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BACKGROUND OF THE INVENTION |
The present invention relates to semiconductor processing. More
specifically, the invention relates to a method énd 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 present invention are particularly useful to deposit doped dielectric films,
such as borophosphosilicate glass (BPSG) films, borosilicaté glass (BSG) films, or
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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 preduce a desired film. In a conveniienal plasma
15 process, a coxin'elled plasma is formed to decoinpose and/or enetgize reactive
| species to produce the desired film. In general, reaction rates- in thermal and
- plasma processes may be coﬁ&olled by centrolling 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 rﬁle= (often called "Moore’s -
Law") which means that the number of devices which will fit on a chip doubles
every two years. Today’s wafer fabrication plants are routinely producing 0.5 pgm
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 previousiy eonsidered
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



I ncor porated by reference. 25 BACKGROUND OF THE

| NVENTI ON The present invention relates to sem conduct or
processi ng. More specifically, the invention relates to a nethod and
apparatus for formng dielectric films over high aspect ratio

features at tenperatures greater than about 500[err]C, with 30 t he _
dielectric filns having | ow noi sture content -and | ow shrinkage. Enbodi nents
of the present invention are particularly useful to deposit doped

dielectric fil s, such as borophosghosilicate glass (BPSG fil ns,
borosilicate glass (BSG filnms, or o )
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films used as prenetal dielectric (PVMD) layers, internetal 5 dielectric
. (1 VD) | ayer sfeatgres gyithout lgaging substantiabgaps o1 vpigst Huotherseanirementisthat;these
5 films need to exhibit low shrinkage so that subsequent heating and/or wet etching
' steps do not cause voids to open up in the deposited film. However, conventional
substrate processing systems that typically deposit dielectric films at temperatures
less than about 450°C are unable to produce low moisture films having good gap-
' ﬁlling capabilities without opening substantial voids in subsequent heating and/or
10  wet etching steps. As is well knowh, 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 requirerhent
is that metal contamination into the Wafef during the processing steps be minimized -
15 to avoid shor_i _cifcuits and other problems in the devices. As is well known,
| conventional substrate processing systems using in situ plasma during processing
' _experience physical sputtering of jons which attack chamber éurfaces, suchas
-alumix'mm walls, resulting in metal contamination of 'the_ substrate, Use. of in situ
plasma is therefore undesirable. An imprdved substrate processing systém, which
20  does not use in situ plasma, is needed to provide dielectric films with the desired
characteristics of low moisture, high'denéity, low shrinkage, good high aspect ratio
gap-filling capability. _
" In addition to meeting these stringent requirements, substrate
processing systems must be able to irieet 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 éxéx_nple, source/drain junctions, channel stop diffusions for shallow
trench isolation, etc. For example, MOS devices with channel lengths of less than

30 0.8 pm often require source/drain 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



present invention may further be used to deposit undoped dielectric filns,

such as undoped silicate glass (USG filnms used as shall ow trench
isolation filling oxides, i nsulating | ayers, capplng | ayers, or other
| ayers. One of the primary steps in fabricating nodem
semi conductor' ‘10 devices is fornming a dielectric layer on a
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15 point defects, wh1ch may lead to 1rregular and nonuniform junction depths, may be
fixed by annealing the implanted selmconductor material at hlgh tcmperamres
(greater than about 900°C). Annealmg the unplanted semlconductor material,
however, may further increase the junction depth beyond that desired. With an
approach like gaseous diffusion, contfolling dopant distribution and junction depth is
20  difficult to control in forming ultra-shallow doped regions. As technology |
progresses to even smaller geometry devices, an alternative approach that is able to
* control the dopant uniformity and junction depth in ultra-shallow doped regions is
needed. '
In forming ultra-shallow doped regions, one aiternativé approach 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 su.bstrate- 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 ternperatures less than 500°C in a
30  deposition chamber, and subsequentl}; 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



4 conventional substrate processing systens are becom ng i.nadequaie

to neeting these requirenents. One requirenent is that the dielectric
films formed in the process of fabricating such devices need to be
uni formy deposited over these high aspect ratio features w t hout

| eavi ng substantial gaps or voids. Another requirenent is that these 5
films need to exhibit | ow shrinkage so that subsequent heating and/or wet

et chi ng steps do not cause voids to open up in the deposited film
However, conventi onal substrate précessing systens that typically
. deposit dielectric filns at tenperatures | ess than about 450[err]C
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‘ saving deposition (and subsequent etching) time. Moreover, a uniformly deposited
film with even dopant uniformity can provide a more controlled diffusion of dopants -
from the film into the substrate. As is well known, moistufe 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
pfocossing 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 avaxlable for d1ffus1on 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 suostrate surfaces
where the ultra-shallow doped regions are to be formed. These problems are
dxscussed in further detail below. _
Desplte 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



15 to av0|d short circuits and ot her problens in the devices. As is well
known, conventional substrate processing systems using in situ plasm
during processi ng experience physical sputtering of ions which attack
chanber surfaces, such as alum numwal I's, resulting in netal

contam nation of the substrate. Use of in situ pllasma is therefore
undesirable. An inproved substrate processing system which 20 does not
use in situ plasma, is needed to provide dielectric filnms with the desired
characteristics of |ow noisture, high defisity, |ow shrinkage, good high
aspect ratio gap-filling capability. In addition
to meeting t theeughsvarions pentionsofithe shamber, loudack partion of the chambensslaper syst ens
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channel St OP ypreliability. Second, being able to control the thickness of the deposited doped
dielectric film, even for very thin films, is desirable for overall efficiency and

10 increased wafer throughput. However, conventional approaches have only been
capable of forming doped dlelectnc films with thlcknesses on the order of thousands
of Angstroms (A). Also, it may be dlfﬁcult to mamtaxn the thickness of the
deposited film as thin as possible using systems relying on belt speed to control
thickness of the deposxted film. With ttucker films deposxted conventlonally, some

15 . dopants may take longer to dlffuse into the substrate, smce they have greater
distances to travel before re_achmg the semiconductor matenal_. Also, removal of
such a thick film used as 4 dopant diffusion source by etchi;xg or other techhique
often increases the total time to proeess the wafer. With growing pressures on
manufacturers to improve efficiency, it is desﬁable 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 film (less than about 500 A
thick at +0.2 weight percentage dopant variation across the wafer) that is used as a
dopant dlffuswn source. | |

25. Another problem with using doped dielectric films as dopant diffusion
sources for_ ultra-shallow doped reg_lons is that adequate amounts of dopants must be
available for diffusion into the substrate. Films with high dopani concentration are
often needed to provxde adequate amounts of dopants for uniform diffusion into the
substrate to form ultra-shallow Junctxons 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-shall ow 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

I npl antati on and gaseous diffusion, are inadequate in sone applications.
Wth t hese current approaches, the ability to control dopant
distribution and junction depth isgimted, especially as the doped
regi ons becone shallower. Wth an approach like ion inplantation,
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_ Even if adequate dopani:s are available for diffusion, the problem of
native oXiﬁés_remains an important consideration when using doped dielectric films
15  as diffusion sdurces. Native oxid'eS existing on the substrate surface where ultra-
shalidw doﬁed regions.are to be formed prevent effcc’tive and uniform dopant |
diffdsion into thé silicon. Therefore, nativc oxides, which act as a diffusion barrier -
layer to the dopants, need to be removed. Removing native oxides has been done
. ‘using conventional technigues such as wet etching using liquid etchants, and dry
20 etchihg using an in situ plasma. HbWeirer,' using liq'uid etchanté is often difficult to
control axid may result in overetching the substrate. Substra_tes"thét have native. E
oxides cleaned by conventional methods such as wet etching have shelf lives of less -
- than about one week'béfore native oxides begin to form again, making it desirable _
to process the waferé shortly after the native oxides have been removed. Using dry -
25  etching to remove native oxides with an in ﬁt_u_ plasma results in plasma damage to
the ,surfaée of the substrate. In addition to causing surface pjasma damage, in situ
plasma dry etching may undesirably result in more metal contamination, as
discussed earlier. ‘Accordingly, it is important to efficiently remove native oxides
without damaging the substrate surface so dopants may diffuse into the substrate
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



In-formng ultra-shall ow doped regi ons, one alternative approach to 25

the current approaches of ion inplantation and gaseous diffusion is the use
of a .doped dielectric filmas a dopant diffusion source. In this
alternative approach, a doped dielectric filmis deposited onto a
substrate and used as a source of dopants which are diffused into
the substrate to formultra-shall ow doped regi ons. For exanpl e,
doped dielectric filns are deposited at tenperatures |ess than 500[err]Cin
a 30 deposition chanber, and subsequertly heated at tenperatures greater
than 500[err]Cin _ . a different chanber, such as_an annealing furnace,
to perfor m coramingtion, improvediqyality and overall efficignaynia faljcating intngsaed

Controlling s : ' \! w, !ﬁ'nﬂ pool ?m S quali
6 . of ¢ E&el? é(}g%g 1%%1'13«{) E@]E‘I‘I c filmi's |ﬁrrt:)‘g§f5°(rjli I'n e “}alhgl aetlgtqvﬁrafllor m ng
ul tra-shal | efficienes dn fabricatijgudevides isStoi olednithe skambroreffectively amdt er i al .

Specifically, controlling the thickness and uniformty of the
deposi t ed dsmﬂa%hyecﬁ]tg&rwmwﬁ%%aeg TRATMEACRITETS (£, LMPFPXS Pfogessing anount

of dopanis guay i effididridy! Qiminkdinl b 6tal BSvi-fink qpged 5
di el ect ?’lt C ?‘li@ri%%ﬁgg&&grs eﬂ? fléd&g’l oglnsources g‘ﬁso hepg‘swgqﬁlr}@élggg waf er
t hr oughput Ipyocess without compromising the quality of the wafers has become increasingly

important for saving both time and money. During CVD processing, reactive gases
released inside the processing chamber form layers such as silicon oxides or nitrides
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
'91' around the exhaust chaimel and the walls of the processing chamber during such
CVD processes. Over time, failure to clean fhe residue. from the CVD apparatus
often results in degraded, un_reliable processes and defective substrates. Without_'

15 ffequem clean'ing- i)r;aéedures, impuritieé from the residue built up in the CVD |
apparafus can migrate onto the substrate. The problem of impuriﬁes causing
damage to the devices on the substrate is of pirticular concern with today’s |
increasingly sméll device dimensions. Thus, CVD system maintenance is .im;ioftant
for the smooth operation of substrate processing, as well as rcsﬁlting in improved

20 device yield and better product performance. |

Frequently, périodic chamber cleanings between processing of every

N wafers is needed to improve CVD system performanCe in producing high quality
devices. Providing an efficient, non-damaging clean of the chamber and/or
substrate is often able to enhance performance and quality of the devices produced.

25 In addition to improving the quality of the above-discussed chamber cleanings
(which are done without breaking the vacuum scal), preventive maintenance
chamber cleanings (whére the vacuum seal is broken by opening the chamber lid to
physically_wipe down the chamber) are performed betweén multiple periodic

| chamber cleanings. Often, perfo_rmihg 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-consuming procedure that interferes with
normal production processing. ' |



savi ng deposition (and subsequent | etching) tinme. Moreover, a uniformy

deposi ted filmw th even dopant uniformty can provide a nore
controlled diffusion of dopants fromthe filmlnto the substrate. As
is well known, noisture in doped dielectric films reacts with dopants

to.bind themin a crystal structure, resulting in fewer 10 dopant s
available for diffusion into the substrate to formdoped regions. It is
desirable to use doped dielectric filnms having-a | ow noi sture content,
since these filnms have nore dopantig avail able for use in the

di f fusion. . Several problens are encountered with

conventional substrat gn light of th@amesﬁnmvaymmﬁas w@aanyanmeﬁmraiﬁpm
dielectric filmas a dopant diffusion source. emis that it
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15  processing requirements for formmg devmes with high aspect ratio features and for
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forming ultra-shallow doped regions.

20 : :
SUMMARY OF THE INVENTION
o .The present invention prdvides systems, methods and apparatus for -
high temperature (at least about 500-800°C) processing of semiconductor wafers.
Embodiments of the present invenﬁon include systems, methods and apparatus
25  which enable multiple process steps to'be performed in situ in the same chﬁmber to
reduce total processing time and to ensure high quality processing to produce high
g integratibn devices having high aspect ratio features. Performing multiple process
- steps in the same chamber also increases the control over process pararrieters,
substantially reduces moisture co;ite_nt in deposited films, and minimizes device
30  damage due to metal contamination or process residue contamination.
. In particular, the prése'nt invention provides high temperature
~ deposition, heating and efficient cleaning for forming dielectric films having



7 t hrough various portions of the chanber. In each portion of the

chanber, a | ayer having a certain thickness nay be deposited.
Thi ckness of the deposited film may ‘be controlled by changing the
belt speed, which provides |limted control. Further, control over the

t hi.ckness and dopant uniformty of the filns deposited on different 5
wafers is difficult when attenpting to control filmthickness and dopant
concentration using belt speed. That is, the thicknesses of the deposited
fil-ms on di fferent wafers may varylland be unpredictable, leading to
waf er -t o- waf er unreliability. Second, being able to control the :
t hi ckness ofrelaﬁ&elﬁébmsﬁlne@lmm Embodinients of thd presdnt inventioghart or very thin
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t'housands of An stroms( . Also, it may difficult to malntalnthe
t hi ckness ofﬁlms@and to formeanosira-shaliom dapsd r@mprhuépsl, fersexample, @s soiyce/Jmin ns

relying gn Pl’:tlno%%g% tcﬂan?xgl Oéugpglrjlx\gfgﬂxto Ona%ﬁ@?ﬁ:ﬁc}? fsolali6n TR Q8AkEL 1! M

Wth thi cker eposi
embodiments of the present invention may also be used to deposit doped dielectric

films used as premetal dielectric (PMD) layers, intermetal dielectric (IMD) layers,
or other dielectric layers. Further embodiments of the present invention may
| further be used to deposit undoped dielectric films used as shallow trench isolation
10 filling oxides, insulating layers, capping layers, or other layers. |
Methods according to the present invention include deposiiing
dielectric films by CVD on a sﬁbstraie in-a vacuum chamber having a pressure
betwe,erj about 10-760 torr, and heating the substrate to a temperature greater than .
about 500°C. The substrate may be heated for a vhriety of pufposes, such as
15 performing reflow of deposited dielectric layers for planarization, or for driving in
~ dopants from a deposited doped dieléctric layer. - The process may be carried out in
a single s;ep-(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,.h'igh' temperature processing is accomplished
without removing the wafer from the vacuum chamber, which advantageously
reduces i_noist,m'e 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 délivered to the
substrate surface, where heat-induced chemical reactions take place to produce the
dielectric film. Additionally or alternatively, a controlled plasma may be formed to
facilitate the decomposition of the reactive species.
In an exemplary embodiment, the dielectric film is a thin doped film
30  used as a dopant diffusion source for an ultra-shallow junction. The film is
deposited at temperatures greater than about 500°C onto the substrate and heated to
higher temperatures, usually -greatér than 600°C and preferably greater than about



15 dopants may take longer to diffuse into the substrate, since t hey have

greater di stances to travel before reaching the sem conductor
material Al so, renoval of _ such a thick filmused as a dopant
di ffusion source by etching or other technique often increases the

total tine to process the wafer. Wth grow ng pressures on
manuf acturers to inprove efficiency, it is desirable to formthe doped

dielectric film20 as thin as possible in order to decrease the tine
needed to deposit and then renove 14he film It is desirable to have a
met hod and apparatus that can easily control the t hi ckness and dopant

uni-form ty pio°c, 4o deusdidepatsé fiom the ldiBldctrishyérenhatmistlymgGubstrate.  t hi ck at
0.2 wei ght percentage dopant variation across the wafer) that is used as a
dopant di f f Benferming positjon and heating steps in the sae chamabes PEHIYSH BRER usi ng

doped di el ecif g o!‘ H%@ﬁc%ﬁe&%@ am). L%ﬂéﬁg@ﬁ%ﬁ) cOntent%?geccgozeﬁ Qlelétiti¢ @- shal | ow

doped regi ons1's t adequ ants nu avai |l abl e
for diffusifiimi Minprévisg thelmoistateecontent of theifilin incrghses tpeamountnefeavailabile on ar e

often needed to provi ad gt e amount f d ts,.f | f di f f usi
ito the - dopsniiagie Hlmcw b PYRENAL SRAsBOR o CrR ROy
noi sture abgﬂl@%ﬁs%.tﬁgg%ﬁon%&%ﬁy ng are two problens relating to

adequat e do ant -avai Doped dielectric filns, especially
those w th hi gh dopanin anotherraspest pbHihe investion,taoremipteoplasma system jfoi st ur e

shortly aft f fuelrof brchihe G defostl Bh T inflB SAN' 6} thd vibulte@hnitP™ (©-

and cdrnponents of the apparatus, and for cleaning native oxides and other residue

10  from the semiconductor wafer prior to processing. - A gentle cleaning technique
using a remote energy source is prefefably cinpioye’d instead of a conventional jn
situ plasma process to lower metal contamination. _ _i?or example, the remote plasma
‘system provides 5 remote plasma and preferaibly fluorine radicals from the plasma

- are able to enter the chamber, which is at high temperatures, and provide a gentle,

15  thermal cieahing of the chamber. With the _femotc plasma system, only chemical

" reactions are utilized and the probleni 6f_ physical sputtering effects are eliminated.
In contrast, with the use of an jn situ plasma system, Spﬁttering effects gtté.ék .
aluminum chamber ‘walls, which may .the_ﬁ lead to metal contamination in the
processed wafer. In the thermal cleaning process using the remote pla‘sriﬁa system,

20  the radicals directed into the chamber can effcctivéiy ¢lean unwanted deposits and
residues from the surfaces in the éhambef while the plasma remains remote 6r

~ 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 dopani diffusion from the doped dielectric layer without

25  causing significant surface damage to the silicon wafer. A further advantag'e of the

. Temote plasma system is that the system may also be configured for use to deposit
films by using differém input gases as needed. ' |

_ In a preferred embodiment, the remote plasma cleaning system is a

microwave plasma system configured to produce and deliver a select species (such

30  as fluorine, chlorine or other radicals) to the processing chamber. - The remote
plasma system energizes gases by niicrowave 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 chanber after

deposition of the doped dielectric filmto a different processing
chanber for the next processing step in a multiple-step process). The
absorbed noisture (Herr]O then reacts with the dopants in the

dielectric film causing the filmto crystallize. Due to the crystal 5
structure binding the dopants within the film these dopants becone

unavai l abl e for diffusion into the substrate, even after a subsequent
heating of the wafer by rapid t heyamal processing or annealing in
anot her chanber. Mbi sture absorption thus reduces the anount of

dopant s f orsufiableenerpy soutce ahth dirscted thremgh a waveglilietsystemtto anfapplicator noi sture
absorpti on probl em ouytgassing of dopants fromthe_daoped, dielectric film10
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di f fusi on i Ahe mitrowave plasma systas arapralso heaadapted & denosit plasma gnhancedis a
diffusion b ' -l aver : . : . Renovi ng
native oxi dgé{l?]glim%%gelg%g%@ deﬁ&&é@%&%f&g%ﬁsi@tﬁgﬂe i’@é%ﬁ%ngﬁcg%@%ch as wet
elt ching using liquid maﬂm’l ?wgmeﬁn\%ﬂﬁo?,mwmgmf;? pta's,xrng systenn inchides! I
pl asma. However, using liquid etchants,is often difficult, t ' contro
and mayl& esan@ndmu&\ﬂsgstl%w&m%?é%%w&f&n tﬁ%ﬁmb&féé_q’ﬂ%ga%ave native..
oxi des cl eapgnliea®Oeaall G RhsoiPitRE ehdhieh 33 ntikt 1difiRuRJudtiyye shelf lives

of |ess _ : :
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 .dctecti'on syStcrhs typically 'rely. on the use of
a plasma within the chamber to checl{'einissiqns from the in situ plasma to
determine the énd-'c')f the cleaning process. In the present invention, an endpoint - |
.det'ection assembly is coupled to the gas outlet of the processing chamber to

. determine the endpoint of the clcaning 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 ény adsorbed clean gases, such as. fluorine, from the surface of chamber
walls. According to the present invention, a first cleaning gas containiné 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 femoved with the first clearﬁng gas. The second
cleaning gas removes cleaning residué 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 emb_odixﬁent of the present invention, fluorine radicals

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



t han about one week before native oxides begin to formagain, making it

desirabl e to process the wafers shortly after the native oxides have
been renoved. Using dry 25 etching to renove native oxides with an in
situ plasma results in plasna damage to ' the surface of the

substrate. In addition to causing surface plasma damage, in situ

pl asma dry etching nmay undesirably result in nore netal contam nation, as
di scussed earlier. Accordingly, it is inportant to efficiently renove

" nati ve oxides . without damagi ng thpf substrate surface so dopants may
di ffuse into the substrate 30 uniformy for ultra-shall ow doped regions.
I n additi on byfqming aiitigonaerde gaxvprodlicswmw isipainped away frioimtﬂlahﬂni' ng
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ef ficiency i gfRDGE B dHathbeP WAl #hRH might oth&rwisklinterfle Withe 8r bé al so
i mportant. An inportant way to |nprove qual ity and overal | efficiency
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chamber using microwave-generated atomic oxygen and a SlllCOIl source to deposn a

thin film of oxide onto the chamber to trap any adsorbed fluorine and prevent
contamination of the subsequently deposited films. | -
i The present invention also prov1des 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 assémbly
having a pedeétallheater for heating the wafer to temperatures up to about 500--
800°C. The pedestal preferably comprises a. material that is substantially resistant
15 to réac_tions with ﬂlé process gases and to dépbsition by the process gases at
temperatures of at least about 4(')0°C,"and préferab_ly at. temperé.tures_ up to about
500-800°C. In a_dditioi;, the pedestal preferably comprises a material that is
substantially resistant to etching at high temperatures (i.e., 500-800°C) by the -
ﬂuofine radicals introduced into the chamber during cleaning. In an exeinplary _
20  embodimient, the pedestal/heater i:qmpriées a resistive heafing element imbedded in
‘ a ceramic material, such as aluminum oxide or preferably aluminum nitride. |
The heating assembly of the present mventlon further includes a
support shaft for supporting the pedestal/heater within the chamber and for housing
the necessary electrical connections. thereto. - The support shaft preferably comprises
25 a ceramic material that is diffusion-bonded to the pedestal/heater-to provide a
. vacuum seal within the shaft. This vacuum seal allows the hollow mtcnor of the -
: shaft to be maintained at ambient temperamre and pressure dunng 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 thé shaft minimizes arcing from the power source
through the hbllow 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

Al



5. quality and overall efficiency, elimnating the total down-tine in a

mul tiple-step " process without conpromsing the quality of the wafers
has becone increasingly ' i mportant for saving both time and noney.
During CVD processing, reactive gases rel eased inside the processing
chanmber form | ayers such as silicon oxides or nitrides on the surface

of a substrate being processed. Undesirabl e oxide deposition occurs 10

el sewhere in the CVD apparatus, such as in the area between the gas m xing
box and gas distribution manifol d.qsUndesired oxi de residues al so nay
be deposited in or around the exhaust channel and the walls of the

processi ng cirotiPthe Pedéstid/hsatéito insulate hERHAMDEE KAHS frofMBE hedte®e, failure to
clean the residue fromthe CVD apparatus often results in degraded,

unrel i abl e pPeisablpsthe shargst diner {nsludes,an innee portigncaBptisedof a matsgaksich

cl eani ng proge ehd kb £ [ L4 LR L D

appar at us ca%S %@t@to@%isﬁg%%’ﬁgﬁ%&eﬁ&%gqg?%gwé;%ﬁlgwéﬁgdr _Prés\s/ causi ng
damage to t hendlavowesportion bemprised lof atmatérdal absisianittto erdcRing C CThedihfierwi t h

today' s increasingly small_ device dipensions. Thus, CVD system

mai nt enafce PEFtiPREbEheddier msulates thy chamber walls Ip Bduseathe svpfesredge 5Qling: o
processi ng, . : Eﬁisdﬂl | ierl : I; %h @}d tter
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cl eani ngs beportion of thecrhambemliner iesubstantially thickerbhe the inserrpeetiedta bridgepr ove
CVD system perforngance in producj hi,.gh ali.ty .. evi.ges. Providing
an el 11 cf ont tegaR CaRrED iy VERLAH BF YAYS: AL utiniring orackinE WG HIA ot o | <
often able t%@ﬁﬂﬁ”‘@&upﬁﬁﬁrw@&eﬁﬂ%]ﬁ Witk c¥rafific 1k, Clﬂ\ﬂnfe&émgfaﬁguced- 25
In addition to inproving the quality of the above-di scussed chanber :
cl eanind®  embodimept, the cuter postion off the diner ipcludes iy gapsdongreasentieeal ) |
preventive ngjntenance. chanber cl eani ngs (where the vacuum seal is
br oken by op€ mﬁ@”iﬂ’g’%@ﬁ%%é’i‘e "d"to ~ physically wipe down the.
‘chanmber) are perf or medinbstillvéefurthet hspedt| of theinivestion, a lid assenﬁlhﬁ@ﬁxfoviﬂeeani ngs.
Oten, performng the necessaryg&&eventi've"rrai nt enance 30 chanber
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interferes w _ _ .
15  for receiving process and clean gases and for delivering these gases into the

—

3

chamber. One or more valves are prbvided on either the clean gas passages or the
process gés_ 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 prbcessing and cleaning, which i.ncreases.the throughput of the system.
| In an exemplary embodiment, the lid assembly further includes a basé
plate having a gas inlet for receiving one or more gasgs and a gas digtﬁbution plate
including a plurality of holes for dispersing the gases into the processing chamber.
The lid assembly includes one or more bypass passages ‘in the base plate that offer
25 less resistance to fluid flow than the gas distribution holes. During cleaning, for
- example, at least a portion of the cleaning gases will pass through the bypass
passages directly into the chamber to increase the épeed of the cleaning process,
thereby decreasing the down time of the chamber. The apparatus préferably
includes a control system, such as a valve and a controller, for partially or
30  completely 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



nor mal production processing. ,

10 In Iight of the above, inproved nethods, systens
and apparatus are - needed for depositing dense, |ow noisture
dielectric films with uniformthicknesses and high aspect ratio
gap-filling capabilities. Optimally, these inproved nethods and
apparatus will also provide a chanber clean with | ow netal contam nation. 5
| mproved net hods and apparatus are al so needed for form ng doped dielectric
films as dopant diffusion sources fgr ultra-shallow junctions. These
met hods and appar atus shoul d be capable of efficiently renoving
native oxi degsa@vantapes andfdaanés, \afe describedaindnoraidenil in domjandtiodli withigheaaxtf r om

t he doped dlelectrlc Ia er mnthout causing significant surface damage
to the silichp fi@yes.f or sone applications it is 10 desirabl e
to provide nultlple dep05|t|on and cl eaning capabilities in a single
chanber with a sinplified design to mnimze the tine consuned for
different types of cleanings. What is needed, therefore, are systens

omperat e doposi 11 on oiHieE PESCREPTIRN D L MRS "t M on

Fig. 1A is a vertical, cross-sectional view of a CVD apparatus

according to the present invention;
‘Fig. 1B is a simplified diagram of the system monitor and CVD
apparatus 10 in a multichamber system;
10 : Fig. 1C illustrates a general overview of CVD apparatus 10 in
relanon to a gas supply panel 80 located in a clean room,
_ Fig. 1D is an xllustratxve block diagram of the hierarchical control
structure of the system control softv_vare, computer program 150, according to a
. specific embodiment; ' |
15 .- Fig. 1E is a block dxagram of an exemplary heater control
subroutine; '
Fig. 2 is an exploded vxew of a preferred embodlment 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—s_eetio'n of a semiconductor processing
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 o - Fig.6A isa top, partially cut—away view of a lid-assembly of CVD -
apparatus 10, illustrating pomonsof 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-sectionel views and bottom views,
| respectively, of a chamber liner, in accordance with an embodiment of the

invention;



In particular, these systens and net hods shoul d be designed to be
conpatible with 15 processing requirenents for formng devices with high
aspect ratio features, and for form ng ultra-shall ow doped regi ons.
20 ' : SUWMMARY OF THE | NVENTI ON

The present i nvention provi des systens, nethods and apparatus for

hi gh tenperature (at | east about 500-800 C) processing of sem conduct or

waf ers. Enbodi ments of the present invention include systens, mnethods
and apparatus 25 which enable nultipl¥ process steps to be performed in
situ in the sane chanber to reduce total processing tine and to

ensure high quality pFigc8dsapgrtialy schethatie, mogehsecnonal VleIWaneE}gaﬁ itahendevi ces

havi ng hi gh r M pg?% gaﬁgpcpggt ess tg?ret st eps
r ers,

a tip features. Perfo
"0 the sanceiorgipe &% Usiriinedh Bumpie B3
substanti al g,glaﬁﬁqZ&@ﬁ JFhé CVTPR agpafde@ o ble{éeQOSI ted films, and m nim zes
amag

devi ce 30 due to netal ‘contam nation or process residue
cont ani nat i on. Fig. 9 is a vertical cross-septional ¥igws partiafiy sgheg@gﬁ,t of 4venti on

pr ovi de?ﬁ hi ﬂ ﬁgg&g}tg #yr P%r%}%ﬂp&%ﬁédlﬁ@m Jﬁﬂé mn%d efficient cleaning

—

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

heater/lift assembly of Fig. 9;
' Fig- 11 is a side cross-sectional view of a pedestal/heater of the
assembly of Fig. 9, according to an embodiment of the invention;.
10 Fig. 12isa bottom view of the pedestal/heater, 1llusl:ratmg a heater
coil; . _ | .
Fig. 13 is an expldded view of the heater/lift assembly of Fig. 9;
Fig. 14 is an enlarged view of one of the electncal connections
.w1th1n the pedestal/heater of Fig. 10; ,
15 ' Figs. 15A and 15B illustrate a hole thhm the pedestal/heater for
' receiving a thermocouple and the thermocouple, respectively;
Fig. 16 is a simplified diagram of a remote microwave plasma system
for cleaning the wafer and/or the process chamber, in accordance with an
~ 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 iﬁvention;_
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 sir_nplifiéd cross-sgctionél views of an exeinplary
25  application of the method and apparatus of the present invention for an ultra-shallow
source/drain junction; '
Figs. 20A-20G are snnphfied 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 cieanin'g rates provided with remote microwave -

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



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

bor ophosphosilicate glass (BPSG filns, borosilicate glass (BSG
films, or phosphosilicate glass (PSG films, and to form an

ul tra-shal | ow doped regi on used, for exanple, as source/drain 5 junctions
or as channel stop diffusions in shallow trench isolation. In addition,
.enmbodi ments of the present invention nay al so be used to deposit doped

dielectric films used as prenetal dgelectric (PVD) |ayers, internetal
dielectric (IMD) |ayers, or other dielectric layers. Further
enbodi nent s giiventien;pr esent i nvention may - further be used to deposit

undoped dielectric fil u s shallqw. trench isolatiopn 10 . filling
oxi des, insulating | ayﬁ%S; aggp%(hﬁel% _.éﬁu%ﬁatlﬁ% ﬁ’éﬂefmfépge.sults showing

Met hods accorgl LRERt hAGiond $4kilE 3 bell BEG fil
dielectric f i‘ﬁ%@’%&?@f"’oﬁf g)és u as%%tse- thﬁag’hsaé:rgﬁ'm cﬁg%‘g@rﬂ havi nlgmsa .
pressure produeedieceording ta ari embadiment of thepestddnventjon;he substrate to a-

tenperature greater than out 5 Obzrr C. The subst.rate nmay, be heated
for a varfety of purpo?é%s; 23_63;&2?3?5” "FP%P?& E’d ﬁlF_%?’WSW“S?@’d’éeﬁ' ted

dielectric | auewingithe depann profié hadsheeOfesib@Vitydsf the Mliraghallow junclemants from a.
deposited doped drelectric |ayer. The &;ﬂpcess may be carried out in a

singl e step (fermed usingdifferenh ganpad BSEx films asgonding toianathemernbndimentof the

t enper at ur es . er than'500[err]C, or in multiple steps (e.qg.,

. deposi ting tl?é‘esf?tl lrtﬁg%ﬁﬁ%‘he waf er at tenperatures | ess than 500[err]C
and then heating the fiHign2A isephabémicraprip’ dénionstrating) tRO as-ddpasitddegap fill

deposited). In either e.. high tenperatu rocessing is acconplished
pos 18 capal IiltltPes of (i’%% ﬁlmsI gepositegp at 636“(5 ?n gccordance wﬂh a spec% ic rrp

embodiment of the present invention;
Fig. 24B is a simplified diagram of a section of the structure shown
in Fig. 24A; | - | o
_ Fig. 25 illustrates the FTIR spectra of a PSG film deposited at about
15 | 600°C under exemplary p'rocess_'conditions, according to a specific .embodiment;
Figs. 26A and 26B are photomicrographs dgtﬁonstrating the relative
gap fill capabilities of TEOS/O, USG-ﬁlms deposited at about 400°C and about -
550°C, respectively, after heating at abdut 1050°C and a subsequent wet etch .
. processing, in accordance with a Spe'ciﬁc'embodim‘ent' of the present invention; -
20 Fig. 27 is a photomicfogriph demoﬂs_trating the gap fill capability of
a USG film deposited at-abdﬁt 550°C after heating at about 1000°C and a
subsequent wet etch processing, in accordance with a specific embodiment of the
present jnvention; 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 systexhs, methods and
apparatus used for depositing dielectric films at temperatures greater than about



wi t hout renoving the wafer fromthe vacuum chanber, whi ch advant ageously
reduces noi sture absorption in the dielectric film The high tenperature

~ processing al so enables in situ deposition of doped dielectric filns
“with capping l|ayers to advant ageousl y reduce outgassi ng of dopants
fromthe doped filmand | ower 25 noi sture content. In a specific

enbodi nent, reactive gases are delivered to the substrate surface,
where heat-induced chem cal reactions take place to produce the .
dielectric film Additionally or alternggively, a controlled plasma my be
formed to facilitate the deconposition of the reactive species.

In an exenplspoycenh Ik, suEH%yéi’érﬁd Qﬁéthd)d% zfnﬂ'a'beér%nﬁ mhdyl B a@@e&dégrdsm 30

used as a dopant diffusion source an ultra-shall ow’junction

is d sydepadedielgetric Silpe ard G@:@d dgfrleqirl@ ﬁlm&aSVChtfduxs rwd{eeuscgl ® fmo t he

83571 NG AR R ol e,

12 Eﬁhg I5ers, @xidle illseclagern oot othér yers hFigl BA éca vegichlay®ist 0 thé
under | yi ng substrate. Perform ng the deposition and heating steps in
t he samed chaeetignabyisw; efcanesmbodiment of a2 CVD apparatus 10 according to a specific

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

apparatus according to the present invention has high temperature heating
capabilities useful for performing reflow of deposited dielectric layers for
planarization, or for driving in dopants from a deposited doped dielectric layer |
10  when forming ultra-shallow doped regions. .Furfher, the apparatus can provide
efficient cleaning of various'CVD charnber components and,clearring of wafer
surfaces. CVD apparatus 10 provides these multiple capabilities in situ in a single
vacuum chamber 15. Accordinglj, 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
elumnatmg opportumnes to absorb moisture from the ambient air and,
advantageously increases the dopant retennon in the deposited- dlelectnc layer. In
addition, performing multiple process steps m a single chamber saves time, which
increases the overall throughput of the process - .( |
20 Referring to Flg 1A, CVD apparatus 10 mcludes 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
) reaciive gases thr_ough perforated holes in plate 20 to a wafer (not shown) that rests
on a vertically movable heater 25 -(alsb 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-loadhlg position and an upper prbeessing
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 onthe poeition 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



control of the thickness, uniformty, and noisture content of the doped

dielectric film Inproving the noisture content of the filmincreases
t he anmounts of available 5 dopants in the film which is particularly
advant ageous for form ng ultra-shallow junctions in high integration
devi ces. I n anot her aspect of the invention, -a renote
pl asnma systemis provi ded for etching undesired deposits on the inner
wal I s of the vacuum chanber and conponents of the apparatus, and for
cl eaning native oxides and other residugal0 fromthe sem conductor wafer
prior to processing. A gentle cleaning technique using a renote

energy Sources kg midRidt raaé&éhli% rﬂ?it@ﬁlzﬁdsdcﬁ %5 GRfhifkm JxERMAED, P ARimih4) or

situ plasma process to |ower netal contanination. For exanple, the rem)te

pl asma alempimuenmiridev i Wien heatem2S mqomamraml nppmt:ensmglppsmbnd& ne
radicals fromthe Ias e rt which js at
hi glh t enper & E’Fé’ée ”%Idol?y g gham t{féi{aﬁeﬁé}l@ ﬁ? gﬁﬂfﬂ@a&lmﬁ ﬁg
chanber. W thdttiead SRl painpiifchased 40) fo@ﬂbdb%ﬁmlsarllmer 35 and 836 i ONs are

- utilized and the probl em of "physi'cal sputtering effects are elini nated.

| n contr ist , pastiom of phambee 165 Asdisqussedtin dptail delows ythe surface of chaspherdiner f ect s

oK vt ofF PHTRAP SHBARETs Al oA B B R PERRl 11 oc e

usi ng the rewhich sbives toRlodxs tiRfempératuré BRdieArbewbén Rbisheleheatdd lieatep@5chanber
can effectlvely cl ean unwant ed deposits and residues fromthe

surfaces in ¢high emppsiire)and champer wallssha whichafrs at aapgshdower temperaturgy ¢ er j or

to the chanb vantage of the renote plasm systemis that
native oxi de@cgﬁq‘g%ﬁ?fﬁgl ently renoved fromthe wafer to effectively

ensure 10 effect|vkmmmdwnmmmsubmikdﬁmugﬁwpiytm%pmm
“dielectric |ayer, wthou cau Lfi sy face d

silicon waf e® 3/ s TRIXINg HOx rg&m%@iogﬁ f’h ig. 5), {1«;1'@ qyearﬁpgg'g%g@ |
that the syszogemeiaahdademeﬂes 16 phid m" Gds fiking 6x 293 steﬂeﬁ:ﬁblyadual inbét ms by
usi ng different m&g{( gases as needed In a preferred

enbodi ment ,. mixing bieck coypledsiesn pogessigas supplst ki 4% and to a cleaning gasaduitpl asrm-
system conf i 7ol bt B EE&aR %e&ﬁ'ﬂeiﬁ@vr abroGs&t S0 RERES éo%‘&%ﬁably

15 operates a gate valve 280 (Fig. 5) to choose which of these two alternate sources of

gases are sent to plate 20 for dxspersmg into chamber 15. - Conduit 47 receives
gases from an integral remote mlcrowave plasma system 55, which has an inlet 57
 for receiving input gases. During ldep'osition processing, gas supplied to. plate 20 is
vented toward the wafer surface (as indicated by arrows 21), where it may be
20  uniformly distribﬁted radially acréss the wafer Sﬁrface, typically in a laminar flow.
Purging lgas may be delivered into c-hambér 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 annula;r' 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 annular purh_pihg channel 40
through exhaust line 60 at a rate controlled by a throttle valve system 63.
In the representative embodiment, the chemical vapor depoSifion
process performed in CVD apparatus 10 is a thermal, sub-atmospheric pressure
30  process, often referred to as sub-atmnospheric 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



30 as fluorine, chlorine or other radicals) to the processing chanber.

The renote pl asma system energi zes gases by m crowave radi ation to
create a plasma with etching radicals. Specifically, mcrowaves are
created by a magnetron or other

13 - suitable energy source and directed through a maveQU|de systemto
an applicator tube, where a plasma is created. Reactive gases are
then fed into the applicator tube and energi zed by the m crowave
energy, which sustains the ionization ohqthe ignited plasma to

produce a flow of radicals into the processing chanber. For 5 cl eani ng,

t he radi cal
al FelifldSfi ar%fcya %@%Fag&gll Sgﬁmsl dRRrithi&d ?é&'ﬁﬁﬁ Eét@d héxtdror m

react ant gases tha arged formthe ch a an exhaust
syst'em 25, ahdiscassedoinadetaipbedewiethatyis capableagf m@ung)@nwgapxrwaa blgbé§303| t

400 00r o k5o S5RF5, A ERPE

| nvention, tﬂ@v&fé‘?%xeef?écﬁﬁgaep%\éﬁfbﬁ k106! dtdAs dkﬁ/e-maéleﬁmgoqndv&n det ecti on
systemfor indi cati ng whenthe chamber cl eani ng has concl uded. The

| ack of %l aseasonimgigetieringastensrin@amultipleestaptpraeess i sify in hamher 15
Alternatively, a controlled plasma may be formed adjacent to the wafer by RF
energy appliéd to gas distribution plate 20 from an RF power supply (not shown).
In embodiments additionally having a lower RF electrode, the RF power supply can
suppiy 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 deposiﬁon apparatus 10 would have to be modified to
accommodate the RF energy, as disc_:uésed below.
Remote microwave plé’s.ma system 55 integrally provided in CVD |
15 apparatus 10 is preferably adapted for 'perforniing peﬁodic cleaniog of undesired -
| deposmon residue from various components of chamber 15, including walls 17 as
well as other- components Further, remote mlcrowave plasma system 55 can also
perform. cleaning or etohmg of native oxides or- residues from the surface of the
wafer, depending on the desired appiicétibn. Although gases input via line 57 fnto
20 plasnia system 55 are reactive cleaning gasés for. crcating'a plasma to provide
fluorine, chlorine, or other radicals, remote microwave plasma system 55 also may
be édapfed to deposit plasma enhanced CVD films by inputting deposition reactive
gases into system 55 via input line 57. Gonerally, remote microwave plasma '
syst_em' 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 movablé mechanical assemblies such as throttle valve
sysiem 63 and heater 25. The heater/lift assembly 30, motors, gate valve 280,

throttle valve system 63, remote microwave plasma system 3535, and other system



conventional endpoint detection systens, to pinpoint the tinme at which the
cl eani ng has been conpleted (i.e., when the |ast process gas residue
i n the chanmber has reacted with the cleaning etchant so that it can
be di scharged fromthe chanber). 15 This is because conventional endpoi nt
detection systens typically rely on the use of a plasma within the
chanber to check emi ssions fromthe in situ plasma to determ ne the
end of the cleaning process. In the present invention, an endpoint.
detection assenbly is coupled to the gaspoutlet of the processing chanber
to determ ne the endpoint of the cleaning process by detecting
changes in |dofiboneils arel conioAed B¥ bRs¥essOf S0 ovélu@dnir6l BRS F5D8NeAicAonly 9ht by

t he exhausted Cl ean gas reactants, such as Si F4.

I n yet anot lfemezpsbowmf t he present invention, a nethod provides

gettering of any adsor I ses h.as.tluarin rom.t he surface
of chanber wal |%Sgegg%§$f5$%§oﬁodl¥ ?fé&‘ﬁ Pé'évétr\ S q?ﬁbeeﬁftv #)H{aé?ﬁan'i rst

cl eani ng gasAéigtadithe Sstdnh ¢ositedIRr, Procéssor 50MéxeOstbe §Bteédhtioh SofBv2e£SSi NY
chanber to cl ean the processing chanber of deposition residue. A

second cP earivhigh ifed COMPURRREIOBFAM S@IRd-R 3 MeBODhE0 ¢aupleddaiprepessor 50.  chamber

after the reagj d W : - Ligst ' econd
‘¢l eani'ng ga%&%&gﬁgﬁg‘;ﬁ?%gﬂ?égﬁdwé&Pg%%ggb@ﬁt%(eéh‘?%gc | ggﬁ 28{’3@_2??1 he

f ihr fﬁt) othéraldiids¢f wemonyn din imliticmttﬁraj l@:rd disk fdzive ge.gf, mén]?orp m@,ﬁGVDnhg "
chamber. Renoving or. 30 ettering,the_cleani resj due, fromthe, chanber
provi des a rAPRB@ASHO %&F??eé{fgse.mb iment e R P%,a‘s'gﬁ"é{eﬁF‘%Féﬁded

embodi ment  oheit Nriese3h dp@x\ﬁ%‘é}tdtﬁ& the | cOR¥IST the?d)stedl Gontro] softwa Swhighi ver ed
into the processing chanber to renove residue, such as silicon oxide,

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

pressure, chamber temperature, microwave power levels, susceptor position, and
other parameters of a particular process. Other computer programs such as those -
stored on other memory inéluding,' for example, a floppy disk or other computer
program pfoduct mserted in a disk dﬁye or other appropriate dﬁVe,_ may also be _

15  used to operate processor Sb. 'Syst_etﬁ ‘control software will be discus'sed'-in detail
below. | The card rack contains a éingle-board computer, analoé ahd_digital
input/outi:u_t boards, interface boards and stepper motor controller boards. ‘Various
-parts of CVD apparatus 10 conform to the Versa Modular European (VME)
standard which defines board, card cage, and connector dimensions and types. The

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

| 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 api:aratus 10, illustrated as one of the chambers in 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



14 by formng a silicon-fluoride gas product which is punped away
from chanber. After the fluorine-based chanber: cl eani ng procedure,
any adsorbed fluorine on the . surface of the chanber walls which m ght
otherwi se interact wth, or be i ncorporated into, the deposited film
on the next wafer to be processed is gettered. 5 In an alternative

enbodi nent, the gettering may be perforned by seasoning the - . chanber
usi ng m crowave-generated atom ¢ oxygen and a silicon source to deposit a
thin filmof oxide onto the chanber to trmgp any adsorbed fluorine and

pr event contam nation of the subsequently deposited fil ns.

- The ‘present isystenit i Ah advamagerofthelmalticharhbarsyktemt is e idifferert chndbeld in the
process-conpati bl e conponents for hi hs‘i%nperature processi ng. The system
of the mpltigharaber system Ay b%w@jgfer iffelenh BRIPQEss dB fthe Glire presssst E9Thavi ng

an encl osure f}ﬁ’éjﬁhé\% S | us

I ncl udes a he%x[a}ngbe, ggé g@%&: 5@5%&2’%%53’3?{ g??ﬁ%:‘?g?zﬁra § ﬁggtg I ng the
waf er to tenpforaipid dermpl proceskingt andO@t another m8Y b @sed] for oXide cjeaniag:t alhe
preferably conprises a material that, is .substantial resi st.ant - 15 to
reactions?wit Wﬁéwmgﬁmm ‘Y@“Bg%og?‘ﬂ}cb?mb{fsﬁ'ﬁﬁmphﬁ@s gases at
tenperat ures glevéitink @aathmifAfibh of Qefedy thhCoftd\§bcRfsSWRIPRANfeRfing QATRES at Ures up
t o about 500-800[err]C. In addition, the pedestal preferably

conprises a nbatwesnayarions sepasate individualipambers €riot yn a gaultéichamber sysiem)Homg at

hi gh t enper at 1, e ».500-800C) by the fluorine radicals

I ntroduced i n&%&feﬂépgﬁsa%aegr%a% Ing cleaning. In an exenplary 20

_egogidmsnt , the pedest dn/the pieférredosmiiodirent awbd andrtitors/ P32 e ubedy ot aivRfited

i thedded i n '
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 selecta
particular screen or function, the operator touches a designated area qf the display

15  screen and pushes the button on the pen 73b. The touched area changes its -

highlighted color, or a new menu or'scr'_een is displayed, confirming communication
between the light pen and the display screen. Of course, other devices, su(:h. as a
keyboard, mouse, or other pointing _of communication device, may be-used instead
. of or in addition to light pen 73b to ‘allow the user to communicate with précessof .
20 50. | - |

_ Flg 1C illustrates a general overview of CVD apparatus 10 in
“relation to a gas supply panel 80 located in 2 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 condait 47, and remote microwave plasma system 55

25  with input line 57. As mentioned above, gas mixing box 273 is for mixing and

injecting deposition gas(es) and clean gas(es) or other gas(es) throﬁgh 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 comeés up alongside

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

85 from gas supply panél 80. Gas supply panel 80 includes lines to gas or liquid



"a ceramic material, such as alum num oxide or preferably alum numnitride.
The heating assenbly of the present invention further includes a

support shaft for supporting the pedestal/heater within the chanber and for
housi ng t he necessary el ectrical connections. thereto. The support
shaft preferably conmprises 25 a ceramc 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

mai nt ai ned at anbi ent tenperature and ppgssure during high tenperature
processing, which protects the electrodes and other electrical connections
from sﬁ%ﬂ ¥ e6uroes 90, aonfalitngsesosliquids thhimay yayaiepending on thee chanber .

