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METHODS FOR FORMING SELF-PLANARIZED DIELECTRIC s LAYER FOR SHALLOW TRENCH
ISOLATION . BACKGROUND OF THE INVENTION The present invention relates to
the fabrication of integrated circuits. More particularly) the present
invention is directed toward a method for providing 10 self planarized
deposition of high quality dielectric layers for shallow trench isolation.
Semiconductor device geometries continue to decrease in size) providing
more devices per unit area on a fabricated wafer. These devices arc
typically initially isolated from cacti other as they are built into the
wafer) and they 15 are subsequently interconnected to create the specific
circuit configurations desired. Currently) some devices are fabricated with
feature dimensions as small as. 0.18 um For example) spacing between
devices such as conductive lines or traces on a patterned wafer may be
separated by 0.18 um leaving recesses or gaps of a comparable size. A
nonconductive layer of dielectric material, such as silicon 20 dioxide
(SiO2 ) is typically deposited over the features to fill the aforementioned
gaps and insulate the features from other feature of the integrated circuit
is adjacent layers or from adjacent features is the same layer. Dielectric
layers are used In various applications including shallow trench isolation
(STn dielectric for isolating devices and interlayer dielectric (ILD) 25
formed between metal wlrlng layers or prior to a metal>izatioa gmcess. In
some cases, STI is used for isolating devices having feature dimensions as
small as under about 0.3 p,m. Planarization of dielearie layers has 6ecomo
increasingly important as the packing densities of senuconductor devices
continue to gmw. The planarization issue is descried using as example of a
typical 30 process for forming a shallow trench isolation (commonly refemd
as STI integration) as illustrated in > igs. la lg. Ia Fig. la, a silicon
substrate 110 has deposited thereon a pad oxide layer 112 and a nitride
layer 114 such as silicon nitride. The nitride layer 114 is typically
deposital by low pressure chemical vapor deposition (LPCVD), and serves as
au ctr"h stop for chemical mechanical polishing IIIAl~l4a~l   t 2 3 DEC
2002 W O 99/6Z 108 PCTII899/00835 2 (CMP). Referring to Fig. 16, a bottom
anti-reflective coating (BARC) 116 is formed above the nitride layer 114
for absorbing light reflected from the substrate l10 during
photolithography. Typically an organic spin-on glass (SCG), the BARC I16 is
needed typically for light having wavelengths of below about 248 nm, S
including deep ultraviolet (DW) and far ultraviolet (FW) light. A
photoresist 118 is formed over the HARC 116 and exposed using a mask (sot
shown) which defines the location of the trenches. The exposed photoresist
is they stripped to leave open areas fur forming the trenches, Typically) a
plasma etch is performed to etch the open areas through the nitride I14)
pad oxide 112) sad silicon substrate 1IO to form 



10 the trenches 120, as shown in Fig. ic. After the remaining photoresist
118 and BARC 1 I6 are removed, a thermal oxide 122 is typically grown on
the nitridelpad oxide and oa the surfaces of the trenches 120 (trench
bottom 124 and trench wall 126) to repair the plasma damage to the silicon
substrate 110) as illustrated in Fig; ld. IS A dielectric layer 128 is then
deposited over the thermal oxide 1l2 to fill the trenches 120 and cover the
nitride layer 114. This dielectric layer 128 is often referred to as a
trench oxide filling layer. Typical dielectric layers are formed from oxide
materials such as silicon dioxide or silicate glass. As shown in Fig. le,
the surface profile of the deposited dielectric layer 128 is stepped and
generally 20 resembles the shape of the trenched substrate 110. The surface
profile is more uniform in dense fselds with closely space narrow trenches
than in open fields with wide trenches. As seen In Fig. le) a step height
I30 is formed in the dielectric profile between the dense field I34 and the
open field 132. gecausa of the step height 130a it is sot practicable to
apply CMP directly after the dielectric layer 25 deposition step to
planarize the dielectric layer 128 because otherwise a dishing effect in
the open field I32 will result with CMP) as seen is Fig. ih, instead, a
reverse mask sad etch procedure is used to etch the extra oxide to abtaia a
mare planar surface profile as illustrated in Fig. I f. This procedure
typically involves the steps of photoresist deposit, reverse masking, cure)
etched photoresist removal, 30 ctchback, and removal of remaining
photoresist. A CMP procedure is then applied to the structure, of F'ig. If
to globally planarize the surface of the filled substrate 110 as shown in
Fig, I g. The reverse mask and etch procedure necessitated by the step
height effect adds significant cost and complexity (for example) due to the
added   w0 99/6Z108 3 lithography steps involved) to the planarization
procedure. 2 3 DEC 2(b2 PCTIIB99100835 From the discussion above, it is
seen that multiple steps, including additional photolithography steps
(which require expensive equipment), are needed to provide STI. However, it
is desirable to reduce the number of steps (and related 5 equipment)
especially photolithography equipment which requires expensive lenses,
light sources, etc.) and to obtain improved results in order to provide a
more economic and efficient manufacturing process. For example) one way to
obtav~ improved results is to provide a self planarized, high quality
trench oxide filling layer at a reduced cost. IO A number of procedures are
known for depositing dielectric layers such as the gap-fill dielectric 128
for the trench oxide filling layer in the example shown in Fig. le. One
type of process employs 0~ (ozone) and TEOS (tetraethylorthosilicate) for
depositing a dielectric film such as silicate glass. Such films deposited
are commonly referred to as "O,ITEOS films". O~ITEOS processes 15 have a
surface sensitivity which lncrrases as the O~IT`EOS ratio increases. Due to
the surface sensitivity, the dielectric deposition rate varies in
accordance with the properties of the material of the underlying layer. It
is known to minimize the surface sensitivity by depositing a surface
insensitive barrier layar prior to the 03/TEOS film deposition. Por
instance, one 20 known process involves a plasma-enhaacai 'FEOS '(PETEOS)
deposition) follow ed by a surface treatment and then a thin cap TEOS
layer. This process undesirably requires additional process steps. Another
known method is to lower tbve surface sensitivity by decreasipg the O~ITEOS
ratio. However; lowering the OsITEOS ratio tends to undesirably result in a
more porous dielectric film. This is particularl3~ 25 problematic when the
dielectric film is used for isolation purposes. One way to address this
concern has been to raise the process temperature to above about 500C, hut
raising the process temperature is often undesirable. Alternatively, as
additional anneal process after the deposition of the trench oxide ~fill'mg
Layer and sandwiching PETEOS layers has been used to densify the trench
oxide fining Layer. 30 This method, however, suffers from the need to
perform an extra step. 



Instead of minimizing the surface sensitivity, some have utilized the
deposition rate dependence of O,ITEOS films to perform gap fill for a
trenched silicon substrate wherein the side walls of the trench ale covered
with thermal oxide   2 3 DEC 20~ wo 9srsttos pcrns~rooa~s 4 spacers. Using
an atmospheric pressure CVD (APCVD) O,ITEOS deposition and an ozone
concentration of 5 9b) it was reported that faster film growth on the
bottom silicon than on the side wall spacers precluded void formation to
achieve void-free gag fill. Others have investigated the feasibility of
forming a planarized intermetal 5 dielectric (IMD) by taking advantage of
the surface sensitivity of O~ITEOS and similar materials such as
0,-octamethylcyclotettasiloxane (OMTC). Researchers have reported
diffcculties of controlling the different deposition rates to achieve
planarity. For instance, significant elevations have been observed at the
edges of aluminum metal lines caused by the different deposition rates of
the 031TEOS on a IO TiN ARC layer on top of the aluminum and the aluminum
side walls. Some of these same researchers have reported more satisfactory
plaaarization results for depositing SiO~ layers on an aluminum
interconnect built upon a phosphorus glass (PSG) Ievel using O~-OMTC. In
light of the above, attempts to obtain planarity by depositing 15 surface
sensitive dielectric Iayers have not always been successful. In addition,
the inventors have discovered that these methods may produce dielectric
layers that do not have the desired quality. What is needed are more
efficient and economic methods for self planarized deposition of a high
quality trench oxide filling Iayer for shallow trench 20 isolation
integration. Improved methods of effectively utilizing the deposition rare
dependence of dielectric materials such as O~!'fEOS films are also desired.
SUMMARY OF THE INVENTION Specific embodiments of the present invention
provide more efficient 25 methods for providing shallow trench isolation
integration by forming self pianarized) high quality trench fill layers
using surface scositive dielectric materials. The invention does sa by
providing a method of depositing the dielectric material on a silicon
trench and then gmwing s tharmal oxide at the trench surfaces by an
oxidizing anneal after deposition of the trench fill layer. In this way)
defects that 30 are formed using previous iaethods can be virtually
eliminated. An optional trench cleaning step can be used prior to
deposition to further improve the quality of the trench fiU layers and the
electrical characteristics of the device. One embodiment of the invention
is directed to a method foi forming   2 3 DEC 20Q2 wo ~i6ztos pcrna~~ooass
5 a dielectric layer on a silicon substrate which includes a silicon trench
formed between upper portions and having a trench bottom and a trench waU.
The substrate is disposed in a substrate processing chamber. The method uxs
a precursor which provides deposition rate dependence of the dielectric
layer oa 



