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BACKGROUND OF THE INVENTION
The present invention relates to semiconductor processing. More

specifically, the invention relates to a method and apparatus for forming dielectric
films over high aspect ratio features at temperatures greater than about 500°C, with

30 the dielectric films having low moisture content and low shrinkage. Embodiments
of the presenf invention are particularly useful to deposit doped dielectric films,
such as borophosphosilicate glass (BPSG) films, borosilicate glass (BSG) films, or
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co-inventors. Each of the above referenced
10  devices is forming a dielectric layer on a semiconductor substrate. As is well

known, such a dielectric layer can be deposited by chemical vapor deposition
(CVD). In a conventional thermal CVD process, reactive gases are supplied to the
substrate surface where heat-induced chemical reactions (homogeneous or
heterogeneous) take place to produce a desired film. In a conventional plasma -

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

| Semiconductor device geometries have dramatically decreased in size

20  since such devices were first introduced several decades ago. Since then, integrated
circuits have generally followed the two-year/half-size rule (often called "Moore’s
Law") which means that the number of devices which will fit oh 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

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

30  spacing ratio of two adjacent steps.)

Increasingly stringent requirements for processes in fabricating these
high integration devices are needed in order to produce high quality devices, and
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steps do not cause voids. to open up in the deposited film. However, conventional

substrate processing systems that typically deposit dielectric films at temperatures
less than ai)out 450°C are unable to produce low moisture films having good gap-
filling capabilities without opening substantial voids in subsequent heating and/or

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

15 to avoid short circuits and other problems in the devices. As is well known,
convehtional 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

20 | does not use in situ plasma, is needed to provide dielectric films with the desired
characteristics of low moisture, high density, low shrinkage, good high aspect ratio
gap-filling capability. _

- ~ In addition to meeting these stringent requirements, substrate -
procéssing systems must be able to meet the higher demands for forming ultra-

25  shallow doped regions, which are necessary for high integration devices with
shrinking device geometries. With the advent of smaller device geometries,
ultra-shallow doped regions in semiconductors are needed for various applications
including, for example, source/drain junctions, channel stop diffusions for shallow
trench isolation, etc. For example, MOS devices with channel lengths of less than

30 0.8 um often require soutce/draii; junctions having depths less than about
250 nanometers (nm) for adequate device performance. For transistors separated
by trench isolation structures of about 0.35 um depth, ultra-shallow channel stop
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15  point defects, which may lead to irregular and nonuniform junction depths, may be

fixed by annealing the implanted semiconductor material at high temperatures
(greater than about 900°C). Annealing the implanted semiconductor material,
however, may further increase the junction depth beyond that desired. With an
approach like gaseous diffusion, controlling dopant distribution and junction depth is
20  difficult to control in fofming ultra-shallow doped regions. As technology
progresses to even smaller geometry devices, an alternative approach that is able to
control the dopant uniformity and junction depth in ultra-shallow doped regions is
needed. |
In forming ultra-shallow doped regions, one alternative aﬁp_roach to
25 the current approaches of ion implantation and gaseous diffusion is the use of a
doped dielectric film as a dopant diffusion source. In this alternative approach, a
doped dielectric film is deposited onto a substrate and used as a source of dopants
which are diffused into the substrate to form ultra-shallow doped regions. For
example, doped dielectric films are deposited at temperatures less than 500°C in a
30  deposition chamber, and subsequently heated at temperatures greater than 500°C in
a different chamber, such as an annealing furnace, to perform the dopant diffusion
to form the doped region. Controlling thickness, uniformity, and moisture content
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I ncreasingly stringent requirenents for processes in fabricating these
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| from the film into the substrate. As is well known, moisture in doped dielectric
films reacts with dopants to bind them in a crystal structure, resulting in fewer

10 dopants available for diffusion into the substrate to form doped regions. It is
desirable to use doped dielectric films having a low moisture content, since these
films have more dopants available for use in the diffusion.

Several problems are encountered with conventional substrate
processing systems when using a doped dielectric film as a dopant diffusion source.

15  One problem is that it is difficult to obtain a high degree of control over film
thickness and uniformity when using conventional systems to deposit the doped
dielectric film. Another problem is that it is often difficult to ensure that adequate
amounts of dopants in the doped dielectric film are available for diffusion into the
substrate to form the ultra-shallow doped regions. A further problem is the

20 existence of native oxides, which act as a barrier layer preventing dopants from
diffusing into the substrate from the doped dielectric film, on substrate surfaces
where the ultra-shallow doped regions are to be formed. These problems are
discussed in further detail below.

Despite the advantages of using doped dielectric films as dopant

25  diffusion sources to form ultra-shallow doped regions, the problem of being unable
to control thickness and uniformity of the deposited doped dielectric film when
using conventional deposition systems is of particular concern for two primary
reasons. First, the inability to adequately control thickness and uniformity of the.
deposited doped dielectric film using conventional methods and apparatus

30  undesirably results in a diminished ability to control the dopant uniformity and
junction depth of the ultra-shallow doped region formed. For example, in a
conventional sequential CVD chamber, a substrate rests on a belt and travels
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channel stop of Angstroms (A). Also, it may be dlfﬁcu t to maintain the thickness of the
deposited film as thin as possible using systems relying on belt speed to control
thickness of the deposited film. With thicker films deposited conventionélly, some

15  dopants may take longer to diffuse into the substrate, since they have greater
distances to travel before reaching the semiconductor material. Also, removal of
such a thick film used as a dopant diffusion source by etching or other technique
often increases ihe total time to process the wafer. With growing pressures on
manufacturers to improve efficiency, it is desirable to form the doped dielectric film

20  as thin as possible in order to decrease the time needed to deposit and then remove
the film. It is desirable to have a method and apparatus that can easily control the
thickness and dopant uniformity of a doped dielectric ﬁlrh (less than about 500 A
thick at +0.2 weight percentage dopant variation across the wafer) that is used as a
dopant diffusion source. _ '

25 Another problem with using doped dielectric films as dopant diffusion
sources for ultra-shallow doped regions is that adequate amounts of dopants must be
available for diffusion into the substrate. Films with high dopant concentration are
often needed to provide adequate amounts of dopants for uniform diffusion into the
substrate to form ultra-shallow junctions. However, moisture absorption and

30  outgassing are two problems relating to adequate dopant availability. Doped
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.




5 regi ons having a-depth on the order of hundreds of nmare usually

required. For applications requiring ultra-shallow doped regions, it
is inportant to provide uni form dopant distribution in the doped
regi ons and good control of junction depth. Current
approaches to formng ultra-shall ow doped regi ons, such as 5 I on
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10  also may occur in subsequent heating steps. These dopants diffuse out of the film
away from the substréte, resﬁlting in fewer dopants available to be diffused into the
substrate to form ultra-shallow doped regions.
Even if adequate dopants are available for diffusion, the problem of
native oxides remains an important consideration when using doped dielectric films
15 as diffusion sources. Native oxides existing on the substrate surface where ultra-
shallow doped regions are to be formed prevent effective and uniform dopant
~ diffusion into the silicon. Therefore, native oxides, which act as a diffusion barrief
layef 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
20  etching using an in situ plasma. However, using liquid etchants is often difficult to
control and may result in overetching the substrate. Substrates that have native
oxides cleaned by conventional methods such as wet etching have shelf lives of less
than about one week before native oxides begin to form again, making it desirable
to process the wafers shortly after the native oxides have been removed. Using dry
. -25  etching to remove native oxides with an in situ plasina results in plasma damage to
the surface of the sqbstrate. 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 nafivc_: oxides
without damaging the substrate surface so dopants may diffuse into the substrate
30  uniformly for ultra-shallow doped regions.
In addition to providing dense, low moisture dielectric films having
uniform thickness and high aspect ratio gap-filling capability with low metal
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released inside the processing chamber form layers such as silicon oxides or nitrides
on the surface of a substrate being processed. Undesirable oxide deposition occurs

10  elsewhere in the CVD apparatus, such as in the area between the gas mixing box
and gas distribution manifold. Undesired oxide residues also may be deposited in
or around the exhaust channel and the walls of the processing chamber during such
CVD processes. Over time, failure to clean the residue from the CVD apparatus
often results in degraded, unreliable processes and defective substrates. Without

15  frequent cleaning procedures, impurities from the residue built up in the CVI')
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'dimensi.ons. Thus, CVD system maintenance is important
for the smooth operation of substrate processing, as well as resulting in improved

20  device yield and better product performance. ,

Frequently, periodic chamber cleanings'bet\_aveen processing of every

N wafers is needed to impro;re 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.

25 In addition to improving the quality of the above-discussed chamber cleanings
(which are done without breaking the vacuum seal), preventive maintenance
chamber cleanings (where the vacuum seal is broken by opening the chamber lid to
physically wipe down the chamber) are performed between multiple periodic
chamber cleanings. Often, performing the necessary preventive maintenance

30  chamber cleanings involves opening the chamber lid and any other chamber parts
that might obstruct the lid, which is a time-coﬁsuming prdi:edure that interferes with
normal production processing. |




of the doped dielectric fi-lmis inmportant in efficiently form ng

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

of dopants available for diffusion. Limting the thickness of doped 5
dielectric filnms used as diffusion sourcgg al so hel ps to increase wafer
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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) processihg of semiconductor wafers.
Embodiments of the present invention include systems, methods and apphratus
25  which enable multiple process steps to be performed in situ in the same chamber to
| reduce total processing time and to ensure high quality processing to produce high
integration devices having high aspect ratio features. Performing multiple process
steps in the same chamber also increases the control over process parameters,
substantially reduces moisture content in deposited films, and mlmmues 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




to control thickness and uniformty of the deposited doped dielectric film
when usi ng convent..onal deposition systens is-of particular concern
for two primary reasons. First, the inability to adequately control
t hi ckness and uniformty of the deposited doped dielectric film
usi ng conventional nethods and apparatus 30 undesirably results in a

di m ni shed ability to control the dopant ldniformty and junction
depth of the ultra-shall ow doped region forned. For exanple, in a

convent i onal relatively thin film\thicknessese r Embodiments of the present inyentiorbaset and
travel s ek . . . Y
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or other dielectric layers. Further embodiments of the present invention may
further be used to deposit undoped dielectric films used as shallow trench isolation
10 filling oxides, ihsulating layers, capping layers, or other layers.

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

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

20  has been deposited). In either case, high temperature processing is accomplished
without removing the wafer from the vacuum chamber, which advantageously
reduces moisture absorption in the dielectric film. The high temperature processing
also enables in situ deposition of doped dielectric films with capping layers to
advantageously reduce outgassing of dopants 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 alternatively, a controlled plasma may be formed to
facilitate the decomposition of the reactive species.

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

30  used as é 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 temberaunes, usually greater than 600°C and preferably greater than about




unreliability. Second, being able to control the thickness of the deposited
doped dielectric film even for very thin filnms; is desirable for
overall efficiency and 10 i ncreased wafer throughput. However, _
conventi onal approaches have only been ‘capabl e of form ng doped .
dielectric films with thicknesses on the order of thousands of
Angstroms (A). Also, it may be difficult o maintain the thickness of the
deposited filmas thin as possible using systens relying on belt speed to
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in a clean room _
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 contaxnination in the
processed wafer. In the thermal cleaning process using the remote plasma system,

20  the radicals directed into the chamber can effectively clean unwanted deposits and
residues from the surfaces in the chamber while the plasma remains remote or
exterior to the chamber. Another advantage of the remote plasma system is that
native oxides can be efficiently removed from the wafer to effectively ensure
effective and uniform dopant diffusion from the doped dielectric layer without

25  causing significant surface damage to the silicon wafer. A further 5dvantage 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 gaées by microwave radiation to create a plasma with

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




8 when the wafer is transferred fromthe deposition chamber after

deposi tion of the dqped dielectric filmto a di-fferent processing
chanmber for the next processing step ina multiple-step process). The
absorbed noisture (Herr]0) then reacts with the dopants in the

dielectric film causing the filmto crystallize. Due to the crystal 5
structure binding the dopants within the 31 m these dopants becone
unavai l abl e for diffusion into the substrate, even after a subsequent
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consi derati on_when usi ng doped dielectric filns 15 as diffusjon sources.

Native oxi desTRSMIGroWavesplasmasystent may @lsoeadapted {gdeposiy plasma enhanced
CVD films by delivering deposition reactive gases into the processing chamber.

In another aspect of the invention, the remote plasma system includes

10  an endpoint detection system for indicating when the chamber cleaning has
concluded. The lack of piasma in the chamber can make it difficult, using
conventional endpoint detection systems, to pinpoint the time at which the cleaning
has been completed (i.e., when the last process gas residue in the chamber has
reacted with the cleaning etchant so that it can be discharged from the chamber).

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

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

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

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

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

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




shal | ow doped regions are to be fornmed prevent effective and uniform dopant
diffusion into the silicon. Therefore, native oxides;~which act as a

di ffusion barrier | ayer to the dopants, need to be renbved. Renoving
native oxi des has been done usi ng conventional techni ques such as wet
etching using liquid etchants, and dry 20 etching using an in situ '
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The present invention also provides various heat-resistant and

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

15  to reactions with the process gases and to deposition by the process gases at

- temperatures of at least about 400°C, and preferably at temperatures up to about

500-800°C. In addition, the pedestal preferably comprises a material that is
substantially resistant to etching at high temperatures (i.e., 500-800°C) by the
fluorine radicals introduced into the chamber during cleaning. In an exemplary

20  embodiment, the pedestal/heater comprises a resistive heating element imbeﬂded m
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 conﬁections thereto. The support shaft preferably comprises

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

30 providing ambient pressure within the shaft minimizes arcing from the power source
through the hollow core of the shaft to power leads or the outer walls of the shaft.

‘In still another aspect of the invention, a chamber liner is provided




9 contam nation, inproved quality and overall efficiency in
fabricating integrated ... Circuit devices is also.inportant. An

i mportant way to inprove quality and overall efficiency in
fabricating devices is to clean the chanber effectively and

economcally. Wth grow ng pressures on nmanufacturers to inprove processing
5 quality and overall efficiency, elimguting the total down-tine in a
mul ti pl e-step process wi thout conprom sing the quality of the wafers
has becone i ngbesdsthePedestal/heatet tooidkilaetthd chianttey walls foihthei iektend noney.
During CVD processing, reactive gases . released inside the processing
chanber f or m Preferably sthe chamber; liner inclyles ga nner partion; ceaprised of a matariab sucly f ace
of a substrat | ' eSl ' b1 10
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cl eani ng pr ocpattion of thenghamber kmerfis substantiallycthickerthiauithe inper portiom to bridge
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processi A8, aembedimerts thecanter:pontion of theplinew ingludes air gapsi todngreasedheind bet t er
product perfo nee. . . Frequently, periodic chanber

cl eani ngs bet%@ﬂﬁﬁmfé’&?&?#& ﬂfﬁ l“éVEry N-wafers is needed to inprove
CVvD system performance Instill Dflitthe Gspeetdt thel dveition, a lid assembly is provided

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

coupled to one or more clean gas passages and one or more process gas passages
15  for receiving process and clean gases and for delivering these gases into the
chamber. One or more valves are provided,ori 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
invention by allowing the apparatus to quickly and efficiently switch between
20  processing and cleaning, which increases the throughput of the system.

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

25 less resistahce to fiuid flow than the gas distribution holes. During cleaning, for
example, at least a portion of the cleaning gases will pass through the bypass
- passages directly into the chamber to increase the speed of the cleaning process,
thereby decreasing the down time of the chamber. The apparatus preferably
includes a control system, such as a valve and a controller, for partially or
30 completély closing the bypass passages to control the gas flow through the gas
distribution holes.

These and other embodiments of the present invention, as well as




devi ces. Providing an efficient, non-damagi ng cl ean of the chanber and/or
substrate is often able tao.enhance performance and quality of the devices
produced. 25 In addition to inproving the quality of the above-di scussed
chanber cl eani ngs (whi ch are done wi thout breaking the vacuum seal),
preventive mai ntenance chanber -cl eani ngs (where the vacuum seal is
br oken by opening the chanber lid to 16 physically w pe down the .
chanber) are perforned between multiple periodic chanber cl eani ngs.
O'ten, perf oris siyahtagesrenddestarey, are Q¢sotibed én fvrd)detnil it Conjénctiofi WAHOME text

cl eani ngs involves ogpening _the chanber |id and any ot her chanber parts
that m ght od§*¥ﬂé@€9ﬁ¥mF HBUsEhi ch is a time-consuning procedure that

interferes with nor mal production processing.
10 : In light of the above, inproved nethods, systens
and apparatus are needed for depositing dense, |ow noisture

gap- {1111 Rg capabi 1t oo, BRHEY MESOREPAEN: or prsf BRaWMGE™ " "0
apparatus will al so prowpdgads §RBARSE crdse3ektidhdiNvibw Wf ARERD AppRad nation.
according to the present invention;
Fig. 1B is a simplified diagram of the system monitor and CVD
apparatus 10 in a multichamber system;
10 Fig. 1C illustrates a general overview of CVD apparatus 10 in
relation to a gas supply panel 80 located in a clean room; o
Fig. 1D is an illustrative block diagram of the hierarchical control
structure of the system control software, computer program 150, according to a
specific embodiment;
15 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;
Fig. 3 is a vertical cross-section, partly in schematic, taken along
20  line 3-3 in Fig. 2;
Fig. 4 is an enlarged cross-section of a semiconductor process_ing
chamber of the apparatus of Fig. 2; _ |
Fig. 5 is an exploded view of a gas distribution system for the
apparatus of Fig. 2; _
25 ) 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
bypass conduit for cleaning gases;
30 Figs. 7A and 7B are side cross-sectional views and bottom views,
respectively, of a chamber liner, in accordance with an embodiment.of the

invention;




5 | mproved net hods and apparatus are al so needed for formng doped'

dielectric filns as.dopant diffusion sources for-ultra-shall ow
junctions. These nethods and apparatus shoul d be capabl e of
efficiently renoving native oxides to ensure effective and uni form

dopant diffusion fromthe doped dielectric |ayer w thout causing
significant surface damage to the siliconipnafer. Further, for sone
applications it is 10 desirable to provide nultiple deposition and
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The present invention pFiVild6sas¥ cro¥ssELidfial Vs dP A HoltbmSpdr@én of the
high tenperature (at |east about 500 800[err]C) processing of sem conductor
waf ers. heaterdift assemblysf Kige9ipr esent i nvention include systenms, nethods
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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; |

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

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

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

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

Figs. 19A-19E are simplified cross-sectional views of an exemplary

25  application of the method and apparatus of the present invention for an ultra-shallow
source/drain junction; '

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

30 Fig. 21 illustrates the relationship between NF, flow and microwave
saturation power that gives optimal cleaning rates provided with remote microwave

plasma system 55 in accordance with a specific embodiment of the present




steps in the sanme chanberal so i ncreases the control over process
paraneters, substanti-al ly reduces noi sture content in deposited
films, and m nimzes device 30 damage due to netal contam nation or
process residue contam nation. In particular, the
present invention provides high tenperature deposition, heating and
efficient cleaning for formng dielectricl&ilns having )
relatively thin filmthicknesses. Enbodi ments of the present invention are
particul arly myeftion; t o deposit doped dielectric filns, such as

bor ophosphosi | i cat e . SS~kBPSGQ) f i rositicate glass (BSG
films, or phosphosili ca{lgs'g%%?# ﬁgél)aphs ﬁﬂg%t_'?lgnf%p‘g"l -erftlag ?%Vﬁ\sgﬂ&mg

ul tra- shal | owhdlopsht pREfile df WseCaltralsRAllGW ffiBlichs féﬁnéiﬂwhfgeéz%b_éd BSGSfilms
junctions or as channel stop diffusions in shallow trench isolation. In

addi ti on, prodused Agrordingdo an emhedisent ef thejpicsent inyentiony al so be used to

deposit dgped dielectrig; ki | i VD)
| ayers, i gt ernmetal diel glgf'rzl:;(‘:& %%W?g@%ﬁél,&&a%g 'ﬁrg?elrggheg'gﬁﬁtﬁellrg%d?gi C
| ayers. Furt hshiowdigthei dopiitprofiletand sheee sadivtivity) of thei ultta-shallow junctidnsr t her be

used to deposit undoped dielectric filnps used _as shallow trench isqglation
10  filling ®wrmadysing differenticapped B {ilms aceerding to,gnother egbodiment of theer s.

present invention;

Fig. 24A is a photomicrograph demonstrating the as-deposited gap fill

10  capabilities of PSG films deposited at 600°C in accordance with a specific
embodiment of the present invention;

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

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

15 600°C under exemplary process conditions, according to a specific embodimerit;

Figs. 26A and 26B are photomicrographs demonstrating the relative
gap fill capabilities of TEOS/O; USG films deposited at about 400°C and about
550°C, respectively, after heating at about 1050°C and a subsequent wet etch
processing, in accordance with a specific embodiment of the present invention;

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

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

25  550°C under exemplary process conditions, according to a specific embodiment.

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS

I. CVD Reactor System
30 A. Overview of CVD Reactor
" Embodiments of the present invention are systems, methods and
apparatus used for depositing dielectric films at temperatures greater than about




Met hods according to the present invention include depositing

dielectric films by CVD on-a substrate in a vacuum chanber having a
pressure bet ween about 10-760 torr, and heating the substrate to a
tenperature greater than about 500[err]C. “The substrate may be heated
for a variety of purposes, such as 15 perform ng refl ow of deposited
dielectric layers for planarization, or fl8r driving in dopants froma
deposited doped dielectric |ayer. The process may be carried out in a

single step (80C. Iappuicularnyich systeras, metheds and apparniws sray: hroused fte depgsit

t enper at ures . , . i ' t ,
depositing t r?gd?qﬁdnﬁﬁ %lﬁ&%:ﬁé‘ﬂx\%\]g?xgdr é%hed’lél&%‘f g%sma’rsg‘\cglrﬂelé& F‘(kaag's&t‘gsgﬁ tég?}ﬁar r]C
and then heatultgslialiowf doped eegiénse preadetdl didlécttic lapers] intenmetil didlttrid Rgers,
deposited). In either casge, high tenperature processing is acconplished

wi't hout r eno\WRPRINE lAyeTs oXide fHling layers, ercother layersn diig. Ihith vericaln CEQS&oUS| v
reduces i stgdyf, ew Rt eiﬂ%o&ﬁ?enfbﬂ eé‘vb: @Péﬁﬁglo%@%gfag%@ﬁﬁt ure

processi ng al so enables 1h situ depos ric filns
wi t h cappi ng embpdinsent.o In additiom tbv/beitg gapabilel of depabiting dielectzis dayegs,dhe dopant s

fromthe doped fil mand,kl ower, 25 npi sture content. In a specific

enbodi ment , @a%%@cm to the m%@”&@‘m%&g temperagye heqting. v f ace,
where heat - i nepasintics WBEE fr ﬂe%ﬁﬁhﬁ%ﬂ&ﬁ‘éﬁ d&lko%fiéad AieleRirRANGEs Fhie
dielectric film Additionally or alternatively, .a controlled plasma may be
formed to  planatization; pafar drivingiincdoppnts iftanoa deposited dopedoditleetric jayeres .

In an ex | ar odi nent he dielectric £iJmigs a thin doped film 30
used as B8 ok TR R TghsnalF fopfd Feions., et she Ropariels BTG Vdei e 11 m
I's deReficitmtlaahingTRAfBEYCYD Hafibef orhpeiin® el cldafitgfrwafeont o t he
substrate and heated to hi gher tenperatures, usually_ greater than

600[ er r] C anduppesser@YPyapgaranis 40 nravidessiheset multiple capabilities jn'situ in a single
vacuum chamber 15. Accordingly, multiple process steps may be performed in a
- single chamber without having the wafer transferred out of that chamber into other

15  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.

20 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

25  susceptor). CVD apparatus 10 further includes a heater/lift assembly 30 for heating
the wafer supported on heater 25. Heater/lift assembly 30 also can be controllably
moved between a lower loading/off-loading position and an upper processing
position indicated by dotted line 13 which is closely adjacent to plate 20, as shown
in Fig. 1A. A center board (not shown) includes sensors for providing information

30 on the position of the wafer. As discussed in detail below, heater 25 includes
resistively-heated components enclosed in a ceramic, preferably aluminum nitride.

In an exemplary embodiment, all surfaces of heater 25 exposed to vacuum chamber




12 700[err]C, to diffuse dopants fromthe dielectric |ayer to the

under |l yi ng substrate. ..~ Performng the depositioh-and heating steps in
t he sane chanber provides better control .of the thickness, ,
uniformty, and noisture content of the doped dielectric film

| nproving the noisture content of the filmincreases the anpunts of

. available 5 dopants in the film whichags particul arly advantageous for

form ng ultra-shal |l ow © junctions in high integration devices.
I n anot her adjere nukietofi@ deransio material asuck P almilan wRide ALEOYor alumina) or

rovided for etching . undesired deposits on the inper wal]s of the vacuum
(I[:) hanber a?m“@gmﬁemﬂbheﬁésﬂaﬁ%ﬁ?&r a6, ip proeessing posiigndadi i ve
oxi des and ot ' ' ' .
digre a}]rﬁ%ghg?'lgdae%%gga éﬂa&pef hﬁem:&;@ﬂfé%sg&e Wafle 17 BE biffardtfls 10

processing. A techni que using a renote ertergy source
i s pref er abl yand byl anyandulan pumping chamnet 40,vfarnmed by chamber liner 35 andia gb@s na

' I ' I ' q .G E mple,. th I
By st om provi BAEian GltpDen s a3 diselisisd &F del DSOm e siktacs Ob pharkbe? Moeh, ¢ e
pl asma B fefebibly bAnYNeS deligni6 MR, sudh a§ BubfinAér NuSkinise ARAAAT UT €S,

and provide a gentle, 15 thernmal cleaning of the chamber. Wth the renote
pl asma syst erWhighhsepvesHedpwer the temperaturecgradiant betweent resistively-beatedt heatep 26bl em

o Pyl ol Sl 8 P T o b 5 it

: relative to heater 25.

10 Reactive and carrier gases are supplied through supply line 43 into a
gas mixing box (or gas mixing block) 273 (Fig. 5), where they are preferably mixed
together and delivered to plate 20. Gas mixing box 273 is preferably a dual input
mixing block coupled to a process gas supply line 43 and to a cleaning gas conduit
47. As will be discussed in detail below, a processor 50 preferably controilably

15 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

20  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

25 40 and through an exhaust line 60 by a vacuum pump system (not shown). Exhaust
gases and residues are preferably released from anmular pumping channel 40
through exhaust line 60 at a rate controlled by a throttle valve system 63.

In the representative embodiment, the chemical vapor deposition
process performed in CVD apparatus 10 is a thermal, sub-atmospheric pressure

30 process, often referred to as sub-atmospheric CVD (SACVD). As discussed earlier,
thermal CVD processes supply reactive gases to the substrate surface where heat-
induced chemical reactions (homogeneous or heterogeneous) take place to produce a




al um num chanber walls, which nmay then lead to net al cont ani nation in the
processed wafer. In the thermal cl eaning process usiiig the renote plasma
system 20 the radicals. directed into the chanber can effectively clean

unwant ed deposits and residues fromthe surfaces in the chanber while
the plasma remains renote or exterior to the chanber. Another
advant age of the rempte plasma systemis %hat native oxi des can be

efficiently r m)v fr m waf er t ffectiv nsur.e ‘ef fective
and uni form 3&5&@3 apPYRius Hg g?ﬂSé"dé ?@Pée iTesistively-hepted-sater o5
causing si gmis %%scﬁééé&%?ﬁe@ﬁ'ﬁéﬁ% tfhe §En blls'o? l’iﬁ&% fubllstdd

advant age of the renote plasfa syst m I's that ystem nayg%Fso be
confi gured f cabout400-80Gf€hoSuch heat distributios ptoyvides unifomi, frhplﬂethtrmalh hedtingasfes as

needed. n a. rred e Qdi peni, the renote plasma
cl'eani ng syst@ﬁ“fagerafor effecm%%??ﬁﬁé‘gb'ﬁﬁ 1, ARG, Gic ?% produce
and del i ver aseaginffplg ei@ﬁﬁgﬁépiﬁilﬁmuﬁfble-s@ﬁpfdcb@m%ﬁu ity BhBepq50r ot her
radicals) to the processing chanbe The renote pl asma system

energi zes gasékemytwe:lscraoemllcchglam onytbs formed adjacent fasthawetﬂby RF

etching radi cgl s, Saeehtl 6l krinlic! SR i SR o0 Rbofy FBEGEWLS" O

In embodiments additionally having a lower RF electrode, the RF power supply can
supply either single frequency RF power to plate 20 or mixed frequency RF power

10  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

15  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

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

25  radiation to create a plasma with etching radicals which are then sent via conduit 47
for dispersion through plate 20 to chamber 15. Specific details of plasma system 55
will be discussed further below. Some embodiments of apparatus 10 may also
include a radio frequency (RF) plasma system to provide in situ plasma capability.

Motors and optical sensors (not shown) are used to move and

30  determine the position of movable mechanical assemblies such as throttle valve
system 63 and heater 25. The heater/lift assembly 30, motors, gate valve 280,
throttle valve system 63, remote microwave plasma system 55, and other system
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sui tabl e energy source and directed through a wavegui de systemto an
applicator - tube, where a plasma is created. ReacCtive gases are then
fed into the applicator tube and energi zed by the m crowave energy,
whi ch sustains the ionization of the ignited plasma to produce a flow
of radicals into the processing chanber. For 5 cl eaning, the radicals
interact with residue formed on the chanm2r walls to form react ant
gases that are suitably discharged formthe chanber by an exhaust system
The ni cr owav SOBIPABSAIS argLoatoliashbiprogesser 3ayer cantrel linep 63i of whishealenhanced
CVvD filns bysg&kkﬁgghﬂaldeposition reactive gases into the processing

chanber . I n anot her aspect of the invention, the
renmote plasma system i Pebdeskds 50Qontrols atlruf ke adtivitizs oF theoOVEYmhehing.or
i ndi cati ng when the chanber cleaning has : concl uded. The | ack of

plasma i n t heAingasdhe systenhequiroller, Hregessor S0 exgautessystem contrghsaffyarenal
endpoi nt get ] ' | | i ani ng :
has been %onquﬂel{:}gg f?&ﬁﬁf&&r@%&%ﬂﬂ@gs a:)r?%%%ﬂgrs%gcgagpir@gsufga&ggﬁfp e chanber
has r e Qaeferhbly, trhethéry 70 may beg hatd- disk drisey bt of course membpey @0 awdyabeged

fromthe chanber). 15 This is because conventi.qnal endpoi nt _det i on
syst ens typi ©ther |Qf IBGMITK e IGsaQEE‘P“th%“daS‘ﬁlFégﬁ%(%t’ GHQTHK 8 er to

check. e oS oBfarki2 '3 drbrehei noaBiFh iludes a Mol GREATe bhpq@as Of t he
CesSs. e t

cl eaning pro I'nt resent 1nvention, an endpoin etection
assenbly is aeckpl Brbcessor 5@ operates undertthe Controd of thecsysteinnepntroh sdftyyare owhich

determ ne.the _endpoi nt .of .t he cl eanj. ocess by detectin hanges in _

[ ght 200" | pERE R ot drsyei dileliclieThe i, A B EAeS exhaust ed
cl ean gas regfé@iies chamber terﬁ?lﬁ_ﬁtu&? mitfotvave power levels, susceptor positibh, R
anot her aspect of the present invention, a nethod provides gettering

of any adsor atherpatmeters o6 ¢ pagisylar prodess. oOthee compwar programs ugh @s ditose hanber

fuori ne o 919104 bt o mlafey MetldE bt Sfbonde, & hidlpy iS00} Qe Binfiph *! ™ "0
processi ng claog@am product inserted in a disk drive or other appropriate drive, may also be

15  used to operate processor 50. System control software will be discussed in detail

below. The card rack contains a single-board computer, analog and digital
input/output boards, interface boards and stepper moior controller boards. Various
parts of CVD apparatus 10 conform to the Versa Modular European (VME)
standard which defines board, card cage, and connector dimensions and types. The

20  VME standard also defines the bus structure having a 16-bit data bus and 24-bit |
address bus. '

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

25  multichamber system. CVD apparatus 10 is preferably attached to a mainframe unit
75 which contains and provides electrical, plumbing and other support functions for
the apparatus 10. Exemplary mainframe units compatible with the illustrative
embodiment of CVD apparatus 10 are currently commercially available as the
Precision 5000™ and the Centura 5200™ systems from Applied Materials, Inc. of

30  Santa Clara, California. The multichamber syStem has the capability to transfer a
wafer between its chambers without breaking the vacuum and without having to
expose the wafer to moisture or other contaminants outside the multichamber




deposition residue. A second cleaning gas is then introduced into the
processi ng chanber after the residue has been renmoved with the first
cl eani ng gas. The second cl eaning gas renoves cl eaning residue forned
by the reaction between the first cl eaning gas and the interior
surfaces of the processing chanber. Renoving or 30 gettering the cleaning
resi due fromthe chanmber provides a nunbe23of advantages. For

exanple, in a preferred enbodi nent of the present invention, fluorine
radical s systeme  dal ddventage ofithe muitichamber systemy iscthatndifferentchamberscinrtbei due,

TaC" 8 St CRBREaeSer systemagay be yesd for differens yemeses ifyfhe ROUIE BEPRESL Py

from chanber . example, dife!hambéemby Be ukstiefop Aepstitionastiikides) fvfic Sndy RCEBHT €,
any adsorbed fluorine on the surface of the chamber walls$ which mi ght

ot’her wi se i nt fargapid\thermal procssing, and yetanothed may de used for axide cleqning.t Thefi | m

on the next t e Nl ac i e . I tive
enbodi nent, }[Aﬁgeo%sgtlﬁae}}rj g @ﬁ‘ﬁg‘qﬂ%‘% g’(raﬂ" %%%%?%?L‘ﬂag&ﬁ'g thétety’ chanber
usi ng N cr onaprRveRivg hBEhifition of wafyre ¢hat dfen acqirt wbon transféreig twafelgposi t a

thin filmof oxide onto the chanber to trap any .adsorbed fluorine and
prevent between various separate individual chambers (not in a multichamber system) for

different parts of a process.
In the preferred embodiment two monitors 73a are uséd,' one mounted
10  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
particular screen or function, the operator touches a designated area of the display
15  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
of or in addition to light pen 73b to allow the user to communicate with processor
20 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
inputs from supply line 43 and conduit 47, and remote microwave plasma system 55
25  with input line 57. As mentioned above, gas mixing box 273 is for mixing and
iﬁjecting deposition gas(es) and clean gas(es) or other gas(es) through inlet tube 43
to the processing chamber 15. As seen in Fig. 1C, remote microwave plasma
system 55 is integrally located and mounted below chamber 15 with conduit 47
coming up alongside chamber 15 to gate valve 280 and gas mixing box 273, located
30  above chamber 15. Similarly, gas supply line 43, which comes up alongside
chamber 15 to gas mixing box 273, is provided with reactive gases via lines 83 and
85 from gas supply panel 80. Gas supply panel 80 includes linés to gas or liquid
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contami nation of the subsequent Iy deposited films. - The
present invention also proyides various heat-resistaat and 10
process-conpati bl e conponents for high tenperature processing. The system

of the present invention includes a vapor deposition apparatus having

an encl osure assenbly housing a processi ng chanber. The apparat us

i ncludes a heating assenbly havi ng 4 pedestal / heater for heating the

wafer to tenperatures up to about 500- 800[err]C. The pedestal

preferably cospplySRfircds 98 &6 @aéeslmig 138 Rt tmaY VaYy B&pR h&lh to
eposi tion by the cess gases at

reactions with e proces;@gases and to
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i ntroduced into the er durlng | eaning. In an exenpl ary
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I i ner
15  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
silicon source, and one or more gaseous oxygen sources, such as oxygen (QO,) or

20  ozone (O;), may be formed with gas mixing systerh 93. The TEPO and TEOS are
all liquid sources that also may be vaporized by conventional boiler-type or bubbler-
type hot boxes in other embodiments. A liquid injection system is preferred as it
provides greater control of the volume of reactant liquid introduced into the gas
mixing system. The vaporized gases are then mixed in the gas mixing system with

25 a carrier gas, such as helium, before being delivered to heated line 85. Of course, |
it is recognized that other sources of dopants, silicon, and oxygen also may be used.

Additionally, gas supply panel 80 includes switching valve 95, which

under the control of processor 50, can selectively send the clean gas with N, along
process gas line 83 to gas supply line 43 or alorig clean gas line 57 to remote

30 microwave plasma system 55. When processor 50 causes switching valve 95 to
send the clean gas with N, via input line 57 to plasma system 55, a plasma remote
from chamber 15 is formed due to application of microwave energy and cleaning




15 around the pedestal/heater to insulate the chanber walls fromthe

heat er . Preferably,..the chanber |iner includes+an inner portion
conprised of a material such as ceramc that is resistant to high
tenperatures and to deposition/clean reactions, and an outer portion

conprised of a material resistant to cracking. The inner 5 portion of !
the liner insulates the chamber walls to 25educe the wafer edge cooling '
ef fects which m ght otherw se adversely affect deposited filmuniformty.

The . out er radlca)lsraté prodotedt foe tmhsfed)mrgab iconduit 47.s Phocessot 5@ ichy alstiicadser t han
the inner porti to brld

a b ween the wafe d the I'l's,
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provi ded by tgas shppiy;l dine 43. In alternative embodimentsvalve 93 iscconnectédeat itsspupt of
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system 55, switching valve 105 in these embodiments would be connected to inlet
57 to remote microwave system 55 and also to line 83 leading to inlet 43. In
specific embodiments, gate valve 280 may be controlled by processor 50, with
10  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
110 provides power to the magnetron in remote plasma system 55. Ozonator 115,

15  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
multiple remote microwave plasma systems 55, multiple ozonators 115 and 'multiple

20  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
written in any conventional computer readable programming language such as, for

25  example, 68000 assembly lariguagc, C, C++, Pascal, Fortran, or other language.
Suitable program code is entered into a single file, or multiple files, using a
conventional text editpr and is stored or embodied in a cdmputér—-usable medium,
such as a memory system of the computer. If the entered code text is in a high-
level language, the code is compiled, and the resultant compiler code is then linked

30  with an object code of precompiled Windows library routines. To execute the
linked compiled object'co'de, the system user invokes the object code, causing the
computer system to load the code in memory, from which the CPU reads and




15 for receiving process and cl ean gases and for delivering these gases
into the chanber. Gae or nore valves are provided on either the clean
gas passages or the . process gas passages to selectively allow gas to
flow through to the gas m xing bl ock. This enbodinent facilitates the
in situ cleaning nethod of the present “ invention by allow ng the
apparatus to quickly and efficiently swi 26h bet ween 20 processi ng and

cl eani ng, which incyeases the, throughput, of_ the system

In an exenpl &?‘?F“Eﬁ?ﬁgﬂf‘?éﬁp,l’effﬁgnl %gé]%s’éﬁﬂfiﬁdf%@%wgﬁ%l udes a base
plate having a gas inl g f¥; WA : fq?éﬁ‘%@w%@'
distribution plate ?«ﬁg i%fﬂﬁ%@%ﬁ%ﬁc%y o? E‘oho es for di gggér(gi ng the
gases i nto t lstrugumoafthé systenh aohteol software, ciputer progeme i50,yaccondingdtesa one or

_ b inth |ate that off 25 | ot .
rore bypsss passasen, L Lhe Hase Al & {hat o0l (o1, 25 | as s ptance to

exanpl e, |t hamber ﬁl@ﬂb&é#@'&hﬂﬁb&t%ﬂﬂeﬁﬁﬁb B%r%@klé&dr'suﬁﬂﬁﬁné msPuph the
bypass passages directly into the chanber to increase the speed of

the cl eani ng T¢fpeREY, menus or screensrdisplayed ondhe CRT mositerovihe posessisetshe
o val ve and SHGE aeR B et prpcess picaietee ol lpeciy Wi bR e ™
bypass passagpgseesses,cardlidentified By pecilefihetiset ROMbES. tH6cegf Selector subrdbitiaer i but i on
hol es. . . . These and ot her_ enbodi ments of the present
i nvention, ad53ddentifies (i) the desired process chamber, and (ii) the desired set of process
10  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
alternatively to or in addition to high- and low-frequency RF power levels and the
15  low-frequency RF frequency, for embodiments equipped with RF plasma systems),
cooling gas pressure, and chamber wall temperature. Process selector subroutine
153 controls what type of process (deposition, wafer cleaning, chamber cleaning,
chamber gettering, reflowing) is performed at a certain time in chamber 15. In
some embodiments, there may be more than one process selector subroutine. The
20  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
controlling the process are output on the analog output board and digital output
25  board of CVD system 10. |
A process sequencer subroutine 155 comprises program code for
accepting the identified process chamber and set of process parameters from process
selector subroutine 153, and for controlling operation of the various process
chambers. Multiple users can enter process set numbers and process chamber
30 numbers, or a single user can enter multiple process set numbers and process
chamber numbers, so sequencer subroutine 155 operates to schedule the selected
processes in the desired sequence. Preferably, sequencer subroutine 155 includes




16 Its advantages and features, are described i'n nore detail in

conjunction with the text... bel ow and attached figures. 5.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1Ais a
vertical, cross-sectional view of a CVD apparatus according to the
present invention; ' Fig. 1Bis a sinplified diagram of
the systemnonitor and CVD apparat 7 10 in a mul ti chanber system 10
Fig. 1Cillustrates a general overview of CVD apparatus 10 in

rel ation to aprggeansogisltp pesfonn thostepsceft @dmonitaring| the aperation of the process

Fig. 1D is an,jllustrative.bl.ack diagramof .the hjerarchical cqgntrol
structure of ?lﬁ'g‘bgvs e te(gamerlg?hes ?@egmﬁf@r?ﬂfgé?ma%agccordi ng
toa SPsetdskés A beREMRied AR in the chambers being used; £hd (iif) dx€ciing!tRE K

di agram of an exenpl ary heater control subrouti ne;

Fig. 2 is an desisedpragessi bagechon availabilisr o procpsschamher ayid the/type of procgspar at us
10 d t . i t i . . . . .
ver 1 oal Sr ocbbeshfidl 6% orBitictil Bdinods pf mopitying e progess Ciafiberd cafl 62

used, such as polling. When scheduling which process is to be executed, sequencer

subroutine 155 can be designed to take into consideration the present condition of
the process chamber being used in comparison. with the desired process conditions
for a selected process, or the "age" bf each particular user-entered request, or any
10  other relevant factor a system brOgrannnér desires to include for determining
scheduling priorities.
Once sequencer subroutine 155 determines which process chamber
and process set combination is going to be executed next, the sequencer subroutine
155 initiates execution of the process set by passing the particular process set
15  parameters to a chamber manager subroutine 157a-c which controls multiple
processing tasks in a process chamber 15 according to the process set determined by
sequencer subroutine 155. For example, the chamber manager subroutine 157a
comprises program code for controlling CVD and cleaning process operations in
process chamber 15. Chamber manager subroutine 157 also controls execution of
20  various chamber component subroutines which control operation of the chamber
components necessary to carry out the selected process set. Examples of chamber
component subroutines are substrate positioning subroutine 160, process gas control
subroutine 163, pressure control subroutine 165, heater control subroutine 167,
plasma control subroutine 170, endpoint detect control subroutine 159, and gettering
25  control subroutine 169. Depending on the specific configuration of the CVD
chamber, some embodiments include all of the above subroutines, while other
embodiments may include only some of the subroutines. Those having ordinary
skill m the art would readily recognize that other chamber control subroutines can
be included depending on what processes are to be performed in process chamber
30  15. In operation, chamber manager subroutine 157a selectively schedules or calls
the process component subroutines in accordance with the particular process set

being executed. Chamber manager subroutine 157a schedules the process

e s A L



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

di stribution systemfor the apparatus of Fig. 2; 25

Fig. 6Ais a top, partially cut-away view of a |lid assenbly of CVD
apparatus 10, illustrating portions of thgggas distribution systens;

Figs. 6B and 6C illustrate a front cross-section and a top view,

respectivel y, c@ﬁp@ﬁnﬁhﬂﬂmﬂl&s weich ilifte 3&guenider )éulit@ﬁmﬁ\/ﬂsi@hédtﬂéslﬁhﬂﬁﬂ process
I ncorporating a pass conduit for cleaning gas

Figs. 7A and ¢iamheg 1§|3G€ PEPGSSS; sef @ra foobragxeqitedhBextn %islﬁn?m manager
respect Lvel Y. sitfroftidt"P7R Hiotbded Sieps bf nBRRRAHARE Vattbls cififhner BHpJRMs, o',  "°
'Fig. 8 is a pdetimihing whibie vemponentsrmeed tc be bperated busedvorothe fpr@hess3piraieters
5 - 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
described with reference to Fig. 1D. Substrate positioning subroutine 160
comprises program code for controlling chamber components that are used to load
10  the substrate onto heater 25 and, optionally, to lift the substrate to a desired height
in chamber 15 to control the spacing between the substrate and gas distribution
manifold 20. When a substrate is loaded into process chamber 15, heater 25 is
lowered to receive the substrate and then heater 25 is raised to the desired height.
In operation, substrate positioning subroutine 160 controls movement of heater 25 in
15  response to process set parameters related to the support height that are transferred
from chamber manager subroutine 157a.
Process gas control subroutine 163 has program code for controlling
process gas composition and flow rates. Process gas control subroutine 163
controls the open/close position of the safety shut-off valves, and also ramps
20  up/down the mass flow controllers to obtain the desired gas flow rate. Process gas
control subroutine 163 is invoked by the chamber manager subroutine 157a, as are
all chamber component subroutines, and receives subroutine proéess parameters
related to the desired gas flow rates from the chamber manager. Typically, process
gas control subroutine 163 operates by opening the gas supply lines and repeatedly
25 (i) reading the necessary mass flow controllers, (ii) comparing the readings to the
desired flow rates received from chamber manager subroutine 157a, and (iii)
adjusting the flow rates of the gas supply lines as necessary. Furthermore, process
gas control subroutine 163 includes steps for monitoring the gas flow rates for
unsafe rates, and activating the safety shut-off valves when an unsafe condition is
30  detected. Process gas control suﬁroutine 163 also controls the gas composition and
flow rates for clean gases as well as for deposition gases, depending on the desired
process (clean or deposition or other) that is selected. Alternative embodiments




along lines 8-8, illustrating the punping channel and-the gas flow pattern
in the exhaust system of the CVD apparatus 10 -of Fig. 2;

Fig. 9 is a vertical cross-sectional view, partially schematic, of a 5
heater/lift assenbly, according to an enbodi nent of the invention;

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

heater/lift assenbly of Fig. 9; 29 Fig. 11 is a side

cross-sectional view of a pedestal/heater of the assenbly of Fig. 9,
accor di ng t o caiildHaPe eior® fHanUne ipiceebs ¥R Hon6l subfoutine 613, each subroutine 6. 12
Is a bottomview of the pedestal /heater, illustrating a heater coil;

Fig. 13 is aorixqlling aspeqiiatype of peocsssaercspesifie sets o gapligesof Fig. 9;

Fig. 14 is an enl argedyyi f . ri | Ol
within the pedestal/ heﬁé‘?‘ﬂ%ﬁ%&’%};&‘%gg.&%h ag%%g%%%%cﬂ ‘3319“’1‘;% and
15B il | ustr atitohinber 19 tohstabilifecthp petsairalin Agadhambéobefore reactiveqbsesig a

t her m)cogﬁol e and the thernocouple, respectively; _ . . Fig.
16 is a 9 npleEAses e inteogucad: oForthess RIOGESIES CPIOGRSS Eap renirad subronting 163 is £ of

cl eaning the p 8% %clﬁdé\%ta%& ?gﬁﬁ&%@%ﬂé)ﬁfert gal iﬁﬁ%ﬂﬁrﬂﬁé}gﬁg@ﬁa@?a”

enbodi nent o e present 1 nvent A-17D are
schenat i ¢ di agoantofatime nedessany ity stabitipothetpressure indid elmimber, ayisthemthien

d ith ' t th t i ) ' ; .
P o 18 1 o stepreerbanansveudd be Fme obt-cAdomL ks A Rropr ebin e
mRnUf act ur ed vRAaRE e aARuRTPRENSR) fobxahlbf PEOSEHockR A8 ChRR]

Figs. 19A-19E are sinplified cross-sectional "views of an exenplary 25
appl i cat1®n shbrohtineriahwauldrbe weritte tatinguds stepsefop bublding 4 delivaryl gas such asn
ultra-shall Yelium thrmsxgﬁl El‘f;eel/l(lclilli(? i)rrécﬁrlslgrcxln' & Bubbler assembly, or introducing a carrier

gas such as helium to a liquid injection system. When a bubbler is used for this

type of process, process gas control subroutine 163 regulates the flow of the
delivery gas, the pressure in the bubbler, and the bubbler temperature in order to
15  obtain the desired process gas flow rates. As discussed above, the desired process
gas flow rates are transferred to process gas control subroutine 163 as process
parameters. Furthermore, process gas control subroutine 163 includes steps for
obtaining the necessary delivery gas flow rate, bubbler pressure, and bubbler
temperature for the desired process gas flow rate by accessing a stored table
20  containing the necessary values for a given process gaé flow rate. Once the
necessary values are obtained, the delivery gas flow rate, bubbler pressure and
bubbler temperature are monitored, compared to the necessary values and adjusted
accordingly.
The pressure control subroutine 165 comprises program code for
25  controlling the préssure in the chamber 15 by regulating the aperture size of the
throttle valve in the exhaust system of the chamber. The aperture size of the
throttle valve is set to control the chamber pressure at a desired level in relation to
the total process gas flow, the size of the process chamber, and the pumping set-
point pressure for the exhaust ‘system. When pressure control subroutine 165 is
30 invoked, the desired or target pressure level is received as a parameter from
chamber manager subroutine 157a. The pressure control subroutine 165 measures

the pressure in chamber 15 by reading one or more conventional pressure




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

exenpl ary application of .the nethod and apparatus of*-the present invention
for ultra-shallow trench isolation; 30 Fig. 21
illustrates the relationship between NF3 flow and m crowave

saturation power that gives optimal cleaning rates provided with renote

m cr onwave pl asma system 55 in accor3fhnce with a specific enbodi nent

of the present i nventi on; : Figs. 22A-22C
are graphs i|nanometers eopnestpd o therrhamber; sompares thevineagure value()tie thpiseget
profile of t ' .1 ons. ' |

produced acc gfr 8##94’ '?o obﬁgl?# %%@Jﬁﬁ%ﬁ%{’&g’f m% eﬁgg%a‘f;‘i‘#g‘%f‘ﬁ@z ﬁ?‘ﬂgﬁ&?ﬁfgb&ﬂﬁng
Fi gs. 23A- 23Roahe taperPressidel fudrhraddtored pheskird @able dpdradjuststthe throtle! vabve
showi ng the dopant profile and sheet resistivity of the ultra-shallow

j unctions accordingivthe FIR galnes oblained femp fecpresswertables Altereativelly to
anot her egbod)agdte 6f @\ébroutinc 55 e Hﬁ&%g@@h or close the thrattle valve to Fig.
p gap 11

24A i s a phot'om crograp enonstrating the as- osite
a particular aperture size to regulate the pressure in chamber 15 to the desired level.