I n addition 0 prOV|d| g anbi ent pressure within the s t.mnimzes

arci ng fromdFﬂ@derﬂféqss@dﬁF for a pamcul%rmpau@wovh %&“PB‘%H?B? Gkaside shaft to
power | eads f9§tgﬂt®r wifth Irécefes Hitd ékgﬁﬁ& rocess and carrier gases (or !N Still

anot her aspec e 1 nvention, a cha ner IS provi ded

%5 arvaporizet Hispujisyl fromadottves 98 for misiing sAdaseading 4o gmmeng pax 2€3from t he
eater.

via line 85 to supply line 43. Generally, supply lines for each of the.process gases
include (i) shut-off valves 95 that can be used to automatically or manually shut off
the flow of process gas into line 85 or line 57, and (ii) mass flow controllers 100
that measure the flow of gas or liquid through the supply lines. When toxic gases
(for example, ozone and the clean gas) are used in the ;;rocess, the several shut-off
10  valves 95 may be positioned on each gas supply line in conventional configurations.
The rate at which the deposition and carrier gases including, for example,
tetraethylorthosilane (TEOS), heliﬁm '(H_é), and nitrogen (N,), and optionally
triethylphosphate (TEPO), tificthylboratc (TEB), and/or other dopant sources, are
supplied to gas mixing system 93 is also.controlled by liquid or '.gas mass flow
15 éontroliers (MFCs) (nof showh) and/or by valves (not ISho.wn)_.l In some
embodiments, gas mixing system 93 includes a li(iuid injection system for
vaporizirig réactant liquids such as TEOS and TEPO. According to these
embodiments, a mixtilre including TEPO as the phosphorus source, TEOS as the '
silicon soﬁrce and one or more gaseous oxygen S'ources, such as oxygen (02) or
20  ozone (O,), may be formed thh gas mixing system 93. The TEPO and TEOS are
all liquid sources that also may be vaponzed 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 béing delivered to heaied line 85. Of course,
it is recognized that other sources of dopants, silicon, and oxygen also may be used.
~ Additionally, gas supply panel 80 inchi_des switching valve 95, which
under the control of processor 50, can sclectively send the clean gas with N, along
‘process gas line 83 to gas supply line 43 or along 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



Preferably, the chanber liner includes an inner portion conprised of a

mat eri al 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

i.nsul ates the chanber walls to reduce the wafer edge cooling effects

whi ch m ght otherw se adversely affect deposited filmuniformty. The outer
- portion of the chanber liner is substantially thicker than the inner
portion to bridge t he gap betmeen ye wafer and the walls, while
m ni m zing cracklng whi ch m.ght : erw se occur with a S|ngle
el ativel y 1t bidelaiCt Bilductd Rft'trankter & %a%xc%m@w PocessB 30 LB cafge. Out er
portion of t I ner i ncludes alr gapS to I ncrease I nsul ati on
. provi ded by tiwthdrivabve.96 to send ozone through line 83 itm ga¢ supplydirfed3 andrtozepd tite of

the i ti a lid ssenbl 0 L r. the encl.qsure assenbl
The 110" asboRBropition apd saies alses Ttk Bt a6 wstem O ok Bl dp sB848°7 o ore

or nore cleagyg Wsrmmeembmwoméssg@&xﬂea&ﬁ&q& ut for.
receiving pr ce??pand clean gases and for delivering these gases&lﬁ%to t he

chanber . 3One ooly tadine 97znd selectivslypallowscieancgas @nd Narto pass throughn lige 97 paigsages

Co the gas RS vive 107 GRS YeRfisho o hBint ol RYRES7 ol el [

cleani ng net gpterns5] SwitdhinpSeiNe 105 in thése \eaibolipienkywalll ®siconetiea ta piler at us to
qui ckly and eff|C| ently switch between, 20 Procesm ng and.cl eani ng, which
i ncreases t hé t%FMHMFW&FVQ Fystesy 83 apd also to line 83 leading to inlet 43. hIy

exenpl ary eng ﬁéi’:f it }bod‘ixﬁé‘mé g}:@%ﬁ‘i’é@’mﬁ %Q@ﬁu&lﬁﬁ'bgﬂagéoaeéso?%édl ith bup' ate

havi ng a gas or receiving one or re gases tion -

plate 10 iinstdoctibns drom fHelsystemt spftovarencunspitdrqprogiamp 6o alecgeiﬂm thmelean i Nt o
the processing chanbe I-d,ass nbgé_ cludes one or nore bypass
S

.. The #l
passages in S oK Lhe éﬂpaﬁgmf Bases oy intg c esistance to fluid flow

than the gas distribut j g diOlediote E?d.h'tﬁacrehﬁmnwuhe{e%amber 15 op@mr@s at
| east a portion of the cleaning gases w'll pass through the bypass

passages di r d6ti$ Jocated aret hmicrhwaysepowes shpply 446 and mompEédSOfPowma seppdani ng
pr.ocess, a9 ng Q/?éf% D udeE B85k et iCindRMdte plgfmﬂysieh 5§ N T8 Shor 1135

apparatus pr
15 apphes power to oxygen (Oz) whxch is used as mput to prov1de ozone (O, as output

for use as at least one of the sources 90. In other _embo_dlments, power supply 110

and ozo_nator 1'15-may be located in the clean room rather than being remotely

located. Further, in multichamber systot_ns requiring multiple ozone sources and/or

multiple remote microwave plasma $ystems 55, multiple ozonators 115 and multiple -
20 power supplies 110 may be provided. - | _ _ _

The processes for depositing the film, performmg a clean, and
performing reflow or drive-in steps can be implemented using a computer program
. product that is executed by prooessor 50. The computer progrém ¢ode can be

written in any conventional computer readable progruniming language such as, for
25  example, 68000 assembly language,' c, C+ +, Pascal, Fortran, or other 'language.

* Suitable program code is entered into a single file, or multiple files, using a
conventional text editor and is stored or embodied in a computer-usable medium,
such as a memory system of the computer., If the entered code textisina high-
level language, the code is compiled, and the resultant compller code is then linked

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



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

t hrough t he gas di stribution holes. These
and ot her enbodi nents of the present invention, as well as

16 . Its advantages and features, are described in nore detail in
conjunction with the text bel ow and attached fi gures. 5

BRI EF DESCRI PTI ON OF THE DRAW NGS - Fig. 1Ais a
vertical, cross-sectional view of a CVD agparat us according to the

present invention; _
’ executes the code to perform the tasks identified in the program.

Fig. 1D is an illustrative block diagram of the hierarchical control
structure of the system control soﬁWare, computer program 150, according to a
specific embodiment. Using a light pen interface, a user enters a process set

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

respdnse to menus or screens displayed on the CRT monitor. The process sets,
which are predetermined sets of process parameters necessary to cérry out speciﬁed
processes, are identified by predefined' s_et' numbers. Process selector subroutine
153 identifies (i) the desired process chamber, and (ii) the desired set of process

10 parametefs needed to operate the process chamber for performing the desired
précess. 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 coxiditions such as magnetron power levels (and
alternatwely to or in addmon to high- and low-frequency RF power levels and the

15 low—frequency RF frequency, for embodiments equipped with RF -plasma systcms)
coolmg 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 c_hambe_r 15. In
some gmbodiments, there may be more than one process selector subroutine. The

20 | process parameters are provided to the ﬁser.iﬁ-the form of a recipe and may be
entered utiljzing the light pen/CRT monitor interface. _

The signals for monitoring the process are provided by the analog
input board and dlgxtal 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 s'equgﬂcer subroutine 155 comprises program code for
apcepting the identified process _t:hambe_l': 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



Fig. 1Bis a sinplified diagramof the system nonitor and CVD

apparatus 10 in a nultichanber 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 Fig. 1D is
an.illustrative block diagramof the hierarchical control structure
of the systemcontrol software, conputer program 150, according to a
speci fic enbodi ment; 15 Fig. 1E is a block diagramof an
exenpl ary heater control subrouti ngy Fig. 2is
an expl oded view of a preferred enbodi nrent of CVD apparatus 10
accordi ng t opfdpean® c6&LHi perfovifiithe S@ps of (i) monitoring the operation bf he pfodeSs @
vertical cross-section, partly in schendtic, taken along 20 'line 3-3 in
Fig. 2; chambers to determine if theychambers ara bemiguseb i} defermigingtwhat of a
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for a selected process, or the "age" of each particular user-entered request, or any

-

10 other relevant factor a system programmer desires to include for determining
scheduling priorities. - ' _
Once sequencer subroutine 155 determines which process chamber -
and process set combination is going to be executed next, the sequencer subroutine
155 initiates execution of the process sét by passing the particular process set.- |
15 parametefs to a chamber manager éub’routine 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
o | comprises program code for controlliné CVD and cleaning ﬁrocess operations in
process chamber 15. Chambef'inana'ge: 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
compoxient _subroutiries are subsn'até'ppsitioning subroutine 160, process gas control
subroutiné 163, pressure control subroutine 165, heater confrol subroutine 167,
plasma control subroutine 170, endpoint detect cbntrol 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 in the art would readily recognize that other chamber control subroutines can
be included depending on what bmceSses are to be performed in process chamber
30 15. Im 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



17 Fig. 8 is a partially schematic, cross-sectional

view of Fig. 3 taken 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, part iall y schematic, of a 5 heater/lift assenbly,
according to an enbodi nent of the invention; Fig. 10.
is an enl arged cross-sectional view of a.bottom portion of the

heater/1lift asserrbly of Fig. 9; 28 Fig. 11 is a side
cross-sectional view of a pedestal/heater of the assenbly of Fig. 9,
accor di ng t ocaRpSHEROSibIBIRIned nuch $iké SatiBhded Rubrblitine 155 schedules which prddess 12
is a bottom vi ew of the pedestal/heater, illustrating a heater coil;

Fig. 13 is aphamsbher d§eand\progess set rectorheexeputed nexta SExpigally, ehambiey mapager
Fig. 14 f
b O the BBl il eeBl e lonhif o8 RAbEnaE RO ESREARR, |,

15B i | | ust r adetefininirigewitich RompbreatsnRed 56 bé bperated ibasedron the prodesparsmetgrsa
t her nncougol © (iaarnt%e tp?oeceﬁshs%'i E)Dgg gx&.lcgtedr e Erxctr[altrrlxge Iexecutron of a chamber component
subroutine responsive to the monitoring and determining steps
Operation of particular chamber component. subroutmes wﬂl now be
described with reference to Fig. 1D. Substrate positioning subroutine 160
comprises program code for controlling chamber componénts 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 operatron substrate positioning subroutme 160 controls movement of heater 25 in
15  response to process set parameters related to the support height that are transferre_d
from chamber manager subroutine 157a
N Process gas conuol subroutine 163 has program code for controlling -
process gas composition and flow rates. ‘Process gas control subroutine 163
. controls the openlclose 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 subrolit_ines, and receives subroutine procese 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 subroutine 163 also controls the gas compesitiorr 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



Fig. 16 is a sinplified diagramof a renote m crowave plasma system

for cleaning the wafer and/or the process chanber, in accordance with an
enbodi ment of the present invention; 20 _ Figs. 17A-17D are
schemati c di agrans of a cl eani ng endpoi nt detection systemin
accordance with an enbodi nent of the present invention;

Fig. 18 is a sinplified cross-sectional view of a sem conductor device
manuf act ured accordi ng to an enbodi nent of the present invention;

Figs. 19A-19E are sinplified cross-sectiggal views of an exenplary 25
application of the nethod and apparatus of the present invention for an

ul t ra- shal | owould have nfo¢l (26/ofe Protessugustdontzol subroutine 613, each subroutine 6139s.
20A- 20G are sinplified cross-sectional vie of anot her exenpl ary

appl i cati on @pn?ﬂ@n&épsaaaﬁ%measaﬁﬁcsﬁw et ‘ﬁée‘ﬁl"ggé%‘(“_‘qsnvent ion for
o BTl o 2nch. A B, ap i e e o v S phn AL 2
t hat " gi ves ofihtorchhmbérektongabilidecthe pressurel énl thei dhambemifere reantivevprozess -
Plasma SYSLem.SR ar idodoeed For dhbse procestess procsss Fay eotitrol Subroutine 163178 ©S &M
’ programmed to include steps for flowing the inert gés into chamber 15 for an
amount of time necessary to stabilize the pressure in the chamber, and then the
steps described above would be carried oui. Additionally, when a process gas is to -
be vaporized from a liquid precursor, for example TEOS, process gas control

10  subroutine 163 would be written to include steps for bubblihg a delivery gas such as
helium through the liquid pfecursor in a bubbler assembly, or introducing a carrier
gas such as helium to a iiquid injecﬁon system. When a bubbler is used for this
type of process, process gas control subroutine 163 regulates th_e. flow of the -
delivery gas, the pressure in the bubbler, and the bubblef tempet_aun.e in order to -

15  obtain the desired process gas flow rates. As discussed above,'_ the desired process o
gas flow rates are transferred to process gas control subroutine 163 as process
pararrietefs. Furthermore, process gas control subroutine 163. includes steps for
obtaining the neeessary delivery gas flow rate, bubbler pressure, and bﬁbbler_
temperature for the desired process gas flow rate by accessing a stored table

20 containing the necessery values for a. given process gas” ﬂo.w rate. Once the
necessary values are obtained, the delivery gas flow rate, bubbler pressure and
bubbler temperature are monitored, compared to the neceseafy‘ values and adjusted
accordingly. . | |

-The pressure control subroutine 165 comprises program code for

25  controlling the pressure in the chamber 15 by regulating the aperture size of the
throttle valve in the exhaust system of the chamber. The aperture sfze 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, aﬁd 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 subreutine 157a. The pressure control subroutine 165 measures

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



18 I nventi on; . Fi gs. 22A-‘22C are graphs

illustrating experinmental results show ng the dopant profile of the
ultra-shall ow junctions fornmed using capped BSG fil ns pr oduced
according to an enbodi nent of the present invention; 5

Figs. 23A-23F are graphs illustrating further experinmental results

showi ng the dopant profile and sheet resistivity of the ultra-shallow
junctions formed using different capped BSG filns according to

anot her enbodi mrent of the pr esent %yventlon Fi g.
24A is a photonmi crograph denpnstrating the as-deposited gap fill 10

capabi | i ti esn&lonl’e%ﬁs febhriBeted 80 AR EHAMLEY, ¢ p{n%é fe(mbdRuRCFMIcYH 16 teMabdbe 2

specific mbodi ment. of the presént I nvention;
Fig. 24Bis pressurp,l olitains PUD dmoaomoﬁalanmml; and differantial} values mreespmdmg

b t i et e darect PrESER oo @ gt mudoye plG Al e bR g @ o @
condi tions, aeeedidl i@ tHePID ¢a06Ei dbtined A itlePpressure table. Alternatively, FI gs.

26A and 268 are photom crographs denonstrating the relative p fill
capabi | i 5 es prsssurecenteplesubtoutissl 6y cansbeqwritien (0eQpes or £Inse ﬂlmmmlemlvaobut
550[err]C, r f equent
wet etch. gspaﬁg%‘%a\égai’éﬁ'g,ssﬁg c@?)drt%glﬁ%es\?\nﬁgﬁh Cﬁg’g@’% I C e él‘Feiof t he
present invention; 20 Heater control subroutine Wg:om%?isesﬁpragﬂahpémﬁf ognmlﬁng '
denonstrating the g Sﬁ%fl |1 capability of - UsG fil mdegé)smed at

about 550C a eeﬁe fﬁQf&the&%bﬁlFmE@(ﬁ?Pélsﬂ@m“éFly heat heaten, &3 Andranyyet -

etch processi {enmg,ggﬁr dREYefinY bFig @%5&&50@3%% is

present inven trat’es he FmiR
spectra Iff aalSSGiNoldedwbgle:;hambereIdamgem:mmne 157a, receives a desired target/set-

point temperature parameter, Ty, as an input (step 580). In step 582, heater
control subroutine 167 measures the current temperature of lleater 25 by measuring
voltage output of a thermocouple located in heater 25. The current temperature is
_ denoted T&), where k is the current time step of heater control subroutine 167..
15 ’I’he controller obtains the temperamre T(k) from the thermocouple voltage by
: looking up the corresponding temperature in a stored conversion table or by .
calculatmg the temperature using a fourth-ordcr polynomlal In an exemplary
embodiment, heater control subroutine 167 in step ‘584 calculates the temperature
error. The temperature error, denoted Errm,, is determmed by the equation
20 Effi(K)=TuT(K). o
In step 584, heater control subroutine 167 will select one of two
control algorithms based on the absolute value of Erfy (k). If the absolute value of
the temperature error is smallec 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 terriperature, Tyes-
If the absolute value of the temperature error is greater than the boundary error,
heater control subroutine 167 will select a temperature ramp control algoritlxm (step
590). This algorithm controls the rate at which the heater temperature will
approach the desired temperature; T4, i-€., 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



25 550[ err] C under exenplary process conditions, according to a specific

enbodi nent . DETAI LED DESCRI PTI ON OF THE SPECI FI C .
EMBODI MENTS |. CVD Reactor System 30 A. Overvi ew of
CVD React or Enbodi nents of . the present invention are
systens, mnethods and apparatus used for depositing dielectric filns
at tenperatures greater than about

19 500[err]C. In particular, such systens, nethods and apparatus nay
be-used to deposit undoped di el ectyyic filnms and doped dielectric
films. Such filnms may be used to form ultra-shal |l ow doped regi ons,

premetal di efi@fdit iefbeddediti hehtef 25 B8 hto MlafitaAS thd Curfedtd Rbfperature, T(K), as
close to T, as possible. The feedforward control in this algorithm estimates the
amount of power necessary to maintain the desired temperature given the amount
and type of gas flow and RF powér supplied to the chamber. The feedback control
S  uses standard Proportional—Integral-Der-iQative (PID) control terms to adjust the
estimated feedforward power based on the dynamic behavior of the temperature
error, Errm(k). PID control is the type of algorithm used in conventional heater
control systems without regard to the value of the temperature error. If these
routines seek to control the temperature ramp rate, they will define a time-varying
10 Ty (k) and thén employ the PID coxitroll'e; described above to track this desired |
. temperature trajectory. _ ,

' In the present invention, heater control subroutine 167 preferably
employs the temperature ramp control algorithm (éte'ps 590) to control power to -
heater 25 when the absolute value of temperature error is éreater than the boundary

15 . error. This algorithm controls T*(K), which is the rate of change of the | |
tefnpefature-, T(k), at time step k. The rate of chdnge of temperature shonld_ be.
controlled because the heater 25 can be made of a.ceramic. material, which may

- fracture from thermal shock if the temperatﬁre changes too quickly. The ramp
control algorithm uses feedforward and__i’rbportional 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 temperatufe 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 hieater, 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
change of power supplied to the heater to damp the system responsé, 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 thét a desired temperature, T4 (X)),

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

interval of length K will be T’ 4,. Howevef, the instantaneous rate of change of



cappi ng layers, oxide filling layers, or other layers. Fig. 1Ais a
vertical, cross- 5 sectional view of one enbodi nent of a CVD apparatus 10

according to a specific- enbodi ment. In addition to being capabl e of
depositing dielectric |layers, the apparatus according to the present
i nvention has high tenperature heating capabilities useful for
performng reflow of deposited dielectric |ayers for pl anari zati on,

or for driving in dopants froma deposited doped dielectric layer 10 when
form ng ultra-shall ow doped regions. Furgher, the apparatus can provide
efficient cleaning of various CVD chanber conponents andcl eani ng of wafer

surfaces. C\EngRRfhé ok ir%gpia?}’ 8 interPll (CoHBRARY tHetda®Sinl Whisht U i N

a single vacuum c a Accordingly, nultiple process steps my
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I ndircated by dotted |line 13 which is closely a lhgcent to plate 20, as shown _
in Fig. 1A 'Etadérﬂf)é’r basedh, Pl then@irtesh ¥alRg of REruardsths &796 12 rakp 13%.ovi di ng
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bel ow, heat er 8 | n‘lﬁ
15 . calculated from measured temperature T() over a range of temperature

measurement samples In general T ,,(T(k)) may be any contmuous function of
temperature m various embodlments In the specrﬁc embodiment, T’dﬁ(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.,

20 10 times in a power update period, 1 seccnd, in the specific embodiment). Then,
an average of the 10 samples is calculated and compared to the average of the
previous 10 samples. The difference between the averages of the first 10 measured
temperatures and the previous 10 measured temperatures is then divided by the
power update period to obtain an average measured temperature. The derivative of

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

. rate T'(k). The ramp rate error ErTpg,. may then determined by taking the' -
~ difference between the constant-valued T’ 4(T(k)) and the calculated 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 sophrsttcated also can be used in other embodiments. In other
embodrments other sample rates also may be used

To elaborate on step 596, an exemplary control function used in the



resistivel y-heated conponents enclosed in a ceramc, preferably alum num

nitride. . I'n an exenplary enbodi nent, all surfaces of heater 25
exposed to vacuum chanber : - ;

20 15 are nmade of a ceramic material, such as al um num oxi de
(AL[err]C{err] or alum na) or alum num nitride. \Wen heater 25 and
the wafer are in processing position 13, they are surrounded by a
chanber liner 35 along the inside walls 17 of apparatus 10 and by an

annul ar punpi ng channel. 40, formed by cigsnber |iner 35 and a top 5
portion of chanber 15. As discussed in detail below, the surface of chanber
l i nér %cuﬁt&hﬁndiﬁxept(scgmnbsemeefohmmg\equatmnerl al, such as alum na or

bt woon 1 osi st vel y- nBEN L*’afaiﬁr@sﬁ T KA S

wal I's 17, Whiggleds § il ¢ SEEInd IEPP S e et time ste rqi(famly?s e heater
act I ve a g

25. 10 nd carrier gases are supplied through
supply |ine p&weérrthat mllbemppl@paisorﬂle(hway:rmmqut@m siépxi BgabT@&2 k) 273 (Fi g.

5).’ wher % t h?‘ ar(ﬁ‘»f emghr 1asbaI ?{m{;{} q’the desxrcd ramp rate and measured temperature,
is some modeled approximation of the necessary power to give a ramp rate of
T’d“(T (9)] ata témperature T(k). K, is a control gain coﬁstant (in
Watts/(°C/second)) that is user-defined and' multiplied with the ramp rate error
Effygee. In'the specific embodiment,  Pyoge[T(K), T'se(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:

P(k+1) = P(k) + K,.*[T’m(l‘(k))-T’(k)l
- P+1) - P(K) = KT o(TK)-T'®)]-
15 | Because the response of the heater i is slow, there is a lag between the
| time power is adjusted and the time when the adjustment produces the desired
result. Fdf 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 accotdin2 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 mét. By'that time, howevér,_ 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 -péwer, and siowly the ramp rate will decrease.

25 Once again; the controller can act faster than the heater, so it will reducé 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, stéady-state value. Because all real systems undergo small
disturbances, there will also be a small steady-state error.

30 The value of K, deterniines 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,



together and delivered to plate 20. Gas m xing box 273 is preferably a dual
I nput m xi ng bl ock coupled to a process gas supply line 43 and to a
cl eani ng gas conduit 47. As will be discussed in detail below a
processor 50 preferably controllably 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
froman integral renote mcrowave plasma system 55, which has an inlet 57
for -receiving input gases. During deposigjon processing, gas supplied to

plate 20 is vented toward the wafer surface (as indicated by arrows
21), "where i rca:imf Idige SQcausdJDbﬁ%tma Xosttd] lchh BE uSsd tb&ﬁhgd th¥ spteRSeépgopsdlafl er
surface, typically rn a |amnar flow Purgi ng gas may be del i ver ed

i nto chamber 1-esreduggrp¥grshoot and pepiliation. (Stasdy-statsterror can bgirediiepd dhirusingh t he

past neater JueGRECER oEIRR oY S renld Grebitoll A RTINS 8 oy iEm
then exhaust préfeablyadroided ihnhis ettt alporictni.0 I thS pase Ndarivatice emtdlas nunpi ng
channel 25 40 and through an exhaust line, 60 by a vacuum punp_system (not

shown). Bxha@¥ailable. It would zequirg pumesicallyccalcylaging ther seeend derpvativgebtier r om
annul ar punpiy &Qp&lﬂfmePeéQSel the si MB—&Z&%%&%‘BP&@%&&@O&% Sikndl i fﬁ&v?,hlés

controlled by a throttle va
repr esent at i \secondidedivativet qantﬂoebe balcilated relxablyr Thepefore, ithpresent inveptiarcess

performed in_CVD us 0 1is ermal ub- at pos he.ic re, re 30
process, ofté’ﬁesr%?aggefga e f (?B‘T@‘%t@ﬁf P '@?zssed
earlier, msteafdhﬁrdmlva@&dﬂ&epmﬁ;eﬁm ¥tefnPREIINYE The @ﬁuia@iohhe

substrate surface where heat - in uced chenical reactions

(horpgen®us furctiontebieatial scheyulesaihe gpindfesuch that Eg it inversely proportional to

the ramp rate error, Errgy,,. During the transient portion of the system response,

When errors are larger and overshoot can occur, the effective gain is small. In
steady-state, errors are small, so the effective K, is large. '
‘The exemplary saturation function used to dampen system response ‘is
15  given by the following equatlons (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 supphed to the heater. P’ .. is the predetermmed maximum allowable
change in supplied power from one time step to the next. ‘The exemplary saturation
function is as follows: '
20 | if | PR+1)}PE) | >P'pr
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 erg(k) can now be defined as fhe effective gain of the
25  controller at time step k. Clearly, if P,(k+1)=P(k-+1) the effective gain at time k
equals the gain K. But if the situration function is applied, K .(k) is defined by
substituting P(k+1) for P;(k+1) in the equations above and combining them with
the equation: P(k+1) = Ppuyal TK), T'so(TON] + KT TA))-T'®)]. The term
Koe(K) is as follows: .
30 P’ e = Koea(R)*Etyan(K;
K et =P e/ Bl ).
By making the effective gain small when the ramp rate error is large, overshoot and



21 desired film In CVD apparatus 10, heat is distributed by

resi stivel y-heated heater 25, as discussed in detail below, that is
capabl e of reaching tenperatures as high as about 400-800[err]C. . Such
heat distribution provides uniform rapid thernmal heating of t he

“waf.er for effecting deposition, reflow and/or drive-in, cleaning, and/or 5
seasoni ng/gettering steps in a nmultiple-step process in situ in chanber 15.
Alternatively, a controlled plasna may be fornmed adjacent to the wafer by
RF - energy applied to gas distributisgn pl.ate 20 froman RF power
supply (not shown). I n enbodi nents additionally having a | ower RF

el ectrode, t lsciBatigpinethe sesppise arammumzedmmhmganmﬁdmeﬁmmomgl'ﬁué redqessncy RF
power to plat d frequ ower e ,20 gnd.the

| ower RF el ecqe“? ﬁg%lﬁ}%ﬁn@ﬁﬁ ‘gﬁge ﬁé’é S |R°PBFI"‘°3? ra'teegtgg.\;oi, Accordn eci es
i ntroduced i the rithy €60l GiYdRkR of Reatdr contrb] ﬁi’o?&xﬂ%%?%&n éxfsthe dv.te?ﬂ'
conponent s of vapor depositron apparatus 10 woul d have to be no ed to .
accommodat e trespoRse when byge rampdiatecersere dctiy) thereby resulting in more efficient Renot e
m crowave. pl asma_ s em integrally provided in CVD 15  apparatus 10 is
'preferabl§/ a'ﬁr‘ X‘F% ’}%"form ng periodic cleaning of undesired

deposi tion residue frora pR&me ¢ontéslEaBRAHAS 170 caiprises propfam code fofkétfinyal | s
17 as wel | as other conponents. Further, renote m crowave plasnma

system 55 carfhemagnetron POfoérh'r"GlSrﬁnéll'@%ﬂﬁ IV o pulsed. i Aermative cmb B or
- residues f ro%&pﬁ h R 94 Sterhs; plasma ¢ ﬁ@i &@;o 61‘76%&8 cBfta ifidudles red
application ough gase nt

-
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Vi a
~ program code for settmg low- and hlgh-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 prei'ioﬁsly described chamber component
subroutines plasma control subroutine. 170 is invoked by chamber manager
15 subroutme 157a. o , - :
' A plasma control subroutme 170 comprises program code for setting |
and adjusting the magnetron power levels and mode. (CW or pulsed). .In altematxve
embodlments having RF plasma systems, plasma control subroutme 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 settmg the low—frequency RF
frequency employed. Of course, some emb_odiments' may have one plasma control
subroutine 170 used for microwave power levels and another plasma centrol_
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 ipcludes program eode for opening atid closing of gate valve -
280 to coordinate with the. setting/adjusting of -micr6wave 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



20 pl asma system 55 are reactive cl eaning g'ases for creating a plasma to

provi de fluorine, chlorine, or other radicals, renbte m crowave
pl asma system 55 al so may be- adapted to deposit plasma enhanced CVD
films by inputting deposition reactive gases into system55 via
i nput l-ine 57. Generally, renote nicrowave pl asma system 55 receives

gases via input line 57, which are energized by m crowave 25 radi ation to
create a plasma with et chi ng radicals which are then sent via conduit 47
f or di spersion through plate 20 to chanfagr 15. Specific details of plasma

system 55 wi |l be discussed further bel ow. Sone enbodi nents of
appar at us 1GrdiR4bstirbahce, and Optioﬂﬁllyléiép;ﬁng ﬁié@eaﬁfr@%éﬁé@yuﬁdﬁcdeté&ﬁgfiﬁ system
to provide in situ plasna capabi lity. Mot or s and

opt | cal senm@thmedslngimmtewt@ leveber raising ¢ dlag irficating thecendpaing ef thee

Dst em 63 n PP IS hEh A0F FBl A SuBldBn S bl B $HE by, o v

l.

288 ] chimnbér in@nagel ¥ebrowtaiecI578.3 Endpoiat detétt ¢omys sebrobhasa BSHkst em 55,
and ot her system
22 5 ymcluded for those embodiments using the endpoint detection system described

below. It is recognized that embodiments not having an endpomt d_etectlon system
would not need to use or have endpoiht detect control subroutine '15"9
"Optionally, a gettering control subroutine 169 may be included that
can be invoked by chamber manager subroutine 157a. Gettcnng control subroutine
10 169 includes program code for controlling gettering processes that may be used for .
chamber seasoning, post-clean fluorine gettering, etc. ln some emb'od_irhents,‘
gettering control subroutine 169 can invoke specified software built into the clean
recipe to facilitate gettéring control in combination with the clean recipe used.
|  The CVD system description presented above is mainly for_gét;eral ’
15 | illustrative purposes and should not be considered as ~lhniting the scdpe of the .-
pfesent in\_rentior_x. The g:xémplal'y CVD systeln 10isa singlé-}vafer vacudm,
chamber system. However, other CVD syételns that are multiple-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 m a muitichamber processing system,' the
| invention is not nél:essarily 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 algoriihms used in some software subroutines,
configuration of gas inlet lines and valves, and other modifications are pos’éible.
Additionally, other plasma CVD equipment such as. electron cyclotron resonance
(ECR) plasma CVD devices, mductlon 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 necessarily 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



conponents are controlled by processor 50 over control |ines 65, of which

only sone are shown. . Processor 50 controls all of
the activities of the CVD machi ne. Acting as the systemcontroller,
processor 50 executes systemcontrol software, 5 which is a conputer
program stored in a nenory 70 coupled to processor 50. Preferably,

menory 70 may be a hard disk drive, but of course nenory 70 nay be

other kinds of nenmory. In addition to a hard disk drive (e.g., nemory 70),
Cvb apparatus 10 in a preferred enffodi nent includes a floppy disk
drive and a card rack. Processor 50 operates under the control of the
syst em cont rentlosure mmbly 20 hz‘ving)vertid:ailyl moableskrater dwafen suppoutpedcataltdnat
dictate the ti m{é xture of gases pressur

t enper at ur e, SR T SBORAFRE é?rglcbg@gogaa(g?r piting Yﬂ?uulﬁr?ﬁémg er ot her

paramet ers Ofrogesp ghd(es§ e delivERE 3iitd chhiBEY 15 R'PiHGHN WIrRAS a8fosiidhilAinds those:
stored on ot her -nménory includin for exanple, a floppy disk or other

conput er etching stepsaon the seafient 206 dtsaubunnnzsymmﬂoa 188. 26) distributes

approprigte drive al so be 15 pro ess stem
oo 80 ethges® ape¥ Yoo SR DliwaCa0 Gk BpedRE Wl DRl AT Stfus Rrsitl 5t ¢

contains a 521 staﬂ)GlsﬁﬁHfgébttﬁé proo@%z@& ﬂmdotﬂcbr@eﬁldhe from chamBerii3.out put
boards, interface boards and stepper notor controller boards. Various

parts of CviCYBrppamns lﬂdumfmlndqs(:a hmermft assembly (A0LFigsy rlépaéé) e
standard whi t q and
types. The Z%H Q%I\;E,Qéf %mﬁé nes ﬁ-ﬁl&gﬁgt‘ﬁ%ﬁhre aV| ng a 16-bit
dat a bus anoprdéesting position waﬂnlrchmbhuks An integral remote microwave plasma nt er f ace
bet ween user.  an SO S Vv nd Iight

pon 79 18shompes e T8 g 1) 1 81s3 piovied i D pRpatam 0001 ot ' 20 e
noni tor and dngﬂbgs of the chanbers in a 25

mul ti chamer%g?‘gﬁ%%%%aﬁ% tf(%al S prefﬁﬁgbl y attached to a mai nfrane
uni t 75 whi ch cos shows inkig.p2, WV Deappatatist 10 fusther pbbd@umlgqmd ot her
suppor t T UNCLLARY stlm 213 for delGerMRPHoR o diodP(SBbALl GPbC LA 43! ¢S

conpati-bl e

to cool these components during the high temperature processing. L1qu1d coolmg

15  system 215 acts to decrease the temperature of these chamber components to
minimize undesired deposiﬁbn onto these components due to the high temperaturé
processes. Liquid cooliﬁg System 215 includes a pair of water coﬁnections 217,219 .
that sl,ipply cooling water through the héate_rllift' assembly 30 and a coolant manifold
(not'shbwn) for delivering coolant to the gas distribution systefn 205 (discussed-

20 below). A waterflow detector 220 _détééts.,the waterflow from a heat exchanger (not |
shown) to enclosure assembly 200. Preferred embodiments of the indivjdual systems
of apparatus 10 will be described in further detail below.

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

integral housing made from a process-compatible matérial,_ such as aluminum or
aﬁodized 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) sﬁpported 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



enbodi mrent of CVD apparatus 10 are currently commercially available as the
Precision 5000[err] and the Centura 5200[err] systens from Applied
Materials, Inc. of 30 Santa Clara, California. The nultichanmber system
has the capability to transfer a waf er between its chanbers w t hout
breaki ng the vacuum and w t hout having to expose the wafer to

noi sture or other. contam nants outside the multichanber

23 system An advantage of the .multichanber systemis that different
chambers in the mul tichanber systemgmay be used for different
purposes in the entire process. For - exanpl e, one chanber may be used

for "deposi ti Qixpsiur®¥ HRH. texﬂﬁéﬁﬁ?és duPig Bestéth @Feration. FB?BACBVFD rdcessesTElid
processi ng, and yet another” may be used for 0xide cl eanin he 5 process

may proceed gover 233 p@f@@blwmmdcs taH:@thm 235 whallaveelearpneector ?ldwéaremﬂﬁ

DL Yen M9 COgL Bl S it . L B M AR o

mul ti chanber @itfigafidst ipedcess steps Whldsé Giecshampér isopefieds i @@RDE, to perform a
5  preventive maintenance chamber cleaning, thereby breaking the vacuum and
' bringing the chamber to atmospheric pressure. A lid hinge 239 includes a locking
' ratchet mechanism 241 to prevent the lid cover 233 from falling closed.

As shown in Fig. 2, enclosure assembly 200 defines a vacuum lock
door (not shown) and a slit valve opening 243 through which a wafer loading |
10 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 pfocessing_ sysm. _ A suitable robotic transfer- assembly is described
in commonly assigned U.S. Pateht No. 4,951,601 to Maydan, the complete -
15  disclosure of which is mcorporated herem by reference. - ' :
Refemng 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
ona shelf 252 of enclosure assembly 200 ‘Chamber liner 250 serves to mlub1t
process gases from flowing to the back side of the wafer. In addition, since heater
20 . 25 has a smaller _dlmeter_ﬂlan enclosure assembly 200, liner 250 inhibits the flow
of process gases below heater 25 to the lchi' portion of chamber 15 Accordingly,
undesired deposition onto the bottom of heater 25 and the lower portlon of chamber
15 is minimized. Further, liner 250 provides thermal insulation between the
aluminum walls of enclosure assembly 200 and the edge of the wafer on heater 25,
25  in order to prevent wafer edge cobling dunng high temperature processing. During
high temperature process_ing, 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 proccss-éompatible material that is well suited for high temperature
processes (e.g., greater than about 500°C). Preferably, inner portion 253 of liner



In the preferred enbodi ment two nonitors 73a are used, one nounted 10 I n
the clean roomwall for the operators and the other behind the wall for the
service technicians Both nonitors 73a sinultaneously display the sane
“information, but only one light pen 73b is enabled. The Iight pen 73b
det:ects |ight emtted by CRT display with a light sensor in the tip
of the pen. To select a particul ar screen or function, the operator -
touches a designated area of the display 15 screen and pushes t he button
on*the pen 73b. The touched area changes3g ts hi ghli ghted color, or a
new menu or screen is displayed, confirmng comrunication "between the
l'i ght pen an25Q éumpstisey b @yramic ﬁﬁteriao‘sucmw slemiminh aitrides \ahumtina, omhhhks a

keyboard, mouse, or. other pointin ni cati on vj.ce, be used
i nst ead - with aluging H‘“&E(SWIP'G}? ‘ifl‘?gngu f7P§5t‘Q‘b253"l WWSPF@ ¥erd t o
cormmuni cat e &ﬁéﬁeﬁ@?ﬁﬁ@? 1891 m&oandlpd'eferably about 0.2 to 0.3 ifind. 1C illustrates

a general overview o appar at us tion to a gas supply
panel 80 located in a hineazﬁ(rpmfaabkscdnpnscsmcbutdmpomon 255 that@dipaisgsaa at us

10 | h rrb 15 th h b 273 th t
from supsy PRIDABALReS SHEERDG o CEHGEE Bk s B 66 SBFRHE Qittem 55
25 W th iI'ngaiichioBs rexfs ofShelfERD d?%@lo&ﬂ‘@‘é@senﬁﬂ:@ dﬁh%ﬂﬁe@% afrdar Bp f or

m xi ng and I njecting deposition gas(es) d clean gas(es) or other
gas(es) thr oﬁ@tforrshpportm@mnﬂepomon 253 pb liners258: odesspartg:ubﬂarm&rr% As seen.

bnd nount e BAPRIRER ShEF Pgiof235 Teindes 2 piyiis) Wé?@geﬁfﬁghg %p%eg%g'sf’ggt ed

chamber 15 t oe:ﬁazu%tmel 257 BRUetine irges aivigapH 5D thereBeideen, msahedn&QFlgsabove
chanber 15. Siml| arly, gas supply.line 43, which conmes _up_al on

chamber 15 t dAgmd TR. x Airgaps 259 fasilitate ipsulaiion & th inRer Roxken 233 @fa 2§pa li nes
83 and froﬁ?thts oﬂ[@a%ﬁﬁnﬁéﬁ%ﬁ 18 W:5dasd KafFAEmptBle ulitifity (HntHiseudes .

lines to gas or
: the outer edge of the wafer could cool down due to the surroundmg chamber w_all

temperature, which is cool relative to the heater and wafer temperature)
' addition, air gaps 259 provide tlnckness to liner 250 so that it can bridge the gap -
15 between the outer chamber walls and heater 25 while minimizing the cracking ot .
other thermal damage that rtxay occur with a thicker liner 250. Outer portion 255 of
liner 250 usually has a thickness of about 0.5 to 2 inches with an air gap 259
 thickness of about 0.2 to 1.5 irtehes,, and preferably about .9 to 1.1 inch with an air
gap 259 thickness of about 0.6t 0.9 -itlch. An annular cover 261 is positioned 'otx
20  the upper surface of outer liner 255 to t’_orm the lower wall of a pumping channel 40
| (discussed below). Anmular cover 262 breferably 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  inner ceramic portion 255 resting on shelf 252 of enclosure assembly and annular
cover 261 forming the bottom of pumping channel 40. In this embodiment, oute_r
portion 255 is replaced with an air gap (not shown) between ceramic portion 255
and the inside wall of enclo_sute 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



24 supply sources 90, containing gases dr-liquids that may vary

dependi ng on the desired processes used for a particular application.
Gas supply panel 80 has a m Xi ng system 93 whi ch receives the
deposition process and carrier gases (or vaporized liquids) from

sources 90 for mxing and sending to gas m xi ng box 273 5 via line 85 to
supply line 43. Generally, supply:lines for each of the process gases
include (i) shut-off valves 95 that can be used to autonmatically or
manual |y shut off the flow of procgss gas into line 85 or line 57,

and (i-i) mass flow controllers 100 t hat neasure the flow of gas or

| i qui d through the SupReferring@sFigdVand Ommerg&Smembly 225(general¥y<mm1des ozone

and the cl ean are used in t r o eve al shut -
val ves 95 med! é’frhﬁ‘? pla amoe&hggegﬁiiws ¥Pné ‘??“cg&ﬁwﬁ’c rég
f t
configurati ofgy mcludes condfait4 %@% E&f ort dn@rlEﬁEtﬂng;%Eés?r gases

I ncl udi ng, for exanple e (TEGCS hel 1'um (He) ,
" and ni t r ogengdstéspand ):leamngl gasfes) ahmhglymlet tube 43r toe!hhpk‘@lasmmﬁmmbéﬂ' E»Qnd

triethyl t / th t | d t
gas mixi g ob ertnvains 78 r eyl aAbatls i Hest Gaeshane B 15 | °
controllers f{iifs bok 273. mw}sea&%eﬁmlw cYally @ndérsebd S \whtk -valve zsoms

enbodi nents, gas m xi ng system 93 i ncludes a i g{ﬁl d injection system for
vapori zi ng r eptianahtand; quserd@oassmblsre@cmbem ed A selectively distributese

cleaning and/or process gases to box 273 without a gate valve. As shown in Fig. 4,

gas mixing box 273, clean gas mahifold 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, niu'dgen; clean gas,
or the hke and outlets (not shown) in communication with a mlxmg area 93 w1thm -
15 box 273 for mixing the gases prior to dchvermg them through mlet tube 43 into the-
inner lid assembly 230. : :

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

20 ~ breakdown, and without gas depositieﬁ in the' gas distribution system. A description
of an exempiary gas feed-through box can be found in U.S. Patent No. 4,872, 947
t0 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 m1xmg box 273. Gate velve 280 includes a valve plug (not shown)

seated within passage 293 for selectively allowing or preventing the gases from -

passing through conduit 47 Iint'o gas mixing box 273. Gate valve 280 may be

manilally 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 intq chamber 15 to etch the wafer or the inner

* chamber walls and the other components of apparatus 10.



enbodi nents, a mxture including TEPO as the phosphorus source, TECS as the
silicon source, and one or nore gaseous oxygen sources, such as oxygen
(derr]) or 20 ozone (Jerr]), nmay be fornmed with gas m xi ng system 93.

The TEPO and TECS are all liquid sources that also may be vaporized
by. conventional boiler-type or bubbler- type hot boxes in other
enbodi nents. A liquid injection systemis preferred as it provi des

greater control of the volune of reactant liquid introduced into the gas

m xi ng system The vaporized gases are t4fen m xed in the gas m xing system
with 25 a carrier gas, such as helium before being delivered to heated

line 85. O course, As showntiniRig.r3;cuepni gas ananiifeld 27Chis cosstucted dntegrabitmpant s,
silicon, and,oxygen

b - . .. diti [y,
gas. supply pHR&P BAst P %f%lﬁfngé ?gﬁ"[‘liﬁﬁg% of aprazatys 10, yith gonduit é%alb'ﬂggqr}’at hg

control of PiRERHRRbend or CBFveSBbR Thd 16! tiwaRiNdle lsiiR oflcBaMbAAS. VEddaulik7al ong
process gas I'iné 83 to gas supply line 43 or along clean gas line 57 to

remote 30  ofl manifold @7¢ hassaneopepingdntosopassigerinisetably Jormmedswithinaside wall t chi ng
L5 oy SR 20 Sl R 17
appl i cati on Kigh enfjefativés aCWhicH heBl28 bperaieb.d This passage is equipped with an
internal liner 291 that serves to protect the inner surfaces of the passage in
enclosure assembly 200 from corrosion and etching from the clean gas radicals
entering from an applicatqr tube 292, Lin{ér 291 élso prevents recombination of
10  radicals in the clean gas. Clean gasés are introduced into applicator tube 292 from -
an inlet 57. Radicals are created from cleanl gases in applicator.'-mbe 292 by
microwave energy rédiéted from a magnetron in plasma system 55, which is
advantageoﬁsly Tlocated toward the-bo_t;oin of chamber 15 in enclosure assembly
200. The location of system 55 at the-:b'ottom of ap'pératus 10 facilitates servicing- -
15  of chamber 15 for preventive maintenance cleanings, repairs, etc. - In particular,
'_ obening the lid of apparatus 10 in orglef to perform pfeventive maintenance '
cleaniﬁgs is easily done, _since the bottom-mounted remote microwave plasma
system 55 is not located on top of ﬁl_e 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 piésage 295 for delivering process gases into
chamber 15, and an outer,. annular: péssage 297 in communication with passage 293 -
for directing cleaning gases into the chainber. |
| The coolant manifold, which may be fastened to the top or side
surface of base plate 265, receives coblaht 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 pléte 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
distributidn plate 20 for dispersing process and clean gases into chamber 15.
Plates 301, 20 are preferably formed from a process-compatible material that is



25 radicals are produced for transfer to gas conduit 47. Processor

50 can al so cause anot her valve 96 to send ozone through line 83 to
gas supply line 43 and to send the deposition and carrier gases from
gas m xing system 93 through heated line 85 to gas supply line 43. In

alternative enbodi ments, valve 95 is connected at its output 5 only to
line 97 and selectively allows clean gas and N2 to pass t-hrough line 97 to

a swi tching val ve 105 (not shown). Located at a point close to inlet
57 and renote system 55, switchingval ve 105 in these enbodi nents
woul d be connected to inlet 57 to renpte m crowave system 55 and al so

to I'i ne 83 | capable®f twithstahding Afh ttmperature prypesses. | Boreexaniaygdtes 30lg@0e val ve
280 may be controll ed by rprocessqr 50 vvi]tBPn,lo j nst riJct.i ons .fromthe

syst em sof t WERY COmRTIsR & Feramif;materiak ych as aluminym gxide of alumigum nittide 5565 or
the depositi ﬁ]lNg, 2 mefal | hiel o Riuthifalid P Ghodized aluminum. Preferably, the (})l&t@&at ed
renmote fromthe'clean room where chanber 15 of apparat us 10 1s

| ocat ed are 30D17i20rcomprise panetal, suohps\almidumnet apedired alnmisn, tPaninimizeppl vy

110 provides power ..o the magpetrqn.in e .pl asnma tem.55., Ozonat or
115, 15 5 apBAS SROSGR P 85 it ety 1) 20 B HRLtplatly Bt 1 o
provi de 0zongmp&idneRS gld/Bispersion plate 36U is8$ artidize& ARImiAGA 208 gafie sources
90. In other enbodi ments, power supply 110 and ozonator 115 may be

| ocat ed i n t tistributiom plato2 eempréses aluminuei Gips disthusiop and gas disperaioad.

Further, in 1 in r [ Ly ' : l4¢es and/ or
mul 11 pl e 1 orBRS® ALy BuA <R BTy B O IuE, bty 8¥ B R PST 185G

mul tiple. 20Prefe@abig] gasidistibetonldd dispersion plarey 20301 are affixed to lower ~ ~ The
processes for depositing the film f)er,form' ng a,. clean, and erform ng
refl ow 0O dr purtace of ?@&ﬁafea%ﬁa‘éﬁh Hplusatitn ok threaded gnoynting sorews 3?)3’0151%am

product t hat ydefedBigtiSuliing GRS 36 prolie LRIRVLIGTRE ARfaAgode can be
witten in any" conventlonal “conputer’teatabl e programm-ngd 1 anguage such as,
for 25  exampfaee coM@Cbetweanndontact suricrscf, gadisGibutioPasd disperSiontplates 2@

other | anguag&’ _resi:ectively, and lower surface of base plate 265 to facilitate conductive heat

exchange therebetween (discuséed m g;eatér detail below). The mounting sdrews'
15 303,305 comprise'é prooess-cbmpatible material, such an nickel, Hasiel_oy’“,
‘Haynes™ or the like. - ) I

Referring to Figs. 4 and 5, gas distribution plate 20 1s a Subétanﬁally'.
flat 'platé 311 having an outer flange 313 with a pluraiity of holes 315 for receiving
mounting screws 305 to provide engagement of the contact surféCé of plate 20 with

20 lower surface of base plate 265. Base i)iate 265 includes an outer annular stand-off
. 316 that spaces gas distribufion 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. Altemafiv'ely, gas ,distributibn plate 20. may comprise a dish-shapéd device
25  (not shown) having a centrally disposed cavity defined by a siae wali and 4 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
uniformly spaced to provide a uniform distribution of gases onto the wafer. On the

30  other hénd, 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



Sui t abl e program code is ent er ed into a single file, or multiple files,

using a conventional text editor and is stored or enbodied in a
conput er - usabl e nedi um such as a nenory system of the conputer. If
the entered code text is in a high- | evel |anguage, the code is

conpil ed, and the resultant conpiler code is then linked 30 wth an
obj ect code of preconpiled Wndows |ibrary routines. To execute the
|l inked conpil ed object code, the system user invokes the object code,

causi ng the corrput er systemto |l qad the code in rrem)ry, from whi ch
t he CPU reads and

26 - Xpi@ﬂioﬁﬁuﬁxﬁﬁmﬁ?@ﬁ depsositioh o tht séigichrdilstorivil@er | Theerblés(ak kelpr ogr am
Fig. 1D is an illustrative bl ock _diagram of” the hierarchical control

st ruct ur e - ofastthe mapifold femperatugs, dissnesgd abovey grpriseAesignsd taayoidthe accor di ng.
to a ?@htﬁd n%gggﬁig @rﬁxe nHﬁifHﬂCﬁnér (ggﬁo@enﬁlga% & deiﬁ T)ax;tﬁuﬂ? & enters

a process se pr ocess oces's sel ector-
subrouti ne I1gr8vent the depositiers pHsufedépositeon thad surface axhich cbu&pﬂaigeemff and t he CRT

. fronitor. SThedLJ% %%teosalesv?;fer during and after processing. In an exemplary embodiment, the
‘hole array is one of generally concentric rings of holes 315. The distances between
adjacent rings (ring-to-ring spacings) are approximately equal, and the hole-to-hble
spacing within each ring is approxiniately equal. A more complete description of a
suitable arrangement for the gas distribution holes is described in commonly

10 assxgned U.S. Patent No. 4,872, 947 to Wang, the complete dlsclosure of which has
prev1ous1y 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 the_rethrough mto__the .
chamber 317 formed between outer stand-off 316 and gas distribution ﬁlatc 20. |

15 Base plate 265 preferably includes a second, inner stand-off 318 for spacing
dlspersmn plate 301 from base plate 265 and for allowing gas passmg through base

~ plate 265 to disperse into a chambsr 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 coufse, 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 dxspersmn 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 electrica_lly 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



whi ch are predeterm ned sets of process paraneters necessary to carry out
specified processes, are identified by predefined set nunbers.
Process sel ector subroutine 153 identifies (i) the desired process
chanber, and (ii) the desired set of process 10 par anmeters needed to
operate the process chanber for performing the desired process. The
process paraneters for performng a specific process relate to process
conditions such as,” for exanple, process gas conposition and flow rates,
tenperature, pressure, plasma conditiong4such as magnetron power |evels
(and alternatively to or iin addition to high- and | owfrequency RF
power | evel sefepghckhe 15 | ow-frequency RF frequency for ~enbodi nent s

equi pped with RF plasma systens cool i n as pres d chanber
wal | tenperature. Procé%@ll@@@cléfssmelﬁ‘??@ °W§ "g’(‘}ﬁs%a'ﬂav\hat type

of "process ( chanber
gettering, ‘%?‘F%/\H} lar%%ékﬁgﬂ%?@ afog Qﬂ}‘gﬁng&h @ngé‘?dr%ﬁngﬁagha%eg r 15. In
iﬁm:gnbodl rERtessed hedetailbylodd. s showhdn Figse 4and S¢ basesplite @68 defindsrout i ne.
The proces araneters are, provigded.to th t efor of a
reci pe af ole 327 ip Gprmpugicelion Y Hﬂetttﬂée ﬁ g‘ﬁt ‘ffé‘ﬁ?%&fz

I nt erface Igrﬁcess ages | from gas mixing B8x 27HNBoke iﬂlsmbllh%inﬁﬁlmicbﬁorpw&ﬁess are -
provi ded by i nput board and digital input board of the
syst em cont rxebd:ssrsllaofcgas dispetsignpilate 8O} for dispersingthe gps acrgsstmiate 30bdess are
out put on the.an 0,0ut gut o] D
syst em 10. hh 8l Basc plate Z%g%%’eﬁ%g";sga ‘téozbqug %sgége ugroﬁ%o ﬂq@gﬁ:\/

cCoNprises pragr abawd83s eoupled to the 20611t sysemi 218 forldinedtingedolanbfieids chanber
and set of process paraneters from tine 153,

and for 18ont thepughppriions ofiplas 236 te H&“’%P’e@u@% p!?éeeggmggst of pls Ei«g??ger s.
il tipl e o7 Bl Bodlin a6 03 Fhorfbi WA Ao IS PRI e

nunbers, user “can-enter ti ple process set nunbers and

process relativeBnidose toumtnenting serews 863,305 r This facilitaten eondeetiverackings t o
e & e et sty B QG558 et b BE AT B 1okt o o 201

sequencer subr
surface 326 of base plate 265. A more complete description of exemplary des1gns '

(

15  for coolant passage 93 can be found in commonly assigned, co-pendmg application .
- Serial No. 08/631 902, filed April 16, 1996 (Attomey Docket No. 1034), the

complete disclosure of which is mcorporated herem by reference and in commonly
ass1gned U.S. Patent No. 4, 872 947 to Wang, the complete disclosure of which has
prevxously been incorporated by reference. ‘ ) |

20 : Referring to Fig. 5, base plate 265 further defines ari annular recess
343 surrounding central hole 327 and an annular cap 345 dleposed 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 configuraﬁon, passage 93 is formed rehtively 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. '

Referring now to Figs. 6B and 6C, an alternative embodiment of

30  inner lid assembly 230° will now be described. Similar to the previous
embodunent 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



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

of the process chanbers 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 nonitoring the process chanbers can be

used, such as polling. Wen scheduling which process is to be executed,
seguencer subroutine 155 can be d¥signed to take into consideration

t he present condition of t he process chanber being used in conparison
wi th the deK.r da addisionsbase plate 263 includes an W“&@@b%‘ﬁé@%s, o?pt he

(adror °n <y RaRtEd SR IR, RS Plr REHES pes i D65 s ey el evant

schedul i ng @yrhptnkhts 8 1id assembly 230°. In this embodinent steage! platec265sfubthenut i ne 155
det ermi nes which process chanber and process set conbi I S goi ng

to be execuinslidesan ?diiﬁ@mkm%@ﬂd §M92r@(tendmg arquyg qeﬁgrgl{}fpﬁeiegﬁx ecution
of the BrocgSSe$al dit¥eSdh Hidid 361 forichirpitlgeaPwith ¥eSpotfibn of base plate

. 265 immediately above gas dispérsion and gas distr_ibution holes 325, 315.

