the USG film deposited at about 550°C
demonstrated low moisture absorption (less than about 1 wt % moisture). Further,
Fig. 28 also illustrates that a moisture increase of less than about 0.5 wt % moisture
30 in the USG film was seen over about 160 hours after deposition, indicating the
stability of the USG film over extended periods.



Doped dielectric layer 1008 is then formed at high tenperatures (about

500-600[err] O in the CVD apparatus 10, as described bel ow. Wt hout
an native oxide barrier, dopants fromthe doped dielectric |ayer 1008
formed on the wafer may nore easily and uniformy be driven into the

substrate to formultra-shall ow source/drain 20 regi ons 1010 and 1012.
After deposition of doped dielectric |ayer 1008, the wafer remains in

chanber 15. The resistively-heated heatel085 and wafer thereon are then
heated to a higher tenperature (about 800[err for a specified
time. The heating stepASFPrdingly. as supperagshby &ig. r?ém%%ﬁ?sﬂéﬁde‘l}%@t tptis) ayer

N o i d P
oL N 70 TR ko0 BB HRBRRE! hodon & GG BB spy=ed 5= =

junctions 102anpersmsdsom exlamElegat abol 550‘°0;Qbﬂcsao @ﬂt@ut/ﬁiomemaﬁﬁué ¢RI ns
cl osed this drive-in step. As an_alternatjve to being heated

in situ, the W&lb{;ﬁ ahsgrbed into the, ﬁﬂ‘?‘aF@f"éWﬂéH a dense: filn AN 3 Agpse Jimadhe

rapid t het mal | qxnb

Cyotem ro dry SO aGpbaan o° itk pERAREY of ot teast bl 0" 3al g %‘@’aﬂ%ﬁ. ch
acts as a dopafrheing lessumonntosshminkage thiaf fightaesulsinpeid formadob yftemareal i ng

or a rapid ther pr o r ef er abl the diffusion i d using a
r api d ﬁ%ﬁ‘e@r%@&%‘gm&eﬂ% He%"é?li BFOCEI$HNS &H{S‘B?“)"a éﬁfﬁ?@&%ér ature
between aboutdeposited at lower temperatures. The dense nature of the deposited USG film

makes it compatible for use as a high quality oxide layer for filling trenches used in

10 shallow trench isolation applications. Due to its high density, USG films deposited

at high temperatures and used as oxide filling layers can be planarized by either a
subsequent anneal or a CMP step, with minimized likelihood of opening up voids.
In addition to moisture absorption resistance and good film thickness uniformity, the
present USG film deposited at high temperatures provides excellent high aspect ratio

15 gap fill without formation of voids or weak seams that can cause subsequent device
problems. | |

In general, high pressure O,/TEOS USG films may exhibit pattern or
surface sensitivity effects, resulting in uneven deposition, which is undesirable. It
~ has been seen that problems with uneven depositioh' are worsened with higher

20  O,/TEOS ratios. Advantageously, deposition of USG films at high temperatures
such as at least about 550°C requires use of more TEOS in order to achieve
adequate deposition rates. Accordingly, the O,/TEOS ratio of USG films deposited
at high temperatures is low (less than about 5:1), thereby eliminating any pattern or
surface sensitivity effects. Moreover, the film quality (e.g., density, shrinkage,

25  etc.) is high for USG films deposited at high temperatures. Because of the high
density of these high temperature deposition USG films, plasma densification
treatments or plasma oxide caps are not needed, thereby avoiding any plasma
damage to the wafer. The lack of a plasma from such treatments in the chamber
thus reduces possibility of metal contamination and potential shorting of devices in

30  the wafer. Compared to low iemperature thermal USG films, which often require a
plasma densification treatment or plasma oxide cap and may shrink to open voids
after an anneal, thermal USG films deposited at temperatures of about 550°C



65 950- 1100[ err] C for between about 1-3 mnutes, and preferably about
1000[ err] C for about 1 mnute, in these other enbodi nents.

After diffusion, doped dielectric |ayer 1008 is renoved by dry or wet
etching techni ques or other renoval technique fromN type naterial 1004. 5
CVD apparatus 10 nmay al so be used to renove doped dielectric |layer 1008 by
usi ng renote m crowave plasnma system 55 with the appropriate etching
chem stry. For this dielectric remd08l step, gate valve 280 woul d be

opened to allow,.the renote .asmg to. etch the layer 1008 until
renoval is cﬁb&e@&?fﬁﬁﬁé%ﬁb‘cﬁﬂﬁgb@’%ml gWage, and; ‘Z‘“‘E’F’Gs‘g‘ﬂ‘ gﬁ*ﬁéy r enoval
step may be pakfekTREal fordinivat¥d, !mg{ouf ﬁl?ﬁﬁi Barhh liﬁ B&otdince WAitEhe! F OM

heater 25 in chanber 15. Alternativ e renoval step may be
per formed i n pressth@venticmber, dedicated to dielectric renoval, within the

same mul ti chamber. system.as CVD apparatus 10, whi ch al so, avai ds
exposure of the v@%@smf’?) dFWélP&%PFE’mme %’?@é"%‘ﬁ%&?é&&%’fﬁ@f of he
mul ti chamber ' Chi | r f e ed
PO 1y ot o W REkeAUSG film for d3Cby lwa Xr Babic, AF aNgH by oRAETARY =
PMOS t r ansi stfor fillbgohigh @spegt satigetrenchésefor shallowl 0exhaiselation. Thesime EWD

source/drain regions. 1020 iLch, are ultra- |l ow P type doped .. ungti,pns.
Thereafter, r Sn“ds"p’?‘axggé‘%‘l g’pgepf’ﬁli WB@BWVYE’PP‘E}% sdlpﬁ'gr 6@1%@ ggy be
performed on foheMmbgplications. Of course, the above didkérittioR \sB6Wid Wat BE comviderey as al
waf ers) have been processed in 20 chanber 15 of CVD apparatus 10, a

chanber cl eanlimiipgisbe seapesf theiinveptian. processing of the wafer is
243 uhi cB01's' then vacuulhif Bobe ARebSoE vt vk BB fbttion s juchdir it =
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
process recipes, but they are not so limited. For example, the dielectric film
15  formed according to other embodiments may be an arsenic doped silicon oxide film,
L or other doped film. As another example, the deposition of dielectric films has
been described using carrier gas such as helium, but other carrier gases like argon
or nitrogen, may be used as well. As a further example, dielectric layers have been
described for particular applications, including doped junction formation, PMD
20  layers, IMD layers, oxide filling layers, capping layers, etc. Of course, it is
recognized that the same CVD apparatus discussed above may be used to deposit
dielectric layers at temperatures lower than about 400°C, as well as temperatures
above 500°C. Additionally, various aspects of thé present invention may also be
used for other applications. Those skilled in the art will recognize other equivalent
25  or alternative methods of depositing the dielectric layer while remaining within the
scope of the claims of the present invention. The scope of the invention should,
therefore, be determined not with reference to the above description, but should
instead be determined with reference to the appended claims, along with the full

scope of equivalents to which such claims are entitled.



to allow the chanber clean process to be perfornmed using renove m crowave
pl-asma system 55 until the chanber is cleaned to specifications, as

i ndi cated by the 25 endpoi nt detector system In an
alternative enbodi nent, steps shown in Figs. 19D 19E are - per f or med
after steps described for Fig. 19A. After doped die | 8 is
formed over source/drain regions 1010 and 1012 and ngjsmma“nmlalm 02 as
seen in Fig. 19A, a capping |layer 103@ such as*USG Is fror sed

overlying dop%sﬂiﬁkiﬁ r,lgﬁdﬁlﬁ | ayer 1008, preferably in an in situ
process wthi . Fng t he deposition of |ayer 1008, gate

val ve 280 woul d remain cl osed. Then the substrate
66 may be heated for diffusion of dopants from doped dielectric |ayer
1008 into ! sem conduct or Ilnat erA did ai&ublp forda yepmrsiegositiay apfasatudof thel 9B.

Anneal  ng.f ur HERetEY £ cBRE ROFIRY B prade e R ber oo TSN of dopant s
from 3 comprising:
a base plate having a gas inlet for receiving one or more
gases; a gas distribution plate including a plurality of gas distribution holes fluidly
coupled to the gas inlet for dispersing the gases into the chamber; and

chamber, the bypass passage offering less resistance to fluid flow than the gas

distribution holes for allowing at least a portion of the gases to bypass the gés
10  distribution holes into the chamber. '

4
5
6
7 a bypass passage coupled to the gas inlet and the processing
8
9

1 2. The lid assembly of claim 1 further comprising a
2 | plu;glity of bypass passages coupled to the gas inlet and the processing chamber, the
bypass passages being spaced circumferentially around the gas distribution plate.

3. The lid assembly of claim 1 further comprising a
2 chamber between the gas distribution plate and the base plate for distributing gases
to the gas distribution holes, the bypass passage being coupled to said chamber.

4, The 1id assembly of claim 1 further comprising a
2 cleaning gas passage having an outlet éoupled to the gas inlet and an inlet adapted
for coupling to one or more sources of cleaning gases.

S. The lid assembly of claim 4 further comprising a
process gas passage having an outlet coupled to the gas inlet and an inlet adapted
for coupling to one or more source of process gases, and a controller for selectively

allowing and inhibiting the process gases and the cleaning gases from entering the
bypass passage.

W b W N O~



5 doped dielectric layer 1008 as di scussed above for Fig. 19B.

Pref erably, the substrate undergoes a rapid thernal process in the -
same nul ti chanmber systemto whi ch chanber 15 (wher ﬂ ' i C
| ayer 1008 and cappi ng | ayer 1030 were deposi t ed) ﬁl mmmﬂlﬂatﬁm’*”
in Fig. 19E, dopants fromthe doped dielectric |ayer * 1908 wirths — «
overlying cap |layer 1030 have diffused into sem conductor material 1004 10

to formultra-shallow source and drain jundii ons 1020. The cap | ayer 1030
and doped dielectric layer 1008 are then etched away as di scussed

above to pfovide parti &1y cBwplikassemplyof dlaimnk wdersin thispbase plate Kown
in Fig. 19C rgada I f1d 0, ' 25
[err]m de\%‘fC ce ‘geomlal%bgc/)}lplg?ft? l&ée? n %%ﬁgm%n &gtgrsigﬁ%aeﬁ g@nsgép Srﬁ‘.ﬁ{%&g%ﬁ"%g

t hi ckness bet veheat-ekchahgihgFhiadOa Avidoguplet! foxi disthargiry the USit-dxchmnghiig fleidvandn
about 100-200 A_and results id[lm a jynction depth ran%i ng from ) bet ween
about 0. 057 [ er? fiiidiRessage fermped, in partions, of the Bass; pigfe ip CpmBRRGAHEN Sitohe fand <
for PMOSqj ' 9. O course, an NMOS

transi stor 1000#%@?1?%tefs?ﬁlgaotugetél ectrode 1002 and source/drain regions

1010 and 1012 where N type, ultra-shallow junctions may 20 be fornmed in

the P type,sem conductor mategial ,1004. using a doped dielectri¢c film

1008 such 4s a PSG fil m or ani'arse l—‘%ﬁﬁ%’&gg’i‘?fic@ 6 §yhetein the ﬁ\"’&s{’aﬁ"ﬁge

dopant 2  Sey#igiRes 8 phthiy"¢f dhan®ild RIrme RO e B8E Plate fdrtecdiVing Atoolant

I nvention. P type material 1004 may be a P type substrate or a P well

formed in 3 sutherethzpugh wogxchangetheat withshe base pldter r | m devi ce geonetry, a PSG

filmthi ckness between about 100-200 A and a USG 25 fil mbetween about

100-200 A results in a depth of phosphorus driven into the

sem conducfor material that rgngesThd RiaiembReEst akigtt Brits dofiprisigtPgabout
't 1s

0.1 [err]mz . according to preferred enbodinments. O‘ cour se,
recogni zed2t hatiSPATHER Pl disposed betwaenitheygas djstributign plate andythe basesplate; e

ool ooy i 03 N EéRfisisicn bl bding FARVABly Minted to kWG DARCarti RS She st * N
4  more gas dispersion holes communicating the gas inlet with the gas distribution
5 ‘holes, the gas dispersion holes offering a greater resistance to fluid flow than the

6  bypass passages.

1 9. A lid assembly for a vapor deposition apparatus of the
2 type having an en_closﬁre housing a process chamber, the lid assembly comprising:
3 a gas mixing block having an outlet coupled to the processing
4  chamber and first and second gas inlets;
5 at least one process gas passage having an inlet adapted for
6 - coupling to one or more sources of procéss gas and an outlet coupled to the gas
7  mixing block;
8 at least cleaning gas passage having an inlet adapted for
9  coupling to one or more sources of cleaning gas and an outlet coupled to the gas
10  mixing block; and
11 a valve disposed on either the process gas passage or the
12 clegning gas passage for selectively allowing gas to flow through to the gas mixing
13 block. '



30 Anot her exanple of a use of the present invention is
form ng an ul tra-shall ow doped region as a channel-stop in a shall ow
trench isolation structure

67 bet ween devi ces. Application of the presen II“!H ‘IleIfIHIl’n ng | an |
ne 10

ultra-shal | ow channel -stop region is discussed wt @aresce

Fi gs. 20A-20G Fig. 20Ais a sinplified cross-sectional
view of a partially conpleted shal [1d¥% trench isolation structure
formed in sem conductor material 1100. As seen 5 in Fig. 20A,  a trench

1102 is fbrned in seni condud@er ridedid @lsemqlwf@éamgf? further cgmipsisSingcbi c
etchi ng t%chrgogmgﬁ?g &%hféﬂ'tg%er é%o‘f%e*e?ﬂe?%%‘érﬂ% con g{?&%‘iﬁé: 0%109 10 ?fkﬂ 00

ot her techni ques resen exa erlia

my be 3 @sl?ommigﬁttbalﬁeegwm&ufgmbk formed in a substrate. A nask
1104 may be used to define the channel stop region in the shallow
trench isolation. Using process 10 reci pes di scussed in detail below a

doped diejectric layer 1106 s f r mask
1104. Dopied dielectric | ayer1 1106 provi é osfoctlJarlﬁl &%@r&&% %ﬁ{ﬁé;%t at ons

to diffus2 arpbsitmnndalougalmelbamng)gasjmsagg. region used to prevent a

12.  The lid assembly of claim 9 further comprising a
2 cleaning gas manifold having one or more inlets for receiving cleaning gases and an
outlet coupled to the cleaning gas passage.

13.  The lid assembly of claim 9 wherein the gas mixing

2 block, the cleaning and process gas passages and the valve are connected to the

enclosure.
14.  The lid .assembly of claim 9 wherein the valve is a gate

2 valve.

1 15 . An apparatus for fabricating an integrated circuit

2 device comprising:

3 an enclosure housing a processing chamber

4 a gas mlxmg block attached to the enclosure and having an

5  outlet coupled to the processing chamber and first and second gas inlets;

6 a source of cleaning gas fluidly coupled to the gas mixing

7  block;

8 a source of process gas fluidly coupled to the gas mixing

9  block; and
10 a valve coupled to the gas mixing block for selectively fluidly
11 coupling the source of cleaning gas and the source of process gas with the gas
12 mixing block to selectively allow cleaning gases or process gases into the processing
13 chamber.
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conducting path fromform ng between devices in senm conductor materi aI
1100. For P type material 1100, doped dielectric |ayer 1106

may

BSG filmas the P 15 type dopant source. [w“mu&i"""m"ﬂ"l or to
form ng doped dielectric |ayer 1106 over trench 1 rface of
trench 1102 may be cleaned of any gate oxide or nativé oxide that" nmay

exi st by using renote m crowave plasma system 55 to provide a fluorine

radicals in a remote plasma formed USing reactive gases such as NF3,

as di scussed bel ow. 20 Durjng the cleani ng step,_gate valve 280 is open
to allow fluorine radicals ti§fl ome apparamsf‘%cﬁi‘i‘ %&@eﬂ?O@W%ﬁ%h out er

annul ar pgssage 297 and int g gRayhg ;@ng aggas inlet cou leﬁ%'tl@‘&dsc’rﬁlxl?ﬂgate 20.