. Heater control subroutine 167 comprises program code for controlling
the temperature of a heater element 473 used to resistively heat heater 25 (and any
substrate thereon). Referring to Fig. 1E, heater control subroutine 167, which is

10  also invoked by chamber manager subroutine 157a, receives a desired target/set-
point temperature parameter, T, as an input (step 580). In step 582, heater
control subroutine 167 measures the current temperature of heater 25 by measuring
voltage output of a thermocouple located in heater 25. The current temperature is
denoted T(k), where k is the current time step of heater control subroutine 167.

15  The controller obtains the temperature T(k) from the thermocouple voltage by
looking up the corresponding temperature in a stored conyersion table or by
calculating the temperature using a fourth-order polynomial. In an exemplary
embodiment, heater control subroutine 167 in step 584 calculates the temperature
error. The temperature error, denoted Err,.,,, is determined by the equation

20 Effn,(K) =Tuu-T(K).

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

25  This algorithm precisely controls the temperature at the desired temperature, T,. .
If the absolute value of the temperature error is greater than the boundary error,
heater control subroutine 167 will select a temperature ramp control algorithm (step
590). This algorithm controls the rate at which the heater temperature will -
approach the desired temperature, T, i.e., it controls the rate at which the

30 temperature changes.

The temperature regulator algorithm (steps 586 and 588) uses
feedback and feedforward control to update the power delivered to the heating




10 capabilities of PSG films deposited at 600[err]C in accordance with a

specific enbodi nent...of the present invention;"

Fig. 24Bis a sinplified diagramof a section of the structure shown

in Fig. 24A ' Fig. 25 illustrates the FTIR spectra of a
PSG fil mdeposited at about 15 600[ err] C under exenplary process
conditions, according to a specific enbodinent; Fi gs.
26A and 26B are photom crographs denonstrating the relative gap fil

capabi | i ti eselemenmegapaided)BCheaterdS soegsotoi maintain the surent 4G0peraie Bk asbout

550 [err]C, rgspeckivel af t h i n t Ut er,r] C and a
subsequent \Aﬁ@s‘gﬁ’ctdﬂ a5 ﬁ/dssx oc esﬁ%%ff’“lgﬂngg@g@dﬁﬁ@g%%"flq‘% egtﬁgzgﬁ fhe

enbodi ment ohmbhid dFpOWRR nededstey td Midintalf the desired temperature givenCthe dfoufit &
phot om crograph denmonstrating the gap fill capabjility of a USG film
déposit ed at aBdhbipe of2as How]and RE peweresipplied ter the shambero edeedback pepteol

subsequent Wles ool B8ORS rnleBrad TRAVARR PTY] bbbt BES 15 hjusTRec! ment of
e presen I'nventton, an g. ] ustrates
the FTIR speeitimated feadfdbiardi powet dasedi drettie diynamhio ehasor of the femtpekAtugender

-exenpl ary process_conditions, according t speci fic enbodi ment.
DETAI LED DESERPE M, ds: HIP copirel itke BeobalgoR used in conventionldisaies

System 30 ; ' el
Ehboat nent s SPUISERES yipoudhegh5 IS RAE of W oTREE: cpror, I these

appar at us us echitines setkto controlghel iephpecdtuiecrafmpl rate, they twiltplefin¢ artime-vargimger t han
about 45, (k) and then employ the PID controller described above to track this desired

temperature trajectory.
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In the present invention, heater control subroutine 167 preferably
employs the temperature ramp control algorithm (steps 590) to control power to
heater 25 when the absolute value of temperature error is greater than the boundary

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

20  T’(k) to a predetermined. desired ramp rate function, T’ (T). The desired ramp
rate is mainly a function of the temperature of the heater and is based on the
thermal shock resistance of the heater 25 at various temperatures. Thus, the desired
ramp rate may continuously change based on the current measured temperature of
the heater, or it may be set at a constant based on a minimum rate that is low

25  enough to avoid thermal shock within the range of temperatures of a particular
process. The control algorithm also employs a saturation function on the rate of
éhange of power supplied to the heater to damp the syétein response, which reduces
oscillations in ramp rate.

Controllers that attempt to regulate ramp rate by tracking a timed

30  temperature trajectory at best can only guarantee that a desired temperature, T, (K),
will be achieved at some time X in the future. The average ramp rate over the time
interval of length K will be T°,,. However, the instantaneous rate of change of
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19 500[err]C. In particular, such systens, rré’f"'.hods and apparatus may

be used to deposit undoped dielectric filnms and doped dielectric
films. Such filnms may be used to form ul tra-shal | ow doped regi ons,
"prenetal dielectric layers, internetal dielectric |ayers, cappi ng

| ayers, oxide filling layers, or other layers. Fig. 1A is a vertical,
cross- 5. sectional view of one enbodi Bnt of a CVD apparatus 10
accordi ng to a specific enbodi nent. In addition to being capabl e of

deposi ting dutgnp,mmre:Tr(kymas varshwidely duringptpatriatemeal a omsidemthetcaset inewhicksent

i nvention has ‘?,&}tb < ag,rﬁ%t(ﬁggﬂ&?eﬁ [‘PFEmFWE“E ?%beﬂeelﬁteusfgﬁhmeggﬁsl on,

performng r

or for drivi ffad K. dPi¢UntrollEowilPtheR RAGMHE 8 QARMYIACHRSble CalchYD" td Phe when

form ng ultra-shall ow doped regi ons. Further, the apparat us can prow de
efficient cldgpiredytraectonr Tao. l@mm@rfous@mwnemt@'v rifigewhich gheof waf er

surfaces. CV situ in
Sl gl e 3 © SoRBR: % Wactile B Wi Welerbalealt L Py SERENL LhilFEal i 1
be perforned thérnl shock fradtuiel Bycdm&bmh \thé Fonp rafedlirdtity| iR otdfefit iniveatisy er r ed
out of that chanber. into other 15 external chanbers. This results in a

| ower noi st urdyoids thig ppieptialispenaligs er s by elimnating opportunities to
absorb noi sture from t feeapRk §0Fid 15, 3 Exemplary ramp control algorithm will now

. be described. After the desired temperature, T, is input (step 580), the current
10  temperature T(k) is measured (step 582), and the temperature error is determined

.-l

(step 584), the ramp control algorithm calculates the actual ramp rate T’(k) using a
numerical differentiation technique. It also determines the desired ramp rate,
T’ 4(T (X)), based on the current value of T(k), and the error in ramp rate,
Bl =T 4o(T(K))-T° (k) (steps 592 and 594). The actual ramp rate T'(k) is
15  calculated from measured temperature T(k) over a range of temperature
_measurement samples. In general, T’,(T(k)) may be any continuous function of
temperature in various embodiments. In the specific embodiment, T’,(T(k)) is set
to be a predetermined constant value. The calculated ramp rate T’(k) is determined
by sampling (i.e., measuring) the temperature at a predetermined sample rate (e.g.,
2O 10 times in a power update period, 1 second, in the specific embodiment). Then,
an average of the 10 samples is calculated and compared to the average of the
previous 10 samples. The difference between the averages of the first 10 measured
temperatures and the previous 10 measyred temperatures is then divided by the
power update period to obtain an average measured te_xhperature. The derivative of
| 25  the average measured temperature is then calculated to arrive at the calculated ramp
rate T°(k). The ramp rate error Errgg,, may then determined by taking the
difference between the constant-valued T, (T(k)) and the éalculated ramp rate T°(k)
in the specific embodiment (step 594). The above embodiment is an example of one
numerical differentiation technique that may be used, but other techniques that may
30  be more sophisticated also can be used in other embodiments. In other
embodiments, other sample rates also may be used.
- To elaborate on step 596, an exemplary control function used in the




advant ageously increases the dopant retention in the deposited dielectric

| ayer. In addition,_performng nultiple process steps in a single
chanber saves tine, which i ncreases the overall throughput of the
process. 20 Referring to Fig. 1A, CVD apparatus 10

I ncl udes an encl osure assenbly 200 housing a vacuum chanber 15 with a
gas reaction area 16. A gas distriBstion plate 20 is provided above
the gas reaction area 16 for dispersing reactive gases through
perforated hepesifid embodiment’ie given dywhé¢ Eollowing eglatiom) t hat rests on a

o 55 Ghscentory . | CUKEIRS baulTe0 T e T € KT ReLRASITIRRR P! | ( PoCest
assenbly 30 fuherde® theGurrent timé b@%}e@a KL 1ISKHRROKER dinR stéj 2P+ Bis theeat er /1 f t

assenbly 30 al so can be controlla nmoved between a | ower .
| 0adi ng/ of f - Pewes that wikbe supplieditp the hepler at the pertstimegtep.  Proua I t i on

i ndi cat ed bydo 0 Lgh i I | ace te shown
n Fig ta A eChRD WS by Kt of s RRfed i AECH hehieR Fbiiant
i nformation #someomodeled aprokimation bf themereskfry poder @ give axathpi ratedstt ai |
bel ow, heater 25 includes resi stjvely-heated conpgnents enclosed in a

ceranmic, prefleabBk) atjatsmperatuse T(k)g K, is a contrphgain canstamb i y enbodi ment, al |
surfaces of ReafhecrrResiP hiatis uler/@Fittd id #iRfpied with the ramp rate error

Ertprae. In the specific embodiment, P, [T(),T":(T(K))] can be approximated
10  as P(k). This approximation is particularly true for slow systems such as the

resistive heater with large thermal mass of the present invention. The control
function is then approximated by the following equations:

Pk+1) = P(k) + K*[T’4(T(K)-T" ()]

P(k+1) - P(k) = K¥[T"(T(K))-T'K)].

15 : Because the response of the heater is slow, there is a lag between the
time power is adjusted and the time when the adjustment produces the desired
result. For example, if the temperature of the heater is stable and the desired ramp
rate is positive, the control will increase power to the heater.  The temperature will
not, however, immediately rise according to the desired ramp rate. The control will

20  then at the next time step further increase power. It will continue to increase power
until the desired ramp rate is met. By that time, however, the supplied power could
be much greater than that needed to maintain the desired ramp rate. The ramp rate
will continue to increase beyond its desired value. This is called overshoot. The
controller will react by reducing power, and slowly the ramp rate will decrease.-

25 Once again, the controller can act faster than the heater, so it will reduce power too
much and the ramp rate will decrease beyond its desired value. This is oscillation.
Over time, the magnitude of the oscillations will decrease and the ramp rate will
reach a constant, steady-state value. Because all real systems undergo small
disturbances, there will also be a small steady-state error.

30 The value of K, determines the size of the overshoot and the
steady-state error. If K, is large, the system will be more oscillatory, but
steady-state error will be small. If K, is small, the opposite is true. Typically, K,




20 15 are made of .a ceramic material, such as-al um num oxi de

(Al[err]O[err] or alumna)_ or al um num nitride...When heater 25 and
the wafer are in processing position 13, they are surrounded by a
chamber liner 35 along the inside walls 17 of apparatus 10 and by an

annul ar punpi ng channel 40, formed by chanber liner 35 and a top 5
portion of chanber 15. As discussed in dejail ‘below, the surface of chanber

l'i ner - 35 preferably conprises a ceramc material, such as alunina or
al um num ni t rdaflee large becatdé DRrivave {6l LRVER used o HAAP BeAdydieth’ PTRpPhRR!
bet ween resistivel y-heated heater 25 (hi gh tenperature) and chanber

wal | s 17, whileh raquse pivershont@nd (osqillatione n$teadyratate error can bestedu¢edcbyt usingat er

25. 10 i n ri es,ar uppl i,ed t hrough
supply line L{gteglr'ﬁlgo%trol, a?taﬁéa%ﬁ%ﬁgﬂﬂ%&ﬁ%rsﬁ?%ggd ﬁf@%&ﬁ’lﬂg&) 273 (Fig.
5)’, where t heyreferadblypandidedinl titisSonel algorithm! dpahi3ease? derivhtive \on@sl is op! at e
20. Gas m xing hox 273 is preferably a dual input m xi ng bl ock

coupl ed td a 3ypilable s Itgweuld semisg numesically ealeplatingthe second derivptive obtheui t
47. As w || | ' tad .
control \IMab |y quggérﬁglgééf g?%dg&aﬂga%gﬁeégﬁﬁ 80 ?E&geeﬁgﬁﬁ?cg‘ggg (rgi?gglr lg/lnﬂl’%h“%f

these two al tsecomdtderivativecean mok be calculapd yelfably. e Therefors,othe ipadsent dfivéntion
di spersing into c anb% 15., Condujt 47 receiyes ases from an
%sihl?”é 8%

integral rendt \%""ﬂ“&%ﬁ& yERte 185 Fﬁtﬂ‘aﬁﬁgf‘gﬁ?“%l(%ﬁp_ 598) f or
recei ving i NOkiteiPsiterivilive Cudf ROGnk rth@gy%%‘&éﬁc%sggi.sg.gta@g%mPAtioﬁd to plate

20 is vented toward the wafer surfac€ (as ihdi by arrows 21),
wher e it 10y function effegtively sohegules thergainKgsuchabiatd() i inversslyspropertinadleto

face, typigally i | and flow. Pur gi be del i d
Pt o chanber e TR e AP b, POtbe g manpiett Boction OF e tbsRrrestim 1 e
bott om wal |  GihedNsitd?s dfeclanfes AP bVerdidt cal6cclt)l e Rffedie galrOi¥Small. In Upwar d

past heater 25 and to an annul ar punpi n? channel 40. An exhaust system
steady-state, errors are small, so the effective K| is large.

The exemplary saturation function used to dampen system response is
15  given by the following equations (step 598). For these equations, P(k+1) refers to
the power defined by the .control equation given above. P;(k+1) is the actual
power supplied to the heater. P’,,, is the predetermined maximum allowable |
change in supplied power from one time step to the next. The exemplary samiation
function is as follows: _
20 if | PG+1)-PR) | >P' s, .
then P,(k+1)=P(K)-P’,,,, for P(k+1) >P(k)
and P;(k+1)=P(k)-P’ ., for P(k+1) <P(k)
else P;(k+1)=P(k+1) §
A new term K .(k) can now be defined as the effective gain of the
25  controller at time step k. Clearly, if Py(k+1)=P(k+1) the effective gain at time k
equals the gain K,. But if the saturation function is applied, K,.4(k) is defined by
substituting P(k+1) for P,(k+1) in the equatiohs above and combining them with
the equation: P(K+1) = Pl TK), T6elTKN] + K*[T"4o(TE)-T'K)]. The term
Koen(K) is as follows: '
30 | P’ = KK *Ertpae(®);
Kot =P’ s/ BT (K)-
By making the effective gain small when the ramp rate error is large, overshoot and

e e - - ~on o v ot > o - e . SR



s et e e 8 A g e T Py S - = s s

t hen exhausts the gas (as indicated by arrows 22) into the annul ar punpi ng
channel 25 40 and through an exhaust |ine 60 by a vacuum punp system (not

shown) . Exhaust gases and residues are preferably rel-eased from
annul ar punpi ng channel 40 t hrough exhaust line 60 at a rate

controlled by a throttle valve system 63. In the
representative enbodi ment, the chenical ¥&por deposition process

performed in CVD apparatus 10 is a, thermal sub at pospheric pressure 30
process, of t OFCiflation indhe fespanse s, minimized by this satpey Aﬁwgo §redugess ed

earlier, the 1iR&{HdB4 0%&%3@2?3%(5%%2&*%0&9 : Qﬁn bst rate

surface where %eat- react i ons om)geneous
het er ogeneoushe tamigecqitsd elgorithm of heateracontrol subroutine 167 dampens the system s

21 desired film_In CVD apparatus 10, h di stri but

resisti veI y HES.QPW hen lafge ramp ratgerrofy, °€ﬁ“§cﬁ'§€e§h1 e tH@t‘&l‘POIBéfg%emt hat is
capabl e gé jatures as high as . about 400-800[err] C. Such
heat di st ri butl provi s uniform rapid thermal heating of t he

waf er for effecting deﬁoplasmmnontrcﬂfsubxmﬁuedﬂ&cmhprises programh eads fog setting/ or 5
seasoni ng/ getﬂtleerrnian tr'st e ower Tevalsrrul t |(pde (C%%P st (Besl?l ln s l%gellngog.ha er
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
10  process electrodes in chamber 15, and for setting the low-frequency RF frequency
employed. Of course, some embodiments may have one plasma control subroutine
170 used for microwave power levels and another plasma control subroutine 170
used for RF power levels. Like the previously described chamber component
subroutines, plasma control subroutine 170 is invoked by chamber manager
15  subroutine 157a.

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

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

25  manager subroutine 157a. In embodiments having gate valve 280, plasma control
subroutine 170 also includes program code for opening and closing of gate valve
280 to coordinate with the setting/adjusting of microwave power levels.
Alternatively, the system software may have a separate gate valve control subroutine
in embodiments having gate valve 280.

30 An endpoint detect control subroutine 159 includes program code for
managing endpoint detection by controlling a light source and a light detector,
receiving data from the light detector for use in comparing light intensity changes




Al ternatively, a controlled plasnma may be formed adjacent to the wafer by
RF energy applied to gas distribution plate 20-froman RF power
supply (not shown). I n enbodi nents additionally having a | ower RF

el ectrode, the RF power supply can supply either single frequency RF
power to plate 20 or m xed frequency RF power 10 to plate 20 and the

|l ower RF el ectrode to enhance the deconpagiti on of reactive speci es

i ntroduced into process chanber 15. In a plasma process, sone of the

conponent s offrmnpbsorbhpo,siﬁdi@pmmﬂbesteppmmcmmprmess tiporbdetentitigfa ed to
accommodat e t he ener as d| sed.below . .. . Renot e
m.c][ owa\t;fa pl FEFE "?%‘fegﬂ%s‘qt?ﬂs% fwmﬂgagmﬁl@%gi@endgwaps% 10 is
refera a e
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appl i cati on. pRldwIORGE reshived Hatibm¥bdimeh QobKaving £n aﬁhpouﬂ |dé&8ﬁo:§w3£eﬁ{n 55
are reactive cleaning gases for creating a plasma to provide

fluorine, chivwuldaot d@ﬁé#%bﬁ#@@dﬁomtr@m eontral suhravdnel s syst em 55
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Cenerally, reszntbe mmw\cﬁamba&nmager subrcﬁuméQBVﬁSGemglamt@amomim i nput
line 57, which are energl zed by m crowave 25 radiation to create a plasm
with et chf ng ¥09dneludes prpgram code forgontroling WW%WSPCSMM may be juggd for

Syatom 5o ol eRinfog? dobi1 HidFe poerktEle! i Wil XahimdBhert 20
appar atus" 10 gcagznng eantrol subroutine! 169scan m\&iltecpémﬁenmﬁman( Bt iploathegleagstem t o

d t bi |t d opti cal
Censors (not ek DA Eekering chatel infombination &ty e FIEsERERLRR: on of -

movabl e ”E‘Cha”' cal assefl ¢ sysefd descriptioftprésentéd labGve is mainly for general
15  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 muitiple-wafer chamber
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

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

25  operation and structure, specific algorithms used in some software subroutines,
configuration of gas inlet lines and valves, and other modifications are possible. -
‘Additionally, other plasma CVD equipment such as electron cj'clotron resonance
(ECR) plasma CVD devices, induction coupled RF high density plasma CVD
devices, or the like may be employed. The dielectric layers and methods for

30 forming such layers for use in the present invention should not neceséarily be
limited to any specific apparatus or to any specific plasma excitation method.

| As shown in Figs. 2 and 3, CVD apparatus 10 generally includes an




system 63 and heater 25. The heater/lift assenbly 30, notors, gate valve

280, throttle val ve_system 63, renote m crowave..pl asma system 55, and
ot her system - 22
conponents are controlled by processor 50 over control |ines 65, of which
only some are shown. : Processor 50 controls all of
the activities of the CVD nachi ne. f¢ting as the systemcontroller,

processor 50 executes systemcontrol software, 5 which is a conputer

progr am st or eendlésuge fesembly 200 10! veetically Riovat1e hestedBvafer sugpoﬂ?@ed@fa@bk Y,
menory 70 may be a hard disk drive, but of course nmenory 70 may be

ot her ki nds ofusieRten 25 fon surpartingonsemicendreteti wafes within g ¥aqumychamberdby 70)
o Pre ana SPERNEENEe BRSSPI T bt S BpbiP It S
syst em cont r oktchinf tstps ©n thdrivafer. L A gas disttibatesh $eten 205 (Figd. 2-@)tdistributeat
~dictate the timng, m xture of gases, chanber pressure, chanber
t enper at uPe, BIOCFHARIS THomdeas sauressI0 (iig Al tamo fwafer, and 3p gxhaust sysionh er
parameters of iy pagd.| £4) @iscHafges BRSproflst Bhses AP YieE rddidA8 TRIFE chfilk: 3%, t hose
CVD apparatus 10 further includes a heater/lift assembly 30 (Figs. 1A, 9-15) that
includes heater 25 for heating the wafer and for lifting the wafer upwards into a
processing position within chamber 15. An integral remote microwave plasma
10 system 55 (Figs. 1A and 16) is also provided in CVD apparatus 10 for periodic
chamber cleaning, wafer cleaning, 6r depositing steps.
As shown in Fig. 2, CVD apparatus 10 further includes a liquid
cooling system 215 for delivering coolant to various components of the chamber 15
to cool these components during the high temperature processing. Liquid cooling
15  system 215 acts to decreaée the temperature of these chamber components to
minimize undesired deposition onto these components due to the high temperature -
processes. Liquid cooling systeni 215 includes a pair of water connections 217, 219
that supply cooling water through the heater/lift assembly 30 and a coolant manifold
(not shown) for delivering coolant to the gas distribution system 205 (discussed
20  below). A waterflow detector 220 detects the waterflow from a heat exchanger (not
shown) to enclosure assémbly 200. Preferred embodiments of the individual systems
of apparatus 10 will be described in further detail below.

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

integral housing made from a process-compatible material, such as aluminum or
anodized aluminum. Enclosure assembly 200 includes an outer lid assembly 225 for
delivering process and clean gases through an inlet tube 43 to an inner lid assembly
230 within assembly 200. Inner lid assembly 230 functions to disperse the gases

30 throughout chamber 15 onto a wafer (not shown) supported on heater 25. As
shown in Fig. 2, a lid cover 233 provides access to the components on the top of
enclosure assembly 200 (i.e., outer lid assembly 32), and shields the operator from




stored on other nenory including, for exanple, a fl.oppy disk or other
conput er program product inserted in a disk drive or other
appropriate drive, nmay also be 15 used to operate processor 50. System
control software will be discussed in detail bel ow. The card rack
contains a single-board conputer, analog and digital I nput / out put
boards, interface boards and stepper notgg controller boards. Various
parts of CVD apparatus 10 conformto the Versa Mdul ar European (VME)

st andard whi ekpaserfe todsiglh ceaitperanes durtagsysteanopetativne CFar SAICVENprocessesa lid

022 bus. and COYEREA3S preferay, efiueta fout 35 o allow Olarans 1ot 10 CAFRPSIATor f ace
bet ween a us ﬁl&%%ﬁ’ | ' : ' 7 Lght
pen 73b, sho&%ﬂti@ﬁﬁ#g?&lB |§ﬁﬂﬂb§h§h§??}pfi ‘lder%gglfgésr er%ef)a}lytrg@aﬁlg(hdmgystem
nmoni t or and Gviingpest priocess 5&ps uhlesssthe ghambezds opened; for lezamplaptoeparform & 25

mul ti chargoer system CVD appatatus 10 s preferably attached to,a nai nfranme
ini t SRR RS Chamb: <A SR, P e IR @nd ot her
support f U”Ci)kiﬁﬁ'ﬁﬁftﬁé chamber t¢ MenRPRAcHreiSurt0- A RIAIREI30 MBlubéy @[B“ck}h%' ts

conpatible with"the illustrative enbodi nent of CVD apparatus IO are
current|y comatchetimdchgnism 241 &b prevent thétid cover 238feam Salting 08@l.err] and t he

ertura 92000 o1l oyt nghoR 013 bk Bl by efls FPauitiig O 2
waf er bet weedobst (ot ElWIS rand i slib Qatve Bpetine 248 ihbcughashithih andertoadifgt havi ng
to expose the wafer to noisture or_other contam nants outside the
nul ti chalfber assembly (not shown) transports a wafer W into process chamber 16 and loads

wafer W onto heater 25. The wafer loading assembly is preferably a conventional

robotic mechanism disposed within a transfer chamber (not shown) of the

multichamber processing system. A suitable robotic transfer assembly is described

in commonly assigned U.S. Patent No. 4,951,601 to Maydan, the complete

15  disclosure of which is incorporated herein by reference.

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

20 25 has a smaller diameter than enclosure assembly 200, liner 250 inhibits the flow
of pfocess gases below heater 25 to the lower portion of chamber 15. Accordingly,
undesired deposition onto the bottom of heater 25 and the lower portion of chaniber
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,

25  in order to prevent wafer edge cooling during high temperature processing. During
high temperature processing, liner 250 prevents excessive heat loss from the hotter
edges of the wafer on heater 25 (e.g., about 550-600°C) to the cooler surrounding
chamber walls (e.g., about 60°C). Without liner 250, the heat effects at the edge
of the wafer may adversely affect temperature uniformity across the wafer and lead

30  to non-uniform deposition. Liner 250 preferably comprises an inner portion 253
formed of a process-compatible material that is well suited for high temperature
processes (e.g., greater than about 500°C). Preferably, inner portion 253 of liner
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23 system An advant age of 'the'_rrultichanber systemis that different

chanmbers in the - nmultjchanber system may be used-for different
purposes in the entire process. For exanpl e, one chanber nmay be used
for deposition of oxides, another may be used for rapid thernma

processi ng, and yet another may be used for oxide cleaning. The 5
process may proceed uninterrupted w thinsgphe nultichanber system thereby
preventing contam nation of wafers that often occurs when transferring

vva}c e_rsh " Zsetcompniﬁs?saa Eérmwmg@??m sudhnadi aturdinan "fﬁ&mbehmm @r the like,

nmul t'i chanber syste or, Ifferent parts of, a process.
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i nformation, but .only duiserl259prefermbly’cimprises am buteri porfioa 255 ghdt compriséia

detects |jght ] emtted by display with a_light sensor in the tip
of the pe%. -matgxgqlé@qt 1(sjliess s“scg%‘gféc-rﬁ_"(ﬁﬂl '@P%&Wc’rsﬂam %Hm"f% 6%’(5‘?rat or
touches a degiofti 255 Rs@bnGhelk282 U $A1Yire Bssembly! A indfded i Bfiulirp but t on

on the pen 73b. The touched area changes 1| hi ghli ghted color, or a
new menu or <8#densupporingpineerqurtiero?2d3 ofilineg 260.mIma paticularly preferréckt ween t he

90 Pen a0t Phie SRS Bon SR S B S i 2
i nst ead veRicaP§tnitd 267! that defind @nér AN EapR P39 Hidtebetwadn, Q¥/shdven b Bigs! O
commin C?& © V'\TAAt anlo _r7§c eAslf %:r;ps 259 facilitate insulation of the inner portion 253 of liner 250
from the outer chamber walls to increase wafer temperature uniformity (otherwise
the outer edge of the wafer could cool down due to the surrounding chamber wall
temperature, which is cool relative to the heater and wafer temperature). In
addition, air gaps 259 provide thickness to liner 250 so that it cén bridge the gap
15  between the outer chamber walls and heater 25 while minimizing the cracking or
other thermal damage that may occur with a thicker liner 250. Outer portion 255 of
liner 250 usually has ﬁ 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 aif
gap 259 thickness of about 0.6 to 0.9 inch. An annular cover 261 is positioned on
20  the upper .surface of outer liner 255 to form the lower wall of a pumping channel 40
(discussed below). Annular cover 262 preferably comprises a ceramic material,
such as aluminum oxide or aluminum nitride, to shield the aluminum outer portion
255 of liner 250 from process gases and the heat within pumping channel 40.
In an alternative embodiment (not shown), liner 250 only comprises
25  inmer ceramic portion 255 resting on shelf 252 of enclosure assembly and annular
cover 261 forming the bottom of pumping channel 40. In this enibodiment, outer
portion 255 is replaced with an air gap (not shown) between ceramic portion 255
and the inside wall of enclosure assembly. The air gap insulates the high
temperature wafer from the cooler walls of the enclosure assembly, and it provides
30 thickness to liner 250 to bridge the gap between the chamber walls and heater 25.

B. Gas Distribution System
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20  50. Fig. ICillustrates a general overview of CVD
apparatus 10 in rel.ation to a gas supply panel-+80 |ocated in a cl ean
room As discussed above, CVD apparatus 10 includes chanber 15 with
heater 25, gas m xing box 273 with i nputs fromsupply line 43 and
conduit 47, and renote m crowave plasma system55 25 with input line 57.
As mentioned above, gas m xi ng box 273 i ggfor m xi ng and I nj ecting
deposition gas(es) and clean gas(es) or other gas(es) through inlet tube 43
to the processi ng chantRefertifig to\Figse2rand 16, bugr lid @ssembiyp225 génemlyﬂneluﬂésasrra

a2 omitt B bie ol A58 € Foslii aRoL (g howph 4 GoB LRI 200 xi g
box 273, | ocahftGnclides c%H&iiﬂ‘P"E’a@J%ﬁkmg%x@ﬂ‘fbgg:g%%XI Fi ééx_}dcb ge 43,

whi ch conmes up al ongsi de 15 to
provi ded wi t Igas(esdcand\cleagingegasies)athriugh nlgGtubed3 to the preéesfmg nhgnbersliplahq
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dependi ng on ghiltihg 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
cleaning 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

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

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

It should be noted that for plasma processes, CVD apparétus 10 will

further include a gas feed-through box (not shbwn) housing gas passages 83, 85 to
enable the application of high voltage RF power to the gas box without gas

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

As shown in Fig. 6A, clean gas manifold 70 includes conduit 47 for

receiving gas(es) from inlet 290, and directing these gas(es) through a fluid passage

25 293 into gas mixing box 273. Gate valve 280 includes a valve plug (not shown)
seated within passage 293 for selectively allowing or preventing the gases from
passing through conduit 47 into gas mixing box 273. Gate valve 280 may be
manually operated by actuating handle 281, or gate valve 280 may be controlled by
processor 50. During cleaning (discussed below), gate valve 280 is configured to

30  allow the clean gases from plasma system 55 to pass into box 273, where they are
directed through inlet tube 43 into chamber 15 to etch the wafer or the inner
chamber walls and the other components of apparatus 10. |




desired processes used for a particular application. Gas supply panel 80
has a m Xi ng system-93 which receives the deposition process and
carrier gases (or vapori zed |iquids) fromsources 90 for m xi ng and
sending to gas mxing box 273 5 via line 85 to supply line 43.
Generally, supply lines for each of the process gases i nclude (i)
shut-of f valves 95 that can be used to adlomatically or manually shut off
the flow of process gas into line 85 or line 57, and (ii) mass flow
controllers 100 tAsashommciaKig. 3.reledn gag nenifglds2 76y is iconptiugted lintegxgh ta he

supply Ilines. n. 1 oxj S L. .exanmml ozone he.cl ean gas
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15  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 535 is not located on top of the lid of apparatus 10. Microwave plasma
system 55 is discussed in further detail below. As shown in Figs. 3 and 4, inlet
20  tube 43 preferably includes an inner passage 295 for delivering process gases into
chamber 15, and an outer, annular passage 297 in communication with passage 293 .
for directing cleaning gases into the chamber.
The coolant manifold, which may be fastened to the top or side
surface of base plate 265, receives coolant fluid, such as water or a glycol\water
25  mixture, from the heat exchanger. The coolant is distributed from the coolant
manifold through an annular coolant channel 93 (Figs. 4 and 5) in base plate 265 to
convectively and conductively remove heat from plate 265 and the components of
inner lid assembly 230 during processing (discussed in further detail below).
As shown in Figs. 2 and 5, inner lid assembly 230 generally includes
30  base plate 265, a blocker or gas dispersion plate 301 and a showerhead or gas
distribution plate 20 for dispersing process and clean gases into chamber 15.
Plates 301, 20 are preferably formed from a process-compatible material that is
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Addi tionally, gas supply panel 80 includes sw tching valve 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 renote 30 m crowave plasma system 55. Wien processor 50 causes
switching valve 95 to send the clean gas with N2 via input line 57 to
pl asma system 55, a plasma renote fromchanber 15 is fornmed due to
application of microwave energy and cl eadZng

25 radical s are B@aduced for transfer to %@s conduit 47. Processor
50 can al so €%ngble of withstandinghigh (empeeaters precessehd wspénalhrnietgh?'m D 83 to

gas supply I t ases from
gas m Xi ng sys ema)gg'g{jﬁr graﬁ'ﬁ ﬁxah{iﬁ(ljs clhnaes d’&& gas supp 5“ ine 43. In
alternative eumodbrmmaal ma:h\as ﬂﬁninarmmmdizedialatnmm Preferablyp the platey t o
line 97 and ectivel aIIo ¢l ean gas and ass through |ine 97 to
a i t S cpamaree Fmeth s R AR, o anodize RIRBIR ORBLBZE, | nl et
57 and r gDt gy g eggsméﬂ %ﬁ%@ siRfaced'\bf @lﬁieE'QOY g/ elnlé) artiCul gf’ef&PéﬂOd' nent s _
woul d be “confiect to inlet to renote rowave system 55 and al so -
to line 83 | embiodinent, gastispersion plate 301 comprises anodlzed aluminum and gas
distribution plate 20 comprises aluminum. Gas distribution and gas dispersion
plates 301, 20 are each directly fastened to a lower surface of base plate 265.
Preferably, gas distribution and dispersion plates 20, 301 are affixed to lower
10  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 (dlscussed in greater detail below). ‘The mounting screws

15 303, 305 compnse a process—compatxble material, such an nickel, Hasteloy™,
-Haynes"‘ or the like. N .

Referring to Figs. 4 and S, gas dlstnbuuon plate 20 is a substantlally |
flat plate 311 having an outer flange 313 with a plurality of holes 315 for receiving
mounting screws 305 to provide eﬂgageinent of the contact surface of plate 20 with

20  lower surface of base plate 265.' Base plate 265 includes an outer annular stand-off
316 that spaces gas distribution plate 20 from the bottom surface of 265 and forms a-
chamber 317 (see Fig. 4) between these two plates for dispersing the process gas
uniformly through a plurality of gas distribution holes 315 onto a semiconductor "
wafer. Altemati\}ely, gas distribution plate 20 may comprise a dish-shaped device

25 (not shown) having a centrally disposed cavity defined By a side wall and a base
wall. '

The size and arrangement of gas distribution holes 315 will vary
depending on the process characteristics. For example, the holes 315 may be
unifdrmly spaced to provide a uniform distribution of gases onto the wafer. On the

30  other hand, holes 315 may be non-uniformly spaced and arranged, if desired. Holes
315 will usually have a diameter in the range of about 5-100 mil and preferably in
the range of about 10-50 mil. Preferably, gas distribution holes 315 are designed to



speci fic enbodi nents, gate valve 280 may be control I ed by processor 50;

with 10 instructions frem.the system software conputer program to select
ei ther the clean gases or the deposition gases to flow into chanber
15. Located renote fromthe cl ean room where chanber 15
of apparat us 10 is located are a m crowave power supply 110 and
ozonator 115. Power supply 110 prO\ﬂﬁdes povver to the magnetron in
renote plasma system55. Ozonator, 115, 15 Iles wer to oxygen_(02)
which is usedremoteniformity pf depogition pgthe emtyo ctaawgqr 50(%5 as at

| east one of L g?:gg 10

and ozonat or ﬂ‘@e @8%@%:%%% :&?}é@t ea%g}r%%é:nq ?éz% er ﬁw& E}aellng
renotely fonﬁatmatoidepcb‘mmbhehe mamfaldlmlmt(bmtm) sayfacecarsl, e ganticulary toul ti pl e
ozone sources and/ le renmote mc e_pla syste 55,

mil tipl e ozomw%%fﬁsv%fepmﬁ osits °n‘g‘6 a X‘F‘ﬁhé‘é’ Mﬁ@

provi ded.s5 drop onto the wafer durm%-gﬁcfor g rgﬁgf %% aﬂ%ﬂélﬁ?/lﬁfy%ﬁ&ﬁn@ﬁt' the

performng a clean, ow or e-in steps can be
i npl ement ed dmleng'ﬁw nsc_mpwtfgenqnalt;gcmenu-nc ringp ob toles 31Hailhe distancesubetwedny
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| anguage. i tabl e program code IS entere into a single file, or

mul tiple fil ¢uitablerrrangement for the)gascdistribution hales is dasaribed imeommonlyor ed or

conput er 101t WFERRDS BARAONG. T2 tp Wane, T chuitied® ERYRE EAEENA | |10
code is corrpgir&douswﬁﬁeehhﬁcdrp@uteﬂ refedéniee) er code is then linked 30 with

an object code of preconpiled Wndows_|ibrary routjnes. To_execute the
| i nked conpil ed obj ect Gasdlispersipn E‘?@t%lﬁﬁéen?fﬁ%@é@l%@ﬂbﬁ]e%l
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chamber 317 formed between outer stand-off 316 and gas distribution plate 20.
15  Base plate 265 preferably includes a second, inner stand-off 318 for spacing

dispersion plate 301 from base plate 265 and for allowing' gas passing through base
plate 265 to disperse into a chamber 320 (see Fig. 4) formed between stand-off 318
and plate 301. Alternatively, gas dispersion plate 301 may define a recess (not
shown) for forming chamber 320 rather than stand-off 318. Dispersion holes 325

20  will usually have a diameter of about 0.02 - 0.04 mm. Of course, it will be
recognized by those skilled in the art that dispersion plate 301 may be included in
preferred embodiments of the invention. However, the process gases may be passed
directly from base plate 265 into chamber 317 of gas distribution plate 20, in other
embodiments. ' |

25 As shown in Figs. 4 and 5, base plate 265 is an integral, single-piece
element that functions to deliver process gas(es) to gas dispersion plate 301 and to
mount the entire inner lid assembly 230 to the mainframe unit of the processing
chamber. In RF plasma processes, inner lid assembly 230 will also include an
isolator (not shown) that electrically insulates the chamber lid from ground and

30  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
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26 executes the code to performthe tasks identified in the program
Fig. 1Dis an illustrative.-block diagramof the hierarchical contro
structure of the systemcontrol software, computer program 150, according
to a specific enbodinment. Using a light pen interface, a user enters
a process set 5 nunber and process chanber nunber into a process

sel ector subroutine 153 in response44o nmenus or screens displayed on
the CRT nonitor. The process sets, whi ch are predeterm ned sets of
process par anE¥f&eBChecessary to carry out specified processes, are

denti {165 (1) tne deoi PeaiyBLRE B, peleine 263 Bl Seribhl Yley ¢ 7

process 10  defisesahenaulac paiaping chamel 40 fort dxbaysting dresdepbsititie pastor
perform ng the, desired process. The l;;;).r ocess gar aneters for_performng

a specific pr&lisusseddndewilibslay)e cAs shown in Figs, fand JyrRase plate 265 defines axanpl e,

D e 93" CEMAT TR A i s aih TS Ry O IS €, P2
addi tion to hprfcessogades fromfgae miring\boR27p0\kole B2V @ alscindconimeurication with
ey P rt S HRE T T B e B v ocess
sel ector subr ggjes B85, 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
10  through portions of plate 215 to convectively cool these portions of plate 265.
Preferably, coolant passage 93 is formed within portions of base plate 265 that are
relatively close to mounting screws 303, 305. This facilitates conductive cooling
through contact surfaces of dispersion and distribution plates 301, 20 and lower
surface 326 of base plate 265. A more complete description of exemplary designs
15  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. |
20 | Referring to Fig. 5, base plate 265 further defines an annular recess
343 surrounding central hole 327 and an annular cap 345 disposed within recess 343
fastened to base plate 265 above coolant passage 93. Preferably, annular cap 345 is
welded to upper surface of base plate 265 to provide a tight seal over passage 93,
thereby effectively preventing coolant leakage from passage 93. With this
25  configuration, passage 93 is formed relatively close to gas distribution and
dispersion plates 20, 301. In addition, passage 93 is_fabricated by forming a groove
in the upper surface of base plate 265, thereby decreasing the cost and complexity
of manufacturing plate. _
Referriﬁg now to Figs. 6B and 6C, an alternative embodiment of
30  innmerlid assembly 230’ will now be described. Similar to the previous
embodiment, lid assembly 230’ includes a base plate 265, a gas dispersion plate 301
and a gas distribution plate 20 for dispersing process and clean gases into chamber




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

cl eani ng, chanber gettering, reflowng) is perf-orned at a certain
time in chanber 15. In . =~ some enbodi ments, there may be nore than one
process sel ector subroutine. The 20 process paranmeters are provided to
the user in the formof a recipe and may be entered utilizing the

| i ght pen/ CRT nonitor interface. 45 The signals for

noni toring the process are provided by the anal og i nput board and

di gital input lb.oalniadlﬁtldd;éraswplhtemﬁﬁommdﬂslmra,nnuladcﬁdimts:hgﬂnl SO0 for
T " sl il SR Sl
sequencer subgpgo Jo"ﬁﬁ&eagmg%oprﬁﬂmxﬁ%&ﬂrbm a@é@ﬁmﬂe?g the

identified pr oce nber an et of process paranet e rom process
sel ector subr ma:ludee anﬁédltlamd ahmularciiuid rchtnmhg()bmemhngmom cdmral/ holie @95

process chanbers. Ml ti ers ess_set rs and

. process cRamb@POvEEas disprisionp 1&8?303 nﬁ“&ﬁﬁé’ B?mﬁﬂlof qeep ocess
. set nunbers angs phRediatly above gsmﬁﬁ@smﬂuﬁ@gﬁssmﬁmnﬁ@ﬂﬂﬁa@ﬁs %qbr outine 155
operates to schedule the sel ected processes in the desired sequence.