Inner lid assembly 230° includes a plurality of bypass passages 510
extending from chamber 320 between basé' 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 di_stribution holes. 325, 315. Amoﬂiﬁgly, a large
portion of the gas flowing into chamber 320 will pass through bypass passages 520
directly into the vacuum chamber 15. In an ;:xemplary embodiment,, bypass

_ passagés 510 are preferably spaced circuinferentially around base plate 265 to
uniformly deli_vér gases into the chémﬁer.: 15 (see Fig. 6E). - In a preferred usé of

15  this embodiment, cleaning gases, such as NF,, pass into chamber 320 and through

. 'gas dispersion and gas distribution holes 325, 31'5,. .respéctively._- In addition, -a'"
-portion of the cleaning gases i)ass throuéh bypass passages 510 directly into
chamber 15 to facilitate the deli\)ery' of thie cleanilllg" gases into chamber 15.
| In this embodiment, vépof_ deposition apparatus 10 will preferably

20  include a control system, such as a valvé coupled to a controller (not shown) for
preventing (or at least inhibiﬁng) 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 speed and efficiency of the cleaning process, which réduces 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 showﬁ) _disposed exterior to CVD



15 paraneters to a chamber manager subroutine 157a-c which controls

mul tiple processing tasks in a process chanber 15 according to the

- process set determ ned by sequencer subroutine 155. For exanple, the
chanber manager subroutine 157a conprises program code for
controlling CVD and cl eani ng process operations in process chanber
15. Chanber nanager subroutine 157 al so controls execution of 20 vari ous
chanmber conponent subroutines which control operation of the chanber
‘canponents necessary to carry out the sg ected process set. Exanpl es of
chanber conponent subroutines are substrate positioning subroutine
160, procesgppamtusCiprofides vacuunmSpredsate fordzaw hdth theqrsceseambpirgelgasespr out i ne

165, heater control subroutine 167, ontrol, broytjne 170,
endpoi nt dedsewell e%rﬁsmps sqmpsemmer Jlégndéhreuéb? 3T Rymping éi.@B‘HLi ‘{9

subrouti ne 5@?&;5 t D
c_hanbgar, #@gfer}‘g@gl rren ?llggje of tﬂgﬁ%gg\%ﬂgﬁ%ﬁg%ﬁu}%ﬁg %\/hl | e ot her
efkaﬁjl m?nz ﬁsﬂm inrlﬁk.lugeﬂle rﬂgposittmmtﬂfclﬁahegasastamathstsd rﬁldbeoutwd@leor di nary
ski in e art_ wou rea i ze that o a 0
subr out |5nesﬁ¥§a‘ﬁaf°rw(5h°ﬂﬁbiy «-:359335@1‘8&1 Qt&pggggg 'g’éée to be

d

per.formed I Eﬁ{ﬂ?&& ;@Rﬁl{aﬂﬁél%: THecdHRATar SREC-SREDE
subrouti ne ect lve scheg l"i]éspuor call t he process conponent
subrout i nes onficea&ii)axdhdmaneln‘tome peeferablyidefined b¥) thecgapetigen the top ofifheng

exec gt ed. Ch er srtr:?/ {adkical sid side br Oﬂtll7n(?ncjru5dznag ?n%@r%’&ﬂﬁ& 2329 or B{eoﬁﬁﬁlﬁer liner
250 see Figs. 3 and 4) and the bottom of base plate 265.- From the pumpmg
10  channel 40, the gases flow clrcumferentlally_ around channel. 40 (shown by arrows
| 357) and through a dowxiwa_rdly extending gas pa_ssage 361, past a vacuum shut off
valve 363 (whose bod); is preferably integrated with the lower chamber body), and |
into discharge conduit 60 which connects to an external vacuum pump (not s_hown).'
j Alternatively, CVD apparatus 10 may inélu_de a separate pumping
15  plate (not shown) having a'plurali_ty of gas holes that directly communicate process
~ chamber 15 with pumping channel 40.. '.In this embodiment the gas holes are
circumferentially spaced around the central opening of the chamber to facilitate the
uniform discharge of process gas through the holes. To accommodate the relative
positions of inlets and outlets, gas holes may extend in a radially outward direction
20  from inlets to outlets relative to central opening. This radial orientation of holes
also contributes to a substantially uniform discharge of the procésé and purge gases
and ;axh'austed residues from the prbéeﬁsing- chamber 15. A more complete
description of this type of pumpmg 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 dlsclosure of which is incorporated herein by
" reference. '
Referring to Figs. 2 and 3, a valve assembly (throttle valve system)
369 includes an isolation valve 371 and a. throttle valve 373 disposed along
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 controlled by varying the flow cross-sectional

area of conduit 60 with throttle valve 373. Preferably, processor 50 receives from
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28 conponent subroutines nmuch |ike sequencer subroutine 155
schedul es whi ch process chanber 15 and process set are to be executed
next. Typically, chanber manager subroutine 157a includes steps of
nonitoring the various chanber conponents, determ ni ng which
conponents need to be operated based on the process paraneters 5 for the
process set to be executed, and initiating execution of a chanber conponent
subroutine responsive to t he nonitoring and determ ning steps.

Operation of particular chanber conponengy subroutines will now be
described with reference to Fig. 1D Substrate posi tioning subroutine 160
conpri ses pr gahafiteRBB1{ 983 signdls Hat hﬂﬁl:at‘é"ﬂ:ﬁ%ﬁmﬁ&fﬂ?éyaﬁ@t SProb@toras(e used to
| oad 10 t he substrate onto heater 25 and, optionally, to lift the
substrate tocempases theaneasirgd pressure valug withh$atopint preswire yaluesotnterad b¥paci ng

bet ween t he GEEE I a
substrate i saﬁ%g%ésWn%wg%hggds% téfrxeo%ess%ga%:gﬁﬁﬁb g&%me\/%?owered to
receive the $Bkhstat istxeqﬁndl tohasintairpthe desifedi pressued Wﬁlﬁintchath IdesProeekstrei ght .
I n operatjon, substrate positionj ng lfllbl‘ out i ne 160 controls mpvenent of

heater 22 i n-93elays axplipstpent signal Fogontraller$dtoa dryemaier (8ot he support
hei ght t hat I AR MWFFW 57a.:
Process gas gi(i)(ﬁr{&l)o su%{d‘f)l%glﬁﬁreoml%‘éﬁﬁﬁ?%rog am code orrégé)b;lntar Itpleﬂr]l%

- process gas sﬂmmmprcmeanaulef | Suitable tthrottlePrabess for ysmowittotherpresentuinventionne 163
controls the open/ osition of the safety shut.- off .. ves, al so .
amps 20 AR e N R e e Aorear e PR et Mo TR T 1 ow
rate.” Proc es ] "Imgroveﬁ APphRtusaal Méthbdlefoit@%ntrélhhﬁ'mﬁk Oharhtte chanber

manager subroutine 157a, as are chamber conponent subrouti nes,
and r ecel®es Peessirali (Atternpy Doekes Nosr &%DQ\QD-H/MBE). filed June 28, 1996, the

complete disclosure of which is incorporated herein by reference.

Isolation valve 371 may bé'-.used to isolate process chambef 15 from
the vacuum pump to minimize the reduction of chamber pressure due to the
pumping action of the pump. Isolation valve 3‘71, togéther with th_rottle_ valve 373,

15  may also be ﬁsed'to caliﬁrate the mass flow controllers (n6t éhown) of CVD
apparatus 10. In some processes,’ llqmd dopants are vaporwed 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 hqmd dopants into the chamber 15.

| During calibration of the MFCs, 1solat10n 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.



related to the desired gas flow rates fromthe chanmber manager. Typically,

process gas control subroutine 163 operates by opening the gas supply
| ines and repeatedly 25 (i) reading the necessary mass flow controllers,
(i1) conparing the readings to the desired flow rates received from
chanber nanager subroutine 157a, and (iii) -~ adjusting the flow rates
of the gas supply lines as necessary. Furthernore, process gas
control subroutine 163 includes steps. for nonitoring the gas flow rates
for unsafe rates, and activating #gBe safety shut-off val ves when an

unsafe condition is 30 detected. Process gas control subroutine 163-al so
control s the gas conp®eferting teiFigs. 9 and 13 f heaterMiftt assentbly 30Igenaralljppses as wel |

Geos:Fon. r R s8RFRe RETEEN s BppbMie L b s oA ot o
29 ng%mvs%pg%};aﬁfa@wmmmm V3 ire@fickBingSupperykhafe 613, each

subrouti ne trolling a specific type of process or specific
sets of gas 3911393 underneath heater 25 and a driverassebly A0 fas vertically maving thegas such

a8 LT e 0Pl b A1 i 07 BB 1.0 A8 e
detail below, heater 25 (and the wafer supported thereon) can be controllably moved
between a lower loading/unloading' position where they are substatitially_ aligned
with slot 243 in enclosure assembly 200 and an upper processing posiiibn beneath
gas distribution plate 20 (Figs. 3 and 4). As shown in Fig. 7, heater 25 includes an

10  wupper wafér support surface 403 surrounded by an anﬁular faised perimeter '
flange 405 so that the wafer is accurately located during processing. Wafer support
surface 403 has a diameter approximately equal to the diametér of wafer W at the
deposition temperature, e.g., at a temperature ranging from about 200-800°C." This
diameter will typically be about 6-8 ing:hes (abdut 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 scoﬁe of the invention with appropriate modification of the ¢hamber,
the chamber lining 250, and support heater 25. | |

Support heater 25'préferably cotnprises a disk made from éf proée‘ss-

20  compatible material that is capable of withstanding relatively high processing
temperatures, i.e., up to 600-800°C or higher. Thé ma;terial should also be resistant
to deposition from the reactive cheﬁﬁstries 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 nitn'de; ‘aluminum oxide or

25  the like. Aluminum nitride ceramic is the preferred material for the heater 25 |
because it has high thermal conductivity, exé_ellent éorrosi_on resistance, and -
excellent tolerance of thermal shock. Thus, in a particularly preferred embodiment,
the entire outer surface of heater 25 comprises aluminum nitride. Aluminum nitride
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



5 gases are introduced. For these processes, process gas control
subroutine 163 is programmed to include steps for flowing the inert
gas into chanber 15 for an anount of tine necessary to stabilize the
pressure in the chanber, and then the st eps descri bed above woul d be
carried out. Additionally, when a process gas is to be vaporized from
a liquid precursor, for exanple TEGS, process gas control 100 subroutine
163 would be witten to include .steps for bubbling a delivery gas such as
heli um through the liquid precursor in a4®ubbl er assenbly, or introducing a
carrier - gas such as heliumto a liquid injection system Wen a

bubbl er is usadditibmralaminem tends totrgane with the dluesine comtaining comasunsds ypicdily

subroutine 163 regylates the flow gf th . del L ver as, t pressure
' the bubbl @ed B S5t JOTR & st 4F ap lymping fiyorid§ copoung ibatimay o
desired procegntsidy ﬁdilﬁwfpra%ﬁi%ke&f fitoSthe TRAHbENR éhto HRwAHES résaflingriACeSS
gas flow rates are’transferred to process ggé control subroutine 163 as

process coptaminatior (discusagd tin Surther detail hele®s Genstruetingrthe heatesr2Suef ne 163

i ncl udes steps f.or . . taini A c ry..deli Sy rate,
bubbl er pﬁf es nmgr?dmﬂﬁ 5@?‘3}%{} erignm{}g%glgsr §l{%§?g%}1§?%°ﬁ§{ é‘gg'%r%%a%c ess gas
flow rate by accessi ngRefesfifyd 8ghin &PFig. 20 drive astembly 400 miycindRde aSafigtyval ues
for a given process gas flow rate. Once the necessary val ues are

obt ai ned, t he&f daivinganschanisms, igeludiag @ prswBatic:eylindes coptEollahle motor or Highb| er
t t ' , - | ' d
enperature e PrfefBiFd st&%%?dg 409 cb!r}@e&'?&ﬁégﬁseér Vid #&&mﬁ@%@d&%@p ‘ri‘i ses

accordi ngly. ressu contr subrouti ne
pr ogr am code 408rop@fates tc vertically drive hdater (25¢ shaftse391 n 39 andclifs adber3985n by

regul ati t he aper;ture size of the . throttle,val ve.in the exhaust
St om of's haonRBidRtremEs Sebeeh it lopdineyhibafink ahd PhoeiRingbosBons vo 1o set

to control t *Iﬁi%@é?ﬁﬁly ROE AkH lificlddes %P indgwee¥lows 11 S48 Arfibhdd0 . the.
total process gas flow, the size of e process chanber, and the punping
set - p dietweeprthesendk of shaft 39/ and thesbattoms; 9E therproagssing ¢hamben tocallogvi farol

Fecei ved s upuPURly g PHEE mobelient RERESE 21, LEAPRa BEREAL BIE 1,
pressure contallelv sduleraagilanfoléiheitROSHKues that the gas distribution faceplate 20 and
15 the heater 25 are substantially parallel during processing. . - |
o Referring to Figs. 4, 9 and 13, lift tube 395 surroumds the lower
porﬁoﬁ_ of upper shaft 391 and assists-ih insulating upper_ bellows 4'_1 1 from thermal
energy radiating from shaft 391, heater 25 and the inside of processing chamber 15.
Lift tube 395 usually compﬁses 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 pi'e'.fera_\,bly formed from
‘a material capable of withstanding_ high témpcratﬁres, such as alumimixh nitride or
aluminum oxide (AL, O, in its ceramic or alumina form). Flange 422 and strike
plate 420 insulate the aluminum shaft 41.8 from the heater to minimize warping or
25 . fusing of shaft 418 to heater shaft 391 or to the process chamber. . In an exemplary
' cmbodimenf, lift tube 395 includes a spring (not.shoWn), such as a wave spring,
loaded between ﬂaﬂge 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 pfeferably 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



the pressure in chanber 15 by reading one or nore conventional pressure

30 nanoneters connected to the chanber, conpares the neasure

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 values obtained fromthe pressure table. Alternatively, 5

pressure control subroutine 165 can be witten to open or close the
throttle valve to ~a particular apespure size to regulate the pressure
i n chanber 15 to the desired |evel . Heat er contr ol
subroutine 16 uppepsurfees of hegen?s fardeading ambunlnm:lihg wafers. Lift fihgers d8er at ur e

f heat | t 473 t tl t heat d
CUbqt rat e 1 hEFCBRErSHlE FUls ok CErn iairil, Hehog AMBIRIT SR8, AL BRI 167
which is 10 pa@l $Rodl RRchidd corB AEARE HERD ASR Showad) THE Ko lﬂf@ﬁﬁgerrgﬁw ves a

desired target/set- - poi nt tenperature paraneter, T[err], as an input

(step 580). Ismds#3d aﬁempfemﬂy oot uniformlycdistributed abbutahe heater1257 but insteaés t he
current tserrp?r at ure of

orm a rectangl t’ 58 at21 s?%ngg‘ i3 't’hat Owider than the width of the robot
blade, which is typically a thin, flat bar (not shown), around which the lift ﬁngers
430 must lift the wafer. The bottom end of the lift fingers 430 are rounded.. The
ﬁngérs 430 have a relatively thick diameter of about 100-200 mil, preferably about
150 mil, and a relatively short length of about 1-3 inches, preferably 2 inches, to
10  minimize finger binding to the heater dunng 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 héatcr 25 with strike plafe 420. As lift fingers 430 rise alpng'with heater 25,

15  they encounter :,a stop (not shown). As heater 25 ;coﬁtiriues to rise (o the processing
' position opposite gas distribution faceplate 20, lift ﬁ.ngers'430 sink into guide studs
432 within hieater 25 and the wafer is deposited onto wafer support surface 403
within annular flange 405. To remove the wafer from chamber 15, the above stéps
are performed in reverse. | . R
20 | | ‘Referring again to Fig. 9, a resistive heater coil assembly 440 is
housed within heater 25 for transferring _heé't to the wafer during processing. Uppér
~ and lower sixpport shafts 391, 393 Suprn the heater 25 and house the necessary
electrical connections to the heater coil assembly 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. 'Prefera_bly, shaft 391 will
be fabricated from diffusion-bonded alummum iiitri&é, which preventé 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 of shaft 391 is at ambient temperature and pressure (preferably atmospheric

pressure, i.e., 760 torr or 1 atm). In other embodiments, hollow core 445 may be



vol tage output of a thernocouple |ocated in heater 25. The current

tenperature is denoted T(k), where k is the current tinme step of
heater control subroutine 167. 15 -The controller obtains the tenperature
T(k) fromthe thernocouple voltage by | ooki ng up the correspondi ng
tenperature in a stored conversion table or by cal culating the
tenperature using a fourth-order polynomal. In an exenplary

enbodi ment, heater -control subroutine 167 in step 584 cal cul ates the
tenmperature- error. The tenperaturesgrror, denoted Err[err], is

determ ned by the equation 20 Err[err], (k)=Td[err]-T(k).

I n step 584, aheprezsure @faboit 058D I20dtin 41 al rhpetatire Bflaboit 10-3000C, tvhle
control algorithns based on the absolute value of Err[err] (k). If the

absol ut e val Ghamber 15 may be pltemperaiires ofyat least ahout 40Q 6, pndipressyzgs of about
det ' . : | will
T ect a1 omaSAisr @ aboft 608 core Menif E6efuration helps B brérely i BbOHIgeLEnd |

al gori t hm pr edies elegtricah¢onnéctions fromecoresionufram abe piocesd and icledn igasep avithinr e,
Td[ err] | the agbsql.ute val ue.of _the tenper Te.eLrar is greater
than the Soouﬁa%ﬁlé“ roi’,l agémm{ mjpiainneg @BR’PPBW_%%%?{:%&@* W%mé‘él ect a
tenperat ure padihure tinirizesPdreiag iffopitie SR Bower. sourc@t?ﬁ)uﬁhmll&w o444 M

controls the rate at which the heater tenperature w approach the
desired tenp@owenleads af the aJuniinem shaft. dbistareing that anighit atherwisatdceur inree 30
Lomperature ORI RS oo oo o Poal ST
to update the power delReferifigltd Pigh.h® ahke 20, Wber support shaft 391 extends through
10 an opening 453 in the lower surface of enclosure assembly 200, and is coupled to a
| base 455 that provides a gas seal between shaft 391 and chamber 15. Upper
support shaft 391 is fasténed, e.g., bolted, to lower support shaft 393, which.
comprises a suitable process-cornpatible material',' such as aluminum or an aluminum -
_alloy. Lower support shaft 393 is preferably a water-cooled aluminum shaft.
15 However, lower support shaft 393 may also comprise a ceramic material, such as
aluminum oxide or aluminum xitride. One or more seaiing members 457, e.g., 0-
rings, are positioned between shafts 391, 393 1o maintain the gas-seal between core
445 and chamber 15. As shown in Fig. 9, lower suppoﬁ 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 lugh temperéturé 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 16w 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



31 el enent enbedded in heater 25 so as to nmintain the current

tenperature, T(k), as close to T[err], as possible. The feedforward
control in this algorithmestimtes the amount of power necessary to
mai ntain the desired tenperature given the anount and type of gas

fl ow and RF power supplied to the chanber. The feedback control 5 uses
standard Proportional -Integral-Derivative (PID) control terns to adjust the
esti mated feedf orward power based on the dynam c behavi or of the

t enperature error, Err[err](k). Pl§9 control is the type of algorithm
used in conventional heater ‘control systens without regard to the

val ue of t hethé @eRaii@hedter 25.r The rduting o€ €1 heater coil a0t iembsdded dff thieoheagart r ol t he
t enperature rar‘rgrate they will define a tine-varying 10 T[err] (k) and
then enpl oy %ase 26preferbly W@Fs aé@s’few batdbegms af gRacelegirical goptart 4

t enper at ur e BygNE4 ON,
heat er cont r%‘{ s&grou‘%&nﬁrofﬁatgﬁ%a? g%‘)ackandfbﬂh%ﬁﬁg%@ﬁﬁg%{gnper% ure ranp
control al gonomi'dm(sspmt&%)tends toahﬁ othér sidevef hdater 25, and theatrens Bickvindn t he

O TR oA A SRl LTI 5, ¢
Lenperature,p ngg@hde& 'hgﬁm‘gttﬁﬂniintaﬂhegénéiaﬁ y ShifoR Rlibefii HERAS Melr e shoul d

be con ecause the heater” 25 can be a ceramc
mat eri al , .vxhw:dnh ofithe plate whileaallowing for beat tlossesraPrefirahl), heater icoil 4@ ipeitlat ur e

changes too Kl ! ro thm use $ rd and
Proporti onal P q‘%@&%‘t’ﬂ%{’eﬂ‘n 'rn?mf%e 8{3“’?”}‘@ %atale%%%ut +c/J 2 éraégggeﬁﬁf‘
desired ranpatiiedse abottCH/-BTC at'G0OPC hérbls wifee supipott/saffate?4U3 of heater 25. In

10 "an exemplary embodiment, heater coil 471 wxll have a greater power densny near

the center of heater 25 to réduc_:e the thermal gradient from heater shaft 391.

As shown in Fig. 14, heater coil assembly 440 preferably includes an
embedded RF mesh ground plane eleé;tttjde 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 elém’ent_ 473 is-a molybdenum mesh electrode

- which prdvides the ground path and blas‘ma resistance in erhbddim’ents where plésma

processes are used. Lead wires 475 preferably comprise a conductive material that
can-withstand relatively high process '-térnper'Amres, such as nickel, copper or the:
like. In an exemplary configuration, lead wires 475 are -éai:h nickel wires coupled

20  to electrode 473 by a metal insert 477 that is co-sintered into electrode 473 to avoid
brazing between ceré.mic and metal. Inserts 477 preferably comprise 4 material
with a relatively close thermal le'xpansion match to aluminum nitride, such as
molybdenum. As shown, the molybdenum inserts 477 afe each fasténe'd, e.g.,
brazed, to a molybdenuﬁx plug 481, which is then brazed to lead wire 475. All of

25  the wires of the heater cbil, whether primarily resistive or primarily conductive, are
sheathed in the continuous insulating cbating (such as described above) which
tolerate high temperatures so as to w1thstand casting of the aluminum nitride heater
body. _

Referring 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)
in§erted and held in contact with the underside of heater 25-at a distance of about |



Tate is mainly a function of the tenperature of the heater and i's based on

t he t hermal . shock resistance of the heater 25 at various .
tenperatures. Thus, the desired ranp rate may continuously change
based on the current neasured tenperature of - the heater, or it may be

set .at a constant based on a mninumrate that is | ow 25 enough to avoid
thermal shock within the range of tenperatures of a particul ar

process. The control algorithmalso enploys a saturation function on the .
rate of change of power supplied 58 the heater to.danp the system
response, which reduces - oscillations in ranp rate.

Controllers K]‘Gﬂmahlfmmmetbmﬂonmﬂthe wafearml‘crﬂjaEeﬂm heater 25 ingheet amed 30

t enperat ure aj ecto uar.ant ee, t hat esired
Lo ot ur e, hemesounid gie SO (rig T A iz PURaler slembnt 75 fOF SOREEHPE o
future. The A4S bR Mrldip 41 tb RfentenfB73. The thén%@d E?é 49fis'heraghh K

wll be T [err However, e |nstant aneous rate of chan
32 t emmezhwur glight sprjngrmWe\fm avuomprgssmmspngg 6&31(Flgnl$)v and Consi der

the case 5 n \gf'hvuri]es a control signal for the temperature controller (not shown). Sensor 495 is -
preferably disposed in a well 505 which is at atmospheric pressure, which enhances
the heat transfer between the heating element 473 and the thermocouple 491 to
provide a more accurate reading. The temperature controller is a recipe-driven - -
proportional integral differential (PID) controller which anticipates the recipe steps
10  which are about to occur and alters the response characteristic of the heater to
maintain a uniform temperature. profile. A vacuum seal and- ground connection for
the lower support shaft 393 is made along the side surface of shaft 393 (not shown) '
and connections to heater wire ends 511 and the thermocouple tube end 513 are
made at atmospherrc conditions. _
15 . 'When the present mventzon 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
processmg position by drive assembly 400 and lift fingers 430 smk into guide studs
. 432 within heater 25 so that the waf_er is deposrted onto wafer support surface 430
20  within annular flange 405 of heater 25 (Figs. 4; 9 and 1(_)).' Process gases, such as |
TEOS and O;, are directed through gas passages 83; 85 and mxxed 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 mlet 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 wrres 457 to resistive
coil 473 to heat the wafer to a temperature of about 200-800°C, according to



a disturbance causes the tenperature to remain stable for some interval of

tinme | ess than K. The controller will then attenpt to as quickly as
possi bl e "catch up" to the desired trajectory T[err] (k). The ranp
rate for the time interval during which the 5 controller is catching up
wi l.I be greater than T [err]. That scenario could result in . ther mal
shock fracture. By controlling the ranp rate directly, the current

i nvention avoi ds this potential scenario. '

Ref-erring to Fig. 1E, an exenplary ranp sontrol algorithmw Il now be

described. After the desired tenperature, T[err] is input (step 580), the

curfent 10 spe&ifib Rirbolintents( Kin the giﬁfé& ¢ edbddimen, MmF&aﬁhré Recohgbpar at ure
error is deteéerm ned (step the ranp contro rithmcal cul at es

t he: act ual rhwp ftredba;ckrcopkpl wteng(@scnbed aboNentor heater eanfrobsubreuting | 167)

“tech T(k
beces onct noba bRl B g B Sy ool iy e oler 1 (7).
Err[err] T[ er Dhfidg #iy procéss) inet H asseMblo2BD fBeives Heaefromt vazious sopcdsat e T' (k)

is 15 cal cul at ed fromneasured tenperature T over a range of
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t f t h
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speci fi c enbodi nent _ et er m ned
const ant’ val minimiimedepasitionk tanmtramrnndahereﬂy {void gz n&w'mnsrnnrbdeposmon oy

sanpling (i.e., measuring ur d sanple rate
G 0" - St mOPHS A e R & T@F%td’“?%g@z@gﬁ ol 5 et
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conpared to the average of th previous 1 The difference

bet ween 10he aver ages oDmtmaethe.deposm@ pRogesss e vacuum P@@WM@ and the’
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-enbodlnent (s bove e an exanpl e one
portion 253 of liner 250 The purge gas mmnmzes leakage of | process gas into the.

lower portion of apparatus 10 and faclhtates 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 systém .
55 for cleaning the wafer and/or the process chamber, in accordance with an
embodiment of the preseht invéntion. 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 componbms of chamber 15, and possibly for use in

25 depositions. Microwave plasma system 55 includes applicator tube 292; a plasma
igniﬁon system (described below); a microwave waveguide system (described
below); optimizing clements including an impedance matcﬁing 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. | B

Magnetron 711 is a typical magnetron source capable of operating
between about 500-2500 Watts for continuous wave (CW) or pulsed output of



numerical differentiation techni que that may be used, but other techniques
that nmay 30 be nore sophisticated al so can be used in other enbodi nents.

I n ot her enbodi ments, other sanple rates al so may be used.
To el aborate on step 596, an exenplary control function used in the
33 - specific enbodinent is given by the follow ng equati on:

P(k+ 1)  P=[err][T(k), T [err](T(k))] + Kp*[T[err], (T(k))-T (k)]

where k is the current tinme step and k+1 is the next tine step. P(k+l) is
t he power that will be supplied tgsthe heater at the next time step.
Plerr][T(k), 5 Tlerr](T(k))], which is a function of the desired ranp

rate and nmeanbioRvisSorabbad 2148 Gigahertz (GHz)Sﬁ‘B@xe evegnétpgl P Rggoweredof t he
necessary power to give a ranp %a te of. ﬂwe?rﬁ]z( T(k)) at a tenperature

T(K). K[err byipower supply b10 (hown dwFig: dﬁlﬂ which may be remetely/ Iogated fromsecond) )
It he spociFHEBSED bEk nC ot e b s e, B Rt S Microwevee 7L L)
; 2 . hgs P( K)frond Magnétroy 7011 478 triafidinitted Rothe Im‘iuio&falvy wavegideosys@imwidgist ens such
5 includes various lengths of straight and curved waveguide sections 715, 717 which
may be connected together at joints 719. Interspersed within the waveguide system
are optimizing elements that work to provide low loss, maximum microwave
transmission with minimized reflection losses and to protect the Ihaghetron from
damage due to reflected power. The des;:riptidn below follows the desired direction
10  of microwaves from magnetron 711 toward applicator tube 292.
In a specific embodiment, microwave plasma system 55 has -
magnetrori 711 connected to circulator 705 with load 707, as shown in Fig. 16.
Circulator 705 allows only forward microwave transmission from magixetron 711
toward applicator tube 292. Load 707 absorbs -any power that might be reflected
15 back from the waveguide system toward magnetron 711. Clrculator 705 and load:
707 thereby direct microwaves in the f_orward direction and protect magnetron 711
from damage from_ reflected power. Circtxlator 705 connects to _wavééuide section
715 that is connéctéd to phase detector 703 connected to another waveguide section
~~ 715. Phase detector 703, if utilized, is coupled via cui'ved 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 detéctor 703 is a 3-
diode array which detects the phase of microwaves transmitted for feedback to
matching system 701, which intelligently and c_lynainically matches the load
appropriately-. “In the specific embodiment, 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 applicatof

tube 292, where a plasma is created. Applicator tube 292 has an input feed line 57



resistive heater with large thermal mass of the present invention. The
control function is then approxi mted by the foll ow ng equations:
P(k+1) = P(k) + Klerr]*[T[err](T(k))-T (k)]

P(k+1) - P(k) =K[err]*[T[err](T(k))-T[err](k)]. 15

Because the response of the heater is slow, there is a |ag between the
time power is adjusted and the tinme when the adjustnment produces the
desired result. For example, if the tenperature of the heater is
stabl e and the desired ranp rate icg positive, the control wll
increase power to the heater. The tenperature will not, however,
1mredi atel y ﬁ&dr 1 20
then at the drildetit&et?fegéghgg %%?th%ra&? ﬁﬂc? reas ewo]g\l/\c/ré@ﬁes Hbﬁf ﬁﬁgﬁoﬂﬁnnﬁel to
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i ncrease beyﬁéﬁrablysaldﬁﬁar ?f oﬁﬁf wfiterihD keSistaft &?éd: By%cﬁ&%)ﬁl thd Ii!uﬁasma,
controller will react by reducing power, and slowy the ranp rate wll

decr eased 2ccordingde apeeific embedimisnt. r bt the spesific embodimenteapnlisater tuhs heat er
so it will r . [qUC . ' r.,ease

- beyond its 02?9 Si re(?flli‘\g'/)e§®;tljé){r gﬁ)‘ﬁllts'} s'izg' et FP%F i%(;)g%?ﬁg&ﬁﬁﬁ di%l/eg?r"% Arlr)g,q{a?ﬁe .
magni t ude ofindhes. Applitdtet tube 29NMid disptred trozhowdlepiiide sedxipn 721 ewhich lis
reach a constant, steadégstate val ue. Because, all real %stems underg

smal | open &t eRaef-fo8 transmaiting fjcrowaves apdisjemmingted af g @thes ead &v 1@? ror.
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over shoot anadml".a'tﬁl wall. MEIWAe‘Hga&stPé% gslé]rt? g?h% e etrh?‘?'@lsth%%ge tﬁfe system
wi || bel@or ewnzguidé s¢otion, 72buo reactive gased mally -appla:aar arbedQZV\Mhichhs small. If .

Kferr] is smgl] i’arenqei"o %gr%%agrgs ! Of E:oul{'(sae oﬂYte Calruz)(s sulﬂ[x as slpphu‘e 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 mlcrowaves in waveguide section’ 721 enter a window through the -
. 15  exterior of apphcator tube 292 to the exposed interior of tube 292 to’ energize the
- reactive gases. . _
 Inthe specific embodiment, a plasma ‘may be ignited by plasma
ignition system which includes an uitraviolct (UV) lamp 731 and a UV power
supply 733, which may optionélly 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 jonization 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 200 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 ooupling 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 iri 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



34 can be | arge because Deri vative control can be used to danp the

system s response, i.e. reduce overshoot and oscillation.
St eady-state error can be reduced by using I ntegral control, but this
tends to increase overshoot and oscillation and is preferably avoi ded

in this control algorithm In this case, derivative control is not 5
available. It would require nunerically calculating the second derivative

of the tenperature. Because the signal-to-noise ratio of the
t hermocoupl e signal is low, its ' seggnd derivative can not be
calculated reliably. Therefore, the present invention uses a_ |l arge

Klerr] dt 0f r gdmmtssplaaﬂa/rﬁidalsfinwimlgt 200 0f e:;]mw assembly f200C4s sean E}:sFigo 3598)

i nstead o ivative . control to en the systemresponse. T aturation
10 _functioﬁ{aéfqa &W\J@“&ﬂw‘é’é’d’&!eégggwgﬁw A eI eIk 200 ] i s

i nversely pr i'soélﬁ’: ih Ti o aa ring the
transi ent po?fnlﬁgl}] o) %Pﬁg@gv;gltlén&r?gg' onse,bi)ahﬁd@bagglﬁmgragglﬁgédglggﬁarger and
over shoot can(PAFELr PTiFEs whidheis icommergiilly availabie) for ekample, as TeftopB BT it e,
errors arg small, so the effecti.ve ert] is.large... . .

The exenpf ar yFEUSIAR 1y @H’gf‘lfn‘fcpf’ﬂﬂmh ﬁ”ﬁ‘%& r??ﬁﬂf%ﬁ&wgfyemp}‘te%tﬂﬂlﬁg%gq‘s 15

gi ven by the figtd 207 frevef AddraitSradiedlaRcdaWinationGh thd patage Wudihg eRan P(K+ 1)
refers to t he power defined by the control equation given above.
Plerr] (k+1) ipsoeassesadn@ddition to PTEEv\énersl%mlwema! be mede péamefluormagadr | is the

[i e step 1o PRE G B8t notymeS IFRER RRASWARY €4 pRRHE: cbhBRAY
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the carbon-fluorine backbone of polytetrafiuouroethylene resins with a perfluoro-

10  alkoxy side chain), fluorinated ethylene-propylene (T_FE), 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 mailifqld -
270 to gate valve 280. Clean gas manifold 270 is also constructed of PTFE. PTFE

15 is preferred for cleaning applicatidhs where ﬂuorihe'radicals are produced in the

plasmia, since PTFE is resistant to etching by fluorine radicals. Of course, both-
clean gas manifold 270 énd liner 291 may be made of other materials (such as those
mentioned above for liner _291). which are resistant to the _pahic,ular chemistry
depending on the reactive gases used. _

20 '  In some embodiments, gate valve 280 isolates the clean processes
from the deposition processes, aé 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 .dcposition 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 manifdld 270) to minimize

30 'damage to or dcposition.on_to' the closed valve 280 due to the reactive chemistries
from conduit 47. In a preferred embodiment, gate valve 280 is a particle-grade gate -
va?ve. In embodiments using gate valve 280, only when chamber 15 is used for a



function is as follows: 20 i f P(k+1)-P(k) >

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

Plerr] (k+l)=P(k)-P[erer] for P(k+1l) <P(k) el se
Plerr] (k+1) =P(k+1) A new termK[err] (k) can now be
defined as the effective gain of the 25 controller 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 fggction is applied, Kerr](k) is
defined by substituting P(K+1) for P(k+l) in the equations above and

conbi ni ng t hafepicleaning step orl WRer4l bidnhtien cleRhilig 19 TPe‘rformed does gate valve 280
Plerr][T(K), T[err ,(jl'gk))] + Kp*§T[err](T(k) - (k)L. The term

Kl err] (k) isopen, flpwingplaspn radicals to flow into fluid passage 293 of gasimixing box
Kl err] (K) *Erpler ]% | Fi menti _ : odinehs lobe)
=P[err]/Err| g{rif’]_d’s( IHH Fig. 3. B‘;/‘s r?a??l%rglgedtaﬁgv%fl &FF \%‘bgal Eﬁé rgéﬁ va\}%ee%SOt he
. ranp rate er jfiotived 8 gk, Thy plasing eadicalithen may flow through annular passage 295

3 5  and into chamber 15 via gas distribution plate 20. Distribution plate 20 as well as
various parts of chamber 15 are _thﬁs cleaned. Residues and used cleaning gases are
then exhausted fro_fn chamber 15 with the exhaust system discussed above. The
éleaning process of chamber 15 and the cleaning of wafer surfaces are discussed in
detail below. i |

11 S
F. Endpoint Detection System |
Figs. 17A-17D 'illusirate; a cleaning endpoint detection system 800 for,
microwave plasma system 55 accdrdiixg to another aspect of the present invention.
As discussed above, apparatus 10 pfeferably employs a thermal cleaning technique
15  using remote microwave technology, instead of a convénﬁonal in situ plasma |
process, fd lower metal contaminatio_n; In the prescht invention, thé gentle cleaning
technique using remote micquve piaéma system 55 utilizes only chemical
N reactions, in contrast to using in situ plasma processes where physical sputtering -
. effects may react with the alumiriﬁm' in the chamber walls and lead to aluminum
20  metal contamination in the processed wafer. |
In the éleaning'process ﬁsing rémote 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 procéss has a number of advantages for cleéning a
wafer in chamber 15 and/or components of chamber 15 (discuss:d above), 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
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.



oscillation in the response are minimized by this saturation function. This

reduces the |likelihood of damage to the heater from poor ranp rate
control. Accordingly, the ranp control algorithmof heater control
subroutine 167 danpens the systens response when |large ranp rate

errors occur, thereby resulting in nore efficient 5 tenperature control.
A plasma control subroutine 170 conprises program code for setting
t he magnetron power |evels and node (CWor pulsed). In alternative
enbodi nment s havi ng RF pl asma systggs, pl asma control subroutine 170
al so coul d include program code f setting | ow and high-frequency

RF power | evels appll Qﬁ.ﬁé fﬁ% 15, and
for setting the Iovv-frequené Qefctxor? enc %f?ljleeﬁﬁege%gﬁﬁreht:i}; cou’rse some

enbodi ment s way based witle eitien antn smnplas:ha smlarrembter]ﬂasma such_]a'sOpmsnﬂeﬂ bpr

m crowave power |evels and an eé‘?fpl asmfl gontrol suybroutine 170, used
for RF pomrmrcewvgpmaewﬁ@ﬁ FEEMpic 48 OPF FEIMR AR RIEEESH a
subrout i nes, pJab @5 0%Pis GRGH fo%readt WRIHOHD, Eﬁwaztorekﬁué By el QariercD IR smﬂnager 15
subroutine 157a A plasma control subroutine 170

conpri se§ prgasr wlnchasldra'varomeftchamper 15 witlhthe vedjrem tpump. t Whemsuhstantially power
| evel s and ' | ternativ nents_havi ng RF
pl asma syste fﬁ’%\%ﬁﬁ“@g‘ Eﬂ?‘b‘? %ﬁq??gs%%geép%gum"%sed gas capdl) yde :

program COdereEétrwﬁl?iHel 810, tORrmBiE,. Ninglead,” 6 fRIOEMe-Bised *;%E?h&o applied 20
to the process €l ectrodes in champer 15, and for settl n w-frequency
RF f r cepianaipate thn ehpaber & oetsmeg%t wiglyfor smeﬂﬁn@ﬁta

AT oAbty i A E
t he pr evi0ousimpataacoi dwdmhahbapproxunate crelppinb en thoauiintcw MhMSthe st Sity '
i embod; montEkE ahtragad s Bomls 5159 0ath 260 can SR 8 ne 170
al so i ncl udegreRif oAkl FRVPint YUdIQRSRONE chhﬂﬁb&gli)f ASRistu@] Rdther ~ 280 -
to coordinate with the setting/adjusting ol mcrowave power |evels. o
: _ below, endpoint detection system 800 of the present invention determmes the
endpoint of a cleaning process by detecting changes in light intensity that occur due-
15  to absorbance of light by the exhausted clean gas reactants s1_1ch as.SiF4. .
| | As shown in Fig. 17A, cleaning endpoint detection system 800
includes a gas detector 802 pbéitioned along discharge conduit 60 betv_vccn isolation
valve 371 and throttle valve 373; Of course, gas detector 802 may be pdSitioned in
other locations within the exhaust s'jr'stem of apparatus 10, For'eXa_inple, detector
20 - 802 may be positio_néd downstream of throttle valve 373, as shown in Fig. 17B. - In
_ another embodiment, detector 802 is pbsitioned 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 éxample during gas procesSing of a wafer within the chamber. -
Referring to Fig. 17D, a preferred cmbodnnent of gas detector 802 -
. will now be described. As shown, detector 802 includes a housmg 804 defining a
through-hole 806 in communication with conduit 60 for allowing the gases and other
residue .from chamber 15 to pass therethrough. A pair of flanges 808, 810
30  preferably attach housing 804 to conduit 60. The side walls of housing 804 include
a pair of infrared (IR) windows 812, 813 that are configured to allow far-IR light to
pass through. Far-IR light has wavelength starting at about 10 gm. IR windows



Alternatively, the systemsoftware may have a separate gate valve contro
subrouti ne I n enbodi nents havi ng gate val ve 280. 30

An endpoi nt detect control subroutine 159 includes program code for
managi ng endpoi nt detection by controlling a |ight source and a |ight

det ect or, recei ving data fromthe Iight detector for use in conparing
light | ntenS| ty changes

36 from absor bance, and opti onal | y stopping the cleaning process
upon detecting a - predeterm ned |i intensity level or raising a
flag indicating the endpoint of the - cl eani ng process. Endpoi nt detect

gagﬁ (r)a![ [ ﬁgbrl és’f%#%l ?1‘% gyegg%?{glagont rg)F&ngy %otn}prll’le 1% snﬁﬂiﬁﬁ{:faded for

t hose enbodi teansparentstorfar-IR tightrsipio that zerotor substantialty ligle ofdbe lightad _
Coystem | shyoed OxorMREIBLh Bldc IadNken ndBYRICRL ot SBRerey
:33: 83{ : Eg @uld be pr gc?s%-g?mgatgale mert QRithi 1B§7REe 16 the petREds Unl efeafi P I O!
5 chemlstry, and the material should not contaminate the film. In embodiments where
“fluorine radicals are used for the cleaning process, windows 812 and 813 are
resistant to fluorine. Preferred materials for IR windows 812, 813 include
germanium, calcium fluoride, or the like. | '
As schematically shown in Fig. 17D, detector 802 further includes a
10  far-IR lamp 814 suitably coupled to housing 804 for generating far-IR light and
transmitting this light through windows 812, 813 so that the light passes through-
hole 806. An IR detector 816 is coupled to housing 804 in position to receive and
detect the far-IR light passmg through window 813. Preferably, far-IR lamp 814
may be a tungsten lamp source with an optical notch filter.
15 ' ~ When the present mventlon 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 iight 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:-I_R_-light,
20  which reduces the light intensity reccived by detector 816. The fluorine does not _

— absorb the far-IR light. Therefore, when the far-IR light intensity derected 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 substantlally
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 detectidn 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 gm,
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 éharacteristics of the specific clean



can be invoked by chanber manager subroutine 157a. Gettering control
subroutine 10 169 includes program code for controlling gettering

processes that may be used for chanber seasoni ng, post-clean fluorine
gettering, etc. In some enbodi ments, gettering control subroutine 169
can invoke specified software built into the clean recipe to

facilitate gettering control in combination with the clean recipe used.
The CVD system description presented above is mainly for general 15
ill.ustrative purposes and shoul d not be ﬁonsi dered as limting the scope of

t he present invention. The exenplary CVD system 10 is a singl e-wafer
vacuaum gﬁ%ﬁ%ﬂ%&%ﬂﬁ%ﬁaspﬁaﬁr CVD systens that are
mul ti pl e-waf'er chanber systens may be used in other enbodinents of

the invention. It shouBsdwayeofexamplmridm@somgnsnmﬁéb@afar-mﬂmmwhcmwgh

oy S be S5 s Aol SR PR o8B S el e et VS8 WGl | (O
necessarily fromaamp®140 Aaesm mbiavedubﬁgﬂ fhirGughEiole806 ditiiy diénirigh ehe far-IR

i nvention can be used in a VA | etg processi ng chanbers, such as_etch
chambers?  light l%labsptbﬂl@ﬁdéhmm Beeivehby ARECIOVRHS @) Fowducet, Siven Bove

descri bed sy&&e&g : variations in design, heater design,
| ocati on of connect i ons, software 25 operation and structure,
“specific algorit hms used in sonme software subroutines, configuration

of gas inlet |ines and val ves, ot her | fLcations are possible.
Addi tionally, other plasm CVD qullprf’e?ﬁp Q%g*'r*gé el ectron cyclotron

resonance whem()?%e&kﬁﬁdfﬁn%&ﬁ@ﬁi{démwid&@%fswnsﬁ%fm filerRoi gh densi ty
pl asma CVD devices, or the li1ke may | 0 ed. The dielectric

| ayers dAd nshomadsLfisthedength b@twnemgmslpwn 8ﬂ&,y&13s st Fig4@D) and €ds theesent
Vet o0 S SRS o e R G SoBRAnRR G Ve 1, -
As *shown in Eieﬁ_F‘ condéfiration W&ﬂﬂﬁﬁﬁgtwﬁqﬂﬁmﬂ% ‘,¢l¢biilﬁﬁ léﬂ(ﬁﬁ)uﬁris '
approai:hing -The controller continuously monitors /1, until this value approaches
_ 1, which mdxcates that the cleaning endpomt has amved
15 While the descnpnon above is in terms of a VD chamber for a
' multlchamber processing system, it would be poss:ble to lmplement certain features
of the present invention with other plasma etchmg chambers, physical deposition
- chambers or the like. Therefore, the abov_e description and illustrations should not.
be taken as limiting the scope of the present invention as defined by the appénded
20 claims. It should be noted that the inverition is not limited tG 2 single wafer
~ chamber as described above and shown in the enclosed drawings. For example, the
throttle valve 'of_ the present invention could be 'iristalled into a batch chamber that |
simultaneously processes a plurality of wafers. - In addition, the invention would be
suitable for use in a multiple wafer chamber that sequentlally performs individual
25  processing steps on each of thé wafers.