Heater 25 with the wafer thereonls Into a position for the
cl eani ng 30 tWatk;t he fluorine radicals can cI ear the wafer of the unwanted

oxi des that may exist on the sur of t 10 i t hout . da t he
subst r at ei Cl eaning t heas%aﬁé?talgg“% P hlufj;}gl,g &Bﬁgﬁs?fegﬁsr%%"ggu?% of
dopant s f50m Aoee fuidly cougle@t@ h&e bad ﬁxlét%xefhsﬂe}ﬁﬁg n‘tﬁ@%aséssmt@ﬂﬂl’dﬂaﬁﬁéi aniench

1102. The cl eaning st'ep depositi© doped dielectric |ayer
1106 are Perforned in chanbex bm&ss passage coupledito the gas injst andthe. proeessing

alternati ee e t he cl eanj step nay be. dan her mal |

br eaki ng r%ﬁfqgf’r?‘ hp@ﬁpassaggoﬁng%gégﬁesgﬁa&%m $H§ tﬁ(ﬂh‘\aflﬁ‘gﬂ i cal s
fromthe IsFB 3fdtribublbA hoRs %r MRRIAg hlhléﬂstCa' iof BF tHe*dat@Sto Ity Phss TR gxi st on
the surface of trench 110 her alternatlve enmbodi rrents a

separ at e (9hanﬁ§mhwl°mhélemtﬂ mm@mersyst em descri bed above nmay be
used for this cleaning step. Since noisture absorption by
17.  The apparatus of claim 15 further comprising a
controller coupled to the valve for selectively opening and closing the valve to allow
gas to flow through to the gas mixing block. |

_ _ 18.  The apparatus of claim 15 further comprising a
2 cleaning gas passage coupling the source of cleaning gas with the gas mixing block,

wherein the valve is positioned along the cleaning gas passage.

1 19.  The apparatus of claim 18 wherein the base plate is an
2  integral, single-piece base plate for sealing the opening of the enclosure, the base

3  plate defining a lower surface for positioning within the sealed enclosure, a gas inlet
4  and one or more mounting elements for mounting to the enclosure.

1 20.  The apparatus of claim 18 wherein said cleaning gas

2  passage includes a fluorinated material resistant to etching by said cleaning gas, said
cleaning gas including fluorine. |



68 the wafer is avoided by not breaking the-vacuum of .chanber 15 (or
~alternatively of the mul ti chanber system, the surface of trench 1102
is free of native oxide barriers. After the chasaﬂhbdngag;eam dpficed

per f or med, gate valve 280 is closed. Wt hout

barrier, dopant s fromdoped dielectric layer 1106 ma lm/ HMMF and
unlforn1y be driven into the substrate yg4formultra-s i ons used
as a channel -stop region to provide shallow trench isolation. Heater
25 with the WASSEMWTORWEMWSSROCESSHQ@W and
heated to hi gh tenperatures 00[err]C) for deposition of

| ayer 1106. Af t ion of doped dielectric |ayer
1106, the wafer remains in 10 chanber 15 for the drive-in step. Gate

val ve 280 remai ns cl osed, and heater 25 is heated to a hi gher
tenperature (about 800[ err] ABSTRACTQF i TIHE MISGISOSUGREa speci fi ed

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

Al ternatPvel y, the waf Eie PRESETE ARYFDHRN PWXH@F éﬁ‘%{’}s t%e‘ﬁwseﬂ?ﬂeazl’?m&‘sf Fnace or
d hanb
a rapi mpvgéhi;g@%m% g@ feast b%ﬁ?g 8 dtﬁ ? idlg Bf Eéi‘x'u@oﬂdi‘x%td?‘%éféx% amper

systen) to d ants rom I’IC layer into P type
mat eri al 110Whe Horeats, dnethaeis tand apparatus of d;pepreﬂeht)m\nemmmdﬂwaml&ume Pygresdopant

di f fusi on source for the r sultl ul tra- nnel Op_region

1108, as shoWFPS 19 B&iRf @ﬁép@gﬁﬁgﬂa{éﬁfg|re<§1{68r}0?£5508f188mg t11%‘31188 is

a P+ type re After
yp 9&(9@ %Iﬁgégggh ﬁuﬁn&' ?gcﬁ‘ceﬁégfdr %ghlﬂsggct ratio devices. Performing

di ffusi on, dope ric la I's Tenoved by wet
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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20 etching techni ques or other renoval technique fromP type materi al
1100. Preferably, the wafer remains in chanber 15 so that gate val ve
280 may be opened and radicals fromrenote m crowave plasma system
55 may etch away | ayer 1106. O course, reactive gases input to

pl asma system 55 depend on the type of doped dielectric layer 1106.
Fig. 20Cillustrates the partially conpleted shallow trench 25 i sol ation
structure after removal of ddped dielectric layer 1106. As seer in Fig.

20D, trench 1102 is then i Irqu with an oxide 1110 to formthe shall ow

trench i sol atgon s‘f’x\\cture In a preferred enbodi ment, a high
quality USG fil m depesited at high tdnperature may be used as oxide
1110 to fill high aspéc\g\t“lT)‘Tr_enches ™~ Oxide 1110 al so may be
formed using other deposition techniques. 30 N\ Af ter

/ NAVI G777 t++ a- shal | ow

conpl et i ngoshal | ow _trench i sol.ati on st rug[ UTR
d 1

channel - stop regl on 1108, Llewcés 1112 a 14 deparat gd by /shal | ow
trench i sopation $tructyre fayg Qe} formed, sgep in Fi g. 20E. vices 1112
and S VI K 1114
each inclufieja gafe el eqtr Qdel 1116 and ad' our ce/‘el-lﬁ‘at-l—lq—ﬁ| ' =/ ieans 1118
and S = A
= \{ N -
= N 4
N N
N “'\“
— 3 T L.
=14 o 3id
‘8 ! | . g
S ;
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1120. Thereafter, remaining process steps for the conpletion of the device

may be performed by transferring the wafer to anot her chanber,
preferably in multichanber system After the wafer is transferred
from chanber 15, a chanber clean may be 5 performed using renote

m crowave plasma system 55 with resistivel y-heated heater 25 adj usted
to a cleaning position and gate val ve 280 bei ng open, as already

descri bed above in connection with Figs. 19A-E In an
alternative enbodi ment, steps shown in Figs. 20F-20G are per f or med

after steps shown in Fig. 20A. After doped dielectric |ayer 1106 is 10
formed over trench 1102 and mask 1104 as seen in Fig. 20A, a capping |ayer
1110 such as USG is formed overlying doped dielectric |ayer 1106 in
chanmber 15 in an in situ process. During the deposition of capping

| ayer 1110, gate valve 280 is cl osed. Then the substrate is heated in
situ in chanber 15 for dopant drive-in for diffusion of dopants from
capped, doped dielectric |ayer 1106 into sem conductor material 15 1100
as discua;ed above for Fig. 20B. Alternatively, the wafer may be renoved
from cha

er 15 for transfer 10 .20, aling furnace ﬁL rapi d thermal
process react or (prefefabl4pmms n er system) for

the nulticha
di f f GSTony of _dopantis « nom - pped,tﬂﬁped’dlelectrgCaIayer TT106 1 nt o
sem conductor nat€rial ;100 a qgsedr above'for:Flg. 208 As seen .
in Fig. 20G ~dopantisTTrom t RN d “di jl"éb’t ric Tayer 20 - 1106 with —— —

overlying cap Tayer TIT0 h fused [/i'nT0 "Sémi conductor paterial 1100 "~~~ "

to formujl tra-shartow—T egion 1108. CapTtayer—1110 m ni m zes '

t he out-gassitg—of 'dopap¥ art from doped—dietect ri-c -l-ayer--+106; - — -

t hereby resul ting jn dbre dopants diffusing-down_.into the substrate

mat eri al [1100. ewmene di AHBISi ON mamacsox St ep i s perforned !gate val ve 280

i s openedi and both the cap |ayer 1110 and -5\\3\ di SEE Rt C | ayer 1106
NS

may then gt ched usi ng,renote mcrovwave pla n¢>~gsten?“‘ 5 wth
appropriate etchant ‘\ Qe ry to psovi d%rti al ' y~comelet ed WS rench, .
T ¢

- = e we
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i sol ation as shown in Fig. 20C, ready for the remmining processing steps of

Figs. 20D- 20E. When the wafer is transferred out of chanber 15, gate
valve 280 is in the cl osed position. A chanber clean of chanber 15
can then be perforned by 30 operating the plasma system55 with gate

val ve 280 opened. For shallow trench isolation between
NMOS transistors in a P type substrate, the doped dielectric film
1106 may be a BSG film For shallow trench

70 i sol ati on between PMOS transistors in an N type substrate (or in
N wells of CMOS circuits), the doped dielectric film1106 may be a
PSG fil mor an arsenic-doped silicate glass film For smaller device
geonetries such as | €5 Than 0. 35 [errjm naving a trench I1021with a

depth of about 0.5 [err]m channel stop region 1108 of about 0.1 5 : [err]m
junction depth may be fornmed using adBSG filml about 200 A thick and a

USG cappi hg about 200 A t hi ck, accor@' ng to prefgred enbodi nents of the
pr esent i nventio It;§' | d be understo¢d that
sinplified integrated CIFCUIt 9 %%ﬁ?(ﬂ 53::
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in the art
present nethod for fabrication of other i

illustrative purposes only. One of ordinary skill
i npl enrent the 10

could
nt egr at ed

|

circuits such as m croprocessors, application specific integrated | =
circuits (ASICS), menory devices, and the |ike. Furt hef, -
invention may be applied to PMOS, NMOS, CMOS, bi pol ar, i\ or Bi CMOS {:\,
devi ces. Although ultra-shallow source/drain junctions and uftra- ( DS
shal l ow trench isolation applications are di scussed above, the presenb \ T
i nvention-.also 15 may be used in other applications where jan | P P&
ultra-shall ow doped region is desired. The present inventi c@u al so }rﬂy L=
be used for form ng undoped oxides as well as doped oxi deg §qf’luse as
various layers in integrated circuit devices, including PVD, < | VD, f —
passi vation, and damascene | ayers. Exenpl ary§waf er |2 {
cl eani ng, deposition, and chanber ani ng 20 processes fofr inéitu or ; <
i ndi vi dual operation wthin chanmbennl5 are further described 2 jbelow, | =~
i n accordance to various enbodi nrents of the present invention. M
B. Ceaning Native Oxides Prior to osition In &
accordance with a specific enbodi menf 0Tj the present inventijon, 25  nat? ]
oxi des that may exist on the silicon 9¥bbstrate or region whefre dna | tIa 3
shal | ow doped junction is desired nay de| cl eaned prior to deposi tdn_of th{ \-.%
doped dielectrix |ayer that magbb used, for exanple,| as [aS8dopan
di ffusion source or as:a PYE efy. In these enbodlrrelﬁ-t-s—‘@ e native
oxi des can be cl eaned by_using Flpuorine radicals froma dla ma
formed with reactive cle}%gases Iika§\1F3 by renote 30 m cf owe\@ [pl asma . «—
system 55. Use of "in situ™Processe¢s | RSope ¢hamber or al tiéPnately in A
chanbers of the same nultichanber |system pejri|t enhanced quajity in -
the ultra-shallow junctions formed in accordance w th these Fpem fic
enbodi rrents N h \3 -~
2 S 3§ S| =2
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w 2 N
&5 g3 g
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71 as well
content and | ow shri nkage.

enbodi nent, chanber 15 is naintai
tenperature rangi ng between about
about 550-600[err]C, for the enti
mai nt ai ned at a
at about 1.5 torr, while
noved to a position about 600 m |
whil e gate valve 280 is opened an
into applicator tube 292 at a rat
i ntroduced into applicator tube 2
stabilize far about 3 seco

as providing for

pressure ra
ma

dielectric layers having | ow noi sture
In a specific

ned at the deposition t enper at ur e,

300-650[err] C, ak80preferably at 5

the NF3 in applicator tube
500- 2500 Watts, preferably Bggwee

magnetron 711 operating in. CWnod
Temperature NO
Regulator
Algorithm
‘ 588

h 4

Apply Power P(k+1)

g Ccteamng—precess. Chanber 167is
NgiRegeiebsvren about 1-2 torr /preferably
niTampéragrethe tlenper at ur e. ater 25 is
rom gas distribut'on pl ate 20,

d the clean gas ﬁ? i ntroduced
e of abeut 600 scg The clean gas is 10
nd the presjsure is pernmtted to
egFﬁﬁ@:ﬁ? romave energy is applied to
?95. RIEFEWAYe power of between about
T —about—*+000- 1500 Watts, from
e is then appl i ed
///
Difference Between _
Desired and Current
Temperatures Exceeds
a Predeterrmined
Boundary Value?
é 5
- YES 92
A 4
Determine Desired and
Measured Ramp Rates .
(T'ses(k) & T'(k))
| \.
i 594
2 K \‘l
Determine
Temperature Ramp |
Rate Error
, /596
Determine Power P(k+1) 590
Using A Control :
Function, If P(k+1) - P(k) !
Is Within Saturation
Limits
598
Dampen System ;
Response to Adjust f
" P(k+1) Using A /
Saturation Function If
P(k+1) - P(k) Exceeds —
Saturation Limits
FIG. 1E
Been Replaced
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for about 5-10 seconds. The microwaves are transmtted from magnetron 711
15 t hrough t he wavegui de apd'Bprnl;Lng_syeﬁeqLio enter applicator tube
292 t hrough s the wAid s di scussed above~ UV lanp 731 ignites the

reactive gases in appl&gatior tube i@b to fornma _plasma, with
i oni zation sustained by the m crowave energy entexi ng applicator tube
292 at the wi ndow. The radi cats=t=am t he” Upstream phasnma forned in

applicator tube 292 are output to flowivqto .
fl ow through the |ined pas e in enclosurg assenbly

clean mani fol d 270 tﬁrou t he opened gate val nd into outer
annul ar passage 297 tio ent er~~.chanber ve oxi des of f

the wafer. Used cl ean gas He,ctaﬁ;s‘\\\ and [ eSi dyles are then
exhaust ed out of chanber 15~pa the wpened: val ve. The

The radicals 20
i conduit 47 of

present description is f cHanher 15 which has g total vol ume of about 25
6 liters. It i§ recogni t hat valjues may Hiffer depending on the
size and type | of chanber used’i n| gt her Jentodi ts.
In a specific enbodi ment, w th chamnber | in t pressures
| ower than about 1-2 torr, rapid renoval of fljgori e species occurred,
resulting in poor cleaning results. At apyer pressures hi gher than
about 1-2 torr|, 30 reconbi nati on may occur to collision | osses, as
wel | as causirlg overheating and damage applL#cat or tube 292.
Chanber 15 shqul d be maintained at pressure | S wherg fluorine
species are ngt rapi dly renoved, reconbinati oeg not occur! and
| L7%
) ~ A2
_'ﬁ
3 i = 2208

d
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72 applicator tube 292 does not break. In sone enbodinents, the

chanber pressure may be limted by the physical dinensions and
materi al of applicator tube 292, when m crowave power is being
applied. In a specific dinment, the pressure in appl i cator tube
292, when m crowave power i $ applied, may be about 3’TTnes~as 5 much as
the opti mal chanber pressuré¢. Wen different appllcator tubps are used
with different flow rates, the opti nal chanber«pre : wl] vary. O
course, any pressure gpy be used when adﬂi cator tube P92 is used

wi thout m crowaves being - li ed. N Si nce the

pl asma is forned upstrean1of\1he fewS:cnﬂ the reactive 10 fluorine
radicals in the plas re able re waf er jto clean he native

oxi des rom t he Wwaf er) ntlo ed aﬁﬁve t rge—cteantng step
preferably is~gone for é@out secfonds for la typ|c§ native oxide
of thickness of TP R step etches I ve

oxi des at agate == o\l tine
of the cleaming § ar Nje to be
15 clearedNof f ¢ f

pr esent N nyed i oxiin may be etc and

pl asma danage “%aVtA Al t hough
t he above waf eR

e Z 4
oyAgr t %'h al so
N exanp

present enbodlge
desc ptlon |
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system avail able from Applied Materials fitted for 200- mm waf ers, as do the
vari ous deposition descriptions bel ow Howeve

r, other fluorine-containing
or chl ori ne-cont ai ni ng gases, such as I\k[err] and Nerr], NF[err]
and argon, NF[err] and Jerr], a dil e JYlerr], CHerr],
Cerr]Flerr], CJerr]F[err], SF[err] 6‘:*} Clerr]ejetc., may be used as well.
25 C. Exenplary™Siicate Gaﬁs Deposi tions
According to the process of\the present Wnvention, dielectric |ayers

used as the dopant sougce, I ) D ljayer og (N g}l ayer,
cappi ng | ayer, _Qr ot her I% iy b\ox‘e\ i a of several
different processes. The 30 aqa S§ ci [ i PSG filns, a
BPSG film and a USG fil M afe s& O\ f i\\b\l&l a anpl @s, of doped
and undoped dielectric |ayef S ommm . AN iy O
course, during the bel ow dej bf d § ' ai triv
73 films, gate ~428D t emai ; expre\gl asna system
55-is being used ' .3
2 _ree
g
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for deposition, in accordance with an alternative enbodinent). The

exenpl ary processes may be perfornmed in CVD apparatus 10, which is a
cl osed, singl e-wafer, SACVD systemin preferred enbodi ments. 5

CVD apparatus 10 al so may be adapted with different and/or addi ti onal
i nput gas supply sources to deposit BPSG arsenic doped silicate gl ass
(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 |ike plasma enhanced CVD (PECVD) may~al so be used to
deposit the dielectric fil ns. es~Qf boro urces include TEB,
trinmethyl borate (TMB), diborane , and ,ottrer S|mlar corrpounds
Exanpl es of phosphorus source N\ _trijet hyl phosphate (TEPO),

.