Preferably, sequencer slmenlid |asp@mb56230mm1m 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
10  than gas dispersion and gas distribution holes 325, 315. Accordingly, a large
portion of the gas flowing into chamber 320 will pass through bypass passages 520
directly into the vacuum chamber 15. In an exemplary embodiment,, bypass
passages 510 are preferably spaced circumferentially around base plate 265 to
‘uniformly deliver gases into the chamber 15 (see Fig. 6E). In a preferred use of
15  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
20  include a control system, such as a valve coupled to a controller (not shown) for
preventing (or at least inhibiting) gases from'passing through bypass passages 510.
For example, during processing, it is typically desired that the process gases pass
- through gas distribution and dispersion holes 325, 315 to uniformly disperse onto
the wafer. Thus, the valve will be closed to prevent the process gases from passing
25  through bypass passages 510. When the chamber is cleaned, the valve will be
opened to Quickly deliver at least a portion of the cleaning gases into the chamber.
This increases the spécd and efficiency of the cleaning process, which reduces the
down time of apparatus 10. Of course, it will be recognized that process gases may
also be delivered through bypass passages 510, if desired.
30

C. The Exhaust System
Referring to Figs. 2-4, a pump (not shown) disposed exterior to CVD




27 program code to performthe steps of (i) nonitoring the operation

of the process chanmbers to determine if the chanbers are being used,
(ii) determ ning what . processes are being carried out in the chanbers
bei ng used, and (iii) executing the _ desired process based on

availability of a process chanber and the type of process 5 to be
carried out. Conventional nethods of noni4gring the process chanbers can be
used, such as polling. Wen scheduling which process is to be executed,

sequencer appaaudyr I&pmﬁeiﬁ&mplbﬂufh?ﬁi @awd:dtmmeamﬁcasslhﬁd paxgsigdessat i on

t he present condition rocess chanper I ng ysed in conparison
with the desﬂseﬂei)ﬁﬁ)é‘?!"g‘e%dﬁ’éliofF andsthrough apy tRé’@H!ﬁ*g)El@é‘&‘?l@r’ t he
"age" of eac f | evant
Factor a syt Lhas (e a S ROR Sibalifil Ribop s RBNark® condthl &, 45

schedul i ng™ prshowmintineRig. 8, the deposition and clean gaséSrare exkaysted cmhalbudmtwatd oner 155

det whj, ch nmb d t ti
Lo. b excaut clle Mt O (B B ariows S50 EOHB A sunlar SptafabR PREER S5 ocut i o
of the pr Ocesﬁrﬁﬂhdﬁgtﬁ@%ﬂﬁrtlb%n@%b'pﬁd}pﬁ{ g dMafife? 30. Sﬁiealﬁulu%fﬁiﬁ‘bte&rs to

a chanber manager routine 157a-c which controls nultiple
processing t a@k@cq 355zandrahannst 40 hmmderalﬂy dlefinediby thet gapttistweendbe top cﬁethe

det erm ned by r. .Sub 155. For exa t h

manager subr odPRET i?’e‘f@% s“‘%B’ﬁBﬁH 5@ ?g* %Blﬁtc‘f‘ﬁlpp?

and cl eani ng meesmg@psraaampaﬁdmbottom owa@@pra& 265" Peom e p

manager subroutine 157 al so controls execution of 20 varlous chanber

conponentl0subthannsl 40s thegases @@\mcrrsmmfﬁp@n@lly grpusd channekAQ fghewn by arrows
Component s neSeASA YAk ALbYn A eafhe RS ST PAER EKETRRE R

chanber conponen pos‘i roning s

160, process ghee 868 {witise body is pwmaw} inn@rd@dsmmrthsmwer chambérdbodydiandut i ne
165, heater control. subroutjne
into discharge conduit 60 whxch connects to an external vacuum pump (not shown).

o Alternatively, CVD apparatus 10 may include a separate pumping
15  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 <;utlets, gas holes may extend in a radially outward direction
20  from inlets to outlets relative to central opening. This radial orientation of holes
also contributes to a substantially uniform discharge of the process and purge gases
and exhausted residues from the processing chamber 15. A more complete
description of this type of pumping plate can be found in commonly assigned co-
pending application Serial No. 08/606,880, filed February 26, 1996 (Attorney
25  Docket No. 978), the complete disclosure of which is incorporated herein by
reference. . |
Referring to Figs. 2 and 3, a valve assembly (ﬂ&ottle valve system)
369 includes an isolation valve 371 and a throttle valve 373 diSposed along
discharge line 60 for controlling the flow rate of the gases through pumping channel
30 40. -The pressure within processing chamber 15 is monitored with capacitance
manometers 381, 383 (see Fig. 2) and cohtrolled by varying the flow cross-sectional
area of conduit 60 with throttle valve 373. Preferably, processor 50 receives from




pl asma control subroutine 170, endpoint detect control subroutine 159, and
gettering 25 control subroutine 169. Dependi ng on-t-he specific

configuration of the CVD - chanmber, sone enbodi nents include all of the
above subroutines, while other enbodi nents nmay include only sone of

t he subroutines. Those having ordi nary skill in the art would readily
recogni ze that other chanber control subgputines can be i ncl uded

dependi ng on what processes are to be performed in process chanber 30 15.
| n oper at i onmanbmeters 3815383 signals lthat ihdicate flie thambérepiessusd. y Peockssdr5@s or
calls t he progess conponent sugrouii nes (n accordapce with the

particul ar pFPRRYES g measured pressprs VAR SEt-POHL PERSSUTEYRLNGS FRieTed R ut i ne

157a schedul ggerhfdfs fHoP Sowh), and detennin?s_ the necessary adjustment of throttle valve
28 conponent subroutines nmuch Iike sequencer subroutine 155

schedul es whBdh that écrequired to mainteimtherdesitedipréssprowithin chamber 5.t Provessoxecut ed
e o 2R B At e Bkt B A0 A e P ©
conponent s Ny whRthOidish! bt ade 973 td'% pRipes %ﬁn@@dﬁé@éxﬂﬁ%ﬂt&the for the
process set to be executed, and initiating execution of a chanber conponent
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 Controlling Process Chamber
10 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 pﬁmp to minimize the reduction of chamber pressure due to. the
pumping action of the pump. Isolation valve 371, together with throttle valve 373,
15  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
20 ' to throttle valve 373 to maximize the pressure increase in chamber 15, which
facilitates MFC calibration.

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

25  indetail. The heater/lift assembly 30 functions to lift the wafer into the processing
position within vacuum chamber 15 and to heat the wafer during processing. At the
outset, it should be noted that heater/lift assembly 30 may be modified for use, or
directly placed into, a variety of processing chambers other than the exemplary
SACVD chamber described and shown herein. For example, heater/lift assembly

30 40 may be used in a similar CVD chamber that generates plasma with RF or
microwave power, a metal CVD (MCVD) chamber, or other conventional or non-
conventional semiconductor processing chambers.
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subroutine responsive to the nonitoring and determ ning steps.

Operation of particul ar chanber conponent subroutines will now be

described with reference to Fig. 1D. Substrate positioning subroutine 160
conprises program code for controlling chanber conponents that are used to
|l oad 10 the substrate onto heater 25 and, optionally, to lift the
substrate to a desired height in ch8nber 15 to control the spacing -
between the substrate and gas distribution mani fol d 20. Wien a _
substrate is | oaded i nRefepring tasEigsh% and 13,1patendift assemtly 39 generally | owered t o

receive the su rate_.and. { hegter 25 is.raised to desi red hei ght.

I n operati pn?ncg‘ﬁ?g Pr‘gﬁ‘g“%@s‘ﬁ"? nwaﬁér WB?%M@ ?{38"’%&#}%%3%{%‘?@&' of

- heater 25 inai®lowers shalft® 301 03935 2 [EEtube 398 FRt@hscribfgadupfort Shdftse support
hei ght that are transterre from chanber manager subroutine 157a.

d
Process gas 88ht3% undemeatl heatsr 28 and addriye agserbly 40 faroierticgHy menvingthe

process S ¢ I GERS t raQl 4: I ne 163
Cont ol s 3 e DB 73 5l 205, 20h 3ait B 20% FAEETHARELRS U, RN ¥
ranps 20  udédilselow)cheates 25 f(arelthe anferaupporeditherefii)aiaf be tontieitablyethoged f 1 ow
rate. Process gas - control subroutine 163 is invoked ,b}/ t he chanber
manager subr bgtwess ajlower logding/juploading positipn Wherethey argrsybstentially ghignad: | nes,
and receives ' : i red gas
low rates fPom SRLINE BERGES B IFLM g upoer biGCBTE pluoiifellegh BT
subrouti ne 1@as distribaties phaye 20 @ignP arded)gaAs shaw in FignZsheatet 2Seineladesddny 25 -
(i) readjng the necessary mass flaqw contrallers | i) .compating the

r eadi ng Q o wpeer wafer s‘tPQéFFB{fa?q W&@é&?&%@ﬁ“#&ﬂ?i‘ﬂ&‘ﬁ manager
subroutine 1512135; 20515 ttiat the wafer is%@&ﬁ%?%&é@dﬁﬁr@'b&@&ﬁﬁgpﬁlﬁﬁu suppl y
| i nes as necessary. Furthernore, proces as_control subroutline 163

i ncl udes st epurfacer403chas taotiamegex appropimatelpequabtoctbe diameter of wafersW at thet es,

and activati t he saf etv, shut - of al ves _when .an .unsaf e hid QN S 30
ot ected. - pr AgRistiopBuBEtaRe S 4t o PrakEiu yae B0 et My 200Rp0LG T Thls °
conposi ti on fineter will typically be about 6-8 inches (about 150-200 mm) for large size

15 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-

20  compatible material that is capable of withstanding relatively high processing '
temperatures, i.e., up to 600-800°C or higher. The material should also be resistant
to deposition from the reactive chemistries associated with the high temperature
deposition, as well as resistant to etching by the radicals in the clean gas. Suitable
materials for heater 25 are ceramics, such as aluminum nitride, aluminum oxide or

25  the like. Aluminum nitride ceramic is the preferred material for the heater 25
because it has high thermal conductivity, excellent corrosion resistance, and
excellent tolerance of thermal shock. Thus, in a particularly pieferred embodiment,
the entire outer surface of heater 25 comprises aluminum nitride. Aluminum nitride
has high temperature capabilities and high resistance to fluorine and ozone

30 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

contamination in the processed wafer, resulting in more reliable devices. In




flowrates for clean gases as well as for dep05|t|on""g'ases dependi ng on

t he desired process. (clean or deposition.or other) that is selected.
Al ternative enbodi ments :

29 coul d have nore than one process gas control subroutine 613, each
subroutine 613 controllingw specific type of process or specific
sets of gas lines. | A9sone processes, an inert gas
such as nitrogen or argon is f | owed i nto chanber 15 to stabilize the

pressure in thddidemahemingay tgpds toggact iwith '[bﬁ(fhl@w centainipgcompaneds; typicalifuced.

(o heode” s, SRR RSyl PR @ RN A Type Flopeyon i 8 7

anount of ti Nevdh@fally Luild-vpand ke lofZiatd the chirfbé rconkd) tHeeafer) dedutting @nd t hen
t he st eps descrl bed above woul d be_carried out. Additional Ig/,e&when a

process gas i gont@mmatlon (discugsed dn further detgihbglow)q (Fensuctingrthe heatery?5 ek anpl e
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precursor in a bubbler Refeeriiy ygaimwto Figt 7pdtiee memblgatoolmxy include ag@gieguch as

heliumto a liquid injection system Wen a, bubpler is %d for this
of driving mechanisms, including a pneumatic cy mder controlla le motor or the

like. Preferably, a stepper motor 407 coupled to the heater via a suitable gear drive
409 operates to vertically drive heater 25, shafts 391, 393 and lift tube 395 in

10  controlled increments between the loading/unloading and processing positions.
Drive assembly 400 also includes upper and lower bellows 411, 413 attached
between the end of shaft 391 and the bottom of the processing chamber to allow for

~ substantially free vertical movement of heater 25. In addition, bellows 411, 413

allow some angular movement to ensure that the gas distribution faceplate 20 and

15  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

20  resting on the upper surface of shaft 418 and an annular flange 422 that mounts
plate 420 to shaft 418. Flange 422 and strike plate 420 are preferably formed from
a material capable of withstanding high temperatures, such as aluminum nitride or
aluminum oxide (ALO; in its ceramic or alumina form). Flange 422 and strike
plate 420 insulate the aluminum shaft 418 from the heater to minimize warpmg or

25  fusing of shaft 418 to heater shaft 391 or to the process chamber. In an exemplary
embodiment, lift tube 395 includes a spring (not shown), such as a wave spring,
loaded between flange 422 and strike plate 420 to prevent or at least inhibit rattling
of the strike plate 420.

- As shown in Figs. 4 and 13, a plurality of wafer-support/lift fingers

30 430, usually at least two and preferably four, are slidably mounted within guide
studs 432 Spaced about the periphery of heater 25. Fingers 430 extend downward
below heater 25 so that strike plate 420 may engage fingers 430 and lift them above




type of process, process. gas control subroutine 163 regulates the fl ow of

t he delivery gas, the pressure in the bubbler,.and the bubbler
tenperature in order to 15 obtain the desired process gas flow rates. As
dirscussed above, the desired process gas flowrates are transferred
to process gas control subroutine 163 as process par anet ers. '

Furthernore, process gas control subroutigge 163 includes steps for
obt ai ning the necessary delivery gas flow rate, bubbler pressure, and

bubbl er thé APPE satfdée of BdatdrD3 o SdatiRig 4t UbfsadingaPafblsOVLiftfirgeRy430
accessing a stored table 20 @ containing the necessary val ues for a_given

process gas farewrefarably wade-of :eeramic matgaale sucly 35 aluminum exide, And-geperglly t he

del i very gas , ' -ﬁubﬂ . tﬁ&g re are
moni t or ed, coisﬁl‘)'g\rlxe%)%ﬁ)ge ?‘ﬁieégt%lel?é%egg}rﬁééél/féfagg@&asrygwgbj ust ehﬁlﬁ g c%lgdi ngly.
The pressure stadst432 ars pheferablynmt haffomalydistinreddtoyt de leate 25 pbut’ibstead

controlling the pressure in the_ chanber 15 by regul ating the aperture size

of .the 3  fornc rerlanglg haxing it deget qnerpidecthatsis 3¥iden than thevidiuelibe robofe
aperture si . . . - . Iﬂﬁ!@d@ﬂ
pPessﬂr e glt Zgblg&eeé Wg(czp fse%ﬂcalmgﬁ’gttl#g’hyf%dt Shovit, %ﬁ’gﬁ?g{%‘?{ t;l)l% gigt efsis gas
flow, the si z430odustHift theorafers Thabdttom emhdf thedifpfingers43@ ate-rounded. Phe nt
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from Chesgbmil, Fid'2 9QativeisP SR lefisth bE 4Bout NS ilthes Préfrabl ™ fithed UBT OUL i ne
165 neasures the pressure in chanber 15 by readi ng one or nore
convent i dfal mindmizgrfinger binding to the heater during processing.
| In use, the robot blade (not shown) transfers the wafer to the

chamber 15 when the heater 25 is in position opposite slit 243 (or actually just

below slit 243). The wafer is supported initially by lift fingers 430, which are lifted

above heater 25 with strike plate 420. As lift fingers 430 rise along with heater 25,

15  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, tht_e above steps
are performed in reverse.

20 Referring again to Fig. 9, a resistive heater coil assembly 440 is
housed within heater 25 for transferring heat to the wafer during processing. Upper
and lower support shafts 391, 393 support the heater 25 and house the necessary
electrical connections to the heater coil assémbly 440 within a hollow core 445
(discussed below). Upper support shaft 391 is made of a ceramic material capable

25  of withstanding relatively high processing temperatures. Preferably, shaft 391 will
be fabricated from diffusion-bonded aluminum nitride, which prevents deposition
onto, as well as attack by chemistries used in chamber 15 of, the electrodes and
electrical connections within shaft 391 that might otherwise occur if the aluminum
nitride were not present. Shaft 391 is preferably diffusion-bonded to heater 25 to

30 provide a gas-tight seal between heater 25 and shaft 391 such that the hollow core
445 6f shaft 391 is at ambijent temperature and pressure (preferably ambspheric
pressure, i.e., 760 torr or 1 atm). In other embodiments, hollow core 445 may be




30 nanonmet ers connected to the chanber, conpar és the measure

val ue(s) to the target ... pressure, obtains PID (‘proportional, integral,
and differential) val ues correspondi ng to the target pressure froma
stored pressure table, and adjusts the throttle val ve according to

the PID val ues obtained fromthe pressure table. Alternatively, 5

pressure control subroutine 165 can be w$tten to open or close the
throttle valve to a particular aperture size to regulate the pressure
i n chanber 15attaopressyrelefaboyt 01&1.2latm andatemperature of about 1 Pey whileit r ol

of o heat o cHBHERt 13 25, LA YARRAGS o G it W, ancprerch§ orgfE ™' ©

substrate thez@aidrr thabsit 600 orrO 'ﬂugeoxﬂéurdﬁaﬁherps & pidtedt ﬂietléléawdemndtm
which is 10 al so i nvoked by chanber mana subroutine 157a, receives a

desired tar ge@thereqlecmcal congestipms frem;f@mslen therproeass ang elean gasgs vain nput
(step 580%. }1 %@Zﬁ&g gxab Qﬂé h8flow &!Qfe%fs' 39?%?3@5%@ ;he

current terrpera ure o'f surl ng ol't'age “outp

t her mocoupl e pressatecthinimiies atcing fiom ﬂibeRRpmwerrs‘ouicermeugh iokow sore 445 todenot ed
T(k), where k is the current tine step of heater control subroutine 167. 15
The cont r ol | POYStieads or thealpmyinum shaft. WW@&M% OHIETYHSE OGEHTAN A | tage

by |°°k+d&9m’ririsrﬂﬂﬁ avBigegspondi ng tenperature in a stored conversion
tabl e or by calculating the tenperature using a fourth-order

pol ynoni al . In an exenpRefesing to Flgsarﬁ):mm 16 ippertsmppent shafh39bextendsrthronghe 167
In step 4 cal cul ates_the t er at error. .The tenperat error,
donot o 1 ot Soeniie Gt e TR hlecot.enslamn pesemibly 6o, &S Llpléd o’
' base 455 that provides a gas seal between shaft 391 and chamber 15. Upper
support shaft 391 is fastened, e.g., bolted, to lower support shaft 393, which

comprises a suitable process-compatible material, such as aluminum or an aluminum

alloy. Lower support shaft 393 is preferably a water-cooled aluminum shaft.
15 Héwever, 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
. vertically movable support 461 on drive assembly 400 for moving the shafts 391,
20 393 and heater 25 between the loading and processing positions. Shaft 393 defines
an inner coolant channel 463 passing around the electrical connections to further
insulate these connections from the high temperature of the shaft. Coolant channel
463 has an inlet 464 and an outlet 466 coupled to water connections 217, 219,
respectively, of liquid cooling system 215. Coolant channel 463 serves to maintain
25  arelatively low temperature in the lower chamber area to protect sealing member(s)
457. In an alternative embodiment, heater assembly 30 comprises a single shaft
(not shown) that supports heater 25 and extends through the lower opening 453 in
enclosure assembly 200. In this alternative embodiment, sealing members 457
would not be used.
30 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
Figs. 11 and 12, heater coil assembly 440 includes a heater coil 471 embedded into

e



20 Err[err](k)=T[err]-T(k). [ step 584, heater
control subroutine 167 wi|]l select one of two centrol algorithns

based on the absolute value of Err[err](k). If the absolute. val ue of
tHhe tenperature error is smaller than a predeterm ned boundary error, the

heat er control subroutine will select a tenperature regul ator
al.gorithm (steps 586 and 588). 25 Thi sgl gorithm precisely controls the
tenperature at the desired tenperature, T|[err]. | f the absol ute val ue

of the tenper ik ¢efantié hedter 25.0TRS k@iting tFihé AP VSTIIE Yenieli@éd in the heatfSat €r
control subroutine 167 will select a terirgerature ranp control algorithm
e

(step 5eass 25 prefsrably providesna single enik471nthat bagins-at opp elentricakcansast er

tenperature w r ' r r e Lag., it
controls t hevwrda %eagtthemgﬁ? ot?%ggkg%)ag’ &?ﬁ%é%ﬂtgr e cﬁg&r?geogl? SI({C J{ﬂgater 3
The tenper at utosvardsoits perimietex], gRtehdsim the bthes silé of hedlerS2H; Jand $eh runs back and

f eedback gnd ;tla_&dforward control to update the power delivered to the
heat i ng orth toward the center of heater 25 to a second electrical contact 474. This Joop
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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
10  an exemplary embodiment, heater coil 471 will have a greater power density near
the center of heater 25 to reduce the thermal gradient from heater shaft 391.

As shown in Fig. 14, heater coil assembly 440 preferably includes an
embedded RF mesh ground plane electrode 473 connected to a plurality of
conductor lead wires 475 which extend through shaft 341 to a suitable electrical

15  energy source. Mesh ground plane element 473 is a molybdenum mesh electrode
which provides the ground path and plasma resistance in embodiments where plasma
processes are used. Lead wires 475 preferably comprise a conductive material that

~ can withstand relatively high process temperatures, such as nickel, copper or the
like. In an exemplary configuration, lead wires 475 are each nickel wires coupled

20  to electrode 473 by a metal insert 477 that is co-sintered into electrode 473 to avdid
brazing between ceramic and metal. Inserts 477 preferably comprise a material
with a relatively close thermal expansion match to aluminum nitride, such as
_molybdenum.I As shown, the molybdenum inserts 477 are each fastened, e.g.,
brazed, to a molybdenum plug 481, which is then brazed to lead wire 475. All of

25  the wires of the heater coil, whether primarily resistive or primarily conductive, are
sheathed in the continuous insulating coating (such as described above) which
tolerate high temperatl.lres so as to withstand casting of the aluminum nitride heater
body. |

Referfing to Figs. 9, 15A and 15B, heater/lift assembly 30 includes

30  at least one thermocouple 491 for determining the temperature of heating coil 471.
Thermocouple 491 includes an elongate tube 493 having a sensor 495 (Fig. 9)
inserted and held in contact with the underside of heater 25 at a distance of about




close to T[err] as possible. The feedforward control” in this algorithm
estimates the amount. of power necessary to maintain the desired -
‘tenperature given the anount and type of gas flow and RF power
supplied to the chanber. The feedback control 5 uses standard
Proportional -Integral -Derivative (PID) control ternms to adjust the
estimated feedforward power based on thesd8ynam c behavi or of the

t enperature error, Err[err](k). PID control is the type of algorithm
used i n convéx25 moh frone techottom of the waferol Testhat emd; heateh2ditinohedgaad t o t he
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15 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
20 ©  within annular flange 405 of heater 25 (Figs. 4, 9 and 10). Process gases, such as
TEOS and O,, are directed through gas passages 83, 85 and mixed together in
mixing area 93 of gas mixing box 273 (see Figs. 3 and 6). - The mixed gas is then
delivered through inner passage 295 of inlet tube 43 and through central hole 327 of
base plate 265 into chamber 320 above gas dispersion plate 301, where it disperses
25  outward and flows through holes 325 into chamber 317 above gas distribution plate
.20 (see Figs. 4 and 5). Preferably, the gas is uniformly distributed through gas
distribution holes 315 onto the semiconductor wafer (not shown).
The temperature of the wafer on heater 25 is typically held above a
minimum deposition temperature by heater coil assembly 440 so that the process
30  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
coil 473 to heat the wafer to a temperature of about 200-800°C, according to




change of power supplied to the heater to danp the systemresponse, which
reduces oscillations.in ranp rate. Controllers
that attenpt to regulate ranp rate by tracking a timed 30 t enperature
trajectory at best can only guarantee that a desired tenperature,

Tlerr] (K), wi |l be achieved at sone tinme Kin the future. The
ayerage ranp rate over the tine I nfgerval of length Kwll be

T [err]. However, the instantaneous rate of change of

32 t enprecificLanebodingénts. nhy the preferred elmpodiment; gha teatperatire ris edntrolledsi der
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trajectory T[err](léé. The ranp rate for the tinme Interval during which the
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" minimum deposition 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.
10 During the deposition process, the vacuum pumyp is activated to
generate vacuum pressure within pumping channel 40, thereby drawing the process
gases and plasma residue out of processing chamber 15 through channel 40 and
exhaust port 361 (Figs. 4 and 8). In addition, purge gas may be directed generally
upward into processing chamber 15 through the gap between susceptor 25 and inner
15  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
20 Fig. 16 is a simplified diagram of a remote microwave plasma system

55 for cleaning the wafer and/or the process chamber, in accordance with an
embodiment of the present invention. Microwave plasma system 55 produces a
plasma remote from processing chamber 15 for use in efficiently etching or cleaning
a wafer in chamber 15 and/or components of chamber 15, and possibly for use in
25  depositions. Microwave plasma system 55 includes applicator tube 292; a plasma
ignition system (described below); a microwave waveguide system (described
below); optimizing elements including an impedance matching system 701 which
may include an optional phase detector 703 for embodiments requiring feedback for
automatic impedance matching, and a circulator 705 with a load 707; and a
30  magnetron 711. o
| Magnetron 711 is a typical magneu'on source capable of operating
between aboﬁt 500-2500 Watts for continnous wave (CW) or pulsed output of




be described. After the desired tenperature, T[err] s input (step 580),
the current 10 tenperature T(k) is nmeasured (step 582), and the
tenperature error is determ ned .~ (step 584), the ranp control
algorithm cal cul ates the actual ranp rate T (k) using a nuneri cal
differentiation technique. It also determnes the desired ranp rate,

T [err](T(k)), based on the current val uespf T(k), and the error in ranp
rate, Err[err]=T"d[err] (T(k))-T (k) (steps 592 and 594). The act ual
ranp r a]E e T' (injcrowaves of ab@it@.ﬂﬂG@ihéM(GHﬂd?&q’ueﬁtyt emgﬁatc:nr‘ﬂ mf 'wa]ei(ﬂbﬂz k?)
range of tenmperature measur ement sanples. In general, T [err] (T .
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- function usedggird fplicator tube 292. Load 707 absorbs any power that might be reflected
15  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
20  to another waveguide section 715 having attached tuning or matching system 701.
Tuning system 701, which may use stub tuners or other tuning elements, provides
plasma microwave system 55 with the ability to match the load at waveguide section
721 to 50 Q, the characteristic impedance of the waveguides. Tuning system 701
may provide fixed tuning, manual tuning, or automated tuning, according to specific
25  embodiments. For embodiments using automated tuning, phase detector 703 is a 3-
diode array which detects the phase of microwaves transmitted for feedback to
matching system 701, which intelligently and dynamically matches the load
apprbpriately. In the specific embodimght, waveguide sections have rectangular
cross-sections, but other types of waveguide also may be used.
30 As seen in Fig. 16, microwaves directed through the optimized
waveguide system are transmitted from output waveguide section 721 to applicator
tube 292, where a plasma is created. Applicator tube 292 has an input feed line 57




33 speci fi'c enbodi-ment is given by the follow hg equati on:

P(k+1) = Plerr][T(k), T d,(T(k))] + Klerr]*[T [err] (T¢k))-T (k)] wher e
k is the current tine step and k+1 is the next tinme step. P(k+1l) is the
power that will be supplied to the heater at the next tinme step.
Plerr][T(k), 5 T [err](T(k))], which is a function of the desired ranp
rate and measured tenperature, is ggnme nodel ed approxinmation of the
necessary power to give a ranp rate of T lerr](T(k)) at a tenperature

T(k). Klerr] th#ft réceivesrédetive Fasas €0 fcdétierdized by microwiVel Foni Haghdetdieriand) )
that is user-defined and nu lied with the ranp rate error

Err[err]. |nVintespsegyide smanmeth@r omww[dwtsr Applicator tihe 29% i be
appr oxi mat ed . ulﬁ]goi' A?ﬁ@cro&*&h&@@ﬂfb%&@ﬁdf%%o&% b %ﬁ@fm afigge for slow

systens such as arge rrass of the

present i nvemfenblyTﬂmanbfoihermatenar tesistanOtd étchitgd by raligaloin thidiptdmay t he
fol | ow ng_equati gns:

Klerr]*[P| e,aFTC(rep@g)t? appegific embodiment. In the specific emlI)Dodlment ap;{l;ngpf tubep( k) =
37T kg o 134 e ot et it 72
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 are then able to be transmitted through the open end of
10  waveguide section 721 to reactive gases inside applicator tube 292, which is
transparent to microwaves. Of course, other materials such as sapphire also may be
used for the interior of applicator tube 292. In other embodiments, applicator tube
292 may have a metal exterior and an interior made of a composite or ceramic
material and microwaves in waveguide section 721 enter a window through the
15 . exterior of applicator tube 292 to the exposed interior of tube 292 to energize the
reactive gases.

In the specific embodiment, a plasfna 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

20  section 721. Of course, UV power supply 733 may be mounted in various other |
locations besides on the metal wall. Powered by UV power supply 733, UV lamp
731 provides the initial ionization of the plasma within applicator tube 292.
Microwave energy then sustains the ionization of the ignited plasma to produce the
flow of radicals that enter inlet 290 leading to chamber 15 via gate valve 280. Due

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

reactive gases within tube 292, use of matching system 701 optimizes the
microwave energy coupling for efficiency. In preferred embodiments, matching
system 701 includes at least one stub tuner under the control of processor 50 or a
controller unit for automated tuning. As mentioned above, other conventional

30 tuning elements also may be used in matching system 701.
| | As discussed above, applicator tube 292 is mounted from and
connected to the bottom of the body of chamber 15 such that applicator tube 292




time power is adjusted and the tinme when the adjustnént produces the
desi red result. For_exanple, if the tenperature-~of the heater is
stabl e and the desired ranp rate is positive, the control wll

i icrease power to the heater. The tenperature wll not, however,

I medi ately rise according to the desired ranp rate. The control wll 20
then at the next time step further increage power. It will continue to

i ncrease power until the desired ranp rate is net. By that tineg,
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10  alkoxy side chain), fluorinated ethylene-propylene (TFE), or the like. The passage
is preferably circular in cross-section or other type of cross-section to match the
cross-section of inlet 290 and applicator tube 292. From this lined passage in
enclosure assembly 200, plasma radicals flow into conduit 47 in clean gas manifold
270 to gate valve 280. Clean gas manifold 270 is also constructed of PTFE. PTFE

15  is preferred for cleaning applications where fluorine radicals are produced in the
plasma, since PTFE is resistant to etching by fluorine radicals. Of course, both
clean gas manifold 270 and liner 291 may be made of other materials (such as those
mentioned above for liner 291) which are resistant to the particular chemistry
depending on the reactive gases used.

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

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

25  well as reducing the "dead" volume of conduit 47 and passage during deposition. If
deposition at pressures of between about 200-760 torr occurs with gate valve 280
open, deposition may be caused in applicator tube 292, leading to contamination of
the cleaning processes. Gate valve 280 is preferably made of PTFE (or similar
materials such as those discussed above for liner 291 and manifold 270) to minimize

30  damage to or deposition onto the closed valve 280 due to the reactive chemistries
from conduit 47. In a preferred cmbodimeni, gate valve 280 is a particle-grade gate
valve. In embodiments using gate valve 280, only when chamber 15 is used for a
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34 ‘can be | arge because Derivative control can be used to danp the
system s response, i.e. reduce overshoot and -oscillation.

St eady-state error can be reduced by usi ng I ntegral control, but
this tends to increase overshoot and oscillation and is preferably
avoided in this control algorithm In this case, derivative control is not
5. available. It would require nuneric g y calculating the second
derivative of the ' tenperature. Because the signal-to-noise ratio of
the ther mocoupjfer slesififg stef of Wen lalchamber cleanffCie perfifthdd ddes thteGalveH0 be
calcul ated reliably. erefore, the present invention uses a | arge
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Figs. 17A-17D illustrate a cleaning endpoint detection system 800 for
microwave plasma system 55 according to another aspect of the present invention. |
As discussed above, apparatus 10 preferably employs a thermal cleaning technique

15  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

20  metal contamination in the processed wafer.

In the cleaning process using remote plasma system 55, the plasma is
produced remotely from chamber 15 such that the etchant gas, preferably mostly of
fluorine radicals, is directed into the chamber where the gentle thermal clean
occurs, but the plasma remains exterior to the chamber (i.e., within applicator tube

25 292, see Fig. 16). While this process has a number of advantages for cleaning a
wafer in chamber 15 and/or components of chamber 15 (discussed above), the lack
of plasma in the chamber can make it difficult, using conventional endpoint
detection systems, to pinpoint the time at which the cleaning has been completed,
i.e., when the last process gas residue in the chamber has reacted with the cleaning

30 etchant so that it can be discharged from the chamber. Conventional endpoint
detection systems typically rely on the use of a plasma within the chamber and
check emissions from the in situ plasma to determine the end of a cleaning process.




el se Plerr] (k+1)=P(k+1) - - A new termK[err] (k) can now
be defined as the effective gain of the 25 controtler at tinme step k.
Clearly, if Plerr](k+ 1)=P(k+ 1) the effective gain at time k equal s
the gain Klerr]. But if the saturation function is applied, Klerr](k) is
defi ned by substituting P(k+1) for Plerr](k+1l) in the equations
above and conbining themw th thesgquation: P(k+l) =

Plerr][T(K), T [err](T(k))] + Klerr]*[T [err](T(k))-T"(k)]. The term

Klerr] (k) is as foll owShe2@dpoint detection system of the present inverjtion; however,
Klerr](K)*Errferr] (k) .. .. .. Klerr]l (k) =.

P lerr]/Err[ é%‘] ‘(%s."h with eithepgn in, sif, plagma, %f‘f’%‘ﬁ?‘ﬁ?&“ﬁér ﬂ‘é’ﬁémm%ﬂ%bl’ he
ranp rate er igierowave pladfha sgét@thsjs(?of'oraéiﬂmple, in one exemplary process, fluorine-

35 oscillation in the response are mnimzed by this saturation
function. Thibasedegagdeused to react wdth| $ide powdesdresidueiinnthe ef\:ambqrrte formaadiFf r om

D0 1 AT 2 SO e 9y Mt 15 i bR o8B Phehndgll
l'arge ranp rafjeofehé 8iG, QRS thanibee haPeeh Botisumedd the fiGRine-basdd gis @@hnot
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 aluminum fluoride compound. Consequently, it is
10  important to determine the approximate exidpoint 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 chénges in light. intensity that occur due
15  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

20 802 may be positioned downstream of throttle valve 373, as shown in Fig. 17B. In
“another embodiment, detector 802 is positioned along a bypass line 804 that
receives a sample stream of gas from conduit 60, as shown in Fig. 17C. In this
embodiment, bypass line 804 may include a control valve 806 to vary the amount of
flow passing through line 804, or to completely cease gas flow along bypass line
25 804, for example, during gas processing of a wafer within the chamber.

Referring to Fig. 17D, a preferred embodiment of gas detector 802
will now be described. As shown, detector 802 includes a housing 804 defining a
through-hole 806 in communication with conduit 60 for allowing the gases and ot_her
residue from chamber 15 to pass therethrough. A pair of flanges 808, 810

30  preferably attach housing 804 to cdnduit 60. The side walls of housing 804 include
a pair of infrared (IR) windows 812, 813 that are configured to allow far-IR light to
pass through. Far-IR light has wavelength starting at about 10 ym. IR windows




5 tenperature control. ' A plasma- control subroutine

170 conprises program code for setti ng t he magnetron power |evels and
mode (CWor pulsed). In afternative enmbodi ments havi ng RF pl asma
systens, plasma control subroutine 170 also could include pr ogr am

code for setting |low and high-frequency RF power |levels applied to the 10
process el ectrodes in chanmber 15, and forosettl ng the | ow frequency RF
~frequency enpl oyed. O course, mg enbodi ments nay have one pl asna

ol asma cont 1 OASE) out?a°°aﬁo*&ﬁgmf‘9usd§hﬁfe§¥‘9¥§°%§§%a@ of sl

previously demaspabent t@fﬂdﬁdlglmslmmhﬂmero or subsmnﬂdll)ulﬁﬂtt)laesmeplllmma contr ol
subroutine 17 voke nager subroutine 157

A pl asma contagﬁﬂfg%‘{] 81%0%%#1?? Hindow=8x2 81 %é?att?ri?é

and adjustin W r Vi ég& Hll:&r? In
alternative gh&h&b dﬁ@%’t‘@aﬁ%\/?‘{ﬁg‘ ‘giltzﬁp rﬁaqugsér%sp as mag%:sont r ol
subrouti rfe 1ibemisw, awslithd material shoudd notecoptapajnatentheofilm. membodlmegtslwhere and
hi gh- frequen | evel lied.20 to th ctrodes in
chanber 15, e sl 1 e 02 i i g et ol 17 3B BLTEE enpi oyed.
O cour se SQE@stﬁffti@(ﬂuﬁﬁﬂé S PrERrétPinBte IR fOF BE WindoW31g12!] 813 mcludéubr outine
170 used for mcrowave power |evels and another plasma control

subrouti ne 1@@@@11;‘@101]!@@@!@# orthellike. Li ke the previously described
chanber corrponent s

I nvoked by chanber a0 C“Efﬁ?%‘?ﬁﬁ‘?gﬁ% &‘%ft&;@&%%&t &‘ng%ﬁ %g gate

val ve 28 p|fﬂ51m1amy18140§mtably coupled t@héusng smcfoﬁgsn'eratmgl fdfiER lighogridam code
- for opening and cI 03| ng ate val v 80 to coordinate with the

setti ng/ adj ustepsy WOWé\%zesm So that the dightpassesdhrpughhe
system sof t wqf,e &Ry R?e Vaf&fb‘?%ﬁﬁ?o&ﬂeﬁ S HotSing 304 iPhosttitl! RULtdife and | "

enbodi ments having ga
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.

15 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,

20  which reduces the light intensity received by detector 816. The fluorine does not
absorb the far-IR light. Therefore, when the far-IR light intensity detected increases
up to a reference value, detector 816 sends a signal to a controller (not shown)
indicating that the concentration of SiF, passing through conduit 60 has substantially
diminished or completely stopped, which indicates that the cleaning endpoint has

25  arrived. At this point, the controller sends an appropriate signal to processor 50 to
close gate valve 280 and to prevent further etchant gas from entering chamber. In

| the above exemplary clean process, endpoint detection system 880 utilizes source
814 to provide, and detector 816 to detect, far-IR wavelengths that can be absorbed
by clean gas reactants SiF,, which absorb light with a wavelength of about 10 um,

30 and fluorine, which absorbs light with a wavelength of about 5-6 pm. In other
embodiments, source 814 and detector 816 can provide light at different
wavelengths, depending on the light absorbance characteristics of the specific clean
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30 An endpoi nt detect control subréutine 159 incl udes

program code for managi ng endpoi nt detection by controlling a |ight
source and a |light detector, receiving data fromthe |ight detector
for 'use in conparing light intensity changes

36 from absor bance, and optionally stopping the cleaning process
upon detecting a predetermned liglgg intensity level or raising a
flag indicating the endpoint of the cl eani ng process. Endpoi nt detect
control subr @as reaetahfstitized ity cleanigay proeessby chanmber manager

subroutine 157a. Endpoint detect control sybroutine 159 is, .5 i ncl uded
for those enbodi ments &% W&y 9ﬁ Jblﬁmﬁé‘%t%‘?ﬁty&%% féﬁfﬂ!ﬁé&@hﬁbé@l

bel ow. It is ggc | poNasetaral v 3 ction
cystem - SECRARARE diialh QAT 6T Tnd e 18 oy 10 R i
subrouti ne 1%fom lamp 814. As SiF, flows thréiyghi thromigh-hole80§aturingicheanimgn theafar-IR
subrout i 199, may .be.incl uded that =~ . can be inv d by chanber . nanager
subrout i 13‘53%@5?%‘1? ﬂ’é&] &9%{‘3?‘%@5‘?‘8"& by, getirdor Elééf fsrﬁﬁmas EWFREY am
code for conthObkdre@ioaet t eri ng processes that may be used for chanber
seasoni ng, post-clean fluorine gettering, etc. In sone enbodi nents,

/1, = exp (-X*L*C)

where X is the extinction coefficient of IR windows 812, 813 or a filter (not

10 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 diminishiﬁg, which means that the cleaning endpoint is
approaching. The controller continuously monitors I/I; until this value approaches
1, which indicates that the cleaning endpoint has arrived. |

15 While the description above is in terms of a CVD chamber for a
multichamber processing syétem, it would be possible to iniplemen't 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

20  claims. It should be noted that the invention is not limited to a single wafer
‘chamber as described above and shown in the enclosed drawings. For example, the
throttle valve of the present invention could be mstalled into a batch chamber that
simultaneously prdcesses a plurality of wafers. In addition, the invention would be
suitable for use in a multiple wafer chamber that sequentially performs individual

25  processing steps on each of the wafers.

II. High Temperature Multiple-Step Processes Using the CVD Reactor System

A. Exemplary Structures and Applications
Fig. 18 illustrates a simplified cross-sectional view of an integrated

30 circuit 900 according to the present invention. As shown, integrated circuit 900
includes NMOS and PMOS transistors 903 and 906, which are separated and
electrically isolated from each other by a field oxide region 920 formed by local

e o e




gettering control subroutine 169 can invoke specified software built into
the cl ean recipe tq facilitate gettering contral in conbination with
the clean recipe used. - The CVD system descri ption _
presented above is mainly for general 15 il lustrative purposes and shoul d
not be considered as linmting the scope of the present invention. The
exenpl ary CVD system 10 is a singl e-waf ergpvacuum chanber system
However, other CVD systens that are nultiple-wafer chanber syst ens
may be used. igxidatibg of Sileas (NBCDS),Ar dtha thdhRik] WterhdtivelyO taskidisrs 903

underst ood, however, that although certain features of fhe invention are

shown and 20 and §86dnaybleiseparagagdr andglecirically isolatedhfromi gach other by aishaliew

processing s W\ ' LS..N PR de o0 be
i mited i ¢ ArRechisslabn ror ol Bl Bisicord S 35 535 2l ot NOR itk
variety of prRMOSsiEghahmsisor 903 atd D06 sompides alvotiee région 912, a Gialr tegioan
chanbers or the like. Variations of the above described system such as
vari ations i Pleadgrgateeegiany 918esi gn, | ocati on of RF power connecti ons,
software 25 operatio 9&% I . [l %Qfa{t' %s ' me
sof tware subrouti nes, A e%Ic%n .%élﬁ‘gﬁ%?‘;wegg%ﬁ% e EI';sl [ neié&g%g%ca ves,
and ot her no@0bifrom netel layep 940 swittbéonnections betdvden tietah dyey 94®@ tirbthepl asma CVD
equi pnment such as el ectron cycl ofron_resqnan ) ECR) plasma CVD

devi ces, i ndfPFSRIT Bﬂcmtacmé ~dMF§ﬁltl§V°5I%§Q|‘.ﬁa°@\}!§(f°“rme &yrecM0,0r the

like may be ?ZE,' 92€ %ing YaB, Hchided i irffe MFEﬁcﬁ{*?]deegéBﬁ etBPfazé%ato,fQQim ng
such layers for use i nthe present i1rvention should not necéssar’ly be
limted th afg4specd46 is separated fvosn edjacent metal $qyersi iy respectiverintenanetahit i on
Cemorai 1y i ndisleptc layers 927, 926 and 87 AljaCdnl Bietal 15985 e conecelat sélectsa °

openings by vias 926. Deposited over metal layer 946 are planarized passivation

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

15  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

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

Fig. 19A is 'a simplified cross-sectional view of a par;ially completed
MOS transistor. Merely as an example, the MOS transistor 1000 is a PMOS
transistor. Of course, NMOS transistors also may be formed. For PMOS transistor

25 1000, a doped dielectric layer 1008 used may be a BSG film as the P type dopant
source. As seen in Fig. 19A, a gate electrode 1002 overlying gate oxide 1003 has
already been formed on material 1004. In the present example, material 1004 may
be an N type substrate or an N well formed in a substrate. Field oxide regions
1006 also have been formed by a method such as local oxidation of silicon

30 (LOCOS). The regions where ultra-shallow doped junctions are desired may be
defined using a mask. In the present example, the regions are source/drain regions
1010 and 1012, but of course the regions may be defined to form lightly doped

J—— . aona : b = 2 o i e e i



37 encl osure assenbly 200 having vertically nmdvabl e heater (wafer

support pedestal or . susceptor) 25 for supporting a sem conductor
wafer within a vacuum chaiber 15. Process gas(es) are delivered into
chanmber 15 to performvarious deposition and etching steps on the

wafer. A gas distribution system 205 (Figs. 2-6) distributes 5 process
gases fromgas sources 90 (Fig. 1C) onto gfie wafer, and an exhaust system
210 (Figs. 24) di scharges t he process gases and ot her residue from chanber
15. Cv T)feg idhs| Weikiethei WD HeRSords gheat&&éﬁueatabaﬁémlp\fo&%
(Figs. 1A, 9-15) I ncl'udes heater for heating the wafer and
for lifting melmﬂlscum\mdﬁaﬂ belowaa doped digleetrie dayiend 09% isi formed avarhi n

chanmber 15. An_integral fem | asm A
and 16) 15 al Sy dgiiteaicRn 1o A AN VB TRihg op iRRE- te(dclﬂ’gf?ﬁer
cl eani ng, wafzg. cleaning, or depositing steps.

shown in Fig. 2, CVD apparatus 10 further includes a liquid cool I ng

system 218 for deliveri fc'@tfpmgtdﬁpﬁﬂaﬁilpmcd@ﬂ?ﬁdﬁ%%ﬂ@ut@@@narrber 15

cooling 15 ERRERAS ks 2. W ifol ofRodsRURGLT ISR IDRS BRF 00w B ©

conponent s t ocleaned ofrih;nigaiemldemtamwedxﬂemmaymxxwemttﬂyem ophement s due
to the high tenperature rocesses Li quid cooling system 215_i ncl udes

a pair of mt@nne%huéea%ﬁgaszwcw from remgte miGKHIYAVC PiAsmaystamy 3
through the hgatgtdd dove dF B§ Tsing a%ﬂeﬁ’ﬁh‘i’ NF, $2pbr2"Dufifg e Y1éhning procedure,

10  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
1010 and 1012. The fluorine radicals from the remote plasma may be used to clean
15  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
performed in the same chamber in an in situ manner. Use of the above described
20  CVD apparatus 10 avoids moisture absorption by the wafer, since the vacuum of
chamber 15 is not broken and the wafer is not exposed to the environment.
Alternatively, undesired oxides may be cleaned from the wafer by thermally
breaking down NF; vapor in situ. With this alternative, fluorine radicals are
produced in situ in chamber 15 by introducing NF, between about 200-1500
25  standard cubic centimeters per minute (sccm), preferably about 500 sccm, and
optionally O, at about 0-1000 sccm into chamber 15. At the same time, chamber
15 is heated to between about 500-650°C, preferably 600°C, and maintained at a
pressure of between about 60-760 torr, preferably 400 torr, while heater 25 is
spaced between about 150-900 mil, preferably about 600 mil, from plate 20. Thus,
30 the surfaces of source/drain regions 1010 and 1012 can be cleaned of any native
oxide barrier.

After the cieaning step, gate valve 280 in some embodiments would




(not shown) for delivering.coolant to the gas distribution system 205

(di scussed 20 bel ow). A waterflow detector 220 deteets the waterflow from
a heat exchanger (not shown) to encl osure assenbly 200. Preferred
enbodi ments of the individual systens of apparatus 10 will be
described in further detail bel ow A Enclosure
Assenbly 25 Referring tgy Figs. 2 and 6, enclosure
assenbly 200 is preferably an i ntegral housing nmade from a

process- conpee dibsed moishuti dult any veAdties gasks ided Untly doped dieléui¢l layefdédositionum
Encl osure assenbly 200 includes an outer |id assenbly 225 for
del i vering prRyeeess fromyenierng,anddepositing gnigrsurfaces in sonduityd?. 4 Heater 25 alsaner 1i d

SSSETOLY | e YA e SO B0 R e b S8 Rk e g 1
supported on températur® in thésvacuum of shemberils, keogrdiay teatheiddsicadvproceds JeqipeaVi des
Ut or 11 5 2 SRAAYIASSHC fyar A lstBer Fumeg at bigB tempagpiires (about S00-800°C) ©
38 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 uniformly be 'driven into the substrate to form ultra-shallow source/drain
regions 1010 and 1012. -
10 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
layer 1008 is used as a P type dopant diffusion source for the resulting ultra-shallow
15  junctions 1020, as shown in Fig. 19B. Of course, gate valve 280 remains closed
during this drive-in step. As an alternative to being heated in situ, the wafer may
be transferred to an annealing furnace or a rapid thermal process reactor (preferably
within the multichamber system) to drive-in dopants from doped dielectric layer |
1008, which acts as a dopant diffusion source. Diffusion is performed by annealing
20  or a rapid thermal process. Preferably, the diffusion is performed using a rapid |
thermal process (due to better throughput) at a temperature between about
950-1100°C for between about 1-3 minutes, and preferably about 1000°C for about
1 minute, in these other embodiments.
After diffusion, doped dielectric layer 1008 is removed by dry or
25 wet etching techniques or other removal technique from N type material 1004.
CVD apparatus 10 may also be used to remove doped dielectric layer 1008 by using
remote microwave plasma system 55 with the appropriate etching chemistry. For
this dielectric removal step, gate valve 280 would be opened to allow the remote
plasma to etch the layer 1008 until removal is completed, whereupon gate valve 280
30  isclosed. The removal step may be performed in gtg without transferring the
wafer from heater 25 in chamber 15. Alternatively, the removal step may be
performed in another chamber, dedicated to dielectric removal, within the same




exposure to high tenperatures during system operation- For SACVD processes,
lid cover 233 preferably includes a cutout 235 to allow cl earance for
lid clanps 237 : t hat "ensure gas integrity of the chanmber 16. Lid cover
233 generally remains cl osed during nost process steps unless the
chanber is opened, for exanple, to performa 5 preventive mai ntenance
chanber cl eaning, thereby breaking the vaﬁyunrand bringing the
chanber to atnospheric pressure A lid hinge 239 includes a | ocking
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(not shown) of mul ti chanmber processing system A suitable robotic
transfer ésseatbaqcnt soutiesgdrairhregions 1020 whicharervlttayshaliow ghiyde dod jRactions. No.