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



37 encl osure assenbky‘ 200 having vertically novabl e heater (wafer

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

wafer. A gas distribution system 205 (Figs. 2-6) distributes 5 process
gases from gas sources 90 (Fig. 1C) onto the wafer, and an exhaust system
210 (Figs. 2-4) discharges the process gases and ot her residue from chanber
15. - CVD apparatus 10 further includgs a heater/lift assenbly 30
(Figs. 1A, 9-15) that i ncl udes heater 25 for heating the wafer and
for *l1ifting ohidatierd of sihpwm(IcQCOE), ®r ather techm'gnmc A%tsfnaqudy),sfrarisistmrwﬁhi n

chanmber 15. An,i r enn m 55

and 16) 1o and S0 B PR sl A RO encio b B & shalloRlber

cl eani ng, Vﬁfn%hcl?is@ﬁﬂbﬂ@not%hoﬂﬁ)oﬁﬁéﬂ iriistore 083 and 906 are both NMOS or bofhiS shown
in Fig. 2, CVD apparatus 10 further includes a liquid cool i ng system

215 for deli \PMDSg Each tzansiston 903120905 camprises Atseuros regien 212aatsisain rsgion to
cool the C nts. dur he high tenperature processing.- Liquid
cool i ng 1 (‘535 B TE g‘gt“ggligo decrease the tenperature of these chanber

conponents to m mp}eﬁﬁ:talrmaédtﬁ@@rdbpmbi ODNsephifates tRAASNo/OINIOAHRANt S due
to the high tenperat ure pr.ocesses. (1_wl d cooling system 215 i ncl udes
a pair of wat99p feasmmetalilayes %lettmnectmns between metal layer 940 and the

transistors made by contacts 924. Metal layer 940 is one of four metal layers 940,
942, 944, and 946, included in integrated circuit 900. Each metal layer 940, 942,
10 944, and 946 is separated from adjacent metal layers by respective inter-metal

dielectric layers 927, 928, and 929. Adjacent metal layers are connected at selected
openings by vias 926. Deposited over metal layer 946 are planarized passivation
layers 930. CVD apparatus 10 may be used to deposit films used, for example, as
PMD layer 921, IMD layers 927, 928 and 929, or passivation layer 930. CVD

15  apparatus 10 also méy 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 partially completed
MOS transistor. Merely as an example, the MOS transistor 1000 is 2 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 oveﬂying 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 (LLOCOS). 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



that supply cooling water through the heater/lift assenbly 30 and a cool ant

mani f ol .d (not shown) for delivering coolant to the gas distribution
system 205 (di scussed 20 bel ow). A waterfl ow detector 220 detects the
-waterflow froma heat exchanger (not shown) to encl osure assenbly

200, Preferred enbodi nents of the individual systens of apparatus 10
wi |l be described in further detail bel ow. ' A

Encl osure Assenbly 25 Referring to Figs. 2 and 6,

encl osure assenbly 200 is preferably an 63 i ntegral housing made from a -
process-conpati ble material, such as al um num or anodi zed al um num

Encl-osur e asdeip{lDDYPeegions] lldkiﬁg the M%adoﬁymﬁﬁdﬂsbubea%oﬁ@wuh process
delivering process_ and cl ean gases through an inlet tube 43 to an inner lid

assenbly ~  recipes giscygsechimdesail beipyya doped 4lﬁﬁgﬂcllﬂﬁfé§9§ mofopmedoverynct i ons
oot on SRRy 1 M gl i d et 10
access to thB5conponents on the .top of - encl osure assenbly 200 (i.
outer 11 % assenbly 32) Pngrntctjx o?&n%'g%%pécl‘ Sreﬁgmc ta}(')er If00§ over source/drain
regions 1010 and 1012, the surface of source/drain regions 1010 and 1012 may be
cleaned of any gate oxide or native oxide that may exist either by using a plasma
formed by reactive gases such as NF; from remote microwave plasma system 55 .
described above or by using a thermal NF; vapor. Dunng the cleamng procedure
10 | gate valve 280 would be opened to allow ﬂuonne radicals from the NF3 plasma to
- enter chamber 15 to clean the oxides that may exist on the surface of sourceldram_
regions 1010 and 1012. Cleaning these oxi_des allows,a more consistent drive-in of
dopanrs from doped dielectric layer 10_08 that is formed over source/drain regions
1010'and 1012. The ﬂuorlne radicals from tlre remote plaéma'may be used to clean
15 natrve oxides from the wafer in chamber 15. In the cleaning procedure, heater 25
may be adjusted to a posmon where the fluorine radicals are optimally able to clean
the oxides without damaging the devrce on.the wafer Preferably, this natlve oxrde :
. removal/cleaning step and the deposmon of doped dielectric layer 1008 are
. performed i in the same chamber in an in situ situ manner. Use of the above descnbed
20  CVD apparatus 10 avoids moisture absorptxon by the wafer, since the vacuum of
chamber 15 is .not broken and tl1e wafer is not exposed to the environment.
Alterriatively, 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 (secm), 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 cleaning step, gate valve 280 in some embodiments would



- 38 exposure to high tenperatures -during system operation. For SACVD

processes, lid : cover 233 preferably includes a cutout 235 to all ow
cl earance for |lid clanps 237 that ensure gas integrity of the chanber
" 16. Lid cover 233 generally remains cl osed during nost process steps

unl_ess the chanber is opened, for exanple, to performa 5 preventlve

mai nt enance chanber cl eaning, thereby breaking the vacuum and

bri ngi ng the chanber to atnospheric pressure. A lid hinge 239 includes a

| ocki ng ratchet mechanism 241 to pggevent the l'id cover 233 from
falling closed. As shown in Fig. 2, enclosure assenbly

200" defi nes e ¥asddud shecCut any reacﬁ@@gasfeﬁlﬁ&edﬁh(m@hop%ﬁ(ﬂlﬁec&hd: layeéf depositioani ng
243 t hrough which a wafer | oadin assenbly (not shown) transports a

waf er Wi nt oPi9eess &eom éﬂ&ﬁﬁ&ﬁnqeem@ng@a@ssurfaces in\cqndyit 4.0 Heaterddtadso 25. The

waf er | oadin Is f t hani sm
i sposed wi  APROoRaYed o hE apbBprie SroaRRbosRR ang heseed SRR ebefBE ST °T
processing steniperauré i did wdebemrofichimbert 153 asdording $o dhieldeyireds prbesss rredipel
in.commonly assigned U S. Patent No. 4,951,601 to Maydan, the conplete 15
di scl osuPe” oPopgd @iglepticilayes 1088 it then fermed 2t high,temperatyzes. (about 500-600°C)

Referring to n re '
- assenbly ZOongfrhg?r?ggc é &él Sgsi ‘géﬁ%%égfb% ?Jﬁﬁﬁﬁ%hﬂé@ (§| neﬁdrgglg whi ch
rests dmpaatssfrmh fthQ&@edfdxdemhm layeelms'sfenhéqloﬂ&& wifbanag mdre rasily250
serves to in ,0Ccess ase from t he back .side of the
wafer. In adG‘T‘f nifprmly h%@nﬁ%m&zéu %ﬁ%ﬂag?wcfp‘é N han
encl osure as&%mgnoi@gndlmmr 250 i nhi. b| ts the flow - . of process gases
bel ow heater Z5 to the |ower portion of chanmber 15. Accordingly,

undesi r @ depositi on oAfter deposition of dopsd diclectrie laysr 2008, tthewafsraemaios i1l on -of

neulat i on oEbeh 15 ofe Febihen et Heper 23 g ArbatheoL 83 btk 10, ana

t he edge of & Méghepediperitureq@abotit 888: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 dlfmsxon source for the resultmg ultra-shallow

15  junctions 1020 as shown in Flg 19B. Of course, gate valve: 280 remams closed
 during this drive-in step. As an altematlve to being heated jn sity, the wafer may
" be transfe_rred to an annealing fumaoe or 4 rapid thermal proccs_s reactor (preferably
" within the multichamber system) to driw’r.e-i_x’x ddpants from dope_d 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 throxighpﬁt) at a temperature Eetween about
950-1100°C for between about 1-3 minutes, and preferably about 1000°C fof about
1 minute, in these other embodiments.
' After diffusion, doped dlelectnc layer 1008 is removed by dry or
25  wet etchmg 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 vélve 280 would be opened to allbw the remdte
plasma to etch the layer 1008 until removal is comﬁleted, whereupon gate valve 280
30  isclosed. The removal step may be performed in situ without transferring the
wafer from heater 25 in chamber 15. Alternatively, the removal step may be
performed in another chémber, dedicated to dielc_aétric removal, within the same



25 I n ofder to prevent wafer edge cooling during high tenperature

processi ng. During hi gh tenperature processing, liner 250 prevents
excessive heat loss fromthe hotter edges of the wafer on heater 25
(e..g., about 550-600[err]C) to the cool er surrounding - chanber walls

(e.g., about 60[err]C). Wthout liner 250, the heat effects at the edge
of the wafer nay adversely affect tenperature uniformty across the wafer
and |l ead 30 to non-uni form deposition. Liner 250 preferably conprises an

i nner portion 253 formed of a procggs-conpatible nmaterial that is
well suited for high tenperature processes (e.g., greater than about
500[err] C). RnafictaaiYey systed! 8¢ CVI hpparanSlD, Ghhith B186 avoids exposure of the

39 250 conprises a ceramc .material, such as alum numnitride,

al umi na, or twefen foidbe environmeny euiside thei vaguuse of the; ultighamber seematfigs al .
nch and pr onSEaimyas f sty 3RgBieia proS oSSR 1060 Srer FeRBHa1 O bt 5.
preferably ciigledte fayer 1008. EPMOF frariistoz 1600 hilludes gateiekektrode 1602 andat er i al
that is |ess susceptible to cracking than ceram c, such as al um num Quter
5  adjacent source/drain regions 1020 which are ultra-shallow P type doped junctions.
- Thereafter, remaining process steps for the complétion of the device may be
performed on the wafer. _ _ |
| After every wafer (or several wafers) have been procéssed in
chamber 15 of CVD apparatus 10, a chamber clean may be performed. After
10  processing of .th_e wafer is completed within chamber 15, the wafer js transferred
' through slot 243 which is then vacuum locked. Gate valve 280 may then be opened |
to allow the chamber clean process to be performed using remove micrdane .
plasma system 55 until the chamber is 'c_lcahéd to specifications, as indicated by the
endpoint detector system. o B
15 _In an alternative embodiment, :-step's 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. 194, a capping layer 1030 such as USG is formed overlying doped dielectric
layer 1008, preferably in an jn situ proéess' within chamber 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. N
Alternatively, the wafer may be removed froni, 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 weré B
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-shallow source and drain junctions 1020. The cap layer 1030 and
doped dielectric layer 1008 are then etched away as discussed above to provide
partially completed PMOS fransistor 1000, as shown in Fig. 19C, ready for



portion 255 rests on shelf 252 of enclosure assenbly, and includes an
annular lip 254 for supporting inner portion 253 of liner 250. In a
particularly preferred enbodi nent, outer portion 255 includes a _
plurality of circunferentially spaced - vertical struts 257 that define
i nner 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 from
the outer chanber walls to increase. wafer tenperature uniformty (otherw se
the outer edge of the wafer could cool d due to the surroundi ng chanber
wal |- tenperature, which is cool relative to the heater and wafer

t enper at ur e) nia'i?mn roce?sﬁiﬂ P AR F&'dboﬁllad)é 23 REWNd skdniekys Witafkfontef | 1 ner
250 so that fet can Brl dge thé]S& etv?ggn theg%ut%, chanber walls and

heater 25 mb¢renmtqmsnfozmragBSGef%m@m¢sg bgtween about 190280 A eappedWilldage t hat

latal |y has. WSEER RE B8Nsrh Bt 306200 Sl RRNI8Y, jiiof fem repging SREH °°
t hi ckness of paieet abu 0(05 Am%oiabeR®s] pnviAccardiag @ plRferredtembodifertofdr. 1 i nch

with an air gap 259 thickness of about 0.6 to 0.9 inch. An annul ar
cover 265 i sPMEY tragsigerson 20  the upper surface of outer liner 255 to

formthe lower wall of g BWCOHDI’I sesgﬁsl&& 1000 mlu&g?%‘é?e%ﬁgdp‘ib@l"’)

Annul ar cover 262 prefera a ceramc mate h as
al um num oxi dmi source/deximregions t10i@lend 1012swhert &N type, ultreshallow junttionsnay i on

255 of liner 0 fraqm.process gases and the t w t hi nnel 40.
In an al ternH‘f Qrmned 1B fe%B o materip ﬁ@g&é}qf%m g

i nner cer ani gog®&dch @ 22PSG Fihldr &iénii:ttﬁipfed ﬁgat@fglagd”'ﬁin%yﬂﬁ Iy and_
annul ar cover 261 form ng the bottom of punping channel” 40. In this

enbodi me¥t | eenres, according tpmthmmbzé@em ofdhe present yventiom Bitypeymsteriabt

acsonbl y. - Tnd0af Baf s PR SR g poyen Hifhed iF g R, B Bl £Pr25T T C

cooler wall's yaf dévice gdaledyl s PSGARTHiCkneRBétwdenAboui 1@6&030& and hiWSGess to
Ilner 250 to bridge the gap between the chanber walls and heater 25.
film befween 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 pum,
15  according to preferred embodxments Of course, it is recogmzed that other doped
 silicate glass films may be used to prov1de the N type or P type ultra-shallow
junctions depending on the apphcatlon
" . Another example of a use of the present invention is forming an -
ultra-shallow doped region as a cham_xél—stbp in a shallow trench.-i'solation structure
20  between devices. Application of the present méthod for forming an ultra-shallow
| channel—stop region is discussed with reference to Figs. 20A-20G.

Fig. 20A is a simplified cross-sectlonal view of a partidlly 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

condixcting path from forming between devices in semiconductor material 1100.



B. Gas Distribution System *

40 : Referring to Figs. 2 and 6, outer lid assenbly 225
general ly. i ncl udes -~ a’lid or base plate 265, a coolant 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 chanber 15, and 5 a gate valve
280 for selectively distributing cleaning and/ or process gases to gas
m xi ng box 273. O course, it should be gyearly understood that gate valve

280 is optional, and that outer |id assembly 225 can be nodified to
sel ectively gbsPr terial 1100¢ l6pedi difle@tid 14/er 106 RRF HBASBSG ilm A6 Xhe?P 3
wi thout a gate valve. As shown in Fig. 4, . gas m xi ng box 273, clean

gas_mani f ol dtyPeHopaRd sguice. val ve 280 are preferably 10 fastened, e.g.,
bolted, to the top sur Aadd S '
passages 83, 85 are mgﬁgﬁ%?q{oggﬁggmgé?gﬁ%&o féﬁ-l Izlpg%g%s,égl%ﬁgqgg’ta@%d I nto

gas m surfege Rixredds 1102amayp bs skgnal danySfatecaxitie bnuativeruxideshatundyabl y
| - f Fi g. : TECS,
-?—Egpo eﬂe'ltslouﬁggirﬁqcl?e*s Biag, rergqgtg gﬁcrg g\% ;glsas%ga S)I?S m %? )té p?o%cua a augtfn%nrgdicals %S

a remote plasma formed using reactive gases such as NF;, as discussed below.

During the cleaning step, gate valve 280 is open to allow fluorine ra_dicals to flow
from conduit 47 through outer annular passage 297 and into chamber 15 via
distribution plate 20. Heater 25 with the wafer thereon is lowered into a positioh
10  for the cleaning so that the fluorine radicals can clear the wafer of the unwanted
| oxides that may exist on the surface of trench 1 1_02 without damaging the substrate..
Cleaning these oxides allows a mo@'é consistent drive-in of dopants from doped
dielectric layer 1106 that is fon_hed over trench 1102. The cleaning step and the o
deposition of doped dieleg.:tric layer 1106 are perfoﬁ_ned in chamber 15 inan in g_u L
15 process. In alternative émbodiincnfs,- the cleaning step may bé'doﬁe by thermally
breaking down NF, in situ , as dxscussed above. The fluorine radicals from the NF,
plasma or vapor then clear the oxides that may exist on the surface of trench 1102.
- Ih further alternative cmbod_iménts, a separate chamber of thé multichamber sysm@
~ described above 'niay be used for this cleaning step. Since moisture absorption 'by |
20  the wafer is avoided by not breakmg the vacuum of chamber 15 (or alternatively of
the multichamber sjstem), the surface of trench 1102 is free of native oxide |
barriers. After the cleaning step is perfofmed, 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 fofm ultra-shallow junctioné. used as a
25  channel-stop region to provide shallow trench isolation. Heater 25 with the wafer
thereon is moved into the processing position and heated to high temperatures
(about 500-700°C) for deposition of layer 1106.
After deposition of doped dielectric layer 1106, the wafer remains in-
- chamber 15 for the drive-in step. Gate valve 280 remains closed, and heater 25 is
30  heatedtoa higher temperature (about 800°Cj. 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



or the like, and outletis (not shown) in comunication with a m xing area 93
wthin 15 box 273 for m xing the gases prior to delivering themthrough
inlet tube 43 into the inner |id assenbly 230.

It should be noted that for plasnma processes, CVD apparatus 10 will

further include a gas feed-through box (not shown) housing gas passages 83,
85 to enabl e the application of high voltage RF power to the gas box
wi t hout gas 20 br eakdown, and w thout gas deposition in the gas

di stribution system A description of an exenplary gas feed-through
box can be found in U S. Patent No. 4, 873 947 to Wang, the conplete

di sclosure o CAERF Rpfeft: Wfﬂhﬁiﬁ Rulfi@agiber d
As shown in ECSMM?XO&% }é‘ae éE‘ﬂ){ol d 70e| nclludes c%ﬁtdelrﬁ)ttoﬁw?or

recei vi ng gad(:m)s froro doped élelezw laygrdntei B ttpeimajerial d4Q0. g@@p@%ﬁﬁdﬁﬁ@gh a

g Pess a0 B R b ks PG bR ioR el Baipb S BROES °
al 'owi ng or enﬁma% §id?ﬁll£ﬂ)85§§sﬁdwimn Fig. 2013 pan&a-ﬂfaubhrmuﬂim&p%gfon47

into gas m xi g((pg box 27 Gat e valve 280 manual | y operated by
actuati nd had ?elszeliﬂapegml@ M@uzgmm@a@@alc&% ol l ed by

processor 50. During ¢ .
configured to 30 al Ik foe ng%égzdg%eﬁé %yéﬁ }51£sb§131§§§£+‘>eé§1t§8‘9?0 pass into
box 273, wheeghingaschaiqaes or other tbmmltteeh:ﬁqtrem@iin tybeinateriab1¥0®).i nt o chanber

15 to etch t-he wafer or the inner.. chanber walls and the other_
conponent s o?f“éﬁfﬁh‘ﬂaﬁ?sw{fér rema?ns in chamber 15 so that gate valve %80 may be opened

and radicals from remote mlcrowave plasma system 55 may etch away layer 1106.
10  Of course, reactive gases mput 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 drelectnc 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 embodrment a high quahty USG film deposrted
15 at high temperature may be used as oxide 1110 to fill high aspect ratlo lrenches
o _Oxrde 1110 also may be formed using other deposition techniques.
- After completxng shallow trench isolation structure havmg )
ultra-shallqw channel-stop region 1108, devices 1112 and 1114 separated by shallow
. trench isolation structure may be formed, as seen in Fig. 20E. Devices 1112 and
20 1114 each include a gate electrode 1116 arrd-adjac'ent soﬁrce/drain regions 1118 and
1120. Thereafter, remaining process steps for the completion of the device r'nay be
performed by transferring the wafer to another chamber, preferably in multichamber
system. After the vrafer is transferred from chamber 15, a chamber clean may be
performed using remote microwave 'plasm'a system 55 with resistively-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. 2OA, 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 g;t_u_ in chamber 15 for dopant drive-in for diffusion



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 conduit 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 formed within a side wall 5
of encl osure assenbly 200 of apparatus 10, which nay becone heated due to

t he hi gh tenperatures at which heater 25 operates. This passage is
equi pped with an internal liner 2%d that serves to protect the inner
surfaces of the passage in encl osure assenbly 200 from corrosion and

et chi ng fronmﬁdnpandsémm gapped adiped dielectric layeml 196iinty semiconductarpmhterialt or t ube -

292. Li t t f I th |
gas. O ean obiooGsafiuhie Bovs ot B 20Ba Arasisl. i btes Sy et fonioved ™"
inlet 57. Ragpmalambbe1S iGatdstet (P Sinkalih '09 rgﬂgmeﬁaaxoﬁm&és@e 292 by

m crowave energy radiated froma nagnetro ystem's55, which is
advant ageousteacton {prefechbiyo withigt thmmuhmhambnrcsb'stem rﬂ!xedlffmﬁom of dopantssijor

assenbly 0, T ocat.i on system 55.a t of,. a atus 10
facili t aPes %@Pﬁ‘?c‘}%&]?@ E‘&‘r‘ a}%@r’ﬁi getpgpnc&ciq; \V’g lmﬁ gﬁﬁﬁgﬁd

cl eani ngs, r gk Tor Figl 20B! MASPRER irPFigaQOG dopantsoRéiflithedépea didlebtat 1aepar at us
10 in order to perform preventive nmintenance _- .cleanings is easily

done, since 1H¥ witk pmﬂmmpeldﬁfel%@ dave diffyord, intgpsemieanductor matpyigt BHAG5 i s

not | ocat ed 0 -3
system 55 |s %‘g&shg;eaﬁalrﬂﬁ“)fé&rg ge &“goql Cawepm %I"Elggéh 3 and 4,
inlet 20 tu:hgaséagmfelbpmbﬁwamﬁouddapeammlwﬁc layes $ 105 tﬁlﬁébyfmsuldng ivering

rocess gases into hanber, 15, and an outer nu as 297 in
g oMU ,soﬁnogﬁ gepaﬁggq&gngzggm info the substiate material 1100, Ager the di thition

step is performed gate valve 280 is opened and both the cap layer 1110 and d0ped
dielectric layer 1106 may then etched away using remote microwave plasma system

-

55 with appropnate etchant chemlstry to provide partlally completed shallow trench
e isolation as shown in Fig. 20C, ready for the remaxmng processmg steps of Figs. |
15 '20D-20E When the wafer is transferred out of chamber 15 - gate valve 280 is in' -
the elosed posmon A chamber clean of ehamber 15 can then be performed by
operatmg the plasma system 55 with gate valve 280 opened
. For shallow trench isolation between NMOS transistors in aP 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 ym having
a trench 1102 with a depth of about 0.5 ;Lm, channel stop region 1108 of about 0.1
jum junction depth may be formed using a BSG film 1106 abot 200 A thick and a
25  USG capping about 200 A thick, according to preferred embodments 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 eeu_ld 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 BiICMOS devices. Although ultra-shallow source/drain junctions and ultra-



for-directing cleaning gases into the chanber ' B ' The

cool ant manifol d, 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 m xture, from the heat exchanger. The coolant is distributed fromthe.

cool ant mani fol d through an annul ar "cool ant channel 93 (Figs. 4 and
5) in base plate 265 to . convectively and conductivel y renove heat
from pl ate. 265 and the conponents of inner lid assenbl y 230 dur| ng
proCeSS| ng (discussed in further detail ‘byow). - As

shown in Figs. 2 and 5, inner lid assenmbly 230 generaIIy I ncl udes 30 base

plate 265, a iHallowarench iglaiodiapplivationsarp discassed ibavegtie préseneinvemibmoalsaas
distribution plate 20 for_dispersj ngygpocess and cl ean gases i nto, chanber
15. Pl map de yged imorher: appeations wbese anopltrashalioyndoped regian ds desirgdy i bl e

mat eri-al that i
42 : Cap'ﬂ[))?gresent mY%n?%ﬁ ?r%a Y lhse‘tl g??ptgr at érugdo egcogédsegsas VEH as exarrpl e, .
pl ates 301, 260ped oxrdes!fyr userasrvaaousalaym amntegmbd! ciredit demtcsamchidmgl PMD, OXI de
or al um num nj . '
IME) passrvatlon, and damascene layers

Exemplary wafer cleamng. deposmon and- chamber cleamng '
'processes for in situ or mdrvrdual operanon within chamber 15 are further described

below, in accordance to vanous embodrments of the present ‘invention.

- Mww _
In accordance wrth a specrfic embodiment of the present mventxon, )
native oxides that may exist on the srlrcon substrate or region where an ultra-
shallow doped Junctlon is desired’ may be cleaned pnor to deposmon of the doped
dielectric layer that may be used, for example asa dopant drffusron source or as a_ -
15 PMD layer Ini these embodrments the natrve oxrdes can be cleaned by using .
fluorine radrcals from -a plasma formed wrth reactrve clean gases: lrke NF, by remote ..
microwave plasma system 55. Use of in situ processes in one chamber or .
alternately in chambers of the same multxchamber system permrt enhanced quahty in
the ultra-shallow junctions formed i in accordance with these speclﬁc embodiments,

20  as well as provrdmg for dielectric layers havmg low moisture content and low -
shrinkage. '

Ina specif c embodiment, chamber 15 1s maintained at the deposition B
temperature, a temperature ranging between about 300-650°C, and preferably at |
about 550-600°C, for the entire cleamng process Chamber 15 is maintained ata - -

25  pressure ranging between about 1-2 torr, preferably at about 1.5 torr, while.
_maintaining the temperamre Heater 25 is moved to a position about 600 mil from
gas distribution plate 20, while gate valve 280is opened and the clean gas NF, is’
introduced into applicator tube 292 at a rate of about 600 scem. The clean gasis -
introduced into applicator tube 292 and the pressure is permitted to stabrlxze for

30 about 3 seconds before microwave energy is applied to the NF; in apphcator tube
292. Microwave power of between about 500-2500 Watts, preferably between
about 1000-1500 Watts; from magnetron 711 operating in CW mode is then applied

Y



(AIN), or a nmetal, such, as al umi num or anodi zed al umi num Preferably, the
pl at es 301, 20 conprise a netal, such as al um num or anodi zed-

alum num to mnimze 5 gas deposition on the surfaces of plates 301, 20.
In a particularly preferred . enbodi ment, gas dispersion plate 301
conpri ses anodi zed al um num and gas distribution plate 20 conpri ses
alumi num Gas distribution and gas di spersion pl ates 301, 20 are each
directly fastened to a | ower surface of base plate 265; Pref erably,
gas distribution and di spersion plates , 301 are affixed to | ower 10
surface of base plate 265 with a pluralify of threaded nounting screws 303,

305; F&iSavRet 510! s&codz{eurmertﬁmw&w aréQfansrftfed HfdRY hfd@nétrgnet AL | Vel y

tight, surface-to- surface contact between contact surfaces of gas

di st ri but i othrangh thesyrvegnide apﬂl QP%@ZE(& system to exter applicains dube 292 threugh | ower

er ot weeit ol Ba 50xh b, "G8in6 2T bl BellSlliye apses 18107 200°, ¢
303, 305 COHF;SIE@ﬁ)rQuW 2IXRRSToRMEplhin, vaiiicmizlaﬁbn sistaiied &y the alielowave
Hastel oy[err - Hay nesgerr or the lik

Referriny t 6D¢TEY sntemna [FBPlcatoy1ube; 222 2t they twlmw athe radicals froms thepsiream | y
flat plate 3fL-haun Al bpbabr fnd D gfal?eléuréﬁtéﬁg owPintd ek 2¥0.0TH GaiBal$ 15 T or

recei vi ng mount’ ng "screws to pro engagenent ~ of e contact
surface of [flost mrélfghvﬁle Ilmékl)passhgwmrenslosﬁremssenibbb%ﬁbtomoadtét 4055f clRase pl ate

265 includes an r stand-off 16 t hat ces gas

di stributi oﬁmﬁl‘f&% ‘gi) %TA‘S Qpﬂ&at%fﬁ%ﬁ%ﬁpe %r?&g'?] e 297
chanber 317 ¢f 28Ry Ehdsinbed)1SLAVEG HafifS Bxidedof? i ﬁﬁfef OUsél SRR gs@adtiits
process gas - uniformy through a plurality of gas distribution holes

315 ont 0 a sodiozidecesidens are then exhausted out of chambey d5yvia the opemesithrastie i on pl at'e

SPspaed oo ik R RAS oGt by Bk 131w BUPHUa B Bfknd GFdBoGE |V

The size and ermnhﬁmbgﬁiﬁe@ﬂﬁtﬂowtvmtbﬂmymﬁﬁldbpeﬂﬁgmtﬂesmrandtype S
dependi ng on t he gg_ocess characteristics. For exanple, the holes 315 may be
uni formy s \?‘i‘&g‘eéeﬁ'ﬁP‘F‘&eH‘isdl stribution of gases onto the wafer.

On the In a specific embodlment with chamber 15 maintained at pressures
15  lower than about 1-2 torr, rapid removal of ﬂuonne specxes occurred resultmg in
 poor cleaning results. At chamber pressures lugher than about 1-2 torr, _
" recombination may occur due to collxsmn losses, as well as causmg overheatmg and
damage to apphcator tube 292. Chamber 15 should be mamtamed 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 applieator tube. 292, |
Whm microwave power is being epplied. In a specific embodiment, the pressure in
applicator tube 292, when microwave 'power'is applied, may be about 3 times as |
_ much as the optima1 chamber pressure. When different applicator tubes are used
25  with rlifferent flow retes, 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 plasmé 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



30 ot her hand, hol es, 315 may be non-uniformy spaced and arranged, if

desired. Holes . 315 will wusually have a dianmeter in the range of
about 5-100 m| and preferably in t he range of about 10-50 m .
Preferably, gas distribution holes 315 are designed to

43 pronote uniformty of deposition on the sem conductor wafer. The
hol es (as wel | as the manifold tenperature, discussed above) are al so
designed to avoid the ~ . formation of deposits on the manifold outer
(bottom surface and,. in partlcul ar, toqa prevent the deposition of

soft deposits on that surface which could flake off and 5 drop onto the

waf-er duri ngoaidnif dféthe ereaﬁﬁg Slep @epdrids ¥ the<@ATkness Yof @iEORAHicE4Ttoxided be -
hol.e array is one of genera concentric rings of holes 315. The di stances

bet__wleen | tﬁea!eﬂ affdhe wafemgsw(thmgoqedmﬁm\@vsﬁ A §EYe 5 of PSRt mat el y -
equal , and the t xi mat el
equal . A mor @Y rgétgveoogétgelslo& | c?ﬁ%g@% Hﬁy‘ﬂe eleh@d ?ﬁ(gpla&gir]ra% eerrig%gf or they
gas di stri bujhfep is@loidedi S descri bed i n.conmonl y 10 assigned U. S. Patent

- No. 4,872,947 to Wang, the conplete disclaqsure of which, has

previ ousBy been | ncorpoABb@tgthC alqve wgafercleaning process conditions are

exemplary for the present embodiment, other condmons may also be used The
above description discusses NF,, merely as an example, in a Giga Fill™ Centura
system available from Applied Materials fitted for 200-mm wafers, as do the

_ various deposition descriptions below. However, other fluorine-containing or

10  chlorine-containing gases, such as NF, and N,, NF; and argon, NF; and 02, a drlute
F,, CF,, C,F,, C,F;, SFqor Clz, etc., may be used as well.

Exemplary Silicate Glass 'slﬁons _
Accordmg to the process of the present mventxon dielectric layers '
15  used as the dopant source PMD layer, IMD layer, oxrde ﬁllmg layer, cappmg
- layer, or other layers may be formec_l using any of" several different processes. _ The
process recipes of a BSG film, a PSG films, a BPSG film, arld a USG film are set
forth below as examples of doped and undoped dxelectnc layers used in the present
invention. Of course, dunng the below descnbed deposition of various dlelectnc
20  films, gate valve 280 remains closed (unless remote plasma system 55 is being used
for deposition, in accordance with an alternative émbodiment). The exemplary
processes may be performed in CVD appararus 10, which is a closed, single-wafer,
SACVD system in preferred embodiments. | | '
- - CVD apparatus 10 also may be adapted thh different and/or-
25 addmonal mput gas supply sources to deposxt 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, tnmethylborate (TMB), diborane (B,Hy),
30  and other similar compounds. Examples of phosphorus sources include -
triethylphosphate (TEPO), triethylphosphite (TEP), trimethylphosphate (TMOP),
trimethylphosphite (TMP), and other similar compounds. In addition to BSG or



Gas dispersion plate 301.is a generally circular disk 321 including a
plurality of gas dispersion holes 325 for dispersing the gas therethrough
into the chanber 317 fornmed between outer stand-off 316 and gas
distribution plate 20. 15 Base plate 265 preferably includes a second,

I nner stand-off 318 for spacing di spersion plate 301 from base pl ate
265 and f.or allow ng gas passing through base pl ate 265 to di sperse
into a chanber 320 (see Fig. 4) forned between stand-off 318 and

pl at‘e 301. Alternatively, gas dispersion78l ate 301 may define a recess (not
shown) for form ng chanber 320 rather than stand-off 318. D spersion holes
325 20 wlIPSG m‘mlnh,yarkmﬁcedqpedim&ides or axsénialsibinate @l (ASSG)(BAsormay ©€ course,
it will be co*iedb_ hose ski | n the art that dispersion

pl ate 301 ma)fk’B@s‘ i E""ﬂ‘a&pe a Eﬁ 'cgd”lghﬁ‘b BYSHUR £AmBPURd Or 41 ot i on.

However, the feafepss cﬁm%aﬁmrme ol @s lem;lﬂek Examplét 6féifidon soufted Rthaiep! ate 265
into chanber 317 of gas di Stl’l buti on ate 20, in other enbodi nents..

25 | sﬂane (SIHLWIEOMSGr a mmﬂalm;hc:n sowge sandhowygem seureesdpeludes Oan.
gas(os) 18" ool aristrr et dRRHE bxveiR @) e RS, 1P e QdRS BERE, 1

assenbly 230 figwiries fori IifuicPstRreesiate Providbe iDmitigRSis @r minute (@AY Wiile gad RF
pl asma processes, inner lid assenbly 230 will also inglude an

i sol ator ( notﬂ%‘ﬁcmﬂ-‘) arerprevidedbin standard qubic eentigetess paraminigr(secm); i In thessm
O o s it Wiy e SOl bR BT LR bR Shncio ™)
described in aﬂdeqdRaﬂewtrafdsm mgm may He SanrveRdd td gas\ilow rateshin sdcmdiyosur e of
whi ch hasiopr er\xlxlul%lfa?yxxg Bq E:Q dor\;vclga gctor of about 1. 923 so that ﬂow ranos may be
calculated accordingly. Preferably, stable dopcd dielectric films may be formed
using the 'I‘EOSIO3 chemistry in a SACVD process to form damage-free, uniformly .
doped ultra—shallow junctions in some embodiments. In other embodunents a low '
~ moisture doped dielectric film may be formed usmg TEOS/O, chemlstry witha
15 SACVD process conducted in CVD apparatus 10 to provide a plananzed xnsulatmg

layer thh high aspect ratio gap-ﬁll low shrmkage, low metal contammanon and

(

-

low ﬂuorme mcorporatlon

_ &emglag BSG Film Dgposmo
20 | As merely an example, the BSG film deposmon recipe described -
below is capable of forming a BSG film that may be useful as a doped dielectric
layer used as a dopant diffusion source. Of course, the recipe may be yaﬁed
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 sourcé could -
25  similarly be formed using the recipe below and appropriately substimting'the dopant
source gas employed. - |
The exemplary BSG bulk film is deposited by heating the wafer and
heater 25 to a temperamre 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



44 r ef er ence. ‘ As shown in Fig. 8, base plate 265

has a | ower surface 321 t hat defi nes an annul ar punpi ng channel 40
for exhausting the deposition gases (di scussed in detail below. As
shown in Figs. 4 and 5, base plate 265 defines a 5 central hole 327 in
conmuni cation with inlet tube 43 for receiving the nixed process

gases fromgas mi xing box 273. Hole 327 is also in communication wth
recess 311 of gas dispersion plate 301 for dispersing the gas across plate
301-to hol es 315. Base plate 265 fuygther defines a cool ant passage 93
having an inlet 331 . and an outlet 333 coupled to the cooling system
215for di re(mostlprofaablgnt isf tnniinthirkd at abdut 600 horp.oHeatren 254§ ppdiddred Z2bbud O -

convectively th ort ons of I ate 265. Preferably, cool ant-
Passage 93 | 45Ba0Rm fonhs v (25 1 preferablppoianed;atiine 250

relatively clmﬁ. ﬁ'&Uﬂfl ng screws 303 305. This facilitates conductive
cooling - ro contact surfaces .of dispersion and distribution
~plates 301, 20 and I owek process gas imchaling ‘FEB asfthdysomecepdfaiorort, GEEOS\ asnthiee

conpl ete descriptiqn. of exe Iar desi gns 15 for ¢ olat ass e .93 can
bo T oung 5 COMS o B0 A0, 244 ES5E0 S90S ot v 1 fommied. Blgs fdfiaR

08/ 631, 902, tPé TEB ’I‘Eé§ S0 &E&Baré% G728 ¥indeek Yorbied Wian mbﬁecamer

conpl ete disclosure of which is 1ncorporated herein by reference, and in
commonl y gas sech aprhkefiui. STherliquids amsiovaparizd 2jther7byt bquidi injectionsystempihet e

L sol 05U, fsab il Wlem 55, soBSHHOMAR ¥ ok B BB VA B pbg oo 20
liquid introduced. The flow rate of TEB is between about 50-550 mgm dependmg
10 onthe desu'ed dopant concentrations, while the TEOS flow rate is between about
300-1000 mgm and preferably about 500 mgm. The vaporized TEOS and TEB
gases then are mlxed with a helium carrier gas flowing at a rate of between 3000-
6000 scem, preferably at a rate of about 4000 sccm. Oxygen in the form of Oy is
introduced at a ﬂow rate of between about 3000-6000 sccm and i is preferably
15  introduced ata ﬂow rate of about 5000 sccm The ozone mxxtuxe contams between '
about 5-16 wexght percentage (wt %) oxygen The gas mtxtune is mtroduoed into
chamber 15 from the distribution plate 20 to supply reactive gases to the substrate
surface where heat-mduced chernical reactions take place to produce the desired"
.20  The above conditions can result in a BSG film deposited at a rate of
between 500-1000 A/minute. By controlling the deposmon 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 descnbed above in about 10-60 seconds. The
thickness of the BSG film deposited may thus be easily controlled. Preferably, the
25wt % of boron in the resulting BSG film ranges between about 28wt % and
~ preferably is about 6 wt.%. ' |

2. Exemplary PSG Film Deposition
As merely an examule, the PSG film deposition recipe described -
30 ~ below is capable of forming a PSG film that ulay be useful as a PMD layer. Of
course, the recipe may be varied depending on the particular use for and desired
qualities of the PSG layer. Other'doped dielectric layers besides PSG films may be



343 surroundi ng central .hol e*327 and an annul ar cap 345 di sposed within

recess 343 fastened to base plate 265 above cool ant passage 93.
Preferably, annular cap 345 is wel ded to upper surface of base plate
265 to provide a tight seal over passage 93, t hereby effectively

preventing cool ant | eakage from passage 93. Wth this 25 configuration,
passage 93 is fornmed relatively close to gas distribution and

di spersion plates 20, 301. In addition, passage 93 is fabricated by f or i ng
a groove in the upper surface of lkgse pl ate 265, thereby decreasing
the cost and conplexity of manuf-acturing plate.

Ref erring novistd aSPYID 1fyRrscbicusifg similapdecipesad theaecipp belowedanti appropditely i nner
l'id-assenbly 230! will naow be descri bec& Si m |l ar to the previous

enbodi ment , ~ | Substifating-{he dopani(s) sQREIe BREES)LIRIC¥E D | at e 265, a gas di spersion

plate 301 and 2 Basdibfaly PYGbaik Mised&,&&earbﬂ&aaﬁg BBy eSS and
cl ean gases into chanber
45 15. helater 28 cto tai tesnperammsecofbetweenbout 200- Gﬁﬂé’c q:refenablyltera tempémntre

Egggng: at5 Ozg\gx%dhq Wgrggt% 'éq‘a’éu?%oﬁsgé’ (8 arﬂlt most%%t%rab y to ab%ﬁt g\&t EI éo cool
- 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 pres’sure-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 from gas distribution plate 20 and is preferably posmoned about 330
mil from plate 20.

A process gas mcludmg 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 'I‘EPO and TEOS sources are vaponzed by the hqmd mjecuon system

15  and then combmed with an inert carner gas such as helium., The ﬂow rate of
: "I_‘EPO 1s_between_ about 10-100 mgm, prefetabl__y between about 5~_3(_) mgm, most
preferably about 24 mgm, depending on the desired dopant eoncen&aﬁon, while the
TEOS flow rate is between about 500—1500' ingm, pfeferably about 1000 mgm. The
vaporized TEOS and TEPO gases then are mixed with a helium carrier gas ﬂowmg
%0 ata rate of between 2000-6000 sccm, pmferably at a rate of about 4000 scem.
Oxygen in the form of O; (having between about S 16 wt % oxygen) is mtroduced
at a flow rate of between about 2500-6000 sccm and is preferably introduced at a
flow rate of about 4000 sccm. The gas mixture is introduced into chamber 15 from
gas distribution plate 20 to supply reactive gases to the substrate surface where heat-
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 phosphorus 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



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

portion of base plate 265 i nmedi at el y above gas di spersion and-gas
di stribution holes 325, 315. . . Inner |id assenbly 230
includes a plurality of bypass passages 510 ext endi ng from chanber
320 between base plate 265 and gas dispersion plate 301 to *vacuum

chanmber 15. Bypass passages 510 offer a |qger resistance to fluid flow 10
than gas di spersion and gas distribution holes 325, 315. Accordingly, a

| arge Poelowols apatilbef famify HDBPSG filmt thatahsyrbe usetifiGasvd PMl:pugsl- t fough
bypass passages 520 di rect I y into the v cuum c"Igarrber ILn,an -
exenpl ary - enb S8WFEnthe 1EGiPe, may be "f‘re'F%rfSBF‘}d desired g

circunferenti [?qﬂgl ate 265 to uniformy deliver gases
into the charr@llel%l ti% seeBgsg.qa)%B. In a preferred use of 15 this

enbodi nent, cl eaning gaslés,exanplhryaBPS(lFBulkrfdnsmdcposmdbyﬂmau@theazvaﬂertdndough
gas di Speril ori] and g distri but| n hol e g‘g&g%é t| vel

addi tion er 5310 £ SFmpRratiEof e@’é‘ﬁP oy a sP H°B E%m“fe
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t he cl eani ng gases | nto chamber

enbodi nent, vanpaintathingthist temperapipcarange throughaut the gdepositions| Withogate valve 28 a
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passages 510. Preferably,fthé pmss'uw isemaiitdiried gvmwﬂe&ﬁn%agof dbout $50-500 ®et, |aY1d
desired that the process gases pass hr ou as d| stribution and

di sper si oH0 holTaast preferablyit isomaintained 3t gbaut 200 rore 5 is positioned ghoutr
e e AR Al YR o B, 1 ©
opened to qui all froteplawe20.at | east a portion of the cleaning gases | nt o ‘the
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15  oxygen is formed. Being hqmds the TEB, TEPO and TEOS sources are vaponzed
by the hqmd injection system and then combined with an inert carrier gas such as
helium. of course, it is recogmzed that other sources of boron, phosphorus,
silicon, and oxygen also may be used. . The flow rate of TEB is preferably between
about 150—200 mgm. The flow rate of TEPO is between about 10-100 mgm,
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 carrier gas flowing at a rate of between 2000-8000 sccm, preferably at a rate
of about 6000 sccm. Oxygen i in the form of 0, is mtroduced 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 depositéd may thus be easily controlled. The resulting BPSG film




30 . C - The Exhaust System

Referring to Figs. 2-4, a punp (not shown) disposed exterior to CVD

46 apparatus 10 provi des vacuum pressure to draw both the process and
pur ge gases, as well as residues, out of chanmber 15 and through
annul ar punpi ng channel 40, where they are discharged from apparat us
10 along a di scharge conduit 60. As shown in Fig. 8, the deposition
and cl ean gases are exhausted radially outward over 5 t he wafer W (shown
by arrows 351) through an annul ar sl ot-siWgped orifice 355 surroundi ng
t he chanber 15 and into punpi ng channel 40. The annul ar sl ot-shaped

orif-i ce 355 dhad adyoxomedncentration lpyedOF betiviesn 2 wh &dans/a phespherys bet ween t he

top -of the hanber |.i ndra side wall 17 (including inner
portion 253 o@%@ﬂ%%@fof%’f@ H3.5% %50, see Figs. 3 and 4) and the
bottom of base plate 26Phe {:ﬁﬂﬁbtéﬂs&nmonﬂBSG,'PSG)m priesstgndpimsths f | ow
circunferentially_around channel 40 (shown by_arrows Z:)Qrand t hr ough

35
a downwar dl y elew G grosssses, shouldynot he congi Limjting tothe Rlsims,¢

5  example, the present invention is also applicable to silicon oxide films doped with
other dopants including, for example, arsenic. As another example, the flow values
discussed above apply for a chamber outfitted for 200-mm wafers, but may differ

~ depending on the type or size of the chamber used. One of ordinary skill in the art
"~ can alsp use other Chémicéls, chamber parameters, and conditions to produce
10 similar films. o I
It is believed that film stability may be a factor in the availability of
dopaﬁ; atoms in the doped dielectric films for Idi.ffus.ion into the ser_i.liconductor' |
material. Several methods to improve film stabxhtyand improve the ability to
 control dopant diffusion from these doped d_iélec_;tric filmé into the semiconductor o
15  material were investigated. Each method 'désc_ﬁribed may be perfqﬁned onadoped - o
- dielectric layer, after the layer isdepositéd usmg a récipe such as one of the R
_ ex_émp_lary depositi'o.n' recipes described ébd\?ei Furthermore, aithough-niéthods
described below are with respect to treatment of a BSG (or PSG) filim, the methods
are equally applicable to any doped silicon 6xide film. | i
20 ' - E _
4. Exemplary USG Film Depositions .
a. Oxide Filling Material Or Insulating TLayer |
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 étep 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)



val ve 363 (whose body is preferably integrated with the | ower chanber

body), and into discharge conduit 60 which connects to an external
vacuum punp (not shown). ' Al ternatively, CVD apparatus
10 may include a separate punping 15 pl ate (not shown) having a plurality
of gas holes that directly comuni cate process chanber 15 with
punpi ng channel 40.. In this enbodi nent, the gas holes are
circunferentially spaced around the central opening of the chanber to S
facilitate the - uni f or m di schar ge q% process gas through the holes. To
acconmodat e the rel ative p05|t|ons of inlets and outlets, gas holes
may extend i fs ts to outlets
rel,ative to @%‘% ra 6%%2%?‘%% fagfdggdetli)}? ?{eérﬁegtllﬁg'ri? })I?bﬁol es al so

contri butes toda sEbst'Bhrtwaﬂer ;rammmmﬁareﬁemedgea tdmnem;uqsrmlaashmgtpur ge
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conmonl y assjy | R dégRitiof 2t Fdaeer 3 is PositioneddbobO0 . 880,
filed Febr uaé%ﬂgqeﬁge%G (At t‘%ﬁne %Docket No. 978), the conplete

di scl osuSe 0250:0Q il avayrfrom gos dlsm!buh@t plate 2f/and preferably pt:abayt 850 mil.

Referring to
369 incl udes é $"§%|"%h"?gﬁ&$%‘?F‘?$‘e%§f°§ ﬁ%’eﬂ;o%l%m%{] 95&%&\?@??3?@{)25% al ong
di schar gehl [ B@“I @&,ngut?lgrm?ﬁé&lﬂgfeﬂw ﬁtb(mvgoatmof t he gasgzmt)hr ough .
punpi ng channe : e pressure within prqgessing c er

; “3@39“\5§ @.lceg) and

monitored with capaci t AfRFecess gas Comprising ¥y ge} andssihico
controlled b duit 60 -
W th Chr ot I Hs) e aciabO charfbér. 1 8 preteiied efodippea, the ALEK Plrck S B

processor 50 fecel ves. from
10 TEOS and the oxygen source is 03, but those skilled in the art will recogmze that

additional silicon sources such as SiH;, TMCT or similar sources, and othier oxygen
sources such as 0,, H,o N,0O, mrcrowave-generated atomic oxygen, and similar : - .-
sources and mrxtures of the same also can be employed. When TEOS is used as a
silicon source, a carrier gas such as helmm or nitrogen is employed -The ratio of : FER
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 wrll vary accordmg
to the geometry and design of the deposition ¢ chamber. The gas flow also can be -
varied to control the deposmon rate Typrcally, TEOS is mtroduced at a flow rate
- . of between about 500-2500 mgm and is preferably mtrodueed at a flow rate of about
20 2000 mgm. O, (between about 5-16 wt % oxygen) is introduted at a flow rate of
| between about 2000-10000 sccm, preferably about 5000 sccm. _Helmm 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, breferably 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 wafer chamber

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

b. Capping Laye
30 According to another embodiment of the present mventron, 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 moisune._ Thus, the



47 : manoneters 381, 383 signals that indicate the chanber préésure.

Processor 50 conpares the neasured pressure value with set-point
pressure val ues entered by operators (not shown), and determ nes the
necessary adjustnment of throttle valve 333 that is required to

mai ntain the desired pressure within chanber 15. Processor 5 50 relays an
adj ust nent signal through a controller 385 to a drive notor (not

shown),. which adjusts throttle valve 373 to a proper setting corresponding
to. the ' set-point pressure value. Jg.table throttle valves for use
with the present invention are described in comonly assigned,
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: 10  can be deposited in a separate processing chamber from the BSG (or PSG) layer, .
but preferably is done as an in situ process in chamber 15 where deposu_lon of the
BSG (or PSG) layer also occurred. of eourse,_ many. processes for forming a
capping layer are possrble ' |
The followmg process for formmg a USG layer is descnbed as an

_. 15 example .An undoped silicate glass layer may also be used not only as a cappmg

layer, as described below, but as an msulatmg dielectric layer without use of an
underlying doped dielectric layer.
The wafer and heater 25 are heated toa temperature within the range -
or' about 200-600°C, but preferably about 500°C_, and then maintained at this
20 temperature throughout the deposition. Heater 25 is positioned about 250-350 mil
.away from gas distribution plate 20 and preferably at about 300 mil. With gate -

' valve 280 closed, the pressure in chamber 15 is maintained at a level of between
about 50-760 torr, and is preferably at a pressure of between about 200-600 torr,
most preferably about 400 torr.

| 25 _ .- ‘A process gas compnsmg oxygen and silicon sources is mtroduced

~ into the deposition chamber. In a preferred embodiment, the silicon source is
TEOS and the oxygen source is O,, but those skilled in the art will recognize that
additional silicon sources such as silane, TMCT or similar sources, and other
oxygen sources such as O,, H,0, N,O 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. '



facilitates MFC calibration. D. Heater/Lift Assenbly -

Referring to Figs.