_ g o AT conmpounds. I'n addition to
BSG or PSG fil ms, arsen|c dOoped—exrd€s or jarsenic siliicate gl ass

(AsSG al so may be 15 depos te@%usr a I|qu)| d source with
an arseni ¢ conpound or an STT 'ﬁlﬂed in argon, as exanpl es.

Exanpl es of silicon sourcef TECS, or a
simlar silicon sources, 03,

m cr onave- gener at ed at¥ escriptions
bel ow, flow rates | 1'igrans per
m nute (nmgm V\/nile gas 28 ard cubic
centineters per ﬁ% S S eT 1 ptions, 7igm’d sour ces
are vaporized using Pr eci silo -0n System and liquid

flowrates in ngm may be convert rates in sccm by
multiplying liquid flow rateg by, a factor of gbout 1.923 so that flow
rati os may be cal cul at ed afcordisg Pnefera_BVﬁ’ st abl e doped
dielectric films nay be forned TEOS/err] chem sty i g—
SACVD process to form darrage-fr ‘ doped ul tra-shat | dw
junctions in some enbodi nent sj. r a |l ow

heet Has Been Replaced
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e i

““noi sture doped dielectric filmmy be formed using TECS/ Qerr] chenistry

wth a SACVD process conducted in CVD apparatus 10 to provide a

pl anari zed insul ating | ayer with high aspect ratio gap-fill, |ow
shrinkage, |ow netal contam nation, and 30 | ow fluorine incorporation.
74 1. Exenplary BSG Fi |l m Deposition

As nerely an exanple, the BSG fil m deposition recipe described bel ow

is capable of formng a BSG filmthat nay be useful as a doped dielectric
| ayer used as a dopant diffusion source. O course, the recipe may be
varied 5 depending on the particular use for .and desired qualities of the

BSG | ayer. A PSG | ayer forned as a doped dielectric |ayer used as a
dopant di ffusion source could simlarly be rmed using the recipe
bel ow and appropriately substituting the dopant = source gas enpl oyed.

The exenplary BSG bulk filmis deposited by heatilfjg the-wafer and 10
heater 25 to a tenperature of betmeen about 200-Q%#0[errfC, preferably to a

t enperat ure Zlf
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wi thin the range of about 400-650[err]C and nost preferably to about

500[err] C, and mai ntai ning this tenperature range throughout the
deposition. Wth gate val ve 280 cl osed, chanmber 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 15
nost preferably it is maintained at about 600 torr. Heater 25 .is positioned

about 150-300 mil fromgas distribution plate 20 and is preferably
posi ti oned about 250 ml| fromplate 20. 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, 20
the TEB and TECS 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 xi ng system 93, which provides
greater control of the volume of reactant | iquid introduced. The fl ow
rate of TEB is between about 50-550 ngm dependi ng on the desired

dopant concentrations, while the TECS flow rate is between about 25
300- 1000 mgm and preferably about 500 ngm The vaporized TECS and TEB

gases then are mxed with a heliumcarrier gas flgmﬁng at a rate of between

3000- 6000 sccm preferably at a rate ofl.dhbut 4000 sccm, Oxygen in
the formof (err] is i ntroduced at a fl ra%gégf befween about
' d a flow rate of about

3000- 6000 sccm and i g p ef edabl
5000 sccm The ozone’m re con{ai ng between/3 out 516 wei ght
L

percentage (W % gen. dhe r 'edﬁzgéo chanber
gages’to the substrate

15 from the di stri QL& Phate j/dq y//
}A > VTN 0
| /§7//)\<#ﬁmw
505 1z
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75 surface where heat-induced chem cal reactions take place to

produce the desired film The above conditions can
result in a BSG fil mdeposited at a rate of bet ween 500- 1000 A/ mi nute.
By controlling the deposition tinme, BSG filnms having 5 a thickness

bet ween about 50-500 A and preferably between about 100-300 A may be
formed at the process conditions descebeg=aheye in about 10-60 seconds.

The thi ckness of ;t41e7 BSG Lt ' =i hus be easily
control l ed. Preferably; thé VAL = = e resulting BSG film

ranges between about 2-8 wt Shant= SRY (i outt Bt % 10
3 ly an exanpl e,

47

2. Exenplary PSG FI|WIDep01|t‘/

the PSG fil m deposition r/#Ecif® descri bed bel oW abl e of form ng
a PSGfilmthat may be ug / as a PMD | ayer. O X se, tme reci pe
may be varied dependi ngffon/f/he particul ar use for and &¢ ed 15|

qualities of the PSG | aygyf./f Ot her doped dielectric |ayensg sideg PSG fil ns
may be used as P‘ f@yers by using simlar recipegtolthe riecipe

bel ow and appr opni & substituting the dopant (s)lj'source g f

enpl oyed.
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The exenplary PSG bulk filmis deposited by heating the wafer and

heater 25 to a tenperature of between about 200-650[err]C, preferably to a
tenperature 20 within the range of about 400-650[err]C and nost
preferably to about 600[err]C, and mai ntaining this tenperature range
t hroughout the deposition. Wth gate val ve 280 cl osed, chanber 15 is
mai ntai ned at a pressure within a range of about 10-760 torr.

Preferably, the pressure is nmaintained within the range of about 400-600

torr, and nost preferably it is maintained at about 450 torr. Heater
15 is positioned about 25 250-350 m| fromgas distribution plate 20 and
is preferably positioned about 330 ml fromplate 20.

A process gas including TEPO as the source of phosphorus, TECS as t he

source of silicon, and 03 as a gaseous source of oxygen is forned. Being
| i qui ds, the TEPO and TEOS sources are vaporized by the liquid injection
system 30 and then conbined with an inert carrier gas such as helium The

flow rate of TEPO i s between about 10-100 ngm preferably between
about 5-30 nmgm nost preferabl y» gpout 24 ngm depending on the
desired dopant concentration, while thg, J

325
355
J4_.wW
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76 TECS flow rate i s between about 500-1500 ngm preferably about
- 1000 ngm The vapori zed TECS and TEPO gases then are mxed with a
hel ium carrier gas fl ow ng at a rate of between 2000- 6000 sccm
preferably at a rate of about 4000 sccm Oxygen in the formof Jerr]
(having between about 5-16 wt % oxygen) is introduced 5 at a flow rate of
bet ween about 2500- 6000 sccm a%d. 4s preferably introduced at a f1 ow
rate of about 4000 sccm The g&dg-mixture is introduced into chanber 15 from
gas di §.t’?l bution plate 20 to supply r;qctlve4g,a§es to the substrate surface
wher e heats i nduceg#Ocheni cal ctions take places¢bg produce ibge

Gfilm

desired fidm g \ The above condltlons rzesult in a
deposited at a rate of ._- —~control i

deposition tine, the tm\Eliﬁm{s—s~:Q\f—\"€\'R§é. \y(’t hus be

easily controll ed. Pref :

resulting PSG fil mranges bet i '\_ ot %aﬁ gblysis about 4
W % Pg‘G | Ay =59 psition 15

As merely an exanple, the E% f gl i pnir Qo de% r| bed bel ow
is capable of forming a BPSG film be $ ’lgl\/DIayer o
course, the recipe nay be vari o] articular use for and
desired qual ities of thef%ﬁdsgl a 37/ The

exenpl ary BPSG bul k filmis depogis a e w fes and 2057%Reat er
25toaterrperatureﬁmp{?§%_€¢ 0

t enperature e he A - R ] S {

I nit A hi/fs t enperature range
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15 is maintained at a pressure within a range of about

cl osed, chanber

10-760 torr. Pref erably, éh@]pressurg/Js mai ntai ned wthin the range

of about 150-600 torr, and 25 t prefe {y it is maintained at about

200 torr. Heater 15 is p03|t|one%gzb 150-48p/m | from gas

distribution plate 20 and is préferabl pesi tigned about 300 m |
A r c

tis |ncI uding TEB as the
i spurdejof pp}‘i‘osphorusﬁEOS as the

fromplate 20.
source of boron, TEPC% t he .-
source of silicon 3 as a ‘! E%s sQu; ceilof 30 ox@n i sz f0rmed.
sour; esuéﬁe apor|§§§ by the
Wi t b gﬁ- r}';e;/ gas such as

Being liquids, the TER> TEPO &N
I|qU|d|nJect|on systst -

oirTﬂ) ne

heli:um O course, ST ednt at ! gf

phosphor us, AN N | - i1 T~ 77

silicon, and ox gE gjeanic ___The 1oy ] s~ pref erably

between 4574 ' about

10-100 ngm Qlé-y bout
he TEGCS

24 ngm dependi
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5 700 mgm The vapori zed TECS, TEB, and TEPO gases then are mxed with a
heliumcarrier gas flowng at a rate of between 2000-8000 sccm preferably

at arate of about 6000 sccm Oxygen in the formof Jerr] is
introduced at a fl ow rat Y4 bet ween about 2000-5000 sccmand i s
preferably introduced at a1 ow rate of ahout 4000 sccm The ozone

m xture contains between about 5-16 wt‘,lo/gé)xygen. The 10 gas mxture is
i ntroduced into chanber 15 fromgas distribution plate 20 to supply

reactive gases to the JuUDSTTArE SULTac e e heat=pnayced chemtat
reactions take pltac o.Pr Qfﬁc thg) Si ed/f)il e
The above conditions tAn.a GAI | osit afat o,f/'

bet ween 3500- 5500 ut@ __By_contror g the“gpposition time—the—
t hi ckness of 15 7 the G i l,m depost t eds nay ﬁe £asyTy g
The resulting BPSG film Tas d_ﬁUTl;g(bUﬁbtln ot .

2-6 wt % and a phosphorus concentration lieyel of between O wt %
The paraneters in the above BSG PSG B G/pro esses4&rn@ in the €7/ bel ow
USG processes should not be considered IimtingTto the clains. For 20
exanpl e, the present invention is also a%)]?igc b to silicon oxide filns

r

doped with ot her dopants including,“ Xanpl e, arsenic. As anot her
exanpl e, the flow val ues di scussed above apply for a chanber
outfitted for 200-mm wafers, but may differ depending on the type or
size of the chanber used. One of ordinary gE?/K}Ln/fhe art . can also
use other chem cals, chanber paraneters, and conditions to produce 25
simlar films. It is believed that filmstability may
be a factor in the availability of dopant at onsliAy t he doped
dielectric films for diffusion into the iconduct or "\ materi al .
Several nethods to inprove films TTity and inpr tthe ability to
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control dopant diffusion fromthese doped dielectric filns into the
sem conduct or 30 mat eri al were investigated. Each nethod descri bed may be

performed on a doped dielectric layer, after the layer is deposited
using a recipe such as one of the exenpl ary deposition recipes

descri bed above. Furthernore, although nethods

78 descri bed below are with respect to treatnent of a BSG (or PSG
film the nethods are equal ly applicable to4%£¢ doped silicon oxide
film 4. Exenplary USGEi | positions 5

a. Oxide Filling Material O Insulating Layer \ - Accordi ng
to one enbodi nent of the present invention, anh undoped . sjlicate gl ass

(USG layer can be deposited in CVD apparatus) 1Q,fpr use, for
exanple, as an oxide filling material forfil[ling al%ﬁaIIOM/trpnch used for
shal | ow = -«

\?’0
T AlG. 13
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243
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This Sheet Has Been Replaced

(TR



trench isolation. O course, the USG film also may be used as an I MD | ayer,

an 10 insul ating layer, or other layer. The exenplary USG recipe

di scussed bel ow provi des a very dense and uniformfilmwhich can
survive anneal ing at tenperatures of greater than 800[err]C with
m ni mal shrinkage. The USG film which provides excel lent gap fil

capability for high aspect ratio step coverage, can al so endure
several etch processes at very uniformetch rate w thout opening up any
voids in the 15 USG The USG film also can endure chem cal nechani cal

pol i shing (CWP) pl anari.zati on wi t hout opening up any voids or creases
in the USG The wafer and heater 25 are heated to a
tenperature within the range of about 200-€50[err]C, but preferably
bet ween about 550-650[err]C, and then mai nt ai ned at this tenperature

t hroughout the deposition. Heater 4%2, sitioned about %Q7;7250400 m |
away.fromgas distribution plate 20 ;%Deferably at abodt” 350 mi |
Wth gate valve 280 cl osed, the pressufe in chanber 15.is maintained at a

| evel of bet ween aboyt. - 10-7€0 <t —preferabl “bout . 600 torr.
A process gas conprising o xgen .and sl ¢gonh sb r@és |§\|anodu ed
rent, < he gifl i con source

§kPIIed iMthe art will
s S H exf], TMCT or
CLerh] H[err]O

ar N ~sour ces and

s used ak a

fdgen i s enpl oyed. The

A but (i s Breferably

N t&tal\flowof t he

ap desi gn of

simlar sources,

Nerr]Q mcrowave- generat at&
m xtures of the sane al so n be 5 o
silicon source, a carrier S SH //ﬁs
ratio of 30 03 to TECS y ra /A
bet ween about 2-6: 1.
gaseous reactants w || va.y accordu
the deposition chanber. Tite p I

into the deposition chanbe < | n, & m\' ﬂqba

is 25 -TECS and the oxygen sours 3

recogni ze that g?% ' Q;%\§ e\RQg
and er 0xy je

\
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79 varied to control the deposition rate. Typically, TECS is

introduced at a flow rate of between aboyt 500-2500 ngm and is
preferably introduced at a flow rate of about 2000 ngm 03 ,(:bet ween
about 5-16 wt % oxygen) is IItTndUTEdat—a Hewrate—oF befween about

2000- 10000 sccm preferablytabout 5000 sccm? Feli anior nltrogeh 5 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 t he deposition chanber- will var' het ween about 5000- 20000 sccm
pref erably about g?E sccm “Under t| e\hbove condi.ti ons, deposition
rates of about 1450 A? nyte « or gre@ter\are attahnable The fl ow

val ues above are for a 200- nn1mafe{ chanber 10 —and‘wnklwvary dependi ng on
si ze of chanber used and size: oi ‘waf er.” ||i b.
Cappi ng Layer « « Accordi ng andther enpodi nent of the
present invention, the débnﬁttﬁﬂti rT?may be capped
with a thin, separate USG | ayer. The