5 differently constituted surfaces at different levels on the substrate.
The differently constituted surfaces at different levels include the trench
bottom and a material on the upper portions. The method includes the steps
of introducing the precursor) preferably TEOS, into the substrate
processing chamber and flowing ozone into the substrate processing chamber
to react with the precursor to deposit a dielectric layer 10 aver the
substrate. An :ozonelprecursor ratio between the ozone and the precuror is
adjusted to regulate deposition rates of the dielectric laytr on the
differently constituted surfaces until the dielectric layer develops a
substantially planar. dielectric surface. In accordance with another
embodinieat, a substrate processing 15 system comprises a housing defining
a process chamber. A substrate holder is located within the process chamber
for holding a silicon substrate which includes a silicon trench formed
between upper portions and having a trench bottom and a trench wall. The
system further includes a gas delivery system for introducing process gases
into the process chamber and a controller for controlling the gas 20
delivery system: A memory is coupled to the controller comprising a
computerreadabie modium having a computer-readable program embodiod therein
for directing operation of the controller. The computer-readable program
includes a set of instructions to control the gas delivery system to
introduce a process gas including ozone and a precursor into the process
chamber to form a dielectric layer 25 on the silicon substrate. The
preciusor provides deparsitioa rate dependence of the dielectric layer on
differently constituted surfaces at different levels comprising the trench
bottom and a material on the upper portions of the silicon substrate, and
to adjust an ozonelprecursor ratio between the ozone and the precursor
until the dielectric layer develops a substantially planar dielectric
scuface. 30 Another embodiment is directed to a method far grocessing a
substrate including a trench having a trench surface and a wench fill
material disposed thereon. The substrate is disposed in a substrate
processing chamber. The method Includes the steps of providing art oxygen
containing gas in the substrate   2 3 DEC 2~2 WO 9916Z108 6 PCTI1899100835
processing chamber and heating the subsuate to substantially simultaneously
densify the trench fill matcriai and to form a thermal oxide at the trench
surface. According to another embodiment, a substrate processing system
comprises a housing defining a process chamber. A substrate holder is
located 5 within the process chamber for holding a substrate including a
trench having a trench surface and a trench ftll material disposed therein.
The system includes a gas delivery system for introducing process gases
into the process chamber) a heater for heating the substrate, and a
controller for controlling the gas delivery system and the heater. A memory
is cougled to the controller comprising a computer IO readable medium
having a computer-readable program embodied therein for directing operation
of the controller. The computer-readable pmgram includes a set of
instructions to control the gas delivery system to introduce an
oxygen-containing gas into the process chamber and to control the heater to
heat the substrate to substantially simultaneously densify the dielectric
layer and form a thermal oxide at 15 the treaclt surface. According to yet
another embodiment, a method for forming a trench isolation snvctw~ on a
substrate includes the step of applying a CVD anti-reflective coating (CVD
ARC) on and contacting the substrate. A photoresist is formed on~ the CVD
anti-reltective coating. A portion of the photoresist, is exposed to a
light 20 to define a location where a trench is to the formed. ~ The
photoresist is removed at the location. The method further includes the
step of etching, at the location) 



througb the CYD anti-reflective coating and through a depth of the sut~rate
to form the trtnch at the location. For a further understanding of the
objects and advantages of the 25 present invention) reference should be
made to the ensuing detailed description taken in conjunction with the
accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS Figs. la lh axe
vertical cross-scctioaal views of a substrate) 30 demonstrating trench
formation and trench fill by a dielectric material employing prior art
deposition methods; Figs. 2a and 2b are flow diagrams of alternate
embodiments of the method of forming a trench in accordance with the
present invention;   2 3 DEC 2002 wo ~rsitoa pcrns~roos3s 7 Figs. 3a and 3b
are vertical cross-sectional views of alternate embodiments of a trenched
substrate, demonsuating the use of CVD anti-reflective coatings in
accordance with the present invention; Fig. 4 is a flow diagram of an
embodiment of the raethod of forming 5 a self planarized trench fill layer
formed in accordance with the present invention; Figs. 5a and Sb arc
vertical cross-sectional views of alternate embodiments of a substrate with
a self planarized trench f111 layer in accordance with the present
invention; Fig. 6 is a flow diagram of an embodiment of the method of 10
processing a trench 1;11l layer fn accordance with the present invention;
Pig. 7 is a vertical cross-sectional view of the substrate of Fig. Sa which
has been processed with an oxidizing anneal in accordance with the present
. invention; Fig. 8 is a vert'scal, cross-sectional view of one embodiment
of a 13 chemical vapor deposition apparatus according to the present
invention; Figs. 9 and 10 are exploded perspective views of parts of the
CVD chamber depicted is Fig. 8; Fig. 11 is a simplified diagram of system
monitor and CVD system in a muitichambtr system) which may include one or
more channbers; 20 Fig. 12 shows as illustrative btoclc diagram of the
hierarchical control 



structure of the system control software, computer pmgram, according to a
specific embodiment; Figs. 13a and 13b are SEM (scarming electron
micrograph) cross sectional views of a trench fill layer formed using prior
art deposition methods; 25 Fgs. 14a and 14b are S1M cross-sectional views
of a trench fill layer formed after cleaning an etched trench having
thermal oxide on the trench walls; Figs. 15a and 15b are SF.M
cross-sectional views of a trench fill layer formed without thermal oxide
on the trench surfaces; and Figs. 16a and 16b are SF.M cross-sectional
views of a trench fill layer 30 formed after cleaning a trench having no
thermal oxide on the trench surfaces.   2 3 DEC 2002 wo ~~6ztos
Pcrn~~~oos3s s DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS I. a - a a
' a 'o o a D'et t 'c 1 w T a IntGPration Specific embodiments of the
present invention are illustrated using an 5 STI integration as an example.
The benefits of the various embodiments of the invention can be readily
seen by comparison with the prior art methods, such as illustrated in Figs.
la-lh. Specifically) the present invention provides more efficient shallow
trench isolation integration by providing self pianarized deposition of a
dielectric trench fill layer without sacrificing the quality of the
dielectric layer. It is 10 understood that the scope of the invention is
not necessarily Limited to STI integration. A. FQ~n~ a Trench Figs. 2a and
2b illustrate alternate methods of forn~g a trench on a IS substrate which
is typically made of silicon. Refecxing to Feg. 2a) the first step ZIO is
to apply a CYD anti-reflective coating (CVD ARC) directly on the silicon
substrate. Notably) use of CVD ARC eliminates the need for pad oxide and
nitride layers typically used for STI integration. Unlike the commonly used
organic spin on 9ARC, CVD ARC is an inorganic material that typically
includes) for example, 20 silicon nitride) silicon oxynitride, or siliwn
carbide. The CVD ARC is deposited by promoting chemical reaction of the
process gases in a CYD systtm. For example, a CYD ARC which includes
silicon, and nitrogen aadlor oxygen (also known as a dielectric ARC or
DARC) is deposited by introducing the following prooesa~ gases in
plasma-enhanced CYD (PECVD):. a silicon-containing gas (such as 25 siIane
or TEOS)) ~ and a nit~togcn-containing gas andlot as oxygen-containing gas.
Nitrous oxide (N10) may be used.for sappiying nitrogen and oxygen, bat
other sources of oxygen and nitrogen can of course be used. An inert gas
such as helium or argon is typically used for controlling the deposition
rtcte of the process and the film thickness, and for stabilizing the
process. An example of a suitable CVD 30 apparatus is described in U.S.
Patent No. 5,558,717 tatitled "CVD PROCESSING CHAMBER," issued to Zbao et
aI. ' The gas ratio can bo adjusted to obtain a film composition with the
desired optical characteristics (refxactive index and absorptive index) of
the deposited CVD ARC. A CVD ARC silicon nitride layer differs from   ~ 3
OEC 2002 