9-15, heater/lift assenbly 30 will now be described 25

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

processi ng

position within vacuum chanber 15 and to heat the wafer

during processing. At the outset, it should be noted that heater/lift
assenbly 30 may be nodified, for use, or directly placed into, a
vari ety of processing chanbers other than the exenplary SACVD chanber

‘desecri bed and sho
be used in a sim
m cr owave power,

conventi onal sem

48 to the geometry amsk

wn herein. For exanple, daeater/lift assenmbly 30 40 may
| ar CVD chanber that generates plasma with RF or
‘a et alth&htimbitdtdl flowadtine ga@éuﬂ%ﬁ@in@%yeﬂyl RBSdidy non-

conduct or &socessm chanbers.

ignrd the)depiogition ghamber1 Fhetgas flow) alsa eandkesenb| y

30 generally
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varied to control the deposition rate. Typically, TEOS is introduced at a flow rate
of between about 500-1500 mgm and is preferably introduced at a flow rate of
between about 1000-1250 mgm. O, (bétween about 5-16 wt % oxygen) is
introduced at a flow rate of between about 2000-10000 sccm, preferably about 7000
sccm. Helium or nitrogen may be used as a carrier gas that is introduced at a flow
rate of between 2000-6000 sccm and preferably about 4000 sccm. Usually, the total
flow of gases into the deposition chamber will vary between about 5000-20000
sccm, preferably about 15000 sccm. Under the above conditions, deposition rates
of between about 500 and 1500 A/minute are attainable. At such depbsition 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 dependmg on size

" of chamber used and sxze of wafer.

The following processes for forming a USG cappmg 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
ordmary skill in the art, however, will realize that capping layers of different

| thickness can be employed depending on the spec1ﬁc application and _devxce

geometry size. Depending on the application and gap sizes in which the deposited )
film is used, it may be preferable, although not essential, that the capping and
doped dielectric layers be relatively thin. For thin layers, the time to deposit and

. the time to etch away are reduced compared to thicker layers. The USG capping

layer is deposxted and both the USG layer and the doped dielectric layer are etched
back. Itis also recogmzed that different cappmg layers such as other similar stable
oxide films may be utilized to cap the doped dielectric layer.” Further, the USG cap
layer may be formed over doped dielectric films deposited by APCVD, PECVD, or
LPCVD, in place of SACVD. As discussed above, use of chamber 15 for in situ
performance of multiple process stepé is most preferred, with use of a multichamber
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



i ncl udes a resistively-heated wafer support pedestal or heater 25 attached
to upper and | ower support shafts 391, 393, a lift tube 395

ci rcunscri bi ng 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 chanber 15. As discussed in detail bel ow,
heater 25 (and the wafer supported thereon) can be controllably noved
between a | ower | oadi ng/ unl oadi ng position where they are substantially

al i gned w th slot 243 in- enclosuregssenbly 200 and an upper
processi ng position beneath gas distribution plate 20 (Figs. 3 and

4) .- As shown (ISG for @imifar cap adyef iformed bhl deidpad diklctricIREby mﬁmF offugpor t
surface 403 surrounded by an annul ar rai sed perineter f.[ ange 405 so
that the waf &OronssouEes er:iie|Phosphers SauIge auﬁﬁeergrfo%gelﬁm of\depasition, ph et
surface 403 | s B ' | sy t iyl!',@‘ng;c g er W
at the _ éﬁ%‘?ﬂsﬁgﬁ%ﬂp@rﬁéuFe,’hg.lél.tﬁﬂg‘t%egdt?%érr%g?a ure rﬁgﬁgsng rom .
about - 200- 80®SG)rif Fornili & described cibavest Elowndf the dppant aburge ingo ahamiter A58 i nches .

bout 150-20Q f | gr.ge, Si 5 - waf bout.. 3-5 inches (about
75-130 1 dhet FshepPed S i rmalteacoiin caninuES for i Adgi g eod o o6 "ouoh
as those w t hepun1-3@ séconds. ( PRAthbIP Ofhe thermid] AAEGH ContiBittsFor about 30 W thin

the scope of the invention wth aﬁger opriate nodification of the chanber,
t he chanber |seeands. I8ahis smbodimeptrthe depantsours: is stopped by closing a valve on Suppor t

heater 25 pr [ ri ' r 0CesSg- . tible
maceri al t hain S00ss SR i€ o faf I SpitBiar e B DERRERY withuea SRR

t enper at ures,foij'aeleastlﬂ)set;mdsoo- 800[err] C or higher. The nmaterial should also
be resistant ,toﬁégosition fromthe reactive chem stries assqci at ed
with theligh tenperat ourse, stoppiBg tRG ¢oRsAt gassoyxer must by ceqrdinated with
etching by t 2l ' Brdit bt 43l s for
heater 25 ar gﬁ %gl?%ni? ?sh,%s Eﬂl}c%agggﬁjgfﬁm nu%erﬁﬁ?tiﬁg#@ ‘éT‘ﬂ‘H%ﬁ’ﬁ:%?fé’é‘ﬂ%r 25 .
the |ike. Al wystenm9hand then threnginthe faceplatecofiplatt 20r dat mest €'V Imachines he heat er

osi stance. - el seconicis Redtiel 16F g8 o SRACHEH b e 3Rlye 0 e oot
particul arly dhafiber,s0Ghe Vil0e sHoId be closed suffidiehtlyihiatiParRe e ll6W ForogheseOf

heater 25 conpri'ses alumnumnitride. Alumi numnitride .
- 15 elays. Thus, if TEB is the boron source, closing the valve on the TEB supply line

several seconds before completion of deposition of the BSG layer results in a thin
USG cap which prevents occurrence of the previously described moisture absorption .
and outgassing phenomenon. ' . |
. “The in gig 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 plasnia densification treatment
~may be used where plasma damage to the device is not a significant concern. In
some embodiments, the deposition at tempe'ramres 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 fegions. Chamber 15 is maintained at between about
'1-5 torr during the plasma densification treatment. With gate valve 280 closed, a



has hi gh tenperature capabilities and high resistance to fluorine and ozone
30 chem stries used in chanber 15. Use of alumnumnitride, as conpared

to stainless steel or alumnummaterials, for heater 25 al so has

| ess backsi de net al contam nation in the processed wafer, resulting
in_nore reliable devices. In '

49 addition, alumnumtends to react with the fluorine containing
conmpounds typically used in cleaning gases to forma |ayer of an

al um num fl uori de conmpound that may - g2 eventually build-up and fl ake off
into the chanber or onto the wafer, resulting in contam nati on

(dr scussed i plaémig fdraied de€ingid rebaivevgas shahnas| forcéxanglel, hitrogen (N)), &hmohiad

alumnumnitride effectively elimnates this problepatic reaction during
cl eani ng. (NH,), or argon, is mmd‘R@‘* e chambeg 1on ‘%’bmﬁeb' onge exGFHPLEEOfa'é@errbI y 400

may i ncl ude qlhéﬁ gnega matic -
cyl i nder, ﬁfm# f‘g% gnt toIrng t 3 ﬁP%ﬁ@r fl‘nglg ?‘ per notor
407 coupl ed tmmh@eysth&rat mratemfsaboﬂtallﬁl)ﬁ sgemmmhsd \mh helium atAflm)Ooqnemat es to
vertically d heat er shaftiL 391, 393 and t?td#b 43 i\f} 10
cont rorl 4 | REEIsER 6 RaRraide o SRaMRIs 3 GFH Vel 259 0oV
- positions. 3 RF frequency of about 350 Megahertz (MHz) to create a plasma in chamber 15.
The plasma serves to passivate the surface of the doped dielectric layer, which may
have some nitridation on its surface. The plasma treatment thus densifies the doped
dielectric film. More dopants. in the densified doped dielectric ﬁlm which is
10 - resistant to moisture absorption, are avax_lable for forming the ultra-shallow

junctions.

'D. Heating Processes For In Situ Deposition And/Or For Reflow
| CVD apparatus 10 has lngh temperature capabilities allowing an jn |
15 sim heatmg step followmg a deposmon process on the same wafer for a two-step
deposition/reflow process, or an ;r_l situ heating step concurrent to a deposition
process on the same wafer for a one-step deposition/reflow process. '.For uée asa
PMD layer formed over high aspect ratio transistors or iSolati__on trenches an
undoped or doped dielectric film, such as PSG, often requires planarization whiéh is
20  important in forming integrated circuit devices. Planarization of a doped dielectric
layer may be performed by reflowing the layer ai: high temperatures. Performing
reflow also contributes to improving gap-fill of the deposited 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 pro_ce;lure discussed below serves merely as an exeniplary 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 posmon 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



Drive assenbly 400 al so includes upper and |ower bellows 411, 413 attached
bet ween the end of shaft 391 and the bottom of the processing chanber to

al l ow for substantially free vertical novenent of heater 25. In
addition, bellows 411, 413 al |l ow sone angul ar novenent -to ensure that
the .gas distribution faceplate 20 and 15 the heater 25 are substantially
paral l el during processing. Referring to Figs. 4, 9
and 13, lift tube 395 surrounds the Iovver portion of upper shaft 391
and ‘assists in insulating upper bellows 441 from: hernal ener gy

radi ating fromshaft 391, heater 25 and the inside of processing chanber
15.” - Li fiémperirare3sfhenseenl dbputcSO0RB00SECSs preferably etwitn Wbaitt 5504630°@nirmnnul ar
strike plate 420 20 resting on the upper surface of shaft 418 and an
annul ar f | anghamber 3, fer daposition processing; aﬁtepmrqast%en&ast opsg | eljl"%fﬁ"g@aMQZ and
strike plate tedl £ bEwRbY $

w t hst andi ng 'ﬁ%‘gﬂerrpear%at ureSXbJsugf:]EG@56 ‘?[%F\ci;leﬂanbll éxgﬁﬁcﬁﬁ 75@-@5‘@4
oxi de (A1203 fonabaus S<36rmimutes,preferably atout d5+20. mﬁhtcsu,gm otdél' tarefleow Itheke

| ate 420_i nsyl.ate the al um,.,hum shaft_418, fr. heater to m nim ze
i ng o8 alieletetic lafer, 3eAariiaE 1 & paceife Fiobodimet, The 0 fwotFmpsramﬁ%ﬂwocess

chamber. 1n &g (i e4ike & ¥r higher than%@@é;bdﬁi&n teinbéﬂatu&é’ﬂ?th@%ols r?i s. 2 Spring
(not shown), such as a mave spring, - I oaded between fl ange 422 and
stri ke pl at e Rgther, fopa awitiple-step depdsitionlreflomippddess; dhe tempgrature may bef t he
.strike plate 420. 4 and 13, a

‘plurality of %mPES fromthe depasitiop WWPF@%WECA%@“ m%eﬁ‘ :}%PP %ast two and

preferably fqgherméifte Snhpbadthrés) BRedte Deing! ﬁhﬂged t/thdgeflow temp&sturés @82 spaced
about the periphery of heater 25. Fingers 430 extend downward bel ow

heat er 280s0 conese, thetimeang tamperatage fmyth@hgﬁ@e steph geaylifendepending pi ththem
above particular application being performed and on the particular layer being formed.

m num

" According to another specific embodiment, a one-step
- . deposition/reflow process is described. With gate valve 280 closed, chamber 15
| may be maintained at a pressure of about 200-760 torr.. With the wafer and heater
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 témperature of between about 750-950°C, preferably between about
750-850°C, in chénjber 15, for simultaneous deposition and reflow processing to
- occur. Of course, the time and 'temberamre for the déposition/réﬂow step may
20  differ depending on the particular layer bemg formed.

As discussed above, keeping the wafer within the same chamber 15
for multiple in situ processes prevents exposure of the wafer to the environment,
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 filrns which do not form voids when heated. Deposition of
the deposited films at these temperatures also reduces shrinkage.

E. Chamber Cleatﬁng/Seasohing_lgettering 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



50 the upper surface of heater 25 for |oading and unl oadi ng wafers.

Lift fingers 430 are preferably nmade of a ceramc material, such as
al um num oxi de, and generally have a doubl e truncated cone shaped
‘head (not shown) The four |ift finger guide ~studs 432 are preferably

not.uniformy distributed about the heater 25, but instead 5 forma
rectangl e having at | east one side that is wider than the width of the

r obot bl ade, which is typically a thin, flat bar (not shown), around
whith the [ift fingers 430 must |iB4 the wafer. The bottom end of the-
lift fingers 430 are rounded. The fingers 430 have a relatively thick

di anet er of dbatex 23,0chagber &5 imay pndérgo aldhembéroei¢aning process @o elitnjnatend a
‘relatively short.lLength of apout 1-3 inches, eferably.2 inches,.to 10
i e i nQEPOTHORRREESE SosiHes el undtaten gxfies aBYRY pifrides' fom pottions

In use, the ekRimbErade imdiiing (He\Wilindd GRARLEF Vall$ fh e i6Werl porfibiEof chamber
chanber 15 when the heater 25 is in ‘Ll)oleon opposite slit 243 (or actually
e

j ust bdbotheshationpafsbeateT 28, anwell as othenighambee ¢omnponentst | To pysure f t

fingers 0, i, ¢ch i.fted ...abgve.h en. .25 with strik | at.e 420.
ps TiTE 1T madP ey RleF b Vale Sepegiabilioh e opaS B Gedreohth BCistRedh it 0
(not shown) . upsduingithe dePosition iproveies.! ThéseSresifiesidas b chRaREST M chamber
position opposite gas distribution faceplate 20, |lift fingers 430 sink into

gui de studs componentoby\nsing Huping rdicals, fof¢xtmple,fpaya plasme fymedawittvnt o
waf er suppor g 1 1] ] : T ve the
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' reactivity with F atoms, residue silicon oxide can be removed by the formation of a

10  SiF, gas product which may be pumped away out of chamber 15. The chamber
cleaning procedure discussed below may be performed after processing of every

wafer or every several wafers. . _
In a preferred embodiment of the present _mv'ention, ‘NF, is used as

the clean gas to provide the fluorine radicals. The preéént invention preferably uses :

15  remote microwave plasma system 55.to decompoée NF, gas and generate a flow of
F atoms into chamber 15. Using a 'ﬂhorine chemistry with remote microwave
plasma sysiem 55 of the present inventicn'advantégedusly has low lginetic energy

~and does not have physical sputiéring effects or formatiqn of charging species in the

.subseque;ntly deposited film, compared to in situ plasma processes. Furthennore, '

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

-To ensure the. best clean efficiency, the F flux as well as its cleaiﬂng
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 éamration 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 spei:iﬁc 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



20- : Referring again to Fig. 9, a resistive heater coil

assenbly 440 is housed within heater 25 for transferring heat to. the
waf er during processing. Upper - and | ower support shafts 391, 393
support the heater 25 and house the necessary el ectrical connections
to the heater coil assenbly 440 within a hol'l ow core 445 : (di scussed

bel ow). Upper support shaft-391 is made of a ceramc material capable 25
of -withstanding relatively high processing tenperatures. Preferably, shaft
391 wil | be fabricated fromdiffugson-bonded al umi numnitride, which
prevents deposition onto, as well as attack by chem stries used in
chanber 15 ofheatehspaeingc bothdsfswitickl can ad]ust tied medrr frempaths ofi thecgas epexiesianti n

shaft 391 that m ght herW| se 0 he al u u nitride were
not present. psnmsw?q sA BtdésF‘é?s%Ff)F%}'lEﬁ’ gﬁb‘?ﬁﬂ%‘iﬁss!’? Wéta‘faérb"ZS to 30

provide a gagperdy tﬁf@é&bh@%&g&ﬂgégeaﬁﬁ‘dd&én pitialol nibd 29246 Bhdud 9' ok

hol | ow core I's at a t tenperature and pressure

(preferably apamsg)hm used to optlmm.rdmmnformlt}e. ,In o8er embodiments using) . | n ot her
ETDOdI Mengs. J}&Llje%twe.n(iggdem4450{m ﬁlphcator tube 292, both pressure and spacing may be

used in the clean uniformity optimization.
In an exemplary chamber cleaning process, chamber 15 is maintained
at a temperature ranging between about 300-650°C, more preferably at about 550-
- 600°C throughout the cleaning procedure, in preferred embodiments. Most
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
processeé would be run at 600°C in those chﬁmbers used, as an example discussed
above, for depositing PSG films at 600‘6. ~With the throttle valve opéned and gate
valve 280 closed, ‘heater 25 is positioned about 100-250 mil, prefe_rabiy about 150
_15 mil, from gas distribution plate 20 so that gas distribution pléte 20 is heated up.
Heating up gas distribution plate 20 allows a faster clean to occur. This heating
step may be done fof 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 f)re-clean staﬁilization step, chamber 15 optimally
20 . should be maintained at pressure levelé, 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, resultihg in poor chamber cleaning results. At chamber
pressures hfgher than about 1-2 torr, recombination may occur due to collision
losses, as well as causing overheating and damége to applicator tube 292. Heater
25 is moved away from gas distribution plate 20 to a distance of betwees about 450-
700 mil, preferably about 600 mil. The ciean gas, NF,, is also introduced at a rate
30 of between about 600-1100 sccm, preferably about 950 scem, 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.



at a pressure of about 0 8-1.2 atmand a tenperature of about 10-2200[err]C,

whi | 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 el ectrodes and ot her el ectrical connections from

corrosion fromthe process and cl ean gases within 5 chanber 15. In
addition, nmaintaining the hollow core 445 of shaft 391 at anbient

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

ot herwi se occur in a vacuum i s thus avoi ded.

Ref-erring to Figs. 9 anih thé chasiiee clesn Bep; the Pretleard Sbitizdtiondonditionugh 10
an opening 453 in the |ower surface of enclqsure assenbly 200, and is
coupl ed to a Chamber }3 e maintained;at 3 Eessere Fanging betwesn amﬁe?ewr%mf@ra@bi and
chanmber 15. U IS s : to
over support Rbep 2 oy WRANGE cfihd prbddadc? ic AEREREH, pitrShave felef or

pr ocess- conpabétiveen abue 5025006 Watts issappliediorapplicatormtube 202 Preferably, - al | oy.

Lower support shaft 393 is preferably a water-cool ed,al um num ft. 15
However , IsomeF’aS'EF;SfS’G_r‘{gl%%Y‘ esﬁsuﬁgﬁ _;Q%sz_o‘“%%?"l%é“ I%W‘g“}é%m"gﬂ such
as al unnuBue¥i dbEWRks flr e PréfBridtitcidafl @as BO® SHaboBl §50°Raml NPherenber s
457, e.g., O- rings, are positioned between shafts 391, 393 to

mai Nt ai n t he pacrowevds ape tramsmitteshfrom magnetrent 31 hthaoughathp avavegiiderands hown i n
Fig. 9, lower support shaft 393 is.nounte a verticald vabl e
support 461 oflPY '\'/'t_gsﬁ%@ﬁﬁleﬁﬁﬁ@ﬁ%ﬂﬁ%r%%%é’ggﬁﬁygﬁ 138 %guss 3 and
heater 25 bet ygse. tUVlhﬂ@%[‘@glﬂ(@ﬂﬁﬁ&@&ﬁ%hﬁ@smﬁm{ﬁcﬁmmb‘éfmtto&%defi nes
an inner cool ant channel 463 passing around the electrical connections to
further 10  plasma, with ionizatien émwﬂwm migIgiMaye eNaTY BNICEHRS aPRIICAOE e t he
shaft. Cool anbg g?ﬁ‘g%"f‘" 463 has an inlet 464 and an outlet 466 coupl ed
, 219

to water connections , respectively, of liquid cooling system
215. Cool ant channel 46Buring deschhmberadleunastep, Fmorine radidals fromlthe plasma '

tenperature in the |ower chanber areg.to protect seal ing nenper(s
4571 i i al feSTRR R FBPISHOE AHScH9R 1 RO ICEEh A5 PR Y BRLAGY s gl e
shaf t . ( RBbuANGMAR i3 \valve 2BO hich ink Blsibe? 1538 died sitikes b ftifted
| ower opening 453 1n ,

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 process residues while mmnmzmg 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 Qary dependiné 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-cléan steps may be
pérformed. During the post-clean steps, chamber 15 is preferably maintained at the
abdve temperatures discussed for the above deposition-ahd 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 position of between



encl osure assenbly 200. I'n this alternative enbodi nent, sealing nenbers 457
woul d not be used. 30 Heater coil assenbly 440 is
configured to provide a tenperature of at | east about 200-800[err]C
in chanber 15 at a rate of about 20[err]C mn. Referring to Figs. 11
and 12, heater coil assenbly 440 includes a heater coil 471 enbedded into
52 the ceram c heater 25. The routing of the heater coil 471
enbedded in the heater base 25 preferably provides a single coil 471
that begins at one electrical contact 87 472 near the center of heater
25, runs back and forth al ong one side of heater 25 towards its

perdi meter, exiboud$50002200; paéfrablysdbdet 2000hmikt feom as dsaibutibe lplateuw whilek and 5
forth tovvard t he, center of heater 25 to a isecond el ectri contact 474.

This | oop the throttle-yalve,1sRpeprdsand gats Yalve #80.5emaing; apen. GR“HWI“SE $#eR f or m
51 i e s 0, 0 i
t enper at ur e damountinftciean ga$ reattahts and residwetexhdusted[ont of chaatbed 6] aClednC and
S  endpoint detection system also may be utilized to assist in determining the stop time
for the post-clean pumping until s'ubstantially all deposition process residues are
removed from chamber 15. |
After the fluorine-based chamber cleaning procedure, there may be

sorhe adsorption of active fluorine species on the surface_ of the chamber walls,

10  close to where the wafer would be lbcated when the next deposition process occurs.
In the next'dcposition 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, reéulting 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: R

After the post-clean pumping step, a seasoning 'ma_y be performed to
recombine all free F Species by either chemical reaction or trapping'the Ftothe
chamber walls MUgh silicon oxide (SiQ,) deposition. The post;cléaﬁ pumping and

20  seasoning stéps are performed for reducing both particle formation and F content
inside subsequently deposited films. _

_ Cmanbnbﬂwamtm:pxbdamlmnmugsmpamiﬁmﬂmngsupls
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-seasoning stabilization step, liquid TEOS at a flow rate of between about 200-



at | east about +/- 8[err}C at” 600[err]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 near the center of heater 25 to reduce the
thermal gradient from heater shaft 391. As shown in
Fig. 14, heater coil assenbly 440 preferably includes an enbedded RF
mesh- ground pl ane el ectrode 473 connected to a plurality of "~ conduct or
| ead wires 475 which extend through shaft 341 to a suitable electrical 15
energy source. Mesh ground pl ane el enent g3 is a nmol ybdenum nesh el ectrode
whi ch provides the ground path and plasma Tesistance in enbodi mrents where

pl asma ﬁ%ﬁ ﬁ%t“w Pl}&g Y] a
conductive matag(?l ,ﬁﬁ%@faﬁlﬂ‘éﬁdﬁééﬁ@w ’51% Z?]p re?gitiféeig hl gﬁ&gfagiggggl

t enper at ur es, camieh gassflowingeat a retemfdetwaentaheut 4000-8000 kesm, Iprefenablyxat mpbutr y
configuration ad wi,res._47 ach nickel. wires coupl 0 to - _
cl 6ot ode. 47350 Seme P Shibher 15, 5af flops 75 s nlidehe o Fastier 25 8uthe 475
to avoid noRiA3h18E v3&! R URpEsHHicH brCvid afiplitaior tubel 23S kifoud pplRateiresfab! y
conprise a materi al with a relatively close thernmal expansion match

t o al-um ndm nimierowavess [Ehis stabilization siep Iapts batween Abous Hokinsecends, pasfeyaidenum
inserts 477 a { . . . plug
481, whi o | < goi St bre dic asontoe, e BEARS G e BBRHBSENE P! 12
hﬁat eL g oi |, ‘okydehaoure it@hég:ihyle;l&m_i(ﬁi of\vthe egaswﬁhgmxi'ﬁé ysnmdmhdn&n'bms, In;.ﬁle )
sheathed in the continupus insulatjng cpatin uch as cribed above
whi ch L eson g tem, Ry s IHORiGEA HCE 10T TCHSe Ior e PRRGUSY 1 he
al umi numnitrj i ; ks
Figs. 9, 15A gg@sfllgo%tp? east er l(le.%t';,d%bggtei%qoysc%rg t}mr'lc uech{ S BOImﬁqgstt§ Pglgas%%ﬁdgne
t her nocoulfl e pucesscat SG0PE discnssed) abowe, pe alpomt 4000 sccox foin dhet éxperimental BSG .

Thermocoupl e 491 incl udes an_el.angate tube vi-ng.a S r 495 (Fig. 9)
i nserted and ﬁsﬂ’?&“}% RIOers% Bt 6@ ?ﬂ&ﬁ‘l’éseaﬁgﬂé%g%g%\”ﬂg%ﬁ”& ﬁgggﬁmﬁ Sdi st ance
of about preferably about 15 seconds, to deposit a thin layer of silicon oxide (e.g., the
: L}
experimental USG deposition process having about 12.5 wt % oxygen, or the
experimental PSG deposition pfo;ess 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 thcrcb'y. 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 perforrhed. at the deposition temperatures discussed above. In the final
stabilization step, the throttle valve is opened periodically to illow the chamber
pressure to adjust to atmosphere, while gaté valve 280 remains closed. Heatér 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 opened. The final pumping step lasts between about 5-20 séconds,
preferably about 10 seconds, before another wafer is introduced into chamber 15,
which is now ready for the next deposition process, heating, or wafer cleaning step. .



53 0.25 inch fromthe'bottomof the wafer. To that end, heater 25

I ncl udes a t hernocoupl e guide 501 (Fig. 15A) brazed to heater el enent
473 for connecting sensor 495 of thernocouple 491 to elenent 473. The
thernocouple 49.1 is held in 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

di sposed in a well 505 which is at atnospheric pressure, which enhances
the heat transfer between the heating elggment 473 and the thernocouple 491
to provide a nore accurate reading. The tenperature controller is a
reci pe- dri vepis recogniZdQRA fiab fiabilizatiod @ha puhipirdgestepstalsol méyPbOmodifietiranl| er
whi ch anticipates the recipe steps. 10  which are ahout tq occur and alters
the responseimilanlybsed; with the particulss seasqpiag steg or alternaflyg BgHering stehni f or m
tenperature nd ground connection for t he

| ower suppor@%#fd’é@i&@c&w tgﬁ’g the side surface of shaft 393 (not
shown) and conndntemhoduﬁentsfultenmntho ﬁlosmdiscﬁ‘aell abovle, the prdvelearmocoupl e

t ube end 513 are made at  at nos ﬂ‘gltlons Ef

When t hed pr W‘ﬁ@éﬁ?ld&ﬁ’“ﬁ P?P"G f 3SaMPIE:C g.h%wnﬁrowavc

transfers t rﬁov)’@ffﬁ{m B 9oWRicFodAve $6w315tovﬂ"l€ FinAlQ@edhCdefiting Jeve’ of ﬂn&@ﬁ’vﬁd on

opposite sli
power, allowing pre-clean stabilization of pressure and microwave plasma

generation. In a preferred altematlve embodiment, the pre-clean stabilization step
discussed above may be substituted with the following pre-clean stabilization. .

10 Allowing for simultaneous stabilization of preséure and microwave
power, the step of ramping up the microwave power to generate a N, (or other inert
gas, depénding on the clean gas used) plasma provides a lower pressure shock |
prbﬁle on applicator tube 292 upon NF, plésma generation, in accordance witha -
specific embodiment. Microwave power levels applied to magnetron 711 from

15 microwave power supply 110 may be ad_lusted under the control of processor 50.

' For example, the microwave power may be ramped from zero to a level of about
300 Watts (or some other power level between 0 and the final clean operating
power level) during the stabilization stép,' 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 positioh about 600 mil from gas distribution
- plate 20 and N, is introduced at a flow of between about 100-400 sccm, preferably
about 300 sccm, into applicator tube 292, while the throttle valve remains open and
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 ;peciﬁc _
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 sécm, preferably about 950 sccm, into applicator tube 292, while the

microwave power level is ramped up to the final microwave power clean operating
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period preferably between about 20-30 seconds w1th each power level ramp-up
allotted an appropriate slice of time from the time period. Accordingiy, pressure
shocks from an immediate, one-step application of high microwave power (for
example, from O to 2100 Watts) on applicator tube 292 are.thus minimized,

_ resulting in an enhanced lifespan for applicator tube 292.
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Although the above descnb_ed embodiment is a two-step power level
famp-up, other embodiments may have multiple-step ramp-ups (for example, from 0
t0 300 to 1200 to 2100 Warts). Further, a microwave power ramp-down step
opnonally may be performed between the above described clean step and the post- '
clean pumping step. Two-step or muluple—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 systenis which have a RF plasma
system, ramp-up and/or ramp-dovun of RF power levels may be performed for pre-
clean stabilization steps where an in situ plasma chamber clean is used, in
accordance with further embodiments. Although specific times are dlscusscd above
for each part of the stabilization, in other embodlments the specific times may be
varied and parts of the stabilization may be combined or eliminated to reduce time.

As an alternative to the thermal chamber seasoning discussed above,
a chamber seasouing may be employed which uses TEOS and O,. Vaporized TEOS
may be introduced into chamber 15 via inlet 43 and gas mixing box 273 or using
the bypass passage in the lid. The O, is sent through applicator tube 292 for
radxatxon (for example, between about 500-2100 Watts, preferably 2100 Watts) by
microwaves from magnetron 711 of microwave plasma system 55, to produce
atomic oxygen. O, may be introduced into applicator tube 292 at a flow rate of
between about 50-200 sccm, prefcrably about 100 sccm, while gate. valve 280 is
opened and chamber 15 is maintained at a pressure of between about 1-2 torr,

a



54 specific enbodi‘nments. In the preferred enbodi nent, -the
tenperature is controlled by a feedback control system (descri bed
above for heater control subroutine 167) that maintains the ranp rate
based on the current tenperature.in the chanber. During this process,
-inner lid assenbly 230 receives heat from various sources. 5 I ncl udi ng

t he gases passing therethrough, the heated sem conductor wafer, and the
waf.er heating source. To maintain the cogponents of |id assenbly 230 bel ow

t he- m ni mum deposition tenperature and thereby avoid gas reactions
and deposi Ui greféiabl ¥, about 1.5996:%, m&ﬂﬁﬁ}a’iureébf%ﬁmﬁtabbdt%ftsosc' ntroduced
I nt-o cool ant “chann 93 to renove : heat from base plate 265 and gas

di st ri but i on peaferably hetwesnaboyt| 35060020, Belatomis oxygen is able to react withutheng t he

deposition p th um punp is actlva ed enerate vacuum
pressure wit Hi Wrﬁhaﬁ’ge fﬁﬁh@'ﬁ’%& M‘i&% gases
and plasma r eqiefthfivaly! fdfenibodinRaes lﬁ@u@kﬂ Slashia éy%ﬂl’dlﬂb ﬁﬂﬁ-ﬁ@iﬁé aft@n and
exhaust port 361 (Figs. 4 and 8 I'n addltlon pur ge be directed

general |\  -situ plasma,; vaporizes TEOS auayi b@mdméuntmshamb@@whm theaBFbet ween

i zos | oRAa “DNEh, AR swatoh bafif Hi iich Lot Elpodi el G A3, o s

10 and facil Imaéﬂﬁnddﬂﬂ:hmws&hsoﬁfngt he process gas through port 361.
E. Integral renote m crowave plasmg system 20 Fig. 16 is a

sinplified diagram of Asragderalipraatiye e sham %rﬁﬁ?sg%gé?r?m"’de geggn% f
crrbod nnt o UPHES aRB B Clfniy 366ty PSR be floferR BRI Wkl
pl asnma’ r Eot @bbutdi®-200cscems preferatiipabeart 109 sbem, xmcechamhef 5 ¢o purge chambeér ng or
Cl eani ng 15. Silane may flow into chamber 15 via line 85 into chamber 15 from one of the
other supply sources 90 (Fig. 1C) to gas mixing system 93 with closed gate valve
280, via other purge inlets to chamber 15 with closed gate valve 280, or via
applicator tube 292 with or without application of mlcrowaves and w1th opened gate
15  valve 280. During the silane purge procedure, chamber 15 is mamtamed ata
pressure of about 1-5 torr and a .temp'_erat_t-xrc of between about 300-650°C,
preferably between about 550-600°_C, with gate valve 280 closed.. Purging chambér'
15 absorbs the F atoms and results in the fpnnation of SiF, gas, which is then
pumped out of chamber 15 via the exhaust system. The endpoint detection systém, |
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 seasomng or to purging chamber 15 with
silane, as described above, gettering méy 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). Magnetron 711 is operated at CW mode at a power
level of between about 500-2500 Watts, preferably about 1000 Watts, to provide
microwave energy to applicator tube 292, thcrel.)y'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



a wafer in chanber 15 and/or ‘conponents of chanmber 15, and possibly for use
in 25 depositions. Mcrowave plasma system 55 includes applicator tube

292; a plasna ignition system (described below); a nicrowave

wavegui de system (descri bed bel ow); optim zing el enents including an
| npedance mat chi ng system 701 which may include an optional phase
detector 703 for enbodinents requiring feedback for automatic

i npedance matching, and a circulator 705 with a |oad 707; and a 30
magnetron 711. - Magngjron 711 is a typical nmagnetron
source capabl e of operati ng bet ween about 500-2500 Watts for

conti nuous b@?@S Qhﬁ RFtenEfgy applxed in chamber 15 to rovxde the

55 m crovvaves o out ahertz

uency netron 711 .
is powered acuveljyydpmgmr Ruring qae gmer(ngrmmdure, rchgnbex g m@cg
oot el Y |t oo 12 BOERRE Hhmeb o A S A S o0
the m crovaveopmseus, piefefabhy Béﬁnezém&b“dilt_ 550-600°C with gate valve 280 open. The

5  active hydrogen reacts with the adsorbed fluorine to produce hydrogen fluoride (HF)
~ vapor which may then be pumped out of chamber 15. An endpoint detection
system, operating on similar principles as the endpoint system described above but
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 zibou't_ 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 Waﬁs,- preferably
'-15 | about 1000 Watts to provide microwave energy to applicator tube 29'2',. thereby
producing a plasma therein. The ammonia from the i)lasma in applicator 292 would

then flow through the lined passage in én_closilre assembly 200 and into coﬁduit 47

for use in chamber 15. Durmg 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 adsérbed 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 plasnia 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 systém 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 exeniplary for the present embodiment, other conditions may also be used. The
above description discusses NF;, merely as an example, in a Giga Fill™ Centura
chamber available from Applied Materials fitted for 200-mm wafers and having 6



5 . includes various |engths of strai ght and curved wavegui de sections 715,
717 which may be connected together at joints 719. Interspersed

wi thin the wavegui de system are optim zing elenments that work to

- provide | ow | oss, maxi mum m crowave transm ssion with mnimzed
reflection | osses and to protect the magnetron from damage due to
refl ected power. The description below follows the desired direction 10

of _m crowaves from magnetron 711 toward applicator tube 292.

In a specific enbodi nent, mcrowave plasng system 55 has - magnet r on

- 711 connected to circulator 705 with |load 707, as shown in Fig. 16. '

Circul ator 7Qhersthtalgolomt yas’ du the rvelriois deposition desetiptiors Yelow.f Howevgrgnet r on
711 toward applicator tube 292. Load, 707 absorbs any power that m ght

be refl ect ed ofEer flugsiar-coRtaipingrr chigringrroptaining gases, sUGhAUNFngoargen NI
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m crowaves tr ' f L ' t i ch
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1IL. | Test Results And Measurements
~ A. Ultra-shallow Doped Junctions |
" To demonstrate the operaﬁon of the apparatus and method. according
to embodiments of t_hc.pres'ent imfention, experiments were performed méasuring
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. _"I_"he uncapped BSG films weré 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 deposited at a temperature 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



tube 292, where a plasma is created. Applicator tube 292 has an input feed
line 57 56

that receives reactive gases that are energi zed by m crowaves from
magnetron 711 via the wavegui de system and other optim zing el enents.
Applicator tube 292 is a circular (or other cross-section) tube nmade
of a conposite or ceramc material, preferably alum na, or other
material resistant to etching by radicals in the plasm, 5 according to a
speci fic enbodinent. In the specific enbggli ment, applicator tube 292
has a |l ength of about 18-24 inches and a cross-sectional dianeter of about

3-4 i nghgBout A0 migai!iffroduis ‘PEGS iaf a Fae RTBELL SV0GHER, WReBaKihgle Section
721, which is open at one end for transmtting mcrowaves and is
term nated aoxyges (Ghasra whedofidbont 5000 sccm, pard introdueing thel heliumesadergas at hen

able to be transm.t ough the open end of 10 waveguide section 721
FR e o0 ek

to reactive a ‘cator tube 292, which is transparent to
m crowaves. O course, Th¢ ASdverohditivs fessltedNinBSG filraldepezited 200a fawy oP?00

used for the,nterior of applicator tube 292. In other_enpodi nments,
appl i cat o t JAdminute. The deposited BSG film had a thickness of about 150 A for a process
time of about 15 seconds. _

In experinients where a USG cap was used, the USG capping layer
was fomed in an in m process immediately after the bulk BSG layer was
deposited. The preferred embodiménts use a chamber that is a closed system which

10  minimizes moisture availéble to react with the BSG film before deposition of the -
USG capping film. The susceptor was heated to a teinperature 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 d@sitioﬁ chamber at flow rates of about 500 .

15 mgin,' 5000 and 5000 sccm, respectively. The above conditions resulted ina USG

' film deposited at a rate of about 7_00 A/minute. A USG film had a thit;lcness of
'abou!: 200 A for a procesé time of about 15 seconds. o '

Diffusion of dopants from the uncapped and capped BSG films is
achieved by heating the film using annealing or a rapid thermal process. For

20  example, a rapid thermal process for 60 seconds in a nitrogen (N,) ambient thay
result in 2 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

25  also use other chemicals, chan:lber parameters, dopants, and conditions to produce
BSG films or other films such as PSG, AsSG, and others.

'Experimems 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 j'unctidns using BSG films as the dopant source for a -

30  subsequent diffusion step. :

B At boron concentrations exceeding 6 wt % boron, uncapped BSG
films deposited at temperatures less than about 500°C tended to become unstable



292 may have a netal exterior and an interior made of a conposite or

ceramc mat eri al and m crowaves i n wavegui de section 721 enter a
wi ndow t hrough the 15 exterior of applicator tube 292 to the exposed
interior of tube 292 to energi ze the reacti ve gases.

In the specific enbodinment, a plasma may be ignited by plasm

ignition systemwhich includes an ultraviolet (UV) lanp 731 and a UV power
supply 733, which nmay optionally be nounted on the netal wall of wavegui de
20 - section 721. O course, WV power supply 733 nay be nounted in various

ot her | ocati ons besides on the netal wall. Powered by WV power supply
733, WV | anpand to crygtallizp withinl heurs.h Asi mertioaéd abwve zaystallization fedugek alksa Wi t hi n
appl i cator tube 292f' M cr%/av enf%;g .t hen sustains the jonization of
the ignited BMAUBELLROTOR igmsavaifable for diffysy the sHicen subsfrats; IeRasitionn) et

290, | eadi no oppRIEopd Ry HEBALEF IR 356 C Mertiues RO GRS " |02

w thin applica oduction a I oni~zat1on o
reacti ve gasasncappedBSG: filns Wil boroa eondentratiarhofrmoreytharehwt0%. dpdri m zes t he

m cr owave. ener coupl jng.for efficiency. I'n preferr enmbodi nent s,
Tt ching 3 ¢ SBUEpEPETHHEY borin aeestaioR drester M 6yt bATOR A RREAELhe
control of P'H&Qf-ﬁﬁﬁ’inﬁ?b@rcipﬁmauycap %%&OJUSGﬁlﬁiioﬁreﬁen%ﬁﬁfﬁﬁiﬁﬂoﬂ.um ng. As

menti oned above, other” conventi‘onal 30 tuni'ng el enents al so nay be used
i n mat chi ng Byspreventipg outgassing, the USG cap also proyvidesathe abiditetd comtrobtheappl i cat or

Lﬁgﬁbggz 1i55 s gngﬁcr}iq%g?tf tég gx]‘f gg%qf qoagﬁo%xésnnecfn cg thte%il}cgﬁ sglg)sga r.n"ﬂ;e {JQ& cl:)a%dy of

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'depbsited over the BSG film. These further expeﬁments '
15  illustrate the ability to form ultfa—shalloiv junctions using capped BSG films as the
dopant source for a subsequenf diffusion step. Sheet resistivity and junction depth
of the ultra-shallow junctioﬁs formed usihg iincapped and capped BSG,ﬁlrﬁs were
measured. These expeﬁments show that subjeéting the _BSG film to a 1 minute
rapid thermal process at about 1050°C prbvides the capability to_contrbl the sheet
20  resistivity and junction depth of ultra-shallow juhctions formed with éither 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 unifomﬁiy of the diffused regions.' ‘Measurements
for Figs. 22A and 22C were performed usmg solid state measurement equipment for
25 the spreading resistance profiles, as is well known to: those skilled in ihe art.
Carrier concentration is shown as a function of depth. A "p" represents the
measured concentration of boron at a depth measured from the silicon substrate
surface, and an "N" represents the measured concentration of the N type silicon
substrate at a depth measured from the silicon substrate surface. The junction depth
"~ 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/cm®. Sheet resistivity of the diffused



57 outputs plasnmaradicals into inlet 290 of enclosure assenbly 200,

as seen in Fig. 3. Radi cal s are input through inlet 290 into the
passage in enclosure assenbly 200 whi ch is equi pped with liner 291,
preferably nmade of polytetrafl ouroethyl ene (PTFE). PTFE, which is

comercially available, for exanple, as Teflon[err] PTFE is 5 resi st ant
to etching or[err] deposition fromthe reactive chemstry input.at inlet

290. Li ner 291 prevents fluorine radical reconbination in the passage
duri-ng clean processes. In additioggto PTFE, |iner 291 al so may be
made of any fluorinated material including fluorinated polyners such

asl-PFA (W]Q: Chegismr?b?hnﬂﬂgsc Qmim:dr‘zgc was mﬁsﬁ&da&tﬂ%@oﬁ—tclﬂﬁvﬂm& p?p)( bﬁ”? ;)f,_
pol ytetrafl uouroethyl ene resins with a perfluoro- . QXY Si chain),
f1 uori nat ed &W%%ﬁﬁ#%WF%WWwPS%MMWR@- ?FH& ﬁ%&%ééates Sle i s
preferably ci 4 ' G o%?)@ %ln&f = | to
mat ch the tétﬁfjig?;{\)xgy" g@?ﬁ ?)ﬁ]ﬁg]&;# ér%lrb(g;}l‘ 159 a%%h%pp | C@f@?%@%ﬁ%@% From
this |ined pasahageof secondary-ioamdspspeceroscepy (8IMS)Adich 5l ussfuh forgutoviding f | ow
into conduit 47.i.n clean gas nani f.ol d 270 to te val ve 0., Clean
gas mani (] d PRQRIOL BroPl MR Bigr coppptiatn of stlow-egR didhsoRs. f or
cl eani ng app'a%‘ié?_%ﬁ'ﬁo%ﬂ% fhobd sGNdd R tha@gical s are produced in the

FE i

pl asma, since P Is resistant to etching by fluorine radicals. O course,
bot h cl ean gas n8pedifically 2Fig. 224 is argraplohowingth dopant| grofile of aer

asi stant o MRESRUPY uttep formel At § st SRt pfe LS RBSEIE v gases
used. 20 having.a USG capping Taysf "Fhe BEGHiliE was abai 1 50 Yiathick a38@hd BI8Gat es t he
clean pr oc-esscgls)ping layer deposited on top of the BSG film was about 200 A thick. The heating
step was performed by a rapid thermal_process' for about 60 seconds at about
1050°C. The BSG and USG films were then stripped by etching. As seen in Fig. - -
22A, the resulting junction has a depth of about 0.06 pym in the silicon Subsu'at:e,_' |
and the dopant profile appears fairly uniform. The maximum concentration of
15  boron is about 6x10% carriers/cm?®. The sheet resistance of the resulﬁng junction =
" was measured to be about 685 @/cm2. The 4pp sheet resistance was measured to be |
about 222 @/cm?, with the summation of dos¢ ions in the P type'la_'yer measured
(Ep) being 1.6x10" carriersfcm?. ' . .
| | Fig. 22B illustrates the dopant depth profile as meés@red by SIMS for
20  an ultra-shallow junction described in Fig. 22A. From the surface of the silicon
subétrate to a depth of about 100 A from the surface, the concentration of boron
ranges between about 2x10' carrié:slcm’ to about 1x10* carriers/cm®. Between
about 100 A to about 300 A from the surface of the silicon substrate, the
concentration of boron rangés between about 1x10* carriers/cm?® to about 3x10%

25  carriers/cm®. Below about 300 A from the surface of the silicon sﬁbstrate, 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 etnbbdime_nt of the present invention.

Fig. 22C is a graph showing the dopant profile of an ultra-shallow
30  junction formed without the heaﬁng 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



fromthe deposition processes, as discussed above. Gate val ve 280 normally
remai ns cl osed while chanber 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 contam nating

t he. waf er during deposition processes, as 25 well as reducing the "dead"
vol une of conduit 47 and passage during deposition. If deposition at

pressures of between about 200-760 torr occurs with gate val ve 280
open, deposition may be caused in applicg8for tube 292, leading to
contam nati on of the cl eaning processes. Gate valve 280 is
pref erabl y mpeforniedPTHie BSG and ld9Gafilms were strippedrbiyadnsetching tegbnigico s As

di d above faqr |iper. 291 and. nanifold 2 t
o Gonost 1 oRcedindig 2R it Soal X Bem i Cebty oM. Bhg fm3fes BRI IS 1 ©
f rom condui t gdchite it AoRbPh BEdRE s@éﬁ)oﬂbﬁﬁéﬁﬂy,gﬁé Pn¥iidn/ s 2388nddSdi to the

particl e-grade gate nmbodi'nent’s using gate valve 280, only
when chanber h;@ dqpamsmwmanan of boron in the BSG film diffusing into the silicon
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boron is about 7x10" carriers/cm®. The sheet resistance of the resu_ltmg junction
was measured to be about 55 Q/cn?, with the summation of dose ions in the P type
layer (Tp) being 4.9x10" carriersfcm?. |

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 cbmparing the dopant profiles of the junctions formed
with the same heating 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
illustrate the effect of dopant concentration on junction depth. Figs. 23C and 23D

15  show the effect of the temperature of the heatmg step on junctlon 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 resxstmty, respectively.  The spreadmg '
resistance profiles and sheet resistivity measurements of Figs. 23A-23F were
performed using solid state'equip.ment;and four-point probe measurements.

20 | ' Fig. 23A is a graph showing the dopant profile of the ;iunction
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 m 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 (Ep) 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



open, allowing plasna radicals to flowinto fluid passage 293 of  gas mi xi ng
box 273, as seen in Fig. 3. As nentioned above,. in sone enbodi nents
gate val ve 280 is not used at all. The plasnma radicals then may fl ow
t hrough annul ar passage 295 5 and into chanber 15 via gas distribution
plate 20. Distribution plate 20 as well as ~various parts of chanber
15 are thus cl eaned. Residues and used cl eani ng gases are t hen
exhausted from chanber 15 with the exhaust system di scussed above. The.

cl eani ng process of chanber 15 and the clggani ng of wafer surfaces are

di scussed in det.ail below 10 F. Endpoi nt
Det.ection SygieEd wt %) havmg USG cappmg layE¥s9SThelB9G ﬂ:@s Wwetelgach absuta 50! gani ng
endpoi nt detection system 800 fo m crowave plasm system 55

according to tbmbnmb&@dﬁ@mpmﬂzﬂmmﬂm&@ anntep of therBSG films ware @chcussed

si ng' r oot ¢ P SRS atie . st i fitedioniEh Vs bR el ORI D) o

process, to |8#@I60"REGMdsuRAbail 100070 Asl steri REFipl 23Bthe irébvRtidgi jonctionhe gentle
cl eani ng t echni que _usi 279 renpte_m crowave plasma system 55 utilizes -

only cherf caldepth for 084 i % BSG ﬁmf&mstttaﬂ%weuthas % TPSWIKAS e
processes wh {mum"ﬁ%tﬁ%rﬁﬁ%tlﬁg@l ea Gﬁlniaffects ‘may react with the

alum numin the cha s an to al um num 20 nmet al cont ani nati on
in the processed waf er Figs. 23C and 23D are graphs showinjzhise dfezanfh@npgcstepss usi ng

renote plasma system 55, the roduced re f rom chanber
15 such t hat tgrﬁ%er@@x%%po% Pp‘ﬁél @%’Z‘F‘}“ﬁ%%tl Fﬁsl’ect“’ely’%goﬁl di cal s,

is directed i hg‘t;gg@gc, 'dre rs,
but the pl asrrgasc?erral ns e terlégjﬂr% ﬁﬂ% chaﬁggdbﬂsg : %&ﬁqs;‘%g}lflggt?gr ;
tube 25 10 Zgﬂewﬁﬂmmgﬂeyt‘rrsquaedmmpmfdhe% savere abaut 260 A thicknt ages

for cleaning

(di scussed at;@‘;et)eam%ge?sagﬁre ._. -g%}mﬁéw anglﬂﬁ "Pf'icl(e)p e, tf Oftrﬁ?rark%elrt

difficult, usefshdsaniesipetadirel of BBGUR1900°C, 950°C, 9¥3°C; lah®1000°F. €A shéwn in -
pi npoi nt the time at whi ch the cl eaning ‘has been co | et ed, -
Fig. 23C the junction formed after the heating step at 1000°C is about 0.1 pm,

compared to the about 0.06 pm junction formed after the heatmg step at the lower
15  temperature 975°C. The sheet resistivity of the 6.131 wt % BSG film was about -
180 Q/cm? for the heating step at 1000°C, and about 600 @/cn 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 process 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 yum. The sheet resistivity of the 6.131 wt
% BSG films was about 230 Q/cm? after the 40 second heating step and about 150
Q/cm? after the 60 second heating step. Accordmgly, it is seen that the length of
time of the heating step may determme 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



i.e., when the |ast process gas residue in the chanber has reacted with the
cl eaniing 30 etchant so that it can be discharged fromthe chanber
Conventi onal endpoi nt detection systens typically rely on the use of
a plasma within the chanmber and check em ssions fromthe in situ
plasma to detern1ne the end of a cl eaning process. .