4,951,601 to the conpl ete di.scl osure of. whiich is incorporated
herein by ref é’%%afgﬁ BB process sjteps for the kl Prihy device gﬁ 7A and
7B, the insi d?effﬁ—hied%&h@fwaﬁ}d osure assenbl y 200 around chanber 15
is covered with a chanber |iner 250, which rests on a shel f 252 of.

encl osure assenbly 200 A@H’éﬁ‘t?él’ waferdpr seyeral wafess) haye been progessed in  process

gases from fl (o] ce heater
20 25 has a snm er og anet @Mﬁgﬁ%%c osu%ﬁegése@%gﬁl ner 250
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plasma system 55 unnl the chamber is cleaned to specifications, as indicated by the
endpoint detector system. '

e

15 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
layer 1008, preferably in an jn situ process within ch'amber 15. During the

20  deposition of layer 1008, gate valve 280 would remain closed. Then the substrate
may be heated for diffusion of dopants from doped dielectric layer 1008 into
semiconductor material 1004 as discussed above for Fig. 19B. |
Alternatively, the wafer may be removed from chamber 15 for transfer to an
annealing furnace or rapid thermal process reactor for diffusion of dopants from

25  doped dielectric layer 1008 as discussed above for Fig. 19B. Preferably, the
substrate undergoes a rapid thermal process in the same multichamber system to
which chamber 15 (where doped dielectric layer 1008 and capping layer 1030 were
deposited) is a part. As seen in Fig. 19E, dopants from the doped dielectric layer
1008 with overlying cap layer 1030 have diffused into semiconductor material 1004

30 to form ultra-shallovr/ 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




25 . in order to prevent .wafer edge cooling during hi'gh tenperature

processing. During hi.gh tenperature processing;-liner 250 prevents
excessive heat |1oss fromthe hotter edges of the wafer on heater 25
(é.g., about 550 600[err] C to the cool er surrounding chanber walls

(e.g., about 60[err]C). Wthout liner 250, the heat effects at the edge
of the wafer nmay adversely affect tenperaggire uniformty across the wafer
and |l ead 30 to non-uni form deposition. Liner 250 preferably conprises an
i nner porti onregfathing processingnsesps.0fFor apowtcrs.25 gmiaticedgedmvatye diffusiontuft | s

wel |l suited for high tenper r ) rocesses . J. reater than about
S00[ er 1] Q) . FREPR RHytomh 4B S thigknesk beipecy ronut 100200 K Gpped withs
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| nner porti orbed&mdboit 0.9 qinh yo abone 0al pm, accotrding inpreferreil emtbwdiménts faro 1
i nch and pref @%ab ut 0.2 to 0.3 inch. . Li ner 250
prefe_rablg co%?]s _ ¥t er portion 255 that conprises a 5 material
that is |ess susceptibl@f ésurse, A NMOS! thaRisoR 1000 Snchitfes Batd Tleatrbdé TooR Cut er
portion 255 rests on shelf 252 of enclosure assenbly, and includes an
annul ar |ip and source/drain regions 1010 and 1012 where N type, ultra-shallow junctions may

be formed in the P type semiconductor material 1004 using a doped dielectric film

1008 such as a PSG film or an arsenic-doped silicate glass film as the dopant

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

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

15 according to preferred embodiments. Of course, it is recognized that other doped
silicate glass films may be used to provide the N type or P type ultra-shallow
junctions depending on the application.

Another example of a use of the present invention is forming an
ultra-shallow doped region as a channel-stop in a shallow trench isolation structure

20  between devices. Application of the present method for forming an ultra-shallow
channel-stop region is discussed with reference to Figs. 20A-20G.

| Fig. 20A is a simplified cross-sectional view of a partially completed
shallow trench isolation structure formed in semiconductor material 1100. As seen
in Fig. 20A, a trench 1102 is formed in semiconductor material 1100 using

25  anisotropic etching techniques including reactive ion etching, plasma etching, or
other techniques. In the present example, the semiconductor material 1100 may be
a P type substrate or a P well formed in a substrate. A mask 1104 may be used to
define the channel stop region in the shallow trench isolation. Using process

_ recipes discussed in detail below, a doped dielectric layer 1106 is formed over

' 30 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.




254 for supporting inner portion 253 of liner 250. I-m a particularly

preferred . enbodi nent,. outer portion 255 includes a plurality of
circunferentially spaced ™ vertical struts 257 that define inner air
gaps 259 therebetween, as shown in Figs. 10 7A and 7B. Air gaps 259
facilitate insulation of the inner portion 253 of |iner 250 fromthe

oyter chanber walls to increase wafer te rature uniformty (otherw se
the outer edge of the wafer could cool down due to the surroundi ng chanber

val | L PP Bpefiateith] 1000, dopel Aeldckiclay¥e1 103 P8BS fifil4s W PT

- tenperature). In dition, air gaps 2 9 provide thickness to |iner
250 so that |Wp%dﬂpants@geethe gap 15 bet ween the outer chanber walls and

heater 25 while mnim cr acki er npl e that
may occur with a thi ck?’“‘%ﬁﬂ&? °23%@%ewg?yﬁﬁq;€§°5?rmmgﬁnafﬁg 250
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t hi ckness_of about 0,2 to 1.5 inches,, and preferably about .9 to 1 inch
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Annul ar * coverDifidg thedleaniigl step; @amervabwes280 is operntcCallond fluoride radicals to flodn as
al um num oxi de or al um num nitride, to shield the al um num outer portion
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liner 250 to diclectyic layes 1466 thatisfoemed hverdremab dil02va The cleaning step and 2B
deposition of doped dielectric layer 1106 are performed in chamber 15 in an in situ
15  process. In alternative embodiments, the cleaning step may be done by thermally
| breaking down NF, in situ , as discussed above. The fluorine radicals from the NF,
plasma or vapor then clear the oxides that may exist on the surface of trench 1102.
In further alternative embodiments, a separate chamber of the multichamber system
described above may be used for this cleaning step. Since moisture absorption by
20  the wafer is avoided 'by not breaking the vacuum of chamber 15 (or alternatively of
the multichamber system), the surface of trench 1102 is free of native oxide
barriers. After the cleaning step is performed, gate valve 280 is closed. Without
the native oxide barrier, dopants from doped dielectric layer 1106 may more easily
and uniformly be driven into the substrate to form ultra-shallow junctions used as a
25 éhannel—stop region to provide shallow trench isolation. Heater 25 with the wafer
thereon is moved into the processing position and heated to high temperatures
(about 500-700°C) for deposition of layer 1106. '
After deposition of doped dielectric layer 1106, the wafer remains in
chamﬁer 15 for the drive-in step. Gate valve 280 remains closed, and heater 25 is
30  heated to a higher temperature (about 800°C). The heating occurs for a specified
time that depends on the desired junction depth needed for the diffusion.
Alternatively, the wafer may then be transferred to an annealing furnace or a rapid




B. Gas Distribution System ' _
40 Referring to Figs. 2 and 6, outer |lid assenbly 225

general ly incl udes éi"'.l id or base plate 265, a cool ant. manifold (not
shown), a clean gas manifold 270 t hat includes conduit 47, gas m xing
box 273 for m xing and injecting process gas(es) and cl eani ng gas(es)

through inlet tube 43 to the processing qﬂﬁnber 15, and 5 a gate val ve
280 for selectively distributing cleaning and/or process gases to gas

15119 20 27l A R HRRHD Vel BESHIGORIBEED A <
sel ectivel y ddopanisifime doped dieletteiarlayey into @ type jmateriat 4190 s Poped dislestrie’ 3
AR SN N T U N LT e R
S 5o BB R bty g om N iy SRR G egon
gas Smi x1108 is axP -2 1gpe egionfasmed)isP Spe Bétedaldl10Bave inlets suitably
_coupl ed to sources After diffusion, doped dielectric layer 1106 is removed by wet
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 system 55 may etch away layer 1106.
10 Of'course, reactive gases input to plasma system 55 depend on the type of doped
dielectric layer 1106. Fig. 20C illustrates the partially completed shallow trench
isolation structure after removal of doped dielectric layer 1106. As seen in Fig.
20D, trench 1102 is then filled with an oxide 1110 to form the shallow trench
isolation structure. In a preferred embodiment, a high quality USG film deposited
15  at high temperature may be used as oxide 1110 to fill high aspect ratio trenches.
Oxide 1110 also may be formed using other deposition techniques.

After completing shallow trench isolation structure having
ultra-shallow channel-stop region 1108, devit_:es 1112 and 1114 separated by shallow
trench isolation structure may be formed, as seen in Fig. 20E. Devices 1112 and

20 1114 each include a gate electrode 1116 and adjéce‘nt source/drain regions 1118 ahd
1120. Thereafter, remaining process steps for the completion of the device may be
performed by transferring the wafer to another chamber, preferably in multichamber
system. After the wafer is transferred from chamber 15, a chamber clean may be
performed using remote microwave plasma system 55 with resisti\?ely-heated heater

25 25 adjusted to a cleaning position and gate valve 280 being open, as already
described above in connection with Figs. 19A-E.

In an alternative embodiment, steps shown in Figs. 20F-20G are
performed after steps shown in Fig. 20A. After doped dielectric layer 1106 is
formed over trench 1102 and mask 1104 as seen in Fig. 20A, a capping layer 1110

30  such as USG is formed overlying doped dielectric layer 1106 in chamber 15 in an in

- situ process. During the deposition of capping layer 1110, gate valve 280 is closed.
Then the substrate is heated in situ in chamber 15 for dopant drive-in for diffusion




90 of gas (see Fig. 10),- such as ozone, TECS, TEPO "helium nitrogen, clean

gas, or the like, and outlets (not shown) .in comunication with a
m xing area 93.-within 15 box 273 for m xing the gases prior to delivering
t hem t hrough inlet tube 43 into the inner |id assenbly 230.

It should be noted that for plasma processes, CVD apparatus 10 wi ||
further include a gas feed-through box (g9t shown) housi ng gas passages 83,
85 to enabl e the application of high voltage RF power to the gas box
wi t hout gas aﬂdopdntseﬁMmappedalddpud diblectricdayer d4P6 $ito isemiconductor rysterial

dlstrlbutlon te A descri ti of an exet a feedthrough
box can be fa ﬂgs@xsge% %é?f’%g 29f38ﬂ%‘vely’ ‘l’%‘%ﬁ‘%’j?’e ¥l et e
di scl osure Ofrmmmue? 15&89&&%&%%%5&1& ¥rria&d 6¢ ABicethermal proces

As, shown in Fig. 6A, clean gas manifold 70 i ncl udes conduit 27 for-
recei vi ng gasdastor (preferabiy veithir @@, multichagibee system) fon diffusipns¢fotopants fomyh a

valve iy ( FRednopel diclecid Baet LI0e fre inifcducigl nisdl Yo ndieen

al l owi ng or an&ae%ﬂgﬁone AsS&n g 20G dopﬁﬁt§$toﬁ9tﬂef‘do9b@tlxefééﬁ$11ager47 into
gas m xi ng box 273 te val ve 280 manual | y oper at ed

act uating haﬂwﬁawgspvedymg@mlmr \lblozéyermifussé inforsemisondustorymaterial 1700

Con i gur ed_ 19 Tt SRR, Bbobll G6) RRER 1108 Cap AT LIB RN 4 o 1 0o
box 273, whebttgafiig &ff dopants upwdtdﬁsmaﬁ)pédl melwtm layert 1108 ptherbBy irssultinghianber

15 to etch the wafer or_the Inner, chamber walls and the other
conmponerils ofmoxe dapants diffusing down into the substrate material 1100. After the diffusion

step is performed, gate valve 280 is opened and both the cap layer 1110 and doped

dielectric layer 1106 may then etched away using remote microwave plasma system
55 with appropriate etchant chemistry to provide partially completed shallow trench
isolation as shown in Fig. 20C, ready for the remaining processing steps of Figs.
15  20D-20E. When the wafer is transferred out of chamber 15, gate valve 280 is in
the closed position. A chamber clean of chamber 15 can then be performed by
operating the plasma system 55 with gate valve 280 opened.
For shallow trench isolation between NMOS transistors in a P type
substrate, the doped dielectric film 1106 may be a BSG film. For shallow trench
20  isolation between PMOS transistors in an N type substrate (or in N wells of CMOS
circuits), the doped dielectric film 1106 may be a PSG film or an arsenic-doped
silicate glass film. For smaller device geometries such as less than 0.35 um having
a trench 1102 with a depth of about 0.5 pm, channel stop region 1108 of about 0.1
pm junction depth may be formed using a BSG film 1106 about 200 A thick and a
25  USG capping about 200 A thick, according to preferred embodiments of the present
invention. | .
It should be understood that simplified integrated circuit 900 is for
illustrative purposes only. One of ordinary skill in the art could implement the
present method for fabrication of ‘other integrated circuits such as microprocessors,
30  application specific integrated circuits (ASICS), memory devices, and the like.
Further, the present invention may be applied to PMOS, NMOS, CMOS, bipolar,
or BiCMOS devices. Although uitra-shallow source/drain junctions and ultra-




41 ‘As shown in Fig. 3, clean gas manifold 270 is
constructed integral to -..- .~ the top part of enclosure assenbly 200 of
apparatus 10, with condui't 47 having an appropriate bend or curve
fromthe top toward the side of chanber 15. Conduit 47 of manifold
270 has an opening into a passage integrally forned wthin a side wall 5
of encl osure assenbly 200 of apparatus 1070 whi ch may becone heated due to
t he hi gh tenperatures at which heater 25 operates. This passage is
equi pped wi t hshaliow trench isolation applicatiens 228 fistisaed stove othetpreseniineesitioniatso nner-
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m cronwave.en r adi a{ied frgn a n%%?et ron in plasma system 55, which is
advant agegus_l\ _oBsﬁSE’a Py _a{“ﬁ%ce P8 of chamber 15 in enclosure
assenbly - 200. TheExenspldry Grafé cl e depditidin, b cli@itie BledhingPpar at us 10

facilitates servicing 15 of chanber 15 for preventive mai ntenance
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not | ocated on top of the Iid of apparatus 10. M crowave pl asna

system 55 is di scussed ﬁnéurt_her detail below. As shown in Figs. 3 and 4,
i nl et 0 . Cleaning Native Oxides Prior to Deposition

In accordance with a specific embodiment of the present invention,
native oxides that may exist on the silicon substrate or region where an ultra-
shallow doped junction is desired may be cleaned prior to deposition of the doped

. dielectric layer that may be us_ed, for example, as a dopant diffusion source or as a
15 PMD layer. In these embodiments, the native oxides can be cleaned by using
fluorine radicals from a plasma formed with reactive clean gases like NF; by remote
microwave plasma system 55. Use of in situ processes in one chamber or
alternately in chambers of the same multichamber system permit enhanced quality in
the ultra-shallow junctions formed in accordance with ihese specific embodiments,
20  as well as providing for dielectric layers having low moisture content and low
shrinkage. '

In a specific embodiment, chamber 15 is maintained at the deposition -
temperature, a temperature ranging between about 300-650°C, and preferably at
about 550-600°C, for the entire cleaning process. Chamber 15 is maintained at a

25  pressure ranging between about 1-2 torr, preferat;ly at about 1.5 torr, while
maintaining the temperature. Heater 25 is moved to a position about 600 mil from
gas distribution plate 20, while gate valve 280 is opened and the clean gas NF; is
introduced into applicator tube 292 at a rate of about 600 sccm. The clean gas is
introduced into applicatbr tube 292 and the pressure is permitted to étabilizg for

30  about 3 seconds before microwave energy is applied to the NF, in z%i)plicator tube_
292. Microwave power of betwee_n_ about 500-2500 Watts, preferat?}y between
about 1000-1500 Watts, from magnetron 711 operating in CW modg is then applied
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20 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 . The cool ant mani fold, which nay be fastened
to the top or side surface of base plate 265, receives coolant fluid,
such as water or a glycol\water 25 m xtlkre, fromthe heat exchanger. The
~coolant is digtributed fromthe coolant - mani fol d through an annul ar
cool ant channfor abgut(J=1Q seconds, n Fhe; micrawaves arg transmitterh from magnetron Fllect i vel y

and conducti v o . _ n i

inner |id ass%@%%&ul@&r\egﬂgf@égs@ga%?%?gg@éﬂ%ﬁﬁ%ﬁﬁ'{%ﬁéﬁz Zﬁngglil

. bel ow). the window, as discussedabsveQ WUV Randp T8 iggiténble Peactivegised il assenbly
230 generally includes 30 base plate 265, a b] ocker, or gas dispersion

pl ate 301 andaRPlicHenBibs29d to forgna plasma, withJenization;susiaiged, by thepmjcgowave

di spersi ng pr &g&g ' 1 . t RE’E:! ”?0

are pref ergabl %?@??m ma%fgfggszsb?tggtn%gtgﬁg e ma %ﬁdéﬁalst ﬁg@ t‘lﬁé ug .

42 capplasma &drmed tih applivaton qutiel 262 dre wptputitouflew futo dmes290. The radicaaby! e,

plates 301, 2How through the lined passage in enclosure assembly 200 to conduit 47 of clean
manifold 270 through the opened gate valve 280 and into outer annular passage 297

to enter chamber 15 and clean native oxides off the wafer. Used clean gas reactants

10  and oxide residues are then exhausted out -of chamber 15 via the opened throttle
valve. The present description is for chamber 15 which has a total volume of about
6 liters. It is recognized that flow values may differ depending on the size and type
of chamber used in other embodiments.

In a specific embodiment, with chamber 15 maintained at pressures

15  lower than about 1-2 torr, rapid removal of fluorine species occurred, resulting in
poor cleaning results. At chamber pressures higher than about 1-2 torr,
recombination may occur due to collision losses, as well as causing overheating and
damage to applicator tube 292. Chamber 15 should be maintained at pressure levels
where fluorine species are not rapidly removed, recombination does not occur, and

20  applicator tube 292 does not break. In some embodiments, the chamber pressure
may be limited by the physical dimensions and material of applicator tube 292,
when microwave power is being applied. In a specific embodiment, the pressure in
applicator tube 292, when microwave power is applied, may be about 3 times as

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

25  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

fluorine radicals in the plasma are able to reach the wafer to clean the native oxides

30  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 pm/minute. Of course, the
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may conprise a ceram c material such as al um num oxi de-or alum numnitride
(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
alumnum to mnimze 5 gas deposition on the surfaces of plates 301, 20.
In a particularly preferred enbodi nent, gas di spersion plate 301
conprises anodi zed al um num and gas 4 stribution plate 20 conprises
al umi num Gas distribution and -gas di spersion pl ates 301, 20 are each
directly fast enaprtime ogtﬁd)gmmﬁgl Rh&

gas distribution and di spersi ongtg gté%e?ﬁszgﬂ%%()@i aresa??)efaémularp%ﬁ\;éeere{o
surface of basleapd-0fe theowalgr.: With pimote micrpwaye plasmoa siestenn 55 0f ipresentcr ews 303,

: d I I
ight, sur acunepton ative {30RL bESEE DEHEs 587 b ARBe ARl bbud afriagbo e 1.

di stribution araderds apeided.on pl ates 20, 301, respecti veI Y, and | ower
surface of_ base plate 265 to facilitate conductive heat exchange
therebet ween (di scussed iAMthgnghtherabgue wafer|sleaning pravess eanditionagrescr ews 15

‘ ﬁg gt ef’gi[ g(r) ?}) e kéﬁplﬁrypﬁgy i egﬁeeér}%% Efottgé’r ' Bhditidh ay® s b€ H6da. The

ﬁaf err : ng to Ebﬁm deécriptibnSdiscysses (NE;]; meful%’a@ﬂn Bkmqﬂtle 2 al Giga Bi}clbﬁleiﬁﬁira g|1|5)’f
at plate 311 havin ut e W t urality o ol es or
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surface of pl %ﬂon?sodé'ﬂbhﬂo@gescn tan ek T 3fdwedts ?)gé?ha%:ﬂfsl%a%g@mggﬁe plate

265 i ncludes an out annul ar
di stri buti®n phbriae ZOntElmmg gdses, [su¢h tmNFyatlchNg NF; éfirargon] NBy o @,, a dilute

chanber 317 ( t ese tvvo t s for dispersing the
process gas K.C ?ﬁl%e Lég eatc'pI“E?ry 3 W§Hs distribution holes
315 onto a sem conduct or wafer. Alter nat ively, gas distribution plate
20 may conprise a dish-shaped deV|ce 25 (not shown) having a centrally

di sposed cavity definedCoyExemplary Silicate Slass Depasit] wal | .

According to the process of the present invention, dielectric layers
15  used as the dopant scurce, PMD layer, IMD layer, oxide filling layer, capping
layer, or other layers may be formed using any of several different processes. The
process recipes of a BSG film, a PSG films, a BPSG film, and a USG film are set
forth below as examples of doped and undoped dielectric layers used in the present
invention. Of coursé, during the below described deposition of various dielectric
20 films, gate valve 280 remains closed (unless remote plasma system 55 iS being used
for deposition, in accordance with an alternative embodiment). The exemplary
processes may be performed in CVD apparatus 10, which isa closed, single-wafer,
SACVD sysfem in preferred embodiments. |
CVD apparatus 10 also may be adapted with different and/or
25  additional input gas supply sources to deposit BPSG, arsenic doped silicate glass
(AsSG), or other dielectric layers as well. Of course, those of ordinary Skill in the
art will understand that other process recipes and other reaction systems like plasma
enhanced CVD (PECVD) may also be used to deposit the dielectric films. _
~ Examples of boron sources include TEB, trimethylborate (TMB), diborane (B,Hy),
30 and other similar compoﬁ_nds. Examples of phosphorus sources include
triethylphosphate (TEPO), triethylphosphite (TEPi)', trimethylphosphate (TMOP),
trimethylphosphite (TMP,), and other similar compounds. In addition to BSG or




The size 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 uniformdistribution of gases onto the wafer.
o1 the 30 ot her hand, holes 315 may be non-uniformy spaced and arranged,
I f desired. Holes 315 will wusually have a dianeter in the range of
about 5-100 m | and preferably in 4e range of about 10-50 m|.
Preferably, gas distribution holes 315 are designed to

43 pr oPSG diltas] dreérit dyped§ oxides @2 iatsenia silicateglas AlsSG)als6 iy beaf er. The
hol es (as wel | . as the manifold tenperature, discussed above) are al so
desi gned to adeppsitadiusing, for examnlg, 3 lghid souges, With 28 agsenicitompound er anout er
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hole array is_one, of generally concentric, rin of hOngté 315.., The di stances
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equal . A nore conplete scription
- 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

10  multiplying liquid flow rates by\a factor of about 1.923 so that flow ratios may be
calculated accordingly. Preferably, stable doped dielectric films may be formed
using the TEOS/O, chemistry in a SACVD process to form damage—free,. uniformly
doped ultra-shallow junctions in some embodiments. In other embodiments, a low
moisture doped dielectric film may be formed using TEOS/O, chemistry with a

15  SACVD process conducted in CVD apparatus 10 to provide a planarized insulating

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

low fluorine incorporation.

1. Exemplary BSG Film Deposition
20 As merely an example, the BSG film deposition recipe described
below is capable of fomﬁng a BSG film that may be useful as a doped dielectric
layer used as a dopant diffusion source. Of course, the recipe may be varied
depending on the particular use for and desired qualities of the BSG layer. A PSG
layer formed as a doped dielectric layer used as a dopant diffusion source could
25  similarly be formed using the recipe below and appropriately substituting the dopant
~ source gas employed. | '
The exemplary BSG bulk film is deposited by heating the wafer and
heater 25 to a temperature of between about 200-650°C, preferably to a temperature
within the range of about 400-650°C and most preferably to about 500°C, and
30 maintaining this temperature range throughout the deposition. With gate valve 280
closed, chamber 15 is maintained at a pressure within a range of about 10-760 torr.
Preferably, the pressure is maintained within the range of about 400-600 torr, and




sui tabl e arrangenent for ‘the gas distribution holes is described in
comonly 10 assigned U.S. Patent No. 4,872,947 to Wang, the conplete

di scl osure 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 - chanber 317 formed betweemgouter stand-off 316 and gas
distribution plate 20. 15 Base plate 265 preferably includes a second,

I nner st and- ahést pidferably it Rembintiined at abetitH00 torrOrHeke 25 i8 Posifionsd dbage pl at e
265 and for allow ng_gas passing through base pl ate 265 to disperse
into a chanbdd0390 mil dromypas digtyibptionplater 20 andds peaferably qrositioned about 25Q

pl ate 301. Al R gas dispersion plate 301 nay define a recess (not
shown) for foén?nﬂréggtﬁgén%oér 320 rather than stand-off 318. Dispersion holes
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sccm, preferably at a rate of aboutz/tOOO sccm. Oxygen in the form of O, is
introduced at a flow rate of between about 3000-6000 sccm and is preferably

15  introduced at a flow rate of about 5000 sccm. The ozone mixture contains between

~ about 5-16 weight percentage (wt %) oxygen. The gas mixture is introduced into

chamber 15 from the distribution plate 20to supply reactive gases to the substrate
surface where heat-induced chemical reactions take place to produce the desired
film. " '

20 _The above conditions can result in a BSG film deposited at a rate of
between 500-1000 A/minute. By controlling the deposition time, BSG films having
a thickness between about 50-500 A and preferably between about 100-300 A may
be formed at the process conditions described above in about 10-60 seconds. The
thickness of the BSG film deposited may thus be easily controlled. Preferably, the

25  wt % of boron in the resulting BSG film ranges between about 2-8 wt % and
preferably is about 6 wt %.

PSG Film osition
As merely an example, the PSG film deposition recipe described
30  belowis capable of forming a PSG film that may be useful as a PMD layer. Of
course, the recipe may be varied depending on the particular use for and desir_ed
qualities of the PSG layer. Other doped diclectric layers besides PSG films may be




44 ref erence. a As shown in"Fig. 8, base plate

265 has a | ower surface 321 that defi nes an annul ar punpi ng channel
40 for exhausting the deposition gases (di scussed in detail bel ow).
AS shown in Figs. 4 and 5, base plate 265 defines a 5 central hole 327
I n communi cation with inlet tube 43 for receiving the m xed process

gases fromgas m xi ng box 273. Hole 327 it also in comunication with
recess 311 of gas dispersion plate 301 for dispersing the gas across plate
301 to el @s PMB.lam&by phiag ¢in?ibs récipestiotheiwecipadelow andapproprimelyage 93
having an inl et 33 and,an out| et 333, coupled to the cooling system
215 for di rec%‘ﬂi’%P’é%F’&rﬂ(’p#g?ﬁowﬁe 8Z§WPSE’QF?YB‘E'rtions of plate 215 to
convectively cool theseTROéeliry PSGhilk FilrAGP deposited %)Ph@tﬂgﬁﬂé Wafef @R ant
passage 93 is fornmed within portions of baseo&l at e 265 that are

rel atively clhesteri2s tagigmpaggtuse of hetweem abaup 200-680 2L f preferably toea teamperatarei ve

oot en%a0d, AwH e e O b /630 ol ol BEFSRY 2Bl B0 i O
conpl et e descmbintaining eis exufpEpitae)rangesthedighdit the Heposition) With gagsabe 289 can

be found in commonly assigned, ,co-pendi ng application
closed, chamber 15 is maintained at a pressure within a range of about 10-760 torr.

Preferably, the pressure is maintained within the range of about 400-600 torr, and

most preferably it is maintained at about 450 torr. Heater 15 is positioned about
10  250-350 mil ﬁom 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
15  and then combined with an inert carrier gas such as helium. The flow rate of
TEPO is between about 10-100 mgm, preferably between about 5-30 mgm, most
preferably about 24 mgm, depending on the desired dopant concentration, while the
TEOS flow rate is between about 500-1500 mgm, pieferably about 1000 mgm. The
| vaporized TEOS and TEPO gases then are mixed with a helium carrier gas flowing
20  at a rate of between 2000-6000 sccm, preferably at a rate of about 4000 sccm.
Oxygen in the form of O, (having between about 5-16 wt % oxygen) is introduced
at a flow rate of between about 2500-6000 sccm and is preferably introduced at a
flow rate of about 4000 sccm. The gas mixture is introduced into chamber 15 from
gas distribution plate 20 to supply reactive gases to the substrate suffaée where heat-
25  induced chemical reactions take place to produce the desired film.
: The above conditions result in a PSG ﬁlm deposited at a rate of about
1780 A/minute. By controlling the deposition time, the thickness of the PSG film
deposited may thus be easily controlled. Preferably, the wt % of phosphorﬁs in the
resulting PSG film ranges between about 2-8 wt % and preferably is about 4 wt %.
30

3. Exemplary BPSG Film Deposition _
As merely an example, the BPSG film deposition recipe described




Serial No. 08/631,902, filed April 16, 1996 (Attorney Docket No. 1034), the
conpl ete di sclosure of whi.ch is incorporated herein-by reference, and in
comonl 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. 20
Referring to Fig. 5, base plate 265 further defines an annul ar recess

343 surrounding central hole 327 and an agnul ar cap 345 di sposed within

recess 343 fastened to base plate 265 above cool ant passage 93.
Preferably, @elow brcapable 36 Soriniing a BPSG/\filnl @it Ry biensefub b & PMD Ahyepas®f pl ate
265 to provide a t'ih%ht .seal qver passage, 93, .thereb%/ effectively
preventing cdOPERt theawipg Mmay hsvapisd deprading on the pasticplar s for apd degiradat i on,

O snorsi on prupliely GERPSGIR. i 70 *oaasage 95 i fabrcated by form ng
a groove - in the (fheexemplaiyBPSGfbullafitm i dépesifidThy hdating khe wafer aadi ng
S gy MNN oTAY ,  —
L Irr‘l(?l)ogis ?rg 2? l d Iv?igggstﬂs& e%%? gfzf\%%ﬁt ?gg-lgg%&(gg%d @ggﬁeﬂrgfl‘eg{bg %%ﬁgg%%?{ ?lﬂ‘sl per si on

pl ate 301 maintainingthisstempemature wange chropghoug tie0deposition. s Meitls gatg vplve 280s and

clean gases ic%sgd,cc Gmber 15 is maintained at a pressure within a range of about 10-760 torr.
Preferably, the pressure is maintained within the range of about 150-600 torr, and

10  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 siliéon, and O, as a gaseous source of

15  oxygen is formed. Being liquids, the TEB, TEPO and TEOS sources are vaporized
by the liquid injection system and then combined with an inert carrier gas such as
helium. Of course, it is recognized that other sources of boron, phoéphoms,
silicon, and oxygen also Imay be used. The flow rate of TEB is preferably between
about 150-200 mgm. The flow rate of TEPO is between about 10-100 mgm,

20  preferably between about 35-75 mgm, most preferably about 24 mgm, depending on -
the desired dopant concentration, while the TEOS flow rate is between about 300-
700 mgm. The vaporized TEOS, TEB, and TEPO gases then are mixed with a
helium carriei gas flowing at a rate of between 2000-8000 sccm, preferably at a rate
of about 6000 sccm. Oxygen in the form of O; is introduced at a flow rate of _

25  between about 2000-5000 sccm and is preferably introduced at a flow rate of about
4000 sccm. The ozone mixture contains between about 5-16 wt % oxygen. The
gas mixture is introduced into chamber 15 from gas distribution plate 20 to supply
reactive gases to the substrate surface where heat-induced chemical reactions take
place to produce the desired film.

30 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

the BPSG film deposited may thus be easily controlled. The resulting BPSG film

e 2 ! A, 4 e e




45 15. In addition, base plate 265 includes an annul ar cool ant

channel 500 for receiving a coolant |liquid, sueh as water, to cool
base plate 265 and the ot her conponents of |id assenbly 230'. In this
erfbodi nent, base plate 265 further i ncl udes an addi ti onal annul ar

fluid channel 502 extending around central hole 295 5 above gas
di_spersion plate 301 for exchanging heat wgiyth the portion of base plate
265 i nmedi at el y above gas di spersion and gas distribution holes 325, 315.

I nner 1id assmﬂ)hy)oﬂﬁcbonbemhﬁobkvel ofl betweédnt 2.6 0ft % yand asphospirges 510

ext endi ng trom chanber 328 ? ween base | at e 265 and gas di spersion plate-
301 to RGAE? r° &ssages 510 offer a | ower
resistancetoflwdflo i@ PBSG! a r

hol es 325, 315. Accordi né‘%g“af&{efkglp Eaﬂb o?’tpgﬁ g S@ o%ggs;e%fainﬁw ng into
chanber 320 vvbblloprSG prhmessegrshdn;malssb@mnigmd lifiiding to the claimsctFor i nto the
vacuum ch er an éxe, .enpodi , . bypass assages 510
s pr ef ol §raBlectie FrvsE Puti Ay apgtiani o AUEoR pride S BpR6T ViR

uni fornly del iyt d intRlg! fot &Hﬁﬁi&eﬁrséﬁc( Yo arfoktitr eﬁﬂple' ﬂxeaﬂcﬁi Qhiaeg ed
use of 15 this enbodi ment, cleaning gases, such as NF pass into

chamber 320 adiscessechabpve apply fora<hambercusfitted @naogagnm S,l tma)'ndllﬁf@r es

020 1. R o P cer 1B OB oy S B8 o

facilitate theaslglshuss ythef cliefficald, hMnDEr haGERSers)hid €dhditivns td Produce
In this enbodi nent,_ vapor deposi tion apparatus 10 will preferably 20

i ncl ude allonsimjlardi®sem such as a val ve coupl ed to a controller (not
shown) for prevent. . VL A0
t hrough bypass passagesidalg%eﬁ&red%at Ef@ss%abg yt%é]‘g%ngﬁgﬁg%éeém ngi;ﬁ&iﬁ{)f]i S
typi cal |y desidopsht tatomis iinfthe dopedaticlegfic fﬁm@&ﬁsdlffusxon 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 |
15  material were investigated. Each method described may be performed on a ddped
' dielectric layer, after the layer is deposited using a recipe such as one of the
exemplary deposition recipes described above. Furthermore, aithough methods
described below are with respect to treatment of a BSG (or PSG) film, the methods
are equally applicable to any doped silicon oxide film.
20
4. Exemplary USG Film Depositions

a. Oxide Filling Material Or Insulating T ayer
According to one embodiment of the present invention, an undoped

silicate glass (USG) layer can be deposited in CVD apparatus 10 for use, for

25  example, as an oxide filling material for filling a shallow trench used for shallow
trench isolation. Of course, the USG film also may be used as an IMD layer, an
insulating layer, or other layer. The exemplary USG recipe discussed below
provides a very dense and uniform film which can survive annealing at temperatures
of greater than 800°C with minimal shrinkage. The USG film, which provides

30  excellent gap fill capability for high aspect ratio step coverage, can also endure
several etch processes at very uniform etch rate without opening up any voids in the
USG. The USG film, also can endure chemical mechanical polishing (CMP)




t hrough gas distribution and dispersion holes 325, 315 to uniformy

di sperse onto the waf.er. Thus, the valve will be closed to prevent
the process gases from passing 25 through bypass passages 510. \Wen the
chHanber is cleaned, the valve will be opened to quickly deliver at

| east a portion of the cleaning gases into the chanber. Thi s

I ncreases the speed and efficiency of thegl eaning process, which reduces
t he down tine of apparatus 10. O course, it will be recognized that
process gases playrization withohio openisfeup gy ecids br onegdes iy prsUS@Gassages 510, if
desired. 30 C. The Exhaust System

Referring to Figs. 2-4, Repvalsr anddeater E‘F o tegperatyre within theryange

46 app 0, IP‘?SP érpﬁla
and _purge gasg’g%é'hct 2%-656 G aréﬁgzgj | ueséégﬁjoﬁtg@ gﬁ%er r1“& an ﬂ’iii}(zl‘r;ough
annul ar punpi mgttumamrmratuhe throughout whecdepositien. deeted 2§ déposigiahed mboatappar at us
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With gate valve 280 closed, the pressure in chamber 15 i is maintained at a level 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
10  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,0, 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
15 O, to TEOS may range from about 2-17:1, but is preferably between about 2-6:1.
The optimal total flow of the gaseous reactants will vary according
to the geometry and design of the deposition chamber. The gas flow also can be
varied to control the deposition rate. Typically, TEOS is introduced at a flow rate
of between about 500-2500 mgm and is preferably introduced at a flow rate of about
20 2000 mgm. O, (between about 5-16 wt % oxygen) is introduced at a flow rate of
between about 2000-10000 sccm, preferably about 5000 sccm. Helium or nitrogen
may be used as a carrier gas that is introduced at a flow rate of between 2000-
10000 sccm and preferably about 7000 sccm. Usually, the total flow of gases into
the deposition chamber will vary between about 5000-20000 sccm, preferably about
25 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 waf'er'chamber

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

b. Capping Layer
30 According to another embodiment of the present invention, the

deposited BSG (or PSG) layer may be capped with a thin, separate USG layer. The
USG capping layer .is a stable film that does not readily absorb moisture. Thus, the




5 the wafer W (shown by arrows 351) through an annul ar sl ot-shaped

orifice 355 surrounding the chanber 15 and i nto-punpi ng channel 40.
The annul ar sl ot - shaped ' orifice 355 and channel 40 are preferably
defined by the gap between the top of the chanber's cylindrical side
wal | 17 (including inner portion 253 of the chanber |iner 250, see

Figs. 3 and 4) and the bottom of base playe 265. Fromthe punping 10
channel 40, the gases flow circunferentially around channel 40 (shown by
arr ows BB0) cappihgtlhyer pudvidescolydsopibbic suxfaesdnngp ofithe BSG agPStH1, past
a vacuum shut_ of f val ve 363 (whose, body, is_preferahly integrated with
the | ower chalf¥ek thatprFyents, pigisture presenf ig the am 1&9&;@8@&?&&% sé@%ﬂ?‘g Tonnect s

to an externa : : : ively,
BS&AGH PSGE gﬁg.d (RftheRHOMbe USG cla%mﬁ %ayer gl aalt'eéau(vﬁigi &gﬁ%&% y

CVD apparatus 10 may i e a separate punp
havi ng a pl ur thiat impedés beroni{at plwosphorus)civokationy The TiSG icapping yerthercby

chamber 15 wi Lh. punpin h |.40.. I n this enbodi ment,, th S. holes are
ci'rount er ant 1 baeHfatedcrstiot Bffhsions méiedontoe G b PorluSeRaTdRYeE
facilitate thgownward il the séhidbidtiofdr fatéHal P VRIS tlﬁagsgflfaﬂ‘riﬁ? 1dyee ddpdees. To
acconmodate the rel ative ositions of inlets and outlels,” gas hol es

may extend i nofthe aigpantiajoms may diffuse mpwardoawayofromfthe semicomstustor material et s

relative to centr openin Thi s _radi ori.ent ati on, of .hol es .al so
Conir ! but o+ BBt SRERERd adikalof AP ieBtA AN, T Enik, B BB angindl o
gases aagercedhdiiitetor oRtrolliag the Giffubion afd Geciafictivh dRpIbTRe USG Kyédor e

conpl ete description of this type of punping plate can_be found in
conmonl y 18ssi eanele deposited in a separateRroegsping chambss fom thg BSG (onBP@h bryeso,

filed Februar X‘ﬁgﬁﬁ?@a is\fdnk 2 ’&ﬁﬁ%g&h g;d@?g%‘&ﬁi;h&‘ﬂbe&%yer& rﬁ@gﬁs@tﬁgﬂ &t e

di scl osure of I ' ncor por a eren

Referring to BSGYor PSGHdayer aBo \vaturredasOL odudrse, (hanyqirbéesses b formypsg £1m)
369 includes an isolation valve 371 and a throttle valve 373 di sposed al ong

di scharge i n€APRINg: 1ayercase PP¥le.ng the flow rate of the gases through
punpi ng channel The following process for forming a USG layer is described as an

15  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 dielgctric layer. _
The wafer and heater 25 are heated to a temperature within the range

of about 200-600°C, but preferably about 500°C, and then maintained at this

20 temperafure throughout the deposition. Heater 25 is positioned about 250-350 mil
away from gas distribution plate 20 and preferably at about 300 mil. With gate
valve 280 closed, the pressure in chamber 15 is maintained at a level of between

| about 50-760 torr, and is preferably at a pressure of between about 200-600 torr,

most preferably about 400 torr. '

25 A process gas comprising oxygen and silicon sources is introduced
into the deposition chamber. In a preferred enibodiment, the silicon source is
TEOS and the oxygen source is O,, but those skilled in the art will recognize that
additional silicon sources such as silane, TMCT or similar sources, and other
oxygen sources such aé 0,, H,0, N,0O and similar sources and mixtures of the same

30  also can be employed. When TEOS is used as a silicon source, a carrier gas such
as helium or nitrogen is employed. The ratio of O; to TEOS may range from about
2-17:1, but is preferably between about 2-6:1.




30 40. The pressure w thin processing chanber 15 is nonitored with
capaci tance “manonet.ers 381, 383 (see Fig. 2) and controlled by
varying the flow cross-sectional - area of conduit 60 with throttle
val ve 373. Preferably, processor 50 receives from

47 manonet ers 381, 383 signals that indicate the chanber pressure.
Processor 50 conpares the neasured ggessure value with set-point
pressure val ues entered by operators (not shown), and determ nes the

necessary adj ustment of TheroptitnaPtotdd!fioRv of the gasedds idasfants Swillofady hedrdifig
mai ntain the desired pressure within chanber 15. Processor 50 rel ays

an adj ust ment tosthe geemetry andesigncefithe depasitiopdbambera The gas fiy also capbe

shown), whic lyst r . 37R. .k ; ' 0 ndi ng
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sccm. Helium or nitrogen may be used as a carrier gas that is introduced at a flow
rate of between 2000-6000 sccm and preferably about 4000 sccm. Usually, the total
flow of gases into the deposition chamber will vary between abouf 5000-20000

10  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.

15 The following processes for forming a USG capping layer are
described as examples. Preferred applications will have USG cap layers of between
about 50-500 A, and preferably between about 100 and 300 A. A person of
ordinary skill in the art, however, will realize that capping layers of different
thickness can be employed depending on the specific application and device

20  geometry size. Depending on the application and gap sizes in which the deposited
film is used, it may be preferable, althoﬁgh not essential, that the capping and
doped dielectric layers be relatively thin. For thin layers, the time to deposit and
the time to etch away are reduced compared to thicker layers. The USG capping
layer is deposited, and both the USG layer and the doped dielectric layer are etched

25  back. It is also recognized that different capping layers such as other similar stable

' oxide films may be utilized to cap the doped dielectric layer. Further, the USG cap
layer may be formed Qvér 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 multichamber

30  system in which vacuum is not broken during transfer of substrates between various
chambers in the multichamber system is also preferred.

According to another embodiment of the present invention, an in situ
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| sol ation valve 371 may be used to isolate process chanber 15 from

the vacuum punp 'to m ni m.ze the reduction of chanber pressure due to the
punpi ng action of the punp. ‘Isolation valve 371, together with throttle
val ve 373, 15 may al so be used to calibrate the mass flow controllers

(not shown) of CVD apparatus 10. In sone processes, liquid dopants
are vaporized, and then delivered igit o process chanber 15 along with
a carrier gas. The mass flow controllers are used to nonitor the flow

rate of the J3SG ok similiticdp tuyesn iy formed 6n ahdoped digleetricliim by turningloft dg
calibration Qf the M-Cs, |sol ation valve 371 restricts or limts the gas

flow 20 't o QOFRIEqUIEE Qithe phosphorus seuser s beforrcomplstion ef doporitian of ithe
charmber 15, ‘M{?}b@lsag er. §n Cihbddhes, MeGnfifil h&{sﬁtdla&tnc 1 E.Ilch as %ngor

D. Heater/Lif ferr

heater/lift PSBDniblfornitd asidebcribedsabeved ePlow Gfdie Aopant lsmxdehxaolchaﬁib& 15
heater/lift senb nctions to lift the wafer 0.t qQcessi ng
position gl\ll ﬁ‘ﬁ‘ é&%‘@ﬁ‘?@ﬂ‘g aéﬁﬁ“%“ﬁ%‘&f““?ﬁé“\ﬁ&f%ﬂ“@&ﬁ P%“’ﬂr"{fcesm ng.
At the Hettheel1-30 Eec%ﬁd?;u' F're?&aul p tﬁéﬁm Rasticl ddntinbiesoP gﬂalm -fP may be

nodi fied for use, or |rectly nto, a variety of processing
chanbers ot heecandsn In s embodimant; the dopaanIm@ lstsmpped byl elosinglzevhleman shown
herei n. For a e, heate /I|f S I nay, be us.d na5|mlar
CVD chanber ﬁﬁ%%ﬁ%‘% l‘é ing ﬁ%fpé?aleﬁﬁé}%l 5eractlon mﬂ%‘é‘ net al
CvD (MCVD) cHeiheleast 3'seedddgr conventi onal or non- conventlonal

sem conduct or processi n(? chanbers.
- 10 f course, stopping the dopant gas source must be coordinated with

the time it takes the gas to travel from the point of the valve to the gas mixing -
system 93 and then through the faceplate of plate 20. In most CVD machines’
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
15  delays. Thus, if TEB is the boron source, closing the valve on the TEB supply line
several seconds before completion of deposition of the BSG layer results in a thin
USG cap which prevents occurrence of the previously described moismré absorption
and outgassing phenomenon.
The in situ deposition of the USG cap formed on the doped dielectric
20  layer results in improved stability and immunity to moisture absorption, and
contributes to improved control of the diffusion that forms ultra-shallow doped
regions. _
Instead of or in addition to the use of a USG capping layer, a plasma
. treatment of the doped dielectric layer also may be used to reduce moisture
25  absorption and improve stability in the doped dielectric layer. In those
embodiments equipped with a RF plasma system, this plasma densification treatment
may be used where plasma damage to the device is not a significant concern. In
some embodiments, the deposition at temperatures greater than about 500°C may be
sufficient to provide a dense dielectric film. The improved stability of the plasma-
30 treated doped dielectric layer contributes to improved control of the diffusion that
forms the ultra-shallow doped regions. Chamber 15 is maintained at between about
1-5 torr during the plasma densification treatment. With gate valve 280 closed, a
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48 Referring to Figs. 9 and 13;"heater/lift assenbly

- 30 generally I ncludes a resistivel y-heated wafer support pedestal or
heater 25 attached to upper and | ower support shafts 391, 393, a lift
t ube 395 circunscribing support shafts 391, 393 underneath heater 25
and a drive assenbly 400 for vertically noving the 5 heater 25, shafts
200, 201 and lift tube 202 wi thin chanbergyl5. As discussed in det ai
bel ow, heater 25 (and the wafer supported thereon) can be controllably
nmoved bystastee formed @¥ip al readtive @as Shohadd| Rt dxammble, aftropes r(ﬁgt BRYhoRiE
substantially _aligned with slot 243 1 n_enclosure asse fy 200 and an

upper pr oces s psrgprbnis iatrdiced into chamhes 1§ As mpvely one ¢xample ofitheri gs. 3
and 4). As s Mud' ' [ J : r..support
surface 403 rr ouﬁﬁ@é‘%&ﬁ%‘ﬁghﬁ%@? arlg%ggggg? ?%rlalga ngz ‘ymd?%g‘&aios SO
t hat the waf enixing systen 83 at y rate ofiabolit 000 seenp mixedswitin felivid be 1000UsePML t

surface 403 di anet er, approxi nately equal to the diapetey of wafer W
at the r@@ﬁ@p{alsgﬁe@é T3 rgireé‘?’épl,e’ é'(aEOY’E‘hg@Tlé’cf gut 43 Vaks &t om
about 200- 800] REr 6 about 350MaFRIcR: (VB th CRiaRAA blise i Dlned13, | nches
(about 150-200 mm gréyl- araggus?ze 1 wa ers? angéaaboht s@-S I nc bgg‘l about
75-130 nm) f oFhesplasrha sérves tagfassivate e sudfacesef the doped dieleetricviayery whichanaysuch
as those with about 12 inch (ahout 300 di aneters ul . b .t hin
The scope. of EAE SPiHG AftEERHon o1 S5t TR RS froarne 31 drmsifine tieompl. |
dielectric film. More dopants in the densified doped dielectric film, which is
10 resistant to moisture absorption, are available for forming the ultra-shallow

junctions.