WO 99/6Z108 . prrns~ioos~s 9 the conventional LPCVD silicon nitride layer
is that the film composition of the LPCVD silicon cannot be modified
because LPCVD is a thermal process rather than a plasma-enhanced process.
Some of the techniques that can be used to deposit CVD ARC are described in
U.S. Patent Application No. 08I672,888 entitled 5 ~ "METHOD AND APPARATUS
FOR DEPOSITING ANTIREFLECTIVE COATING," having David Cheung, )oe Feng) Judy
H. Huang, and Wai-Fan Yau as inventors; U.S. Patent Application No.
08l852,787 entitled "METHOD AND APPARATUS FOR DEPOSITING AN ETCH STOP
LAYER," having Judy H. Huang) Wai-Fan Yau, David Cheung) and Char-Lon Yang
as inventors; and "Novel 10 ARC Optimization Methodology for KrF Excimer
Laser Lithography at Low K1 Factor" by Tohru Ogawa) Mitsunori Kimura,
Yoichi Tomo, and Toshiro Tsumori, published in the SPIE Proceedings
(OpticaULascr Microlithography V)) Volume 1674, pages 362-375 (1992). The
two applications are assigned to Applied Materials, Inc., the assignee of
the present invention. These references are hereby 15 . . incorporated by
reference. In one embodiment) a desired ratio of silane (SiH,) to N=O is
selected . for depositing a DARC. In addition, N= and NHj are introduced to
further control the optical and chemical properties of the DARC deposited.
The effects of N~ and NHf are particularly dominant in process regimes
where SiH, and Nl0 have 20 minimal or no effect oa the DARC properties)
e.g.) at low temperature. The addition of NH3 and N= in the~procas Further
changes the composition of the faun, allowing more freedom and finer tuning
of the refractive index and the..absorptive index. Furthermore) the process
is compatible with the use of helium, which is more cost-effective than
argon. Helium also allows for improved stress control of 25 the DARC layer
deposited. This helps prevent the film from becoming too tensile, which can
cause it to flake off the substrate after deposition. The CVD ARC has the
ability to absorb Light rcflectai from the substrate during
photolithography similar to the BARC (Fig. Ib). In addition) the CVD ARC
hay a reflective property that allows it to reflect light that is out-of
phasa 30 from light reflected from the substrate so that the two cancel
each other in what is referred to as a phase shift cancetlation~. The CVD
ARC also has the important additional ability to serve as an etch stop for
ChtP, making it possible to eliminate the LPCVD nitride layer (Fig.   2 3
DEC 2002 WD 99/6Z108 PCTIIB99100835 10 1 g)) as mentioned above. Further,
unlike the LPCVD nitride, the CVD ARC can be applied directly on the
silicon substrate. The pad oxide layer (Fig. la) i$ no longer needed to
cushion the transition of stresses between the silicon substrate and an
LPCVD nitride layer. Therefore, the single CVD ARC layer can replace the 5
pad oxide) LPCVD nitride, and BARC, thereby resulting in a simpler
structure and a more efficient method of preparing the substrate for STI.
The CVD ARC serves both photolithography and CMP purposes) and also is a
good barrier to oxygen diffusion. Refen~ing again to Fig. 2a, a photoresist
is formed over the CVD 10 ARC at step 212. The photoresist is exposed to
define the trench location where the wench is to be formed (step 214) and
the exposed photoresist is then stripped at the trench location (step 216)
according to a specific embodiment. An etching step 218 is performed to
etch the CVD ARC and silicon substrate to form the trench at: the trench
location. At step 220) the remaining photoresist is removed. According 15
to some specific embodiments, an optional clean step 222 can be perfoc~:ed
to clean the trench and remove contaminants. The clean step 222 can employ,
for example) 



a conventional wet etching procedure using a mixture containing
hydrofluoric acid (HF). . The resultant structure is illustrated in Fig.
3a) which shows the s;!icon substrate 224 with a CVD ARC 22b formed thaeon
having a thickness of about 20 1000-2000 A. The formed trench 228 has a
trench bdttom 230 and a trench wall 232. Compared with the conventional
approach illustrated iu. digs. la-ld, the method of Fig. 2a can eliminate
the process of growing a thermal oxide over the surfaces of the trench,
which is conventionally used to repair the plasma damage to 25 the silicon
substrate during trench formadoa. The Inventors have found that depositing
the surface sensitive dielectric material such as 03lTEOS directly over a
silicon trench significantly impmve~ the quality of the trench fill layer
to be formed over prior approaches and that the clean step 222 can further
improve filth quality, as discussed In more detail below. In addition) the
inventors have discovered that 30 an oxidizing anneal process can be used
after formation of the trench fill layer to grow a thermal oxide at the
trench bottom and trench wall as discussed below. The CVD ARC may be used
is specific embodiments of the invention. According to some specific
embodiments, subsequent process steps   2 3 DEC 2002 WO 99/61108 11
pc~rns~roos~s described below may be used whether the CVD ARC or the prior
BARClnitrideloxide combination is used. Therefore, after the formation of
the trench, the term "etch stop" layer will be used instead and is
understood to represent an LPCVD nitride layer (with a pad oxide interface)
or CVD ARC. 5 In the alternate embodiment shown in Fig. 2b, steps 250-260
are the same as steps 210-220 of Fig. 2a and are carried out to etch the
trench using the photoresist. After the photoresist is removed (step 260),
however, two additional process steps are performed. In step 262, a thermal
oxide is grown on the trench bottom and trench wall similar to that shown
in Fig. ld. The thermal oxide at the 10 trench bottom is etched away) for
example, using a conventional plasma etch procedure (step 264). The
resultant structure is illustrated in Fig. 3b) which shows a silicon
substrate 270 with an etc>t,stop layer 272 (CVD ARC or LPCVD nitride)
formed thereon and a trench 274 with a trench bottom 276 and a trench wall
278. After removal of the thermal oxide at the trench bottom 27d, the
remaining thermal 1 S oxide 280 is shown .at the trench wall 278.
Thereafter, a clean step 266 is advantageously performed using a
conventional wet etching process with an HF mixture or the tike to remove
contamunaats. As discussed below) the inventors have discovered that this
clean step 26d improves the quality of the trench fill layer that will be
deposited. 20 B. D~it~g.~~,Trench ill haven Referring to Fig. 4, after the
trenched substrate (224 in Eig. 3a or 270 in Fig. 3b) is prepared) it is
placed in a process chamber (such as the chamber 15 of Fig. 8) in step 290.
Typically an inert gas is flowed into the chamber is step 25 292 to
stabilize the pc~essure in the chamber txfore reactive process gases are
introduced. Neat) a precursor having a surface sensitivity and growth rate
dependence on differently constituted surfaces is introduced into the
chamber (step 294). An example of a suitable precursor is TE4S. Because
TEOS is a liQuid precursor) a suitable apparatus directs the bubbling of a
delivery gaa, such as 30 helium) through the TEOS in a bubbler assembly ~r
introducing a carrier gas, such as helium or nitrogen, to a liquid
injection system to vaporize the TEOS and form a process gas having the
desired flow rates. An ozone gaa is flowed into the chamber (step 296) to
react with the TEOS to deposit an 0~1TEOS trench fill layer over the  