_<\5ﬂ5
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15 USG capping layer is a stable filmthat does not readily absorb
noi sture. Thus, the USG cappi ng | ayer provides a hydrophobic surface
on top of the BSG (or PSQG | ayer that prevents noisture present in
the ambignt from being absorbed into the BSG (or PSG film
Furthermoge, the USG capping layer is a relatively dense film t hat
i npedes boron (or phosphorus) evolution. The USG capping | ayer thereby 20
facilitatgg?controlled di ffusion of nore dopant atonms in the doped
di el ectric hayer downward into the sem conductor material. Wthout
t he USG cappiNag | ayer, sone of the dopant atons may diffuse upward
away fromthesem conductor nmateri al during the subsequent anneal or
rapid thermal process. Thus, the use of a capping | ayer contri butes
to controlling the diffusion and the junction depth. The USG | ayer 25 can
be deposited in a separate processing chanber fromthe BSG (or PSG |ayer,
but -preferably is GQne as an in situ process in chanber 15 where deposition
of the BSG (or PSG |ayer also occurred. O course, nany processes
for formng a }Q@plng‘#ayer—are pﬁ’élbie — — _ ,The
foll ow ng processfot fnrnlngha USG | ayer i d Egr ed as an 30 exanple.
d

An undoped silica ? 0 be~use only as a cappi'ng
| ayer, as describpd befo, ielectric |layer mn;hout
use of an under | i
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80 The wafer and heater 25 are heated to a tenperature
within the range of about 200-600[err]C, but preferably about
500[err] C, and then maintained at this - t enperature throughout the
deposition. Hepter 25 is positioned about 250-350 ml away from gas
di stribution pEate 20 and preferably at about 300 ml. Wth gate 5 val ve
280 closed, the pressure in chanber 15 is nmaintained at a | evel of between
about 50-7@0 tofir, and is preferably at a pressure of between about 200-600
torr, wwnost; preferably about 400 torr. A process
gas cﬁﬁprisfﬁb-dxygen.and silicon sources is introduced into the
deposi thonmTthanmber— In a preferred enbodi nent, the silicon source is 10
TECS and it he @xygen/source is Jerr], but those skilled in the art wll
recogni ze that ( /' ad ithQQa#-;;:jccp sources sych as silane, TMCT or

simlar soufc&s,: and otfrer //oXygen sources sich as Qerr], Herr]Q
turesiof the sane al so can be

N[ err] O ahdgsinisl & sour ¢
enpl oyed. is use
as helium«oriniftrogen is e

from about=1 2517: 1, \Bu f akout 2-6: 1.
The opti nal t :fIOM/ $eo reactants will vary according
to the geo and design Qb déppsition chafher. The gas flow al so can
be Qvarni to control 2 dbposi ioggkate. Iypically, TECS is
introduced at at flow rate o of betlwe about {%00- 1500 ngm and i s
preferabl yy ntrodyced at a f|0¥L?§t¢ 20  bety#en about 1000-12 ngm
03 (between abou B£16 ! ok gen, iMQduced\ at a flow rare of
bet ween abﬁut ZGOQE§OOQU+§§EﬁT:pEeTqr. out 7000 E:
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sccm. Heliumor nitrogen may be used as a carrier gas that is introduced
at a flow rate of between 2000-6000 sccm and preferably about 4000
sccm Usual ly, the total fl ow of gases into the deposition chanber
wll vary betgeen about 5000- 20000 25 sccm preferably about 15000 sccm
Under the abovie conditions, deposition rates of between about 500 and
1500 A/ mnute \are attainable. At such deposition rates, a USG | ayer
of about 1Q0- A can be deposited in approximately 20 seconds. The

fl ow val ues~raboye are for a 200-nm wafer chamber and will vary dependi ng on
size ‘% GT%chanber used and size of wafer. 30 . . The
follomﬁngrprneesses for formng a USG cappi ng | ayer are descri bed as
exanpl es.] Preierred appllcatlons will have USG cap | ayers of between

about 50- 500 A .and prefer nd 300 A. A person of

81 ofdBnary Sklﬁi\\ He . however,/ wi |l realize that capping
| ayers of deieFeni hi pe efpl ayed dependi ng on the
specific | F¢atf on and deyi / “/
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geonetry size. Depending on the application and gap sizes in which the
deposi ted filmis used, it nay be preferable, although not essenti al
that the capping and 5 doped dielectric layers be relatively thin. For
thin layers, the tine to deposit and the tine to etch away are
reduced conpar%d to thicker layers. The USG cappi ng | ayer is

deposi ted, and¥both the USG | ayer and the doped dielectric |ayer are etched
back. It ia,ah%q recogni zed that different capping |ayers such as other
S|nllar st ab oxide films may be utilized to cap the doped

di el ectric Iaje} Further, the USG cap 10 | ayer may be fornmed over doped

d|electn{E‘fr+ﬁE—deposited by APCVD, PECVD, or LPCVD, in place of _
SACVD. As;dlssussed(above use of chanber 15 for in situ per f or mance
of nultlpre\pmoqegs steps ps—rest—preferred, with use of a nultichanber

er of substrates between
is also preferred. 15
ention, an in situ

vari ous ¢ chafbers i\ he r system
Accor di ng |t & &ndtHer enmbodi ne t;ﬂ” tnﬁ prgsent in

systemin. wﬁiqh wchun1 S hot brekén ‘during tyransi

USG or sipilar gap layer i§ f¢ om'a bped di électric filmby turning
of f the o ? b r%§ sourcefor”’ h phosphor §is souf, e}Qust before conpl etion
{ e

of depositio er. Inthis
doped di.el ectiri
above. PF\ow

t he t hermal

odiment, the initial

igs formed as descri bed

@ then is stopped while
eriod of bet ween

1- 30 secon re int i nues for about 3-10
seconds. | th|8\§nhodﬂne L A e ed by closing a

valve on |  t}e& éOUI‘-‘CF:? popl Vi f at the thermal reactifq is
nalntalned}mnthour”% ddpam 1Ye "fgriat least 5 secongf. 25 ~
O course, stopping (Re Yeps gas solrce must be coordinated with

J |2y
he dopant
ea t|on cont|

the tinmeat es the gas—% tar-aivel |f tHre—por o7t he val ve to.khe gas
mxing = ystem 93 and]flhen t hr gufh e-faceplate of plate 20. Lh nost
CVD machi nes L
~N
~ . .
NN
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several seconds is required for gas to flow fromthe injection valve to the
deposi tion chanber, so the val ve should be closed sufficiently in
advance to allow for these 30 del ays. Thus, if TEB is the boron source,
closing the valve on the TEB supply |ine several seconds before

conpl eti on of deposition of the BSG |ayer results in a thin

82 USG cap which prevents occurrence of the previously descri bed
noi st ure absorption and out gassi ng phenonenon.

The -in situ deposition of the USG cap forned on the doped dielectric

| ayer results in inproved stability and imunity to noi sture absorption,
and 5 contributes to i nproved control of the diffusion that forns

ultra-shal | ow doped regi ons. Instead of "or in
addition to the use of a USG capping |ayer, a plasm treatment of the
doped dielectric layer also may be used to reduce noisture Cgp,s.prption
and inprove stability in the doped dielectric layer. In those 44/ 4
<
F06
712

c/6 170
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10 enbodi ments equi pped with a RF plasma system this plasma

densification treatnent may be used where plasma danage to the device
is not a significant concern. In sonme enbodi nents, the deposition at
tenperatures greater than about 500[err]C may be sufficient to

provi de a dense dielectric film The inproved stability of the plasm-
treated doped dielectric |layer contributes to inproved control of the
di ffusion that 15 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 pl asma fornmed using a
reactive gas such as, for exanple, nitrogen (N2), anmonia (NH3), or

argon, is introduced into chanber 15. As nerely one exanple of the

pl asma treatnment that nmay be used, a reactive gas such as N2 is introduced
in gas 20 m xi ng system 93 at a rate of about 1000 sccm m xed with helium
at 1000 sccm RF plasma systemis operated, for exanple, at a power

| evel of about 450 Watts at 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 may have
sonme nitridation on its surface. The plasma treatnent thus densifies the
doped 25 dielectric film Mre dopants in the densified doped dielectric
film which is resistant to noi sture absorption, are avail able for
formng the ultra-shall ow junctions. D.

Heating Processes For In Situ Deposition And/ O For Reflow 30

CVD apparatus 10 has high tenperature capabilities allowing an in

situ heating step followi ng a deposition process on the sane wafer for a

t wo- st ep dep05|t|on/r{LLo process, Qr aQ\LD:SItU heating step //’900

concurrent to a deposith%@ —~ —

a29 _ =N\
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83 process on the sanme wafer for a one-step deposition/reflow

process. For use as a 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. Planarizativof of a doped dielectric 5
| ayer may be performed by reflowing the |ayér at high tenperatures.

Per form ng reflow al so contri butes~¥o i nproving gap-fill of the
deposited film especially for W gh aspect ratio features on the
wafer. O course, heating steps for Qvher pquéses ~and applications
al so may be performed in CVD appgr atls 10. The fohlomﬁng heati ng
procedure di scussed bel ow serve® perelg as?an | ary heating step 10
whi ch may be used for reflow, \qt'ovher heati-ng steps for dopant drive-in
in some appl i cati ors oML 8/ gt her poses al so can be done.
According to a specific enbgthonent i _twd- st deppsi tion/refl ow

process is described belqzi;yVTﬁ'gaté valvé\2§9\§¢osed, chanmber 15 may be
mai nt ai ned at a pressure about 263%60 torr.~Wth the wafer and heater
25 in the -
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15 processi ng position between about 200-400 m |, preferably between

about 330- 350 ml, fromdistribution plate 20, the wafer and heater
25 are heated to a high tenperature of between about 500-800[err]C,
pref erably between about 550-650[err]C, in chanber 15, for deposition

processi ng. Stopping reactive gas flows, .the wafer may t hen be heated
at between about 750-950[err]C, preferab?y bet ween about 750-850[err] C 20
for about 5-30 m nutes, preferably abelt 15-20 ninutes, in order to reflow

t he dielectric Iayer acconlng to a speci fite enbodlnent The refl ow
t enperature may be the saR® as 95 higher .than the deposition

tenperature in the two-step pr
deposi tion/refl ow process,

ess~ o° Further, for a multiple-step
ﬁ%grarbre may be Qﬁpped fromthe
deposition tenmperature to anmknh - re-0&° 25 internediate
tenperatures) before being r eqryo:IEE:Ref erature. O

course, the tine and tenpeF orithe!heati g.-5keps my di f fer dependi ng
on the particul ar ap //9af|on bei ng perf (red and on the parti cul ar

| ayer being formned. joo4-Accor di o anot her specific
enbodi nent, a one-step depOSItfﬁﬂ+Tef|OM/prOCGSS is described. Wth
gate val ve 280 cl osed, chanber 15 30 may be maintained at a pressure of
about 200-760 torr. Wth the maferFapéghe? $3 25 in the processing
positi on between about 200-400 m | ef er abl'y bet ween about 330- 350
ml, fromdistribution plate 20, the mafer and heater 25 are heated to a

eplaced
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84 hi gh enough tenperature of between about 750-950[err]C, preferably

bet ween about 750-850[err] C, in chanber 15, for simnultaneous
deposition and refl ow processing to occur. O course, the tinme and
tenperature for the deposition/reflow step nmay di ffer depending on the
particular |ayer being fornmed. 5 \O ¢~ As di scussed above,
keeping the wafer within the sane chanber'& for multiple in situ
processes prevents exposure of the wafer to the.environnent, wher e
noi sture may be absorbed, angvantanlnatlon bV i mpurities. Further,
deposition of dielectric fil.ms—at tenperat greater than about 550[err]C
can provide dense_aﬁQZEfﬁh_QUalbby iTns _which do not form voids when
heat ed. Deposition of 10 t he deppé\ted Ellns at these tenperatures al so
reduces shri nkage. Chanber

Cl eani ng/ Seasoni ng/ Getteri ng Processeg_,,~ After the

processing step or nultiple processing steps, such as the exenpl ary
steps di scussed above, have been pejfewred on the wafer in chanber 15, 15
the wafer is transferred out of chamber 15 for subsequent process steps as
needed. When t he vacuun1|o§§ door_is,cl osed, sealing chanber 15

w t hout a wafer on heat er | GohadiseA 15 may undergo a chanber

cl eaning process to elinmnate deposition process residues such as
undesi red oxides and/or nitrides from portions of chanber 15,
including the unlined chanber walls in the | ower portion of chanber 20

15, the bottom of heater 25, as well as other chanber conponents. To ensure
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reliable wafer-to-wafer repeatability, the chanber clean renoves any
residues built up during the deposition processes. These residues can
be cl eaned from chanber conponents by using fluorine radicals, for
exanple, froma plasm formed with reactive clean gases by renote

m crowave plasma system 55. Due to its hiﬂﬁLZS reactivity wwth F atons,
resi due silicon oxide can be renoved by‘k\e formation of a Si F4 gas
product which may be punped away out pf chanber 15. The chanber

cl eani ng procedure di scussed bel ow may be perfornmed after processing of

every wafer or every several waf\ah® - - Ina
preferred enbodi nent of the pr i I is used as 30 t he

cl ean gas to provide the fluoring raﬁicalsi The present invention
preferably uses renmote m criowave pl d3ma system 55 to deconpose NF3
gas and generate a flow of +F atons _iinto chanmber 15. Using a fluorine
chemistry with renote m crowave ° '

85 pl asma system 55 of the preseni jyygntion advantageously has | ow
ki netic energy and does not have physical sputtering effects or

formati on of charging species in thelloo©
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subsequent |y deposited film conpared to in situ plasma processes.

Furt her nor e, consistent with environnental requirenents to reduce

gl obal warm ng effects, the 5 use of NF[ebql does not generate any

| ong-1ived perfl ouro- carbon (PFC producL$ To ensure

t he best clean efficiency, the F flux as well as its cl eaning

uni formty should be optini zed. At\\& certain NF[err] gas flow, there is a

t hreshol d nlcroma\ power éétt|ng\0above mhlch Qhk generation of F
atons are conpensated N . by yheir/reco : |g 21 shows the

rel ationship between NF[ er:}—How 1 ' e saturation power that
gi ves. t he hi ghest cl ean J har dware costs, in
accordance with a specific enbodi i nvention. As
shown in Fig. 21, the mcrowave s n) power ranges from between about
1300- 2100 Watts for correspondi ng fl ows of between about 500-950
sccm- according to the specifiﬁ!gggodinent. For a preferred

enbodi ment di scussed 15 bel ow, the owave saturation power is about
2100 Watts for a NF[err] flow of about 950 sccm The clean uniformty
can be controlled by chanber pre&suée ag.Off | as heat er spaci ng, both
of which can adjust the nean free path of the gas species and punpi ng
profile. As discussed earlier, since the highest pressure that can be

tol erated by the above- dlscussed enbodlnent of applicator tube 292 is about
2 torr, 20 spacing was used to optim zg u: an uniformty. In other
enbodlnents usi ng different enbodi e q% (Oappllcator tube 292, both
pressure and spaci hg may @é* useg’ |n\P | ean jgfFormty

optim zati on. xggékary,ch nber cl eani ng
process, chanber 15 is mai nta+-hee- erature rangi ng between
about 300-650[err]C, nore QF§T§F§D|¥ a 600[err] C

t hroughout the cl eani ng procedure, \iin pr rred enbodlnents Most
preferably, chanber 15 is maintain
particul ar process is being run injc a er

In an e

—
- U1

sane tenperature at which the
15. For exanple, chanber clean
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Fle. 206

This Sheet Has Been Rep

T




processes would be run at 600[err]C in those chanbers used, as an exanple
for depositing PSG filnms at 600[err]C. Wth the

di scussed above,
throttl e val ve opened and gate 30 val ve 280 closed, heater 25 is
positi oned about 100-250 m |, preferably about 150 ml|, from gas

distribution plate 20 so that gas distribution plate 20 is heated up.