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

15  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
process on the same wafer for a one-step deposition/reflow process. For use as a
PMD layer formed over high aspect ratio transistors or isolation trenches an
undoped or doped dielectric film, such as PSG, often requires planarization which is

20  important in forming integrated circuit devices. Planarization of a doped dielectric
layer may be performed by reflowing the layer at high temperatures. Performing
reflow also contributes to improving gap-fill of the deposiied film, especially for
high aspect ratio features on the wafer. Of course, heating steps for other purposes
and applications also may be performed in CVD apparatus 10. The following

25  heating procedure discussed below serves merely' as an exemplary heating step
which may be used for reflow, but other heating steps for dopant drive-in in some
applications or for other purposes also can be done.

According to a specific embodiment, two-step deposition/reflow
process is described below. With gate valve 280 closed, chamber 15 may be

30  maintained at a pressure of about 200-760 torr. With the wafer and heater 25 in the
processing position between about 200-400 mil, preferably between about 330-350
mil, from distribution plate 20, the wafer and heater 25 are heated to a high

e



t he chanber |ining 250, and support heater 25. S Suppor t
heater 25 preferably conmpri ses a di sk made from a proecess- 20 conmpati 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 also
be resistant to deposition fromthe reactive chem stries associ ated
with the high tenperature depositi@y, as well as resistant to etching
by the radicals in the clean gas. Suitable materials for heater 25

are ceram cs temperituresofabetwesnaboni 500-860°Calpreferably tetwebn about550-6307€, lin ke.

Al um num nitrjde cer the preferred material, for the heater 25 :
because it h& f?@%@%a gt y§t°%%lt?aéﬂ‘(e 83551094, he Waker ;ance,
and &nﬁe | 8 ° barly
preferred errbocgll Mﬁb@%ﬂgﬁgﬁt?@%ﬁgﬁhﬁﬁﬁb g?gw(#ﬂ g%‘???%%%%rrpn ses

al um num ni t rfmdd:ouaﬁt.‘ﬂﬂlmmmes,l prefedably about 162 thingtes; isngrderatouneflowathabi [ i ti es

and high em% nce a’s{% Hc‘%gaiungg and o one %PlglFﬁﬁ fﬁ%gettf Iwetsémlf)ged |rl1nqc§,hanber
15. . Use cr%‘fnl n r
al uni num mat ®eithd Samd &Y oﬁlﬁ@ﬁ&&hﬁﬁhﬁ'd&ﬁbsﬂﬁﬁx teRperakaé hﬁﬂﬂQwﬁ%ie%' rocess.

contam nation in the processed wafer, resulting in nore reliable devices.
I n Further, for a multiple-step deposmon/reﬂow process, the temperatur¢gnay be
ramped from the deposition temperature to an intermediate temperature (or
intermediate temperatures)- before being ramped to the reflow temperature. Of
10  course, the time and temperature for the heating steps may differ depending on the
particular application being performed and on the particular layer being formed.

Aécording to another specific embodiment, a one-step
deposition/reflow process is described. With gate valve 280 closed, chamber 15
may be maintained at a pressure of about 200-760 torr. With the wafer and heater

15 25 in the processing position between about 200-400 mil, preferably between about
330-350 mil, from distribution plate 20, the wafer and heater 25 are heated to a
high enough temperature of between about 750-950°C, preferably between about
750-850°C, in chamber 15, for simultaneous deposition ahd-reﬂow processing to
occur. Of course, the time and temperature for the deposition/reﬂow step may

20  differ depending on the particular layer being formed.

As discussed above, keeping the wafer within the same chamber 15
for muitiple in situ processes prevents exposure of the wafer to the environment,
where moisture may be absorbed, and contamination by impurities. Further,
deposition of dielectric films at temperatures greater than about 550°C can provide

25  dense and high quality films which do not form voids when heated. Deposition of
the deposited films at thése temperatures also reduces shrinkage.

Chamber Cleaning/Seasoning/Gettering Processes
After the processing step or multiple processing steps, such as the
30 exemplary steps discussed above, have been performed on the wafer in chamber 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
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addition, alum numtends to react with the fluorine-€ontaini ng conpounds

typically ‘used in cleaning gases to forma |ayer of an al um num
fluoride conpound that may eventual ly build-up and flake off into the
chanmber or onto the wafer, resulting in contam nation (discussed in

further detail below). Constructing the heater 25 of 5 alumnumnitride
effectively elimnates this problematic rggaction during cleaning.
Referri ng again to Fig. 7, drive assenbly 400 may include a variety

of driving Wdreh&nmnﬁhmbtﬁllﬂdimtﬂefg@wm&r clehnifig processoidliptihabl e not or
or the %pke Preferably, a stepper notor 407 coupled to the heater

via a suit abl4sPgation process residues sﬂ%%meﬂf@sO’El@Fs\P@ﬂ{qrMﬂW fromgortieng er 25,
shafts 391, S%udfified 13 linliliiRe Bburifled Bramted WaiR'ih Bt oWt Sen%%f% the

| oadi ng/ unl oadi ng and ﬁrocess ng positions Ve a al so
i ncl udes uppets, dimbottone of hentér@fs ad wWejl aébﬂlentchanbacbomponenthetl‘o%mrthe end of

shaft 391_and om of. the I’QCGSSI ng chanber to all ow for .

subst ant i 3l | yreil?qg%“@ Tt? &@[fer Hity o the, I glgan F‘ﬂn%V&I@PY gesiduss bpidtys
411, 413 ep@&t r

di stribution 'fpac'epl ate %osgdrﬁtﬂlrgées the ea{eg{rauggg%&r%ésl ‘tiantl i | y par al | el
during pr ocesminmnents by using fluorine radicals, fétedxamplen drano a flayma férméﬂ with 13,

lift tube 395 surrounds thei) Eﬁ/\g‘ vportlon of ?.‘Pei) shaft 1 and
assists in i AStFHE °ng“&5§?@ icRQWave, Rlasma Sy Stem radi ating
from shaft 39éactlﬁ?tvﬁfh Botcihy] rbdiduel sifidontoxife daihWetemonét Eﬁﬂ{ébﬁimﬂtfbn of a

Lift tube 395 usually corrprl ses an alum num shaft 418, an annul ar strike
pl ate 428020 SiFy gas praducswhithsmay be pumped awey out of rhamber! &5.aTle ghamberul ar

bl at 0 420 ar PRty peeberS gy Tab e ol Hror mflBpg o698y ° "'

Wi t hst andi ng mﬁhofwmpswemmfe;@uch as alumnumnitride or ' al um num
oxide (Alf[err]O[err] in its ceramic or alumina forn). Flange 422 and strike
pl ate 420 insul ate t he Ig1aprefemed smbodimengof the present mxention, NF s wediase

WarpiNg OF  the clean gas to provide the fluorine radicals. The present invention preferably uses

15  remote microwave plasma system 55 to decompose NF; gas and generate a flow of
F atoms into chamber 15. Using a fluorine chemistry with remote microwave
plasma system 55 of the pfesent invention advantageously has low kinetic energy
and does not have physical sputtering effects or forﬁaﬁon of charging species in the
subsequently deposited film, compared to in situ plasma processes. Furthermore,

20  consistent with environmental requirements to reduce global warming effects, the
use of NF; does not generate any long-lived perflouro-carbon (PFC) products.

To ensure the best clean efficiency, the F flux as well as its cleaning
uniformity should be optimized. At a certain NF; gas flow, there is a threshold
. microwave power setting, above which the generation of F atoms are compensated

25 by their recombination. Fig. 21 shows the relationship between NF; flow and
microwave saturation power that gives the highest clean rate without any.excessive
hardware costs, in accordance with a specific embodiment of the present invention.
As shown in Fig. 21, the microwave saturation power ranges from between about
1300-2100 Watts for corresponding NF, flows of between about 500-950 sccm,

30  according to the specific embodiment. For a preferred embodiment discussed

| below, the microwave saturation power is about 2100 Watts for a NF, flow of about
950 sccm. The clean uniformity can be controlled by chamber pressure as well as




25 fusing of shaft 418 to heater shaft 391 or to the process chanber. In

an exenpl ary enbodinent, lift tube 395 includes-a spring (not shown),
such as a wave spring, - | oaded between flange 422 and strike plate 420
to prevent or at least inhibit rattling of the strike plate 420.

As shown in Figs. 4 and 13, a plurality of wafer-support/lift fingers 30
430, usually at least two and preferably 8sur, are slidably nmounted within
gui de studs 432 spaced about the periphery of heater 25. Fingers 430
ext end downwahehter spacingebathy off evttielr cadfadjust tHeaheam fréeekpatip bfithe ghd Gpeaiss andgage
fingers 430 and |ift them gbqve . . .

50 t he PHTBHE @'Bgﬁ Césgpc%getgtgrhez\;)smsq ﬂ!ed‘éﬁﬂeﬁ'gpr&mﬂ?f)%% waf ers.
LifL fingers folérated by thdaBoRt ibcisell ebiGRinierd bf ApARAMI ibe MO hBbur PUEH, as
al um num oxi de, and generally ave a doubl’e truncat cone shapéd
head (not showa)cmmwas‘wd to ioptimizercigan upiforinity. Inoﬂmtetdbodimﬁnlamingr eferably

not uniforgny st ri but e heat e but |nste ma
rect:angl e skr?av F%Eerg:ﬂt ef'ﬂ’&(é’[m%‘?ﬁ L*[sffpgg [’? éQ%Sl@gf Prasstine s%cmghm@f

r obot bussdcin thé clebn uﬁlféﬁgﬂtyc@tmohhl n, flat bar (not shown), around
V\/mchthellft fingers '

In an exemplary chamber cleaning process, chamber 15 is maintained

at a temperature ranging between about 300-650°C, more preferably at about 550-
600°C throughout the cleaning procedure, in preferred embodiments. Most

10  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
valve 280 closed, heater 25 is positioned about 100-250 mil, preferably about 150

15 mil, from gas distribution plate 20 so that gas distribution plate 20 is heated up.
Heating up gas distribution plate 20 allows a faster clean to occur. This heating
.step may be done for between about 3-10 seconds, preferably about 5 seconds.

Then, pressure and clean gas flow are optimally stabilized before the

clean is performed. During the pre-clean stabilization step, chamber 15 optimally

20  should be maintained at pressure levels, which are also used during the clean step,
where fluorine species are not rapidly removed and recombination does not occur.
In the pre-clean stabilization step, chamber 15 is brought to a pressure between
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

25  fluorine species occurred, resulting in poor chamber cleaning results. At chamber
pressures higher than about 1-2 torr, recombination may occur due to collision
losses, as well as causing overheating and damage to applicator tube 292. Heater
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

30  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.




430 must lift the wafer. The bottomend of the lift fingers 430 are

rounded. The fingers 430 have a relatively thick di aneter of about
100- 200 m |, preferably about 150 ml, and a relatively short length
of about 1-3 inches, preferably 2 inches, to 10 m ni m ze finger binding
to the heater durlng pr ocessi ng. In use, the robot

bl ade (not shown) transfers the wafer to gghe chanber 15 when the
heater 25 is in position opposite slit 243 (or actually just bel ow
slit 243). The wafer i Intheplantted clean step) thy pog-clear stabilizgioncodditionsvii ch are
lifted aboye heater 25, W|th strike Iate 420. | i f flngers 430

ri se al ong wanmgevag ﬁtﬁd?'e%w@ b%?"@?‘bgg dr2 Op prsierably

heater 25 congigyasy r t ) e gas
distributi on%acepl a%ogr 28{&&@% utal n é?g_ %%g erlr?foolgtij%‘gggtﬁﬁ d 432
wi t hi n heat erbeﬁﬁeenmbouhm()ﬂrWaﬂs Deappled mohpphcanom\labe@&uﬁpﬁ:femblwr face 403
W thin angul ar . fI 405 v1 Iﬂ’%‘}g&a\feé%ﬁ 1cshéinb 15 he abovg
Q‘é’r r P99 agai n

st eps

to Fig. 9, a a&%bu&tzme Wa&tfb& m&fg&fe@éa%léahxgaﬁﬁewlo?about 950NREmedTHE t hi n
heater 25 for transferring heat to the wafer duri ng rocessi ng. Upper

and | ower suppisrewayes arestrasmittedioffornupagnetron Akl @ wayeghideoande the

necessary el.ectrical conpections eater coil ass
W hi na hol | BFBGPE shER to SRRF Siichl? nif 202 Tuthieh s Pt AL FRRsR a0,
i's made of a #RVaNUV laheT3 Rignkedme réactibe gases invhpplivitondibeonab Foinyal Y hi gh
prOCGSSIE& tenperatures Preferably, shaft 391 wll be fabricated

Si

fromdif ceth ionization.sasiinedibycthe wictoRays eneasit entering,apnlicafar tube

onto, as vveII aﬂa chem stries used in chanber 15 of, the
el ectrodes a%jgasat%é gg%/rl cal connections within shaft 391 that m ght

ot herwi se occur if the Duiring themwhamber cleantstepdﬂumﬁneradimlspftmahe plasinaft 391
seal bet ween EBELIT SEPIEHHGT s AD2 50 PHSIIHCEHRAVe: S BB WAy Shea oW 445 of
shaft 391 i's @tougliipeitid gatdavEL80 Endaﬂn% Bafibet i 5 16 Blefh Sirfdtey ofbARSREE" | C
15  oxide residues. Since the plasma is formed upstream of chamber 15, only the
reactive fluorine radicals in the plasma are able to reach and remove the residue
built-up portions of chamber 15. Therefore, various portions of chamber 15 are
cleaned of deposition procéss residues While minimizing direct plasma damage to
the chamber 15. The chamber clean lasts between about 30 seconds to about 10
20  minutes, preferably between about 60-200 seconds, and most preferably for about
160 seconds. Of course, the chamber clean time may vary depending on the -
thickness and type of oxide residue in chamber 15. As mentioned above, it is
recognized that flow values may differ depending on the size and type of the
chamber, as well as the dimensions and material of the applicator tube, used in
25  other embodiments. The above-described clean process also reduces backside
undesired residue deposition behind both the blocker and gas distribution plates.
After the chamber clean, additional post-clean steps may be
performed. During the post-clean steps, chamber 15 is preferably maintained at the
above temperatures discussed for the above deposition and clean processes. At the
30  end of the chamber clean step, clean gas flow is stopped and microwave power is
no longer supplied. Chamber 15 is pumped to remove most of the F residue atoms.
During this post-clean pumping step, heater 25 is moved to a positiozi of between




pressure, i.e., 760 torr or- 1 atm. In other enbodinéhts "hol | ow core 445
may be 51 at
a pressure of about 0. 8- 1 2 atmand a t enper at ure of about 10-200[ err] C,

whi |l e ' chanber 15 may be at tenperatures of at |east about 400[err]C
and pressures of about 20 ntorr to about 600 torr. This configuration
hel ps to protect the electrodes and gt her electrical connections from
corrosion fromthe process and clean gases within 5 chanber 15. In

addi tion, mai nipgixi508-2200, %Bdilﬁ 2000 ngif, fediaghs Bﬁﬁxbatlomp‘hteam while
pressure mnimzes arcing e RF power_ source throu hol | ow core 445
to powerth¢ @tmﬁleoaalwené oamﬁqané r&a@h\al‘te 280HeDains OPFYy &Ili‘ﬁtl’“mpéqgts

ot herwi se occ

Referri ng to %Begﬁ%ab%gwp%@ddéué%ﬁ?az &&qggfc%ngf ecrll endlﬁggggﬂﬁe 10
2{)1”0}063' [‘9 45 Faphdunt Eﬁcleazvg%s &;ﬁﬁmmmfesﬂnelemwd@nsmﬂam&ﬂw &lear s

: pl e 0 a ase t hat _ provi des .a I t

Chanber 195 UAdpoint detection sy ARimey b6 atifelia ab dp detatnibe BE slop tiie "

1 | ower support &
process-conpat’i E ?r'a? er ?ry\alpﬁtﬁ %ﬁmﬂ mﬁﬁmﬂgﬁlo%pgﬁhéa@gﬁs: nl;c sidues are
removed from chamber 15.
' After the fluorine-based chamber cleaning procedure, there may be

some adsorption of active fluorine species on the surface of the chamber walls,

10  close to where the wafer would be located when the next deposition process occurs.
In the next deposition process, the fluorine might then interact or be incorporated
into the deposited film, causing film sensitivity at the surface. This film sensitivity
manifests itself as a rough surface, which may be problematic with the tolerances
required by high integration devices, resulting in device malfunctions. The present

15  invention provides the ability to getter any adsorbed fluorine from the surface of
chamber walls by several methods discussed below.

After the post-clean pumping step, a seasoning may be performed to
recombine all free F species by either chemical reaction or trapping the F to the
chamber walls through silicon oxide (Si0,) deposition. The post-clean pumping and

20  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 stabilization step to stabilize chamber pressure and gas flow and to move
heater 25 into position for the seasoning step. In this stabilization step, gate valve

25 280 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
helium as the carrier gas to season chamber 15 for subsequent silicon oxide

30  deposition. Of course, other gases may be used in the seasoning and pre-seasoning
stabilization steps, depending on the type of silicon oxide deposition desired. In the
pre-seasbning stabilization step, liquid TEOS at a flow rate of between about 200-




al l oy. Lower support shaft-.393 is preferably a water-cool ed al um num shaft.
15 However, | ower support shaft 393 nay al so conpri.se a ceramc material,
such as al um num oxi de or alum numnitride. One or nore sealing
menbers 457, e.g., O- rings, are positioned between shafts 391, 393
to maintain the gas seal between core 445 and chanber 15. As shown in
Fig. 9, lower support shaft 393 is nount to a vertically novabl e
support 461 on drive assenbly 400 for noving the shafts 391, 20 393 and

heater 25 bet4goangia))préferably ubo@tB00NHSRE fSvaperiFsdsdndi thimSportedakith 8 helickal i nes

an i nner cool ant channel, 463 passing around the el ectrical connections to

further carrigr gagdlowing ata Fate aE betveensaiqub APR0,B000; sgpmy preferably at abet ¢ he
haft. Cool | ed
e o008 30 ot chagg? 3. "6 el b SRR B Gulhel 19% 6P, o0
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shaf t (dbixt £9800as, before memsgomng%ﬁe g ﬁﬁﬂu@&ﬁﬂuﬁa ipibpHah the
senbly

| ower opening 453 in encl osure 200. In this alternative
enbodi nent, Sexygem @mmtmebagmlﬁe])osmon of Medsonmg dxideuontol chaﬁber 15. Inthe
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10 process at 550°C discussed above, or about 4000 sccm for the experimental PSG
deposition process at 600°C discussed abc:;ve).for between about 10-20 seconds,
preferably about 15 seconds, to deposit a thin layer of silicon oxide (e.g., the
experimental USG deposition process having about 12.5 wt % oxygen, or the
experimental PSG deposition process having about 8 wt % oxygen) onto surfaces in

15  chamber 15. During the seasoning step, the ozone flow is optimally consistent with
the deposition process to minimize any fluctuation in ozone flow and concentration.
Seasoning chamber 15 thereby can trap fluorine atoms that may have been adsorbed
onto the surfaces of chamber 15. _

Following the thermal seasoning step discussed above, final

20  stabilization and pumping steps may be performed. Optimally, these final steps are
also performed at the deposition temperatures discussed above. In the final
stabilization step, the throttle valve is opened periodically to allow the chamber
pressure to adjust to étmosphe_re, while gate valve 280 remains closed. Heater 25 is
moved to a position of between about 800-1000 mil, preferably about 999 mil, from

‘25  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
remains closed and heater 25 is not moved. All gas flows are stopped and the

30 throttle valve is bpencd. The final pumping step lasts between about 5-20 seconds,
preferably about 10 seconds, before another wafer is introduced into chamber 15,
whkhisﬁ&wruﬂyfbrﬁmxmxtmqmﬁﬁonpmnggtmmhg,ormmﬁuckMMmgsﬁp.
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52 the ceramic heater 25. The routing of the teater coil 471

enbedded in the heater .. base 25 preferably provi.des a single coil 471
t hat begins at one electrical contact 472 near the center of heater
25, runs back and forth al ong one side of heater 25 towards its

perimeter, extends to the other side of heater 25, and then runs back and
5 forth toward the center of heater 25 89 a second el ectrical contact
474. This | oop pattern provides heating to maintain a generally

uni f or m t enpeltsis wecognized shat final stabilization dnd pumpingsteps alse mdyi beematlifiediang f or

heat | osses. Preferabl heater cajl 471 .wil| tovide.a uni form

t enper at ur e dp@%ﬁgﬁ%ﬁl&tﬁggj@l&ﬁfg{ CIFONIRE §tep OEFB‘?"P?‘&%? 5088 8FP] C and

- at | east abouUfexifuple3[diichised BeloRYQEREEd.C across wafer support surface 403 of
heater 25. In 10 an exenpl ary enbodi nent, heater coil 471 will have a

greater power density nEmembodimentsialiiernativecto thoserdiscussed abovey theprgealeanhe

Fo. 14, o SAbiGHUR A8EAEGuSeaons ey fusther pclade a amping of the Sighoie. e
mesh ground phewer frbmci toﬂdﬁxic%@awgdmtts the findl cltab foﬁéfatiﬂ% el of micré@a@uct or

| ead wires 475 which extend through shaft 341 to a suitable electrical 15
energy sour cePoWes llgwingnreslean stapilization ofiprgssuee andicyovavelasmash el ect r ode

whi ch provi de - Or o0 ' ' ' he S ere
ol asma BebsnfiicH 01 e Uledf inbdaih e HeCort-Sich MG BRI
conduct i ve nadistusséd atove may be substitutedtwith thedfolleding ipretiga stgbiligationes s

tenperatures, such as nickel, copper. or the ... . |jke. In an exenplary
configura@ on, |ead w r &dlowg %Féggﬂt?ﬁc%sél@@puﬁl?‘bgé RIS aRdmicrowayve

tel)egf/g?ge 473 pbve thektBp of BitRfihg P the Mikrowave power 1 Gerfitatk AN, (fr Gl ke 473
: gas, depending on the clean gas used) plasma provides a lower pressure shock
profile on applicator tube 292 upon NF, pIasma generation, in accordance with a
specific embodiment. Microwave power levels applied to magnetron 711 from

15  microwave power supply 110 may be adjusted undér the control of processor 50.
For example, the microwave power may be ramped from zero to a level of about

" 300 Watts (or some other power level between 0 and the final clean operating
power level) during the stabilization step, and then to 2100 Watts in the clean step,
to provide a more gradual, optimal stabilization process. Specifically, after the

20  heating step, heater 25 is moved to a position about 600 mil from gas distribution
plafe 20 and N, is introduced at a flow of between about 100-400 sccm, preferably
about 300 sccm, into applicator fube 292, while the throttle valve remains open and
gate valve 280 remains closed. After about 5 seconds, the throttle valve is closed
and gate valve 280 is opened, allowing pressure to stabilize for the next 5 seconds

25 ° 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
introduced into applicator tube 292 while the microwave power level is ramped to

30  the clean level. Specifically, 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




brazi ng between ceramc and netal. Inserts 477 preferably conprise a

mat eri al with a relatively close thermal expansion match to al um num
“nitride, such as mol ybdenum As shown, the nolybdenuminserts 477 are
egach fastened, e.g., brazed, to a nol ybdenum plug 481, which is then
brazed to lead wre 475. Al of 25 the wires of the heater coil, whether
primarily resistive or primarily conductigg, are sheathed in the
continuous insulating coating (such as described above) which

toler St ehhi ghlevelngfeabott 2 100 Wattsis Then, VN fiow dsstosped tand plasinatil egenbrated using
nitride heater

ody. . Referring to . Figs. 9, 15A
and 15B, heat @y NFx ABQwMPys%@l%@pmége NE, plagma ngs%g@nww@%%é%m e

491 for determ gpge&gﬁ&t r%?oﬁxéofheh:%ﬁi S@?&éfggzs(lﬁsg“mg)a@w fRcoupl e

491 includes an ongate tube Ving a se

i nserted and thelabovendiscussaicalternative embodinetat, hothepre§sureandoplasiha genesatibinst ance
of about
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0.25 inchr omslt?é”ll'ﬂ?fltm 49 performing the cleaping;step withy the NE, cleaning plasgjos o
thernmocoupl e ghisRenidfivd flekleahINsshfeffiftha RatiBAkiSh nPlySlaR Thr 4 fotall thhe

connecti ng
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
10  example, from O to 2100 Watts) on applicator tube 292 are thus minimized,
resulting in an enhanced lifespan for applicator tube 292.
Although the above described embodiment is a two-step power level
ramp-up, other embodiments may have multiple-step ramp-ups (for example, from O
to 300 to 1200 to 2100 Watts). Further, a microwave power ramp-down step
- 15 optionally may be performed between the above described clean step and the post-
clean pumping step. Two-step or multiple-step ramp-downs also are possible for
other embodiments. Of course, the ramping may be continuous, a series of discrete
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-
20  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,
25  a chamber seasoning may be employed which uses TEOS and 0,. 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
30  atomic oxygen. O, may 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,.




sensor 495 of thernocouple 491 to el enment 473. The thernocouple 491 is held

I n pl ace by a slight_spring force froma conpression spring 503 (Fig.
15B), and 5 provi des a control signal for the tenperature controller

(not shown). Sensor 495 is preferably disposed in a well 505 which is
at atnospheric pressure, which enhances - the heat transfer between the .
heating el enent 473 and the thernocouple 991 to provi de a nore
accurate reading. The tenperature controller is a recipe-driven

proportional prefezahly abelitili % tantdnd a eRipBlature of between abdut 300-6607C pat es t he

reci pe steps 10 kch are. a o QCGHr and alters. t respons
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di stribution ZspiRatoniibe@IRwitther Withitut application ofaficowaves tand Wit dpened gate
15  valve 280. During the silane purge procedure, chamber 15 is maintained at a
pressure of about 1-5 torr and a temperature of between about 300-650°C,
preferably between about 550-600°C, with gate valve 280 closed. Purging chamber
15 absorbs the F atoms and results in the formation of SiF, gas, which is then

| pumped out of chamber 15 via the exhaust system. The endpoint detection system,
20  as described above in detail, then allows the system to determine when the chamber
cleaning process is completely done.
As a further alternative to seasoning or to purging chamber 15 with
| silane, as described above, gettering may be achieved by providing active hydrogen
into chamber 15. Hydrogen (e.g. H, or other hydrogen source) would be used as
25  the "clean gas" supply source at a flow rate of between about 50-200 sccm,
preferably about 100 sccm, and sent via switching valve 105 into applicator tube
292 via inlet 57 (Fig. 1C). Maghetton 711 is operated at CW mode at a power
level of between about 500-2500 Watts, preferably about 1000 Watts, to provide
microwave energy to applicator tube 292, thereby producing a plasma therein. The
30  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




The tenperature of the wafer on heater 25 is typicall'y held above a

m ni mum deposi ti on tenperature by heater coil assenbly 440 so that the
process 30 gases will react together at the wafer surface and deposit a

| ayer thereon. Specifically, an electric current is directed through
conductor wres 457 to resistive coil 473 to heat the wafer to a
tenperature of about 200-800[err]C, accorgpng to

54 specific enbodi nents. In the preferred enbodi nent, the
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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,

10  or using active hydrogen, is to provide ammonia into chamber 15. Ammonia (NH;)
would be used as the "clean gas" supply source in gas panel 80 at a flow rate of
between about 50-200 sccm, preferably about 100 sccm, and sent via switching
valve 105 into applicator tube 292 via inlet 57 (Fig. 1C). Magnetron 711 is
operated at CW mode at a power level of between about 500-2500 Watts, preferably

15  about 1000 Watts to provide microwave energy to applicator tube 292, thereby
producing a plasma therein. The ammonia from the plasma in applicator 292 would
then flow through the lined passage in enclosure assembly 200 and into conduit 47
for use in chamber 15. During the gettering procedure, chamber 15 is maintained
at a pressure of about 1-2 torr and, optimally, at the deposition temperature of

20  between about 300-650°C, preferably between about 550-600°C with gate valve 280
open. The ammonia reacts with the adsorbed fluorine to produce an ammonium
fluoride compound and HF vapor which may then be pumped out of chamber 15.
Of course, for systems which also include RF plasma systems, ammonia may be
introduced into chamber 15 and RF energy applied in chamber 15 to provide the

25  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.

Although the cleaning process conditions described above are

30 exemplary for the present embodiment, other conditions may also be used. The
above description discusses NF;, merely as an example', ina Gigé. Fill™ Centura
chamber available from Applied Materials fitted for 200-mm wafers and having 6
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10 During the deposition process, the vacuum punp is
activated to generate vacuum pressure w thin puapi 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 gagg between susceptor 25 and i nner
i5 portion 253 of liner 250. The purge gas mnimn zes | eakage of process
gas into the liters total volemepay do the vakioappdeposition déseriptions belowi tHéwevei,he

renoval of the process gas, throu ) part 361. E
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30 magnetron /11. _ Magnetron 711 is a_ typical
magnet r ol sofl00ECH I i is ngteddhaty mostpreferably, chamber}d ifopaintaingd-ap throsame: t s

for continuoys,ua¥rd sWnh dd'parfidufhRblss % being run in chamber 15. OF course,

different temperatures also may be used in other embodiments. Further, some

embodiments may combine, add, or eliminate some portions of the cleaning,
gettering, and seasoning steps described above. .
15 -
III. Test Results And Measurements
A. Ultra-shallow Doped Junctions
To demonstrate the operation of the apparatus and method according
to embodiments of the present invention, experiments were performed measuring
20  the sheet resistivity and junction depths of ultra-shallow junctions formed using as
examples BSG films manufactured without a USG capping layer and formed using
BSG films with a USG capping layer. The uncapped BSG films were about 150 A
thick, while the capped BSG films were about 150 A thick with about a 200 A USG
cap. Both capped and uncapped BSG films were deposited on a low-resistivity N-
25  type silicon wafer. Sheet resistivity and junction depths of ultra-shallow junctions
formed using the uncapped and capped BSG films were measured. For films
deposited in chamber 15 of CVD apparatus 10, described in detail above, gate valve
280 is closed during the film deposition steps according to a specific embodiment.
Actual process conditions used in the experiments are as follows. Specifically, the
30 BSG films were depdsited ata teinperature of about 500°C and at a pressure of
about 600 torr. Spacing between the susceptor and manifold was about 300 mil.
Gas flows in the experiments included introducing TEB into the chamber at a rate
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55 m crowaves of about 2.45 G gahertz (GHz) frequency. Magnetron 711

I s powered

renotely | ocated from

by power _supply 110 (shown in Fig. € which may be

magnetron 711. OF course, other magnetrons may

be utilized as well. "M crowaves frommagnetron 711 are transmitted to
the m crowave wavegui de system which 5 I ncl udes various | engths of
straight and curved wavegui de sections 71 717 which may be

connected together at joints 719.

I nt erspersed within the wavegui de system

are opti nizi @@EMQ@MMTNH&EQS l@va thte o§abmxo§eo mm.ma:\wmgr owave
from o ©gthiaeh 008 of b i o 3bod 000 oot A canfiiciol BF BHRER chrir 4R Bos ¢ ne

desi red dired tatoflfbout 8000sceieWaves from magnetron 711 toward appli cator

tube 292. In a specific_enbodi ment, m crowave pl asm
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707, as s&o
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experiments where a USG cap was used, the USG capping layer
was formed in an in situ process immediately after the bulk BSG layer was
deposited. The preferred embodiments use a chamber that is a closed system which
minimizes moisture available to react with the BSG film before deposition of the
USG capping film. The susceptor was heated to a temperature of about 500°C, the
chamber was maintained at a pressure of about 600 torr, and the susceptor was
positioned about 300 mil from the gas distribution manifold. TEOS, ozone and
helium were introduced into the .deposition chamber at flow rates of about 500
mgm, 5000 and 5000 sccm, respectively. The above conditions resulted in a USG
film deposited at a rate of about 700 A/minute. A USG film had a thickness of
about 200 A for a process time of about 15 seconds.

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

The parameters used in the experiments using BSG films should not
be limiting to the claims as described herein. One of ordinary skill in the art can
also use other chemicals, chamber parameters, dopants, and conditions to produce
BSG films or other films such as PSG, AsSG, and others.

Experiments were conducted using uncapped BSG films of about 200
A thickness having about 6 wt % of boron. These experiments illustrate the ability
to form ultra-shallow junctions using BSG films as the dopant source for a
subsequent diffusion step.

At boron concentrations exceeding 6 wt % boron, uncapped BSG
films deposited at temperatures less than about 500°C tended to become unstable
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707 thereby direct mcrowaves in the forward direction and protect

magnetron 711 from damage fromreflected power:--Circul ator 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 20 to another
wavegui de section 715 having attached tunggg -or matchi ng system 701.
Tuni ng system 701, which may use stub tuners or other tuning el enents,
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57 therefore prevents more boron atoms from being lost so that more boron atoms are
10  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
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

15  illustrate the ability to form ultra-shallow junctions using capped BSG films as the
dopant source for a subsequent diffusion step. Sheet resistivity and junction depth
of the ultra-shallow junctions formed using uncapped and capped BSG films were
measured. These experiments show that subjecting the BSG film to 2 1 minute
rapid thermal process at about 1050°C provides the capability to control the sheet

20  resistivity and junction depth of ultra-shallow junctions formed with either the BSG
film alone or with the BSG film with USG cap.

Figs. 22A-22C provide information about the effect of the USG cap
on the junction depth and dopant uniformity of the diffused regions. Measurements
for Figs. 22A and 22C were performed using solid state measurement equipment for

25  the spreading resistance profiles, as is well known to those skilled in the art.

Carrier concentration is shown as a ﬁmction 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

30 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/cm3. Sheet resistivity of the diffused




56 that receives reactive gases that are energized by m crowaves

frommagnetron 711 yia the wavegui de system and ot her optim zi ng
el enents. Applicator -tube 292 is a circular (or other cross-section)
t-ube made of a conposite or ceramc material, preferably alum na, or

other material resistant to etching by radicals in the plasma, 5
according to a specific enbodinment. In thg specific enbodi nent, applicator
fube 292 has a length of about 18-24 inches and a cross-sectional
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1050°C. The BSG and USG films were then stripped by etching. As seen in Fig.
22A, the resulting juﬂction has a depth of about 0.06 um in the silicon substrate,
and the dopant profile appears fairly uniform. The maximum concentration of

15  boron is about 6x10'” carriers/cm®. The sheet resistance of the resulting junction
was measured to be about 685 @/cm®. -The 4pp sheet resistance was measured to be
about 222 Q/cm?, with the summation of dose ions in the P type layer measured
(Zp) being 1.6x10" carriers/cm?.

Fig. 22B illustrates the dopant depth profile as measured by SIMS for

20  an ultra-shallow junction described in Fig. 22A. From the surface of the silicon
substrate to a depth of about 100 A from the surface, the concentration of boron
ranges between about 2x10'® carriers/cm® to about 1x10? carriers/cm®. Between
about 100 A to about 300 A from the surface of the silicon substrate, the
concentration of boron ranges between about 1x10?' carriers/cm® to about 3x10%*

25  carriers/cm®. Below about 300 A from the surface of the silicon substrate, the
concentration of boron, silicon, and oxygen diminishes rapidly indicating the bulk
substrate. The steep shallow junction shown in Fig. 22B demonstrates the dopant
incorporation possible according to an embodiment of the present invention.

Fig. 22C is a graph showing the dopant profile of an ultra-shallow

30  junction formed without the heating step using a 6.131 wt % BSG layer having a

. USG capping layer. The BSG film was about 150 A thick and the USG capping
layer deposited on top of the BSG film was about 200 A thick. No heating step was




M crowave energy then sustains the ionization of the ignited plasm to

produce- t he flow of radicals that enter inlet 290 |eading to chanber
15 via gate val ve 280. Due 25 to changes in load wthin applicator tube
292 fromthe introduction and ionization of reactive gases within
tube 292, use of matching system 701 optim zes the m crowave ener gy
coupling for efficiency. In preferred enbggli ments, matching system
701 includes at | east one stub tuner under the control of processor 50 or a
control | er un'gérfémiedaurwnsechnam@mmmefaeﬂﬁ' aberéRing Wdhfique. As
conventional 30 _ tuning el enents al so nmay be used in matching system 701.
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- was measured to be about 55 Q/cm?, with the sumrﬁation of dose ions in the P type
layer (Ip) being 4.9x10" carriers/cm?.
Fig. 23A is a graph showing the dopant profile of the junction

10  formed with a heating step using an 8.084 wt % BSG layer having a USG capping
layer. Fig. 23B is a graph cdmparing the dopant profiles of the junctions formed
with the same beating step using a 6.131 wt % BSG layer having a USG capping
layer and an 8.084 wt % BSG layer having a USG capping layer, in order to
iltustrate the effect of dopant concentration on junction depth. Figs. 23C and 23D

15  show the effect of the temperature of the heating step on junction depth and on sheet
resistivity, respectively. Figs. 23E and 23F show the effect of the time of the
heating step on junction depth and sheet resistivity, respectively. The spreading
resistance profiles and sheet résistivity measurements of Figs. 23A-23F were
performed using solid state equipment and four-point probe measurements.

20 - Fig. 23A is a graph showing the dopant profile of the junction
formed with a heating step using an 8.084 wt % BSG layer having a USG capping
layer. The BSG film was about 150 A thick and the USG capping layer deposited
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

25  films were stripped by an etching technique. As seen in Fig. 23A, an ultra-shallow
junction having a depth of about 0.12 um was formed with good dopant uniformity.
The maximum concentration of boron is about 1x20% carriers/cm®. The sheet
resistance of the resulting junction was measured to be about 145 Q/cm?, with the
summation of dose ions (Zp) being 7.9x10" carriers/cm®. The 4pp sheet resistance

30  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




5 resistant to etching or deposition fromthe reactive chem stry input .at

i nl et 290. Liner 291 prevents fluorine radical -feconbination in the
passage during cl ean processes. In addition to PTFE, liner 291 al so
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pol ymers such as PFA (which is a polynmer conbining t he

carbon-fluorine backbone of pol ytetrafl uoggoethylene resins with a

per f.l uoro- 10 al koxy side chain), fluorinated ethyl ene-propyl ene (TFE),
or the like. 3l084mts%pbaving USG cappingelhyorabThe BSG filngs were cacioabowdS0ifon or
ot her type of .¢ross-segtjion to nmatch the, cross-section of inlet 290
and appi i cat ofhigkdd ';QEHCEP%RH% 3¥°1'Fidﬁwltf}&§§&§b°$ e BSG filmps, werssgach
assenbly 200, L1 C ar éaﬁ#ﬁ [ @%y 47 SRR i fold
270 to gate vg@\}géggg ﬁ%%a%ﬁ%gs rs]f&pgﬁegre {;wgs %f@dg%enstr%?ees of PTFE.
PTFE 15 is abost 60rsecbnfls at abont k000§ CapAs seeatindiig. 248; rthe fdsulting jenctiadi cal s
are produged i,n e pl a I nce PTEE is resisfant. to et.ching by
fluorine Padi Q%Hdtg?or e B Qfdwt %{;ﬁ?ﬁsflﬂm 15 aﬁ%@%&ﬁ“@&%%ﬁi@%@%nd l'i ner
291 may be nefiRic@dn dpie forthé 6132!vwt GBI fig. t hose ment i oned above for
| iner 291) which are resistant to the particular chem stry dependi ng

on the reactive gases uFEigs.23@and 23D are graphs showing thesffest efheatingsteps, gate

val ve 280 iso es the cC I ... i he,. Lt rgcesses,
2o di sussed Sl rCadpaR MoBEE AT est resisuvly TelodFafeRE Bt bR "
chanber 15-i5356immsuﬁeﬂngm(}¢e?ﬁﬁ' ivers, TR BSE/filME witid MSout 150 A thickSARPS -
In the closed position, gate valve 280 prevents particles in condquit 47

used 10 1 othe Y3 capping layses<deppsited on,10m of et BS() films wegs aboug 3@ wgthick.
deposition pr ' o ! f conduit
47 and passaggﬁ‘gﬁ?ﬁ?\ﬁ S@B% i P%Yr?i&n}e? S“s{“ﬁd“u‘c“h@g‘c‘)‘éu |lgg&%€s %\rfg"éé{gfscaog of -
bet ween about sezfids/4tQermperatucesafrabouy 900°Cap$0°CG; 1976 °C34nd 1000°CopA$ shown in

deposition may, b aused in |icator tube 292, |eading.to coptam nation
of he. Eisaitn e pauicioimeEals hehoiing i THHRE iAoy Pddsnor prre
(or simlar | I : | gl 91 and
mani fold 270) cc%népa%&ﬁliﬁﬁx;gbégt%@@ paSjubBEfoftheF MciAfle REAME sted at'thd' fwe?
15  temperature 975°C. The sheet resistivity of the 6.131 wt % BSG film was about
180 ©/cm? for the heating step at 1000°C, and about 600 Q/cm? for the heating step
at 975°C, as seen in Fig. 23D. A higher temperature heating step (beyond 950°C)

results in a deeper diffusion depth for the shallow junction formed.

Figs. 23E and 23F are graphs showing the effect of heating step time
20  on dopant profiles and sheet resistivity, respectively, for 6.131 wt % BSG film
having USG capping layers. The BSG films were about 150 A thick and the USG
capping layers deposited on top of the BSG films were about 200 A thick. The
heating step was performed using a rapid thermal proéess at about 1000°C for about
40 seconds and for about 60 seconds. As shown in Fig. 23E, the junction formed
25  after about a 40-second heating step is about 0.06 pm, while the junction formed
after a 60-second heating step is abut 0.1 um. The sheet resistivity of the 6.131 wt
% BSG films was about 230 @/cm? after the 40 second heating step and about 150
Q/cm? after the 60 second heating step. Accordingly, it is seen that the length of
time of the heating step may determine the diffusion depth in forming ultra-shallow
30  junctions. |
The above experiments of BSG used for ultra-shallow doped junction
formation are presented merely as examples to illustrate aspects of the present




30 damage to or deposition onto the closed valve 280 due to the reactive

chem stries fromconduit 47. In a preferred enbodi nent, gate val ve
280 is a particle-grade gate val ve. I n enbodi nents using gate val ve
280, only when chanber 15 is used for a :

58 waf er cl eaning step or when a chanber- cl eaning is performed does
gate val ve 280 open, allowing plasm® radicals to flowinto fluid
passage 293 of gas m xi ng box 273, as seen in Fig. 3. As nentioned

above, in sorieveatibpdndrsiouid gott e comsidered &6 limiting thesscope ofithegpresental | . The
pl asma radicals {.hen may fl ow t hrough annul ar passage 295 5 and into
chanber 15 vi"®§H49% i stribution plate 20. Distribution plate 20 as well as
various parts of chanmber 15 are thus cl eaned. Residues and used cl eaning
gases are t hen exhausted from chanber 15 with the exhaust system
di scussed above. The B. PSGIFor®MB layeicess of chanber 15 and the cl eaning
ET .\e/ﬁ]:jg(r)i ;J ' Eg,f :(S:t. ?(r)ﬁ gpz egrsmshgtgatie the operatio%e(;[fatilel agp%lrﬁu\’\é an]fp method according
to embodiments of the present invention, experiments were performed to deposit a
PSG film, for example, as a PMD layer. Prior to the deposition of PSG film as the
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

10  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.