2 3 DEC 2002 WO 9916Z108 . 12 PGT/lB99100835 substrate. The deposition rate
of the O~ITEOS Layer is faster oa the lower treach bottom {which is
silicon) thaw on the higher surfaces of the upper portions of the substrate
that include the etch stop layer (which is LPCVD nitride or CVD ARC). The
relative deposition rates of the O~/TEOS layer on the lower and higher
surfaces 5 are regulated in step 298 by adjusting the O~ETEOS ratio until
the O,ITEOS layer develops a substantially self planarized dielectric
surface. The O~ITEOS ratio can be adjusted by adjusting the flow rates of
the 0, and/or TEOS. For instance) a predetermined 031TEOS ratio can be
selected and the relative flow rates are. adjusted to achieve that ratio in
step 298. It is 10 advantageous to maximize the OslTEOS ratio to accelerate
the deposition from the trench bottom to achieve planarity. O~I'TEOS ratios
of desirably b.igher than about 10:1, sad more desirably about 10:1 to
20:1, can be used. The deposition of the trench fill layer can take place
at a relatively low temperature of under about 500C. This advantageously
avoids the undesirable 15 aiuminum fluoride formation which may occur when
deposition occurs at high temperatures above about 500C (e.g., when
necessary to densify the dielectric f lm for low O~ITEOS ratios) in
processing chambers that include aluminum tnat~etials and the longer
cleaning time required to remove the aluminum fluoride. Other process
parameters such as pressure and flow rates can Ix adjusted to optimize the
20 deposition process for a selected OsITEOS ratio. A pressure ranging from
about 200 to 700 Tort is preferable for use with OjITEOS ratios of 10:1 to
Z0:1. Figs. 5a and Sb illustrate the self planarized trench fill dielectric
layers 300) 302 respectively deposited over the substrates 224, 270 of
Figs. 3a and 3b prepared rapeaively using the methods of 8a and 8b. As
discussed in more 25 detail below, the present methods not only provide
self planarized deposition of the trench fdl layers, but also ensure that
these layers are of high quality) C. Psocessi~g the,~rench Fjl1 Layer
Referring to Fig. 6, steps 310 and 312 represent as oxidizing anaeal 30 ,
process that can be used to grow a therntal oxide at tha trench surfaces
after the trenches have been filled with the deposited trench fill layer.
While the process has general applicability beyond the STI iategcation
described herein, it has particular advantages in this example because the
prior thermal oxide growth (Fig. 1 d) has   2 3 DEC 2002 wo m6moa 13
Pcrnsmoosas been eliminated to ensure formation of a high quality trench
fill layer (e.g., O~ITEOS) and global planarization irt the method of Fig.
Za. This subsequent oxidizing anneal not only causes a thermal oxide to
grow at the trench surfaces) but it substantially simultaneously densifies
the trench fill layer) further improving its 5 quality. A dense layer is
advantageous, particularly for isolation purposes. The oxidizing anneal is
performed by subjecting the substrate to an oxygen-containing gas in step
3I0 (such as molecular oxygen) steam, sad any precursor with oxygen); and
heating the substrate to a suitable temperature (e.g., above about 800C) in
step 312. As the substrate 224 of Fig. Sa undergoes the oxidizing anneal) a
thermal 10 oxide 308 is grown along the surfaces of the trench 228 as
illustrated in Fig. 7. The oxidizing anneal is desirably made after CMP to
improve the CMP process, because the surface sensitive deposition is more
porous on active areas (LPCVD . nitride or CVD ARC) than on the trenches
(silicon) as deposited) This difference in film density can be beneficial
for the CMP process since the CMP rate will be 



15 higher over the active area than over the trenches. The final step 314
is to selectively remove and planarizc the trench fill material) typically
by CMP. This step removes the trench fill material over the etch-stop layer
which can !x LPCYD nitride ar CVD ARC. Because the dielectric profile is
substantially planar, no reverse mask and etch procedure is necessary and
ZO the CHiP step can be comgleted more quickly than the case where the
dielecuic profile is stepped, such as that shown in Fig, 1 f. This further
decreases process time and increases throughput. II. A,n_ Exemnlarv~ystem
25 One suitable CVD apparatus is which the method of the present invention
can be carried out is shown in Fig. 8, which are vertical, cross-sectional
views of a CVD system 10) having a vacuum or processing chamber 1S that
includes a chamber wall iSa and chamber lid assembly 13b. Chamber wall 15a
and chamber lid assembly 15b are shown in exploded) perspective views in
Figs. 9 and 30 10. CVD system 10 contains a gas distribution manifold 11
for dispecsiag process gases to a substrate (not shown) that rests on a
heated pedestal ~2 centered within the process chamber. During processing,
the substrate (e.g. a semiconductor   2 3 DEC 28D2 wo ~~sitos 14
pc~rnB9s~ooe3s wafer) is positioned on a flat (or slightly convex) surface
12a of pedestal 12. The pedestal can be moved controllably between a lower
loadiag/off Loading position (not shown) and an upper processing position
(shown in Fig. 8), which is closely adjacent tv manifold 11. A centerboard
(not shown) includes sensors for providing 5 information on the position of
the wafers. Deposition and carrier gases are introduced into chamber 15
though perforated hobs 13b (Fig. 10) of a conventional flat) circular gas
distribution or faceplate 13a. More specifically, deposition process gases
flow into the chamber through the inlet manifold 11 (indicated by arrow 40
~ in Fig. 8), through a 10 conventional perforated blocker plate 42 and
then through holes 13b is gas dlstribucioo faceplate 13a. ~ , . Before
reaching the manifold, deposition and carrier gases arc input from gas
sources 7 through gas supply lines 8 (Fig. 8) into a mixing system 9 where
they are combined and then sent to manifold .11. Generally) the supply
lin~_ 15 for each process gas includes (i) several safety shut-off valves
(not shown) that can be used to automatically or manually shut-off the flow
of process gas .into the chamber) and (ii) mass flow controllers (also not
shown) that measure the flow of gas through the supply line. When toxic
gases (for example) ozone or halogeaated gas) are used in the process) the
several safety shut-off valves arc positioned on 20 each gas supply line in
conventional configurations. The deposition process performed in CVD system
ld can be either a thermal process or a plasma-enhanced process. In a
plasma-enhanced gcoccss, an RF power supply 44 applies electrical
power,between the gas distribution faceptate i 3a sad the pedestal so as to
excite the process gas tnixtiue to forts a plasma within 23 the cylindrical
region between the faceptate 13a and the pedestal. ('This region will be
referred to herein as the "reaction rcgivti"). Constituents of tha plasma
react to deposit a desired film oa the surface of the semiconductor wafer
supported on pedestal 12. RF power supply 44 is a mixed frequency RF power
supply that typically supplies power at a high RF frequency (ItFl) of 13.56
MHz and at a low 30 RP frequency (RF2) of 360 K~Iz to enhance the
decomposition of reactive species introduced into the vacuum chamber. 15.
In a thermal process,. RF power supply 44 would not be utilized, and the
process gas mixture thermally reacts to deposit the desired filnns on the
surface of the semiconductor wafer supported oa pedestal 1Z)  