86 Heating up gas distribution plate 20 allows a faster clean to
occur. This heating step nmay be done for between about 3-10 seconds,
preferably about 5 seconds. Then, pressure and cl ean
gas flow are optimally stabilized before the clean is perforned.
During the pre-clean stabilization step, chanber 15 optimally 5 shoul d be
mai ntai ned at pressure leypl s. which are also used during the clean step,

where fluorine species are rjot, rapidly r'enbved and TecompiTatiom does not
occur. In the pre-clean* V6 G ® monsr, chanber 15.4s prought to
a pressure between %ﬁgoutllbg=00rr, preferably about Z.5 tofr, wth
gate valve 280 is opers WU o N=sbagber 15 maintaine at pressures | ower
than about 1-2 torr, rgpid fenpval- fluorine spe3|es @ccuyred,
resulting in poor cha@?er clleaning results. At ch v
£ 1800 [ S
g — )
: e
3 Hol
- L '/ 7
1000L e
400 500 600 700 800 900 1000
NF; Flow (sccm)
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pressures higher than about 1-2 torr, reconbination may occur due to

col lision | osses, as well as causing overheating and danage to
applicator tube 292. Heater 25 is noved away fromgas distribution
plate 20 to a distance of between about 450- 700 mi |, preferably

about 600 m|. The clean gas, NF[err], is also introduced at a rate 15 of
bet ween about 600-1100 sccm . preferably about 950 sccm into applicator

t ube 292. This pre'plean stabilization step lasts between about 2-6.
seconds, preferably. ~; about 3 seconds before m crowave power is applred

during the chanber ¢l ean: st ep. ' - I'n the chanber clean i !
step, the pre-clé8n. Stablllzatron condltlons rn .chanber 15 are;- SRR

mai ntai ned at a presipre rangi ng bet ween abdut 1-2 torr, preferably - 207 " -a

about 2 torr. \Wen p echeanrng procedure is perforned, mcrowave power . of

bet ween about' 500-2500- Watts.- is applied to applicator .tube. 292. Preferably %
magnetron 711 provides..ahout. 2, 45 GHz mi crowaves :and i.s operated in CW. nodle. . ..
at about 2100 Watts|for- Ehe preferred cl ean gas f|OM/Qf abgut 950 scgm The

m crowaves are tr,amsni d f | '

optim zing systemt p-€Htel applicator: tube-292 thﬁqqgr ‘t'hé ' Wi ndow,” Tag et
di scussed aboy rlﬁ/lmnp 7311|gnltes t he: reactrye .gases in applrcatogr:;
tube 292 to forma j-——-- plqgga m@th i oni zation sustalned by the ‘M-Gr-owayve - - —-

energy entering applftatjr tu o 292 at{ t he windqw.
During the chanber ¢kean|-step;-flubrine|radigals ifromithe Qlasnd 30 e

formed in applicatof tubge 2929to whi ch crojaves: are applled mdy then flqw

n
through Opened gqtog \l‘?glj\l“ D_Qn anr‘l infn Ir\h:\rv‘hm 1';' to—clean ellrf;\f\ne f
f

undesi r ed oxi deTesi dues. - Slhce the plasna is fdrned upstreantd i
chanber 15, only the - --j. . ; . : : Sl
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87 reactiv
renove the resid

portions of chanber

whil e m nimzing

clean | asts between about 30 seconds to about 10 5
bet ween about 60-

seconds.

O course,
t hi ckness and, L&n

e fluorine radicals in the plasma are able to reach and
ue built-up portions of chanber 15. Therefore,
15 are cl eaned of deposition process residues
di rect plasma danage to t he chamber
m nut es,
and nost preferably for about 160
t he chanber cl ean tlne may vary depending on the

200 seconds,

vari ous

15. The chanber
preferably

IS recogn|2ed>that flomfvalues nay differ dependlng on the si ze apnd
type of the ! chanber, as well as f;pe digensi.ons and material of the
applicator tube, fused in 10 ot her enbodi nent’s.” The above-described clfan
process al so reduces batksi de Ziviiiiundesired residue deposition behind] 03
both the bl ocker f es. Afteﬂ
t he chanber clea1, addi ti onal post-clean st®ps may be per f ormed.
During the podf¢l ean steps, chanber 15 is p eferably maintained at the
above tenperaturés discussed for the above deRosition and clean processés.
At the 15 end ¢f the chanber clean step, clean gas flowis stopped an{l
m crowave power ixs <=> it HeTtnge plied. anber 15 i s punped to rejove
nmost of the F residue arons
dind
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During this post-clean punping step, heater 25 is noved to a position of
bet ween about 1500-2200, preferably about 2000 m!l, from gas
distribution plate 20 while the throttle valve is opened and gate
val ve 280 renmi ns open. The punping step 20 | asts between about 5-20
seconds, preferably about 10 seconds, depending on the anount of

cl ean gas reactants and resi due exhausted out of chanmber 15. C ean
endpoi nt detection systemalso may be utilized to assist in determ ning the
stop tinme for the post-clean punping until substantially al
depositi on process,residues are removed from chanber 15. 25 .

After the fluorife-based chamber creaning procedure, there may be :
some adsorption of active fluorine species on the surface of the chanber |

N

wal t's, _ closé to where the wafer would be |ocated when the next :
deposition process occurs. In the next deposition process, the i
fluorine mght then interact or be incorporated into the deposited
film causing f|In1senS|t|V|ty at the surface. This filmsensitivity 30
mani fests itself, a8 a rough surface, which may be problematic with the :
t ol erances requi red by hlgh |ntegrat|on deV|ces resulti.ng in dewvijce: :;
mal functions. The present : , . : ; R
88 b i ;
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invention provides the ability to getter any adsorbed fluorine fromthe
surface of chanber walls by several nethods di scussed bel ow

After the post-clean punping step, a seasoning nmay be performed to
reconbine all free F species by either chem cal reaction or trapping the F
to the 5 chanber walls through silicon oxide (SiJerr]) deposition. The
post - cl ean punping and - seasoni ng steps are perforned for reducing
both particle formati on and F cont.ent i nsi de subsequently deposited;.
filmns. Optimal |y, between the post-clean punping step
and seasoning ste gﬁﬁ§§§gap nother stabjlization step to stahilize chanber
pressure and gas f1 ow ant to2noye 10 heater 25 into position for the '
seasoni ng step. In thjis stabiF: jon step, gate valve 280 is closefl-
and chamber 15 is naintained~at a ;pressure of between about 20-70
torr, preferably 50 torr. Heater 25 is also noved to a position of between:

about 300-550 m |, preferabl?’about 500 m 1, fremgas distribution

plate 20. In a specific j . enbodifPhent, the seasoning step presently ;
descri bed uses OAOHé—aﬂd—4¥¥¥}*ﬁ44+%Hg——4¥¥'. - ] f A—
chanber 15 for subsegiéent: silicon ‘oxi de : dep05|t|on O course, iother::..,
gases may be used |? the'seasonlngland)pre .seasoni ng i stab|I|zan|on Ceed
steps, depending on|the type of silicol oxide dep05|thon de5|red In:the i
pr e- seasoni ng st abi |zat|on st ep, 1iquilg TEGS at ‘a f1gw ratie of :bet ' |
about 200- $ ny preferably about 300 ngm |§ vaporlzed and ; !

transported with a gnelium20 i carrier ‘gas flomnng at ja ratie of betmeen _
about 4000- 8000 $EC R erabty =& 6000—STTM Mt o-Chamnber J.l-.~-
Gas flows may be introduced into chanber 15 via the normal: inléts -
used for deposition or: via applicator tube 292 w'thout appllcatlon of:
m crowaves. This stabllltatlon step Iastspbetmeen about 5- 25 seconds,i _
preferably ab@ut 15 secpnds before the seasonlng stgp bedins vgth :
the introduction of ;the 25 pxygep sour ce to begln depOS|L|on of t he '
seasoni ng oxi de onﬁﬁ chapber 15. In t hej l : i |
Carrier EERER I '. : i | i ! '
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t hermal seasoning step, ozone is introduced at the flow rate used for the
parti cul ar deposition process used (e.g., about 5000 sccmfor the
experinmental USG deposition process at 550[err] C di scussed above, or
about 4000 sccm for the experinental PSG deposition process at

600[ err] C di scussed above) for between about 10-20 seconds, 30 preferably
about 15 seconds, to deposit a thin layer of silicon oxide (e.g., the
experimental USG deposition process having about 12.5 wt % oxygen, or the

experinmental PSG deposition process having about 8 wt 9% oxygen) onto
surfaces in

89
chanber 15. During the seasoning step, the ozone flowis optimally
consistent with the deposition process to mninmze any fluctuation in
ozone fl ow and concentrati on. Seasoni ng chanber 15 thereby can trap
fluorine atons that may have been adsor bed onto the surfaces of
chanber 15. 5 Fol |l ow ng the thernal seasoning step
di scussed above, final

stabilization and punpi ng steps may be
perforned. Optinally00hese final steps are
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al so perfornmed at the deposition tenperatures discussed above. In the final
stabilization step, the throttle valve is opened periodically to allow the
chanber pressure to adjust to atnosphere, while gate val ve 280
remai ns cl osed. Heater 25 is 10 noved to a position of between about
800-1000 m 1, preferably about 999 ml, from gas distribution plate
20. TECS flow is stopped, while heliumand ozone fl ows remain the
sanme as in the seasoning step. The final stabilization step is perforned
for a tine period of between about 5-20 seconds, preferably about 10
seconds, - before the final punping step begins. In the final punping
step, gate valve 280 15 remai ns cl osed and heater 25 is not noved. Al

gas flows are stopped and the throttle valve is opened. The fi nal
punpi ng step | asts between about 5-20 seconds, preferably about 10
seconds, before another wafer is introduced into chanber 15, which is
nom/ready for the next deposition process, heating, or wafer cleaning step.
It is recognized that fiihl—stabilization-and punping-steps—also-nmay be
nodi fied and 20 simlarly used w wh the particul ar seasoning sﬁep or
alternative gettering st&g (exa s di scussed bel ow) selected.

| n embodi ments al ternpat® to those discuss above, the pre- clean
stabilization step dﬁ§cuss d above may further ude a ranping lof the

m cr owave pometg a |l ow m crowave power to final cleéan
operating | evel of nt§r6 e 25 power, allow ng pre-clean stabilization
of pressure and nlcréhave | asnma generation. In a preferred
alternative enmbodi ne@, b@ pre-clean stabilization step dilscussed
above may be substit&ied with the following pre-clean stabilizatiion.

Al lowing for sinultargous §tabr|rzat|on of pressure and m crowav

power, the step of rgmpiggrup the mcrowave power to generate a N2 (or

ot her inert 30 gas, depe dlggwﬁp gﬁe cl ean gas used) plasma pravides a
| ower pressure shock épplrcator tube 292 upon NA3 pl asma
generation, in accordancegw th a !

L P
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speci fi c enbodi nent. M crowave power |evels applied to magnetron 711 from

90 m crowave power supply 110 may be adjusted under the control of
processor 50. For example, the m crowave power may be ranped from
zero to a | evel of about 300 Watts (or sonme other power |evel between
0 and the final clean operating - power |evel) during the stabilization

step, and then to 2100 Watts in the clean step, 5 to provide a nore
gradual , optimal stabilization process. Specifically, after the
heating step, heater 25 is mgved to a position about 600 m | from gas

di stribution plate 20 @nd N2 is intyoduced at a flow of between about
100- 400 sccm preferabl y— about 3002%QCH1 I nto applicator tube 292,
whife the throttle val vew emai ng open and gate val ve 280 remains

cl osed. After about 5 secdnds, tke throttle wvalve is closed 10 and gate
val ve 280 i s opened, allow ng.pressure to stabilize for the next 5 seconds
as chanber 15 is brought to_the clean proces$ pressure, about 1.5 torr in a

specific enbodi nent . hen\ an intermedi ate |evel bf nicrowave power
bet ween about 200- = ; T
[ N
. ., ;
i BN _!_j_-z
. L ; |
2 v L — :
Lt
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400 wWatts, preferably about 300 Watts, is applied to applicator tube 292 to
forma N2 plasma during the next 5 seconds. For the next 5 seconds,
NF3 is also 15 i ntroduced into applicator tube 292 while the nm crowave
power level.is ranped to the clean level. Specifically, NF3 may be

i ntroduced:-dt a rate bet $per—about—600s—————1100-sccm~pref erabl y about
950 sccm’ i.nt.a applicator :t e APsorsiah DferlTiGe m crowave power |evel
is ranped up to the flnal m crowave power clean operating ; | evel of
about 2100 Watts. Then, A rr—m} “§1Fgﬁbd and plasma ik generated using 20
only NF[erf], allomnng f of stablrlfﬁtf “bf the NF3 pl dsma generation
stabilization for Dout‘S secondSwa.EL @Mt hi s p0|n , theé clean may
pr.oceed, as discussed a8§Ve,’ln _... the above di scussed al fernative
enbodi ment, both pres&ure ahdnplaéna Yeneration a e stabilized prior
to performng the cleganq Etep with the: ﬁEB cl eani ng plasna Thi s
alternative pre-clean pre<surefptaSna stablhlzatlon naytlast for a tota
time 25 peri od preferablty béfﬁéen”abbuw‘zﬁ 30 seconds Mﬂthleaeh power

| evel ranp-up aIImmxgdﬁannaﬁpfepLLaLgthngmgL”t| mthe tinme
period. Accordingly, presdqure . Shocks from an |nned|ate one-step
application of high m crqgw/e;oapvxgoo(f,@o 7500 7%68%'006 10@0 05@(1) to 2100
WAatts) on applicator tube 292 are thu%@gln iedl resulting in an
enhanced |ifespan for applicator tube ng% cm”) Al t hough
t he above descri bed enbodinent is a two-step power |evel ranp- up,
ot her enbodi nents may have nultipl e- FIep. ﬁasp ups (for exanple, fromO
to 300 to 1200 to 2100 Watts). Further, ni crowave power ranp-down step

FIG. 26A
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91 optionally may be perfornmed between the above described cl ean™step
and t he post- cl ean punping step. Two-step or nultiple-step ranp- downs .
al so are possible for ot her enbodinents. O course, the ranping may be
conti nuous, a : ; t hereof . For
CVD systens whi r anp- down of
RF power | evel g zation steps
where an in sit idance with
further enbodi ove for
each part of the s : - : cific times
may be var S o it wbi ned or
elimnated to re ” i : ve to the

t her mal chanber soni ng may be
enployed which be introduced
I nto chanber 15 t he
bypass passage tor tube 292
for radi a 45, preferably
2100 wWatts) by pl asma
system 55, to p duced into

appl i cator tube: ' A 200 sccm
preferably about 2

15 i s mai ntai ned
about 1.5 torr,

preferably
] C,

FIG. 27
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20 preferably between about 550-600[err]C. The atom c oxygen is able to
react with the TEGCS in chanber 15 to provide a m crowave-enhanced
chanber seasoni ng. Al ternatively, for enbodi nents having a RF plasna
system able to provide an in situ plasma, vaporized TECS may be

i ntroduced into chanber 15 where the RF pl asma system can create a
plasma with which the atom c oxygen may react for a 25 RF- enhanced
chanber seasoni ng. As anot her alternative to chamnber
seasoning to provide gettering of fluorine atons-from chanber
surfaces, SiH4 may be flowed at a rate ofllbet ween about 50-200 sccm
preferably about 100 scc I nto chanber 15 to purge chanber 15.
Silane may f| dsdDn SEN& EY FOR HIGE: TEME PROCESSINGof t he
30 ot her supply sources 90 (Fig. 1@HAMBER! xi ng system 93 with cl osed
gate val ve 280, via other purge inlets to chanber 15 with cl osed gate
val ve 280, or via applicator tube 292 with or without application of
m crowaves and with opened g

0 ABSTRACT OF THE DISCLOSURE

The present invention provides systems, methods and apparatus for
hxgh temperature (at least about 500-800°C) processing of semiconductor wafers
The systems, methods and apparatus of the present invention allow multiple process
steps to be performed in situ in the same chamber to reduce total processing time
and to ensure high quality processing for high aspect ratio devices. Performing
multiple process steps in the same chamber also increases the control of the process
parameters and reduces device damage. In particular, the present invention can
provide high temperature deposition, heating and efficient cleaning for forming
dielectric films having thickness uniformity, good gap fill capability, hxgh density,
low moisture, and other desired characteristics.