59 The endpoint detection systemof the present

i nventi on, however , - may be used with either an in situ plasma or a
renote plasma, such as provided by - ) crowave plasnma system 55. For
exanpl e, in one exenplary process, fluorine- based gas is used to
react with Si LS| err] 5

Gas, uhi ch | scdeaicn BRNAEHATRE b G eed s iR the beopt Of Mebrelens
substanti al | yinvention.al | of the SiJerr] in the chanber has been consuned

t he fluorine-based gas cannot react with the SiJerr] to form
SiF[err]. Instead, the fluorine-based gas may begin to contam nate
the chanber 15-or to regctpse br PMI 1@%§1an e, the alum numwalls of
t he chamber to forman al umnumTTuorrde conpound. Consequently, it is

S To demonstrate the operation of the apparatus and method according

to embodiments of the present invention, experiments were performed to deposit a
PSG film, for éxample, ‘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 electrodcs, oxide si'dewalls, isolation trenches, etc. In the

10  experiments, the PSG films were deposited in a resistively-heated Giga Fill™

~ Centura chamber (a closed systeni having a total volume of about 6 liters and
outfitted for 200-mm wafers) manufacmred by Applied Materials, Inc. _
| In the experiments, pre-deposition étcps were performed to bring
. chamber 15 to the desired deposition pressure and tb stabilize the gas/liquid flows

15  before depositing the PSG film as a PMD layer on a wafer. Of course, itis
recognized that pre-deposition steps may be varied from the below d@ﬁpﬁon :
(which is merely an exemplary specific embodiment):, as is optimal for different
deposition recipes. The pre—deposiﬁon steps reduce unnecessary deposition on
‘chamber walls and also contribute to yielding uniform depth profiles for the

20 - deposited films. Before any pré-deposition steps occur, a wafer is loaded in _
vacuum chamber 15 onto heater 25 through the vacuum-lock door, which is then
closed. Heater 25 is heated up to the processing temperature of about 600°C,
which is maintained throughout the pre-deposition steps, the deposition step and the
post-deposition steps.

25 In a first pre-deposmon step, heater 25 is at a position about 600 mxl
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-



10 i mportant to determ.ne the approxinmate endpoint or the point at which
the last Siderr] residue has reacted with the fluorine gas so that
gate valve 280 can be closed to prevent further fluorine radicals
fromentering chanber 15. As discussed further bel ow, endpoi nt
detection system 800 of the present invention determ nes the endpoi nt
of a cleaning process by detecting changes in light intensity that occur
due 15 to absorbance of |ight by the exhausted cl ean gas reactants such
as SiFlerer]. As shgggp in Fig. 17A, cleaning endpoint
detection system 800 I ncl udes a gas detector 802 positioned al ong

di schar ge congibditidistd 1248 @BoutSIY RL6rA8 and angwyﬁiev;geq’ézrk, ¥/hikht :htalﬁsﬂiﬁﬁlwal ve
In ot her

373. O course, gas detector 802 may be positione | ocati ons

within the eXhstuate somewdiat aroundfherdgsited deposition pressing | te stabilize dn 6hamber 802

Y P PO ot e HeoA lafevedda e bibbssBe ¥yt Bf ropf 330 WL ol 0 T e
804 t hat distiib@iin\siate 2050 ¥dond Pré-@€pdsitibn ¢@p. f r om conduit 60, as shown in

Fig. 17C. _In this enbodi ment, bypass |ine 804 may include a_control
val ve 8065to vary the dndumthirdrpre-depositionsigpp3dien e RIATSHIEGIA Shambendy hasr o

compl et el y. - GEASE 33 ufd oA BrediBP 5P skl 5P Borr, 1fdh TEBS i€ %AHRuEea 11 O

gas processing. o er “w _ .
Referring to diog. stdbilization pf ABOY ad letibmdiown Wit thgFEQS: floot rate £GDout

will now be d ri bed, As sho tector 802 jngclyudes g housing, 80
defining a TO08'mthe e MPOTEHES RS B35 TSN SR BHTh Ao BRRASF E089 ¥ or
al | owi n e: ; 0 pass

9 SeEoHAS _dﬁﬂié% wg é)re-de osﬁ}gjﬁL gﬂggbéfbﬁ%E Qeptaftionlseepl O P

t heret hrough. A pair | anges 808, preferably attach housi ng 804
to conduil® 60. The si ddlaving stahjlizeddbe chamt®o prassure,uig¢mperature, and pai r  of

infrared (I R wghQdows 812, .813 that. are.confi.qured to allow far-IR light to
pass thr ough.Tﬁggﬂ'F]ﬁuFi %ﬂ% a&ﬁ@é’f“%ﬁgfbﬁ pé’t“é’ﬁ? Pﬁg‘eﬁ?‘ ﬁodﬁposltbon[ errfm IR
wi ndows 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 Oj (about 8 wt %
oxygen) is introduced at a rate of about 4000 sccm. Being liquids, the TEPO and
15  TEOS sources are vaporized by.ihe liquid injection systeni and then combined with
~ the inert carrier gas helium. This mixﬁlm is introduced into chamber 15 from gas

distribution plate 20 to éupply reactive gasés_ 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 'ai_ a rate of aﬁout -1780 A/minute. By

20  controlling the deposition time, a PSG film havihg a thickness of about 5300 A is
formed at the process conditions described above in ébout 404 seconds. The wt %
of phosphorus in the resulting PSG film is about 4 wt %.

After deposition, a termination stép is performed that is ‘optimizes the

stability of the deposited PSG film to provide moisture and crystallization |

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 adjustiné the préssure and gas shut-off; the post-deposition steps



60 812, 813 are spaced'by a Ieng-th L and preferably conprise a

mat eri al substantially transparent to far-1R light such that zero or
substantially little of the.light is absorbed by wi ndows 812, 813. In
addition, the IR wi ndow 812, 813 raterial - shoul d be -

process-conpati bl e, inert W|th respect to the process and clean gas 5
chém stry, and the material should not contam nate the film |n enbodi ment s

wher e fluorine radicals are used for the cleaning process, w ndows
812 ‘and 813 are resistant to fluorjgje. Preferred materials for IR
w ndows 812, 813 i ncl ude germanium calciumfluoride, or the |ike.

As schemat i cabj VredudteWarticle forfhatidn’ WhicH QitIREWRE c8 2awfse Walfe? cohflinatiof aad 10
far-1R lanp 814 suitably coupled to housing 804 for generating far-1R |ight

and tr8aMAg®ting this |ight through windows 812, 813 so that the

| ight passes through- n
housi ng 804 in position ?oprg?ei&\eg&glﬁgﬁ ﬂfr&ﬂ%&?@o@ft&oﬁ%épar_ CiP
passi ng t hr odghfist pebtdepbsiionftepl ininrddiately followiis kl&mboﬁé.knnmatmn stay be a

tungsten | anp _source with,_ an tlcal %ch fil When
the preseht i flowis regmmateds\@n e hrateg a‘ﬁ“{?ﬁ F\é‘éétpaﬁf‘%“ ghout 600 mil i g
are dlrectedﬂaﬂng o ag&ﬁi Far-1R
lanp 814 transm g& @ar Wéq ﬁgﬁwhéggg % ﬁBﬁET §O806 and

W ndow allow chamber pressure to gradually ramp down during the ﬁrst p_ost-depos:t:on :

step, which lasts about 15 seconds. In the second post-deposition step, the throttle
valve is opened periodically to ramp down chamber pressure for the third post-

10  deposition step (the pumping step), as helium flow into chamber 15 i is terminated by
pumping it through a bypass valve. Heater 25 is also moved lower to a position
about 999 mil from plate 20 durmg the second post-deposition step, whlch lasts
about 15 seconds. In the third post-deposition step, 'which lasts about 3 seconds,
the throttle valve is 6péned and O; flow into chamber 15 is texmiriated-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 prqvide the best film quality thh
high throughput. By enhaﬁcing éurface_ diffusion at increased surface tcmperature,

. the thermal PSG film deposited using the TEOS/O, chemistry at temperatures of

20  about 600°C exhibited éxcéllent_step coverage, more cross-linked structure, and

. more stable oxidization structure for P and Si, which yielded excellent film quality.
The deposited PSG film was high quahty in terms of flow-like step coverage, high
moisture resistance, high breakdown voltage, smooth surface, no surface damage
G.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. | | o

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, a§ seen in Fig. 24A. Fig. 24B is.



813, where it is received by detector 816. As the |ight passes through the

cl ean gas Si F4 reactants, these reactants (i.e., the silicon) absorb
a portion of the far-IR light, 20 which reduces the light intensity
recei ved by detector 816. The fluorine does not absorb the far-IR

light. Therefore, when the far-JR light intensity detected increases

up to a reference value, detector 816 sends a signal to a controller (not
shown) i ndicating that the concentration of SiF4 passing through
conduit 60 has substantially di m npghed or conpletely stopped, which
i ndi cates that the cleaning endpoint has 25 arrived. At this point, the
control | er s&sitplified ajiagram (hattshown ¢msdale) of prsectionsufrthé (htegrated circuit cl ose gate

| 280 t t t chant ' t e -ch o
Uhe. sbove oxdmsru s Fig R8s S S P 2B, Slhstty 1200 Baf Aadedsere | 2
source - stribhited, QpBiRtallf tlechidesIEnOGHE nbdher alicias CWS)) i 1349,

wavel engths that can be abSorbe _ by clean gas reactants SiF4, whi ch
absorb |i ght foxmed thereen, eAnroxide layer 4860 is depositedrontg stacked gaedtmibumsitne, whi ch

AU PR T M -
wavel engt hs, bylapeatliing, 89sdehidn Fighh 2442481 [FipC24 A dréfotecdeniunktéfesddn t he
specific cl eg‘{]emplary structure with high aspect ratio (about 4.3:1) gaps that are filled by PSG
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 typicalljv 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 td moisture absorption. Moisture absorption. of the deposited
15 PSG film deposited was measured using conventional Fourier Transform Infrared
spectroscopy (FTIR) techniques, as are well known to one of ordinary Sklll 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 inclﬁde TEOS flow of about 1000
20 mgm, TEPO flow of about 24 mgm, helium flow of about 6000 sccm, and ozone
g (about 12 wt % oxygen) flow of about 4000 sccm, at é 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 _moisturé absorption was seen
over about 155 hours after deposition, illustrating the PSG film stability over |
extended periods. | o
As demonstrated by Fig. 25, the deposited 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



61 gas reactants utili ved in the clean gas process.
By way of exanple, I[err] is the intensity of the far-IR |ight when no
SiF4 is flowng through conduit 60 and the detector 816 receives the full

intensity fromlanp 814. As SiF[err] flows through through-hole 806
during cleaning, the far-IR 5 light is absorbed and the intensity

recei ved by detector 816 (I) is reduced, given by t he expression:
[/1[err] = exp (-X*L*O where X is the .extinction coefficient of IR

wi hdows 812, 813 or a filter (not 10 stjg%m), L is the |l ength between
w ndows 812, 813 (see Fig. 17D) and Cis the concentration of

Si B[ err]  passiegifichtioptstithé Bl C e ﬁﬁ% na‘eér,eldghﬁ@aéﬂosmmﬁi}ﬁ%nﬂ@ﬁtval ue 1,

the SiF4 concentration is dimnishing, which neans that the cleaning
endpoi nt i s compatiblefonusstasragPMDhlayenwhich| dan ibe planatiredogither byra ishbssquent

[/1[err] until this value approaches . . oidhich indi.cates that the
cl eani ng _gan(_tlp"B'F‘ﬁ*E1 %é?‘ﬂ?ﬁrﬁ%‘ﬂm%&aﬂabom 1060 ‘\_t_\/por PfeW%‘%%Y ﬁZcMgssiﬂ‘-pt i on
above is in tRY4Mitih 13 ntoisuedERPtiod fdsistance, the préskiti FSRIRE deptisREE M-
system it would be possible to inplenent certain features - of the

present i Avertemprraiyresis gblecte nspvidergiord Hlm Hcknesmnifosmitprasswelhas gradogARt i on
chambers or. tgg v&ig-xléﬁti %)ég:ﬁﬁcﬁf & oids 8w Gmé A5 'E:%:F%uﬁ@ s\i’d@gidehﬂt deRidedt 1 ONS

shoul d not’ N as limting e scope e preSent 1nvention as
defined by thproblepsndits ligh tenpepdture. PSG filrh dsipattilanhy usefultas at PMDelayervasnt i on

is not [imted to,&émg&&ﬁp fer, . .chanber ag dezsgrl d._above.and
shown in the ¥PEPHLESEO %‘ﬁggmsmpmﬁm etvyegR about 2-8 wit 1 phospBOs).ve of
the present i tsd ta . i : %\fﬁt :

si mul t aneousl 3‘%?3%2@%@2%5%‘5% [ ?Wm‘%@%&@g‘&ﬁg?ﬁ% e i)nl\(/“el%t ion
woul d be 10  that might athieswis® migrate and causeshoitizigeinvtbé devieghanber t hat
sequentially perforns i,ﬂgei ' )

Qﬁogg 3f|:scription of experiments depositing and measuring
characteristics of the deposited PSG film demonstrates its suitability for use, for
example, as a PMD layer. However, the description should not be considered as
limiting the scope of the invention. '

15 | | o

C. USG For Oxide Filling Layer In Shallow Trench Isolation

To demonstrate the operation of the apparatus and method according |
to embodiments of the pfesént invéntion.' expeﬂm¢nts were pérfomied 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 film as the high quality oxide filling
layer, the wafer has typically been sﬁbjected to multipie processing Steps to form,
for example, gate electrodes, oxide sidewalls, isolation trenches, etc. In the
expeﬁments, the USG films were deposited in a resistively-heated Giga Fill™
Centura chamber (a closed sysfem 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 pérformed 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 obtimal fdr different_
deposition recipes. The pre-deposition steps reduce unnecessary deposition on
chamber walls and also contribute to yielding uniform depth profiles for the



25 processing steps on each'of the wafers. 1. H gh Tenperature
Mul tiple-Step Processes Using the CVD Reactor System

A. Exenplary Structures and Applications Fig. 18
illustrates a sinplified cross-sectional view-of an integrated 30 circuit
900 according to the present invention. As shown, integrated circuit 900

i ncl udes NMOS and PMOS transistors 903 and 906, V\/m ch are separated and

electrically isolated fromeach other by a field oxide region 920 forned by
| ocal 62

oxi dation of silicon (LOCOS), or other tec ni que. Alternatively,

transi stors 9 Of)lted gq?e%}g a'i‘@)br&ﬂeﬁﬁ eg,? oBAf, &Wakdriis foaléd/in Sol dated

from each ot he tren ation (not shown) when
transistors Qﬂ(euurm!:hm&ralﬁeomoﬂxhamh%ﬂwuginﬁm vacuum—lqclvtggor mech isrthensi st or

903 and 906 Cc osed Sﬁesate% 2§Oil§ 'hested 8 'S 9&:%«s§‘m§’ rté%ﬁperan?x% ot about 550°C,
which is maintained throughout the pre-deposition steps, the deposition step and the
5 post—deposmon steps. | |
In a first pre-deposition step, heater 25 at a posmon 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 sccx_n, and O, at a ﬂow rate of about 2900 sccm
are introduced into chamber 15. The neutral gases, heiium and O,, are introduced
10  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. 'i’he second pre-
deposition step lasts._less than about 40 seconds and allows the pressure, which may
15  initially fluctuate somewhat around the desired depositk:)n pressure, to stabilize in
chamber 15. Heater 25 is moved to the 'prbcessing position of about 350 mil from
gas distribution plate 20 during the second pre-deposmon step. i
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
20  allow stabilization of TEOS and helium (or nitrogen) flow. With the TEOS flow
' rate at about 2000 mgm, the vapori_ied TEOS gas mixes \fith the helium (or
nitrogen) carrier gas for about 5 secorids during the third pre-deposition.step, prior
to the deposition step. - -
Having stabxhzed the chamber pressurc temperature, and
25  TEOS/helium gas flows, and adjusted the position of heater 25, deposmon
pmceséing 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
30  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 depdsited at a rate of about



5 915 and a gate region 918." A prenetal dielectric.
(PMD) | ayer 921 separates transistors 903 and 906 fromnetal |ayer
940 with connections between netal |ayer 940 and the transi stors made
by contacts 924. Metal |ayer 940 is one of four netal |ayers 940,

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

respective inter-netal dielectric layers 927, 928, and 929. Adjacent
netal |ayers are connected at selected. jg5 openings by vias 926. .
Deposited over netal |ayer 946 are planarized passivation | ayers 930.

CVD appar at ug430 Arainube B?anﬁ'ﬂhﬁ?ﬂﬁsdepos‘imbﬂrﬂmusedjscf fitm &xving hahickiess
PMVMD | ayer 921, IMD |l a éers 927, 928 and 929, or. passiyation |ayer 930 C,\/D

15  appar at 9f ahent 0900 Apis farned-as the, progess &gmltle@a described | abpye insahopt 414,

shal | ow treng g? ds. I solation structures used in place of LOCCS fiel d
oxi de region o) Anot her exanple of a use of CVD
apparatus 10 descri bed Afteo\WUSG deposition, épungersg;puk pedornied| thatvis optimizes thed

oo " e A ksp i g B bl monore il B kg 2%
ul tra-shal | 0 m%owcw ‘fé%uﬂ?séc@ﬁd? ﬂ&délf:%sﬁQHE&ﬁﬁﬁUxﬁ'aPe hAMARS Whfle @ MOS

transi stor |scusse as an exanp e Figs. 19A-19
Fig. 19A i s d‘EQSrﬁbwflswnmateds sectional view of a partially conpleted

MOS t i stor. Merel t t 000. PMOS
transi otor . O course. Atipatt PR HEcedn Sen pod R e pieAerasision e
transi stor 2%re utiR2Q.to oAledlaRe FinRIiRCadE of Sivivibet PRsite Afld ERYortd] 3aPSC fil m

as the P type dopant source. As seen in Fi 19A, a gate el ectrode
1002 ovel@yi rijutgeffe Byadinsting e mesgure and gas shyteaffi the,pastrdepasition staps halper i al

: igggt r!a'?et (I;I’e rQ ‘&%%hfcfé%%ﬁo In a SUEWJ%Q%E&%IC&af OX|tg'§u@eg| ons

1006 al so ha\danhge.n formed by a method such as ] ocal oxidation of silicon
30 (LOCOS). The regiqQns V\/ne e ultra-shal |l ow doped unctions. are gleswed
may be defi ned 3&3@“% ﬁg% SAPS Were,us6de oo ns ar e

sour ce/ drain N thé 6k 'Post-deposition step mmedxately followmg the above tenmnatlon step, the

l

15  carrier gas flow into chamber 15 is terminated by pumiping it through bypass valve.
Heater 25 is moved into a position about 600 mil from gas dist_tibuﬁbri plate 20, as
the throttle valve is opened periodically to gradually ramp doWn 'chaxnber.;')r;ssure
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 rampmg

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 ﬁlliﬁg layer for shallow trench isolation are
optimal to provide the best film quality with high throughput. In sﬁallow 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.



1010 and 1012, but of course the regions nmay be defined to formlightly
doped 63

drain (LDD) regions. Using the CVD reactor system described above wi'th

process reci pes discussed in detail below a doped dielectric |ayer
1008 is forned over source/drain regions 1010 and 1012 on a wafer
resting on resistively-heated heater 25. 5 Prior to
form ng doped. dielectric |ayer 1008 over source/drain regi ons 1010

afd 1012, the surface of source/drain regeons 1010 and 1012 nay be
cl eaned of any gate oxide or native oxide that nmay exist either by using a

pl asnma fornmed by F‘éé’»@%h\/ﬁd%ﬁ%e f’H&Brnﬁ:?oéi"Ep'ﬁsfdeM heTteitieay e
pl asma system 55 escri bed above or by using a thermal NF3 vapor.

During the clgepfillhcappbilitiesdof BEOS/®; USEG fikms dépositedsn ahout| 4006€ apgahewt t o al | ow
fluorine radigal,s from.the NE3 plas to o~ ENter .ch r 15 to clean
the ox des. ¢ 130 GraiPsBBRrly s rEY AF et 395006, s G OFEERE oxid, 8 01 o™
and 1012. C qBOE)Yint 4661 dakve! Wil a dpdcHTSemBodifRén of eieSpreéedn invehitiote - I Of

5  particular, Fig. 26A illustrates a trench structure having about 0.35 pm width and

about 0.70 pm depth (about 2:1 aspeét ratio gap) with a filling layer that is a USG
film déposited at about 400°C after a reflow at about 1050°C. Fig. 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 bpening .u_p voids. In comparison, Fig. 26B shows a trench -
_ structure having about 0.18 ym width and aboﬁt 0.45 pm 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 proi:éssing. The USG
film deposited at about 550°C is capable of filling high aspect fatio gaps without the
formation of voids after reflow, unlike USG films deposited at 400°C, as seen from
- Figs. 26A and 26B. After etch prdcesses at very uniform etch rétes, USG films
20  deposited at about 550°C retaiﬁ their superior step covérage 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 proceséing, in accordance with a 'speciﬁc embodiment of
the present invention. Fig. 27 shows a trench structure having about 0.16 pm width
and about 0.48 ym 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



dopants from doped dielectric:layer 1008 that is fornmed over source/drain
regi ons 1010 and 1012. The fluorine radicals fromthe renote plasna
may be used to clean 15 native oxides fromthe wafer in chanber 15. In

t he cl eaning procedure, heater 25 may be adjusted to a position where
the fluorine radicals are optinmally able to cl ean t he oxi des wi t hout
danmagi.ng the device on the wafer. Preferably, this native oxide

renoval / cl eani ng step and the deposition of doped dielectric |ayer 1008 are
perfornmed in the sanme chanber in an in si manner. Use of the above
described 20 CVD apparatus 10 avoi ds nDi sture absorption by the wafer,
since the va gﬂ@m | t 1?% Kﬁe‘% gﬁémﬁg I, not
exposed to tﬁfgﬂggﬁ\(}ljsr%r?nlﬁn%ﬂt. ta%%]“t%roﬁgtﬁd\?g Y, ﬁﬂgggéire oXl| dteﬂgﬁnay be
cl eaned fr om exhibitkifk resistance: b maisture absorptidm: eMoistuye dbsorptigrcofithe depasitedi t u

Wth this al ive, fluori dicals are . duced in sityy i
chanber 15 by PGB eprird s Teoict Sl st feniona FBREHSTet ie Bii

centineters pafustfteithe FTIR spactralotfef USGFih ddpositedNAbARTIV°Cigider the
optionally Jerr] at about 0-1000 sccminto chanber 15. At the sane tineg,

chanber 5  follewingeexgmplagtiprosessconditionss gesarding do 85pecifie prebodimenter ab| y
600[err] C, an ks ' . . élé?]fp &hd 760
torr, prefer a&f:%ﬁ%@é gf:e?s})@élmg?rﬁgb%%ugteren?% I'S lﬁ& pt?g&é%acegggginv?g{e&ﬁ about
150-900 mi |, PEOSdiowbfatano2000688mrhéljunh flom ¢ff ativat 2000 stbms and36zone t(itwout
surfaces of S(l)ur ce/drain r%%i on 101&?@nd 1012 can be ?l ean%%of %{% native
oxi de barrier :2°5 wt % oxygen) tiow of about JQ00sccmp at & PEessHre gf about 600 fgrz agd| e 280
in sonme embodigeig of WBstt 350 mil between heater 25 and gas distribution plate 20. As seen
10  in Fig. 28, the FTIR spectra of the USG film deposited at about 550°C
demonstrated low moisture ébsorptiqn (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 depositidn, indicating the
stability of the USG ﬁhﬁ over extended periods. S
15 ‘ ~ Accordingly, as supported by _Fig; 28, the deposite& USG film is
dense, resistant to absorbing moisture. Deposition of a USG film at high
temperatures, for example at about 550°C, tends tb drive out 'mos't-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 $50°C has the advantage
20 - of being less prone to shrinkage that might result in void formation after an
annealing step and a subsequent wét etch processing, compared to USG films
-deposited at lower températures. 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 plananzed by either a
_sixbsequent anneal or a CMP step, with minimized likelihood of 'opening up voids.
In addition to moisture absorption resistance and good film thickness uniformity, the
present USG film deposited at high temperatures provides excellent high aspect ratio.
gap fill without formation of voids or weak seams that can cause subsequent device
30 problems. _ ' |
In general, high pressure 03ITEOS USG films may exhibit pattern or
surface sensitivity effects, resulting in uneven deposition, which is undesirable. It



64 be cl osed to shut out any reactive gases used in the doped
dielectric | ayer deposition process fromentering and depositing onto
surfaces in conduit 47. Heater 25 also . 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 dielectric layer 1008 is then forned at high tenperatures

(about 500-600[err].C) in the CVD apparatus 10, as descri bed bel ow.
Wthout an native oxide barrier, dopants fromthe doped dielectric
| ayer 1008 fornmed on the wafer nmay nore easily ' and uniformy be

driven into hatsd:eenlse&xrﬂ:ntapmbleﬁmrwithjlhnavm dézmbitnwawwnnﬂdtwithhxgher regi ons
1010 and 101 ter de of ed dielectric
oy or 1005, OHTEDS mios.o Advetagequsly. epogne BESEL Al as HEEEREEBISS | ont o
heater 25 angchakesk 1daSesRaN55I°E &Hﬁﬂeshﬁé‘bﬂh&r@ TEOS in Grd&Y @ehietenperature.

(about 800[err]C) for a specifiedtinme. The heating step drives

dopant s fronﬂdﬁapaia depsitinn zates. IWQrdmgi! thQzWEQSTmt@erdUSQGMS depwsisett

di el ectr g3| oqtesour ce for
Ol

t he resu#t i nd laglglgeéx 1008 g‘&’ﬁ?ﬂ*fi@io‘ﬁ rggy%{%'"u% of

course, gat esutedcveeﬂs&anﬁyedm@s Mb&&ﬁ& the film Mlt}n& & hldSnsitS'l stinkigest ep.  As

an alternative to being_heated in S|tu t he waf er be transferred

to an anneal ftig if highdoe USG lm-mlﬁpem high tsmae@wesf eﬁw ofghehighap| y
o™ " "l GRS A flfoh USIORAAL DiAEARSAREH. © o) ©
per f or med bytreamxenismq:la%ﬁxa oxide aaps aw nbtmbuiedathembgcawemmgmgfmml y, the
diffusi ciB | SdBna feot%r{ﬁg wa elrn & laéié3 ofo| a plasma from such treatments in the chamber
thus reduces possibility of metal contamination and potential shorting of devices in
the wafer. Compared to low temperature thermal USG films, which often require a
~ 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

s

present invention.
The above descnptxon of experiments demonstrates the su1tab1hty of
the deposiied USG film for use, by way of example, as a high qualxty oxide layer -
20 for filling high aspect ratio trenches for shallow trench isolation. The same CVD
apparatus also may be used to dep051t USG films at temperatures lower than 500°C
for IMD applications. Of course, the above description should not be considered as
limiting the scope of the invention.
1t 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 helium, but other carrier gases like argon
or nitrogen, may be used as well. As a further example, dielectric layers have been



thermal process (due to better’throughput) at a tenperature between about
950-1100[ err] C for between about 1-3 m nutes, and preferably about 1000C
for about 1 mnute, in these other enbodi nents.

After diffusion, doped dielectric ayer 1008 is renoved by dry or 25 ‘wet
etching techni ques or other renoval technique fromN type material 1004.
CVD apparatus 10 may al so be used to renove doped dielectric | ayer 1008 by

usi ng renote m crowave plasma system 55 with the appropriate etching
chemistry. For this dielectric rendPq step, gate val ve 280 woul d be
opened to aIIowthe renot e pl.asma to etch the |ayer 1008 until

removal is cofigicap OfM%@P%P@WﬂW%@@Q Junqtlenéwa@élen, EM®  enoval
t b f
heater o5 | n- Oty J0) ey, bilakehligdhyded RAB0E 1R, WP OF course, dsCr 11O

performed in gevogiieed thatitheesame VD apparatus disclissédeatiove anayebenused to dcpobltn t he
same

nul t i chanber Qmﬁ Laxergobtempsratures, lowes thagabopt 40056, é?/&’eﬂsasém@sof t he

5  above 500°C. Additionally, various aspects of the present invention may also be
used for other applications. Those skilled in the art will recognize other equivalent
or alternative methods of depositing. the dielectric layer While remaining within the
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, alohg with the full
scope of equivalents to which such cla'ixhé are. entitl_ed.



wafer to the environnent ,outstde the vacuum of the nultichanber system
Fig. 19C illustrates the partially conpleted PMOS transi stor 1000
after renoval of doped dielectric layer 1008. PMOS transistor 1000
i ncl udes gate el ectrode 1002 and 5 adj acent source/drain regions 1020
which are ultra-shall ow P type doped junctions.

Thereafter, remaining
process steps for the conpletion of ‘the devi ceerTed on
t he waf er. After every vvawa”E” waf ers) have
been processed in chanber 15 of CVﬁ appat's wm'/ﬁ/ er clean may
be *perfornmed. After 10 processi ng of t 8 wafier is d¢onp ¥A\ t hin '
chamber 15, gpﬁgﬁg%mg;%ﬁerred . - through slot 243 which is then
vacuum | ocked: “may then be opened to all ow t he chamber
cl ean process to be performed using renobve nicrowave pl asma system 55
until the chanber is cleaned to specifications, as indicated by the
endpoi nt Idetector system 1b A substrate processing §ystem £OMBFISIEE; ve enbodi nent ,
steps sh in Figs. 19D 19 s f 1 el dGfifg | bed for
Fi g. 19A§M,;\fter doped di el e%Pr?cl;cgssfngycehr @goggﬁa?&e%ﬁge%a?ﬁﬁ%g%ver g
sour ce/ drai n imterjorowailsl(hfia cenainit(iridr,csaill cpadmicdinec liningeat 16860 partiop of said
Fig. 19A , a Catggi ng'g;yer 1030 such as USGis fornmed overlying doped
diel ectri%e MeHONWAs" 1008, preferably in an in situ process within

chamber 15. During the 20 (&R fyskth Qinfiodid’to Hiiftaindfdefecta! presse0 Wwoul d
remai n cl osed. Then the substrate may ‘be heated for diffusion of

dopant s {6 ombeltween abious| 186160 torrl wighin sdid @Bodessing .chamber;seni conduct or mat er i al
1004 as dj scussed- above for_FE

| 044198, | t er.nativel h .e[ may be-
removed fYom chanber 15 foratgFgﬂ%l}ngy §y81eghcon'%1guredzﬂﬁgléYqﬁsleﬁEgﬁﬁ%{é$%r rapid
ther mal g oc@agest® 841l ProdeSvinglthambet, i@%as@ﬁ%l?%yitézﬁm&iing f depsbitibre! ectric
| ayer 1008 as di scussed above for Fig. 19B. Preferably, the

subst r at € un@epply system aad 2 duehisphtshoxphayingssfirsh inpHbandhisecand iNpeh Saide8assy st em

to whi @;VRSﬁ CintloRGd i EgéEBi ook d cappi ng

| ayer 105% md%@ve?? N &é%é@%{ I's a p'e'girdteé.e sfgaéh@%(ﬁaﬁ?%g&g@g dopant s

f r om t heitopgdoadsstngectiamber Iviayeselected input of said dual input box at a selected time,
12 and said deposition supply system cbnfigured to deliver first reactive gases from

13 said first input to said processing chamber when said first input is selected and to

14  deliver a reactive species from said second input to said processing ét_xambqr when
15  said second input is selected; | | _ |
16 ' a remote microwave plasma System_ configured to-produce and
17 - deliver said reactive species from said second input to said processing chamber, said
18  reactive species produced from a plasma created from cleaning gases deconiposéd :
19 by microwaves; . ' '
20 a heating system, said heating system including a heater
21  having a ceramic exterior, said heater for holding a substrate and capable of heating
22 up to at least about 500°C;
23 a controller configured io control said gas delivery system,
24  said remote microwave plasma system, said heating system, and said vacuum

25  system; and _ '
26 a memory, coupled to said controller, comprising a
27  computer-readable medium having a computer-readable program embodied therein
28  for directing operation of said sﬁbstrate processing system, wherein said computer-
29 readable program inbludes:_ |

30 i a first set of computer instructions for controlling said



1008 with overllyi ng cap | ayer 1030 have diffused i nto sem conduct or
mat erial 1004 30 to formultra-shall ow source and&r—aﬁ—n—ru-ne—t—kens—&&’}o

The- cap | ayer 1030 and doped dielectric layer 1008 are then e
ey e s e o e et AN
66 remai ni ng processing steps. For about a O. 125 [ er r] m devi ce
geonetry, diffusion of boron at ons for ma BSG fil mthickness between
about 100-200 A capped with a _ USG Hill m of between about 100-200 A and
wbout 031 [errim. accoreielyeRoTsra b REsrseid TS Bow 8 sidppmate |
ol dosgat e el ect rodg- s Pt SR Bingl i imé PR SIS 1012
where N33/pe, ultra-shigacdve snenies intd saidpyocessing chambico toreldan thetprecessing pe
sem con tor materi al using a doped dielectric film 1008 such
as a PSGtilmor an ar g%%’)ﬁ%c%-'doped silicate glass filmas the dopant
1 2; The substrate processing system of claim 1 wherein said first
| 2 set of computer instructions includes:
3 a first subset of computer instructions for
4 controlling Said vacuum systeni to maintain a pressuré
5 of between about 10-760 torr within said processmg
6 chamber; and
7 a second subset of computer instructions for
- 8 cdntr‘olling said heating systém to heat said heater to a
9 - selected temperature of at least about 500°C during
10 sald ﬁrst time period;
11 a third subset of cor'nputer instructions for
' 12 controlling said remote microwave plasma system to
13 - apply microwaves to said cleamng gases to provxde
14 said reactwe species during said first tnne period; and
15 a fourth subset of computer instructions for
16 controlling said vacuum system to pump residues out of
17 said processing chamber after cleanihg said processing
18 chamber.
1 3. The substrate processing system of claim 1 wherein
2 said gas deliver system further includes a gate valve at the second input, said gate
3 valve selectively opened or closed to allow said reactive species into said second
4  input. |

4. The substrate processing system of claim 3 wherein
2 said controller is also configured to control said gate valve, and wherein said

3 computer-readable program further comprises



10  source, according to other embodi ments of the present invention. P
type materi al 1004 may be a P type substrate or a P well forrred in a
substrate. For about a 0.25 [err] m device georretr

t hi ckness between about 100-200 A and a USG en about
100-200 A results in a depth of phosphorus driven:i| ﬂm Wmm

sem conductor material that ranges from between abo!u'zr I"I about
0.1 [err]m 15 according to preferred embodi ments. O course

recogni zed t hat other doped - silicayg glass filns may be used to
provide the N type or P type ultra-shallow junctions depending on the
appl i cat igon. a sixth, subSR'gF ompuid Riskucions toiSuftblling Saidl diseNt
invention is formng an tra-shall ow doped regi on as a channel -stop
in a shalSl ow trench i sdeliverpsystem tecselectivelp operbox olesensaitbgate aalve.Appl i cat i on
of the present nethod for formng an ultra-shall ow channel - st op
region i.s discussed wwth reference to Figs. 20A-20G

Fig. 20Ajis a sinplified crgss- serd yubsipdte prodssiig steal 6f dhihy2 wheRiet ed
shal l ow trench isolation structure forned in sem conductor material 1100.
As seen 2  saifselpitgd teraperataretis abat S5980. i s formed in seni conduct or

mat erial 1100 using 25 ani sotropi c etching techniques including reactive

ion etching, plasma etching, or ot her techniques. In the present
exanpl e, it he sem conduct or @nt er The subdPdle Procedding system ofccliini Y hefelipst r at e
or a Pwell faormed in a substrate. A mask 1104 nmay be used to defi ne

t he chanrel §%16[§e§e%tﬁﬁlé‘?ﬁl?‘ﬁﬁat?ﬁe‘s§ﬁ%tl699/ “r ench isol ation. Using process

reci pes discussed in detail below, a doped dielectric |ayer 1106 is forned
over 30 trench 1102 using mask 1104. Doped dielectric layer 1106 provides
a source lof dopant a¥ons The slibktrats pracessingosystem ofrelaime? whergin dopi ng

Uovi cos s eRHe ﬁataé’mpmmaﬁg@%&a‘g parh Trom formng betneen

8. The substrate processing system of claim 2 wherein
2 said reactive species is comprised of fluorine.

1 9. The sulerat,e processing system of claim 8 wherein
2 said cleaning gases are selected from a group coﬂs'isting of NF; and N,, NF; and
3 argon, NF, and O,, NF, and atomic oxygen (O), and a dilute E,. |

_ 10. | The substrate processing system of claim 8 wherein
2 said cleaning gases are selected from a group consisting of CF,, C,Fs, C;F;, SF.

11.  The substrate processing system of claim 2 wherein

Said reactive species is comprised of chlorine and said cleaning gases include Cl,.

12. A method for cleaning a processing chamber, said
method comprising: '

depositing a dielectric film on a wafer on a ceramic heater in
said processing chamber in a first time period, said ceramic heater heated to a first
temperature 6f at least about 500°C during said deposition step;

introducing reactive species into said processing chamber from

<1 N W B W

a clean gas that is input to a remote microwave plasma system during a second time



67 - For P type material. 1100, doped di eI ectric layer 1106 rray be a

BSG filmas the P type dopant source. : Prigr to
form ng doped dielectric |ayer 1106 over trench 1102, t' surface o
trench 1102 may be cleaned of any gate oxi de or native SHIMU mﬂguﬂﬂmlll
exi st by using renote mcrowave plasma system 55 to prowi

radi cal s in a remote plasma forned using reactive: gases suc ,
as di scussed bel ow. During the cleaning step, .gate valve 280 is open
to allow fluorine radicals to flow - 1f3rom conduit 47 through outer
annul ar passage 297 and into chanber 15 Vica distribution plate 20.
Heat er Ve Ig t he
cl-eani ng so En{)&]&lﬁat;eﬁi%ffpﬁéﬁﬁg téd*og canﬂ% tﬂﬁrﬁg@% ; %gu%%ddjgmnt ed

oxi des t it winyingsaid tintroduting seps imte of trench 1102 WlthOUt damagi ng the

substratf - O eani ng t ese ox es allociivs a n:ore [of0) |st§ iﬁ?d.rlve in of
dopant s QOm doped 4°§§/H’rsal POCEHIe BI0Et r ench

1102. They ?ﬁﬂbﬂﬂédsﬁ Pax@?éicﬁ@s ecies. - deposition of doped dielectric layer
1106 are per ormed 1 i chanber 15 in an in situ 15 process. In alternative

enbodi ments, the cleaning step may be done by thermally . breaki ng down
NP[err] ip situ, as discussed f r I omthe
NF[ err] i pl asma or vapg$ tﬁgﬁ S‘F’gl ﬁiealﬁgxl:z('}ghé}?iﬂ s?an’%?/m{ex. st on the
surface of tmeiomiwakd Plasma system includes a magnetron, a tuned waveguide system, and an

3  applicator tube; and wherein said clean gas is received in said applieator tube where

4  microwaves from said magnetron energize said clean gas to provide said reactive

5  species to said processing chamber.

14.  The method of claim 12 wherein said first temperature
2 is substantially the same as said second temperature. -

1 i ‘15. The method of claim 12 wherein said fir_"st temperature
2 is between about 550-600°C. o ' '

16. The method of claim 14 wherem said first temperature
2 is between about 550-600°C

1 _ | _ _ 17.  The method of claim 12 wherein said reactive species
2 comprises fluorine. |

1 18.  The method of claim 17 wherein said clean gas
2  comprises NF;. ' ' |

19.  The method of claim 17 wherein said cleaning gas is
2 selected from a group consisting of NF, and N,, NF; and argon, NF; and O,, NF,
and atomic oxygen (O), and a dilute F,. '

1 20.  The method of claim 16 wherein said reactive species

2 comprises chlorine and said clean gas comprises Cl,.



In further alternative epbodi-nents, a separate chanber of the nultichanber
system descri bed above may be used for this cleaning step. Since

noi sture absorption by 20 the wafer is avoided by not breaking the vacuum
of chanber 15 (or alternatively of the nmul ti chanber system, the
surface of trench 1102 is free of native oxide barriers. After the

cl éaning step is perforned, gate valve 280 is closed. Wthout t he
native oxide barrier, dopants from doped dielectric |ayer 1106 may nore
easily and uniformy be driven in§ﬂ4the substrate to form
ultra-shall ow junctions used as a 25 channel -stop region to provide

shal | ow tr engARTHOHS ANIAPP, USF ANING SURPACES I moved
into the processing pos t$ﬁ3§@@§éﬂé§g$sg ws.i\,mes (about
500 700[err] C) for depdsi . Af ter

deposition of doped dielectric |layer 1106, the wafer remains in
chanber 15 for the drive-in step. Gate valve 280 remains cl osed, and heater
25 is 30 heated to a hi ghABSTRAET OF THE ISCLOSURErr] C). The heating

occurs for a specified tinme that depends on the desired jupction
depth needed for the th;engrgs,egh;nvennonprowpg%y,q&ms‘,g}ey}oﬁf ﬁ%‘fm"!‘ then be

transferred j;on dmnpiiGR! (a'Radt 4HBRCHOB00ACS PRIcESsing of semiconductor wafers.

The systems, methods and apparatus of the present invention allow multiple process
steps td be peffofmed in situ in the same chamber to reduce total processing time
and to ensure high quality processing for high aspect ratio devices. Peﬁomhg |

10  multiple process steps in tﬁe same chamber also increases the control of the process
parameters and reduces device dam'age., In particular, the preseilt invention can
provide high temperature deposition, _héating and efficient cleaning for forming
dielectric films having thickness unifbrmity, good gap fill capability, high density,
low moisture, and other desired characteristics.

15 '
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68 thermal process reactor (preferably within the multichanber

systen) to drive dopants from doped dielectric layer into P type

mat erial 1100. Doped dielectric | ayer 1106 is used as a P type dopant
di ffusion source for the resulting ultra-shall ow channel - st op region

1108, as shown in Fig. 20B. Utra-shall ow channel -stop region 5 1108 is a
P+ type region forned in P type material 1100. After

di ffusion, doped dielectric;layer 1106 is renoved by wet et chi ng

t echni ques or other renoval {technique fromP type material 1100.
Preferably, the wafer remai®ws in chanber 15 so that gate valve 280 may be
opened and radicals frerqm renote m crowave plasma system 55 may etch
away | ayer 1106. 10 O"\Tscou ise, reactivegases input to plasm system 55
depend on the type‘{gf dop®¢h di el ectkic |ayer 1106. Fig. 20C
il-lustrates the partNaHy—todpleted shal | giy.trench i sol ation
structure after renov of _doped;] di el ectri c Iyer 1106. As seen in Fig.
20D,” trench 1102 is then fidlled hith an_oxids *‘ orm the shal | ow

trench & | SOf~at+-e- strgctiucel n a | alhigh quality
USG fil mdepositied 15 | at thiig§ | enper a xi/de 1110 to
fill high agpect ratlotn-encﬁas forrred usi ng
ot her. deposftion} techni , -shal | ow
trench i E ht i on struc@rga avi ng .t regi on
1108, . deyes 1112 and T'H{4 se%rat ed b iisol ati on
structur amay bel f or nmed, - in ! 20 1114
each inclludk” a gate Wl ec 1116 and ¢ ions 1118
and 31 20. There‘afte ‘ emaining p | eti on of
t he devi ce MRy - anot her
chanber, speef: T
transferrgél f s ___—per formed using
remote miep tivelly=heated heater 25 25
adj ust ed | E ' Y ¢ 280y bei ng open, as al\eady _
: b 2 -

S ) <o | 1 :

g . o i | /i

! v Ne |
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Joce
oMo IENTS

FIG. /A.

«
h
&l

N
$)

1
R



descri bed above in connection with Figs. 19A-E. In an

alternative enbodi nent, steps shown in Figs. 20F-20G are erforned
m me rayer Iﬂ’E-I-S.-_II

formed over trench 1102 and mask 1104 as seen in Fig. 20A, a capping |ayer
1110.30 such as USG is forned overlying doped dielectric |ayer 1106 in

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

69 of dopants from capped, doped dielectric |layer 1106 into

sem conductor material . . 1100 as di scussed above for Fig. 20B.

Al ternatively, the wafer may be renoved from chanber 15 for transfer
to an annealing furnace or rapid thermal process reactor (preferably

W thn the nul ti chanber system for diffusion of dopants from5 capped,

deped dielectric layer 1106 into seniconductor material 1100 as di scussed
above for Fig. 20B. As seen in Fig. 20G dopants fromthe doped dielectric
| ayer 1106 with overlying cap |ayer 1110 have di ffused into

sem conductor material 1100

" This Sheet Has Been Replaced
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to formultra-shall ow channel -stop region 1108. Cap | ayer 1110 m ni m zes

t he out gassi ng of dopants upward from doped dielectric |ayer 1106,
thereby resulting in 10 nore dopants diffusing down into the substrate
material 1100. After the diffusion step is performed, gate valve 280
is opened and both the cap |ayer 1110 and doped dielectric layer 1106
may then etched away using renote m crowave plasnma system 55 with :
appropriate etchant chemistry to provide partially conpleted shallow trench
i solation as shown in Fig. 20C, ready for the renmining processing steps of
Figs. 15 20D 20E. "Wien the wafer is transferred out of chanber 15, gate
valve 280 is in .the cl osed position. A chanber clean of chanber 15
can then be perforned by operating the plasm system55 with gate
val.ve 280 opened. _ For shallow trench isolation between
NMOS transistors in a P type substrate, the doped dielectric film
1106 may be a BSG fttm—For—strattow-trench 20— isol PMOS
transistors in an N type substrate (or in N wells of CMOS circuits),
t he doped dielectric film 1106 nmag,sbe a PSG fi+tm or an arsenic-doped
silicate glass film For smaller vi ce geoneﬁgles such as |l ess than 0.35
[err] m having a trench $1E§§?Ath a dept qL about 0.5 [err] channel
stop region 1108 of{ about 0.1 <= [err]mju depth may be forned .
usi ng a BSG filn11ﬁ06 about 0 hick and a USG cappi ng abjout 200 A

t hi ck, according tp preferrEdenbparrents—eat [ent ijnvention
I't shoul'd be undergtood thdt sjnpjified injegrate cifrcuit 900 i for
illustrative purpopes only. of ofdirdary sKilljinjthe art cﬁﬁld
- i npl enment the presert thpd {or jfalrigatijon ¢f. ot her Rhtjegrated
circuits such as nj croprocgssqgrs,| 30 épplicdti n specific i gr at ed
circuits (ASICS), menory dgvides,{ang tHe Ifi keg. . Furtherqzthe present
invention may be applied tq PNOS,| NMDS, |CMDS, |bi gol af, or B|CNCS
devi ces. Al though pltra-shall qw spurg¢e/ drailn jundtio1s and ultra-
auror povdoP 7N S—— .S_)
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70 shal l ow trench isol ation applications are di scussed above, the
present invention al so may be used in other applications where an

ultra-shal |l ow doped region is desired. The present ihvention also may
be used for f, Lng undoped oxides as well as doped oxi des for use as
various | ayers Integrated circuit devices, including PVMD, 5 | MD,
passi vati on, Anq.danascene | ayers. Exenpl ary waf er
cl eaning, depols&l on, and chanber cleaning processes for in situ or
i ndi vi dual oper5t on within chanber 15 are further described bel ow,
I n accordance Earrous enbodi nents of the present invention. 10
B. - Cl eani ng Na |des PribﬁQto Deposition I n
accordance-g&tﬁ_a spdcific e di mrent of the present invention,
native oxi de3 {@al ngy exist on the silicon substrate or regi on where an
ultra- smal'l ow |doped junction is desired may be cleaned prior to
deposi tion of the -doped F:y(ﬂ ectric layer that nmay be used, for
exanple, as a hnt {di f f usi oMsource or as 15 RMa layeretn t hese
enbodi nents, they hat ijve oxi des can be cl epngd by {si ng e
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fluorine radicals froma pl.asma formed W|th reactive clean gases like
NF[err] by renote m crowave plasma system 55. Use of in sit processes
in one chanber or alternately in chanbers of the same nul ti chanber
system permt enhanced quality in the ultra-shall ow junctions forned
in accordance with these specific enbodi nents, 20 as well as providing
for dielectric layers having | ow noisture content and | ow shri nkage.
In_a specific enbodiment, chamber 15 is mainta588d at the df sition
tenperature, a tenperature ranggrng—between apout 300- 650[ er %) and
preferably at about 5504 60R¢ceive pesiretior [ t he enti ryl/éam ng process.