2 3 DEC 20Q2 wo ~rszioa I5 prrnB~roosss which is resistively heated to
provide thermal energy for the reaction. During a plasmaenhanced deposition
process, the plasma heats the entire process chamber 10, including the
walls of the chamber body 15a surrounding the exhaust passageway 23 and the
shut-off valve 24. When the plasma 5 is not turned on or during a thermal
deposition process) a hot liquid is circulated through the walls 15a of the
process chamber to maintain the chamber at an elevated temperature. Fluids
used to heat the chamber walls 15a include the typical fluid types) i.e,,
water-based ethylene glycol or oil-based thermal transfer fluids. This
heating beneficially reduces or eliminates condensation of undesirable
reactant 10 products and improves the elimination of volatile products of
the process gases and other contaminants that might contaminate the process
if they were to condense on the walls of cool vacuum passages and migrate
back into the processing chamber . during periods of no gas flow. The
remainder of the gas mixtwe that is not deposited in a layer, 1 S including
reaction products) is evacuates! from the chamber by. a vacuum pump (not
shown). Specifically, the gases are exhausted through an annular,
slot-shaped orifice 16 surrounding the reaction region and into an annular
exhaust plenum 17. The annular slot 16 and the plenum 17 are defmcd by the
gap between the top of the chamber's cylindrical aide wall 15a (including
the upper dielectric lining 19 oa 20 the wall) and the bottom of the
circular chauaber lid 20. The 360 circular symmetry and uniform'tty of the
slot orifice 16 and the plenum 17 are important to achieving a uniform
flol~t of process gases over the wafer so as W de~o.~it a uniform film on
the wafer. From the exhaust plenum 17, the gases flow underneath a lateral
25 extension portion 21 of the exhaust plenuat 17, past a viewing port (not
shown), through s downward-extending gas passage 23', past a vacuum
shut-off valve 24 (whose body is integrated with the Iower chamber. wall
ISa), and into the exhaust outlet 25 that connects to the external vacuum
pump (not shown) through a foraline (also not shown). 30 ~ The wafer
support platter of the pedestal 12 (preferably aluminum, ceramic, or a
combination thereof) is resistively-heated using an embedded single-loop
embedded heater element configured to make two full turns in the form of
parallel concentric circles. An outer portion of the heater element runs
adjacent   2 3 DEC 2002 wo 99r6~tos 16 Pcrns~rooa~s to a perimeter of the
support platter) while an inner portion runs on the path of a concentric
circle having a srnalier radius. The wiring to the heater element passes
through the stem of the pedestal 12. Typically, any or a11 of the chamber
lining) gas inlet manifold 5 faceplate, and various other reactor hardware
arc made out of material such as aluminum, anodized aluminum, or ceramic.
An example of such a CVD apparatus 'is described is U.S. Patent S,558,717
entitled "CVD Processing Chamber," issued to Zhao et ol. The 5,558,717
patent is assigned tv Applied Materials) Inc. , the assignee of the present
invention) and is hereby incorporated by reference. 10 A lift mechanlstn
and tnotor`(aot shown) raises and lowers the heated pedestal assembly I2
sad its wafer lift piss I2b as wafers are transferred into and out of the
body of the chamber by a robot blade~(aot shown) through an
iasertionlremoval opening 26 in the side of the chamber 10. The motor
raises and' lowers pedestal 12 between a processing position 14 and a
lower, wafer-loading 



15 position. The motor) .valves or flow controllers connected to the supply
Iines 8, gas delivery system) throttle valve) RF power supply ~I4) and
chamber and substrate heating systems are all controlled by a system
controller 34 (Fig. 8) over control lines 36, of which only some are shown.
Controller 34 relies on feedback from optical sensors to determine the
position of movable mechanical assemblies such as 20 the throttle valve and
susceptor which are iatovod by appropriate motors under the control of
controller 34. Ia a preferred embodiment, the system controller include a
hard disk drivt (memory 38), a floppy disk drive and a processor 37. The
processor contains a single board computer (SBG~) analog and digital
inpudoutput boards) interface 25 boards and stepper motor controller
boards. Various parts of CVD system 10 conform to the Versa Modular
European (VME) standard which defines board) card cage) and connector
dimensions and types. The VME standard also defines the bus structure as
having a 16-bit data bus and a 24-bit address bus. System controller 34
controls all of the activities of the CVD 30 machine. The system controller
executes system control software) which is a computer program stored in a
computer-readable medium such as a memory 38. ' Preferably, memory 38 is a
hard disk drive, but memory 38 may also be other kinds of memory. The
computer program iactudes sets of instructions that dictate   2 3 DEC 2002
WO 99!6Z108 PCTIIB99100835 17 the tuning, mixture of gases) chamber
pressure, chamber temperature) RF power levels) susceptor position, and
other paramctcrs of a particular process.' Other computer programs stored
on other memory devices including) for example) a floppy disk or other
another appropriate drive, may also be used to operate 5 controller 34. The
interface between a user and controller 34 is via a CRT monitor 50a and
light pen 50b, shown in Fig. 11, which is a simplified diagram of the
system monitor and CVD system ZO in a substrate processing system) which
may include tine or more chambers. In the preferred einbodinzent two
monitors 50a are 10 used, one mounted in the clean room wall for the
operators and the other behind the wall for the service technicians. The
monitors 50a simultaneously display the same information, but only one
light pen 50b is enabled. A light sensor in the tip of light pea 50b
detects light emitted by CRT display. To select a particular screen or
function) the operator touches a designated area of the display screen and
pus.6es the 15 button on the pen 50b. The touched area changes its
highlighted color, or a new menu or screon ~is displayed) confamiag
communication between the Iight pen and the display screen. Other devices,
such as a keyboard) mouse) or other pointing or communication device, may
be used instead of or In addition to light pen 50b to allow the user to
communicate with controller 34. 20 The process for depositing the film can
be implemented using a computer program product that is executed by
controller 34. The computer program code can be written is any conventional
computer readable programming language: for examplt, 68000 assembly
language) C, C++, Pascal) Fortran or others. Suitably program code is
entered into a single file) or multiple files, using a 25 conventional text
editor) and stored or embodied in a .computer usable medium, such as a
mernary system of the computer. If the entered code text is is a high level
language, the code is compiled) and the resultant compller code is they
lirdCOd with as object code of precompiled Windows's library routines. To
execute the . linked) compiled object code the system user invokes thn
object code) causing the 30 computer system to load the code in memory. The
CPU then reads and executes the code to perform the tasks identified in the
program. Fig. 12 is an illustrative block diagram of the hierarchical
control swcture of the system control software) computer program 70)
according to a   2 3 DEC 2002 