In the experiments, pre-deposition steps were performed to bring
chamber 15 to the desired deposition pressure and to stabilize the gas/liquid flows

15  before depositing the PSG film as a PMD layer on a wafer. Of course, it is
recognized that pre-deposition steps may be varied from the below description
(which is merely an exemplary specific embodiment), as is optimal for different
deposition recipes. The pre-deposition steps reduce unnecessary deposition on
chamber walls and also contribute to yielding uniform depth profiles for the

20  deposited films. Before any pre-deposition steps occur, a wafer is loaded in
vacuum chamber 15 onto heater 25 through the vacuum-lock door, which is then
closed. Heater 25 is heated up to the prdcessing temperature of about 600°C,
which is maintained throughout the pre-deposition steps, the deposition step and the
post-deposition steps. '

25 - .In a first pre-deposition step, heater 25 is at a position about 600 mil
from gas distribution plate 20. With the throttle valve open for about 5 seconds,
helium at a flow rate of about 4000 sccm, and O, at a flow rate of about 2900 sccm
are introduced into chamber 15. The neutral gases, helium and O,, are introduced
first into chamber 15 for their flow rates to stabilize. These flow rates of helium

30 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-




Figs. 17A-17Dillustrate a cl eani ng endpoi nt detection system 800 for
m crowave plasma system 55 accordi ng to anot her aspect of the present

i nventi on. As di scussed above, apparatus 10 preferably enpl oys a
thermal cleaning technique 15 usi ng renote m crowave technol ogy, instead
of a conventional in situ plasm process, to | ower netal

contam nation. In the present invention,jgohe gentle cleaning
techni que using renote mcrowave plasm system 55 utilizes only chem cal

reactions, i degositionatdp lasts Wb6u B0i sBediids dnd kRGWRHR (TREBEEE Whidhemsy BlitifilyC 2l
Sputtering effects may react. with the alumnumin the chanmber "walls

and | ead to #nciatesemewhat aypund the dasived; depesition pressurgs tp stabdlize dul chamber.

produced r emboel PR gmis SR 16 S lefeftifp WBsiBHEbERaE a0 BLRORER . 2
most |y of distribukion plate 20 il seedhd pre-depdiitieg step. i nt o t he chanber where the
gentle thermal clean _ occurs, but, the plasma renains, exterior to the

chanber @i.e., within Ebfheithisd pre-depesition stepowhen thepressyre inghamber 19hashi s

process has 0, f.

and/ or corrpone{r’lh?ig&ggo ﬁ& %@W%ﬂéec%fs@ggﬁ%d;%f hqtuhd TF&@ i€ End'd?m&%]{qc))I asma

i n the chanbellow atabitixktion 6f TEOSiand lheliumSlowg With/éetTEOS: flownetecitabout

conpl et od, - 1000 Tigm, 4“' L “A;EBSSéJs&ﬁasé‘i‘stegﬁ?' oG GRen g5 e aoPbor has

reacted with [ charged from
sécBﬁdsCh §fién Step,! bedbre! the ﬁgﬂbsf?ﬁn%e?

t he chanber. Convent naI endBoin etection stenms typically rely
on the uf¥e of a pl asmHmmgismbﬂhedembeaMSSUR, temptratuke endssi ons from

the in situ RJE?J%?Rethgn dg%g ?'lro%,n z?ndt Qd?us?eradthg fpogtiglll of ﬂti:art]eq- ﬁr, %%ggsftion
' processing can begin. At the onset of the deposition step, O, flow is terminated.
Liquid TEPO is introduced at a rate of about 24 mgm, and O; (about 8 wt %
oxygen) is introduced at a rate of about 4000 sccm. Being liquids, the TEPO and

15  TEOS sources are vaporized by the liquid injection system and then combined with
the inért carrier 'gas helium. This mixture is introduced into chamber 15 from gas
distribution plate 20 to supply reactive gases to the wafer surface where heat-
induced chemical reactions take place to produce the desired PSG film. The above
conditions result in a PSG film deposited at a rate of about 1780 A/minute. By

20  controlling the deposition time, a PSG film having a thickness of about 5300 A is
formed at the process conditions described above in about 404 seconds. The wt %
of phosphorus in the resulting PSG film is about 4 wt %. '

After deposition, a termination step is pert‘ormed that is optimizes the
stability of the deposited PSG film to prov1de moisture and crystalhzatlon

25  resistance. In the termination step, which lasts for about 3 seconds, the deposition
conditions are maintained while TEPO flow is terminated. The termination step
therefore deposits a USG capping layer in an in situ manner in chamber 15, by the
gas termination method discussed above. The USG layer is very thin compared to
the thickness of the bulk PSG film.

30 : After the PSG deposition and USG deposition steps, post-deposition
'steps are utilized to control the ramping down of chamber pressure and to control
gas shut-off. By adjusting the pressure and gas shut-off, the post-deposition steps




59 The endpoi nt detection system bf t he present

i nvention, however, may be used with either an~in situ plasma or a
remote plasma, such as provided by m crowave plasma system 55. For
exanpl e, in one exenpl.ary process, fluorine- based gas is ‘'used to

react with SiJerr] powder residue jn the chanber to forma SiF4 5 gas,
Which is drawn out of chanber 15 with thmivacuum punp. Wen substantially
all of the SiJerr] in the chanber has been consuned, the fluorine-based
gas cannot help redueagartivlé formlatiorSiwhichrotiertvise fean eafse Fvafer contasidatidohend
fluorine- b_asa as may begin to contam nate the chanber 15 or to
react with, P¥P&xanple, the al umi numwalls of the chanber to form an

al um num fl uori de conpgyp > d tioh &, 0gt erm ne
t he approxi mat e endpoi nt g?ect e pol nt a%/mvr\%é%%§ %FQ)S gsﬁﬁgﬁge?éuﬁ resi due
has reacted tietfirst pmt—ﬂepmmmestupammdxatﬁytfomnvmgﬁwlabevemnmmtnohestepl, osed to
prevent furt uor, i radl C rom nt ering. chanber, | sgussed

f urt her ti%?eﬁ %W ‘Se ‘%Bfe‘ﬁa?eﬁ > 35, TONEH i) 3 ppsifipn aB?‘@s@ﬁt ‘nvent i on
determ nes thQm §as dlstﬁﬂﬂh’b?i Plate 20, 2ATKh MBIt AIRSE op¥ icafly ¢anges in
light intensity .that occur due 15 to absorbance of "|ight by the exhausted

cl ean gas r ealow chamber ivessureSomradually ramp down during the firsp\postidepasition Fi g.

802" post 1 onBEPal i AR 13 SholiS! Fleg eop pont-dB5HHPE Seh. BRWREIS T %
and throttl evalge ¥eopehied péiodically 6 rafip dowaichahber piesdurepfor e @edigosened in
10  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

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
15 it through a final valve. .

The above experimental conditions for the deposition of PSG suitable
for being used as a PMD layer are optimal to provide the best film quality with
high throughput. By enhancing surface diffusion at increased surface temperature,
the thermal PSG film deposited using the TEOS/O, chemistry at temperatures of

20  about 600°C exhibited excellent siep coverage, more cross-,linked structure, and
more stable oxidization structure for P and Si, which yielded excellent film quality.
The deposited PSG film was high quality in terms of flow-like step coverage, high
moisture resistance, high breakdown voltage, smooth surface, no surface damage

. (i.e., plasma damage), and no fixed charge. The deposited PSG film exhibited

25 good film thickness uniformity. Specifically, film thickness uniformity (49 pt., 10)
at about 1.2 um thickness of the deposited PSG film was measured to be less than
about 1.5. ' '
. Fig. 24A is a photomicrograph demonstrating the as-deposited gap fill
capabilities of PSG films deposited at 600°C in accordance with a specific

30 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




ot her locations within the exhaust system of apparatus 10. For exanpl e,
detector 20 802 may be positioned downstream of throttle valve 373, as
shown in Fig. 17B. In anot her enbodi nent, detector 802 is positioned
al ong a bypass line 804 that recei ves a sanple stream of gas from
‘conduit 60, as shown in Fig. 17C. In this enbodi nent, bypass |ine 804
may include a control valve 806 to vary 102 arount of fl ow passing

through |ine 8(_)'4, _or to conpletely cease gas flow al ong bypass |ine 25
804, for ex amphmwa@%opsh@wggisn@emf asegtion pf thetintegratedecizomitrber .

Wil now be. deidprsbeia i A0 s SRR PR, niRhd BT b e g
defining a structufed) §iecifichl} eleétfiftles M2200With thrtpdieh Gilickie! (WSip bapsi 12460 f or
all owi ng the gases and ot her resi due from chanber: 15 to pass

t her et hr ough formegzthereen. naewideslagers12691is deppsited, prip Stagked, gate seduIes @i ng 804
o Conds Sfory ey Y gl 1 S B A of o COPBRBR,
pass t hrough byfdetted Roés, gbseenoin Figs: MARAB) Figa24Anhereforedembnstidtdsean | m | R
W ndows exemplary structure with high aspect ratio (about 4.3:1) gaps that are filled by6gsG
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
10  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
ratios, PSG films deposited at about 600°C advantageously are dense films that
exhibit high resistance to moisture absorption. Moisture absorption of the deposited
15  PSG film deposited was measured using conventional Fourier Transform Infrared
spec!roscopj (FTIR) techniques, as are well known to one of ordinary skill in the
art. Fig. 25 illustrates the FTIR spectra of a PSG film deposited at about 600°C
under the following exemplary process conditions. According to a specific
embodiment, the exemplary process conditions include TEOS flow of about 1000
20  mgm, TEPO flow of about 24 mgm, helium flow of about 6000 sccm, and ozone
(about 12 wt % oxygen) flow of about 4000 sccm, at a pressure of about 400 torr
and spacing of about 330 mil between heater 25 and gas distribution plate 20. The
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
25 - moisture absorption, and no measurable change in moisture absorption was seen
over about 155 hours after deposition, illustrating the PSG film stability over |
extended periods. |
As demonstrated by Fig. 25, the depdsited PSG film is dense,
resistant to absorbing moisture. Deposition of a PSG film at high temperatures, for
30 example at about 600°C, tends to drive out any moisture that might be absorbed
into the film, resulting in a dense film. As a dense film, the PSG film deposited at
high temperature has the advantage of not requiring an additional step for further
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812, 813 are spaced by a l-ength L and preferably conprise a materi al

substantially transparent. to far-1R Iight such that zero or
substantially little of the light is absorbed by wi ndows 812, 813. In
addition, the IR w ndow 812, 813 materi al shoul d be

process-conpatible, inert with respect to the process and clean gas 5 -
chem stry, and the material should not cdao8am nate the film In enbodinents

wher e fluorine radicals are used for the cleaning process, w ndows
812 and 813 aodessification ofcthe filmntTheodense natinecof the dépositesdPSGfilmi makesfibr | R

w ndows 812, 813 i.nclude mani cal.ci um f.l uor.i.de. or -the |ike.

As schemat | afomapatibls R ise 95 3 PMY JaVerwhich, cap b8 plinatipcd Sifter by 2 sybeeent
far-1R I anp S&ﬁe;ﬂlﬂth&&h?exﬁﬁwgﬁadte‘t thanQibSHINED0BOE, bpgre&emy%yiangmgte%.R l'i ght
and transmtting this lIight through windows 812, 813 so that the

li ght passes Inradditipn-to moisturetahiserpHion resiance; the peasentrPI6 Glm depositpd atihigh

housing 894 ip 10 j « - ect the far- | j
passing t rou"gﬁlsgﬂ%"l %%Nﬂg‘%%. {O(I}(r}g#l}e@g%?m? éhrl - 'érrb"'é' N meﬁ gsnﬁi’/&géapa
tungsten | anpfid &ithoat fokthitichofoydidscor weuki selims ithat esin cdlse subsequent device

When the present invention is in use, the c¢lean gas reactants (e.qg.,

Si F4) are di rizeblemsq| Bisdhish Karneraters Pa%ﬁlrnrl%agﬁmﬂmbéuw@é 3§1a %MSM%& ag02.
Far-1R . ' fs {é,&' ' ' W

t hr ough- hol e %gg&@%%&ﬁg@%&ﬁm lﬁ{f? , %rg@gn%et@ﬁ?g&?ecﬂ‘%%%vp%ﬁrgg{ug)& or
816. As the |which ipinsportant for @eti¢riiigher tripping mebile ions sucki d5[seduin (Nat) oms s,
these reggtants (L .e., the silicon), absorb a poriign.of the far-1R |ight,
20 thi h réﬂiﬁé‘b‘%‘tf’%“?‘?%m‘grﬁﬁ Sapsp %9_@%\/‘&#‘% ¥t ector 816. The
fluorine does not Eﬁ%&%@d&é&ﬁp{i@ﬂ bf%ﬂgﬁtﬂights dEpQitR{gOAd midihing e far- IR

light intensity detected I ncreases a reference val ue,” detector
816 sends a sthgrasteristicscofctbe depnsited PSGdilmsdemenptrates its syitability forrmges foxt t he

concentration of SiF[er SSi t hrough conduit 60.ha ubstanti.al |y
di m ni shed ore’@mﬁﬁ’@%@l wgiﬁ eﬁﬂ%ﬁ‘feshgaeﬁ%f%&?ﬁgg shiopud 351 3¢ cqpsidered s
endpoi nt has Giting thé kdope @f tHY invéitlonPOi Nt, the controller sends an
appropri?ge signal to processor 50 to

-

C. USG For Oxide Filling Layer In Shallow Trench Isolation
To demonstrate the operation of the apparatus and method according

to embodiments of the present invention, experiments were performed to deposit a
USG film, for example, as a high quality oxide filling layer for shallow trench
| 20  isolation. Prior to the deposition of USG fihﬁ as the high quality oxide filling
~ layer, the wafer has typically been subjected to multiple processing steps to form,
- for example, gate electrodes, oxide sidewalls, isolation trenches, etc. In the
experiments, the USG films were deposited in a resistively-heated Giga Fill™
Centura chamber (a closed system having a total volume of about 6 liters and
25  outfitted for 200-mm wafers) manufactured by Applied Materials, Inc.

In the experiments, pre-deposition steps were performed to bring
chamber 15 to the desired deposition pressure and to stabilize the gas/liquid flows
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

30  (which is merely an exemplary specific embodiment), as is optimal for different
deposition recipes. The pre-deposition steps reduce unnecessary deposition on
chamber walls and also contribute to yielding uniform depth profiles for the
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~close gate valve 280 and to prevent further etchant gas fromentering

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

reactants SiF[err], which absorb light with a wavel ength of about 10

[err]m 30

and fluorine, which absorbsipsght with a wavel ength of about

5-6 [err]m In other ~enbodi nents, source 814 and detector 816 can
provi de | i ghtdepositkdffilaiseBefore any pravaspdsitiofiisteps otkstip £ Haf i9 Toadb@id | ght

61

-absorbance characteristics. of the sgecific cl ean
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which iomaintaiyedSthrougheut $hd-gref depuositidrh steps ithet depositibn siep and Ghe
light is absorbed and the intensity

aning, .the far-IR 5
y (ﬂggﬂwlﬂgﬁé@&) i s reduced, given by t he expression:

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,
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 throughbut 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 less than about 40 seconds and allows the pressure, which may
initially fluctuate somewhat around the desired deposition pressure, to stabilize in
chamber 15. Heater 25 is moved to the processing position of about 350 mil from
gas distribution plate 20 during the second pre-deposition step.

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

Having stabilized the chamber pressure, -temperature, and
TEOS/helium gas flows, and adjusted the position of heater 25, deposition
processing can begin. At the onset of the deposition step, O, flow is terminated
while O, (about 12.5 wt % oxygen) is introduced at a rate of about 5000 sccm.
Being liquid, the TEOS source is vaporized by the liquid injection system and then
combined with the inert carrier gas helium. This mixture is introduced into
chamber 15 from gas distribution plate 20 to supply reactive gases to the wafer
surface where heat-induced chemical reactions take place to produce the desired
USG film. The above conditions result in a USG film deposited at a rate of about
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[/1[err] = exp (-X*L*C) . where X is the extinction coefficient of IR
wi ndows 812, 813 or a filter (not 10 shown), L is the |ength between

wi ndows 812, 813 (see Fig. 17D) and Cis the concentration of SiF4
passi ng through detector 802. As I/I[err] approaches the value 1, t he
Si F4 concentration is dimnishing, which neans that the cl eani ng endpoi nt
.S approaching. The controller contiggsiously nonitors I/I[err] until
this val ue approaches 1, which indicates that the cl eaning endpoint
has arrived. 1950 A/minute. By controllinglth¢ depiokition ¢imey, iapiSG filmbmvingi & thickness' ns

of a CVD chanber  for . o ultichanmber progessi sysfem it uld be
possible to irf’glagﬂ’étn{@g@r}t i, fofthed RS process'co 'ftm{lﬁggsﬁ{lé’s‘tﬁ{wm%ﬁ&t 4yi th
ot her plasma qpgdiidgg chanbers, physical deposition chanbers or the

| i ke. Therefore, the above description and illustrations should not

" be taken as limting theftasdpRG depasitionpa urget stémis etformedathatiisfaptisdzdsythe he
appended LT t .shaul. oted that the invention.s, not limted
o e S ngi D warbRtidyr dhd et uSE Al i aloiiirt sistised e Bhnee
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processes a plTH@S floy isfterminateds. | n addition, the invention woul d be
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damage.

In a specific embodiment, three post-deposition steps were used. In
the first post-deposition step immediately following the above termination step, the

15  carrier gas flow into chamber 15 is terminated by pumping it through bypass valve.
Heater 25 is moved into a position about 600 mil from gas distribution plate 20, as
the throttle valve is opened periodically to gradually ramp down chamber pressure
during the first post-deposition step, which lasts about 15 seconds. In the second
post-deposition step, the throttle valve is opened periodically to continue ramping

20 = down chamber pressure, and O; flow into chamber 15 is continued. Heater 25 is
also moved lower to a position about 600 mil from plate 20 during the second post-
deposition step, which lasts about 15 seconds. In the third post-deposition step,
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.

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

30  and uniform film. The deposited USG film exhibited good film thickness
uniformity. Specifically, film thickness uniformity (49 pt., 10) at about 5000 A
thickness of the deposited USG film was measured to be less than about 1.5.




I ncl udes NMOS and PMOS transistors 903 and 906, which are separated and
electrically isolated fromeach other by a field oxide region 920 forned by
| ocal : 62

oxi dation of silicon (LOCOS), or other technique. Alternatively,

transi stors 903 and 906 may be separated and electrically isol ated
fromeach other by a shallow trenciH0bsol ati on (not shown) when
transi stors 903 and 906_are both NMOS or. both PMOS. Each transi stor

903 and 906 conprises aligsuthandgoB areophptomicengsanhs degprstrating thegrelatiyad a

Separ at s 1 r i Y gamebifis of FEOS/0, U Ao pfed o g ol dffppod <1 °
connect i ons bSS0RES nespeitivelyl, ayter reflbt straboatH50°C and tar6ah Suffered oxidecgctdy

contacts 924. Metal, layer 940.is one of four netal |ayers, 940, 942,
944, and 946, HOR), iRy aerordanes, Wil a-speeific embadiment;of the présepeinyentiony dfn 940,

?gg.beclz? i vggﬁﬁ?aergaﬁn%l?éﬁg'l B ﬁﬂﬁé@ftig#f %@%@g W@% d%gﬁfﬁgﬂx X(‘ﬁ acent
nmetal | ayers aboat 030pantdepthaabout Relcaspect ratio gap)pweith a dillingylayerathatdid @. USG
Deposi ted Ovefilmnsgx?olsitécf‘ Ztea{bugt4 EOOQrCeafPelr aanr% (i)v%rea%I a &lst Sll()g(?‘t(l,'o %ig. 26A shows
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
- 10 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
etch processing without opening up voids. In comparison, Fig. 26B shows a trench
structure having about 0.18 um width and about 0.45 um depth (about 2.5:1 aspect
15  ratio gap) with a void-free filling layer that is a USG film deposited at about 550°C
after a reflow at about 1050°C and a subsequent wet etch processing. The USG
film deposited at about 550°C is capable of filling high aspect ratio gaps without the
_formation of voids after reflow, unlike USG films depoéited at 400°C, as seen from
Figs. 26A and 26B. After etch processes at very uniform etch rates, USG films
20  deposited at about 550°C retain their superior step coverage without opening up
voids.
As further evidence of the high aspect ratio gap filling capability of
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
25  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 xm width
and about 0.48 um depth (about 3:1 aspect ratio gap) with a filling layer that is a
USG film deposited at about 550°C after a reflow at about 1000°C. The trench
structure of Fig. 27 has a smaller spacing and a higher aspect ratio than the trench
30  structures shown in Figs. 26A and 26B, illustrating the superior gap filling
capability of the USG film deposited at about 550°C.
In addition to having excellent gap fill capability for high aspect




| ayers 930. CVD apparatus 10 may be used to deposit filns used, for

exanpl e, as PMD | ayer 921, IMD layers 927, 928-and 929, or

passi vation | ayer 930. CVD 15 apparatus 10 al so nay be used to deposit
oxide filling layers for shallow trench - isolation structures used in
pl ace of LOCOS field oxide region 920. Anot her exanpl e
of a use of CVD apparatus 10 descri bed ahgye is formng ultra-shall ow
source and drain regions 912 and 915 shown in exenpl ary i nt egrated

circuit 900 afatibs, JJSG Filméydpposited atoaboof SS07C pivemtegdousty tabe derse Filins thdt ng 20
ultra-shall owxgﬁged -gunct lons in formng the source/drain retgi ons for _a MOS
transi stor i <SXHGRygh zesistance 10, mojstyrs|absorpiion, Moasture absorptign of the deposited

Fig. 19A is ' i & r = ' > MLE I c | qt ed
VOB €1 ansi ot op SEITRH JepBtid Pimantitcu WAfte bnfolBhal AR klitiapn YD A N0
transi stor. Gllustratessthe RYIRSpe¢atmancti asUSGfilal deposited dv abbutrSS00C under the/OS
transi sto

25 1000, a doped dielectric |ayer 1008 used .be a BSG film
25 the P By pooligRiBkexeiplary BissrisEonttions aroaring 2 S SHRUIBER ect  ode
1002 overlyin iflg 90 iHdSpa&AS el®diment, th@é)feﬁfiﬂ;&yl%?&%s% QndR{dn® thcliiee’ | 2l

1004. In the present exanple, material 1004 nma e an N type
substrate or HEOSIflow of shouty2000 mgm, belium floweof dbout W0Pxsccr, andjozome (about

30 (Locos) . g RN i B b S0oarie & medivs B atchh o0 s 4.1 e
may be spacing of abGut 330 anilBetweer Reatdr SpinASRS distritiitioh Platé RO, rAQ0ieceRs are

source/drai n regions 1010 and 1012, but of course the regions may be
defined 1@ -f oRF1Zi Fhtthe FIIR 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
in the USG film was seen over about 160 hours after deposition, indicating the
stability of the USG film over extended periods.

15 Accordingly, as supported by Fig. 28, the deposited USG film is
dense, resistant to ébsorbing moisture. Deposition of a USG film at high
temperatures, for example at about 550°C, tends to drive out most moisture that
might be absorbed into the film, resulting in a dense film. As a dense film, the
USG film deposited at high temperatures of at least about 550°C has the advantage

20  of being less prone to shrinkage that might result in void formation after an
annealing step and a subsequent wet etch processing, compared to USG films
deposited at lower temperatures. The dense nature of the deposited USG film
makes it compatible for use as a high quality oxide layer for filling trenches used in
shallow trench isolation applications. Due to its high density, USG films deposited

25  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 prbvides excellent high aspect ratio
gap fill without formation of voids or weak seams that can cause subsequent device

30 problems.

In general, high pressure O;/TEOS USG films may exhibit pattern or

surface sensitivity effects, resulting in uneven deposition, which is undesirable. It




63 drain (LDD) regions. Using the CVD reactor system described above

W th process reci pes. discussed in detail bel ow a doped dielectric
| ayer 1008 is forned over source/drain regions 1010 and 1012 on a
waf er resting on resistively-heated heater 25. 5 '

Prior to form ng doped dielectric |layer 1008 over source/drain

regions 1010 and 1012, the surface of soggge/drain regions 1010 and 1012
may be cl eaned of any gate oxide or native oxide that nay exi st

ei ther by usihag beerpseearthat problems @fithamhetsh depositiony fregwerSeneduigith Bighéd3 from
renote mcro Vﬁi lasma s atem 55 describhed above or by using a

{hor mal | NE3. vG EOS 5508, oAAYAIAgE Bt ASDONERcRh WSO TS 2t BiEhdemBFREes0 vioul d

be opened to Loty ol¢ l. . ent er
chanber 15 £ Sich S5l op'ablit S50 rBires HREDF g THOR 18 3 18 achigve

sour ce/ dr ai n adequate depwsition ratesl 0 Azcatdin@ly? theCO¢TBOSOratib ©f &S0k filles deplokiteds a
nore consjstent . drive-in of, d a%s fgi))mdo ed dielectric |layer 1008
that is 1or mét NERPTBETRIEY iflay flost tap dbout 5:1), thesthy olifmalPE<ny At Ofor i ne

radical s 11 oGufae: Schiivy BIBANIR MEtoVes, 8 Tihm! hafiy @1y Idensit nkitiRagex des

fromthe wafer in chanber 15. In the cleaning proce

may be adj ustete) ischigh forsUSGdilmsidepesited at high derperaturedi Becauserof thigphighal | y

able to clean, . Lthe axi des w t hout dma%' t he devi on t.he wafer.

Preferably, tdﬁflgltyn%q &5? Iﬁg‘ geénperature &8%@% &g%‘msnapaé’f‘%@g%@“%‘% _

deposi tion ofueifnails 6t flasifii bkide lcapscire HobReede®, thereby aﬂgaiggraay@wsﬂmt he sane
e

chamber in an in situ manner. Use of the above descri
10  damage to the wafer. The lack of a plasma from such treatments in the chamber

thus reduces possibility of metal contamination and potential shorting of devices in
the wafer. Compared to low temperature then_nai 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

15  exhibit excellent gap fill capability, minimal shrinkage, and uniform film density,
and low metal contamination, without plasma damage, in accordance with the
present invention.

The above description of experiments demonstrates the suitability of

the deposited USG film for use, by way of example, as a high quality oxide layer

20  for filling high aspect ratio trenches for shallow trench isolation. The same CVD
apparatus also may be used to deposit USG films at temperatures lower than 500°C
for IMD applicatibns. Of course, the above description should not be considered as
limiting the scope of the invention.

It is to be understood that the above description is intended to be

25  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
formed according to other embodiments may be an arsenic. doped silicon oxide film,

30  or other doped film. As another example, the deposition of dielectric films has
been described using carrier gas such as heli|um, but other carrier gases like argon
or nitrogen, may be used as well. As a further example, dielectric layers have been




20 CVD apparatus 10 avoi-ds noi sture absorption by the wafer, since the
vacuum of chanber 15 is not broken and the wafer is not exposed to

t he environnent. Al ternatively, undesired oxides nay be cleaned from
the wafer by thermally breaking down NF3 vapor in situ. Wth this
alternative, fluorine radicals are produced in situ in chanber 15 by
Pntroduci ng NF3 between about 200-1500 25qgg standard cubic centinmeters per
m nute (sccm, preferably about 500 sccm and optionally Jerr] at

about 0-1000 gezeribddfor paititilaea fcané\ﬁs fiffudis@opet [jfEnctioh #6fp&ition, PMD 15 i s
heated to between about 500- 658 err| preferably 600[err]C, and, nmaintained

at a ‘priayers, BMby layers. exide 5\8t ams mmmg) layersy eis cPEEPUrseIabist or r |
whi | e heéater gua?‘ y about
600 ml, fromp e dZ‘Bat E%@gﬁﬂ%ﬁe sur ces %P% cdee/%sgg?énar@éltons
1010 and 10 12d1ebntriadaydre anterthpefaturey lowet ithan about 4005K, de weHrasitemperatures
After the cIe ni nq_si&p, alve, 280 in s enbodi ment. s woul
64 o 2038 300¢¢” Al Pl ayions aspefts OF e pissaRs inyention Hay abp g
dielectric ' aYgell fHCOMet hppiiations. Those skilled in the art will recognize other equivalent
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
10  instead be determined with reference to the appended claims, along with the full

scope of equivalents to which such claims are entitled.




process fromentering and depositing onto surfaces in conduit 47. Heater 25
al so woul d be noved..into the appropriate processing position and
heated to the specified tenperature in the vacuum of chanber 15,
according to the desired process recipe. 5 Doped di el ectric |ayer 1008
is then formed at high tenperatures (about 500-600[err]C in the CVD
apparatus 10, as described bel ow. Wthoutll@n native oxi de barrier,

dopants fromthe doped dielectric |ayer 1008 forned on the wafer may nore
easily AMHIAL DT MMEDASIr i ven into the substrate to form

ultra-shal |l ow source/drain regions 1010 and 1012. 10

After deposition of doped dielectric |ayer 1008, the wafer remains in
chamber 13. The resistivel y-heat ed pigbefor depesitthgval @Eulith Byt g £ t hen
heated to a higher tenperature (about 800[err]C) for a specified

ti me. TheZ2heasubsiateton heaterdn a chambery Spidrpracess eomprisiegithgisteps of:ri c | ayer

into N tyge material 1004. i:el j C I 8.1 as a P
type dopaﬁt di ffusion sourceq%%gﬁggﬂg hrg%té“otal‘ ﬁglpﬁfatn#g%gﬁg%vﬂbﬁt 5@& i ons
1020, as ghowsaid hdmer; 19B. Of course, gate valve 280 remains cl osed

during this drive-in step. As an alternative to being heated in situ, the

waf er may?3 be transf er rPIgSSUEZIng saldrRbamperqtora pressies of betweenahout ke
process r act9§0 (O?,t.ef erably within the multichanber systen) to
drive-in dopants from doped dielectric |ayer 1008, which acts as a

dopant di f7ff usi on source. - D f intredwoing siliger, foaygend atd/ phospherhs bmo 24id chamber
rapi d t her,mal ocess. . Pref er.abl t@%ﬁi fusion.i erfornmed using g.rapid
t hermal pfoc eggé?pﬁﬁ‘é atp5‘°§g'f’-flb?at? é}a(% té’lﬂh?n spid é‘ﬁ’ﬁ@?‘&t‘l&%‘f’éﬂ%éﬁ saidout .
950- 1100[ @' r | fenffefatii@t Ween about . 1-3 minutes, and preferably about

1000[ err] C for about 1 mnute, in these other enbodi nents.
After diffusion, doped dielectric |layer 1008 is renpoved by dry or 25 wet

etching techni ques or other tenoval techni fromN.ty nat erjal . 1004.
VD ‘appardtus 10 may al so betusedt P PERS L REp VRS SRR, Fiibralls ios by
usi ng 2 least about 600°C. :

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

-4, The process of claim 1 wherein said temperature is at
2 least about 750°C, wherein said introducing step also reflows said PSG film.

1 - 5. - The process of claim 4 wherein said introducing step is
2  a one-step process whereby deposition and reflow occur substantially
3  simultaneously.

. 6. The process of claim 4 wherein said introducing step is
2  a multiple-step process whereby deposition and reflow occur at different times in

said chamber.

7. The process of claim 1 wherein said PSG film forms a

.« ¢ L mK s %

2  premetal dielectric layer.




renote m crowave plasma system 55 with the appropriate etching chem stry.
For this dielectric renoval step, gate val ve 280 woul d be opened to
all ow the renote plasma to etch the |ayer 1008 until renoval is
conpl et ed, whereupon gate val ve 280 30 is closed. The renoval step may be
performed in situ without transferring the wafer from heater 25 in
chanber 15. Alternatively, the renoval slEp may be performed in

anot her chanber, dedicated to dielectric renoval, within the same

65 1 mul ti chanber syst 8m as Thvpraspssafaclaim 7l henein safid BSGdilmvisi ds
exposure pf t ' f .0 the environnment outside the vacuum of the
mul ti chan%er SE@S?‘S‘H" ?_,:ﬁgps?ﬁcahgn t ustrates the partially conpleted
PMOS transi stor 1000 after renoval of doped dielectric |layer 1008.
PMOS transi stor 1000 includes gate el ectrode 1002 and 5 _adjacent

source/ driin regions 1020 whi ch Andniggrafed cirenitifosmed an/p seraigprdnciolnct i ons.
Thereaftey, Lo ng: S .4 he conpletion of the device may be
p'er,form?onsﬁﬁ%z\%agg‘rdwgﬁ%&%RwIn%hsﬁg After every wafer (or several
waf ers) tgve been processedaiplurality of active devices formed in said substrate;

4 : - at least one metal layer formed above said substrate; and

5 at least one insulating layer formed between said metal layer
6  and said substrate, said insulatiﬂg layer having a plurality of patterned holes filled
7  with electrically conductive material to electrically connect selected portions of said
8 metal layer to selected portions of said substrate, wherein said insulating layer

9  comprises a phosphorus-doped silicon dioxide layer comprising between 2-8 weight

10  percent phosphorus, said phosphorus-doped silicon dioxide layer is deposited at a
‘11 temperature of at least about 550°C.

1 10.  The integrated circuit of claim 9 wherein said at least
one insulating layer is a ptemetal dielectric layer.

1 11. A substrate processing system comprising:

2 a vacuum chamber, said vacuum chamber at a pressure

3  between about 10-760 torr;

4 a gas distribution manifold, located within said housing, for

5 seléctively introducing reaction gases into said vacuum chamber;

6 a ceramic heater for holding a wafer, said ceramic heater

7  capable of heating to a temperature of at least about 500°C;

8 means for depositing an insulating layer comprising

9  phosphosilicate glass (PSG) on said wafer on said ceramic heater at said temperature
10  from a reaction of a first process gas including phosphorus, silicon and oxygen
11  introduced into said vacuum chamber from said gas distribution manifold.

1 12.  The system of claim 11 further comprising:

2 a processor for controlling a source distribution system for

s

R




chanber 15 of CVD apparatus 10, a chanber clean nay be perfornmed. After 10
processing of the wafer i.s conpleted within chanber 15, the wafer is
transferred t hrough sl ot 243 which is then vacuum | ocked. Gate val ve
280 may then be opened to allow the chanmber clean process to be
performed using renove m crowave pl asma system 55 until the chanber
is cleaned to specifications, as indicatgd2by the endpoi nt det ect or
system 15 ' In an alternative enbodi nent, steps shown in

Fi gs. 1908 19Hntroducing the fjrst procese gasifo said gasadistribetion mhsifold Osaid-catamidA. After

doped dielectric layer 1008 is .Jfornmed over source/drain regions 1010
and 1012 %nd M3t E}‘{i(‘ﬁ%ﬂ’esyfm%saéi&’?oﬁﬁmg means;gnd - 19A  a capping | ayer

1030 suchgas USG is fornmed qv i 1 i ool ,
.preferably in an in situ pr%J?éﬂé%%‘ﬁ#%@?ﬁgﬁ%iﬁ%{dr&ngis%ogmghagylg)grﬂlp%
deposi ti o6 ofditesting theoq@ratipatof said systed3 Gaidquogtameaineliding| osed. Then t he

substrate may be heated for diffusi.on of .dopants: from, d
dielectri& layer 1008 into as&ﬁ E%ﬂé&@?&?"??&t Htﬁﬂd“i%&gggﬁcﬂrg@a%sed

above forgkig. 19B. gas dothg TSl 186 Yeribd f sd18 nsBRiting TNCSh dai@m
chanmber 15 for transfer to an anneal i ng furnace or rapid thernal

process r®actor for difwafer.on of dopants from 25 doped dielectric |ayer
1008 as di scussed above for Fig. 19B. Preferably, the substrate
undergoes a rapid thernmal process in the sanme nultichanber systemto

whi ch chanber 15 (where doped dielectric |ayer 1008 and capping | ayer 1030

wer e deposited) is a part. As seen in Fig. 19E, dopants fromthe
doped dielectric |ayer 1008 with overlying cap | ayer 1030 have

di ffused into sem conductor material 1004 30 to formultra-shal |l ow source
and drain junctions 1020. The cap | ayer 1030 and doped dielectric

| ayer 1008 are then etched away as di scussed above to provide
partially conpleted PMOS transistor 1000, as shown in Fig. 19C, ready for

O O AR S

S Pind il



66 remai ni ng processing steps. For about a 0.25 [err].m device
geonetry, diffusion of - boron atons form.a BSG#4 | mthickness between

about 100-200 A capped with a USG fil mof between about 100-200 A and
results in a junction depth ranging from bet ween about 0.05 [err]mto

about- 0.1 [err]m according to preferred enbodi nents for 5 PMOS
transi stors. O courige, an NMOS transistor 1000

i ncl udes gate el ectrode 1002 and source/drain regions 1010 and 1012

where N type, METHODS AND) APPARK FOR DEPOSITENG PREMETADS

2o o PSG 111 m OPIERICTREC m R ANP G "

source, according to other R gL b vention. P type
mat eri al 1004 may be a P type substrate or a Pwell fornmed in a
substrate. For about a 0.25 [err] mdevice geonetry, a PSG film

t hi cknesssbet ween about 100- ABSTRACT GF Y3 DISCLOSUREDet ween about
100-200 A results in a depth of phosphorus driven into the

sem conduct or material Fhecpreseat inventionopropidesexstemsh methogs @ud ppparatus fQI about

0.1f[errlm Iy %%tgrlen@t 1e8stAb5$0028b03 EY BRliclR e or EhidoRHEAS: whierd. S

recogni zed tha
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
10  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, high density,

15  low moisture, and other desired characteristics.
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silicate glass films may be used to provide the N type or P type

~ultra-shal | ow juncti-ens dependi ng on the application.

~ Anot her exanple of a use of the present.invention is formng an

. ultra-shall ow doped region as a channel-stop in a shallow trench isolation

- structure 20 bet ween devi ces. Application of the present nethod for

- formng an ultra-shall ow channel -stop region is discussed with
reference to Figs. 20A-20G Fig. 20Ais a sinplified
cross-sectional view of a Wa tially conpl eted shal | ow trench

i solation structure forrfgd! sem conductqr material 1100. As seen = in

Fig. 20A a trench 102 |S+j rmed in sem ynduct or material 1100 using 25

ani.sot ropi c etchlng u ncl udi ng ;\actlve ion etching, plasma

et chi ng, or technlquE In the 5?Qdent exanpl e, the

sem conduct or naterlal 110Q may, be P De substrate or a P well

for med |ﬁLa.subsLLaLe. Apnasﬁ 1b4 may | At he channel

stop regihon in t reci pes

* discussefl 1h detjai nmed over 30

- trench 1102 usiH es a source

of Bpant Qﬁgion used
i

to preve 12 A
sem cond{& pbr mdt
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67m

BSG filmas the P t ype dopant source. Prior to
form ng doped dielectric |ayer 1106 over trench 1102, the surface of
trench 1102 may be cleaned of any gate oxide or native oxide that may 5
exi st by using renote m.crowave plasma system 55 to provide a fluorine
radicals in a renote plasnma fornmed using reactive gases such as NF3,
as di scussed bel ow. During the cleaning step, gate valve 280 is open
to allow fluorine radicals to flow fromconduit 47 through outer
annul ar passage 297 and into chanber 15 via di stribution plate 20.
Heater 25 with the wafer thereon is |lowered into a position 10 for the -
cl eaning so that the fluorine radicals can clear the wafer of the unwanted
oxi des that nay exist on the surface of trench 1102 w t hout damagi ng the

* substrate.. Cl eani ng these oxides allows a nore consistent drive-in of
dopants from doped dielectric layer 1106 that is fornmed over trench
1102. The cl eaning step and the depositioon of doped dielectric |ayer
1106 are performed in chanber 15 in an in situ 15 process. In alternative
enbodi nents, the cleaning step may be done by thermally br eaki ng down
NF3 injsitu, as discussed qbﬂVe—‘Tﬁe\fluorlne radicgls fromthe NF err]
pl asma |or vapor then clea[fth ‘that may eX|sq on the surface of

trm'ﬂe’z_—w herj‘f@?‘ |'vc cuuqu |||:||La, T Scpdl aLc uhauJux,:

of the nﬁ#ﬁfdmmﬂmafﬂpﬁtén1 e—ab

rucu agove- gy u& LTS'Ed'fOI TTII S '
cl eani r-g--sf—ep——&'-ﬁé-e—ﬁvl S X j

L t 6ﬁ-by—29——~+he—ﬂa+er s - avehded—by—_—~
not breaklng-%he-vaeaun1't ]3 15/{(-ex- aLLennaL+¥eLy—of SN - - W

mul ti ch Q pfitrench 1102 is_free. of natuve odee

barri er|s..
W t hout

—_——
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the native oxide barrier, dopants from doped dlelectrlc | ayer 1106 may nore

easily and unlforn1y be driven into the substrate to form
ultra-shall ow junctions used as a 25 channel -stop region to provide
shal l ow trench isolation. Heater 25 with the wafer t hereon i s noved
Into the processing position and heated to hi gh tenperatures (about
500-700[err]C) for deposition of |ayer 1106. Af ter

deposition of doped dielectric |layer 1106, the wafer remains in

chanber 15 for the drive-in step. Gate valve 280 renmins cl osed, and heater
25 is 30 heated to a higher tenperature (about 800[err]C). The heating
occurs for a specified ~ tinme that depends on the desired junction
dept h needed for the diffusion. Alternatively, the wafer pmmy then be
transferred to an annealing furnace or a rapid 1

68 thermal process reactor 4{preferably within the nultlchawber
systen) to drive ! dopant s er§1doped dleEEbtrlc | ayer into P|type

mat erial 1100. Dopg¢d dielectri T layer 186 is used as a P type dopant
di ffusion source for the resul gﬁul tra-shal ISwe channel - st gp regi on
1108, as shown in Fig. ZOB kLzraEEhalIom1chaﬁaér-\top regi on
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5 1108 is a P+ type region formed.in P type material 1100.
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doped dielectric layer 1106 is renoved by wet

etching techni ques or other renmpval technique fromP type material 1100.
Preferably, the wafer remains in chanber 15 so that gate valve 280 may be

opened
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illustrate
structure
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radicals fromrenote m crowave plasma system 55 may etch
10 O course, reactive gases input to plasma system 55
e of doped dielectric layer 1106. Fig. 20C
artially conpleted shallow trench isolation

enoval of doped dielectric |ayer 1106. As seen in Fig.

is then filled wwth an oxide 1110 to formthe shal |l ow
ation structure. In a preferred enbodinment, a high quality
d 15 at™ i gh tenperature nmay be used as oxide 1110 to
rati o tri&aches. - Oxide 1110 al so may be forned using
t echni ques. After conpleting shall ow
structure_havi ng ul tra-shal | ow channel -stop regi on
2 and 11¢#4) separated by shal |l ow trench isol ation
fornmed, aS seen in F } nd 20 1114

b X
y

Fom

te el ectrode 1116 anbtad acent sour ce/ dr, regi ons 1118

hereafter, renaining} ess |selsforotfe jconpl etion of
perforned by t ré&npferrli Bg Lgenma r |{to anot her

ly in nmultichanber B g wafer is

chanber 15, a chanbe

rf.ormed using

1

pl asma system 55 vvithéesi tijval y- Neat&JBhgater 25 25

ani ng position and gpt® valivg 280 b §h§ pen, as already
n connectfiQn Wjth FigsS 194 In an
i ment, stje§s shown |ﬁ'F(gsj 20F- 20Glare’ -1perforned
in Fig. [2GA. After doped dielectriq layer 1198
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S o 4 .

30 such as USGis fornmed overlying doped di
15 in anin situ pretess.
1110, gate valve 280 is closed.
i n chanber
69

15 for dopant drive-in for di ffusi
of dopants from capp

sem conductor materi al 1110Q, as discuss
Alternatively, the wafer may b o s'.'re
to an annealing furnace or rapjd PRe _ i ﬁ?o

within the nultichanber syste
doped dielectric layer 1106 into sem ¢gonduct

electrlc layer 1106 in chamber

During the deposition of capping |ayer
Then the substrate is heated in situ

on
9(5|c | ayer 11Q@7i nto
d above for Fig. 20B.
from chanbey” 15 for transfer
ess rfactor (preferably
| of dopan from5 capped,
1100 as di scussed

or eri al ' _
Téa?romthe doped dielectric

above for Fig. 20B. As seen in
| ay.er 1106 with overlyin msdraggfenillo have diffused into
sem condueter—mat-eral—3100— Terh;ﬁerétm’éﬂ’(lql tlr a- shal | ow channel -stop regi on
1108. Cqp layer 1110 m ni m zes|_the out dassi ng of dopants upward from
doped dilel ectric |ayer &%, thereby fesulting in 10 nore dopants
di ffusing dowmn into the/substrate matgrial 1108g4 After the diffusion
step is |pefformed, gate jval ve 280 i s~Opgned _and both the cap |layer 1110 and
do pe d Temperature NO Ditference Betwsen

| Regulator Tomporates Excoeds

Algorithm m'g;m

‘ 4588

Determine Desired and
Measured Ramp Rates

(T'aes(k) & T'(k))

Apply Power P(k+1)

94

Determine
Temperature Ramp
Rate Error

L

96

Determine Power P(k+1)
Using A Control
Function, If P(k+1) - P(k)
Is Within Saturation
Limits

> 590

L

98

Dampen System
Response to Adjust
P(k+1) Using A
Saturation Function If
P(k+1) - P(k) Exceeds
Saturation Limits

FIG. 1E
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dielectric layer 1106 nmay then etched away using renDte m crowave pl asma
system 55 with approprlate etchant chemistry to provide partially

conpl eted shal l ow trench shown in Fig. 20C, ready for
t he renaini ng processs 208 20E. When the wafer is

transferred out of chanbe ' 9

position. A chanber cIeaJ‘bf chanber exformed by
operating the plasma system v )

For shal low trench isol afi on between™h : pla P type
substrate, the doped di €] 1)/l m For shal |l ow

trench 20 :isolation b < pe substrate (or
in Nwells of CMOS i g ifilm 1106 may be a
PSG filmor:an arsenic- ' or. smal | er device
geonetri es such as | ess a trench 1102 with a
depth of abbut 0.5 [err]m/c _ .1108 of about 0.1

[err] mjunction depthﬁﬁy be 8¢ N¥ . G film1106 about 200 A thlck
and a 25 USG cappi.ng about 200 A thlck referred

enbodi nent sj of the present I nVed
be understopd that sinplified integrated CI'
illustrative purposes only. One of ordinary
i mpl enent t he present nethod for fabrn » ' i nt egr at ed
circuits sugh as m croprocessors, 30 appl} [ I fic\i
circuits (ASICS), nenory devices, and the

i nvention npy be applied to PMOS, NMOS, CMJS
devi ces. Al hough ul tra-shal | ow 23# cg/ dr ai

It shoul d
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70 shal | ow trench isol ation applications ate di scussed above, the

present invention al so may be used in other applications where an
ul tra-shal |l ow doped regi‘on is desired. The present invention also may
be used for form ng undoped oxides as well as doped oxi des for use as
various layers in intggrated circuit devices, including PVD, 5 | VD,
passi vati on, and danmascC | ayers. —_— enpl ary wafer
cl eani ng, deposition, andjchanber cleaning rocesseq for in situ or
i ndi vi dual operation w thi'n chanmber 15 are fwurther| descri ed bel ow,
I n accordance to various enbodi nents of the esemt—rrventhon. 10
B. Cleaning Native CkldesﬁPrlor to Deposition I n
accordance with a speC|f|c enbed] ment_of e pMegent invent|i on,
native oxi des that y eX|§t ‘ot he Blic substjrate or rggi on where an
ul-tra- Q shallo oped juné™ on ©§ desjred mdy_be cleaned prior to
deposition ™f the dopegd diel ectric $L‘yer that may be used, for
exanpl e, -as opa | 5 PMVMD | ayfer. In ese
embodi ment s, t i { ges” cAn/] | £ape ' =& ne
radi cal s om 0 Wy T 1T IEdLLI/e ean gases |1ke renot e
nicromave:Plas yS] bl ——— or
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alternately in chanbers of the same multichanber syStem permt enhanced

quality in the ultra-shallow junctions forned--n accordance wth
t hese specific enbodinents, 20 ‘as well as prqviding for dielectric |ayers
havi ng | ow noi sture content and | ow shri nkage.

In a specific enbodi ment, chanber 15™Ms maintaiQed at the deposition

tenperature, a tenperature ranging b&ween abowt{.300- 650C, and preferably

at about 550-600[err]C, for th&Negtire cleahﬁng process. Chanber 15

- is maintained at a 25 pregkure rangieg\betmeen about 1-2 torr, preferably
“at about 1.5 torr, whife SN § NERY dater 25 is

moved to a position abyut 606\N1 Q! 3 ' 'q{EQ\ | ate 20,

whi |l e gate val ve 280 itd op§q
into applicator tube 292%at
I ntroduced into applicator
stabilize for 30 about 3 [gegjon

the NF3 in applicator
500- 2500 Watts, prefer®bly [bét
magnetron 711 operating’in
71 : !
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for about 5-10 seconds. The mcrowaves are transmtted from magnetron 711
t hrough t he wavegui de and-optim zing systemto enter "applicator tube 292
t hr ough t he wi ndow, as di scussed above. UV lanp 731 ignites the
reactive gases in applicator tube 292 to forma plasma, wth

i oni zation sustained by the mcrowave 5 energy entering applicator tube.