Chanber 15 is nmintai ned at a|25TemppratssTe [ angi ng bet w#en about 1-2 torr,
preferably at about 1.5 torr, while. pi nt ai ni ngef he tenperature.
Heater 25 is noved to a position aboyt 600 il 22 gas distribution
pl ate 20, while gate valve 280_is opgnhed and | ean gas NP[err] is
introduced into applicator tuhe 292 at a rate of about 600 sccm The cl ean

gas"is i ntroduced into appMF%‘!i‘le&”"Pft’}be 292 and the pressure is
permttéd to stabilize for 30 TepweetuE Yheohds before mi cr owave energy is’
applied:ito the NF[err] i apply4-eat-er—ttbe 292. M crowave power of

bet ween iabout 500- 2500 tts, prefera,bly bet ween about 1000- 1500

Watt s, flro.#r*rag“.ﬂ“““ 7 1 operating

Q C,Wrryéeﬂs t hen appl i ed

Temperature
Regulator
Algorithm

588 {Yes

Determine Desired and.
Apply Power P(k+1) [* -_ Measured Ramp Rates

Taum®@&T® . | ©

| I B . 594

Determine .
Temperature Ramp | . _ !
-Rate Error -

/596
Determine Power P(k+1) e
Using A Control -
Function, If P(k+1) - P(k)
Is Within Saturation
‘Limits

590

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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71 for about 5-10 seconds. The m crowaves are transmtted from
magnetron 711 t hrough the wavegui de and optim zing systemto enter
applicator tube 292 through t he wi ndow, as di scussed above. WV | anp
731 ignites the reactive gases in applicator tube 292 to forma
plasma, with ionization su i ned by th L Crowave 5 energy entering
applicator tube 292 at t w ndo s fromthe upstream

pl asma formed in appb¥ #Me output
radi cal s fl ow t hrowyh the Iinedggassage in e
conduit 47 of clean mani fold 2 t hrough t he opene
and into outer annul ar nter chanber 15 and cl ean

p

nati ve oxides off the fer. Used cle as react and oxi de
resi dues are then exhau out of chanber 15 vi_ gpened throttle

valve. The present descfipti is for chanber
~of about : 6 liters| It
dependi ng on the size a
In a specific enbodi ment
| ower than about 1-2 .
. resulting il pggﬁé
about 1-2 tiorr, reconbi nati on
wel | as causi ng overheating and
Chanber 15 |shoul d be mai ntai ned at pressur
species arg not rapidly renoved, reconbinat

es may differ

5 nai ptai ned at pressures 15
oﬁ f['uori ne species occurred,

dgg?ﬁo c
§ to"applicatyr tube 292.
| eyél s ere fluorine

o does not ocgur, and 20

applicator ftube 292 does not break. In song 4 nts, tNe chanber
‘pressure may be limted by the physi jfa nsions and nmaterial of
applicator jtube 292, when m cronwave -pon i lied. In a
speci fic enbodi nent, the pressurg7§n " I 92, when

‘m crowave power is applied, naylbe aiput 3 ch as the

opti mal chamber pressure. \Wen diff

2lo <
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i n ot her enbodi ments.

flowinto inlet 290. The
osure assenbly 200 to

cl eani S . hanmber pressures hi gher than
i sion | osses, as .

215



25 with different flow rates, the optimal chanber pressure will vary. O

course, any pressure may be used when app
wi t hout m crowaves bei ng appl i ed.

pl asma i s formed upstream of the wafer, only the

icator tube 292 is used -
~Since the
reactive fluorine

radicals in the plasna are able to reach the wafer to clean the native

oxi des 30 fromthe wafer. As nenti oned above, t

he cl eaning step

/4

preferably is done fongapout 5-10 seconds for a typical native oxide
of thickness of about 90™A. The above cl ean10 step etches native
oxides at a rate of about |2 [err]m minute. OF courlse, the
72 ~total time of the cleaning step dapends jon the f§hi ckness of the
particul ar oxide to be ' cl eared off the fEr. Wtin note m crowave
pl asma system 55 of preseﬁi i nvention, ag;ive oxi des jor ot her oxides
may be etched and pl asma dgpage\to tRke waf ¢r i s avoided.'S
Al t hough the above fer cleani¥)g processgeonditiions are
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exenplary for the present enbodi nent, other conditions may al so be used.

The above description discusses NF3, nerely as an exanple, in a G ga
Fill[err] Centura system avail able from Applied Materials fitted for
200- mm waf ers, as do the various deposition descriptions bel ow

However, other fluorine-containing or 10 chl gl ne-cont ai ni ng gases, such
as NF[err] and Nerr], NF[ferr] and argon, NF[e ] and Jerr], a dilute
Flerr], CF[err], Cerr]F[err], C[errl"f[err] Sﬁerr] or Cl[err etc., may
be used as wel|. C. Exe ary Silicate d ass
Depositions AccOF | ng to the\process of the present
I nvention, dielectric Iayer% 15 used the do ant _sour PVD | ayer, | MD
| ayer, oxide filling lLayer {p \o\ rs may be
formed using any of-sgeral % ha, cess recipes
[

of a BSGfilm a PSG !l ns,

forth bel ow as exarrples\&- | O ay sed in the
present i nvention. ( , \ €posi tion
of various dielectric 20 i ms, ga b\d\&m (Dl ess
renote plasma system 59 istabilngl use a&dordance
with an alternative enodir he may be
performed in CVD appar , j2dis —strgll e ,
SACVD systemin prefer Eb% St . ' D appar at us
10 al so may be adapt ed™wi el nd/or " 29 addi ti onal put gas
supply sources to dep b ML doped di biggtelgl as \ (AsSG),
or ot her dmlectmcl%e& poe=s= |t hopd off ord kiLLin
t he art will underst he{_ procds$ Ldcifges a fé _
reaction systens like plags haRr edNQUD - eNrsed
to deposit the difNectring fiA s / Ie?; = CE&s/{ n¢gTude
"TEB, trimethylborage (TNg).| Al A g[é‘?r] ar INNNY0/ / hpr:
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t ri met hyl phosphite (TMP),
or

filns,
deposi ted using, for exanple,
an arsenic gas diluted in argon,

sources incl ude

oxygen (O, or the like.

silane (SiHerr]),
and oxygen sources include Jerr], 5-

and other simlar conpounds.

In addition to BSG.
73 PSG

arseni ¢ doped oxides or arsenic silicate glass (AsSG also may be

a liquid source with an arseni c conpound or

as exanpl es.
TEGS, or
Jerr],
In the descriptions bel ow,
| iquid sources are provided in mlligranms per

Exanpl es of silicon

a simlar silicon source,.
m crowave- generated atomc
flow rates for

m nute (nmgm while gas

flow rates are provided in standard cubic centineters per mnute (sccm. In
t hese descriptions, liquid sources are vaporized usiwg a Precision
Liquid Injection System Iom1rates in nggnnay be
converted to gas flow rates inr . bﬁfng liquid flow rates
by a factor of about 1.923 [ y be cal cul at ed
accordingly. Preferably, stable\doped die dc films may |be fornmed
using the TEQS/ 03 chemi stry ,RQ # lto form dandge-free,
uni formy doped ul tra-|jshata - ns iin some enbodi ments. In other
enbodi nents, a | ow 0,.3\ S vy
343
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-moi sture doped dielectric filmmy be forned using TECS/Jerr] chem stry
wth a 15 SACVD process conducted in CVD apparatus 10 to provide a

pl anari zed insul ating | ayer with high aspect ratio gap-fill, |ow
shrinkage, |ow netal contam nation, and | ow fluorine-incorporation. .
1. Exenplary BSG Fi|l m Deposition 20 As nerely an exanpl e,
the BSG fil m deposition recipe described bel ow i s capable of formng
a BSG filmthat nay be useful as a doped dielectric | ayer used as ‘a

dopant diffusion source. O course, the recipe may be varied
depending on the particular use for and desired qualities of the BSG | ayer.

A RSG | ayer formed as a doped dielectric |layer used as a dopant
di ffusion source could 25 simlarly be fornmed using the reci pe 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 200-650C, preferably to a

t enperat ure within the range of about 406 [err] C and nost
preferably to about 500[err]C, and 30 mai nt ai nifjpg this tenperature range
t hroughout the deposition. Wth gate val ve 280 ;ctosed chanber 15 is

mai ntained at a pressure wWifhin a range of about 0-76U torr.
Preferably, the pressure j range of abo 0- 600
torr, and A : itlﬁ'e

265
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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 TEGS sources are vaporized and then conbined with an inert

carrier gas such as helium The liquids are vaporized either by
liquid injection systemin ' gas m xi ng system 93, which provides
greater control of the volune of reactant " liquid introduced. The flow

rate of TEB is between about 50-550 nmgm dependi ng 10 on.the desired
dopant concentrations, while the TECS flow rate i s between about

300-1000 nmgm and preferably about 500 ngm The vapori zed TECS and TEB

gases then are mixed with a heliumcarrier gas flowing at a rate of between
3000- 6000 sccm preferably at a rate of about 4000 sccm Oxygen in
the formof (Jerr] is introduced at a flow rate of between about
3000- 6000 sccmand is preferably 15 introduced at a flow rate of about
5000 sccm The ozone m xture contains between about 5-16 wei ght
percentage (W% oxygen. The gas m xture is introduced into chanber
15 fromthe distribution plate 20 to supply reactive gases to the substrate
surface where heat-induced chem cal reactions take place to produce the

desired film 20 Themgngg—condltlons can result in
a BSG fil mdeposited at a rate of bet 00- 1000 gl,nute By
controlling the dep03|t|on ti BSG filns haying

165 52
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a thickness between about 50-500 A and preferably between about 100-30 A

may be formed at the process conditions described above in about

10- 60 seconds.: The t hi ckness of the BSG fil m deposited may thus be
easily controlled. Preferably, the 25 w % of -boron in the resulting BSG
filmranges between about 2-8 wt % and preferably, is about 6 wt %

2. Exem ary PSG Fi |l m Deposition As .nerely an exanpl e,
the PSG fil m deposition recipe described 30 bel ow i s capable of formng a
PSG filmthat may be useful as a PMD Iayer O course, the recipe may
be vari ed dependlng on the particulzd and desired qualities
of the PSG | ayer. 2 el ect ', ; sides PSG filnms may be

75 used as P > +sT ng==rrata] ‘\E toei Lecipe bel ow
and appropriately ARt A LE N ~S8H C éF (es) enployed

2¢3

z
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The exenplafy 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 wthin the range of about 400-650[err] C and nost preferably

to about 600[err]C, and mai ntai nng this tenperature range throughout
the deposition. Wth gate val ve 280 cl osed, chanmber 15 is nmaintained
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

nmoSt preferably it is maintained at about 450 torr. Heater 15 is positioned
about 10 250-350 m| fromgas distribution pl-ate 20 and is preferably
posi tioned about 330 ml| fromplate 20. . A process
gas including TEPO as the source of phosphorus, TECS as t he source of
silkcon, and 03 as a gaseous source of oxygen is fornmed. Being

| i qui ds, the TEPO and TEGCS sources are vaporized by the liquid injection
system 15 and then conbined with an inert carrier gas such as helium The
flow rate of TEPO i s between about 10-100 ngm preferably between
about 5-30 nmgm nost preferably about 24 ngm depending on the
desired dopant concentration, while the TECS flow rate is between
about 500-1500 mgm preferably about 1000 ngm The vapori zed TECS and
TEPO gases then are nmixed with a heljsm carrier gas flomnng 20 at arate
of between 2000- 6000 sccm prefera61§25t a rate of ab$d 4000 sccm

Oxygen in the formof Jerr] (having™etween about 5- p6 W Wboxygen) |s

i ntroduced at a flowrate _ ' ~ccq32
preferably introduced. at a

to supply reactive gases to= ————— [ i nduced
chem cal reactions takgjspFz » ce_Lhe—d35| Sk f

The above conditions resd 'SG‘T In1deposf1éd_a about

1780 A/ nminute. ;%} e,deposjtion tipe, the N ot 251 PSG
film dep05| 8¢ be ea5|?§ contrdlled. Prxefgraply,|Jthe wt %

of phosphorus
% and preferabl

r-sdltlng PSQ fllviranges bet Ve abput 2-8 wt

W
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30

As merely an exanpl e,

76

PMD | ayer.

of

3. Exenplary

course,

-particular use for and desired

The exenplary BPSG bulk filmis deposited by heating the wafer and 5
heater 25 to a tenperature of between about 100-800C, preferably to a

t enper at ur e.

t hroughout the deposi tion.

nalnta
Pr ef ef
torr,

15 is p03|t|oned abouy//

i s _preferabl ositiof =
prefereily ﬁ@m*

%

BPSG Fi | m Deposition

gqualities of the BPSG

the BPSG fil m deposition recipe described
bel ow i s capable of form ng a BPSG fil mthat may be usefu
the reci pe may be varied depending on the

as a

| ayer .

- Wi thin the range of about 400-650[err]C and nost
preferably to about 4801C, and

ly, the pressurg gs mai nt ai

10

nost preferably it i'sy

5Q- 400

mai ntai ning this tenperature range
W.¢Zk Zgat e val ve 280
ed at a pressure mnthlh a range of

hput 10-760 tor
#aﬁp he rang¢£fy
|nta|ned at aboyt “20

fr@nlgas_dlsi 4buL

cl osed,

chamber 15 i s |
-
about 150 600

O torr: ﬁgater
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ml fromplate 20.

source of boron, TEPO as the
of silicon,
| i quids,

and Jerr] as a gaseous source of 15
the TEB, TEPO and TECS sources are vapori.zed

A process gas including TEB as the
source of phosphorus, TECS as the source
oxygen is formed. Being
by the liquid

I njection system and then i ned wi an inert carrier gas such as
helium O course, it is rechgnized t /other~§§9rces of boron
phosphor us, silicon, o%yg al so may used. The flow rate of
TEB is preferably between ¢ - akgu 150 00 f/ym The flow rate of TEPO is
bet ween about 10-100 ngm 20! pr fera gtveen abemt 35 75 ngm nost
preferably about mgm dep Indi g op i r the desi gpt :
concent rati on, e the TBAH fllow rhtlle i t 3 : 700
ngm The vapori zeg>TECS—IE E$. TEP gd Ser-t- — with a
heliumcarrier gss flogbﬁg) ! d{rte bﬁi»w S sccm preferably
at a rate - Jf=aboily” Od S¢¢ o] gel/r o=/ of Jer] is
i ntroduced at_a ov‘ri e/0f} 25A1 bef ueen 5000 _sccm and s
preferably i Mrodg & {row Tatp oiab : The ozone
m xture COﬂl e 5-T6 W96 axNIER ¢ 2 ' ?iure S
intro 13 6 Cr. dUdist r { Pug NIV B }u’ to gdpply
react|VE ga igf hay e\ hdat 1, éd chemi ca
reactions t. : 0 he | ¥eS{ Ngd | T\ N
The above co D >G Pnl idepegi fed v a rate of
bet ween 3500- 550&-,J uNe. Iing’}t he ueuuqn» on tinme, the _
t hi ckness of - i he HP snt? i t szg; easily controll ed.
The resul ting BPSS-\ \ It 1] (N -
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77 has a boron concentration |evel of between 2-6 wt % and a
phosphor us concentration | evel of between 2-9 Wt % .

The paraneters in the above BSG PSG BPSG processes and in the bel ow
USG processes should not be considered Iimting to the clains. For 5
exanpl e, the present invention is also applicable to silicon oxide filns

doped with ot her dopants including, for exanple, arsenic. As another
exanpl e, the flow val di scussed above apply for a chanber

outfitted for 200- mmz rs, but may differ dependi ng on the type or
size of the chanber usdd. One of ot}-d’i’ﬁary skill in the art can al so

use ot her chem cal s, ch'janber par ameters, and conditions to produce 10

simlar filns. —t-t—-s—etgeved T | ST abpT Ty may
be.a factor in the |[pfairapiAfi /" /dofa e ong” i p't Pgaé
dielectric films far Adif#isj6n FNte t e r}guc r mat ia/

pa Qe ot o L. -

Several nethods #8 Wn Bi~fy—dmg-rpr ove _The abi 11y

control do di_ffu' DT FIEse aoped dj erettrryc I v to/tkyﬁn
pa}-t ! -1”4: =Gl ex=vs : -n e

sem conductor 15 ‘Rateri Cesea A z 8E et may be
perfornmed on a doped dielectrigc/ ayer} fafter{ the | ayer Nds deposited
using a recipe such as one of the 457/ exefmpl arﬂ-ﬁé{)ositionﬂgefi. pes
descri bed above. Furthernore, although nethgds descri bed bel ow are
with respect to treatnment of a BSG (or PSGiIm t he net hods are
equal |y applicable to any doped silicé@ddxide film 20

Flre. !/
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4. Exenplary USG Fil m Deositions a. xide
Filling Material O Insul ating Layer According to one
enbodi nent of the present invention, an undoped silicate glass (USG
"l ayer can be deposited in CVD apparatus 10 for use, for 25 exanpl e, as an
oxide filling material for filling a shallow trench used for shall ow
trench isolation. O course, the USG film also nay be used as an I M | ayer,
an insulating | ayer, or other layer. The exenplary USG recipe
di scussed bel ow provi des a very dense and uniformfilmwhich can
survive annealing at tenperatures of greater,.than 800C with m ni nal
shrinkage. The USG film which provides 30 Cent gap fill capability
for high aspect ratio step coverage, can a Q)endure everal etch
processes at very uniformetch rate w thout;jopening up any vagids in the
USG The USG film al so can endure chem cal, rrec@zm cal polishing (CW)
pl anari zati on wi t hout opening up any dser creasgs in the USG
The waf er and heater 25 are heated tD’Waty wi thin the range

. . . | }70_ ’ .
o 7 FIG. 13
0~ ! |
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of about 200-650[err]C, but preferably between about 550-650C, and then

mai nt ai ned at this tenperature throughout the deposition. Heater 25
is positioned about 5 250-400 m | away fromgas distribution plate 20 and
preferably at-about 350 ml. Wth gate val ve 280 cl osed, the pressure
in chanber 15 is nmaintained at a |evel of bet ween about 10-760 torr,
preferably about 600 torr. A process gas conprising
oxygen and silicon sources is introduced into the deposition chanber.
In"a preferred enbodi ment, the silicon source is 10 TECS and t he oxygen
source is 03, but those skilled in the art will recognize that

addi tional silicon sources such as SiHerr], TMCT or similar sources, and

ot her oxygen sources such as Jerr], Herr]Q Nerr]Q
m crowave- generated atom c oxygen, and simlar sources and m xtures
of the same al so can be enployed. When TECS is used as a silicon

source, a carrier gas such as heliumor nitrogen is enployed. The ratio of
15 - Jerr] to TECS may range from about 2-17:71, but is preferably between

about 2-6:1. : }h% optimal total fl \yzf t he gaseous
reactants will vary according 4 the geonetry and deSign of the
deposition chanber. The gas flow al 30 can be /yafled to control the
deposition rate. Typlca14¥% TEQS-lQ—tﬂfpnd "atfé-LLomunat of

bet ween about -500- 2500 and.i-s reﬂe bify] ijat Moduced® att Q% flow rate of
about 20 2000 ngm 03 etmee ]S okygeﬁ) Is{introduced at a

flow rate of bet n abo -40 \p?eferab1y about 5000

sccm Helium or nlé&ﬁ? arn% ryxgay that is

i ntroduced at a fl Scbv1and preferably
about 7000 sccm Usual | y; t¢ﬁx t i 'nt o\ t he
deposition chanmber wll’ dry* 0 sc hlxpreferably
about 25 15000 sccm de(\ \dep05|t|?n rat es of
about 1450 A/ m nute N L OY T ey Tphe tNow val ues above

are far a 200- mm waf er Bhanbe depend}g on size of
N\

chanber used and size ‘N
N NS
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b. Cappi ng Layer 30 _ According to another erbodi ment of

the present invention, the deposited BSG (or PSG. | ayer may be
capped with a thin, separate USG | ayer. The USG (?appl ng layer is a
stable filmthat does not readily absorb noisture. Thus, the

79. USG cappi ng | ayer provides a hya ophobic surface on.top of the
BSG(OI’ PSG | ayer that prevents noisture present in t}{e—antn ent from
bei ng absorbed into t helt———BSGC (O PSOr Lo Fwi herm)r,e, t he USG
capping layer is a rel at~|\vely dense film . t hat. i pedes boron (or

phosphorus) evol ution. The USG capping | ayer t hereby\5 facilitates
control |l ed diffusion of m)re dopant atogs'ih the doped dielectric |ayer
downward into the semi copductor naterjaj.. Wthout the USG cappi ng | ayer,
sone of the cip!; toms Smay di f .s_e upvyard awdy fromthe
seni*conduct or nat ér ~ during the ‘'sjidbsequenty anneal or rapid thermal
-process. Thus, the us€ of ia - capp1 n‘g ‘1 N ayer cQneriibutes to controlling
the di ffusion and the |j unc‘fl on_ dept A. T_ USG Layer\ ib can be deposited

in a separate processing chgrrber\ fro > BSG (or\ PSS)\ | ayer,

=N 595
501" |
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but preferably is done as an in situ process in chanber 15 where deposition
of the BSG (or PSG) |ayer also occurred. OF course, nany processes
for formng a capping | ayer are possible. The
foll owi ng process for formng a USG | ayer is described as an 15 exanpl e.
An undoped silicate glass |ayer may al so be used not only as a capping

| ayer, as described below, but as an insulating dielectric |ayer w thout.
use of an under |l yi ng doped dielectric |ayer. The
waf er®and heater 25 are heated to a tenperature within the range of
about ™~200-600[ err] C, but preferably about 500[err]C, and then naintai ned at
thi-s 2 t enperature throughout. the deposition. Heater 25 is positioned

about 259-350 m | away fromgas distribution plate 20 and preferably "
at about 300 m|. Wth gate val ve 280 cl osed, the pressure in

chanmber 15 s maintained at a | evel of between ~about 50-760 torr,

and is preféerably at a pressure of between about 200-600 torr, nost
preferably about 400 torr. 25 A process gas conpri sing
oxygen and silicon sources is introduced ' into the deposition

chanber. In a pgeferred enmbodi ment, the silicon source is TECS and

t he oxygen sourc® is 03, but those skilled in the art will recognize that
additional silico sources~such—as s+anes- TMoF o~sim Lar sources, and

ot her oxygeN sourc& such as Jerr], Hers] O N[ err] O and 'simlar

sources and m LCOrEs_Bf the same 30 a{bo an Ye enpl oyed. When TEOS is

used as a siliton seufce, a such as heliumop nitrogen
is enployed. The raﬁ]f of e y \range from about
2-17:1, but is prefQ{}ny bet wegnj about 2-\§:

4
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.80 The optinmal total flow of the gaseous reactants wl |

vary accordi ng to the geonetry and design of the deposition chanber.
‘The gas flow al so can be varied to control the-deposition rate.
Typically, TEOCS is introduced at a flow rate of between about

500- 1500 mgm and is preferably introduced at a flowrate of 5 bet ween
about 1000-1250 ngm. 03 (between about 5-16 wt % oxygen) is
introduced at a flow rate of between about 2000- 10000 sccm preferably

about 7000 sccm Heliumor nitrogen nay be used as a carrier gas that
is introducgkd at a flow rate of between 2000- 6000 sccm and preferably
about 4000 cm Usually, the total fl ow of ‘gases into the deposition
chanber & ||| {vary between about 5000-20000 10 scm preferably about 15000
scgm Un tihe above conditions, deposition rates of between about
500%and_15 OlAfninute are attainable. At such deposition rates, a USG
| aye f about 10-200 A can be dep05|ted i n approximtely 20 seconds The
fIOM/vaIues'ab ¥§ are fQr—s . anber and will vary dependi ng on
size nmbeg us einngrfze of waf(; The
f ol | owijn es fOR cappi ng A pyer are descri bed as
exanplé %§E§ e fed appl tipng wi Uave USG gap | ayers of between
about nd pref _ het about D gnd 300 A. A person of .
or di nar killl in the ar ‘ ¢ fhat capping | ayers of
differen Qt hi ckliks §i ng on the specific
applicatio didevi ce. R \ /
A - |
T g% | f =S R
M} ] H 1 ‘\
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20 geonetry size. Depending on the application and gap sizes in which the

deposited- filmis used, it may be preferable, although not essential
that the capping and doped dielectric layers be relatively thin. For
thin layers, the tine to deposit and the tine to etch away are
reduced conpared to thicker |ayers. The USG cappi ng | ayer is

deposited, and both the USG | ayer and the doped dielectric layer are etched

25 back. |t is also recognized that different capping |ayers such as

ot her sLnil%r stabl e oxide films may be utilized to cap the doped

di el ectric Nayer. Further, the USG cap | ayer may be forned over doped
di el ectric ™l ns deposited by APCVD, PECVD, or LPCVD, in place of
SACVD. As (i Jcussed above, use of chanmber 15 for in situ per f or mance
of “pultip rocess steps is nost preferred, with use of a nultichanber 30
syst eqrTmwhi-eh—vacuum i s not broken during transfer of substrates between
variou v chanbers in the nmultichanber systemis also preferred.

nvention, an in situ
a doped dielectric film by

According, t anof her e e
81 % §5G o | Si ns\ar\ s
turnin%(ﬁf=t ) )
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boron source or the phosphorus source just before conpletion of deposition
of the doped layer. In this enbodinent, the initial doped dielectric
| ayer -such as BSG (or PSG is forned as descri bed above. Flow of the
dopant source into chamber 15 5 then is stopped while the therma

reaction continues for an additional period of bet ween 1-30 seconds.
Preferably, the thermal reaction continues for about 3-10 seconds. In
t his enbodi qent, the dopant source is stopped.by closing a val ve on

thée source'q supply line so that the thermal reaction is maintained w thout
a dopant for at |least 5 seconds. 10 O course,
stopplngwt je" dopant gas source nust be coordinated with the tinme it

t akes th€gasi to travel fromthe point of the valve to the gas m xing
syst¥em 93 fd t hen through the faceplate of plate 20. In nost CVD machi nes
severai-§566ﬁ6§'Ts required for gas to flow fromthe injection valve to the
dep05|nlon = chanber, so the val ve shoul d be closed sufficiently in
advance to ?Hoilv'for,._.;h se ] 2 TEB i s the boron source,

/' . 17 '
closin the»v_&l%y y /geveral seconds before
conpleqlon Qf gp§ iti s ul{s in a thin USG cap
whi ch . _ 3hs1y desfri bed. noi sture absorption

TM® in situ deposition of
er results in inproved
contributes to

floped dielectric |ayer also
or pt oAl and—~Rpr ove stablhugy in the
e n.o|nents edhlpped wthNa RF
@ation treatment | may be wged where
S|gn|f|cant concern. In some

han about SQg[err]C

.“\

enbodi nent
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sufficient to provide a dense dielectric film The inproved stability of
the plasna- 30 treated doped dielectric layer contributes to inproved
control of the diffusion that forms the ultra-shall ow doped regions.
Chanber 15 is maintained at between about 1-5 torr during the plasna
densification treatnent. Wth gate valve 280 cl osed, a

82 pl asma formed using a reactive gas such as, for exanple, nitrogen
(N2), anmoni a _ (NH err]), or argon, is introduced into chanber 15. As
mefely one exanple of the pl asma treatnment that may be used, a
reactive gas such as N2 is introduced in gas m xi ng system 93 at a
rat.e of about 1000 sccm mi xed with heliumat 1000 sccm 5 RF pl asma
systemis operated, for exanple, at a power |evel of about 450 Watts at

a RF frequency of about 350 Megahertz (MHz) to create a plasnma in chanber

15. The plasma serves to passivate the surface of the doped _
dielectric layer, which may have some nitridation on its surface. The "
pl asma treatnment thus densities the doped - dielectric film Mre

dopants in the densified doped dielectric film which is 10 resistant to
noi sture absorption, are available for form ng the uItra:shaHgﬂﬁzL

/
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junctions. D. Heatlng Processes For In Situ

Deposition And/ O For Refl ow CVD apparatus 10 has hi gh
tenperature capabilities allowing an in 15 situ heating step follow.ng a
deposition process on the same wafer for a two-step deposition/refl ow

process, -or an in situ heating step concurrent to a deposition

process on the same wafer for a one-step deposition/reflow process. For use
as a PMD | ayer forned over high aspect ratio transistors or isolation
trénches 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. Perform ng
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
performed in CVD apparatus 10. The foll ow ng 25 heati ng procedure

di scussed bel ow serves nerely as an exenplary heating stép whi ch nay
be used for reflow, but other heating steps for dopant drive-in in sone
.applications or for other purposes al so, can be done.

According to a specific enbodi ment, two-step deposition/reflow :
process is described below. Wth gate valve 280 cl osed, chanber 15 nmay be
30 maintained at a pressure of about 200-760 torr. Wth the wafer and
heater 25 in the - processing position between about 200400 m |,
preferably between about 330-350 - - ml, fromdistribution plate 20, the
waf er and heater 25 are heated to a high :
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at a pressure of about

83 . tenperature of between about 500-800[err]C, preferably between

about 550-650[err]C, in chanber 15, for deposition processing.
St oppi ng reactive gas flows, the wafer may . t hen be heated at between
about 750-950[err]C, preferably between about 750-850[err]C for about

5-30 mnutes, preferably about 15-20 mnutes, in order to reflowthe 5
dielectric layer, according to a specific enbodinent. The refl ow

t enper ature nmay be the sane as or higher than the deposition _
tenperature in the two-step process. fovd her, for a nultiple-step
deposition/refl ow. process, the tenperaturé'nay be ranped fromthe
deposition tenperature to an internedi-ate tenperature (or

i nt ernedi ate t enperat ures) m#metwﬁgﬂammdtothereﬂowtmmmaun&

O 10 course, the tinme and tenpegature fgcbthe heating steps may differ
dependi ng on the partiqyla«?apglicaﬁlon being perfornmed and on the
particul ar |ayer being forngf.-' o° " oo“ Accordi ng to. anot her
speti fic enbodi nent, a one-3dtep -\ pep 'flon/refIOM/process is
described. Wth gate va ; poer . 15 may be mai nt ai ned
_ he%mafer and heater 15 25 in
t he processi ng positiopobe . - 408 mi |, preferably between about
330-350 m |, fromdistputi on pleatee 20, t fer and heater 25 are heated

to a - hi gh enough tenperature:of between about 750-950C, preferably
bet ween about - 1004
FiG. 19A
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750-850C, in chanber 15, for sinultaneous deposition and refl ow processing

to occur. O course, the tine and tenperature for the
deposition/refl ow step nay 20 di ffer depending on the particular |ayer
bei ng forned. As di scussed above, keeping the wafer
wi thin the sane chanber 15 for nultiple in situ processes prevents
exposure of the wafer to the environnent, where noi sture nmay be
absorbed, and contam nation by inpurities. Further, deposi tion of

dielectric filnms at tenperatures gregter t han about 550C can provi de 25
dense and high quality films whi ch\cdo not form voi ds when heat ed.
Deposi tion of the deposited filns at these tenperatures al so reduces

shri nkage. % v l.:br Chanbego‘ér eani n2/ Seasoni ng/ Cettering
Processes \o° Afgb L,pe processing step or nmultiple
processi ng steps, such as the N egenpl ary steps discussed above, have

been perfornmed on the waf [ chayr‘ber_lS; : theowafer is transferred

out, of chamber 15 for sthgegyen S needed. - When the
vacuum | ock door is CIU&%,@@%'MOM a wafer .on

FO b
~ loo% S~
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84 heater 25, chanber 15 may undergo a chanber cleaning process to
~elimnate deposition process residues such as undesired oxi des and/ or
nitrides from portions of chanmber 15, including the unlined chanber
‘'walls in the [ ower portion of chanber 15, the bottom of heater 25, as

wel 1 as ot her chanber conponents. To ensure 5 reliable wafer-to-wafer
repeatability, the chanber clean renoves any residues built up during
t he deposition processes. These residues_can be cl eaned from chanber
conponents by using fluorine radicals\\oaf exanple, froma plasma forned

W th reactive clean gases by renote m crowave plasm system 55. Due
to its high reactivity with # atons o&esidue silicon oxide can be
renoved by the fornatioq ofr a 10,’ Si F4 ¢as product which may be punped
away out of chanber 15. chanber eani ng procedure discussed
bel'ow.may be perforned—é%rer\proqgs g of every waf er or every
several wafers. RPN I h a preferred enbodi ment of the
present invention, -NF3 is usda as r the clean gas to provide the
fluorine radicals. The preserit ™ nti on preferably uses 15 renot e

m crowave plasma system 55. to deconpose NF[err] gas and generate a fl ow of

F atonms into chanber 15. Using ‘a‘gbuori ne chemstry with renote m crowave
pl asma system 55 of the present=—+fventi on advant ageously has | ow ki netic
ener gy and does not have physical sputtering effects or formation of
chargi ng species in the F?ﬁgbséadbﬁtly deposited film conpared to in
situ plasma processes. Furthernore, 20 consi stent with environnent al
requirenents to reduce gl obal warm ng effects, the use of NF3 does
not generate any long-lived perflouro-carbon (PFC) products.

To ensure the best clean efficiency, the F flux as well as its cleaning
uniformty should be optim zed. At a certain NF3 gas flow, there is a

t hreshol d m crowave power setting, above which the generation of F
atons are conpensated 25 by their rquﬁbination. Fig. 21 shows the

rel ati onship between NF[err] flow ang\® -

W
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m crowave saturation power that gives the highest clean rate w thout any
excessive | har dwar e costs, in accordance with a specific enbodi nent of
the present invention. As shown in Fig. 21, the microwave saturation
power ranges from between about 1300- 2100 Watts for correspondi ng NF3
fl ows of between about 500-950 sccm 30 according to the specific

enbodi nent. For a preferred enbodi nent di scussed bel ow, the

m crowave saturation power is about 2100 Watts for a NF3 flow of about

950 sccm The clean uniformty can be Eﬁbtrolled by chanber pressure as
~wel |l as - 85

heat er spaci ng, both of which canpédjust the nmean free path of the gas
speci es and punpi ng profile. As discussed earlier, since the highest
pressure that can be toIerated\b? t he above- dlscussed enbodi ment of
applicator tube 292 is_about 2 torf spaci ng was used to optim ze
clean uniformty. IT other enpodi/ments Jiising 5 di fferent enbodi nents of
applicator tube 292, both pregsure and tpa0|ng may be used in the
clean uniformty optlnlzatlon‘ I n an exenpl ary chanber
cl eani ng process, chanber 15 ﬁsunaknpa*ned

\ o8

1100

eom——

FiGg. 200

Fle. 20E

This Sheet Has Been RT

MO0




at a tenperature rangi ng between about 300-650[err]C, nore preferably at
about 550- 600C t hroughout the cleaning procedure, in preferred
enbodi ments. Mst 10 preferably, chanmber 15 is maintained at the sane
tenperature at which the particul ar process is being run in chanber
15. For exanple, chanber clean processes would be run at 600[err]Cin
t hose chanbers used, as an exanpl e discy @gd above, for depositing
PSG filns at 600C. Wth the throttle,vé}ve opened and gate val ve 280
cl osed, heater 25 is positioned gboyt 100-250 mil, preferably about 150 15
mil, fron1gas dlstrlbutlon pl atel20 so that gas dlstribution_plate 20 is
heat ed up. ¥ng up gds di sj‘r@buh on._pl at ¢ allows a faster clean

\
to occur. This heaﬁln S may or ' bet ween about 3-10
seconds,- preferably a%buL_E—ﬁe& ds. r———74; Then, pressure

and clean gas fl ow are—ept+mart y |st alhi erore the clean is
performed. During the pre-clea t abijl
shoul d be nmai ntained at pressung s

ation step, chanber 15 optimally 20
whi ch are al so used during the

cl ean step, where fluori es are not rapidly renoved, and
reconbi nati on does not occur. In the pre-clean stabilization step,
chanber 15 is brought to a press OBt ween about 1-2 torr,
preferably about 1.5 torr, with gate valve 280 is open.. Wth chanber

15 mai ntai ned at pressures | omerat.hag @bout 1-2 torr, rapid renoval of 25
fluorine species occurred, resulting in poor chanber cleaning results. At .
chanber pressures higher than about 1-2 torr, reconbination nmay
occur due to collision | osses, as well as causing overheating and
darmage to applicator tube 292. Heater\o 25 i s noved away from gas
distribution plate 20 to a distance of betmggo about 450- 700 ml,
preferably about 600 Is The cleag gagdu IS introduced at a rate
30 of between aboutVébO 1100 sccm pre |y b ut 950 sccm into
appl i cator tube 29 |ization step | asts between
about 2-6 seconds, preferg nds before m crowave power
is applied during the ctran _ -

1100
epm——
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86 In the chanber clean step, the pre-clean
stabilization conditions in chanber 15 are nmaintained at a pressure
rangi ng between about 1-2 torr, preferably at about 2 torr. Wen the
cl eaning procedure is performed, mcrowave power of bet ween about
500- 2500 Watts is applied to applicator tube 292. Preferably, 5 magnet r on
711 provides about 2.45 GHz microwaves and is operated in CWnode at
about 2100 Watts for the preferred clean gas flow of about 950 sccm The

m ¢rowaves are transmtted from magnetron 711 through the wavegui de and
optim zing systemto enter applicator tube 292 through the w ndow, as

di scussed above. UV lanp 731 ignites the reactive gases in applicator
tube 292 to forma 10 .plasma, with ionization sustained by the mcrowave
ener-gy entering applicator tube 292 at the w ndow.

During the chanber clean Step, fluorine radicals fromthe plasm

formed in applicator fube 292 to which mcrovvaves are applled may then flow
through opened gate \Y ¢ 280—arrd—trtro—chanber—t5—to—ctean——sty f aces of
undesired 15 oxide resﬂdt}mssmw&dwehp,ﬁdnﬁw is for rred ‘Ups‘Fream of
chanmber 15, only the _
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reactive fluorine radicals in the plasna are able to reach and renove the

resi due built-up portions of chanber 15. Therefore, various portions

of chanber 15 are cl eaned of deposition process residues while

m ni m zing direct plasma danmage to the chanber 15. The chanber cl ean

| asts between about 30 seconds to about 10 20 m nutes, preferably between
about 60- 200 seconds, and nost preferably for about 160 seconds. O

course, the chanber clean tinme may vary dependi ng on the t hi ckness

and type of oxide residue in chanber 15. As nentioned above, it is
recogni zed that flow values nmay. differ depending on the size and type. of.
t he, ' chanber as wel I as t he di mensions and naterial of the i .
appl i cat or tube, used Hin 25 ogher embodi nents.  The above descrlb@d cJean
process al so regyces back5hde i undesi red resi due deposition behln
both the bl ockér .and gas.distribution plaies. . . : CATTEr: s
t he chanber cleam piddiitiohal - ppst - ¢l ean- bt eps: may be - : perforwed Sl
Duri-ng the post-gleédnisteéps, chanmber 15 i 5. preferably maintained at.the ...
above tenperatureés-digcussed for .the: above deposition and clean priocesses.: -
At the 30 end jf Lﬁ?3chanber ¢lean,step; .clean gas flowis st opped. and .. ..
i

m crowave power ils . |p ho Ionger suppl ed. Chamber 15;is punpedj to
renove nost of, pde F re5|d&e atbns During this obst clean punpilng
step, heater 79 r55fggeﬁft9 a: p05|tpbn of!betmeen RS R R B b e
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87 about 1500- 2200, preferably about 2000 m |, fromgas distribution

plate 20 while the throttle valve is opened and gate val ve 280
remai ns open. The punping step - | asts between about 5-20 seconds,
preferably about 10 seconds, depending on the anount of clean gas

reactants and resi due exhausted out of chanmber 15. Clean 5 endpoint
detection systemalso nay be utilized to assist in determning the stop
time for the post-clean punping until substantially all deposition
process residues are removed. from chanber 15.

After the fluorine-based chanber cleaning procedure, there may be

sone adsorption of actlve quorlne speC|es on the surface of the chanber
wal l's, 10 .%Es v A
dep05|t|on progess occurs. i In the next dep05|t|on process, the ) _
fldorine mght {then interact or be | gRAr p@AAE ed! into the depositjed
fillm causing fllntsen5|t|V|ty at the surface. This filmsensitivity
mani fests itsel{f as @Srough- sui-fate, which may be problematic with thg 05
t ol er ances - TEguUTTet-by—hi-gh—+-ategr-at i on devices, resulting in dgvice
mal functi ons. .lhe present 15 invention pxovides the ability to gettgr any
adsor bed fluﬁffhe fromthe surface of vchanber walls by several | :
nmet hods di scussjed bel ow. After the post-clean punping
step, a seasonijng may be performed to econbine all free F speciles by
ei ther chem cal reactkeﬁ eh-tr--- ng the F to\the chanmber wall s |
t hrough silicon } e post-cl ean punping and 20

seasoni ng steps \ particle formation andibzn
cont ent Ak Y ]

Optimal |y, between the oost cl ean punpi ng step~ard
anot her stablllzatlon step to stabilize cha ser pres
to nove

agsoning step i s
e and gas flowjnd
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heater 25 into position for the seasoning step. In this stabilization step,
gate val ve 25 280 is closed and chanber 15 is maintained at a pressure of

bet ween about 20-70 torr, preferably 50 torr. Heater 25 is also
noved to a position of between about ' 300-550 m |, preferably about
500 m|l, fromgas distribution plate 20. In a specific enbodi nment ,

the seasoning step presently described uses ozone and TECS with
heliumas the carrier gas to season chanber 15 for subsequent silicon oxide
30- deposition. O course, other gases nmay be used in the seasoning and

pr e- seasoni ng stabilization steps, depending on the type of silicon
oxi de deposition desired. In the pre-seasoni ng stabilization step
I|qU|d TECS at a flow rate of between about 200-

88 . 400 ngm preferably about 300 mgm IS vaporlzed and transported
with a heliuml0 tarTier gas towng—at—a Tate of Detween about-

4000- 8000 sccm preferably at about 6000 sccm into chanber :15. Gas
flows nmay be introduced into chanber 15 via the normal inlet's used

for deposition of via applicator tube 292 without application'of 5 ;
m crowaves. This stabilization step |asts bet ween about 5-25 seconds

preferably _ _ _ :
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about 15 seconds, before the seasoning step begins with the |ntroduct|on of

t he oxygen source to begin deposition of the seasoning oxide onto
chanber 15. In the t hermal seasoni ng step, ozone is introduced at the
flowrate used for the particul ar deposition process used (e.g.,

about. 5000 sccm for the experinental USG deposition 10 process at
550[ err] C di scussed above, or about 4000 sccmfor the experinental PSG
deposition process at 600[err] C di scussed above) for between about 10-20
seconds, preferably about 15 seconds, to deposit a thin | ayer of
silicon oxide (e.g., the experinmental USG deposition process haV|ng
about 12.5 wt % oxygen, or the experlnental PSG deposi tion pr.ocess .
havi ng about 8 wt % oxygen) onto surfaces in 15 chanber 15. During thT
seasoni ng step,zgm%ppﬁone flowis optimally consistent with the |
deposi tion pr ot@s Ze any frtuctuation in ozone flow and
concentrati on. Sbasonm@gpchanber 15 thereby can trap fluorine atoms
t hat may have been adsprbed P! onto the surfaces of chanber 15.
Fol | owi ng the thernal seasoningEStep di scussed above, final 20 R
stabilization and punplng steps may be perforned. Optimally, these .final.

steps are al so perforned at gt he deposition tenperatures discussed|. i
above. In the fiwnal i stabilization step, the throttl.e val've is§ opened !
periodically tboailomzthe chamber x - pressure toiadjust to»atnnsphéfejfff
while gate val ve 280: remai ns: closed ‘Heater 25'is nmoved it'o a !posi:fi:an.:

of between about BOO 1p00: nil ptefegably about 999|ntl 'fron125 -lgas - {;---
di stribution pIatE 20: ITECS flomlis st opped, while helluntand.ozone floys -
remai n-the sane ae in. Lhe seasoning sPep. .The flna||StabI|I2atI0n gtep-ijs .- -

per f or med for a tlne'perlod of bet ieen about 15- 20 :seconds,
preferably dboypl0 seconds, : heﬁorp Thp.flnal punpi-ng thp_LegLn&____i
In the final pdnping:step, gate-val ve 280 - remai ns ‘cl'osed and heater
25 is not noved. Atf:gas.flows are stopped and .the 30 throttle valve |s

opened. The final punping step | asts bejween about 5-20 seconds, - i
preferably about 10 seionds, before ancther wafer is i ntrioduced intlo - '
chanber 15, | which.is! nOM/teady for the next dep05|t|on ‘pr ocegss,-
heating, or mafer|cleaT|ng %tep l | . . i ;
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89 It is recognized that final stabilization and punping steps al so
may be nodified and simlarly used with the particul ar seasoning step
or alternative gettering step (exanpl es di scussed bel ow) sel ect ed.