Fig. 16 .
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val ve 280. Duri ng the silane purge procedure, chanber 15 is nmaintained at a
pressure of about 1-5 torr and a tenperature of between about

300-650[ err] C, pref erably between about 550-600[err]C, with gate val ve
280 cl osed. Purgi ng chanber 15 absorbs the F atons and results in the
formati on of SiF4 gas, which is then 5 - punped out of chanber 15 via the
exhaust system The endpoint detection system as descri bed above in
detail, then allows the systemto deterpyge when the chanber cl eani ng
process is conpletely done. As a further alternative to
seasoning or to purging chanber 15 with silane, as described above,

gettering nmay be achi eved by providing active hydrogen 10 . into chanber
15. Hydrogen (e.g. Herr] or other hydrogen source) woul d be used as.

the "cl ean gas" supply source at a flow rate of between about 50-200 sccm
preferably about 100 sccm and sent via swi tching valve 105 into applicator
t ube 292 via inlet 57 (Fig. 1C). Magpetron 711 is operated at CW node
at a power | evel of bepween-—about 5864

¥ er abl y about
1000 Watts, to provide 15 [ AROGESSORNE+eH t o MEMDRY catpr tube 292,
t her eby producing a plasma thergtoTpRe actrve—tydr ogen fromthe

plasma in applicator 29Fj ul d ¥ f 5hrough t he | i ned passage in
encl osure assenbly ZSEORﬂ%EWE%O condujt 47 for use in chanber 15. O
C

course, for systens i ncl yde RF plasma systens, fydrogen may be
i ntroduced into chanber 15 and RF energy applied in chanbefj 15 to provide
t.he 20 ad@inye hydrogen. During thg gettering procedure, ¢hanber 15 is
mai nt ai ned at pressure of ab 1,273 orr and, opti ||M{5&t t he
deposi tion tenperature of abou#3 err]Qr are bet peen
about 550-600[err]C wth gate vt Ihe}ﬁ—— % H en
reacts with the adsorbed fl dori t dr ogen fM (HF) ——
vapor which may then be punped out %% AndndBeh
aapoirt

y
SHA de on 25
system operating on sinilar princi SYSTEMn descri bed
above but
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to detect changes in light intensity due to absorbance by HF, may al so be
used. Yet another alternative to seasoning, purging
chanber 15 with sil ane, or using active hydrogen, is to provide
ammoni a i nto chanber 15. Amoni a (NH3) woul d be used as the "cl ean
gas" supply source in gas panel 80 at a flow rate of 30 bet ween about
50-200 sccm preferably about 100 sccm and sent via sw tching val ve
105 into applicator tube 292 via inlet é? Fig. 1C). Magnetron 711 is
operated at CWnode at a power |evel of 63 en about 500-2500 Watts,
preferably 93
about 1000 Watts to provide m crowave energy to applicator tube 292,
t her eby producing a plasna therein. The ammonia fromthe plasnma in
applicator 292 woul d then flow through the |lined passage in enclosure
assenbly 200 and into conduit 47 for use in chanber 15. During the
gettering procedure, chanberede~ azpt ai ned 5 at a pressure of about
1-2 torr and, optimlly, at ; i on tenperature of bet ween

< gt ween about 550-600[err]C with gate val ve

280




open. The ammonia reacts with the adsorbed fluorine to produce an anmoni um
fluoride conpound and HF vapor which may then be punped out of chanber 15.
O course, for systens which also include RF plasma systens, anmonia may be
10 i ntroduced into chanber 15 and RF energy applied in chanber 15 to

provi de the ammoni um fl uori de conmpound and HF. An endpoi nt detection
system operating on simlar principles as the endpoint system
descri bed above but detecting |ight 3/4pntensity changes due to

- absor bance by anmmonium fl uoride and HF, may al so be used. 15

Al t hough the cl eaning process conditions described above are
exenpl ary for the present enbodi nent, other conditions nmay al so be used.

The above description discusses NF3, nerely as an exanple, in a Gga
Fill[err] Centura chramber —avartabte—fromApptet—vat-er+ats—f i tted for
200- nm waf ers andjhaving 6 liters total volume, as do the vjprious
deposi tion descriptions bel ow. However, 20 ot her fluorine-contaj ning or

chl ori ne-cont ai ni pg gases, such as NF3 and argon, NF3 and

NF[err] and Jerr}, NF[err] and atom c oxygen generated by mcro
system 55, dilute|F[err], &Flerr], (err]Ferr], SF[err], (err]
Cllerr], etc., may be usedyas well. O her es besides tho

descri bed above also nay bgvoyedforthe—egpti-e+{e—ps ocedur e. Al so,
pre-seasoni ng stabilizatioh s valy depgndi g on the pargi cul ar
type 25 of seas¢ning/getjeri seledqted frgmthe variou
alternatives to the above | & d {herqmalf se@asoni.ng. TH& pbove
descriptions for ¢l eaning, §§ d easpni ng are ed to
occur at preferredl tenperaf g mpl e, {abquis $50- [err] O,
but it is noted that, nost|fE hafrber] 19 & |mai ntai ned af the sane
tenperature at whijch the ppfei est i 94 bdiBylrun in chanmb 15. O
course, 30 different tenp&& may ke Us&|in ot her enbpdi ments
Further, sone enbodi fren ing, gdd,| &8 |elimnate so
portions of the cleaning,
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gettefing, and seasoni ng steps described above.

94 [11. Test Results And Measurenents A
U tra-shal |l ow Doped Junctions To denonstrate the
operation of the apparatus and net hod according to enbodi nents of the

present invention, experinents were perforned nmeasuring 5 t he sheet
resistivity and junction depths of ultra-shallow junctions formed using as
exanpl es BSG fil nms manufactured witho#/42USG cappi ng | ayer arfd—torped

usi ng BSG filns with a USG capping | ayer. The uncapped B3Gd il s were
about 150 A thick, while the capped BSG fil ns were about 1§h§% t hi ck
with about a 200 A USG cap. Both capped arfdUncappedBSGf i Es| wer e
deposited on a lowresistivity N 10 type silli@fN_afer. |She S
resistivity and junction depths of ultra-shall dqw<juft|ons ] & folned
usi ng the uncapped and capped BSG fil nms were ngastresl. | For |[fil'ms
deposited in chanber 15 of CVD apparatus 10, ddscli Bd|in detail above,
gate val ve 280 is closed during the fil mdepostt|on jt@ps accordi ng
to a specific enbodi ment. > -
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Act ual process conditions used in the experinments are as follows.
Specifically, the 15 BSG fil ms were deposited at a tenperature of about

500[err] C and at a pressure of about 600 torr. Spacing between the
susceptor and mani fold was about 300 m|. Gas flows in the
experinments included introducing TEB into the chanber at a rate of

about 200 nmgm introducing TECS at a rgﬁ éf about 500 ngm i ntroducing
oxygen (03) at a rate of about 5000 sc 4@nd i nt r oduci ng the helium
carrier gas at 20 a rate of about 8000 sccm The
above conditions resulted in BSG fi [-r-depes ajH80f 700

Al m nute. The deposited BSG film hafl a tdycgwteﬁésmkoabo t 150 Afor a

process time of about 15 secopds. igferi ments
where a USG cap was used, the USG cappl nBEH"é%WR;EsTde as for mﬂel nan in
situ process inmmediately after the D deposited. The

preferred enbodi nents use a chanber 3 cI osed system whi ch
m nimzes noi sture available to reaf e—B w98Lor e deposition

that S

of the USG capping film The >usq@E§ te to a tenperature of
about 500[efr]C, the chanberm has Q?P’Pﬁmﬂﬁ Jg pressure of about
~ 600 torr, apd the susceptor was 30 DO <l ml| fromthe gas

distributioh nmanifold. TEGCS, ozone and errumwere introduced into
t he depositfon chanber at prﬁBSat es of about] 500584 ngm 5000 and 5000
In a USG :

sccm respe :ti\/elly'._'l“n_ETGWe a conditions rD T
. Pl !
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uncapped BSG filnms with boron concentration of nore than 6 wt % For
applications where boron concentrations greater than 6 w % boron are
needed, BSG filns may be optimally capped with a USG filmto prevent
crystallization. By preventing outgassing, the USG cap al so provides
the ability to control the 25 direction of the diffusion of dopant atons
into the silicon substrate. The USG cag‘FI therefore prevents nore boron
atons frombeing |ost so that nore bor A8t ons are avai | abl e for

di ffusion that may be digoected nore easily into thn substrate.

To denpnstrate the further fadvantages of using a cp ayer over

the doped dielectric |layer Tor sone applicatighs, gxperinments were
conducted 30 usi ng BSG fisgbnms havi ng about a\QS A thickngss and a 6.131
wt % boron, with abou\a 200 A USG cap depogsited overf the BSG film
These further experinents &l usgrate the a|I|ty to fform

ul tra-shal | ow ﬁlnct i ol using caﬁ)ed G & ms ashe
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of the ultra-shall ow junctions fornmed using uncapped and capped BSG fil ns

wer e
al mnute
capability to c

the BSG filmw

rapi d thermal

dopant uniformty of the ditf

and 22C were pe
spreading resis
art. Carr
represents the

fromthe silicon substratfe

nmeasur ed concen
nmeasured from't
defined as the
concentrati on.
substrate
resistivity of
measur ed usi ng
to those skille
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nmet hod of secon
provi di ng

shal | owj unctio
art.

dopant profll
step using a o)

BSG fil mwas ab

nmeasured. These experinments show that subjecting the BSGfilmto

process at about 1050[err] C provides the

ontrol the sheet 5 resistivity and junction depth of
ultra-shallow junctions forned with either the BSG filmalone or with
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Capprhg | ayer deposited on top of the BSG fil mwas about 200 A thick. The

heati ng step was perforned by a rapid thernmal process for about 60
seconds at about 1050[err] C. The BSG and USG filns were then
stripped by etching. As seen in Fig. 30 22A, the resulting junction has a
depth of about 0.06 [err{min the silicon substrate, and the dopant
profile appears fairly uniform The maxi num concentrati on of bor on

i s about 6x10[err] carriers/cnferr]. The sheet resistance of the resulting
junction 9/42 , 97

was neasured to be about 685 [err]/cnferr]. The 4pp sheet resistance was
neasured to be about 222 [err]/cnferr], with the sumation of dose

ions in the P type | ayer measured
carriers/cnferr].

([err]p) being 1.6x10[err]

~22B il lustrates the dopant
depth profile as neasured A | pr3%hal | ow j unction
described in Fig. 22A. Fro ¢ silicon substrate to a
dept h of about 100 A from N fe cghcentration bor on
ranges between about 2X10[ ] to about 21x10[err]
carriers/cnierr]. Between '

>230




about '100 A to about 300 A fromthe surface of the silicon substrate, the
concentration of boron ranges between about |x10[err] carriers/cnierr] to
about 3x10[err] 10 carriers/cnferr]. Bel ow about 300 A fromthe surface
of the silicon substrate, the concentration of boron, silicon, and
oxygen di m nishes rapidly indicating the bulk substrate. The steep
shal l ow junction shown in Fig. 22B denonstrates the dopant

i ncorporation possible according to an enbodi nent of the present invention.
Fig. 22Cis a graph showing the dopant|@/68 | e of an ultra-shallow 15
junction formed without the heating step using a 6.131 w % BSG | ayer

havi ng a USG cappi ng | ayer. 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 performed. The BSG and USG fil ns were
stripped by an etching techni que. As S mn Fig. 22C, it appears a

junction with a depth of about 0.025 [err]mh ornmed 20 despite the
| ack of a heating step. Apparently, the junctijgn has formed due to the

hi gh dopant concentration of boron in the BSGfi | mdiffusing into the
silicon substr at o\en w thout a h T drive-in step. The maxi num
concentration of bor- is a x10[ er ca?@'ers/c . The sheet
resi stance of the rgsalting ction ed t ofoe about 55
[err]/cnferr], w t he g% tion of dose io the P type 25 | ayer
([err]p) being 4.9 O[e§::§ggrrie : 280 Fig. 23A
is a graph showi ng t\e nt ofile of theljufetio formed with a
heati ng step using an)8. 084 % BSG | ayer hdgpyi a JUS§ cappi ng

layer. Fig. 23Bis afgraph fonpHr | ileof the junctions

'1gla \131 0B ayer
wt || 94 BSG | ayer Xavi ng a USG

th t
Td__ﬁz = ?Zﬁ%ef fect
LAal ] et

i

f or med with the sang heat})
havi ng a USG cappi ng¢f 30 | ayer
capping layer, in ofder t

concentration on junhctior] dept
of the tenperaturejfof theg heat
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98 = resistivity, respectively. Figs. 23E and 23F show the effect of
the time of the heating step on junction depth and sheet resistivity,
respectively. The spreading resi stance profiles and sheet resistivity
measur ements of Figs. 23A-23F were performed using solid state

equi pnent and four-poi nt. probe nmeasurenments. 5 Fig. 23A
is a graph showi ng the dopant profile of the junction formed with a
heating step using an 8.084 wt % BSG | ayer having a USG cappi ng

| ayer. The BSG fil mwas about 150 A thidk/4pd the USG cappi ng | ayer

deposi ted 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 10 films were stripped by an etching
technique. As seen in Fig. 23A, an ultra-shall ow junction having a
depth of about 0.12 [err]mwas forned with good dopant uniformty.

The maxi mum concentration of boron is about 1x20[29§] carriers/cnferr]. The
sheet resi stance of the resultin asured to b bout

145 [err]/cnferr], with the S 592r]9)’ ng
7.9x10[err] carriers/cn
320
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15 was measured to be about 96 [err]/cnierr]. Fi g.
23B shows the dopant profiles of the junctions formed with a heati ng
step using different boron wt % BSG | ayers (in particular 6.131 w % and
8.084 wt 9% having USG capping |ayers. The BSG filnms were each about 150 A
thick and the USG capping | ayers deposited on top of the BSGfilns were
each 20 about 200 A thick. The heating step perfornmed was a rapid thermal
process for about 60 seconds at about 1000[err]C. As seen in Fig.
23B, the resulting junction depkdY4#8r the 8.084 wt % BSG filmis

al nost twice as nuch as the resulting junction depth for the 6.131
w % BSG film Figs. 23C and 23D are graphs show ng
the effect of heating step 25 e—pR. dopant profiles and sheet

resistivity, respectivgﬁ%, B RSG films having USG
cappi ng |l ayers. The BSGM ;;,;/55:F===:§§£\ s, and t he USG
cappi ng | ayers deposited g he BSG fi about252‘-)00 A thick;

The heating steps were ped using a rapid pr Q s for about 60
seconds at tenperature
1000[err] C. As shown i
heating step at 1000[
about 0.06 [err]mju !
tenperature 975[err

289

about

// Fig. 23C, the junction Y Rd af er the

is about 0.1 [err]m . to the
formed after the heating st\Rp | ower

sheet resistivity of the 6.}{ BSG fil mwas
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99 - 180 [err]/cnferr] for the heating step at 1000[err]C, and about
600 [err]/cnferr] for the heating step at 975C, as seen in Fig. 23D
A hi gher tenperature heating step (beyond 950[err] C results in a
deeper diffusion depth for the shallow junction forned.