292 at the window. The radicals fromthe upstream pl asma forned in
applicator- tube 292 are output to flowinto inlet 290. The radicals

flow through the |ined passage in enclosure assenbly 200 tQ conduit 47 of
cl ean mani fold 270 through t pnened gate val ve 280 and into outer
annul ar passage 297 to emt’er chapber and<@4§an natj ve oxi des off
the wafer. Used cl ean - gas re 0 xod oXide residues| are then
exhausted out of chanber 15 vial ve. The
present description is for cRgQb
6 liters. It is recognized tjhats
si ze and type of chamger
In a specific enbodi nent,
| ower than about 1-2 torr
resulting in poor
about 1-2 torr, 343 cpomd| s5E
wel | as causing overheayi ng §
Chanber 15 shoul d be ngrNqt ai R
species are not rapidly Q not ocqur, and 20
appl i cator tube 29%4d0es no nts, tﬁkzaﬁhnber
pressure may be limt T sffcefl dijmensi ons and material of
applicator tube 292, ' is being agplied. In a
speci fic enbodi nent, the prg cg?o t ube j292, when

m crowave power is applied,;m d nuch as the
opti mal chanber pressure. e or tubes dre Mgyl &

7

p#fS a total voljune of about
f’ﬁa di ffer dependi ng on the

323ined at pressures 15
I’adri ne speci es occurred,

N\ appl iJcat or [t ube 292.
Jel s ere fluorine

. appli
SEEEE i Mes
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25 with different flow rates, the optimal chanber ~pressure w || vary. O

course, any pressure may be used when applicator tube 292 is used
wi t hout m crowaves being - applied. Si nce the
plasma i s formed upstreamof the wafer, only the reactive fluorine

radicals in the plasna are able to reach the wafer to clean the native

oxi des 30 fromthe wafer. As nentioned 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 cl eaning step etches native
oxides at a rate of about 2 [err]m m nute. O course, the

72 total tinme of the cleaning step depends on the thickness of the
particul ar oxide to be cleared off the wafer. Wth renote m crowave
pl asma system 55 of present i nvention, native oxides or other oxides
may be etched and pl asna damage to the wafErjis avoided. 5

Al t hough the above wafer cl eaning process conditirns are exenpl ary
for the present enbodi ment, other conditions ray y|5029?WUSGd. The -

A | ./ 225

265
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above description discusses NF3, nmerely as an exanpl&, in a Gga Fill[err]

Centura system avai lL.abl e from Applied Material s-fitted for 200- mm
waf ers, as do the vari ous deposition descriptions bel ow However,

ot her fluorine-containing or 10 chl ori ne-cont ai ni ng gases, such as NF3
and N2, NF3 and argon, NF3 and O[err], a dilute Flerr], CF[err],
Cerr]Flerr], (Jerr]F[err], SFlLerr] or Cl[err], etc., may be used as well.
C. Exenplary Silicate G ass Depositions According to
t he process of the present invention, dielectric |layers 15 used as the
dopant source, PMD |layer, INMD |ayer, oxide filling |ayer, capping

| ayer, or other layers may be forned using any of several different
processes. The process recipes of a BSGfilm a PSG filns, a BPSG
film and a USG filmare set forth bel ow as exanpl es of doped and
undoped dielectric |ayers used in the present invention. O course,

during the bel ow described deposition of various dielectric 20 filnms,
gate valve 280 remains closed (unless renote plasna system 55 is being used
for deposition, in accordance with an alternative enbodi ment). The
exenplary processes may be perfornmed in CVD apparatus 10, which is a
cl osed, single-wafer, SACVD systemin preferred enbodi nents.

CVD apparatus 10 al so may be adapted mﬁth-dlggeigﬂt and/ or 25 addi ti onal

i nput gas supply sources to deposit BPSG ar doped sgs}cate gl ass
(AsSG, or other dielectri agers g O/ cour, & of ordinary
skill in the O | er Efozészﬁ eci pes and ot her
reaction systens |ike plasm y al so be used to

deposit the diel i - an $gupces incl ude TEB
trinmethyl borate inbor a y/{ and other simlar
conpoun 3,01
N - =z
/) SN NSNS d
YA
505 12 |
F76. & 8
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This Sheet Has Bee,

LTI fill




tri et hyl phosphate (TEPO, triethyl phosphite (TEP), trinethyl phosphate

( TMOP) , trimet hyl phosphite (TMP), and other si-m |ar conpounds. In

addition to BSG or _ '

73 PSG fil nms, arsenic doped oxides or arsenic silicate glass (AsSG

al so may be deposited using, for exanple, a li-quid source with an

arseni ¢ conpound or an arsenic gas diluted in argon, as exanples.

Exanpl es of silicon sources include st+ane (SiHerr]), TECS, or a

sinilar S|I|con sour 5’ﬁhd OX Yt o Jerr], 5 Oferr],

g n the descriptions

g i % 1i grams per
A\ st/andard cubi c
<, |iqlid sources

‘ nd liquid

/anverted to gas flow rates ¥% acm by {10

gtes by a factor of about 1.9X8 qp that] flow

rati os may be i dul at ed accordingly. Preferably, abl e ped

dielectric fil negtes ibe tipr med usi ng the TECS/O[ chem yf n a
SACVD process to forrfdangage-free, uniformy /
7 - /
250 \ _

bel ow, flowrates fg
m nut e (ngn) whi |l e gas
centimeters per minute
are vaporized using a B

W rates are provi

In these desc

s /
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doped ultra-shallow junctions in some enbodi nents. In other enbodinents, a

| ow noi sture doped di-el ectric filmmy be fornmeéd- usi ng TEOCS/ 03

chem stry with a 15 SACVD process conducted in CVD apparatus 10 to
provide a planarized insul ating | ayer with high aspect ratio
gap-fill, low shrinkage, |ow netal contam nation, and | ow fl uorine
|ncorporat|on 1. Exenplary BSG Fi | m Deposition 20
As merely an exanple, the BSG fil m deposition reci pe described “bel ow

is capable of formng a BSG fil mthat may be useful as a doped dielectric

| ayer used as a dopant diffusion source. O course, the recipe may be

vari ed dependi ng 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 diffusion source could 25 sinmilarly be formed using the recipe

© bel ow and appropriately substituting the dopant source gas enpl oyed.

- The exenplary BSG bulk filmis deposited by heating the wafer and

heater 25 to a tenperature of between about 200-650[err]C, preferably to a

tenperature wi thin the range of about 400-650[err]C and nost
preferably to about 500[err]C, and B3  nmaintaining thj g tenperature range
t hroughout the deposition. Wth gatejyal ve 280 osed, chanber 15 is

mai ntai ned at a pressure within a range of about 10-7¢0 torr.
Preferably, the pressure is maifitained wihin the rawge of out3460- 600
torr, and

354
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74 most preferably it is maintained at about 600 torr. Heater 25 is
posi tioned about . 150-300 m| fromgas distribution plate 20 and is
~ preferably positioned about 250 ml| fromplate 20.

A process gas including TEB as the source of boron, TECS as the 5 source
of silicon, and 03 as a gaseous source of oxygen is formed. Being |iquids,
© the TEB and TECS sources are vaporized and then conbined with an inert
. carrier gas such as hellqu The |iquids are vaporized either by
l'iquid2pjection systemin éas m Xi ng system 93, which provides
greatep control of the v%%ﬁge oﬁ reac 23& #4iquid introduced. The flow

5 depen|

rate of TEB i s between a 04550 ng 10  amptshe desired
dopant concentrati ons, e the\TECSNJow rafe is bet wegn™ about 25

300- 1000 ngm and prefe

gases then are m xed wirhN\aNod R <I —"f bet ween
3000- 6000 sccn]'Tﬁ?ﬁTﬁ7T v_,;j\\\ :E%“ 4000 ygen in
the formof O[err] i Wl ed at { ow LAl qB about
3000- 6000 sccm and |s pref gx ppl ' l Iom1r e~ of about
5000 sccm The ozone m xture contsy en about 5-16 wei ght
percentage (w % oxygen. The gas s|fi A€o chanber
15 fromthe distribution platgﬁégu%ﬁ e e gases to the substrate
surface where heat-induced ch r e ng e plagd?¥o produce the

desired 41/ . 357 2_&0
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The above conditions can result in a BSG film

film 20
deposited at a rate of -~ pbetween 500- 1000 A/ m nute. By controlling the
hi ckness between about 50-500 A

: deposi.tion tinme, BSG fil s ha?g
and preferably between about 100-300 A n%f/ be fornmed at the process

- conditions described above /-:-: ﬁ'*‘,lo- seconds.f 9 /e t hi ckness of
- the BSG fil mdeposited may thgrﬁé;' ihY C rol yed. Preferably, the 25
h ferfges b6t ween about 2-8 wt % and

Wt %of boron in the resultinffiBSG fi
. preferably is about<g wt % y ! 2. Bx&gmpl ary PSG Film
* Deposition = rerellyllan|lekanpl e, t EE=PSG 4£jY m
deposition reci pe d&gcri heg—3 owli g c of f I ng PSG film
- that may be useful er ||| Of ! eéﬁ: may be
- varied dependi ng Ope | ise [fipr e qualities of
- the PSG | ayer. N\ dif) ' | ajers films may be
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used as PVMD | ayers by using simlar recipes to the recipe bel ow and
appropriately substituting the dopant(s) source-gas(es) enployed.

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 5 mﬁthi@gﬁﬁé range of about 400-650[err] C and nost
preferably to about 600fgrr]C, and mai ntai ning this tenperature range
t hr oughout the depositioﬁinthh gate4vagve 280 cl osed, chanber 15 is
mai ntai ned at a pressure within a range of about 10-760 torr.

urt 1.8 I ntal ped n € e of oyt 4
Or ¢ ;a;aggy/%? 1S Nt g ngd/?:- abeut 4501 opf . al er
10 0-350/M /' frm gas ription pf aj€ and

Preferably, the pres
torr, and ' nost
15.is positioned a

a
[
i s preferably pgsrt gnéd _ananl 330 M TFomplaie 20

A process gas 1 ncl udilrg TEPO as A he’ sadece” of [ phosphlrus, FPEGR
source of silicon, and gaseous pourcy ] 4\
| i qui ds, the TEPO and TEGCS sources ar ?yﬁpori z
system 15 and then conbined with an®i'nert dafr

'n:ection
ﬁ’J& ium The

I

s such a$

flow rate of TEPO i s between about 10-J0Pp ngm preferably between
about 5-30 ngm nost preferably g?ygi ngm dependi ng on the

desi red dopant concentration, while th ECS flow rate i s between
about 500-1500 nmgm preferably about 1000 mgm The vapori zed TEGCS and

TEPO gases then are mxed with a heliumcarrier g2s flowwng 20 at a rate
of between 2000-6000 sccm preferably at T héte about 4000 sccm
Oxygen in the formof 03 (having between about 5-16 W % oxygen) is

-+ introduced at a flowrate of between about 2500-6000 sccm.and is
- preferably introduced at a flow rate of about;/lto sccm The gas
m xture is introduced into chanber 15 Om gas\di stribution plate 20
to supply reactive gases to the sufiStrate surfaCe~whgre heat -
_—— T~ -

————
.
€
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25 I nduced chem cal reactions take place to produce the desired film
The above conditions result in a PSG filmdeposited at a rate of about
1780 A/lm nute. By controlling the deposition time, the thickness of the PSG

film deposited may thus be easily controlled. Preferably, the wt %
of phosphorus in the resulting PSG fil mranges between about 2-8 wt
% and preferably is about 4 wt % 30 3. Exenpl ary BPSG
Fi | m Deposi tion _ As merely an exanple, the BPSG film

deposition recipe described

76 bel ow i s capable of form ng a BPS f/i/(mthat may be useful as a
PVMD | ayer. O ~course, the recipe may bf varied dependi (r:hj; on the
particul ar use for and desired qualitips of the BPSG | ayer.

The exenpl ary BPSG bulk filmis deposited by he#Zng the wafel and 5
heater 25 to a tenperature of betweermraboutr—31Q0-80Q{%rr]C, préferably to a
t enper at ur e within the range=d® about OO-_620[err]C and|nost

preferably to about 480[err]C, ?.nd \i
{

e
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mai ntai ning this tenperature range
val ve 280 cl osed, chanber 15
range of about 10-760 torr.

wi thin the range of about 150-600
mai nt ai ned at about 200 torr. Heat
ml fromgas distribution plate 20
ml| fromplate 20

source of boron, TEPO as the

of silicon, and 03 as a gaseous soO
|l i quids, the TEB, TEPO and TECS so
i njection system and then conbi ned
hel.ium O course, it is recognize
phosphor us, silicon, and oxy
TEB i s preferably between ab
bet-ween about 10-100 ngm 20 pre
preferably about 24 ngm dependi ng
concentration,
mgm The vaporized TECS,| TER and
helium carrier gas fl ow ét a
at a rate of about 6000.5
introduced at a flo
preferably i ntroducwf;t a fth
m xture. confains between™abou
introduced into chanber B5Mp
reactive gases to the suRstrag
reactions take pl
The above conditions re
bet ween 3500-5500 A/ m n
t hi ckness of

@

while the-TEQS -f_I oW

t hroughout the deposition. Wth gate
is nmaintained at a-pressure within a
Preferably, the pressure is naintained
torr, and 10 nost preferably it is
er 15 i s positioned about 150- 400
and is preferably positioned about 300
A process gas including TEB as the
source of phosphorus, TECS as the source
urce of 15 oxygen is formed. Being
urces are vapori zed by the liquid
with an inert carrier gas such as
d that other-sources of boron
gen also may be used. The flow rate of
out 150-200 .mgm The j§,l rate of TEPO is
é%ly bet ween abouf&épg;S ngm nost
t he desire&d dopant
e is betwee .OuI 300~ 700
g hren\ ane® nlxed ith a
00- 8000" gqcm preferably
| fortm f*OMerr] is
0- 5800 sefm and i s
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the BPSG fil m deposited nay thus be easily controlled The resul ting BPSG
film 77 has a
boronzaencentratlon | evel of between 2-6 wt Joand a phosphorus
concentration | evel of between 2-9 wt % Ihe par anet ers
in the above BSG PSG BPS@%prUtessgs—aﬁd;+ﬂ—$he—<———— bel ow }JSG processes
shoul d not be considered l{nmting to the clTaims.” Fofl B ex l e, the
present invention is also#appllcable to silikcan oxide.filnms doped with.

\

ot her dopants including, fior exanpl e, ar eni cv As anet her exanple, the flow

val ues - di scussed aboye apply f or @ anber oubflgted for 200-nm
wafers, but may diff \ dependlng on} tfhe type“or* qlze of the chanber
used. One of ordlna4§§§klll |n the\art\ PA can al§b use ot her chem cal s,

chamber paraneters, and” condltlons to pr

It is believed that f|In1st'b|I|ty Yay
dopant atons in the doped di Iedt(lc‘flk
seni conduct or mat eri al . ET

inprove the ability to

fce 10> S|nhlar films.
fae?br\ the availability of

\Qr\d}ffu3|o into the
74 Ln:iiaﬁxnd& filmstability and
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control dopant diffusion fromthese doped dielectric filns into the
sem conductor 15 material were investigated. Each met hod descri bed nmay 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 descri bed bel ow are
W th Respect to treatnent of a BSG (or PSG film the nethods are
equal Iy~ appl i cabl e to any doped silicon oxide film 20 :

4. Exenpl ary USG Fi | m Depositions _ a. xide
Filling Naterial O Insulating Layer According to one

enbodi men\.of the present invention, an undoped silicate glass (USQG
| ayer can deposited in CVD apparatus 10 for use, for 25 exanpl e, as an
oxi.de filling material for filling a shallow trench used for shall ow
trench isolation. O course, the USG film al so may be used as an | MD Iayer
an insulating layer, or other |ayer. The exenplary USG recipe
di scussed belcwves provi des a very dense and uniformfilmwhich can
survi ve anneal i ngdat tenperatures - of greater than 800[err]C with
m ni mal shrinkage.\the USG fi| m _whi ch—previ des—30— excellent gap fil
capability for higMNaspectixatio step coverage, ¢an al so endure
several etch preressesyat Yery unlforn1et§m r afe Wi t hout opening up any
voids in the | USH The cam endure chem cal neghanlca
o~y
\‘

pol i shing (CWP)

/
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N
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78 pl anari zati on wi t hout openi ng up any voids or creases in the USG
The wafer and heater 25 are heated to a tenperature within the range
of about 200-650[err]C, but preferably between about 550-650[err]C, and

t hen mai nt ai ned at this tenperature throughout the deposition. Heater
25 is positidned about 5 250400 m | away fromgas distribution plate 20
and preferab§% at about 350 m . Wth gate valve 280 closed, the
pressure in amber 15 is maintained at a | evel of bet ween about

10- 760 t ogr, ef erably about 600 torr. A process gas
compr i si ngrgxygen and silicon sources is introduced into the

deposi tion apber. In a preferred enbodi nent, the silicon source is 10
TECS n source- is O[err], but those skilled in the art wll

recogni 7e t hat addltlonal ‘silicon sources such as SiHerr], TMCT or
simlarlsqurges, ¢ nd QL he uch as O[err], Herr]O,
N err]O, d&o&ﬂy negg imlar sour ces and
m xt ure %

ECS is used as a
silicon e‘ “bicarrier
rati o ofel O[err] to T
bet ween ; ut 261 1.
gaseous re I?EE mnll
t he deposi {0 anber . S
the defositiad rate. Typi K¢
bet weem abdut §500- 2500 g

. -about 20N 2000-ggm 3 (
flowratel of Q3%

itrogen is enployed. The
n17:1, but is preferably
il total flow of the
e.geonetry and desi gn of
varied to contro
at ‘a flowrate of
oduced at a flow rate of

oxygen) is introegced at a
\ «
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~ waf er. w

bet ween about 2000- 10000 sccm preferably about 5000 sccm Helium or
nitrogen . may be used -as a carrier gas that is introduced at a fl ow
rate of between 2000- 10000 sccm and preferably about 7000 sccm
Usually, the total flow of gases into t he deposition chanmber wll
vary between pbout 5000-20000 sccm preferably about 25 15000 sccm Under
~ the above con§itions, deposition rates of about 1450 A/m nute or
greater are a¥tainable. The fl ow val ues above are for a 200- nm waf er

- chamber « nd will vary depending on size of chanber used and size of
b. Capping Layer 30

ot her enbodi nent of the present invention, the

SG |layer may be capped with a thin, separate USG | ayer.

- Accoﬁhing to
deposite

The-
noi st ur e,

79 BSE &apr
BSG (or tsg)é S

i ng ?@ZN}VQ-\%&{@' a hydr ophobffc surface on top of the
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“ capping

| ayer that prevents noisture present in the anbient from being absorbed

into the BSG (or PSG-film Furthernore, the USG-capping | ayer is a
relatively dense film t hat i npedes boron (or phosphorus) evol ution.
The USG capping |layer thereby 5 facilitates controlled diffusion of nore

- dopant atonsjin the doped dielectric |ayer downward into the
seniconductol material. Wthout the USG cappi ng | ayer, sone of the
dopant atons¥Ymay diffuse upward away fromthe sem conductor nateri al

during the $¥fsequent anneal or rapid thermal process. Thus, the use of a
| ayer contributes to controlling the diffusion and the
yl

©juncgion déi The USG | ayer 10° can be deposited in a separate

pr ocess >hawber fromthe BSG (or PSG | ayer, but preferably is
ddneeiigzﬁ—;n situ process in chanber 15 where deposition of the BSG
(or PSG Lager gliso occuf . ocesses for formng a

cappi ng Iéygrgafjepo i bhe. The foll ow ng process for

f orm ng| adUSG:l dyfer i s™séscl | e. An undoped silicate
gl ass | ay®r | so be dise cappifng | ayer, as

descri bgd Pelomn but as an-.i [ tri/g layer wthout use of an
under | yi-g{ dopeg\ di el ectfic" b The wafer and

heat er Zg\w ted to @ range of about
200-6Q0[ ert1¢,) bkt prfel: then maintained at this
20 npel re thiough r 25 is positioned about
250- 3590 m a e 20 and preferably at

about 3 . X the pressure in chanber 15
i s maint di nedvad N - pott—50- 768 torr, and
preferably at qkabeu%’%%g-GOO torr, nmosiN

xpre
pr ef er ablly abou® <20 A progcess gas conpti sing
oxygen an it
In a p%fig rgd enmbo

ofluced into the deposition chanber
| source g Y
\\\<> 7 ~
Y/
«
/
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TECS and the oxygen source i's 03, but those skilled in the art wll
recogni ze that addi ti-onal silicon sources such as silane, TMCT or
simlar sources, and other oxygen sources such as err], Herr]o,
N err]0 and simlar sources and m xtures of the same 30 al so can be
enpl oyed. When TECS is used as a silicon source, a carrier gas such

as heliumor nitrogen is enployed. The ratio of° 03 to TECS nay range from

about 2-17:1, but is preferably between about 2-6: 1.

80 The optimal total flow of the gaseous reactants
wi |l vary according to the geonetry and design of the deposition
chanber. The gas flow al so can be varied to control the deposition
rate. Typically, TECS is introduced at a flowrate of between about

500- 1500 ngm and is preferably introduced at a flowrate of 5 bet ween
about 1000- 1250 nmgm 03 (between about 5-16 wt % oxygen) is

introduced at a flow rate of between about 2000- 10000 sccm pr? bI y
about 7000 sccm Heliumor nitrogen nay be used as a car r~gas t hat
is introduced at a flow rate- of bet ween 2000- 6000 sccm and preferably
about 4000 sccm Usual ly, the total _

- This Sheg
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fl ow of gases into the deposition chanber will vary between about

5000- 20000 10 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 | ayer of about

100- 200 A can be deposited in approximately 20 seconds. The flow

val ues above are for a 200-mm waf er chanber and will vary dependi ng on size
of chanber used and size of wafer. 15 The foll ow ng
processes for formng a USG capping | ayer are descri bed as exanpl es.
Preferred applications wll have USG cap | ayers of between about
50-500 A, and preferably between about 100 and 300 A A person of

ordinary skill.in the art, however, will realize that capping |ayers of
different t hi ckness can be enpl oyed dependi ng on the specific
application and device 20 geonetry size. Depending on the application and
gap sizes in which the deposited filmis used, it nmay be preferable,
al tthough not essential, that the capping and doped dielectric layers
be relatively thin. For thin layers, the tinme to deposit and’ the tine
to etch away are reduced conpared to thicker layers. The USG cappi ng

| ayer is deposited, and both the USG | ayer and the doped dielectric |ayer
are etched 25 back. It is also recognized that different capping | ayers

such as other simlar stable oxide filns may be utilized to cap the
doped dielectric layer. Further, the USG cap | ayer may be fornmed over
doped dielectric filns deposited by APCVD, PECVD, or LPCVD, in place

of SACVD. As discussed above, use of chanber 15 for in situ
performance of multiple process steps is nost preferred, with use of a

mul ti chamber 30 systemin which vacuumis not broken during transfer of
substrat es between vari ous chanbers in the nultichanber systemis

al so preferred. o)/tﬁeao
present invention, arfl3@45TTu T~
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81 USG or simlar cap layer is forned on a dopéd dielectric film by

turning off the borom source or the phosphorus source just before
conpl eti on of deposition of the doped layer. In this enbodinent, the
initial doped dielectric |layer such as BSG (or PSG is forned as

descri bed above. Flow of the dopant source into chanmber 15 5 then is
stopped while the thermal reaction continues;goger an additional period of
bet ween 1-30 seconds. Preferably, the thernal reaction continues for about
3-10 seconds. In this enbodi nent he dopant source is stopped by
closing a val ve on the source's supply line so that the thernal
reaction is maintained wthout a dogant vi-for at least 5 seconds. 10
O course, stopping the dopanybgasfsource,hﬁst be coordinated with

the tine it takes the gas toooraVeI D‘E;'r"omythe Qp'hnt of the valve to the gas
m Xi ng system 93 and theﬁ’tpfbugq/th ceplate of plate 20. |In nost
CVD nachi nes sev ef isNrequiged for gas to flow fromthe
mper, so the valve should be

r se 15 del ays. Thus, if TEB
ing the gakve on t EB supply Iine

cl osed sufficiently in
is the boron source, cl
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several seconds before conpletion of deposition of the BSG |ayer results in
a thin 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 20

| ayer results in inproved stability and imunity to noi sture absorption,

and contributes to i nproved control of the diffusion that forns
ultra-shal |l ow doped - regi ons. \O Instead of or in
addition to the use of a USG capping | ayer, a plasna treatment of the

doped dielectric layer also may bg used to red e noi sture 25 absorption
and inprove stability in the gbped ngIectrlc 'ayer. In those

enbodi nents equi pped with a RF ﬁl na §Vsten] this plasma densification
treat ment may be used/ whese plagna damage to theﬁgeV|ce is not a

significant concern. I|1-\% A {/}; sition at
sufficient to
ability of the plasma- 30

fﬁ%roved control of the
[a- Sha||OM/ ed regions. Chanber 15 is
torr during the plasnma densification

provi de a dense dielectric
treated doped dielectrit®®a
di ffusion that for
mai nt ai ned at between about

t he U|%

treatment. Wth gate val ve 280 closed a

Fte. 19D

This Sheet Has Been Reﬁaced

AT

e e ’ - [ ~—— . R e o i i e . pov, S & B A e



82 pl asma fornmed using a reactive gas such as,“for exanpl e, nitrogen

(Nferr]), ammonia (NH3), or.argon, is introduced into chanber 15. As
nerely one exanple of the . plasna treatment that may be used, a
reactive gas such as N2 is introduced in gas m Xi ng system 93 at a

rate of about 1000 sccm m xed with helium.at 1000 sccm 5 RF pl asma
systemis operated, for exanple, at a_pﬁ%%r | evel - of about 450 Watts at
a RF frequency of about 350 Megahertz'(MHz) to create a plasma in chanber
15. The plasna-servesﬁlo paizﬂOate tﬂ@ksurface of the doped
dielectric layer, which mﬂ? ave sonk nitridation on its surface. The
dielectric film Mre
dopants in the densi ; ich is 10 resistant to
noi.sture absorption, are avaik I'e for [form ng the ultra-shall ow
junctions. ating Processes For In Situ
Deposition And/ O For Refl ow CVD apparatus 10 has high
tenperature capabilities allowing an in 15 situ heating step follow ng a
deposition process on the same Jdiee® for a two-step deposition/refl ow
process, or an in situ heating step concurrent to a deposition
process on the same wafer f03€3 ne;z%gg deposition/refl ow process. For use
p

as a "PMD | ayer forned ect ratio transistors or isolation
trenches an undoped or doped dielectric film such as PSG often
requires planarization which is 20 inportant in formng integrated
circuit devices. Planarization of a doped dielectric | ayer may be

performed by reflowing the |ayer at high tenperatures. Performng

| Cie
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reflow al so contributes to-inproving gap-fill of the deposited film
especially for hi gh -aspect ratio features on the wafer. O course,
heating steps for other purposes _ and applications also may be
perfornmed in CVD apparatus 10. The follow ng 25 heati ng procedure

di scussed bel ow serves nerely as an exenplary heating step whi ch may
be used for reflow, but other heating stgps for dopant drive-in in sone
applications or for other purposes a b“@%n.be done.

According to a specific enbodi nent,¥two-step deposition/reflow

process is described below Wth gate val ve 280 cl osed, chanber 15 may be
30 rmaintained at a pressure of aboufi\#00-760 torr. Wth the wafer and

heater 25 in the processing pgsition between about 200-400 nil,
preferably between about 330-3%0 / |, fromdistribution plate 20, the
waf er and heater 25 are heat ed [ :

83 t enperature of betwe 0-800[err] C, preferably between

abeut 550-650[err]C, in .+ for deposition processing.

St oppi ng reactive gas flows, the waf AN Ry 8 t hen be heated at between
about 750-950[err]C, preferably between about 750-850[err]C
1loo
Fle. 200
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for about 5-30 mnutes, preferably about 15-20 mnutes, in order to reflow
the 5 dielectric layer,--according to a specific efibodi nent. The refl ow
t enper ature nmay be the sane as or higher than the deposition
tenperature in the two-step process. Oj.Further, for a nultiple-step
deposition/refl ow process, the tenper Al e may be ranped fromthe
deposition tenperature to an int iate tenperature (or
|MeHmmaH3tmmmauuaﬂtmﬂn%bmngramwdtothereﬂowtmmmaﬂne

O 10 cour se, the\(t)?(rre and /t’errper\a\ere for the hehri ng steps may differ
depending on the > part appli € ng perfornmed and on the
particul ar |ayer being - Accordi ng to anot her
speci fic enbodi ment, Ton/refl ow process is :
described. Wth gate val ve 280 hanber 15 may be mai nt ai ned
at -a pressure of about 200-760|t\0 /th the wafer and heater 15 25 1in

t he processing position betwee 00-400 m 1, preferably between about
330-350 m |, fromdistribution pl Re 0, the wafer and heater 25 are heated
to a hi gh enough t enperat ur bet ween about 750-950[err]C,

preferably between about 750-850[err]C, in chanmber 15, ‘for

si mul t aneous deposition and r@f|@w p2ad&ssing to occur. O course,
the tine and tenperature for the deposition/reflow step nay 20 differ
depending on the particular |ayer being forned. : As
di scussed above, keeping the wafer wthin the same chanber 15 for
multiple in situ processes prevents exgﬁbure of the wafer to the

envi ronment , wher e noi sture nay\

e anq@bed and contam nati on by
inmpurities. Further, k' dep05|t|bn Qp l'ectric il ns at tenperatures
greater than about 5 err]C can prOV|H dens¥ and high quality filns
whi ch do not form voids® W t he deposited

: .
filnms at these tenperatu Si!ﬁiii——xjﬁf:ﬁfzée.
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—
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E. Chanber. O eani ng/ Seasoni ng/ GCettering Processes _
After the processing stepor multiple processing steps, such as the 30
exenpl ary steps di scussed above, have been perforned on the wafer in

chanber 15, the wafer is transferred out of chanber 15 for subsequent
process steps as needed. When the vacuum | ock door is closed, sealing
chanber 15 wi thout a wafer on

84 heat er 25, chanber 15 nay undergo a chanber cleaning process to
el imnate deposition process residues such as undesired oxi des and/ or
nitrides fromportions of chanber 15, including the unlined chamnber
walls in the |l ower portion of chanber 15, the bottom of heater 25, as

wel | as ot her chanber conponents. To ensure 5 reliabl e wafer-to-wafer

repeatability, the ChdﬁﬂkfAﬂ4%ﬂLJ4#nA&%Léﬂ%ﬁ#&%%ékﬁﬁh%&%#%——— up during
the deposition processes.tT ﬁﬁﬁ*@ bgﬂﬁf e cl eaned fr g chanber
conponents by using quorrngﬁr |c§ S or e%gnple from4 plasma formed
W th reactive cl ay'gd%e renote mcrowave plaSmaSystem 55. Due
to its high rgac POr £y Wig500scemt ons, 1 esi due T.iton pxilde can be
renoved bytheforrrgtion pf a8 N, =1000sccm /
S 1800 ]
§ - +
1 |
g 1400 |- o .
. | ./
L
IOOOP AN DR BTN BRI DEPEE R .
400 500 600 700 800 900 1000
NF; Flow (sccm)
FIG. 21
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10 Si F4 gas product which may be punped away out of~-chanber 15. The
chanber cl eani ng procedure di scussed bel ow may-be perforned after
processi ng of every waf er or every several wafers.

In a preferred enbodi nrent of the present invention, NF[err] is used as

the clean gas to provide the fluorine radicals. The present invention
preferably uses 15 renote m crowave plasnma system 55 to deconpose NF[err]

gas and generate a fl ow of F atons into chanber 15. Using a fluorine _
chem stry with rerdie nlcromaveY" ' pl asima systen155 of the: presfnt

i nvention advant ageousty - his Io¥/k|n etic inergy “anfl does nof |havel! "
physi cal sputteEJng efff ect ornaqlon f charglng species in the
subsequently depostte T rpdrcu to “H*SILU PrasTH_pr oCesSes.
Furthernmore, 20 |- nélstemt mnth en |ronnental requirenents.to reﬂuce DT
gl obal warm ng e%;-ng “the- - -use - of NF3 dOes nbt geperate:any R
| ong-1ived perfl §uro-¢arbon . (PFF)_pdeucts R . i To enSUfe.;m

t he best clean efficﬁﬁncy, the F flux as mell as it
uni fornity shoul ¢ Be gt i Zzed.”|At "a|jcertain NF3 ga A
threshol d gpicrioyave power |setting, whi ch thejgeneration:of:
atons are COWMS@.I:&&--:&-E-:;-:J RY - tMEeLF ¥ eCORDL Yon::Ftg::21: Shd)WS ‘thes

rel ati onshi.p bet \genz fsgﬁlomra”dt?::;:.HTCKOMHVéisaturaif 1 £-
gi ves the hi ghestICrgan rate Wi Thour | any ‘excessive | : 7 | har¢
accordance with a_speclfiP enbadi:nent .of. . esent . Lnye.\l
showmn in Fig. 21, ighe m.-crowavejsatunatio er _ranges .1

cl eaning.
floyw, there ig¢:a |i:,

1300- 2100 Watts flor garresgondi hg NE3 f1ops of | bet wben a 50 se
30 according&hs-the speciifi c enbodilnent.| Forla preferred embodi nmgnt |- -
di scussed 0 Hetow, :the: m.cr.Quwave;sat ufation power -ksiabout -2100 VAt s:--=-
for a NF3 flow of{“@béut: - -: " 950" 'sGGm The clean unlfornlty can be:- |-
controlled by ch @hpr pneSGUHe as.welil..asjy... .i....{.... . R R
10 — =
Carrier S : =
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-85 heat er spaci ng, both of which can adjust the nean free path of the

gas speci es and punpi.ng profile. As discussed earlier, since the
hi ghest pressure that can be tol erated by the above- di scussed
enbodi ment of applicator tube 292 is about 2 torr, spaci ng was used

to optimze clean uniformty. In other enbodinents using 5 different
enbodi nents of applicator tube 292, both pressure and spaci ng may be
used in the clean uniformty optim zation. In an
exenpl ary chanber cleanrng process chanber 15 is naintained at a
t enperature r‘@r-‘rg . Tor-e—t ey
550- 600C throughout t he cleanlng procedure in preferred
enbodi ments. Mgt 10 preferably, chaphes sk5¢iigimaintained at the sa
tenperature at Which the particular process is being run in chanmfer
15. For exanpl e, chaﬁber clearreentE ~processes woul d be run at 600[err}gsd n
t hose chanbers { ed above, for depositi 3b
PSG filns at 6o [err]C Wth the throttl e wyal ve opened and gate 4
val ve 280 cIerd, heater 25 is positioned abgut 100-250 m |, preferabl}
about 150 15 rnI fronrgas distribution plate 20 so that gas distribution
. plate 20 is heaq ) Heating up gas d\stribution plate 20 aIIoWs a
. faster clean to\q;p@r““Thrﬁ tea step, may be done for between
about 3-10 secohds pretera

Dose of B: 4.58e15 stoms/cme

CONCENTRATION (atoms/cc)
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Then, pressure and clean gas flow are optimally stabilized before the
clean is perfornmed. During-the pre-clean stabilization step, chanber 15
optimally 20 shoul d be naintained at pressure |levels, which are al so used
during the cl ean step, where fluorine species are not rapidly renoved
and reconbi nati on does not occur. In the pre-clean stabilization
step, chanber 15 is brought to a pressure between about 1-2 torr,
preferably about 1.5 torr, with gate valve 280 is open. Wth . chanper.
15 mai ntai ned at pressures |ower than about 1-2 torr, rapid removal of 25
fluorine spe0|es_occurred resulting in poor chanber cleaning results. |At :
chanber foessur es hi gher than about 1-2 torr, reconbi nation imay occur |
due to CO||IS}§ | osses, as wel]T as causi ng overheatlng and damage. to
applicator tube 292. Heatef © 25/ is nmoved away fromgas distriibutign -
plate 20 to a di stance of between about 450- 700 m |, preferably oo
about 600 m . The cl ean gas, NF3,. is also introduced at- a rate 3G . of| ..
bet ween about 600- 1100 sccm preferaply about 950 sccm into applijcator| . ...
t ube 292. This pre-clean stabifizat;on step | ast s pet ween about 2-:6
seconds, prefgb wbly | about ‘ 3 second51before nlcromaVe pohe ‘s aDplled
during the chanbpr ¢l ean step [ A REES:
86 | Co
'.:|: ‘
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I'n the chamber clean step,. the pre-clean stabilization conditions in
chanmber 15 are maintained at a. pressure rangi ng between about 1-2 torr,
preferably at about "2 torr. Wen the cleaning procedure is perforned,
m crowave power of bet ween about 500-2500 Watts is applied to
applicator tube 292. Preferably, 5 magnetron 711 provi des about 2.45 G+
m crowaves and i s operated in CWnode at about 2100 Watts for the
preferred clean gas flow of about 950 sccm The . mcrowaves are
transmtted from magnetron 711 through the wavegw de and - optim zing
systemto enter applichtor tube 292 thr ough the wi ndow, as di scussed o

above. W |anp 73pg ltes the reactive gases in applicator tube 292 to
forma 10 pl é@n’ﬁ%i" i zatjon sustarmed by the m Crovave; enerxgy
entering applicator. tug1 .ppPp292 at; t he wi ndow. ' ;
During the chanber ctean step; P uorlne radi cal s fromthe pl asima
formed in applicator.tpbe 292 tcpvx/mch m crowaves are applied may then f
t hrough opened gate val ve 280 andpl nt'o chanmber 15 to clean sur‘faces of
undesired 15 ox|de'r S|dues e the plasmais fior med upst i eam jof
chanmber 15, onl ysf he .| eactiH&f!I uorilne radicalls in the plasnd are
ue

P

aQw .

able to reach & d renoye: thfa resf . p:bulllit-up |port|aons of « chanber:. 15.::
Therefore, various®psdi}i ons; of - chanBer 15 lare L icl eaned of | dep S|t|on3'3_'f_'
process residues whil g HI}TIZInb di dect nllasmg dandge toi t hel chanfier.”.
15. The chanber c|ean. | ast sl betvqeen bout |30 seconds| to about 10 20 - cs
m nutes, preferab y__,b__etvveenLabout 60-800 deconds,. and nost preferably. fdr:.

-
[P .

about 160 seconds. O{ course, tlhe cHanber- cl ean tine may| vary

dependi ng on ”iﬁ‘J ithic ness and type of oxi de rlesi due in_chanber 15.i"'

As nentioned above;: Ftiis' 1. .iryecognized that flow val Ues: may’ dlfrfer
dependi ng on the >rz_e and type of the - chanber,: as wel | as_ the
di nensi ons and naterial-of -the appli caté)r it ube,. usecl:= in - - ‘
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25 ot her enbodi nents. The above-descri bed cl ean process al so reduces

backsi de undesired residue dep05|t|on behi nd ‘bot h the bl ocker and gas
di stribution plates. After the chanber cl ean,
addi ti onal post-clean steps may be performed. During the post-clean
steps, chanber 15 is preferably maintained at the above tenperatures

di scussed for the above deposition and cl ean processes. At the 30 end of
t he chanber clean step, clean gas flow is stopped and m crowave power is
no | onger supplied. Chanber 15 is punped to renove nost of the F residue

at ons. During this post-clean punping step, heater 25 is noved to a
position of between

87 about 1500- 2200, preferably about 2000 ml, fromgas distribution
pl.ate 20 while the throttle valve is opened and gate val ve 280
rémai ns open. The punping step | asts between about 5-20 seconds,
preferably about 10 seconds, depending on the anount of clean gas

reactants and residue exhausted out of chanber 15. Cean 5 endpoi nt
detection systemalso may be utilized to assist in determ ning the stop
tine for theggpost-clean punping until substantially all deposition

process_residues arer .
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renoved from chanber 15. After the fluorine-based
chanber cl eaning procedure, there nmay be sone adsorption of active
fluorine species on the surface of the chanber walls, 10 cl ose to where
the wafer woul d be | ocated when the next deposition process occurs.

In the next deposition process, the fluorine mght then interact or be

i ncor por at ed into the deposited film causing filmsensitivity at the
surface. This filmsensitivity mani fests itself as a rough surface,
which may be problematic with the tol erances . required by high
integration devices, resulting in device mal functions. The present 15
invention provides the ability to getter any adsorbed fluorine fromthe
surface of chanber walls by several nethods discussed 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 chanber walls through silicon oxide (Si[err](err])
deposition. The post-clean punping and 20 seasoni ng steps are perfornmed
for reducing both panshcle formati on and F_cont ent i nsi de

subsequent |y deposited
post - cl ean punpi ng stept
step to stabilize chaok
25 into position r th
val ve 25 280 i s &l ose
bet ween about 20-

-moved to a p03|t|d? of
500 mil, from gas.—.dl strf
the seasoni ng st efg prieg
heliumas the carrler g

150}

ilns. -
[ and seasoni
Br pressure an

step

P seasoning step. In
H and chanber 15 is
N torr, preferably

pet ween about

bution plate 20. In
=nt|y descri bed uses
s t o season chanber

"Optimally,
is
flow and to nove

mai nt

a specific

15 for subsequent

anot her ¢

s stabilization
tNoed at a pre
50 torr.®Heater 25
300-550 mil/ pref ¢

et ween t he

t abi | i zation
heat er

step, gate

Ssur e of

is also

Fabl y about

-enbodinent,
ozone and TECS wi th
Bilicon oxide

30 deposi tion. - coufse, other gases may be used in the seagoni ng and
pr e- seasoni ng “v Qabilization steps, depending on the type of silicon
oxi de deposition desirefl. Bwt¥%e6.131 ]
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pre-seasoning stabilization step, I|qU|d TECS at a frOM/rate of between

about 200- 88

400 ngm preferably about 300 ngm is vaporized and transported with a

hel i um carrier gas flowing at a rate of between about 4000-8000 sccm
preferably at about 6000 sccm into chanber 15. Gas flows nmay be

I ntroduced into chanber 15 via the normal inlets used for deposition
or via applicator tube 292 without application of 5 m crowaves. This _
stabilization step | asts between about 5-25 seconds, preferably about

15 seconds, before the seasoning step hegins with the introduction of the
oxygen source to begin depdSition of tig seasoning oxide onto chanber 15.
In the t her nmal s%gsonl step, ozo is introduced at the flowrate
used for the particularn _ eposition process used (e.g., about 5000
sccm for the experlnent@I 'MSG aeposition 1 process at 550[err]C

di scussed -above, or about 4000 sccm for the experinmental PSG

deposition process at 600] - et ween about 10-20
seconds, pr ef er abl y labow a thin | ayer of

silicon oxide (e. &, the i{ti on process having
about 12.5 wt 9% ox ;L

Z

ﬁ_ﬁ - -

seconds, tq depos

Ve 914
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experinmental PSG deposition process having about 8 wt % oxygen) onto
surfaces in 15 chanber 15. During the seasoning step, the ozone flowis

optimally consistent with t he deposition process to mnimze any
fluctuation in ozone flow and concentrati on. Seasoni ng chanber 15

t hereby can trap fluorine atons that nay have been adsor bed onto the:
surfaces of chanber 1516 T T —Fottowng—the~ther mal ‘seasoni ng
step di scussed above, aMm&ﬂeAumhmmewzahton and punpi ng {steps may be
performed. Optinally, ese flﬂg%mﬁ are al sp perfiorned at the
deposi tion tenperatures di sCUsg %§¥@m In the final} 1 stabilization

step, the throttle valvelis, eriodically to alllow tHe chamber
pressure to adjust t agfosppere, whllemg te val ve 280 rendi ns cl osed.
Heater 25 is vedito B pogktd on of jbetween abo‘t 80Q- 1000 mi |,
preferably about 999gmi | g? "'25 g dijstribution jpl at ¢{20. TECS flow is
stopped, while he|IU§]aﬁn oz ng_LLoms Ted - remain the sa as in the

seasoni ng step. The final sk pis perforg§g§ for a tine
period of between abouh 5. 20 secomdemxpre erably apput geconds,

before the final punpi 8 TEp oeglns Fre~—f=i—re punplng Jstep, gate valve
280 remai ns cl osed tandihe ﬁP’ >2alVATe gds flows are
stopped and the 30 t hAdPt FA0, 25k 3000 u—'e‘"'TH 00 "" stthpi ng step lasts
bet ween about 5-20 seconds, pr%&wmmﬂthﬁﬂput 10 seconds, before

anot her wafer is introduced into chanber 15, whi ch is now ready for

t he next deposition process, heath¥h(fw2gafer cl eani ng step.

FIG. 26A
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89 It is recognized that final stabilization and punping steps also
may be nodified and . Simlarly used with the particular seasoning step
or alternative gettering step " (exanpl es di scussed bel ow) sel ect ed.

I'm, enbodi nents alternative to those dlscussed above the pre-clean 5
stabilization ; e Ng of the

m cr owave TR g gl cl ean _
operating |evel ) g stabilization
of pressure ang licr red
alternative e : di scussed
above may be sub: e i zation. 10

Al'l owi ng for siit owave .
power, the ste a N2 (or
other inert p provides a

| ower pressure pn NF3 pl asna
generation, in: crowave power
| evel s applied
adj ust ed under -
m crowave power
(or sone ot-her
power |evel) du
cl ean step, ation process.