I n enbodi nents alternative to those di scussed above, the pre-clean 5
stabilization step discussed above may further include a ranping of the

m cr onwave power froma | ow m crowave power to the final clean
operating | evel of mcrowave power, allow ng pre-clean stabilization
of .pressure and m crowave plasma generation. In 'a preferred
alternative enbodi ment, the pre-clean stabilization step di scussed
above may be substituted with the follow ng pre-clean stabilization. 10

Al 'owi ng for sinultaneous stabilization of pressure and m crowave

power, the step of ranping up the m crowave power to generate a N2 (or

ot her inert gas, depending on the clean gas used) plasma provides a
| ower pressure shock profile on applicator tube 292 upon NF3 plasma
genhération, in accordance with a speci fic enbodi ment. M crowave power

| evel s applied to magnetron 711 from
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15 m crowave power supply 110 may be adjusted under the control of

processor 50. For exanple, the mcrowave power nay be ranped from
zero to a level of about 300 Watts (or sonme other power |evel between.
0 and the final clean operating power l-evel) during the stabilization
step, and then to 2100 Watts in the clean step, to provide a nore

gradual , optinmal stabilization process. Specifically, after the 20
. heating step, heater 25 is noved to a position about 600 m | from gas

di stribution plate 20 and N2 is introduced at a fl ow of between
about 100-400 sccm preferably about 300 sccm into applicator tube
292, while the throttle valve remins open and gate val ve 280

remai ns cl osed. After about 5 seconds, the throttle valve is closed
and gate val ve 280 is opened, allow ng pressure to stabilize for the next 5
seconds 25 as chanber 15 is brought to the clean process pressure, about

-1:5 torr in a specific enbodi nent. Then, an internediate |evel of
nm crowave power between about 200- - 400 Watts, preferably about 300
Watts, is applied to applicator tube 292 .to forma N2 plasma during

the next 5 seconds. For the next 5 seconds, NF[err] is also
i ntroduced into apggécator tube 292 while the m crowave power |evel is

ranped to 30 the"cfean Tevel. Specifrcally, NF3'may bé Tniroduced at a
rate between about 60D- ®:4Q0 sccm preferably about 960 sccm into
applicator tube 293gyihile the i crowave power level §s ranped up to
the final nicroﬁ?ve ppwer clean operatin ' =
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90 | evel of about 2100 Watts. Then, N2 flow is stopped and plasma is

gener ated using only NF3, allowing for stabilization of the NF3 plasma
generation stabilization for about 5 seconds. Fromthis point, the
cl ean may proceed, as discussed above. In t he above di scussed

alternative enbodi ment, both pressure and plasnma generation 5 are
stabilized prior to performng the cleaning step with the NF3 cl eani ng

pl asma. This alternative pre-clean pressure/plasma stabilization may
last for a total tinme period preferably between about 20-30 seconds
wi th each power |evel ranp-up allotted an appropriate slice of tine
fromthe time period. Accordingly, pressure - shocks froman i medi at e,
one-step application of htgh nlcromave-pomer (for 10 exanple, fromO to
2100 Watts) on applicator=tube 292 ar& t hus minini zed, resulting in
an-.enhanced |ifespan §®or apgrlicator tﬁbg 292. - Al though
the above descri bed eQﬁodine t is a two- step powver | evel ranp- up,

ot her enbodi nents nmay “have nuhtlple step: I anp- ups (for exanple, fromO

to 300 to 1200 to 2100 Watts). ' Further, al mcrowave power ranp-down step 15

optionally may be perforEed—befﬁeeﬁ—%he—qbove‘d€§ETﬂbed clean step and the
post - cl ean punpi ng st Fwo-step or nultipld-step ranp-downs al so

are possible forfb ot her di ments. O course t he ranpi ng may be
continuous, a senJEE_B?\HrsgLﬁl// steps,; or a cppbination thereof. For
CVD systens which have a RF p as#d ! sysfem pgnQLyp and/ or ranp-down
of RF power |ev may be-pe%fo-r or-pre-\20 ~ cl kan stabilization steps
where an in sit | asma chanber <'s-used, +n - accordance w.th
further enbodi n€Dts. Al t hough i-ficytines lare dis:&gsed above for

each part of the stabilization, jn other enbgdi ments| the specific tines

may be > g ="
:' o \
o= — T ‘
' b |
_f'!
| .
— k—
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A
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varied and parts of the stabilization may be conbined or elimnated to
reduce tinme. As an alternative to the thermal chanber
seasoni ng di scussed above, 25 a chanber seasoning may be enpl oyed which
uses TECS and (JQerr]. Vaporized TECS may be introduced into chanber
15 via inlet 43 and gas m xi ng box 273 or using t he bypass passage in
the lid. The Jerr] is sent through applicator tube 292 for radi ati on
(for exanple, between about 500-2100 Watts, preferably 2100 Watts) by
m crowaves from magnetren 711 of nicrowave plasnma system 55, to produce 30
atom c oxygen. (Jerr] g q% |nké%dud into applicator tube 292 at a flow
ou

rate of bet ween a L ﬁ{'ﬁ?eferably gbout : 100 scem while
gate valve 280 is . 12}openelr rshétrositoanber 15 is nalptalned at a pressure
of between about 1-2 torf, ==~ 133 postdeposiion 1

91 - preferably' $€ t ‘175 TorT, aoia tenperature of petween about
300 650[ err] C, erably betmeen about 550- 60[¢rr]C The atom c

.

m cr owave- enhanced a@bgﬁ geasoni ng. " __ Alternat|Wer, for enbodi nents
haV|ng a RF plasma syste abta1ua.prOV|de an in Fd :

oxygen is able to react HAE t e . TEGS in chanber 15 {o provide a

S C TR Y7 T ' UM
0.0 e | P ]
14500 4000 3500 3000 3500 3000 1500 1000 300
Wavenumber (cm'))
FIG. 25

FIG. 26A
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5 situ plasma, vaporized TECS nmay be introduced into chanber 15 where the
RF pl asma system can create a plasma with which the atom c oxygen may
react for a RF- enhanced chanber seasoni ng.

anot her alternative to chanber seasoning to provide gettering of

fluorine atons from chanber surfaces, SiH4 may be flowed at a rate of

bet ween 10 about 50-200 sccm preferably about 100 sccm into chanmber 15
to purge chanber 15. Silane may flow into chanber 15 via line 85 into
chanmber 15 fromone of he - : o g. 10 to gas
_Mm=Xi ng system purge inlets
to chanber 15 cator tube 292
with or w thouf te 15 val ve
280. During th ined at a
pressure of abd
300-650[err]C,
valve 280 cl oset
in<“the formati o
via the exhaust
above in detail:
cl eani ng proces
alternative to
descri bed above
I nto chanber 1
used as 25 t
50-200 sccm
105 into applic
operated at CW 500- 2500 Watts,
pref erably abou vird bt et il 4 y to
applicator tube 292, thereby producing a plasnma therein. The 30 active
hydrogen fromthe plasma in applicator 292 would then flow through the

| i ned passage in encl osure assenf[{32®Y7 and i nto conduit 47 for use in
chanmber 15.

s Wth gate
ons and results
of chanber 15
as descri bed

e chanber

a further

sil ane, as

ve hydrogen
rce) would be
bet ween about
wi t chi ng val ve
Agnetron 711 is

100X Magnification

0.8
0.7 o

0.6

0.5 4000 3500

0.4 160hr. post deposition

*————b_—...-olk

Absorbance (%)

0.3

1hr. post deposition

o

0.2

0.1

4500 4000 3500 3000 2500 200 150 100 500

0 0 0
Wavenumber (cm-') S

.yt

Data offset for clarity. FIG 28 : T is Sheet Has Been Replaced

i




e

O ‘course, for systens which also include RF pl advar ens, hydrogen may
be - . . \goén‘b 92

i ntroduced into. chanber 15 and RF energy applied in'‘eh er 15 to provide
the active hydrogen. During the gettering procedure, chanber 15 is
mai nt ai ned at a pressure of about 1-2 torr and, optimally, at the

‘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 fl uoride (HF)
vapor which may then be punped out of c er 15. An endpoi nt detection
system operating on simlar principles as the endpoint system descri bed

ﬁgf)vsm)t;u;lsoh/g%wmmmwsgﬁ %ﬁ%ﬁ% ' ﬁ%@we by |

seasoni ng, purging cha%§U¥§WATEiPB}QC ctive hydrogen,

Is to provide ammoni a i nto chanber 15. Amoni a ( NH3) . woul d be used as

the "cl ean gas" supply source in gas panel 80 at a flow rate of
bet ween about 50-200 sccm ABSTRACT ORPIYIR DISCLESURE and sent via

sw t chi ng _
_ The present invention provides systems, methods and apparatus 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 m- situ in the same chamber to reduce total pr(')cessihg time
and to ensure high quality processing for high aspect ratio devices. Performing
multiple process steps in the same chamber also increases the control of the process
parameters and reduces device damage. In particular, the present invention can
prgvide high temperature deposition, heating and efficient cleaning for forming
dielectric films having thickness uﬁforrﬁity, good gap fill capability, high density,
low moisture, and othéx_' desired characteristics. SR ;

Fig.16 -

REPLACEMENT SHEETS  SG

iption : —.to paged 7.
[0 Description : paged = =
O Claim@®) - -paged] ..... to pageccil e
_Pr Drawing(s) : paged {Atlto page A

¥ Abstract  : paged 14 to paged .-

REPLACEMENT SHEET

04 MAR 1993




vél've 105 into applicator tube 292 via inlet 57 (Fig. 10). MYRDRFOALI s

operated at CWnode at a power |evel of between about 500-2500 S,
preferably 15 about 1000 Watts to provide m crowave energy to applicator
‘tube 292, thereby produci ng a plasnma therein. The anmmonia fromthe

pl asma in applicator 292 woul d then flow through the |ined passage in
encl osure assenbly 200 and into conduit 47 for use in chanber 15.
During the gettering procedure, chanber|A42i s mai ntai ned at a

pressure of about 1-2 torr and, optinmally, at the deposition tenperature of
20 bet ween about 300-650[err]C, preferably between about 550-600[err]C

with gate val ve 280 open. The ammoni a reacts with the adsorbed
fluorine to produce an ammoni um fluoride conmpound and HF vapor which
may then be punped out of chanber 15. O course, for systens which
al so include RF plasma systens, amoni a nmay be i ntroduced into

chanber 15 and RF energy applied in chanb
fluoride conmpound and HF. An }
simlar principles as the englp

15 to provide h?e 25 ammoni um
[P=T S04 ating on
redcr i MEMORSbovE but detecti ng

| [a VN A VIS W a¥ 2"l

l'i ght intensity changes [43521 bance py ammoni um fl uori de and
HF, may al so be -~ OTH H. B _ Al t hough the cl eani ng
process conditions degenp Tkove laf ¢ 30 _exenplary for the present

enbodi nent, -other conditio y al sp be used. The gdbove description

di scusses NF3, merely as an exanple,}in a Gga Fill[err] Cdntura
chanber aviﬂkg?le from Applied Mater|als fitted for 200-nn1mafer%5and
4

having 6 — /213
il

By REMOTE | 57
- s :[ ™1 MICROWAVE ﬂ__
MG [ "o | SyeTeN
BLOCK _

- | Y <A 4
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03 ' liters total volume, as do the various deposition descriptions
bel ow. However, ot her fluorine-containing or chlorine-containing
gases, such as NF3 and argon, NF3 and N2, NF3 and Jerr], NP[err] and
atom ¢ oxygen generated by m crowave plasm system 55, dilute Flerr],
CFlerr], (err]F[err], SF[lerr], Cerr]F[err], dJferr], etc., may be used as
well. OQther 5 gases besides those described above al so may be used for
the gettering procedure. . Al so, prezgggsoning stabilization steps
woul d vary depending on the particul ar type of seasoni ng/gettering
process selected fromthe various alternatives to the above - di scussed
t hermal seasoni ng. The above descriptions for cleaning, gettering, and '
seasoning are stated to occur at preferred tenperatures (for exanple, about
550- 10 600[err]C), but it is noted that, nost preferably, chanber 15 is

mai nt ai ned at the sane tenperature at which the particular process is
being run in chanber 15. O Q T3¢ different tenperatures al so may
be used in other enbodi nent X REr, sone enbodi mrents nmay conbi ne,
add, or elimnate sone pg 3 he cl eani ng, gettering, and

seasoni ng steps descri bgo [11. Test Results And
Measur enent s
To denonstrate the operatﬁgp 0 ™€ appar atus and net hod accordi ng to-
enbodi nents of the present’*I'nvefiti on, experinments were perfornmed nmeasuring
20 the sheet resistivity and gunction depths of ultra-shallow junctions

formed-using as

FlG. /B.
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exanples BSG fil nms manufactured w thout a USG capping |ayer and forned
usi ng BSG filnms with a USG capping | ayer. The uncapped BSG filns were
about 150 A thick, while the capped BSG fil ms were about 150 A thick
wi th about a 200 A USG 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-shallow junctions f ormed
usi ng the uncapped and capped BSG fil medféZe measured. For filns

deposited in chanber 15 of CVD apparatus 10, described in detail above,
gate val ve . 280 is closed during the fil mdeposition steps according
to a specific enbodi nent. Actual process conditions used in the
experinments.are as follows. Specifically, the 30 BSG fil ns were deposited
at ‘a tenperature df about 500C and at a pressure of- - about 00 torr.
Spaci ng between the susceptor and manifold was about 300 m . Gas
flows in the experfinents included introducing TEB into the chanberf at a
rate 94 of
about 200 mgm i ntjroducing TECS at a rate of about 500 ngm introducing

oxygen (03) at a rjate of -aut 5000 sccm and intraducing the helipum
carrier gas at | \ \ '

L

(uW GENERATOR)
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OTHER!
He No
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afraté;of about 8000 sccm

resulted in BSG fil mdeposited at a rate of 700 5
BSG fil mhad a thickness of about 150 A for a process .

15 seconds.
t he USG cappi ng | ayer

The above condit
A/ m nut e.

i ons

The deposited
time of about

I n experinments where a USG cap was used,

was fornmed in an in situ process i mediately

after the bul k- BSG | ayer was dep ) d. The preferred enbodinents use
a chanber that is a closed systemwhich’'1l m nim zes noi sturg avai fabl e
to react with the BSG fil m before deposition of the USG ¢ =hg film
The susceptor was heated to a tenperature of abqui_500[err]C- t
chanber was. mai ntai ned at a pressure of about 6 32” Ppt or
was positioned about 300 m| fromthe gas .
TECS, ozone and hel i um were introduced i ntjo™ ber at
flow rates of about 500 15 mgm 5000 and 5000 [sc¢nS The
above conditions resulted in a USG fil m dgposi " about
700 A/ mnute. A USG filmhad a thickness of Dr OCEeSS
time of about 15 seconds. ' Dijf f omt he
uncapped and capped BSG filns [s achi eved {by ISi ng
annealing or a rapid thermal @@Bocess. For 20 g¢xa i Ehggjal _
process for 60 seconds in a nigrogen (Nerr]) afbient nmay t ina
junction depth of about 500-1( dependi ng on{tde tenperaturq,gg b
and dopant concentration; & - fhey par ters Usg™~ p the
experinments using BSG fil ns sHo& d| not bellifMiE g-to the Sails as
descri bed herein. One of ordiragg kill in the 4rt|cBh 5 al do*use] ot her
chenical s, chanbergparaneters, nts, and condit| o Jto produce BSG
films or other fil®s such ds RSGF |AsSG, and ot hdrs| <
Experinents were copduct ed usingg cafgged BSG fifl'ng & labout 200 A -
. thickness havi ng about 6 wtj %jo rorr These e perigrits illustrate the
ability to formultrd-sHafT j gyrrerrgns ugi np filnms as the dopant
source for a = -
- O s w°d -
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30 subsequent diffusion step. At boron
concentrations exceeding 6 w % boron, uncapped BSG films deposited
at tenperatures | ess than about 500[err]C tended to becone unstable

95 and to crystallize within hours. As nentioned above,
crystallization reduces the anount of boron atons avail able for
diffusion into the silicon substrate. DgpagPtion of BSG at
tenperatures greater than about 550[err]C are believed to provide stabl e
uncapped BSG filns with boron concentration of nore t han 6‘:3/3% % For.

appl i cati ons where boron concentratipns greater than 6 W oron. are
needed, BSG filnms may be optinfl | ygﬂfﬁﬁ&fdﬂﬁﬁmﬁﬂa UEG filmto ?revent
crystallization. By preventi ngj.out gFEMPERATUREN§dddS cap al 5 ovi des
the ability to control the dirgction of the diffus)on of "dopant atons
into the silicon substrate. The USG cap herefore prevents nore boron
atoms frombeing lost so that nore boron atonsfare 10 Wﬁ abl e for

di ffusion that may be directed nore gasil |nto the SI|I con substrate.

To denonstr at ofMé/kS ngl | ayer over

t he doped di ¢l ectric layer for some pppl |T«EﬂPERATﬁREf1(k) het experinments were
conduct ed :

/588 1 s

TEMPERATURE |\, _ggfiel DESID .
LATOR - D GURRENT TEMPERA-
ALGORITHM ! TURES EXGEEDS A PRE-
DETERMINED BOUNDARY VALUE?

P o ,\ﬁes /592

oy
POWER P(k+l .
_ER {ie+1) - (Tdes(k) &T'(k) . o
‘ 594
DETERMINE

TEMPERATURE RANP
RATE ERROR ..

1 ‘ 596

|DETERMINE POWER Lk +1) 590

USING A CONTROL FUNCTION) - |-
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} . p998
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using BSG filnms 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

usi ng capped BSG filns as the
di ffusion step. Sheet

15

ultra-shall ow junctions formed using un
measured. These experinents show that subjecting the BSGfilmto a 1 ninute

resistivity and junction depth

illustrate the ability to formultra-shallow junctions
dopant source for a subsequent

of the
d and capped BSG fil ns were

rapid thermal process at a 5 ovi des the capability to
control thegsheet 20 BSLI Vity angj unctl depth of ultra-shall ow
junctions fermed with eit gy ®dhe BSG filmalone or with the BSG film
wi th USG cap. Fi ~22A-22C proyj de infornation about
the effect ¢f the USG cap & s on_dept } and dopant
uniformty ¢f the diffus regi ons. »Ur ement s for Figs. 22A and
22C were peffornmed using [sONGd state nmeasurene ment for 25 t he
spreadi ng r¢si stance profjles, is well k se skilled in the
art. Carrier conc n rat' N sho a unc®ron of depth. A "p"
represents {he Mt ijon boron at a depth neasured
fromthe sificon substr ezj rfagedl apd an "N' represents the
measured cofcentration the N™yp¢ pili subst{ate at a depth
measured fromthe silicon substrate [ The junction]depth 30 S

defined as |
concentrati
substrate

resistivity

104

DN.

he position where the dopant c
In the present experinents,

concentrati on of about 1.
of the diffused

2107

cemglation eqgal-s the substrate

Silicon - -sulpstrate used had- a
10[err] carrigrs/cnferr]. Sheet
280
/225
—_ 205
(L
7 200 -
237 J
265
200
w”
239
43
/55 \
. 20\
| > 219
219
217 ’
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96 * regi ons 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 neasurenments in hi ght&8centratiqn_or al | owj unction

di f f usi ons, as is well known to those skille§ i art.
Specifically, Fig. 22A ie<ygraph showi ng the dopapt profijl.e of an
ultra-shallow junction formgd after a heating®te 131 wt % BSG
| ayer havi ng a USG capping |l ayer. The BSG f} I mwas a ut 150 A thick
and the USG 10 cappi ng | a§er deposited on top of the BSGfil mwas about
200 A thick. The heating step wa§ perfornmed| by -a rapijd therma
process for abgut 60 sgconds at &pouty o 1050] BSG and USG
filns were the%?strlp d by etchfhg. se®h in Fig. 22A, the
resul ting junct\Q . srimin thg sil
substrate, 4 . . maxi mum
concentrati g f I s about 6x10[fprrcarriers/cnfer N\ e sheet
resi stance & e T 7 - 685
[err]/cn{egr}\ , ured to be - out 222
[err]/crQFr], W t t = e/ 2 in the P type |ayer neasured
([err]p) =g car : ‘ - Fig. 22B
i I'lustrat -hen L ik s nmeasfged by, SIMS for 20 an
ultra-sh = [ aa;rn. . Eronft he surface of the
silicon |w|& Vi :
= \ IIRZE :
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substrate to a depth of about 100 A fromthe surface,
ranges between about 2x10[err]
carriers/cnferr].

bor on
1x10[ err]

carriers/cnierr].
substrate, the

di m ni shes rapidly |nd|cat|
junction shown in F|g~:228
possi bl e accordi ng to°% S\n
Fig. 22Cis a graph sh
junction fornmed wthout t
havi ng a

t he USG cappi ng

USG ca%Eij%?
a

Bet ween
the surface.of the silicon substrate, t
ranges between about 1x10[err]

e

carrigrs

Bel ow about 300 AErQ
concent r @ty

he

I

t he concentration of

carriers/cnierre] to about

about 100 A to about 300 A from
" concentration of boron

rr] to about 3x10[err]' 25

surf&w of the silicon

A thick. No heating step
97 performed. ThegB
t echni que. As seed
about 0.025 [err]um has

Apparently, the junctiqg
' o~

305 93 303

40, 26

NN

; ygen
steep shal | ow
5t or poration
t th | on .
2 prib\l ahl ow 30
({ng ) ' MHSS | ayer
ayjer. |i B T1 t Al'thick and
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hi gh dopant concentration of boron in the BSG filmdiffusing into the
silicon 5 substrate even without a heating drive-in step. The nmaxi num

concentration of boron is about 7X10[err] carriers/cnierr]. The sheet
resi stance of the resulting junction - was neasured to be about 55
[err]/cn{err], with the sunmation of dose ions in the P type | ayer
([err]p) being 4.9x10[err] carriers/cnferr]. Fig. 23A

is a graph showi ng the dopant profile o? t junction 10 formed with a
heating step using an 8.084 wt % BSG | a é avi ng a USG cappi ng

layer. Fig. 23B is a graph conparing the dopant profiles of the junctions

f or med with the sane heatlng step using a 6.131 wt % BSG | ayer havi ng
a USG capplng | ayer and _z w0 BSG Iayer havi g a USG cappi ng
| ayer, in order to il S, 2 te/jég gpant cgncentration on
junction depth. Figs. 23C { N ect of f§he tenperature
of the heating step on jung =] r¢sistivity,
respectively. Figs. 23E an(p
heating step on junction d " “~t|V|ty, resp
spreadi ng resi stance| prgzi 4 gﬁp resistivity:
Figs. 23A-23F were 2 7T

four-poi nt probe neasurg
show ng the dopant #
using an 8.084 w 9% BS
-fil mwas about 150 A ihi
of the BSG fil mwas ape
arapid thermal p FNY
USG 25 filns

an ultra-shal | ow
formed with good dopant ufi axi mum concéntrati on of
boron is abou 1x200 carrlers/cn{err . resi $tance of the
resul ting junction was nedsurjpesi=teaRput 145 [err]/cniefr], with the
summati on of dose ions ([ ‘ acarri ersjc m Ee 4pp
sheet resistance 30 was [err]/cmierr]. .

of the .
ctively. The
asurenents of
nt and
Ais a graph-

yer. The BSG
j[ted - on top
per f or med usi ng

C. The BSG and

As se@80in Fig. 23A
.12 [err] mwas

h a heating step
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Fi g. 23B shows the dopant profiles of the junctions formed with a
heating step using different boron wt % BSG | ayers (in particular 6.131 wt

% and

98

8.084 wt 9% having USG capping |ayers. The BSG filnms were each about 150 A
thick and the USG capping | ayers deposited on top of the BSGfilnms were -

each about 200 A thick. The heating -step perfornmed was a rapid

t hermal process for about 60 secq @Q}?t about 1000[err]C. As seen in
Fig. 23B, the resulting junction 5 depth Tor the 8.084 wt %BSG filmis
al nost twice as nuch as the resulting junction depth for the 6.131 wt
% BSG film Figs. 23C and 23D are graphs show ng the
ef fect of heating step tenperature on dopant profiles and sheet
resistivity, respectively, for 6.131 Wt % . __ BSG filns having USG
capping |layers. The BSG filns were about 150 RAgHi ck and 100 the USG
cappi ng |l ayers deposited on top of the BSG fil wer e about 200 A thick.

The heating steps were performed using a rapidjf#hermal process for about 60

285

»28l Ve 225

280
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seconds at tenperatures of about 900[err]C, 950[err]C, 975[err]C, and

1000[ err] 0. As shown in Fig. 23C, the junction fornmed after the
heating step at 1000[err]C is about 0.1 errm . conpared to the about
0.06 [err]mjunction fornmed after the heating step at the | ower 15
tenperature 975[err]C. The sheet resistivity of the 6.131 wt % BSG fil m was
about 180 [err]/cnferr] for the heating step at 1000[err]C, and about
600 [err]/cnferr] for the heating step t 975[err]C, as seen in Fig.
23D. A higher tenperature heating step (b%&gﬁg 950[ err] Q) results in
a deeper diffusion depth for the shallow junction formed.

Figs. 23E and 23F are graphs show ng the effect of heating step tine 20

on dopant profiles and sheet resistivity, respectively, for 6.131 Wt % BSG
film havi ng USG cappi ng | ayers. The BSG fil ns were about 150 A thick
and t he USG capping | ayers deposited on top b the BSG filns were
about 200 A thick. The heating step was_perf ﬁed using a rapld

t hermal process at about 1000(‘1-) ar azﬁ@t__ &
!. oy

seconds. As shown in Fig. 23E
40-second heating step is
after a 60-second heatlng
the 6.131 wt
h e at | n g S t e p an d "“"lﬁ'ﬂ"""‘."“ éet .I n g
step. Accordi ngl = R TRCRITRTON SN S NN YN0
step may determ ne the dlfoglon depth in rmng ultra-sha
junctions. 500 The above Bkperinments of BSG used for:

second

ul tra-shal |l ow doped junction formati on are presented nerely as
exanples to illustrate aspects of thelaafsent
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99 ' i nvention and should not be considered as Iimting 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 PVMD layer. Prior to the deposition of
PSG fil mas the PMD | ayer, the wafer "has typically been subjected to
nmul ti pl e processing steps to forpps4or exanple, gate el ectrodes,

oxi de sidewalls, isolation trenches, etc. In the 10 experinments, the PSG

films were deposited in a resistively-heated Gga Fill[err] . Centura
chanber (a closed system having a tgilal—y e of about 6 liters and
outfitted for 200- mm waf ers) ng Skhied Materials, Inc.

In the experinents, presg d to bring

chanmber 15 to the desir abi | i t he
gas/liquid flows 15 | ayer on a
wafer. OF course, it is teps may be
varied fromthe bel ow ¢ Pt i on (which is N \ npl ary
speci fi c enbodi nent), # optimal for different X i \i on recipes.
The pre-deposition sty educe unnecessary deposition

250

L B
—— A

FIG 78.
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chanmber walls and al so contribute to yielding uniformdepth profiles for
the 20 deposited filns. Before any pre-deposition steps occur, a wafer is
| oaded in vacuum chanber 15 onto heater 25 through the vacuum| ock
door, which is then closed. Heater 25 is heated up to the processing
tenperature of about 600[err]C, - which is maintained throughout the
pre-deposition steps, the deposition step and the post - deposi ti on
steps. 25 : In a first pre-deposition step, heater 25 is at
a position about 600 m | from gasl874@ i bution plate 20. Wth the
throttle val ve open for about 5 seconds, heliumat a flow rate of
about 4000 sccm and (err] at a flowrate of about 2900 sccm - are

i ntroduced into chanber 15. The neutral gases, heliumand Qerr], are

i nt roduced first into chanber* 15 for their flowrates to stabilize.
These flow rates of helium 30 and. 2 are mai ntai ned throughout the

pr e- deposition steps. In the second pre-deposition
step, the throttle valve is closed and the,2I5 pressure in chanber 15 is
i ncreased to the deposition pressure. The[éétond pre-

100 / 40
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deposi‘tion step | asts about 30 seconds and all ows the pressure, which may
initially fluctuate sonmewhat around the desired deposition pressure,
to stabilize in chanber 15. Heater 25 is noved to the processing
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 450 torr, |iquid TEOpMyg2 ntroduced to al | ow
stabilization of TECS and heliumflow. Wth the TECS flow rate at about
1000 ngm the vaporized TECS gas mixes with the heliumcarrier gas for

about 3 seconds during the third pre-deposition step, before the
dep03|t|on st Vi st abjl\i zed the nber
pressure, ngﬂx ture, a 405 TECS eh g | ows, %ﬁgjusted
position of heat er™25, d nset
of the deposition step, ' ) \ LY
i ntroduced at a rate of . gen) is
i ntroduced at a rate of about 40 Beiflo {11 quildsy 20 and 15
TECS sources are vaporized by 422 Aizsifte and then conbi ned
Wi th the inert carrier gas hewN 1 NI ntroduced into
chanber 15 from gas ~distributi 241t 4l8acti ve gases to
the wafer surface where heat- hgqm reacti ons take pl.ace
to produce the desired PSG film %ﬁé ~abo . di tygpns result in a PSG
filmdeposited at a rate-of about 17@g| te ontrol |l'ing. 200
deposition time, a PSGJId s |¢f | _
formed -at the process ' ) ov¢ {In Jde\ Yhe
w % - of phosphorus in the re il | e out w %
After deposition, a terminatioftddte r 485t ini zes the
stability of the deposited PSG fil ' e f and crystallization
25 resistgnce. In the termnation step; chijl or about 3 seconds,
t he depositijon ongi-ty ons ar gf I 1 eSTEPO flow is
term nated. {The tefm nati ¢n fist ep - :
_ £ , . )
i ' . \ i 457
/ \ AWAY | > '
407\ o 46'{ | = _~413
\ ) |
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therefore deposits a USG capping layer in an in situ manner in chanber 15,
by the gas term nation nmethod di scussed above. The USG | ayer is very
thin conpared to the thickness of the bulk PSG film 30

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

steps are utilized to control the ranpi ngsggen of chanber pressure and to

control gas shut-off. B9 gqbpe pressure and gas shut-off,
t he post-deposition steps ,
101 - help reduce particle t. : ;pégﬁuse can cause wafer
contam nati on and amage. In a ific
enbodi nent, three post positio H0d we usqg4. In he first
post - deposition step i di at el | 1oyl ng e term ion4wtep, 5
TECS flow is terninate il p F12H i s fpv a poEPt #8n about 600
m | ~fromgas dis but : o, rott valve is
opened periodically to er es 1y ranp down
during the first pq [
| 455 ' | ' = 457
I
J
415
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step, *Which | asts about 15 seconds. In the second post-deposition step, the
throttle val ve is opened periodically to ranp down chanber pressure
for the third post- 10 deposition step (the punping step), as heliumflow
into chanber 15 is term-nated by punmping it through a bypass val ve.
Heater 25 is also noved lower to a position about 999 'm | fromplate
20 during the second post-deposition si{gpgavhich | asts about 15
seconds. In the third post-deposition step, which |asts about 3 seconds,

the throttle val vegp% _opened and @ fl ow i nto chanber 15 is term nated by
punping 15 it thiongh a finalfvalve —  The ahove
experinmental condifigng/ g het g€pasifi oh Bf ASE sdi yable or goei ng
used as a PMD | ay¢y” grie Op¥ pAl Yt o prow de e Hegt Aiymquaz

hi gh through%jt/ry .4!44, ae/diA f S fAn A4 oy dastd q A

. [y
tenperature, e HRerraPSCHaen e t-er eSOl et |
chem stry at terrp gf -lx(ﬁa'ﬁ".m MQWQAM :A’ step
coverage, nore cross-|inked structgr‘, and WLe stable aﬁ]dization
structure for P and Si, which yieffa€d excel| lflent fi®#Wquality. The
deposited PSG fil mwas high quality in terpggd of flowlike step coverage,

hi gh noi sture resistance, high br dgwn vol t age, snooth surface, no
surface damage (i.e., plasna danfl )| land no fixed charge. The
deposited PSG fil mexhi bited 25 good filMTthickness uniformty.
Specifically, filmthickness uniformty (49 pt., 1la) at about 1.2
[err] mthickness of the deposited PSG f Uﬂgﬁaa[ﬁhasured to be less than
-about 1.5. Fig. 24A is a photom crograph denonstrating
the as-deposited gap fill capabilities of PSG filns deposited at -
600[err]C in accordance with a specific 30 enbodi nent of the present
invention. In particular, the PSG fil m deposited at 600C was shown
to be capable of filling high aspset—T : Vi ng g 4w@i ght (h)

and a spacing (w) wthout theg
24B is

geen in Fig. 24A. Fig.

REPLACEMENT SHEET
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102 ‘ a sinplified diagram (not shown to scale) of a section of the

Integrated circuit - structure shown in Fig. 24A. As seen.in Fig. 24B,
substrate 1200 has stacked gate - structures, specifically el ectrodes
1220 with tungsten silicide (W5i) caps 1240, fornmed 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 [gr42m and w of about 0.08 [err]m

shown by dotted lines, as seen in Figs. 24A-24B. Fig. 24A therefore
denonstrates an exenplary stru ur%\Mtrlhigh aspect ratio (about

4.3: 1) gaps that are filled by PSG [V 430fi1 m 1280, which is used as a PMD
| ayer. - Deposited at about 600[err] C ufgi ng the preferred recipe

di scussed above, PSG film 1280 exhi bi el l ent highj}aspect ratio 10

gap fill capability w thout ik a 2$flom1typi ally done at about
750-800[ err] C, whi ch \Fs¥ent with {ncreasingly tight

t hermal budgets. addition to having excell ent gap

fill capability for high a s ios, PSGfil deposited at about
600[ err] C advant ageousl y are™seag 5t hat exhi bit high resistance
to noi sture absorption. EQrpeion of the depgsited 15 PSG film
deposited was neasured using ; M\ Fourier Trangform Infrared

spectroscopy (FTIR) fechnif
in the .

{30

'F16. 13
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art. Fig. 25 illustrates the FTIR spectra aof a PSG fil m deposited at about
600C under the follow ng exenplary process conditions. According to a
specific enbodi nent, the exenplary process condittons include TECS
fl ow of about 1000 20 nmgm TEPO fl ow of about 24 mgm heliumfl ow of
about 6000 sccm and ozone "~ (about 12 wt % oxygen) flow of about 4000
sccm at a pressure of about 400 torr [8/42and spaci ng of about 330 m |l
bet ween heater 25 and gas distribution plate 20. The PSG deposition
time was about 600 seconds. As seen in Fig. 25, the FTIR spectra - cof

. the PSG fil mdeposited at about 600[err]C denonstrated no water spikes

i ndi cating 25 noi sture absorption, and no nmeasurabl e change in noisture
absorpti on was seen over about 155 hours after deposition,
illustrating the PSGfilmstability over ext ended peri ods.

As denonstrated by Fig. 25, the deposited PSG filmis dense,

resistant to absorbing noisture.. . Deposition of a PSG filmat high
tenperatures, for 30 exanpl e at alggps, 600C, tends to dqu§ out any

noi sture that m ght be absorbed nto the film ;égu ing in a dense

film As a dense film the KT ey gt \ erature
NI e abidi 4 R e ¥ 0K FUr( |

has the advantage of not r a pal |
NS -
\
E§>>

A

25
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10‘3- " 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 anarized either by a subsequent anneal at a tenperature greater

t han about 1000C, or preferably by a CWVP step. In addition to
noi st ure absorption resistance, the present PSG film deposited at high 5
tenperatures is able to provide good filigylgp ckness uniformty, as well as
good gap fill without formation of v0|ds or weak seans that can cause
subsequent devi ce probl enms. The high tenperature PSG filmis
particularly useful as a PMD | ayer as it provides good phosphorus

N
C\

i ncor poration (between a
for gettering or trappin bN—b—l
m ght otherwi se mgrate gq \Eg

nl»: nhnr uc\ whi Ch i nmpor t ant

10 t hat
o\ }n‘g iﬁ\t he\g},»w +) '/S :

The above description of \expeg t\s depos i Rg\an suring
characteristics of the deQsiy G\f}‘k P\rl'st\ra'tes its suitability for
use, for - exanpl‘ﬁs \P I gyrer™ e \the description shoul d not
be consi dered as i mi H\g{he S0P ,{rr\vglon 15

C. USG For Oxide Filling Layar ‘Ln\ShakI\) %]
To denonstrate the operatidqn\oh Nesagpar accordi ng to
enbodi ments of the present quﬁm\)Q\ X hsen{s vV&r& erformed to deposit

a USG film for exanpl§N as Q ki \w‘o%de illing layer for
‘shallow trench 20  isol ati ol , USG filmas the
hi gh quality oxide filling | ayey/ mmstypically been

subjected to nmultiple processing step -for exanple, gate
el ectrodes, oxide sidewalls, isol iM trenches, etc. In the

experinments, the USG filns were de€¥osited in a resistively-heated G ga
Fill[err] - Centura chanber (a closed system having a total volune of

.about 6 liters and = F/G /54.

ok
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28 outfitted for 200-nm wafers) manufactured by Applied Materials, Inc.
In the experinents, pre-deposition steps were perfornmed 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
may be varied fromthe belom/descriptioagﬁa?z (which is nerely an exenpl ary
specific enbodinment), as is optinmal 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 fil Bef ore any pre-deposition steps occur, a wafer is | oaded
in vacuumy¥xhanber 15 onto heater 25 through the vacuum | ock door,
which is then closed. Heater 25 is heated up to the processing

t enperature of about 550[err]C, whi ch is maintai ned throughout the
pre-deposition steps, the deposition step and the 5 post - deposi tion

st eps. .
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in a first pre-deposition step, heater 25 at a position about 600 nil
fromgas distribution plate 20. Wth the throttle val ve open for about 5
seconds, heliumat a flow rate of about 7000 sccm and Jerr] at a
flow rate of about 2900 sccm are introduced into chanber 15. The
neutral gases, heliumand Qerr], are introduced 10 first into chanber 15
for their flowrates to stabilize. Thesg|fipw rates of helium and 02
are mai ntai ned throughout the pre-deposition steps. In
t he second pre-deposition step, the throttle valve is closed and the
pressure in chanber 15 is increased to the deposition pressure. The second

pre- . deposition step lasts | ess than about 40 seconds and al |l ows the
pressure, which nay 15 initially fluctuate sonewhat around the des%%
deposi tion pressure, to stabilize in chayﬂ@ %%0 Heater 25 i ved

4is | di ut ijo
pl ate 20 during the second pre-deposit st ep. { REMUTE 5ghe
third pre-deposition step, when the pr ir GASn ¢ha 15| WMIGROWAVE -
stabilized to the deposition pressure of hMXHNGEJ0 ¥orr, I uPHﬁsm is
introduced to 20 allow stabilization of | BtQ8Kahd hel i um orSYSTEMog<=n)
flow Wth the TEGCS fl ow rate at abput 200Q mgm t he “rapesizedl TECS
gas mxes with the helium (or nitrogen) cafjrier gas for about 5
seconds during the third pre-deposition s or '~ to the deposition
step. g8 Pressure
t enperat ure, and 25 © T ec-t-he,posl

to the processing position of about GBE nt—1

heat er 25, ~deposition t he
déposi tion step3Tby fl W %
oxygen) is introdu i quid,

t he TEGCS sour¢e is apqi\ gen

conbi ned wi th the ert{g [ quced into
30 chanb 00158 ga§\jiqﬂyit | gases to
the waf er face\where Heat -i Niced chiAfi Me place
to produce the ﬂg i ‘The ab¢ve %ondi tli O d t ina
USG fllntdep03| dy 1 :

.\\\\\\\
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105 1450 A/m nute. By controlling the deposition time, a USG film
havi ng a thi ckness of about 10000 A is forned at the process
condi ti ons described above in about 414 seconds.

After USG deposition, a purge step is performed that is optimzes the 5
stability of the deposited USG filmto provide noisture resistance. In the
pur ge step, which lasts for aboutps8/4gconds, the deposition
conditions are maintai ned while TECS flow is term nated. :

After the USG deposition step and purge step, post-deposition steps

.are utilized to control the ranmpi ng down of chanber pressure and to contro
gas 10. shut-off. By adjusting the pressure and gas shut-off, the

post - deposition steps help reduce partlcle?ﬁprnatlon whi ch otpéﬁmnse
can cause wafer contam nation and dana e. 280 In ?
speci fic enbodi nent, three post - deposq |o steps (gd | REMOTE &
first post-deposition step i medi ateky I Oé\A§g anve tm(m'mw' clT'z__
step, the ‘
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15" carrier gas flow into chanber
bypass val ve. Heat-er
"gas distribution plate 20, as
periodiccally to gradually ranp down chanber pressure
post-deposition step, which |lasts about 15 seconds.
post - deposition step, the throttle vaIvgégﬂg)
ranpi ng 20 down chanber pressure, and
continued. Heater 25 is
fromplate 20 during the second post-
about 15 seconds. In the third post-deposition step,
about 3 seconds, the throttle valve is opened eizyi?

du

15 is term nated by punping it through
25 is noved into a position about 600 m |
the throttle valve is opened

from

ring the first

In the second

pened periodically to continue
ow i nto chanber '
al so noved | ower to a position about 600 m |
deposi tion step,

15 is

which | asts

which | asts

err] flowinto pﬁﬁnber

15 is term nated by punping it through,a final %b
The above experinmental conditions for*the dep05|t off USC
for being used as a high quality oxige I| dar st

i sol ation are optimal to provid % gorat

t hroughput. In shallow trench “isola %p l'icationg,
USG fil mshoul d be capable of void-free ga fill (ty
nom nal angle of about 85), in addition td belng very dense
uniformfilm The deposited USG fil m exhi H

uniformty. Specifically, f|In1th|ckness unlf rmty (49 pt.

5000 A thi ckness of thqzaepo

» SREMGTY e
WWW

) sﬁ%

d filmthickness .

10) gy Gwbout

asured to be | ess

=i

t han about 1.5. /’
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106 Figs. 26A and 26B are photom crographs

denonstrating the relative gap fill capabilities of TECS/ Jerr] 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
particular, Fig. 26A illustrates a trenglgsqgpucture having about 0.35
[err]mwi dth and about 0.70 [err]mdepth (about 2:1 aspect ratio gap)
with a filling layer that is a USG filmdeposited at 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 fil m deposited at - about
400ferr] C is not very dense and appears to have been prone to shrinkage.
Even 10 after a reflow at[err]a tenperature above about 1000[err] C, which

can densify a USG film to sone extent, the USG film depositeghnt the
tenperature of about 400[err]C is not very dense and does,ﬂg survive
the high tenperature anneal or a subsequent wet etch processing

wi t hout openi ng up voids. In conpar gws a trench

structure having about 0.18 [e89' y [err] mdepth (about

2.5:1 aspect 15 ratio gap) with a vol layer that is a USG

filmdeposited at about 550[err]C pw at about 1050[err]C
and a subsequent wet etch proce¥s} e Bif t ed at about
550[err]Cis capable of filling

formati on of voids after reflow,

as seen from Fi gs. 26§mg
€
out

d at 400[err]C,
atgpvery uni form
.?#ytheir

Pt ————

agabitity of

‘m P

g (]

Lt L L 0l

etch rates, USG filns 20 <~ ted at about 550[err]C
superior step coverag beni ng up ' voi ds.
As further evidence Efgh 5 . s

814
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USG films deposited at about 550[err]C, Fig. 27 is a photonicrograph

denonstrating the-gap fill capability of the deposited USG film
after an anneal at about 1000[err]C 25 and a subsequent wet etch
- processing, in accordance. with a specific enbodi nent of "~ the present

I nvention. Fig. 27 shows a trench structure having about 0.16 [err]mw dth
and about 0.48 [err] mdepth (about 3:1 agggegpratio gap) with a filling

| ayer that is a USG fil mdeposited at about 550[err]C after a refl ow
at about 1000[err]C. The trench ' structure of Fig. 27 has a smaller
spaci.ng and a hi gher aspect ratio than the trench 30 structures shown in
Figs. 26A and 26B, illustrating the superior gap filling " capability
of the USG fil m deposited at about 550[err]C. _ In
addition to having excellent gap fill capability for high aspect

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 sture 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 '

a L[ = |

o e D
| r?3§§71“ F§ﬂ§§ 942
9284 | f ' 1 555\ S\ ; fﬁ:j- .
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5 follow ng exenplary process conditions, according to a specific

enbodi nent . According to the specific enbodi nent, the exenplary
process conditions include TECS fl ow of about 2000 nmgm helium fl ow
of about 7000 sccm and ozone (about 12.5 wt % oxygen) flow of about
5000 sccm at a pressuré of about 600 torr and spaci ng of about 350
m | between heater 25 and gas distriba/#2pl.ate 20. As seen 10 in Fig
28, the FTIR spectra of the USG fil m deposited at about 550C

denonstrated | ow noi sture absorption (less Lip@9 about 1 wt % noi sture).

Furt her, Fig. 28 also illustrates tl&t a noisture increase of |ess
than about 0.5 wt % noi sture in the USG fil mwas seen over about 160
hours after deposition, indicating the bility of the USG fil m over
ext ended periods. 15 l lomqggzdi y, as supported by Fig. 28,
t he deposited USG filmis gg}é% esl 0 -408®r bi ng noi sture.

Deposition of a USG fil m ak
550[err]C, tends to drive out
into the film resulting i '
filmdeposited at high tenpe+atures of | east about 550[err] C has the
advant age 20 of being |l ess prone to SW’ nkage that mght result in void
formation after an anneal i ng step=sd a subsequent wet etch
processi ng, conpared to USG fi.l ns : deposited at | ower tenperatures.
The dense nature of the deposited U 61n1]!? .makes it conpatible for
use as a high quality oxide layer for Tilling trenches used in
shal l ow trench isolation applications. Due to its high density, USG filns

Tes, for exanple at about
at g m ght be absorbed
dense film the USG

deposited 25 at high tenperatures and used as oxide filling | ayers can be
pl anari zed by either a subsequent anneal or a CWP step, with
mnimzed |ikelihood of opening up voids. In addition to noisture
absorption resistance and good filmthickness unifor 'by, t he '
present USG film deposited at hi 008 enpel0B2ur es_pr m s excel l ent high
aspect ratio. gap fill t houj o i Q oi ds or weak seans t hat
can cause subsequent device bféns.y - I n general,
hi gh pressure (Jerr]/ TECS US%%EJIE:¥£ . Btern or .

_ - -0 _
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sur f ace sensitivity effects, resulting in uneven deposition, which is
undesirable. It '

108 has been seen that problenms with uneven deposition are worsened
wi th higher derr]/ TECS.rati os. Advantageously, deposition of USG
films at high tenperatures such as_at | east about 550[err] C requires.

use of nore TECS in order to achieve 27/8&equate deposition rates. -
Accordingly, the Qerr]/ TECS ratio of USG filnms deposited 5 at high
tenperatures is low (less than about 5:1), thereby elimnating any pattern

or surface sensitivity effects. Mreover, the filmquality (e.g.,
density, shrinkage, - etc.) is high for USG fil ns deposited.at high.

t enperatures. Because of the high density of these high tenperature
deposition USG filns, plasnma densification treatnments or plasma oxide
caps are not needed, -thereby avoiding any plasma 10 damage to the wafer.
The lack of a plasma from such treatnents in @,@e chanber t hus reduces
possibility of metal contam nation and pot ll | shorting of devices in

the wafer. Conpared to | ow tenperature thefmal USG filns, which often .
require a pl asma densification Im)ea]bgrﬁnt or pl as'&% oxi de cap and may

shrink to open voids 1002 ,/
R v//mos
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M—i . .
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after an anneal, thermal USG fil ms deposited at tenperatures of about

550[err] C 15 exhi bit excellent gap fill capability, m nimal shrinkage,
and uniformfilmdensity, and | ow netal contam nation, wthout plasnma
damage, - in accordance with the present invention.

The above description of experinents denonstrates the suitability of

the deposited USG filmfor use, by way giggyaple, as a high quality oxide
| ayer 20 for filling high aspect ratio trenches for shallow trench

i sol ati on. The sanme CVD apparatus al so- be used to deposit USG
filnms at tenperatures |ower than 500[err] for IMD applications. O
course, the above description shoylllfdnot be.66n5|dereqoqs " limting
t he scope of the invention. , fsto be under st ood
that the above description is i Ist+ ati ve and not
restrictive. Many enbodi ments wTT De skili in
the art upon review ng the above descr way of exanple, the

0 be 2

g

i nventions herei n have been ill rimarily with regard to a
USG BSG PSG and BPSG process reclpes, but they are not so
limted. For exanple, the dielectric filnpo formed according to other

enbodi nents may be an arsenic doped silicomoxide film 30 or other doped -
film As another exanple, the depositiogn of dielectric filns has

been described using carrier gas such]E§H5é1| t ot her carrier gases

| i ke argon or nitrogen, may be used as we *As a further exanple
dielectric | ayers have been

/e
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109 descri bed for particular applications, including doped‘junction

formation, PMD | ayers, IMD | ayers, oxide filling |ayers, capping
| ayers, etc. O course, it is recogni zed that the sane CVD appar at us
di scussed above nmay be used to deposit dielectric |layers at

tenperatures | ower than about 400[err]C, as well as tenperatures 5 above
500[err]C. Additionally, various aspect839¢ig2he present invention may al so

be used for other applications. Those skilled in the art wll
recogni ze ot her equival ent or alternative nethods of depositing the
dielectric layer while remaining within the scope of the _clainms of
the present invention. The scope of the invention should, t herefore,

be determ ned not with reference to the above description, but should 10
instead be determined with reference to the appended clains, along with the
full scope of equivalents to which SUCMWflainE are. entitled.
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WHAT IS CLAIMED 1S: 1 : 1. A substrat e:

processi ng system conprising: 2 a processing
chanber, said processing chanber including 3 interior walls and a ceramc
l'iner, 'said ceramc liner lining at |east a portion of said 4 interior
wal l's; 5 a vacuum system configured to maintain a
sel ected pressure .6 bet ween about 103(BAgporr w thin said processing
chanber; 7 a gas delivery systemconfigured to

deliver selected reactive 8 gases to said processing chanber, said gas
delivery systemincluding a deposition 9 supply system and a dual i nput
box having a first input and a second input, sai:d gas 10 deli'very system
configured to introduce said selected reactive gases into said 11
processi ng chanber via a selected input of said dual input box at a
selected time, 12 and said deposition supply system configured to deliver
first reactive gases from 13 said first inpyt, to said processing chanber
when said first input is selected and to ;}r’ liver a reactive species
fromsaid second input to said processing chanber when 15 sai d second
input is selected; 16 : 106 ~a renote mcrowave plasnma
system configured to produce an deliver said reactive species from
sai d second input to sai|lpgproces lI04 cacti ve species
produced from a pl asna crégt%kk4++ﬁn onposed 19 by

m cr owaves; 20 _ Hg-system said heating
systemincluding a heater 21 havi

ic exterior, said heater for
hol di ng a substrate and capabl e of '

1100

1108

1100

- Fl6. 206.
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22 uUp to at |east about 500[err]C;, 23 a-
controller configured to control said gas delivery system 24 said renote
m crowave plasma system said heating system and said vacuum 25 system
and 26. - a nenory, coupled to said controller,
conprising a 27 .computer-readabl e nedi um havi ng a conput er-readabl e
program enbodi ed therein 28 for dlrecﬁ‘pgg9peratioh of said substrate
processi ng system wherein said conpute readabl e program i ncl udes:

30 : a first set of conputer instructions for
controlling said
111 31 gas delivery systemto introduce said cleaning
gases to said renpote 32 m crowave plasma systemduring a
first tinme period to del?gmz said 33 feacrive species into
sai d processi ng chanber le I 4
sai d_pr AltRoYAVE TRRRBEH PhoioR . _
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Lo

i e 2. The substrate processing systemof claim1l wherein
" said first 2 set of conputer instructions includes: 3

a first subset of conmputer instructions for 4

controlling said vacuumsystemto maintain a pressure 5

of between about 10-760 torr within said proce55|ng 6

chanber; and 7 a second subset of

conputer instructions for 8 32742 ' ' controlling said

heati ng systemto heat said heater to a 9 '

sel ected tenperature of at |east about 500C during 10

said first time periad, 11 _ N : thir

subset " of cohputer
control ling said e emte 13
apply mecr owavemzto ppyw-de—14
sai d reactive speci beri ¢d; gnd 1p
a fourth subset of 16 '
controlling said v Ps oyt off 17
sai d processing ch rocegsing 18 |
chanber. 1 The g$ubst|rat e prog¢essiing
systemof claim gl%qqew, wet—Sy-SsHem-H-HHrer—HRetades a
gate val ve at the secon al veg sel ecti yel y jopened
or closed to allow aid sai ¢ sedond | 4 i fput .
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1 ' ‘ 4. The substrate processi'ng system of claim3

wherein 2 said controlier is also configured to control said gate
val ve, and wherein said 3 conput er -readabl e program further conprises
112 4 ] a sixth subset of conputer instructions for
controlling said gas 5 ’ delivery systemto selectively
open or close said gate val ve. 1 33/42 5. The
substrate processing systemof claim?2 wherein 2 said selected
tenmperature is about 550[err]C 1 6. ~ The
substrate processing systemof claim2 \/\herel n 2 sai d sel ected
tenperature i s about 600[err]C.
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L1 g 7. The substrate processing systemof claim?2

wherein 2 said selected tenperature is about 650[err]C. 1

8. The substrate processing systemof claim2 wherein 2 said reactive
species is conprised of fluorine. 1 9. The
substrate processing systemof claim8 wherein 2 sai d cl eani ng gases are

sel ected froma group consisting of NR34y42 and N err], NF[err] and 3
argon, NF[err] and Qerr], NF[err] and atomic oxygen (O, and a dilute F2.
1 10. The substrate processing systemof claims$8
wherein 2 sai d cl eani ng gases are selected fron1a group consi sting of

Cr[err], Cerr]F[er ~eteirSFert
11. The substrate pro essi hg sy st enh of ,Ial erefn 2 sald reactijve
species is conprliﬁ of [chl ofi neland |sai d clelnln gase¢s include dferr]|.

NCH Y

1 uim o A-Tertrod{ for [creani ng{a prjoces$l ng
- chanber, said 2 thojaconprising: 3 ar depgsi tijing
P

a dielectric filmof a wafer|on 4 cerlani c|heatfer ip 4 d pfocegsi ng
chanber in a first ¢inme jperipd, daid cerafic Heatey hegted fo ajfirgt
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5° tenperature of at |east about 500[err]C during said deposition step; 6
I ntroduci ng reactive species into said processing chanber from?7 a cl ean
gas that is input to a renote m crowave plasma system during a second tine
113 8 period, said ceramc heater heated to a second tenperature of at
| east about S00[err]C 9- during said introducing step; and 10

cl eaning surfaces in said processi ng chagg?q_z said cleaning 11 per f or med
by said reactive species. 1 13. The net hod of
claim12 wherein said renote 2 m crowave plasma systemincl udes a
magnetron, a tuned wavegui de system and an 3 applicator tube; and
wherein said clean gas is received in said applicator tube where 4

m crowaves from sai d fagn tronf enengl zef sal I cldan gps tq proylde sai d
reactive _ _
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5 sﬁecies to said processing chanber. 1 14.

The nmethod of claim 12 wherein said first tenperature 2 I s substantially
the sane as said second tenperature. 1 , 15. The
met hod' of claim 12 wherein said first tenperature 2 is between about
550-600[err] C 1 16. The nethod of claim 14
wherein said first tenperature 2 I s beB@Bg2about 550- 600C 1
17. The nethod of claim 12 wherein said reactive species 2 conpri ses
fluorine. 1 18. The nethod of claim 17 wherein
said clean gas 2 conprises NF3. 1 ' - 19. The
met hod. of claim 17 whetd0g—=art creantmnyg gas T35 p Serecred rrgm a group
consisting of NF3 and N2, [NF[err] and argon, NF[errd ?nd C%err], NF[ err]
3 and atomc oxy§ga (R L and a dilute F2. ‘BW(%=6.13I
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1"
speci es 2

CARRIER CONCENTRATION (CH

SHEET RESISTIVITY (0/CM2)
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S
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20.

The nethod of claim 16 wherein said reactive
conprises chlorine and said clean gas conprises C[err].
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