wo ~isitos PcrnBn~~ooe3s 18 specific embodiment. Using the light pen
interface, a user enters a process set number and process chamber number
into a process selector subroutine 73 in response to menus or screens
displayed on the CRT monitor. The process sots are predetermined sets of
process parameters necessary to carry out specified processes) S and are
identified by predefined set numbers. The process selector subroutine 73
identifies (i) the desired process chamber and (ii) the desired set of
process parameters seeded to operate the process chamber for performing the
desired process. The process parameters for performing a specific process
relate to process conditions such as, for example, process gas composition
and flow rates) 10 temperature, pressure, plasma conditions such as RF
power levels and the low frequency RF frequency, cooling gas pressure, and
chamber wall temperature, These parameters are provided to the user in the
form of a recipe, and are enteredt utilizing the Iight pen/CRT monitor
interface. The signals for monitoring the process ate provided by the
analog and 1 S~ digital input boards of the system controller) and the
signals for controlling the process are output on the analog and digital
output boards of CVD system 10. A process sequences subroutine 7S comprises
program code for accepting the identified process chamber and set of
process parameters from the process selector subroutine 73, and for
coatrolliag operation of the various process 20 chambers. Multiple users
can enter process set numbers and process chawber numbers, or a user eau
enter multiple process xt numbers and process chamber numbers, so the
sequeacer subroutine 75 operates to schedule the selected processes in the
desired soquence. Preferably, the sequences subroutine 75 includes a
program code to perform the steps of (i) monitoring tha operation of the
process 25 chambers to detercaine if the chambers are being used, (ii)
determining what processes are being carried out in the chambers being
used; and (iii) executing the desired process based on availability of a
process chamber and type of process to be carried out. Conventional methods
of monitoring the process chambers can bo used) such as polling. When
scheduling which process is to be cxecuted~) sequences 30 subroutine 75
takes into consideration the present condition of the process chamber being
used in comparison with the desired process conditions for a selected
process, or the "age" of each particular user entered request, or any other
relevant factor a system prograwmer desires to iaelude for determining
scheduling priorities.   2 3 DEC 2002 wo ~i6zioe pc~rna99rooa3s 19 Once the
sequenccr subroutine 75 determines which process chamber and process set
combination is going to be executed next, the sequencer subroutine 75
initiates execution of the process set by passing the particular process
set parameters to a chamber manager subroutine 77a-c) which controls
multiple 5 processing tasks in a process chamber 15 according to the
process set determined by the sequcncer subroutine 75. For example) the
chamber manager subroutine 77a comprises program code for controlling
sputtering and CVD process operations in the process chamber 15. The
chamber manager subroutine 77 also controls execution of various chamber
component subroutines that control operation of the 10 chamber components
necessary to carry out the selected process set. Examples of chamber
component subroutines are substrate positioning subroutine 80, process gas
control subroutine 83, pressure control subroutine 85, heater control
subroutine 87a and plasma control subroutine 90. Those having ordinary
skill in the art will readily recognize that other chamber control
subroudnes can be included depending 15 on what processes are to be
performed in the process chamber 15. In operation) the chamber manager
subroutine 77a selectively schedules or calls the process component
subroutines in accordance with the particular process set being executed.
The chamber manager subroutine 77a schedules the process component
subroutines much like the sequencer subroutine 75 schedules which process
chamber 15 and 20 process set are to be executed next. Typically) the
chamber manager subroutine 77a includes steps of monitoring the various
chamber components, determining which components need to be operated based
on the process parameters-for the process net to be executed) and causing
execution of a chamber component subroutine responsive to the monitoring
and determining steps. 25 ~ Operation of partiwlu chamtxr coaiponeat
subroutines will nov~~ be 



described with reference to Fig. 12. The substrate positioning subroutine
8Q comprises program code for controlling chamber components that are usod
to load the substrate onto pedestal 12 and) optionally, to lift the
substrata to a desired height in the chamber 15 to control the spacing
between the substrate and the gas 30 distribution manifold 11. When a
substrate is loaded into the process chamber 15, pedestal 12 is lowered to
receive the substrate, and thereafter, the susceptor 12 is raised to the
desired height in the chamber, to maintain the substrate at a first
distance or spacing from the gas distribution manifold during the CVD
process. In   2 3 DEC 2002 WO 99/6Z108 PCTJIB99100835 20 operation, the
substrate positioning subroutine 80 controls movement of pedestal 12 in
response to process set parameters related to the support height that are
transferred from the chamber manager subroutine 77a. The process gas
control subroutine 83 has program code for 5 controlling process gas
composition and flow rates, The process gas control subroutine 83 controls
the openlciose position of the safety shut-off valves) and also ramps
upldown the mass flow controllers to obtain the desired gas flow rats. The
process gas control subroutine 83 is invoked by the chamber manager
subroutine 77a, as arc all chamber component subroutines) and receives from
the chamber 10 manager subroutine process parameters related to the desired
gas flow rates. Typicahy, the process gas control subroutine 83 operates by
opening the gas supply lines and repeatedly (i) reading the necessary mass
flow controllers, (ii) comparing` the readings to the desired flow rates
received from the chamber manager subroutine 77a) and (iii) adjusting the
flow rates of the gas supply lines as 15 necessary,. Furthermore) the
process gas control snbroutinc 83 included steps for monitoring the gas
flow rates for unsafe rates and for activating the safety shut-off valves
when an unsafe condition is detected. In some processes, an inert gas such
as helium or argon is flowed into the chamber 15 to stabilize the pressure
in Iha chamber before reactive process 20 gases are introduced. For these
processes) the prxes~ gas control subroutine 83 is programmed to include
steps for flowing the inert gas into the chamber 15 for an amount of time
necessary to stabilize the pressure in the chamber) and .lhen the steps
described above would be carried out. Additionally) when a process gas is
to be vaporized from a liquid precursor) for example, TEOS, the process gas
control 25 subroutine 83 is written to include steps for bubbling a
delivery gas, such as helium, through the liquid precursor in a bubble`
assembly or introducing a carrier gas, such as helium or nitrogen, to a
liquid lnjectioa system. Whoa a bubble` is used for this type of process)
the process gas control subroutine 83 regulates the flow of the delivery
gas, the pressure in the bubble`) and the bubble` temperature in 30 order
to obtain the desired process gas flow rates. As discussed above, the
desired process gas flow rates are transferred to the process gas control
subroutine 83 as process garamecers. Furthermore, the process gas control
subroutine 83 includes steps for obtaining the necessary delivery gas flow
rata) bubble` pressure, and   2 3 DEC 2002 wo ~~sztaa Pcrn~as~rooa3s 21
bubbler temperature for the desired process gas flow rate by accessing a
stored table containing the necessary values for a gives process gas flow
rate. Once the necessary values are obtained, the delivery gas flow rate)
bubbler pressure and bubbler temperatwe are monitored, compared to the
necessary values and adjusted 5 accordingly. The pressure control
subroutine 85 comprises program code for controlling the pressure in the
chamber 15 by regulating the size of the opening of the throttle valve in
the exhaust system of the chamber. The size of the opening of the throttle
valve is set to control the chamber pressure to the desired level in 10
relation to the total process gas flow, size of the process chamber) and
pumping setpoint pressure for the exhaust system. When the pressure control
subroutine 85 is invoked, the desired) or target) pressure level is
received as a parameter from the chamber manager subroutine 77a. The
pressure control subroutine 85 operates to measure the pressure in the
chamber IS by reading one or more conventional 



15. pressure manometers connected to the chamber) to compare the measure
values) to the target pressure, to obtain P1D (proportional, integral) and
differential) values from a stored pressure tabie corresponding to the
target pressure) and to adjust the throttle valve according to the PID
values obtained from the pressure table. Alternatively) the pressure
control subroutine 85 can be written to open or close the 20 throttle valve
to a particulat opettiag size to rcgtitate the chamber IS to the desired
pressure. The heater control subroutine 87. comprises program code for
controlling the current to a heating unit that is used to heat the
substrate 20.. x3e heater control subroutine 8? is also. invoked by the
chamber manager subroutine 77a 25 and receives a target, or sit-point)
temperature parameter. The heater control subroutine 87 measures the
temperature by measuring voltage output of a thermocouple located in
podestai 1Z) comparing the measurcd~ temperature to the set-point
temperaaire, and increasing ar decreasing current appHod to the heating
unit to obtain the set-paint temperature. Tha temperatxtre is obtained from
the 30 measured voltage by looking up the corresponding temperature in a
stored conversion table, or by calculating the temperature using a
fourth-order polynomial. When an embedded loop is used to heat pedestal 12)
the heater control subroutine 87 gradually controls a ramp upldown of
current applied to the loop. Additionally,   2 3 DEC 2002 wo 99rsztoa 22
rcrrns99roos3s a built-in fail-safe mode can be included to detect process
safety compliance, and can shut down operation of the heating unit if the
process chamber 15 is not property set up. The plasma control subroutine 90
comprises program code for setting 5 the low and high frequency 1tF power
levels applied to the process electrodes in the chamber 15, and for setting
the low frequency 1tF frequency employed. Similar to the previously
described chamber component subroutines, the plasma control subroutine 90
is invoked by the chamber manager subroutine 77a. The above reactor
description is mainly for illustrative purposes, and 10 other plasma CVD
equipment such as electron cyclotron resonance (ECR) plasma CVD devices)
induction coupled ItF high density plasma CVD devices, or the like may be
employed. Additionally, variations of the above-described system) such as
variations in pedestal design, heater design, RF power froquencies,
location of 1ZF power connections and others are possible. For example) the
wafer could be I S supported by a susceptor and heatod by quartz lamps. The
layer and method for forming such a layer of the present invention is not
limited to any specific apparatus . or to any specific plasma excitation
method. III. Experimen,,~, and Test exults 20 The following experimental
examples are used to illustrate the advantages of the present invention in
the dielectric film quality when the different methods described above are
used for preparing the trenches in the sub~rate prior to deposition. The
examples were undertaken using a CVD chamber) and in particular. a "DxZ" or
a "Cx2" chamber (sized far a 200-mm substrate and having ZS a volume of
about 7 liters) fabricated and sold by Applied Materials, lac., Santa Clam)
California. Silicon substrates having an LPCVD silicon nitride etch stop
layer and trenches with different widths up to 0.25 pm were ustd.
Deposition was carried out by sub-atmospheric CYD (SACVD). Typical pmcess
parameters for the dielectric deposition procedure outlined in Fig. 4
include a pressure of about 200 30 700 Torc) a heater temperature of about
300-500C) an inert 'gas (He or N~ flow rate of about 5,000-10,000 scan
(standard cubic centimeters per minute), an ozone flow rate of about
4,000-8,000 scan) a TEOS flow rate of about 200500 mgm (milligrams per
minute) ) and an ozone concentration of about I2 20 wt. 96 (percent   ~ 3
DEC 2002 wo ~~6atog 23 Pcrna99roosss by weight). In the examples shown is
Figs. I3a-16b) the same process parameters were used: a pressure of about
450 Torr) a heater temperature of about 400C, a helium flow rate of about
3000 scan, an ozone flow rate of about 5000 scan) a 