Fi gs. 23E and 23F are graphs showi ng the effect of heating step time 5 on
dopant profiles and sheet resistivity, respectively, for 6.131 w % BSG
film havi ng USG cappi ng | ayers. The BSG fil ms were about 150 A thick
and the USG capping | ayers deposi{®ggqen top of the BSG filnms were
about 200 A thick. The heating step was perforned using a rapid
thermal process at about 1000[err]C for about 40 seconds and for
about 60 seconds. As shown in Fig. 23E, the junction forned 10 after
about a 40-second heating step is about 0.06 [err]m while the junction

f or med after a 60-second heating step is abut 0.1 [err]m The sheet
resistivity of the 6.131 wt % BSG filnms was about 230 [err]/cnferr]
after the 40 second heating step and about 0 [err]/cnferr] after
the 60 second heating step. Accordingly,‘(t s seen thzt the | ength of
time of the heating step may deternmine the diffusion ch in form ng
ul tra-shall ow 15 junctions. The above experinments of
BSG used for ultra-shall ow dopgd junction forgati on are\pr, nt ed
nmerely as exanples to illustr4te asp of J.he ent vention and
shoul d not be considered as fi|mtj h heNRr esent
invention. 20 357 _ ~¥SG_For_ PMD er
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-To dénonstrate the operation of the apparatus and net hod accordi ng
to enbodi nents of the present invention, experinents were perfornmed to

deposit a PSG film for exanple, as a PVMD layer. Prior to the
deposition of PSG filmas the 25 PMD | ayer, the wafer has typically been
subjected to nultiple processing steps to form for exanple, gate

el ectrodes, oxide sidewalls, isolation trenches, etc. In the
experinments, the PSG filnms were deposihiequ a resistively-heated G ga
S

Fillm Centura chanber (a cl osed m having a total volune of
about 6 liters and outfitted for 200- mm waf ers) manufactured by
Applied Materials, Inc. 30 In the experinents,

pr e-deposition steps were 8 formed to bring chanber 15 to the
desired deposi 30 gn pressu

nd to 493abi495e t hdd@as/ | i qui 443 ows 5
r 6 o zt IS
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deposition reci pes. The pre-deposition steps reduce unnecessary deposition

on chanber walls and also contribute to yielding uniformdepth
profiles for the 5 deposited filns. Before any pre-deposition steps
occur, a wafer is |loaded in vacuum chanber 15 onto heater 25 through
t he vacuum | ock door, which is then cl osed. Heater 25 is heated up to
t he processing tenperature of4§?o t 6 o[l&r/ 4pc, whi ch is maintained
t hroughout the pre-deposition e4gpp05|t|on step and the
post - deposition steps. 10 B8t pre-deposition step,
heater 25 is at a position about{ $p I m gas tribution plate
20. Wth the throttle | ve ope DI ouf 15 9Egonds, hel i um at a
flow rate of about 40 sccm a O entr 1 a ate bout 2900 sccm
are introduced into c er . b helut r g4 eliu lerr], are
I ntroduced firsteaPnto i | £ off [It he w r at o stabilize.
These flow rates of h B 7arr ar g | roughout t he
pre-deposition st In on eposi tion
step, the throttl a e su nanber 15 is
increased to § | resstrel T dn ooii ion step
| asts about 30 s t € i NI Iﬁt
fluctuate sonewh edrdgpaditi / 5t abilize in
chanmber 20 15. t i t pripcss ™y t\®h of about
330 m| from gas i | 0 0Si tion step.
In the third pre-depo i p[Alwhen the jp d ' er 15 has
stabilized to the depagkti epfijire ofypako tiYh5 r quid TECS is
i ntroduced to al | LAfation gf T g flow Wth the
TECS flow rate at abo 0 mgm th r gas mxes wi'th
the heliumcarrier ga a t SHcC ri t third
pre-deposition step, t posi ti onfs 4)3
Havi ng stabilized the el \or FHpure, te g, -~
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TECS/*hel i um gas flows, and adjusted the position of heater 25, deposition
processi ng can begin. At the onset of the deposition step, (Qerr] flowis
terminated. 30 -Liquid TEPOis introduced at a rate of about 24 ngm and
Jerr] (about 8 wt % oxygen) is introduced at a rate of about 4000
sccm Being liquids, the TEPO and TECS sources are vaporized by the

liquid injection system and then CoanrT[ée'gﬂé’l
101 the inert carrier gas heliu S mxture is introduced into

chanber 15 from game distri bu“ on plate 20 to supply reactive gases to
the wafer surface ’T‘e heat - nduced chem cal reactions take pI ace to

produce the desirg n" POTIR TSk SG
filmdeposited at / 3 the
deposi tion t| 2

formed at tH® pro eS8 s descrloea Zbove Z10]0]0 mm- ro.. The
w % of pho ed" PG | | 1B pbox
After deposition, erm natt o - ” the
45' 450 411
415




stability of the deposited PSG filmto provide noisture and crystallization
10 resistance. In the termnation step, which lasts for about 3 seconds,

t he deposition conditions are maintained while TEPO flow is

term nated. The term nation step t herefore deposits a USG cappi ng
| ayer in an in situ manner in chanber 15, by the gas term nation
nmet hod di scussed above. The USG | ayer is very thin conpared to t he
t hi ckness of the bulk PSG film 15 7742 After the PSG
deposition and USG deposition steps, post-deposition steps are

utilized to control the ranpi ng down 4sfamber pressyre and to control
gas shut-off. By adjusting the pressyfe and gas shut-gff, the

post - deposi tion steps hel p red eﬁgrticle formgti on which ot herw se
can cause wafer contam nation_and mage. 20 In a

speci fic enbodi ment, three g NNOon2Y eps were lused. In t he

first post-deposition step{i mret=ad | om ng the gdbove term nation

st ep, TECS flow is §
position about 600 ml
throttle valve is opened peri o0
gradual |y ranp down duri ng -
about 15 seconds. Iy the
val ve i s opened peri
post - deposi t
chanber 15 is termr
Heater 25 is also m
20 during the secong
seconds. In the2bhi ¢
the throttle val ve

punpi ng it th

e heater 25 i|ls noved into a

fi stribution pllate 20. Al so, the

{ . all ow|chanber pressure to
-deposition 25 step, which lasts

Rsition step, [the throttle _

\chanber predqsure for the third
saeP0 as hdliumflowinto

#3 it through |a bypass val ve.

v abqut 999 nml| fromplate

whi ch,,l astq 30 about 15

| ast]s about 3 seconds,

chanber {15 is term nated by

{30

'FIG. 13,




102 - The above experinental conditions for the

deposition of PSG suitable for being used as a PVMD | ayer are opti nal
to provide the best filmquality with hi gh t hroughput. By enhanci ng
surface diffusion at increased surface tenperature, the thermal PSG

filmdeposited using the TEQS/Jerr] chenistry at tenperatures of 5 about
600[ err] C exhi bited excellent step coverage, nore cross-linked structure,

and nore stable oxidization strut8dA€for P and Si, which yi el ded
excellent filmaquality. The deposited PSG fil mwas high quality in
terms of flowlike step coverage, high noi sture resi stance, high

- breakdown vol tage, snmooth surface, no surface damage (i.e., plasm

darmage), and no fixed charge. The deposited PSG fil m exhibited 10 good
fil'mthickness uniformty. Specifically, filmthickness uniformty (49 pt.,
1[err]) at about 1.2 [err]mthickness of the deposited PSG fil mwas
nmeasured to be | ess than about 1.5. Fig. 24A is
a phot om crograph denonstrating the as-deposited gap fil

capabilities of PSG filns depositedEt\600[err]C in accoréldnce with a
specific 15 enbodi nent of t i nvention. In}ﬁgrticular, t he PSG
fil mdeposited at NN S S TN

415

FIG. /4.
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"'6'0"0[e'r'r.]C was shown to be capable of filling high aspect ratio gaps having

a height (h) and a spacing (w) w thout the formation of voids, as
seen in Fig. 24A. Fig. 24B is a sinplified diagram (not shown to
scal e) of a section of the integrated circuit structure shown in Fig.

24A. As seen in Fig. 24B, substrate 1200 has stacked gate 20  structures,
specifically el ectrodes 1220 with tungféf silicide (W5i) caps 1240,
formed thereon. An oxide layer 1260 is %GSited onto stacked gate

structures to form hi gh aspect ratio gaps with h of about 0.35 [err]m
and w of about 0.08 [err]mshown by dotted lines, as seen in Figs.
24A-24B. Fig. 24A therefere—denpnstrates an exenpl ary S ucture wth
hi gh aspect ratio (aboup 4.3 ;' o s —kt-kted} by P??’Z film 1280,
which is used as a PMD a\/e\f S|\téd\at\about\ 5Q® err] C using the
preferred recipe di scusk c%a\tobe \PSG\H\IM 3280 \eXx[lii t s excel | ent hi gh
aspect ratio gap f |I\ t H*out\'&h‘e Rded for a reflow

of ten inconsi stent
_ I n addition
t 30 ratios, PSG

typically done at ata t gg, vvh\(,\h\l )
vvithincreasinglytig#it ‘- I\\bu s \ \

to having excellent gap f I'k s.ap.gbglq} f rlu
films deposited at about pOQPerx]§ adwapt den's'e films that
exhibit high resistance tQym St drew aosyr t\OQ\l\/& s\t §re absorption of the
deposi t ed PSG film ds\t\gd‘ 3 ?‘Qd bsmng\ onventional Fourier
Transform I nfrared '
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103 spectroscopy (FTIR) techniques, as are well known to one of
ordinary skill in the art. Fig. 25 illustrates the FTIR spectra of a
PSG fil m deposited at about 600[err]C under the foll ow ng exenplary
process conditions. According to a specific enbodi ment, the exenplary
process conditions include TECS fl ow of about 1000 5 mgm TEPO f | ow of
about 24 nmgm helium fl ow of about 60qgos%§£] and ozone (about 12 wt
% oxygen) flow of about 4000 sccm at 6r sure of about 400 torr

and spaci ng of about 330 m| between heater 25 and gas distribution plate

20. The PSG deposition time was about 600 seconds. As seen in Fig.
25, the FTIR spectra of the PSG fil mdeposited at about 600[err]C
denonstrat ed wat er spi kes indicating 10 noi sture absorption, and no
measur abl e charlge in noi sture absorption was seen over about 155
hours after deposition, illustrating the PSG filmstability over

ext ended peri ods. As denonstrated by Fig. 25, the
deposited PSG fil mis dense, resi stant to absorbi ng noisture.

Deposition ofcg PSG filmat high tenperatures, for 15 exanpl e at about
600[err]C, tegdls to drive out any noi sture that m ght be absorbed

into the filmyresulting-in.a.densefilm As a dense.film the PSG film
deposited at \\ i gh tenperature has the advantage of not requifing an
addi ti onal stepMor furtRér densification of the film The dense
nature of t ‘iked i makes it conpati ble for use as a PVD
| ayer whi chjcan Qg#dlanari a s@psequent 20 anneal at a

t enper at ur ef gr ea® kt han aboit ferably by a CW step.l In
addi tion to} noi styujed ghsarptilof resjstg the present PSG fil m deposited

at high §:u:
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-t-érrpe?étures Is able to provide good filmthickness uniformty, as well as

good gap fill wthout formation of voids or weak seans that can cause
subsequent device probl enms. The high tenperature PSG filmis
particularly useful as a PMD | ayer as 25 it provides good phosphorus

I ncor poration (between about 2-8 wt % phosphorus), which is

I nportant for gettering or trapping m)bé‘f.- lons such as sodium (Na+) ions
that m ght otherw se nmigrate and cause oHei ng in the device.
The above description of experinents depositing and neasuring
characteristics of the deposited PSG fil mdenonstrates its suitability for
use, for 30 exanple, as a PMD | ayer. However, the description should not

be consi dered as limting the scope of the invention.
104 ' ) C. USG For Oxide Filli DE3 Layer In Shall ow,%8ench
| sol ati on To denqngstr e the opgggt,pon ar at us
and met hod according to embodi sl of the}priesent’ i hvREMDTE, o7
experinments were perforned to deposis CAS i MICROWAVE ﬁ__

MIXING — PLASMA

BLOCK SYSTEM
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‘USG film for exanple, as a high quality oxide filling layer for shall ow
trench 5 isolation. Prior to the deposition of USG film as the high
quality oxide filling | ayer, the wafer has typically been subjected
to multiple processing steps to form for exanple, gate el ectrodes,
oxi de sidewalls, isolation trenches, etc. In the experinments, the USG
films were deposited in a resistivelyéﬁfzg.d Gga Fill[err] Centura
chanber (a cl osed system having a tot me of about 6 liters and 10
outfitted for 200- mm waf ers) manufactured by Applied Materials, Inc.

In the experinents, pre-deposition steps were perforned to bring

chanber 15 to the desired deposition pressure and to stabilize the

t
occur, a \Na%s ks 1|oaded

gas/liquid fl ows _ before depositing the USG filmas a filling 5§yer on
a wafer. O course, it is reco nlzed th r eagleposi s may be
varied fromthe bel ow description 15 ' ? an e ary ,57
specific enbodinent), as is opti mal ét;g' pﬁ reshpes.
The pre-deposition steps reduce unnec i jon—on j -
profilles PL@ he

wal I's and al so contribute to yielding uniff MtXiNGe
deposited filns. Before any pre-depositidnBkf6s

in vacuum chanber 15 ont'o heater 25 through the vacuomroek or,
which is then 20 cl osed. Heater 25 is I’!eat ed up to the processing
tenperature of about 550[err]C, whi C i ntained throughoig the

pre-deposition steps, the dep/;zﬂ tiopot @ |§ post - depdsi tion

st eps. 4 Ve 1 v,

position about 600 mil f a T SAT £ 207 X
throttle val ve ddém for ;m?_@t ep@&:ﬂu&i' o] 4 -
about 7000 sccm a aflow datd. _Q_t_é Olt, 290 ~J2db

i ntroduced into ch S.Jl:fgrneut ral ase !

i nt roduced o charnfbgr_15_f
These fl ow ratredl n 35 bad anrr ar

pre-depositéo% st epkl — \

s02~L ] A
. 60— \ 50.'

77 A
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I'n" thée second pre-deposition step, the throttle valve is closed and the 30
pressure in chanber 15 is increased to the deposition pressure. The second

pre- deposition step lasts |ess than about 40 seconds and allows the
pressure, which may initially fluctuate somewhat around the desired
deposition pressure, to stabilize in

105 chanber 15. Heater 25 is noved to the processing position of
about 350 nmil from gas distribut@dr4Rate 20 during the second
pre-deposition step. In the third pre-deposition step,
when the pressure in chanber 15 has stabilized to the deposition
pressure of about 600 torr, liquid TEOCS is introduced to 5 al | ow

stabilization of TECS and helium (or nitrogen) flow. Wth the TEOS
rate at about 2000 nmgm the vapori zed TECS gas/ﬂﬂ with the helifl (or

nitrogen) carrier gas for about 5 se4 ehr-Hre t 7800 rd p pos$i t gon
step, prior to the deposition st m‘ éﬁﬂﬁg SP

stabilized the chanber pressure, teMpdiaturgASan TEtSMH&ﬂWWEl‘ a
fl ows, and adjusted the position of heaterMEﬂNGdepO& tion| PLASMA
BLOCK SYSTEM
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processing can begin. At the onset of the deposition step, Jerr] flowis
term nat ed while 03 (about 12.5 wt % oxygen) is introduced at a rate
of about 5000 sccm Being liquid, the TECS source is vaporized by the
liquid injection systemand then conbined with the inert carrier gas
helium This m xture is-introduced into 15 chanber 15 from gas
distribution plate 20 to supply reactive gases. to the wafer surface
wher e heat-induced chenical reactions 84K &l ace to produce the desired
USG film The above conditions result in a USG filmdeposited at a rate of
about 1450 A/lm nute. By controlling the deposition tinme, a USG film
havi ng a thi ckness of about 10000 A is forned at the process

condi tions described above in about 414 20 seconds.