Specifical ly, a to a position
about 600 m | f : o 5 ;

FIG. 27
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plate 20-and N2 is introduced at a flow of between about 100-400 sccm o
[ACEMENT | SHEETS
nht dg‘éd)s edo pagedr...
agad ve 13 gtaged

preferably about 300 sccm
throttle val ve renmai ns open and
about 5 seconds, the throttle valve is closed

opened, allow ng pressure to stabilize for the
chanber

into applicato
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about ‘5 seconds. Fromthis point, the clean may proceed, as di scussed
above. In t he above di scussed alternative enbodi nent, both pressure
and plasma generation 5 are stabilized prior to perform ng the cleaning
step with the NF3 cl eani ng pl asna. This alternative pre-clean
pressure/ plasma stabilization may |last for a total tinme peri od
preferably between about 20-30 seconds with each power |evel ranp-up
allotted an appropriate slice of tine féOﬁ]the time period. Accordingly,

pressure shocks from an i nmedi at e /Gﬁb-step application of high

m crowave power (for 10 exanple, fromO to 2100 Watts) on applicator tube
292 are thus mnimzed, resulting in an enhanced |ifespan for :
appl i cator tube 292. Al t hough t he above descri bed

enbodi ment is a two-step power | evel ranmp-up, other enbodi nents nmay
have nul tipl e-step ranp-ups (for exanple, fromO to 300 to 1200 to
2100 Watts). Further, a m crQu powgr ranp- down step 15 optionally may
be perforned between the abgq of i'88d cl ean step and the post-

cl ean punping step. Two-
for ot her enbodi n§
series of discrete

whi ch have a RF plasm

se, the ranping may be continuous, a
jsonbi nation thereof. For CVD systens

v rlanp- up and/ or ranp-down of RF power
| evel s may be perforned f &b pr € cl ean stabilization steps where an in
situ plasma chanber clean is ug in accordance with further
enbodi nents. Al though specific'tines are di scussed above for each
part of the stqbilization, in other enmbodi ments, thgsspecific times may be
varied and p rSNef the stabilization may be conbi

reduce tine. Qs an alternati chanber
seasoni ng di § S ber s oni 1 he Y whi ch
uses TEGCS and NN W | B¢ i 3 nber
15 via inlet/43 [an Y Dy i ng ; \ggage in
the lid. Th - TG i 1
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radi ati on (for exanple, between about 500-2100 Watts, preferably 2100

Watts) by m crowaves from magnetron 711 of m crowave plasma system
55, to produce 30 atom ¢ oxygen. O[err] may be introduced into applicator
tube 292 at a flow rate of bet ween about 50-200 sccm preferably
about 100 sccm while gate valve 280 is opened and chamber 15 is
mai ntai ned at a pressure of between about 1-2 torr,
91 preferably about 1.5 torr, aqg/agaenperature of between about
300-650[err] C, pref erably between about 550-600[err]C. The atom c
oxygen is able to react wth the TECS in chanber 15 to provide a
m cr onave- enhanced chanber seasoni ng. Al ternatively, for enbodi nents
having a RF plasma systemable to provide an in 5 situ plasm, vaporized
TECS may be i ntr oqueet—nto—chatber—t5—where—the—RE _ plasma_system can
create a plasma wfth which the atomi c oxygen may react for a
RF- enhanced chanbgr seasoni ng. As anot her alt¢rnative
t o chanber seasonijng to provide gettering of fluorine atonsjfrom
chanber surfaces, |[SiH4 nay be flowed at a rate of between
=4 )
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10
chanber 15. Silane may flow i nto chanber
15 from one of the
system 93 with cl osed gate val ve

chanber 15 wth closed gate val ve 280,

280,
or via

about 50-200 sccm preferably about 100 sccm

i nto chanber

15 to purge

15 via line 85 into chanber

280. During the silane purge procedured/6amber 15 i s maintai
pressure of about 1-5 torr and a tenperature of between about

650[ err] C,

280 cl osed. Purgi ng chanber 15 absorbs th

IBQD
preferably between about 550-600[err]C, with gﬁé Val ve

ot her supply sources 90 (Fig. 1C) to gas m xing
via other purge inlets to

applicator tube 292
with or without application of mcrowaves and with opened gate 15

val ve
a

F al o5 ar

5

D

in the

et
formati on of SiF4 gas, which is then punpge el & via the
exhaust system The endpoi nt detection system P& rfbje®P abpve in
detail, then allows the systemto determ ne whep t r tl eani ng
process is conpletely done. A{ 8 r alternative to
seasoning or to purging chanber 15 with S m: s%ri bed above,
gettering may be achi eved by providing active hldr 3 hanmber
15. Hydrogen (e.g. H2 or other hydrogen source)| wa ed Ja@ 25| the
"cl ean gas" supply source at flow rate of betee 0- 0= sckm
preferably about 100 sccm ang sent via sw tching i pl i cat or
t ube 292 via inlet 57 ( 1C). WMagnetr o7 rat CW node
at a power | evel of bet about 500- 250‘°\\ prefer hbout
1000 Watts, to provide wave energy tp apghi gator t D
t hereby producing a plasma th The 30 act i yeghyfir ogen fIr@@n t he
pl asma in appli cator 292 woul n flow through the= | i Ned—passage in
encl osure assenbl ¥2200 andfT nduit 47 for » &8 ¢hanber 15. O
course, for systen\vx/m ch als IungF pl as \yge s, hydrogen may be
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92 ' I ntroduced into chanber 15 and RF energy applied in chanber 15 to

provi de the active hydrogen. During the gettering procedure, chanber
15 is maintained at a pressure of about 1-2 torr and, optimally, at
t he deposition tenperature of about 300-650[err] C, preferably between

about 550-600[err]C with gate val ve 280 open. The 5 active hydrogen
reacts with the adsorbed fluorine to produce hydrogen fluoride (HF)

vapor which may then be punped out of PhfBer 15. An endpoi nt detection
system operating on simlar principles as the endpoint system described
above but to detect changes in.light intensity due-§8) absorbance by
HF, may al so be used. 0 dgbr a ternatlve to
seasoni ng, purging chanmber 15 with Silan%%&%&%i%ﬁLg Si ng actl hgprogen
is to provide ammoni a i nto chanber 15. A T@ ﬁes e used as
the "cl ean gas" supply source in gas—pamet—86Tat—e—own rate of

bet ween about 50-200 sccm preferably about 1¢0 sccm and sent via

swi t chi ng val ve 105 into appllbatu. +e—202—wi-a—883 57 (Fig. 10).

Magnetron 711 is operated at (¢W bvel of between
about 500-2500 VATTS, prererapty 13 PE Ms 0 provide m crowave
energy to applicator tube 292, therdby h pl asma t herein.

The ammoni a |ffrom t he pl asna in appllcator Zoz1Twoutd

,986 584
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then flow through the |lined passage in enclosure assenbly 200 and into

conduit 47
chanber 15
optimally,

for use in chanber
i's mai ntai ned
at the deposition tenperature of 20

15. During the gettering procedure,
at a pressure of about 1-2 torr and,

bet ween about

300-650[err] C, preferably between about 550-600[err]C with gate val ve 280

open.

O course,

i ntroduced ,i nto cha

the 25

operating
above but
ammoni um f |
Al t hough t
for the pr¢
above desc
Centura

waf ers and
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93 liters total
bel ow. However,

gases,
O[err],
system 55, dilute F[err], CF[err], C[err]F[err]
Cl[err], etc., may be used as well. Eé;

described above al so may be used for t égétterlng ocC
pre-seasoni ng stabilization steps would vary dependi ng
type of seasonlng/gefﬂerlng process selegted|fromth

such as NF[err] and argon, NF[err]

SF[err],

vol ume, as do the various deposition descriptions
ot her fluorine-containing or chlorine-containing

and Nerr],
NF[err] and atom c oxygen generated by m crowave plasm

NF[err] and

Cerr]Flerr],

gases besi des those

re. Al so,
the particul ar
e vari ous

alternatives to the above di scussed t her#ml SOTTT
descriptions for cleaning, gettering, and sgasoni ng
occur at preferred tenperatuges (for exanple,

about 550- 10

The above
dre stated to
600[ err] Q),

but it is noted that, nost prefergplygschanber 15{is nmmintgi ned at the sane
t enperature at ich t& particuld&@ pfPcesfis beHpg—+ur—H chanber 15. O
cour se, h{j tules also y be uged in dqther enbodi nents.
Further, sone |_nijnat e e
portlons of Lh ng\ ; k\cribed
above. 15 ﬁ% A
U tra-shaldo t he
operation"pf the S dimng to enbodi ts of the
present i ti oy INMgNt S rRler. measuring 20 t he sheet
resistivi N@n tiy pt_ TP a- ow junctions formed using as
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cap. Both capped and uncapped BSG fil ns were deposited on a lowresistivity
N 25 type silicon wafer. Sheet resistivity and junction depths of

ultra-shal l ow junctions formed using the uncapped and capped BSG
films were neasured. For filns deposited in chanber 15 of CVD
apparatus 10, described in detail above, gate valve 280 is cl osed

during the filmdeposition steps acc@ digyygao a specific enbodi nent.
Actual process conditions used in tH%“hxperinents&ﬁ?e as follows.

Specifically, the 30 BSG fd4 € ure of about
500[err] C and at a pr&ssure 9f zLeJ0 W \ CY bet ween t he
susceptor and mani f ol | . S N} t he
experiments included i Mrjodu Nt € r4f{ e
94 of about 200 n ' a jub. 500 nmgm
I nt roduci ng oxygen t a P -aH an§ I nt roduci ng
the heliumcarrier gas &t arp o] b C
The above conditions resTkt = BIRNI | atg of 700 5
Al minute. The depositegsH e ra s A for a
<3 = : ‘. g = \
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time of about 15 seconds. I n experinments where a USG
cap was used, the USG cappi ng | ayer was fornmed in an in situ process
i medi ately after the bul k BSG | ayer was deposited. The preferred
enbodi nents use a chanber that is a closed system which 10 m nimzes

noi sture available to react with the BSG fil m before deposition of the
USG capping film The susceptor was heated to a tenperature of about

500[err] C, the chanber was nmi ntained at a pressure of about 600
torr, and the susceptor was posi tigyyd about 300 mi| fromthe gas
di stribution manifold. TEGCS, ozone and hel i um were introduced into

the deposition chanber at flow rates of about 500 15 nmgm 5000 and 5000
sccm respectively. The above conditions resulted in a USG film
deposited at a rate of* about A0 A/ m nute~A USG fil m had 5 t hi ckness of
about 200 A for a process txoe '
D ffusion of dopants from tthe ¢
achi eved by heating the fi |\ 3
For 20 exanple, a rapid > 60 seconds ip a nitrogen
(N[ err]) anbient may - n depth of apout 500-1000 A
dependi ng on the tenperatu e, 9Bi nk 3% dopant concenfration.

' i P2BSG fi | ms shofl d not be

1S

ped BSG film
her mal process.

\U vy

limting to the clains &9 d dgihgrei/n. Ome -of ordinary skill in the
art can 25 also ud¥dopfre SO § ;\?:: Qaranet ers, | dopants, and
conditions to produce 7 fE .S O il Mgy such ps PSG AsSG and
ot hers. 4R oy onducied usi hg uncapped BSG
filns of about 200 = 2 % of boron. These
experiments illuspgpee tf '*ultra-shaL junctions

using BSG filns as the do subsequent fusion step.
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At boron concentrations exceeding 6 w % boron, uncapped BSG films
deposited at tenperatures |ess than about 500[err]C tended to becone

unst abl e 95

and to crystallize within hours. As nentioned above, crystallization
reduces the anount .of boron atons available for diffusion into the
silicon substrate. Deposition of BSG at tenperatures greater than
about 550[err]C are believed to provide_stable uncapped BSG fil ns
with boron concentration of nore than 482% For 5 appl i cations where
boron concentrations greater than 6 wt % boron are needed, BSG fil ns

may be optinmally capped with a USG filmto prevent crystallization.
By preventing outgassing, the USG cap al so provides the ability to control

t he direction of the diffusion of dopant atons into the silicon
substrate. The USG cap t herefore preve ifior e boron atons from bei ng
| ost so that nore boron atons are 10 avai l abjfje for diffusion that may be
directed nore easily into the silicon substratfd. To
denonstrate the further advantages of using a fdapping | ayer over t he
doped dielectric |ayer sone applicati N\ ffllur t her experinents were
conduct ed »28l ,r’225
280
AN
L 210
l_— 240
|7l
41
o
265 .
243
[}
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using '‘BSG fil nms having about a 150 A thickness and a 6.131 wt % boron, wth
about a 200 A USG cap deposited over the BSG film These further
experiments 15 illustrate the ability to formultra-shallow junctions
usi ng capped BSG filns as the dopant source for a subsequent

di ffusion step. Sheet resistivity and junction depth

of the

ultra-shall ow junctions formed using uncapped and capped BSG fil ns were
nmeasured. These experinents show t hat subjecting the BSGfilmto a 1 mnute
rapid thermal process at about 1050[err]g/m@vides the capability to
control the sheet 20 resistivity and junction depth of ultra-shall ow

junctions formed with either the BSG filmalone or with the BSG film
wi th USG cap. Figs. 22A-22C provide information about
the effect of the USG cap on the junction depth and dopant uniformty
of the diffused regions. Measurenents for Figs. 22A and 22C were

performed using solid state measurenent equi pent Z9§r 25 t he spreading

resi stance profiles, as is well known to th
Carrier concentration is showbllag a266ncti o of

in the art.

ept h. [A "4§02r epr, fts the

measured concentrati on of—Roron ept h asurled fremghe silfcon
substrate sur f ace, e/ ongentration
of the N type siligan trate dy f silicon
substrate surfa 1 (il osgyion wher e
t he dopant concey I In the

present experinents,

concentration of about lséﬁiO[err] carriefs/cnferr]. Sheet resisngity of

the diffused
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96 ' regions shown in Figs. 22A and 22C was neasured using four-point

pr obe (4pp) techni ques, as are well known to those skilled in the
art. Fig. 22B illustrates the total inmpurity profile of the wafer of
Fig. 22A as neasured by the nore el aborate met hod of

secondary-i on- mass-spectroscopy (SIMS) which is useful for providing 5
precision profile measurenents in high-concentration or shallowjunction
di f f usi ons, as is well known to those skilled in the art.
Specifically, Fig. 22A is a graph showi@§4che dopant profile of an
ultra-shallow junction formed after a heating step using a 6.131 wt % BSG
| ayer havi ng a USG cappi ng | ayer. The BSG fil mwas about. 150 A thick
and the USG 10 cappi ng | ayer depesiteqrofi<tsp_of the BSG fil mwas about
200 A thick. The heatin » 0 TR

process for about 60 seg%kox 2 : QS C. The BSG and USG

t he
7" a :
’ﬁt profil e appears f;ﬁQ\

resulting junction has i con

substrat e, and t N The maxi num
concentration of 15 s about 6x10[err] carri N . The sheet
resi stance of the res § junction was measur Y\ bout 685
[err]/cnferr]. The 4p et resistance was neasured t\ about 222
[err]/cmerr], with Humrat i on of dose ions in the R er neasured
([err]p) being 1. carriers/cnferr]. Fig. 22B
illustrates the dopa or 20p 243n
ultra-shall ow junctia LS ! ace Jof the
silicon

250/

261
o0l a3
: L
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substrate to a depth of about 100 A fromthe surface, the concentration of

bor on ranges between about 2X10[err] carriers/cnferr] to about
| x10[ err] carriers/cnierr]. Between about 100 A to about 300 A from
the surface of the silicon substrate, the concentration of boron

ranges between about |x10[err] carriers/cnferr] to about 3X10[err] 25
carriers/cnferr]. Below about 300 A fromthe surface of the silicon

substrate, the concentration of boron, silicon, and oxygen di m ni shes
rapidly indicating the bul k subst n@3ygo The steep shal l ow junction
shown in Fig. 22B denonstrates the dopant i ncor poration possible

according to an enbodi nent of the present invention.
Fig. 22Cis a graph showi ng the dopant profile of an ultra- shal | ow 30
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
97 - performed. The BSG and USG filgf wer e strlppgd by an etching
techni que. As seen in Fig. 22C, it "appears a ]7ﬂ dion with a dept h of
about 0.025 [err]m has forned
326
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despite the lack of a heating step. Apparently,
to the hi gh dopant concentration of boron in the BSG fil mdiffusing
into the silicon 5 substrate even without a heating drive-in step. The
boron is about 7x10[err] carriers/cnjerr].

maxi mum concentrati on of

The sheet resistance of the resulting junction
about 55 [err]/cnferr], wth the summtion of dose ions in the P type

| ayer ([err]p) being 4.9xl0[err] carri? ?/
Fig. 23A is a graph show ng the dopant %
an 8.084 wt % BSG | ayer

with a heating step using

er

the junction has fornmed due

r].

was measured to be

|l e of the junction 10 forned
havi ng a USG cappi ng

layer. Fig. 23B is a graph conparing the dopant profiles of the junctions

f or med Lth the sane

a USG cappi ng | ayer
| ayer, in order t [

ating step using a 6.131 wt % BSG | ayer having

an 8.4%34 \/\495%) BSGQI4ayer hav?gog USG ca% ng

"T

(of dnnant

junction depth. Figs. 23S;§E§§§§EE
of the heating step on |j

respectively. Figs. 23E and 23F EH eTEC

heating step on junction dept hgggnd e St
spr eadi ng resi stance proflle f
Figs. 23A-23F were per f or med ' I d

four-poi nt probe neasurenents. 20

showi ng the dopant profile of the3purCti

using an 8.084 wt % BSG | ayer havin pp
filmwas about 150 A thick and the ing

of the BSG filmwas a cK. im
a rapid thermal process at
and USG 25 films were strippdgj g

23A, an ultra-shall ow juncti o '

was fornmed Vﬂth good dopant uniform

boron is abqut 1x2QferrT
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resi stance of the resulting junction was nmeasured to be about 145

[err]/cmerr], with the summati on of dose ions ([err]p) being
7.9x10[err] carriers/cnferr]. The 4pp sheet resistance 30 was neasured to
be about 96 [err]/cnferr]. Fig. 23B shows the dopant
profiles of the junctions fornmed with a heating step using different
boron Wt % BSG | ayers (in partjicular 18v/42 % and
98 8.084 wt 9% having U |ggyers. The BSG films were each
about 150 A thick and the (3 | I rs dggposited on top of the
BSG filns were each about ( [ eating p perfornmed was
a rapid thermal proces or gboult 6 ecppfyds at abqg 1000[err] C. As
seen in Fig. 23B, the ulting ncylign p for t 8.084 wt 9% BSG
filmis alnost twice a c g fiegul thifhg i unct #lh for the
6.131 wt % BSG film gs nd 2 re graphs
showi ng the effect of ' t e r nt profiles and
sheet resistivity, l or B2 13 B LLns havi ng USG
cappi ng | ayers. Th# about {15 an he USG
cappi ng Iayersqf,ge1 ' A DO thHe B I A)l hi ck.
\ | 5
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The heating steps were perfornmed using a rapid thernal

process for about 60

seconds at tenperatures of about 900[err]C, 950[err]C, 975[err]C, and

1000[err] C. As shown in’ Fig. 23C,

tenperature 975[err] C. The sheet
about 180 [err]/cnferr] for thel®
about 600 [err]/ang;r] for the h
in Fig. 23D. A hi \errperatu e
results in a deep¢

atlng

|ng step

the junction formed after the
heating step at 1000[err]C is about 0.1 [err]m
0.06 [err]mjunction forimed after the heating step at the | ower
reS|st|V|t

conpared to the about
15
of the 6.131 wt % BSG fil m was
ng step at 1000[err]C, and

at 975[err]C, as seen
step (beyond 950[err]C3

Figs. 23E and 23F

on dopant profile$

film h&%rkg S0 raoolnq

and the USG

about 200 A thick. The meatTmg
thermal process at about 1000[ err4&}/f or ah

about 60 seconds. As shown in Fig. 23E,
about a 40-second heating step is about O.
for med after a 60-second heati
resistivity of the 6.131 wt %

after the 40 second heating step and about 150

the 60 second heating step. Accordingl

t el j uncti

df
@rQAf or med 2@'anaftg;

Tp [err]m while the junction

npé?fEc is abut 0.1 [err]m The sheet
BS

ms was about 230 [err]/cnerr]
[err]/cn{err] after

4&? /seen that the |l ength of
time of the heating step may determ ne't di ¥fusi on depth in formng

ultra-shallow 30 junctions.
BSG used for ultra-shall ow doped junction

The above experinments of
formati on are presented

nerely as exanples to illustrate aspects of the present
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99"  invention and should not be considered as linmting the scope of

t he present I nventi on. B. PSG For PMD | ayer 5
To denonstrate the operation of the apparatus and net hod accordi ng to
enbodi nents of the present invention, experinments were perforned to deposit
a PSG film for exanple, as a PVD layer. Prior to the deposition of
PSG fil mas the PMD | ayer, the wafer has typically been subjected to
mul tiple processing steps to forml7/42 exanple, gate el ectrodes,

oxi de sidewalls, isolation trenches, etc. In the 10 experinments, the PSG
films were deposited in a resistivel hq@ ed Gga FilNerr] Centura
chanber (a cl osed system having a tot | ume of abth 6 liters and

outfitted for 200- nm waf ers) manuf act rq&mgy Applied Materials, Inc.
In the experinents, pre-deposition eps re perforngd to bring

chanber 15 to the desired dgposi " :sayt& and to sftabilize the
gas/liquid flows 15 bef of e O&ef \He PSG filmas a PVMD | ayer on a
wafer. OF course, it is ' that pre-depdsition steps may be

{30

' FIG. /3.
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(which is nerely an exenplary specific enbodinent), as is optimal for

di fferent deposition recipes. The pre-deposition steps reduce
unnecessary deposition on chanber walls and al so contribute to

yi el ding uniformdepth profiles for the 20 deposited filns. Before any
pre-deposition steps occur, a wafer is |loaded in vacuum chanber 15
onto heater 25 through the vacuum |l ock door, which is then cl osed.
Heater 25 is heated up to the processiﬂé/FHﬁperature of about 600[err]C,
whi ch is maintai ned throughout the pre-deposition steps, the deposition

step and the '~ post-deposition steps. 25 In a first
" pre-deposition step, heater 25 is at a position about 600 m | from
gas distribution plate 20. Wth the throttle valve open for about 5
seconds, heliumat a flow rate of about 4000 sccm and Jerr] at a
flow rate of about 2900 sccm are introduced into chanber 15. The
neutral gases, heliumand O[err], are introduced first into chanber

15 for their flowrates to stabilizi These flow rates of helium 30 and
O[err] are mmintained throughout th 7b e- deposi tion stepdhi3
In the second pre-depositi n_a;gg&';he hrottle valve#s closed and the

pressure in chanber 15 is [{h¢leased € I OR, Pressure] The second
pre- A .\\\ N

~{p |t hd fepas
/;éii;ig::;:fztt “:‘~;:T;

48

&

25
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100 deposition step | asts about 30 seconds and all ows the pressure,
which may initially fluctuate somewhat around the desired deposition
pressure, to stabilize in chanber 15. Heater 25 is noved to the
processi ng position of about 330 m| from gas distribution plate 20
in second pre-deposition step. 5 In the third
pre-deposition step, when the pressure in chanber 15 has stabilized
to the deposition pressure of about 45d3ﬂﬁa, liquid TECS is introduced to
al l ow stabilization of TECS and heliumflow. Wth the TECS flow rate at

about 1000 mgm the vaporized TEOCS gas mixes with the heliumcarrier
gas for about 3 secands _during the third pre-deposition gtep, bef ore
the deposition step. I0p S ST s o i zed yh&dchanber

P N\ N\ TECS/ Rekhi (g &SI ¥,
ép\g\si‘t on\(\ \ yrocesgigd tah begin. At the onset
(MM NoVAI S deaninatad Liquid TEPO i s
0t AN 0% Yahout\gfwt % oxygen) is
by MO0 gxcm [l B ng™ T qui d§, the TEPO and 15
Qy\t"h \IQLN 0 Nj\ect\j‘on syYqt em and t hen conbi ned
gas LY T i xt\u}‘ s introduced into
( {hibutkpm Sl { ly reactive gases to
AN \\I dpree actions take place
ions result in a PSG
i controlling the

pressure, tenperature, , and adjusted the

position of heater 25,
of the deposition step,
i ntroduced at a rate,Qf
introduced at a ratefdr’a
TECS sources are vaporize
W th the inert carri
chanber 15 from gas

t he wafer surface where he
to produce the desired PSG
filmdeposited at a rate of about 17 LS.
deposition tinme, a PSG fil m havi ng ap/ s ofo08bout 5300 A is

fornmed at the process conditions_desgribed above in about 404 seconds. The
W % of phosphorus in the d@stliting PSG filmis about 4 w %

After deposition, a termnation step is perfornmed that is optim zes the

FIG I5A.
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stability of the deposited PSG filmto provide noisture and crystallization
25 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 E%Lyery thin conpared to t he
t hi ckness of the bulk PSG film 30 42 After the PSG

deposition and USG deposition steps, post-deposition steps are
utilized to control the ranpi ng down of chanber pressure and to contr
gas shut-off. By adjusting the pressure and gas shut - ‘hEPEdE%MENT SHEET

post - deposi ti st eps

101 hel p\reduce particle formati on which ot herw ge can cause_ wgf er
contam nati on and damage. Ih ja @peMARiGWB
enbodi nent, three post-deposition steps were used. In the firs

post -deposition step imediately follow ng the above tprmnation step, E
TECS flowis fermnated while heater 25 is noved into posi ti on-abett—600
m | =)
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fromygas distribution plate 20. Also, the throttle valve is opened

periodically to al |l ow chanber pressure to gradually ranp down during
the first post-deposition step, which | asts about 15 seconds. In the
second. post-deposition step, the throttle val ve i s opened

periodically to ranp down chanber pressure for the third post- 10
deposition step (the punping step), as gﬁliunlflom/into chanber 15 is

t erm nat ed by punpi ng it through 6ﬂﬁhss val ve. Heater 25 is also
noved | ower to a position about 999 m| fromplate 20 during the
second post-deposition step, which |lasts about 15 seconds. In the
third post-deposition step, which | asts about 3 seconds, the throttle
valve is opened and Jerr] flowinto chanber 15 is term nated by punping 15
it through a final valve. phe above experinmen )
conditions for the deposition of PSGgui 5 a__PMVD

a80r gbei
qual i ¢ &apgw  Rewoze | /57
ngr epged sul
s . | HICR gﬁ-

| ayer are optimal to provide the best |
t hroughput. By enhanci ng surface drfugi o

t enper at ur e, the thermal PSG filmd¢ q ukijng 1
chem stry at tenperatures of 20 about G)QR_C ¢ exhibite eEy ent step.
coverage, nore cross-linked structure, and nore st ablle i dizafion

structure for P and Si, which yielded excgllent
deposited PSG fil mwas high quality in tel
hi gh noi sture resi stancegs hig br-ikdo
surface danage (i . >

deposi ted PSG fil m exhi

ilmaquality. he

| ow- I i ke step coverage,

vol t age, .snoot h su ce, no
48 charge. The

Specifically, fi3 hi c . about 1.2
[err] mthickness of : WQS | 5t han
about 1.5. Fry— 24K rs—a—photomrc bnstrati ng
t he as-deposi tled ga5 fi capabi | i2§¢s [§f PSG filn pd at

psent
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600[ efr] C was shown to be capable of filling high aspect ratio gaps having
a height (h)
seen in Fig. 24A. Fig. 24B is
a sinplified diagram (not shown to scale) of a section of the

102

and a spacing (W) wthout the formation of voids,

i nt egrét ed circuit
substrate 1200 has stacked gate

as

-structure shown in Fig. 24A. As seen in Fig. 24B,

specifically el ectrodes

éér ctures,
1220 with tungsten silicide (Wsi) caps ég'@, formed thereon. An oxide
| ayer 1260 is deposited onto stacked gate structures to 5 form hi gh
aspect ratio gaps with h of about 0.35 [err]mand w of about 0.08 [err]m
shown by dotted lines, as seen in Figs. 24A-24B. Fig. 24A therefore
denonstrates an exenplary structure with high aspect ratio ( ut
4.3:1). gaps that are filled by PSG fiIm,lZHO, %ich is used A% a PMD
| ayer. Deposited at about 600[err] C 4% ng—the 2 f_AZerre E* ip¢ 57
di scussed above, PSG film 1280 exhi bit xcel | en I e i O

a GRS o yical lly abgere-

gap fill capability without the need
750-800[ err] C, which is often inconsMpilgt| with i ncrleadLASMA i ght
I n la@tOEK oh to havi 19 SXSHIM ent gap

t her mal budgets.
fill capability for

hi gh aspect
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rati os,
filns that

absorption of the deposited 15
Fourier Transform Infrared

conventi onal
t echni ques,

as are well

known to one of ordinary skil

Moi

PSG fil ns deposited at about 600[err] C advant ageously are dense
exhi bit high resistance to noi sture absorption.

sture

PSG fil m deposited was neasured using
spectroscopy (FTIR)

in the

art.

Fig. 25 illustrates the FTIR spectra of a PSG fil m deposited at about

600[err] C

under the follow ng ex@®142y process conditions.

to a specific enbodi nment ,
TECS fl ow of about 1000 20
about 6000 sccm and ozone (about 1
sccm at a pressure of about 400 torr

bet ween heater 25 and gas distribution p

2 W

L

Accordi ng
t he exenpl ary process conditions include

mgm TEPO fl ow of about 24 nmgm heliumfl ow of
% oxygen) flow of about 4000

about 33& m |

PSG_def0¥

tion

and spaci ng of
ate 2?27§
h

ti me was about 600 seconds.

As seen f§\ Fi
the PSG fil mdeposited at about 600[er

i ndi cating 25 noi st ure absor ption,
absorption was seen over about 155
illustrating the PSG filmstability over
As denonstrated by Fig. 25, the deposited
resi stant to absorbing noi sture. Depositi

dennhs1
no GABas
h#iXI§6a
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103 - densification of the film The dense nature of the deposited PSG

filmnmakes it conpati ble for use as a PMD | ayer which can be
pl anari zed either by a subsequent anneal at a tenperature greater
t han about 1000[err]C, or preferably by a CWP step. In addition to

nmoi sture absorption resistance, the present PSG fil mdeposited at high 5
tenperatures is able to provide good filmthickness uniformty, as well as

good gap fill without formati on 88A42ds or weak seams that can cause
subsequent devi ce probl ems. The high tenperature PSG filmis
particularly useful as a PMD | ayer as it provides good phosphorus

i ncor poration (between about 2-8 wt % phosphorus), whi ch is inportant

for gettering or trapping nobile ions such as sodi um (Na+) ions 10 t hat
m ght otherwi se mgrate and cause shorting in the device.

The above description of experinents depositing and neasuring
characteristics of the deposited PSG fil m denonstrates its suit Rity for
use, for exanple, as a PMD | ayer. However, the descriptién should not
be consi dered as limting the scope of the invention. 15

C. USG For Oxide Filling LayeBPB | ow Trench Ts tion

To denonstrate the operation of the aratus and od according to
enbodi ments of the present invention, [@xperinments re perforned to deposit
a USG film for exanple, ilgh qual ity ok}de fiI@bEg | ayer for
shal | ow trench L~

., B~ 83
g ' —
/ M §ﬂ —_
814
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200 isolation. Prior to the deposition of USG filmas the high quality

oxide filling | ayer, the wafer has typically been subjected to
mul ti ple 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 resistively-heated Gga Fill[err] Centura

chanber (a cl osed system having a total_vaol of about 6 liters and 25
outfitted for 200- nm waf ers) nanufactur%é Applied Materials, Inc.

In the experinents, pre-deposition steps were perforned to bring

chanber 15 to the desired deposition pressure and to stabilize the
gas/liquid flows before depositing the USG filmas a filling |ayer on
a wafer. O course, it is recogni zed that pre-deposition steps nay be
vari ed fromthe bel ow description 30 (which is nerely an exenplary
specific enbodinment), as is optimal for different deposi tion

reci pes. The pre-deposition steps reduce unnecessary deposition on

chanber walls and al so contribute to yielding uniformdepth profiles for

t he 104

deposited filnms. Before any pre-deposition steps occur, a wafer is | oaded
in
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vacuum chanber 15 onto heater 25 through the vacuum | ock door, which is

t hen cl osed. Heater 25 is heated up to the processing tenperature of
about 550[err]C, whi ch is maintai ned throughout the pre-deposition
steps, .the deposition step and the 5 post - deposition steps.

In a first pre-deposition step, heater 25 at a position about 600 ml
fromgas distribution plate 20. Wth ggg %grottle val ve open for about 5
seconds, heliumat a flowrate 486ut 7000 sccm and Jerr] at a

flow rate of about 2900 sccm are introduced i nto chanber 15. The
neutral gases, heliumand O[err], are intrgellfd 10 first into chanber 15
for their flowrates to stabilize. These f1ow rates of helium. and

O[err] are maintained throughout the pre-deposition st eps.

I'n the second pre-deposition ste hrottl® valve is closed and the
pressure in chanber 15 is incre gition pressure. The second
pre- deposition step 400fonds and al l ows t he
pressure, which nay 15 i ni at around the desired
deposition pressure, to st fifXl i nbefQ5. Heater 25 is noved
to the processing position gas distribution

pl ate 20 during the second pre-deposition step. In the
third pre-deposition step, when the pre{dre in chanber 15 has

stabilized to the deposition pressure of about 600 torr, liquid TECS is

i ntroduced to 20 aIIOM/stabiIizaU}yy Lj@zgggd hel ium (or nitrogen)
flow Wth the TEGCS fl ow rat e fatf o nmgm the vaporized TECS
gas mxes with the helium (or nitrogen) carrier gas for about 5
seconds during the third pre-deposition step, prior to the deposition
st ep. Havi ng stabilized the chanber pressure,
tenperature, and 25 TEQOS/ hel i um gas fl ows, and adjusted the position of
heat er 25, deposition processi ng can begin. At the onset of the
deposition step, O[err] flowis KEMnina“Rﬂ '
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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

i njection system and then conbined with the inert carrier gas helium
This mxture is introduced into 30 chanber 15 fromgas distribution plate
20 to supply reactive gases to the wafer surface where heat-induced
chem cal reactions take place to produgﬁz}gétdesired USG film The
above conditions result in a USG film 0 ed at a rate of about

105 1450 A/ m nute. By controlling the deposition tinme, a USG film
havi ng a thickness of about 10000 A is formed at the process
conditions described above in about 414 seconds.

After USG deposition, a purge step is perfornmed that is optimzes the 5
stability of the deposited USG filmto provide noisture resistance. In the
pur ge step, which lasts for about 3 seconds, the deposition
conditions are maintained while TECS flow i s term nated.

After the USG deposition step and purge stegf)j)post-deposition steps
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are utilized to control the ranping down of chamber pressure and to contro
gas 10 shut-off. By adjusting the pressure and gas shut-off, the

post - deposition steps help reduce particle formati on which ot herw se
can cause wafer contam nation and damage. In a
specific enbodi nent, three post-deposition steps were used. In t he

first post-deposition step imedi ately follow ng the above term nation
step, the 15 carrier gas flowinto cleBHER 15 i s terninated by punping it
t hrough bypass val ve. Heater 25 is noved into a position about 600
ml fromgas distribution plate 20, as jjog throttle valve is opened
periodically to gradually ranp do chanber,//pressure during the first
post - deposi tion step, which la t~“@%out 15’seconds./ B4t he second

post - deposition step, the thro ey N Ve IS opg
ranmpi ng 20 down chanber e—L3
continued. Heater 25 is al so nopg ;

fromplate 20 during the second post-

to a posftion about 600 m |
dgposition step, which |asts

about 15 seconds. In the third post-depse st ep, whi ch | asts
about 3 seconds, the throttle valve is ned and 03 flow i nto chanber
15 is termnated by punping it through nal val ve. 25

The above experinmental conditions for the deposition of USG suitable

for being used as a high quality oxi <AL er for shallow trench
isolation are optimal to proviggvkﬁg bgg{7i14n1quality wi th high

t hroughput. I n shallow trench i solation applications, the deposited
USG fil mshoul 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 30 and
uniformfilm The deposited USG fil m exhibited good filmthickness
uniformty. Specifically, filmthickness uniformty (49 pt., 1l[err]) at
about 5000 A t hi ckness of the deposited USG fil mwas neasured to be

| ess than about 1.5.
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106 - Figs. 26A and 26B are photom crographs
denonstrating the relative gap fill capabilities of TEQS/ 03 USG
films deposited at about 400[err] C and about 550[ err] C,

respectively, after reflow at about 1050[err]C and a 6:1 buffered oxide
etch (BOE), in accordance with a specific enbodi nent of the present
invention. In 5 particul ar, Fig. ZGéélléfjtrates a trench structure
havi ng about 0.35 [err]mw dth and 48sut 0. 70 [err] mdepth (about 2:1
aspect ratio gap) with a filling layer that is a USG filmdeposited
at about 400[err]C after a reflow at about 1050[err]C. Fig. 26A shows

| arge voids in the deposited USG film indicating that the USG film
deposited at about 400[err]C is not very dense and appears to have
been prone to shrinkage. Even 10 after a reflow at a tenperature above
about 1000[err]C, which can densify a USG film to sone extent, the
USG fil m deposited at the tenperature of abq@p 400[err]C is not very
dense and does not survive the high tenpeyature anneal or a subsequent wet
etch processing wthout opening up voids. In conparison, Fig. 26B shows a
trench structure having about 0.18 @6rr]n1mﬁdth and about 0.45
[err]mdepth (about 2.5:1 aspect 15 rayi’o¥gap) with a void-free filling

| ayer that is a USG fil m deposited after a refl ow
at about 1050[err]C and a subseque processi ng. The USG
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fil m deposited at about 550[err]C is capable of filling high aspect ratio
gaps Wi t hout the formation of voids after reflow, unlike USG fil ns
deposited at 400[err]C, as seen from Figs. 26A and 26B. After etch
processes at very uniformetch rates, USG filnms 20 deposited at about
550[err]C retain their superior step coverage w thout opening up

voi ds. As further %i dence of the high aspect ratio
gap filing capability of USG fil /ﬂ@bosited at about 550[err]C,
Fig. 27 is a photom crograph denonstrating the gap fill capability

of the deposited USG filmafter an anneal at about 1000[err]C 25 and a
subsequent wet etch processing, in accordance with a specific . enbodi nent of
the present invention. Fig. 27 shows a trench structure having about 0.16

[err]mwi dth and about 0.48 [err]mdepth (about 3:1 aspect ratio
gap) with a filling layer that is a USG fil m deposited at about
550[err]C after a reflow at about 1000[err]C. The trench structure
of Fig. 27 has a smaller spacing and a hi gheflj&spect ratio than the trench
30 structures shown in Figs. 26A and 268 illustrating the superior gap
filling capability of the USG fil m deposited at about 550[err]C.

In addition to having excellent ill capability for high aspect
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107 ratios, USG filns deposited at about 550[err] C advant ageously

are dense filns that exhi bit high resistance to noi sture absorption.
Moi st ure absorption of ‘the deposited USG fil m deposited was neasured
usi ng conventional FTIR techniques. Fig. 28 illustrates the FTIR

spectra of a USG fil m deposited at about 550[err] C under the 5 fol |l ow ng
exenpl ary process conditions, according to a specific enbodi nent.
According to the specific enbodi ment, t3i¢ 4Renplary process conditions

i ncl ude TECS fl ow of about 2000 ngm helium fl ow of about 7000 sccm
and ozone (about 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 10 in Fig. 28, the FTIR
spectra of the USG film gsé)osited at about 550[err]C denonstrated | ow
noi sture absorption (Ie@ T . Fig
28 also illustrates that a proMGROWAVE CHAMBER: PMONITORs t han aboMt b5 wt %
nmoi st ure in the USG ffl mvvﬁz aeen over about 160 hougs aftgr

deposi tion, indicatirg 2800} t%Bh of the USG fi r gxtended
periods. 15 ¥ AcyBr gﬁcb as support . P28, the
deposited USG filmi § " dénsNg =1000i S0CHnt to ab i I stufe.
Deposition of a USG f@l U@éﬁn hi gh t enper at exanpl e{ at about
550[err]C, tends to ki ut nost noi sture m ght be -pbsor bed

nse film the ] USG

into the film result'S_?ngin.a dense fil ]
st about 550C has the

fil mdeposited at hi gl tengeratures
advant age 20 of beimRg A8Bts pro ri nkage that mght resulf in void
formation after an :f, arfneal i step and a subsequent wet etch
processing, conpared to USG fil ns deposi ted at | ower tenpeyatures.
The dense nature of the| sited USG.film, ., [mkes it conpatyble for

use as a high quality oxidgpl aysgppf or éod i nqobrencéms us% N 1000
NF3 FLOW (SCCM)
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shal | ow trench isolation applications. Due to its high density, USG filns

deposited 25 at high tenperatures and used as oxide filling | ayers can be
pl anari zed by either a subsequent anneal or a CVMP step, with
m ni m zed |ikelihood of opening up voids. In addition to noisture
absorption resistance and good filmthickness uniformty, the pr esent
USG fil mdeposited at high tenperatures provides excellent high aspect
ratio gap fill without fornmati ad2@¥/oi ds or weak seans that can
cause subsequent device 30 probl ens. I n general,
hi gh pressure 03/ TECS USG fil ms may exhibit pattern or surface
sensitivity effects._resulting in uneven deposition, which is undesirable.
It 108 1as
been seen that praoblens|f with ungven depositiqgn arje wollsengd wift h hy ghef
O[ err]/TECS rat j(28.|_Adviant ageoudl y, depositidn of| USG|filns at| high
t enper at ures isuch] as ft | gast pbout 55Q[ errff C r¢quiries use of Tof e
TECS in order to aﬂﬁpﬁye adequjpt e gepogition rages. |Acc rdinbly, t he
Jerr]/ TECS ratio qf UG filns deposjted| 5 at |highjtenperatfures|is | ow
(1 ess than about 5:1),ptheraby ¢limpati hg agy pdttern or
p
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surface sensitivity effects. Mreover, the filmquality (e.g., density,

shri nkage, etc.) is high for USG filns deposited at high

t enperatures. Because of the high density of these high tenperature
deposition USG filns, plasma densification treatnments or plasma oxide
caps are not needed, thereby avoiding any plasnma 10 damage to the wafer.
The lack of a plasma fromsuch treatnments in the chanber t hus reduces
possibility of metal contam nation andPPdA@ntial shorti ng of devices in

the wafer. Conpared to | ow tenperature thermal USG filns, which often
require a pl asma densification treatnment or plasnma oxide cap and may
shrink to open voids after an anneal, thermal USG fil ns deposited at
tenperatures of about 550[err]C 15 exhi bit excellent gap fill capability,
m ni mal shri ﬁi@qe and uniformfilmdensity, and | ow net al
cont am nat| @Mthout pl asma danage, I n accordance witn tne pr esent
i nvention. The aboBe @¢3lcri pti on of experijrents
denonstrat es th,e sui t abi | the deposited USG filmfof use, by
way of exanple,l as a&mHON&OUNﬂ'ﬁ) oxi de layer 20  for filling Jjy§h aspect
rati o trenches [for shal TowtTerech—sohati on. The same CVD i appar at us
al so may be |g§%~d to deposit USG films & tenperatures |ower thap 500[err]C
for | MD appli thtl ons O course, the aboye description should npt be
considered as | |imting the scope o\ the invention. .

It is to be unc?ﬂﬂﬂ)ﬂowﬁ‘) t ription is intended tp be 25
illustrative arfd no CHre—h odiments will be apparent to
t hose of ski‘g in i ng the above descri Bbl

way of exarrpo have been ill ustr af; pr| marl |y
with regard totf pcess recipes,] but they
are not so |imf il m f ornpd according
to ot her enbodif y be an arsenic doped silicon oxide film 30 or

ot her dopeg filf , the\deposition of dielectficebilns

has 1020 :
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. been "described using carrier gas such as helium but other carrier gases

| i ke argon or nitrogen, nmay be used as well. As a further exanple,
dielectric layers have been

109 . described for particular applications, including doped junction
formation, PMD | ayers, IMD |ayers, oxide filling |layers, capping

| ayers, etc. OF course, it is r;&gg@ézed that the sane CVD appar at us
di scussed above nay be used to deposi dielectric |layers at

tenperatures | ower than about 400[err]C, as well as tenperatures 5 above
S00[err]C. Additionally, various aspects of the present invention may also

be used for ofher—appt ons__Those skilled in the art wi|
recogni ze ot her equi val pnt or altefnatijve t hofis of depbsit'ng tthe
dielectric Iayehﬁ¥Wile remailning within the scope of| the|cl ajins ¢f
the present inv | p—He—geeope—oi—4-heitnvenqtionl shofl d ther ef gre,
be deternmined not Wfith fefejence to {he gbove desfcrip{ion,| but|sholid 10
i nstead be determrfed Wth feferlence{to the gppended ¢l ains, ajong|wi th the
full scope of} equj val ents {to which|such clains are gntit| ed.
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110 VWHAT |S CLAIMED I S: 1 1. A process
for depositing an insulating |ayer on a 2 substrate on a heater in a
chanber, said process conprising the steps of: 3

heating said heater to a tenperature of at |east about 500[err]Cin 4

said chanber; 5 pressurizing said chanber to a
pressure of betvveen about 10- 6 760 tg{éf én

i ntroduci ng silicon, oxygen, and phosph 54@nt o sai d chanber 8 to
deposit a phosphosilicate glass (PSG filmon said substrate on said heater

at said 9 tenperature. 1 2. The process of
claiml wherein said tenperature is at
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2 | east about 600[ err] C 1 3. The process of

claim1 wherein said tenperature is at 2 | east about 650[err]C. 1

4, The process of claim1l wherein said tenperature is at 2 | east about
750[err] C, wherein said introducing step also reflows said PSG film 1

5. The process of claim4 wherein said introducing step is 2 a

one-step process whereby deposition and ég}b@¥/occur substantially 3
si mul t aneousl y. 1 The process of claim4

wherein said introducing step is 2 a nultipie-step process wher eby

deposition and reflow occur at different tines in 3 sai d chanber. 1
7. The process of clﬁ@bf_g,_\t\het eln.said PSGfilmforns a 2 prenet al
dielectric layer. __ !
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1 8. The process of claim 7 wherein said PSG

filmis 2 subjected to a densification treatnent. 1

9. An integrated circuit fornmed on a sem conductor 2 substrate, said
integrated circuit conprising: 3 a plurality of
active devices forned in said substrate; 4 at | east

one netal |ayer forned above said subst & and 5

at | east one insulating |layer formed between said netal |ayer 6 and said
substrate, said insulating |ayer having a plurality of patterned hol es
filled 7 with electrically conductive material to electrically connect
sel ected portions of 2pe—8—netal layer to selected portions of said

substrate, wherein said[insulating|ayer 9 conpri ses a phosphprus-doped
silicon dioxide | grer cqnprising be n 2-8 wei ght 10 per ceng
phosphorus, said oiﬁﬁqrus-doped silico ioxide |ayer is depopited at a
-11 tenperature;gf at || east about 550[err] T
= 150p
= [
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& 00[
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1 - 10. The integrated circuit of claim9 wherein

said at |east 2 one insulating layer is a prenetal dielectric |ayer. 1
11. A substrate processing system conprising: 2 a
vacuum chanber, said vacuum chanber at a pressure 3 bet ween about 10- 760
torr; 4 a gas distribution manifold, |ocated within

said housing, for 5 selectlvely |ntr8dUC|ng reaction gases into said
vacuum chanber; 6 & ceramc heater for hol di ng a
waf er, said ceram c heater 7 capable of heating to a tenperature of at

| east about 500[err]C 8 means for depositing an
I nsul ating | ayer conprising 9 phosphosilicate glass (PSG on said wafer
on said ceram c heater at said tenpej 10 froma reaction of a
first process gas |nclud|no ohosphor S|I|con and oxygen 11

i ntroduced into said VBt )] y-di-st.ri bution mani f ol d.
1 R 35 e 43 .f.ur 4 her- conpri si ng:
> : S :
system for

FIG. 244,
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112 3 introducing the first process gas to said gas distribution

mani fold, said ceramc 4 heat er, said vacuum system and sai d depositing
nmeans; and 5 a nmenory coupled to said processor
and storing a programfor 6 directing the operation of said system said
program including 7 - a first set of
instructions to introduce said first prg&géﬁ%S gas during
a first tine period to deposit said ins g filmon said 9

waf er .

FIG. 2485.
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113

METHODS AND APPARATUS FOR DEPOSITING PREMETAL
DIELECTRIC LAYER AT SUB-ATMOSPHERIC AND HIGH
TEMPERATURE CONDITIONS

ABSTRACT OF THE DISCLOSURE
The present invention provides systems, methods and épparatus for

high temperature (at least about 500-800°C) processing of semiconductor wafers.
The systems, methods and apparatus of the present invention allow multiple process
'steps to be performed in situ in the same chamber to reduce total processing time
and to ensure high quality processing for high aspect ratio dévices. Performing
multiple process steps in the same chaniber also increases the control of the process .
parameters and reduces device darhage. 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.
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