5 TEOS flow rate of about 3Z0 mgm, and as ozone concentration of about 12.5
wt. ~. This provides an O~ITEOS ratio of about 13:1. The observed
deposition rate is about 3000 Almin on silicon, about 1000 ~r/min oa LPCYD
silicon nitride) and about 1050 t~lmin on thcrmal.oxide. The trench depth
is about 0.55 ~cm and two trench widths arc used: 0.2S ~m (Figs. 13a-16a)
and 1 Wm (Figs. 13b-16b). 10 Figs. 13a and 13b show SEM cross-sectional
views of as O~/TEOS Iayer 350 formed over a trenched substrate 352 with as
LPCYD silicon nitride etch stop layer 354. The trenches are prepared using
a prior method of growing a thermal oxide at the trench bottoms and trench
walls and then etching away the thermal oxide from the trench bottoms.
Although the trench fill layer 35A has a 15 surface profile that approaches
planarity, defects in the form of separations along the trench surfaces,
particularly at the trench walls) are observed. Voids indicating
undesirable porosity are observed in the trench fill layer 3S0 near the
trench wall for the trench at tile open fteld (Fig. I3a). These defects are
believed to be the result of intrinsic stress differences between
dielectric film growth on the silicon at 20 the trench bottom and the
thermal oxide at the trench wall. The defects are undesirable) and
particularly problematic for isolation pucpases. Figs. 14a and 14b show SEM
cross-sectional views of as O3/TEOS layer 370 formed over a trenched
substrate 372 using a method of preparing trenches that is sinniIar to that
shown in Fig. 2b, except that an LPCYD silicon 25 nitride etch stop layer
374 is usod instead of a CVD ARC. According to this method, the trenches
are cleaned after etching away the thermal oxide from the trench bottoms
(step 266). In this example) a wet etch using a mixture containing about 1
% HF is performed for about 14 seconds, although other similar cleaning
processes can also be need. As shown in Figs. I4a and 14b, this clean step
quite 30 substantially improves the quality of the dielectric film 370,
which has a substantially planar surface. The separations along the trench
surfaces are less pronounced and widespread when compared with those of
Figs. 13a and 136. The porosity adjacent the trench surfaces is
signiftcantty roducecl. Cleaning the trenches   ~ 3 DEC 2002 wo 99isitoa
~crrtB~rooe3~ 24 prior to deposition apparently reduces the stress effects.
As seen from the improvement to the quality of the trench fill Payer 3T0,
the clean step 266 can offer bcnefts that outweigh the cost of performing
the additional step. Figs. 15a and 15b show SEM cross-sectional views of an
O31TEOS 5 layer 380 formed over a trenched substrate 382 using a method of
preparing trenches that is similar to that shown in Fig. 2a) except that an
LPCVD silicon nitride etch stop layer 384 is used instead of a CVD ARC.
This method eliminates the grov~ith of thermal oxide before the deposition
of the O~!'TEOS film, thereby avoiding stress effects. In thi' example,
however, the clean step 222 is not 10 performed. As shown in Figs. 15a and
15b, the quality of the substantially planar trench fill layer 380 is
remarkably better than those of the first two examples (Figs. 13a-15b).
There is no noticeable separation along the trench surfaces sad very fev~
voids are formed) most of which are near or above the 1.PCVD nitride layer
384 ' and will subsequently be removed by CMP. The good quality trench fill
layer 380. 15. is particularly advantageous for trench isolation purposes.
To grow a thermal oxide at the trench surfaces and further densify the
trench h11 layer 380) the oxidizing anneal procedure described above in
connection with Figs. 6 and 7 can be used, Figs. 16a and 16b show SEM
cross-sectional views of a substantially planar 03ITEOS layer 390 formed
over a trenched substrate 392 using a method of 20 preparing trenches that
is similar to that shown in Fig. 2a) except that an LPCYD silicon nitride
etch stop layer 394 is used instead of a CVD ARC. This method differs from
that used to conduct the deposition shown in Figs. i5a and t56 in that it
includes the trench clean step 222 prior to deposition. In this example)
the trenches are cleanod by a wet etch using a mixture containing about 196
HF for 25 about 10 seconds. Figs. 16a and 16b shows some impmvemcnt in the
qualityr of the trench fill layer 390 over that of Figs. 15a and 15b,
specifically in ter~ma of less void formation. Thus, the optional clean
step 222 can be used when additional improvement in film quality is
desired. An oxidizing anneal can also be used to grow a thermal oxide at
the trench surfacW. The wench fill layer 390 of Fig. I6a 30 has superior
global planarization with virtually no step height effect as compared with
the trench fill layer 128 shown in Fig, le) which has the step height 130.
As seen from the above discussion, defects are formed along and adjacent to
trench surfaces when the dlel~ctric material is deposited over a trench 



2 3 DEC 2002 wo ~~6stoa PcrnB~roos~s 25 having a thermal oxide grown on the
trench wall and trench bottom and then etched from the trench bottom. Some
embodiments of the present invention reduce the formation of the defects by
applying a trench clean step prior to deposition of the dielectric trench
Q11 material. Ia a preferred embodiment, the conventional thermal 5 oxide
growth is eliminated prior to deposition to substantially eliminate the
defects. Insttad, a thermal oxide is preferably gmwn on the trench surfaces
after deposition using an oxidizing anneal procedure which also densifies
the dielectric trtach fill layer. The present method can be used to improve
the global plana,<ization IO without sacrificing the quality of the
dielectric film and to reduce cost and increase throughput. The oxidixiag
annul makes it possible to grow a thermal oxide at the trench surfaces
after filling the trenches with a self planarizod) high quality trench .;
fill layer. The use of CVD ARC for photolithography and CMP purposes to
form:` trenches is more efficient and results in a simpler structura.. In
addition) alternate 15 embodiments can be devised by, for examplo, varying
tha 03lTEOS ratio, pressure) or other parameters far dielectric deposition.
'fhe scope of the invention shocsld) therefore, be determined not with
reference to tht above desaiptioa, Gut instead should be determined with
reference to the appended cIanm,s along with their full scope of
equivalents. ,   2 3 DEC 200L wo 99i6sioa 26 Prrnsmooe3s WHAT IS CLAIMED
IS: 1 I. A method for forming a dielectric layer on a silicon substrate 2
which includes a silicon trench formed between upper portions and having a
tr~~ach 3 bottom and a trench wall, said substrate dirposcd in a substrate
processing chamber) 4 said method using a precursor which provides
deposition rate dependence of said 5 dielectric Layer on differently
constituted surfaces at different levels on the substrate, 6 said
differently constituted surfaces at different levels comprising said trench
bottom 7 and a material oa said upper portions, the method comprising the
steps of: 8 introducing said precursor, preferably TEOS) into said
substrate 9 processing chamber; 10 flowing ozone into said substrate
processing chamber to react with 11 said precursor to deposit a dielectric
layer over said substrate; and 12 adjusting an ozonelprecursor ratio
between said ozone and said 13 precursor to regulate deposition rates of
said dielectric layer on said differently 14 constituted surfacxs until
said dielectric layer develops a substantially planar 15 dielectric
surface. 1 2. The method of claim 1 further comprising) prior to said 2
introducing, flowing, and adjusting steps) the 'step of cleaning said
trench. 