After USG deposition, a purge step is perfornmed that is optimzes the
stability of the deposited USG filmto provide noisture resistance. In the
pur ge step, which lasts for about 3 seconds, the deposi{}zﬂOZ
conditions are maintai ned while TECS flow is term nated.? 25

After the USG deposition step and purge step, pest-deposition steps

are utilized to control the rggguRgrslown of chanberjgressure and to control

gas shut-off. By adjusting the‘? essure and shut-off, the

post - deposition steps help r edufs particle rmati on whi ch ot herw se
can cause wafer contam nation ghg damage. 3 80 In a
speci fic enbodi nent, three pos 410n steps o Qn t he

ye term-.nation
natgd by punpi ng

il ately follow ng the
into chanber 15 is‘te

first post-deposition step im
step,. the carrier gas él-
it through bypass valve.r,sl

804-

810
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106 Heater 25 is noved into a position about 600 m| from gas

distribution plate 20, as the throttle valve is opened periodically to
gradual |y ranp down chanber pressure "during the first post-deposition
step, which | asts about 15 seconds. In the second post - deposition

step, the throttle valve is opened periodically to continue ranping 5
down chanber pressure, and 03 flow intg chanber 15 is continued. Heater 25

is al so noved |l ower to a positioﬁfaﬁﬁat 600 m | fromplate 20 during
t he second post - deposition step, which | asts about 15 seconds. In
the third post-deposition step, whi ch | asts about 3 seconds, the .
throttle valve is opened and 03 flow i nto chanber 15 is termnated by
punping it through a final valve. 10 The above
experinmental conditions for the deposition of USG suitable for being
used as a high quality oxide filling layer for shallow trench isolation are
optimal to provide the best filmaquality with high throughput. In shall ow
trench i sol ation applications, the deposited USG fil m shoul d be
capabl e of void-free gap fill (typically at a nom nal angle of about
85[err]), in addition to being a very dense 15 and uniformfilm The
deposited USG fil mexhibited good filmthickness uniformty.

Specifically, filmthickness uniformty (49 pt., 1[err]) at about 5000 A
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1hi ckness of the deposited USG fil mwas neasured to be | ess than about 1.5.

capabilities of TEQS/ 03 USG fil nms deposited at about 400[err] C and

Figs. 26A and 26B are photom crographs denonstrating the relative
gap fil
about .20 550[ err] C, respectively,

6:1 buffered oxide etch -
enbodi nent of the present

(BOB),
i nventi on.

after reflow at about 1050[err]C and a
in accordance with a specific

Fig. 26A

2%{ particul ar,
illustrates a trench structure having 5ﬁ% 0.35 [err]mw dth and

about 0.70 [err]mdepth (about 2:1 aspect ra
filmdeposited at abg

that is a USG
about 1050[err]C. Fig. 26A shows 25
film
not very dense and appears to have bqa
after a reflow at a tenperaturelﬁ e

a USG film e

of about 400[err]C is not
tenperature anneal or a sulf§¥que
up voids. In conparison, Fig

about 0.18 [err]mw dth and about 0. 45

fig gap) with a filling | ayer
08 Oferr]C after a reflow at

| arge voids in the deposited USG
i ndicating that the USG fil m deposited at

about 400[err]Cis
-% shrinkage. Even
[err] C, which can densify

d}ﬁl d at the tenperature

0es not survive the high
h Hocessing without opening

structure having

err] mdepth (about 2.5:1 aspect

ratio gap) with a void-free filling Iay_ﬂﬁthat is a USG fil mdeposited at

FIG. 19A.

about 550[err]C
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107 after a reflow at about 1050[err]C and a subsequent wet etch

processi ng. The USG filmdeposited at about 550[err]C is capabl e of
filling high aspect ratio gaps w thout the formati on of voids after
reflow, unlike USG filns deposited at 400[err]C, as seen from Fi gs.

26A and 26B. After etch processes at very uniformetch rates, USG filns 5
deposited at about 550[err]C retain thgif/aéperi or step coverage w thout -
openi ng up voi ds. As further evidence of the
hi gh aspect ratio gap filling capability of USG fil ns deposited at
about 550[err]C, Fig. 27 is a photom crograph denonstrating t he gap
fill capability of the deposited USG filmafter an anneal at about
1000[err] C 10 and a subsequent wet etch processing, in accordance with a
speci fic enbodi nent 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 layer that is a USG film
deposited at about 550[err]C after a refl op(#§ about 1000[err]C. The trench
structure of Fig. 27 has a smaller spaci and a hi gher aspect ratio than
the trench 15 structures shown in,ﬁ' s/ 26A and 26B, illustrating the
superior gap filling capabi fi Q/@m?,ot he USG fi I“m deposited at about
550[err] C dff t 1 on AWZhavi g cellent gap fill
capability for high aspect - : Lt @t about

550[ err] C advant ageously are densafI It high
resistance to noisture absorptggyp. i i Sor pt ion t he deposited 20
USG fil m deposited was neasured usjsg conventi onal I echniques. Fig. 28
illustrates the FTIR spectra of USG filqw@gposited a out 550[err]C
under the foll ow ng exenpl ary process—onditions, according to a

speci fi c enbodi nent .

F1G. /90D.




According to the specific enbodinent, the exenplary process conditions

i ncl ude TEGCS fl ow of about 2000 ngm helium fl ow of about 7000 sccm
and ozone (about 25 12.5 wt % oxygen) flow of about 5000 sccm at a
pressure of about 600 torr and spaci ng of about 350 m | between
heater 25 and gas distribution plate 20. As seen in Fig. 28, the
FTIR spectra of the USG fil m deposi ted% a%nout 550[err] C

denonstrated | ow noi sture absorption (I £ an about 1 w % noisture).
Furt her, Fig. 28 also illustrates that a noisture increase of |ess
than about 0.5 wt % noisture 30 in the USG1I02m was seen over about 160
hours after deposition, indicatinqoqhe stabilibx of the USG film
over extended peri ods. Il

108 Accor!
deposited USG filmis =
Deposition of a USG film at hlgh
550[err]C, tends to drive out nobst nold m ght be absorbed
into the film resulting in a dense fi4m a dense film the 5 USG
filmdeposited at high tenperatures of ﬁﬁtieast about 550[err]C has the
advant age —_—

Fig. 28, the
Ja ng- Noi st ure.
, for exanple at about
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of being | ess prone to shrinkage that mght result in void formation after
an anneal i ng step and a subsequent wet etch processing, conpared to
USG fil ns deposited at | ower tenperatures. The dense nature of the
deposited USG film makes it conpatible for use as a high quality

oxi de layer for filling trenches used in 10 shal |l ow trench isol ation
applications. Due to its high density, S éilns deposi ted at high
tenperatures and used as oxide fiIIingEgag% s can be planarized by either a
subsequent anneal or a CVWP step, with mnimzed |ikelihood of opening up
voi ds. In addition to noisture absorption resistance and good film

t hi ckness uniformty, the present USG fil m deposited at high
tenperatures provides excellent high aspect ratio 15 gap fill w thout
formati on of voids or weak seans that can cause subsequent device

probl ens. In general, high pressure 03/ TECS USG fil ns
may exhibit pattern or surface sensifjgrity effects, resulting in
uneven deposition, which is undesirable. )t has been seen that
problems with uneven deposition are worsened w th higher 20 03/ TECS
rati os. Advant ageously, deposition of USG”@QInE at high tenperatures

such as at |east about 550[err]C requireg ’Se of nore TECS in order to
achi eve adequat e depositronjfates. Acgprdrmgty, the (Jerr]/ TECS
ratio of USG fil ns deposited at high fyenperatures is low (|l ess than
about 5:1), thereby elimnating anyjpattern p surface sensitivity
effects. Moreover, the filmqualitWw-eg ggnsi ty, shrinkage, 25 etc.)
is high for USG fil nms deposited at high t&nmeratures. Because of the high
density of these high tenperature depositio 08sG fi I s, pl asma

densification treatnments or plaq oxi de caps are not needed,
t hereby avoi di ng any pl asma dan&g@ to the wafer. The lack of a
pl asma from such treatnments in the chanber t hus reduces possibility

of metal contami nation and potenti al qu'ti 2?%6\” ces in 30 the wafer.
Conpared to | ow tenperature thermal USGYY | n®" *ch often require a
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pl asra densification treatnent or plasma oxide cap and nmay shrink to open

voi ds after an anneal, thermal USG fil ns deposited at tenperatures
of about 550[err]C

109 _ exhi bit excellent gap fill capability, mniml shrinkage, and
uniformfilmdensity, : and | ow netal contam nation, w thout plasm
damage, in accordance with the péﬁizaérinvention

The above description of experinments d ates the suitability of 5

the deposited USG filmfor use, by way of exanple, as a high quality oxide

| ayer for filling high aspect ratio trenches for shallow trench

i solation. The sanme CVD apparatus al so may be used to deposit USG
films at tenperatures |lower than 500[err]C for IMD applications. O
course, the above description should not be considered as limting
t he scope of the invention. 10 It is to be understood
that the above description is intended to be illustrative and not

restrictive. Many enbodi nents wi'll be appipenQZto t hose of skil
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i'n the art upon reviewi ng the above description.

i nventi ons herei n have
USG BSG PSG and BPSG
For exanpl e,

anot her exanpl e,

the dielectric film 15

may be an arsenic doped-silicon oxide film
the deposition of dielectric filns has

By way of exanple, the
been illustrated primarily with regard to a
process recipes, but they are not so limted.
formed according to other enbodi nents
or other doped film As
been

described using carrier gas such as hel3ld¥2but other carrier gases |ike

argon or nitrogen, may
dielectric |layers have been

i ncl udi ng doped junction for
filling | ayers, capping |aye

be used as well. As a further exanple,

described for particul ar applications,
mati on, PNMD 20 | ayers, I NMD | ayers, oxide
rs, etc. O course, it is recogni zed
di scussed above may be used to deposit

that the sanme CVD appar
dielectric layers at te

t emper at ur es above
present invention al so
skilled in the artm&émaaﬂ
met hods of depositingsthe (
scope of the clains t he{p
shoul d, t her e&r gaohe
description, but shostd X
appended cl ai ns, al
such clains are entigg
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10 VWHAT |S CLAIMED | S: 1 1. Alid
assenbly for a vapor deposition apparatus of the 2 t ype havi ng an

encl osure housing a processing chanber, the lid assenbly 3 conprising: 4
a base plate having a gas inlet for receiving one or nore 5 gases; a gas
distribution plate including a plurality of gas distribution holes fluidly
6 coupled to the gas inlet for dispersing the gases into the chanber; and
7 a bypass pa334d¢k coupled to the gas inlet and t he
processing 8 chanber, the bypass passage offering |l ess resistance to
fluid flow than the gas 9 distribution holes for allowng at |east a

portiaon of the gas hypass t-he gas 10 di stribution holes into the
chanber . 1 ) Theg T1d assendry of jctangm
further conprisi a2 plural ity of bypass |passjages]|coupl ed |to tihe gas
inlet and the dﬂga_usi.g chhanbef, the 3 bypass |passqges |bei ng spaced
circunferentially &rourd the ga$ distribpution plgte. 1
3. The lid asse y of claim1 furthef co%prising 3]
P
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2 chanber between the gas distribution plate and the base plate for

di stributing gases 3 to the gas distribution holes, the bypass passage
bei ng coupl ed to said chanber. 1 4, The lid
assenbly of claim1 further conmprising a 2 cl eani ng gas passage having an
outlet coupled to the gas inlet and an inlet adapted 3 for coupling to
one or nore sources of cleaning gases 1 5. The
lid assenbly of claim4 further conprﬁgp' a2 process gas passage havi ng
an outlet coupled to the gas inlet and an inlet adapted 3 for coupling to
one or nore source of process gases, and a controller for selectively 4
allowing and inhibiting the process gases and the cl eaning gases from

entering the 5 bypass passage.
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1

base plate is 2
defines a fluid inlet for
outlet for discharging the heat-exchanging fluid and 4

6. The Iid assenbly of claim1 wherein the

receiving 3

thermally coupled to the gas distribution plate and
a heat-exchanging fluid, a fluid

a fluid passage

formed in portions of the base plate in comunication with the fluid 5
inlet and the fluid outlet. 1
assenbly of claim®6 wherein the flui d%)aé/s%gge 2

channels forned in the base plate for receiving a coolant 3

or 4

9.
3

7.

The lid
conprises a plurality of

t her et hr ough

to exchange heat with the base plate. 1 8. The
lid assenbly of cl a1 further conprising a gas 2 di spersion pl ate
di sposed between the gas$ didqtribution pldte gnd the base pl ate] Th¢ 3 gas
di sper si on platﬁﬁﬁp ng [enovabl y| noupted |to tlhe bpse pl at ¢ and| def jni ng one
nore gas l#fi*sperst-onHeoles inidgating the gag inllet VJth { he das
distribution 5 hot es, |t he Jgas di spg¢rsign hgles pffeing [a greate
resistance to fluid flow than the 6 bypass |passpges| 1
A lid assenblly fof a yapor| dep¢sitijon gpparjatusjof tlhe 2 type
havi ng an encl osur e houpi ngla prjocess chanber], the |i @ asdenbly coppri ging:
19 afgas |m xi pg blfock |havijng ap out|l et fcoupled tfo
t he processing 40" ptramper—gre—Hi+st{andlsecgnd s ihlet 5
at | east one proceds gap passagd having an inl et Jadap{ed flor
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6° coupling to one or nore sources of process gas and an outlet coupled to
the gas 7 m xi ng bl ock; 8 at | east cleaning gas
passage having an inlet adapted for 9 coupling to one or nore sources of
cl eaning gas and an outlet coupled to the gas 10 m xi ng bl ock; and 11

a val ve di sposed on either the process gas passage or the 12 cl eani ng gas
passage for selectively allow ng gas tC)éé?E(through to the gas mxing 13

bl ock. 4 112 1

10. The lid assenbly of claim9 further conprising a 2 controller
coupled to the valve for selectively opening and closing the valve to all ow
3 gas to flow through to the gas m xi ng bl ock.
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TR 11.  The lid assenbly of claim9 wherein the

valve is 2 positioned al ong the cl eani ng gas passage. 1
12. The lid assenbly of claim9 further conprising a 2 cl eani ng gas
mani fol d having one or nore inlets for receiving cl eani ng gases and an 3
outl et coupled to the cl eaning gas passage. 13.
The lid assenbly of claim9 wherein the§%§7 gLX|ng 2 bl ock, the cl eaning
and process gas passages and the val ve @6nnected to the 3 encl osure.
1 14. The Iid assenbly of claim9 wherein the
valve is a gate 2 val ve. 1 15. An appar at us
for fabricating an intggppted circuit 2 device conprising. 3
an encl osure housing a prpcessi ng chanber 4 a gas
m xi'ng bl ock attack&d to the encl osure and havi ng P“‘{ﬁk: mtlet cloupl ed to
t he processing chan&érmgo first and second gas inlets;
-a source of cleanlngggas luidly coupled to tge gas mxing 7 bl jock;
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8- a source of process gas fluidly coupled to the gas
m xi ng 9 bl ock; and 10 a val ve coupled to the gas
m xi ng bl ock for selectively fluidly 11 coupling the source of cleaning
gas and the source of process gas with the gas 12 m xi ng bl ock to
selectively allow cl eani ng gases or process gases into the processing 13
chanber . 37/ : 113 1

16. The apparatus of claim 15 further conprising: 2

a base plate having a gas inlet coupled to the gas m xing 3 bl ock; 4

a gas distribution plate including a plurality of gas distribution 5

hol es fluidly couMeaﬂS&r4¢uL{F¥Lin|pt for dispersing the gases into the
chanber; and 6 ! a bypass passage coupled]jto the gas
inlet and the progessindg 7 chanb t he bypass passage offering | ess
resistance to flui® 208 than the gas
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8 distribution holes for allowing at | east a portion of the gases to

bypass the gas 9 distribution holes into the chanber. 1

17. The apparatus of claim 15 further conprising a 2 controller
coupled to the valve for selectively opening and closing the valve to all ow
3 gas to flow through-to the gas m xi ng bl ock. 1

18. The apparatus of claim 15 furth rising a 2 cl eani ng gas
passage coupling the source of cleaniﬁéegggpmﬁth the gas m xing bl ock, 3
wherein the valve is positioned al ong the cl eani ng gas passage. 1

19. The apparatus of claim 18 wherein the base plate is an 2 I ntegral,

si ngl e-pi ece base plate for sealing the opening of the enclosure, the base
3 pl ate defining a .l ower surface—%jﬂ?pesitioning wi thin the seal ed

encl osure, a gas inlet.4 and one nor e nDuntlng el ements for nounting
to the encl osure. s TR he. apparatus of claim
18 wherein said cle 25 ygri nat-ed materia
resistant to etching i ncl udi ng
fluori ne.
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