1 3. The method of claim 2 wherein said cleaning step includes 2 exposing
said trench to a wet etchaat. 1 4. The method of claim 1 wherein said
material on said upper 2 portions includes a CYD anti-reflective coating on
said silicon substrate. 1 5. The method of claim 1 wherein said trench is
formed by 2 applying a CVD anti-reflective coating on and contacting said
silicon substrate; 3 forming a photoresist on said CVD anti reflxtive
coating; exposing a portion of 4 said photoresist to a light to define a
location where said trench is to be formed; 5 removing said photoresist at
said location; and etching) at said location, through 6 said CVD
anti-reflective coating and through a depth of said substrate to fona said
7 trench at said location.   2 3 DEC 2002 wo ~~6itos ~ pcrnB~roosas 1 6.
The method of claim 1 further comprising the steps of flowing Z an
oxygen-containing gas into said substrate processing chamber anti heating
said 3 substrate to substantially simultaneously densify said dielectric
layer and to form a 4 thermal oxide at said trench bottom and trench wall.
1 7. The method of claim 1 wherein said adjusting step includes 2
generating faster deposition rates on lower surfaces than on higher
surfaces of said 3 substrate. 1 8. The method of claim 1 further comprising
the step of 2 generating a pressure of about 200.700 Torn and a temperature
of about 300-SUOG. 3 in said substrate processing chamber. ; 1 9. . The
method of claiar 1 wherein said adjusting step includes 2 adjusting said
ozonelprecursor ratio to about 10: i to 20:1 ) preferably about 13:1. I ld.
The method of claim 9 further comprising the step of 2 controlling a
pressure in said substrate processing chamber based on an 3 ozone/procursor
ratio selected during said adjusting step. 1 11. A substrate processing
system comprising: 2 a housing defining a process chamber; 3 a substrate
holder) located within said process chamber) for holding a 4 silicon
substrata which includes a silicon trench formed between upper portions and
5 having a trench bottom and a trench wall; 6 a gas delivery system for
introducing process gases into said process ? chamber; 8 a controller for
controlling said gas delivery system; and 9, a memory coupled ~to said
conaollrr comprising a computer-readable 10 medium having a
computer-readable program embodied therein for directing i 1 operation of
said controller, said computer-readable program including a set of 12
icstructions to control said gas delivery system to introduce a process gas
including   2 3 DEC 2002 wo ~~ssios Pcrns9sroosss 28 13 ozone sad a
precursor into said process chamber to form a dielectric layer on said I4
silicon substrate) said precursor providing deposition rate dependence of
said 15 dielectric layer on differently constituted surfaces at different
levels comprising said 16 trench bottom and a material on said upper
portions of said silicon substrate, and to 17 adjust an ozonelprecursor
ratio between said oZOne and said precursor until said 



18 dielectric layer develops a substantially planar dielectric surface. 1
12. A method for processing a substrate including a trench having 2 a
trench surface and a trench fill material disposed thereon, said substrate
disposed 3 in a substrate processing chamber, the method comprising the
steps of: 4 providing an oxygen-containing gas in said substrate processing
5 chamber; and 6 heating said substrate to substantially simultaneously
densify said 7 trench fill material and to form a thermal oxide at said
trench surface. 1 13. The method of claim I2 wherein said oxygen-containing
gas is. 2 selected from the group consisting of molecular oxygen gas and
steam. 1 14. ,The method of claim i2 wherein said heating step includes 2
increasing a temperature of said substrate to at least about 800"C. 1 ~ I5.
A substrate processing system comprising: 2 a housing defining a process
chamber; 3 a substrate holder, located within said process chamber) for
holding a 4 substrate including a trench having a trench surface and a
trench ftll material 5 disposod thereon; 6 a gas delivery system for
introducing pmcess gases into said process 7 chamber; 8 a heater for
heating said substrate; 9 a controller for controlling said gas delivery
system and said heater; 10 and 11 a memory coupled to said controller
comprisiutg a computer-readable 12 medium having a computer-readable
program embodied therein for directing   2 9 DEC 2002 wo ~~6ztoa
pcrns99ioo~ss 29 13 operation of said controller) said computer-readable
program including a sot of 14 instructions to control said gas delivery
system to introduce an oxygen-coataining 15 gas into said process ch,acnber
and to control said heater to heat said substrate to 16 substantially
simultaneously densify said dielectric layer and form a thermal oxide at 17
said trench surface. 1 16. A method for forming a trench isolation
structure on a 2 substrate, the method comprising tha steps of: 3 applying
a CVD anti-reflective coating on and contacting said 4 substrate; 5 forming
a photoresist on said CVD anti-reflective coating; 6 exposing a portion of
said photoresist to a light to define a location 7 where a trench is to be
formed; 8 removing said photoresist at said location; and 9 etching, at
said location, through said CVD anti=reflective coating and 14 through a
depth of said substrate to form said trench at said location. 1 ly. The
method of claim 16 wherein said CVD sari-reflective 2 coating is applied
with a thickness of about l000-2000 A. i 18. The method of claims 16
farther comprising) foltowiag said 2 etching step, the steps of 3 .
removing a remainder of said photoresist; and 4 - filling said trench on
said substrate with a trench fill material, 



5 preferably as oxidr. 1 19. The method of claim 18 whereia said o:rlde
comprises an 2 oxide film produced by reacting~a precursor) preferably
TBOS, and ozoaa. 1 20. The method of claim 19 wherein said oxide film has a
ratio of 2 said ozone to said precursor of about 10:1 to 20:1) prefarabiy
about 13:1. 1 21. The method of claim 19 further comprising the saps of:
2 3 DEC 2D02 WO 9916A08 PCTlIB99/00~ 30 2 subjecting said substrate to an
oxygen-containing gas; and 3 heating said substrate to substantially
simultaneously deasify said 4 trench fill msteriai and to form a thermal
oxide at an interface between said trench 5 F11 material and a surface of
said trench. 1 22. The method of claim 18 further comprising the steps of:
2 subjecting said substrate to as oxygan coatai,ai,ag gas; acrd 3 heating
said substrate to substantially simultaneously densify said 4 trench fill
material and to form a thermal oxide at as interface between said trench 5
. fill material and a surface of said trench. 1 23. The method of claim 18
wherein said trench Riling step 2 includes depositing a layer of said
trench fill material in said trench and said CVD, 3 anti-reflective
coating; and selectively removing said trench fill material over said 4 CVD
anti-reflective coating. 1 24. The method of claim 23 wherein said
selective removing step 2 is a chemical mechanical polishing step and
wherein said CVD anti-reflective 3 coating acts as an etch stop for said
chemical mechanical polishing step. 1 25. The method of claim 16 wherein
said CVD anti-reflective 2 coating is formed by a plasma-ea6anced chemical
vapor deposition of a dielectric 3 I 26. The method of claim 23 wherein
said dtelectrne material is 2 selected from the group consisting of silicon
nitride and silicon oxynitride. 1 27) The method of claim 16 wherein acid
CVD ante reflective 2 coating comprises silicon carbide.
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