
METHODS FOR FORMING A DIELECTRIC LAYER WITHIN  TRENCHES CROSS-REFERENCES TO
RELATED APPLICATIONS [0001] This application is related to a co-assigned
U.S. Patent Application having  5 attorney docket number A010498/T69600, by
Nitin K. Ingle et al., and titled  "CHEMICAL VAPOR DEPOSITION OF HIGH
QUALITY FLOW-LIKE SILICON  DIOXIDE USING A SILICON CONTAINING PRECURSOR AND
ATOMIC  OXYGEN." This application is also related to a co-assigned U.S. Pat.
App. Ser. No.  11/754,924 by Lubomirsky et al, filed May 29, 2007, and
titled "PROCESS CHAMBER 10 FOR DIELECTRIC GAPFILL." The application is
further related to a co-assigned  U.S. Patent Application having attorney
docket number 016301/078800US, by Abjijit  Basu Mallick et al., and titled
"HIGH QUALITY SILICON OXIDE FILMS BY  REMOTE PLASMA CVD FROM DISILANE
PRECURSORS." The entire contents of  the related applications are hereby
incorporated by reference for all purposes. 15 BACKGROUND OF THE INVENTION
[0002] The present invention relates in general to methods for forming
semiconductor structures, and more particular to methods for forming a
dielectric  layer within trenches. [0003] As the device density on
integrated circuits continues to increase, the size  20 and distance between
device structures continue to decrease. The narrower widths  in the gaps of
the structures and the trenches between structures increases the ratio  of
height to width (i.e., the aspect ratio) in these formations. The continued
miniaturization of integrated circuit elements is shrinking the horizontal
width  within and between these elements faster than their vertical height.
25 [0004] While the ability to make device structures with ever increasing
aspect  ratios has allowed more of the structures (e.g., transistors,
capacitors, diodes, etc.) to  be packed onto the same surface area of a
semiconductor chip substrate, it has also  created fabrication problems. One
of these problems is the difficulty of completely  1 filling the gaps and
trenches in these structures without creating a void or seam  



during the filling process. Filling gaps and trenches with dielectric
materials like  silicon oxide is necessary to electrically isolate nearby
device structures from each  other. If the gaps were left empty, there would
be too much electrical noise, and  5 current leakage for the devices to
operate properly (or at all). [0005] When gap widths are larger (and aspect
ratios smaller), the gaps are  relatively easy to fill with a rapid deposit
of a dielectric material. The deposition  material would blanket the sides
and bottom of the gap and continue to fill from the  bottom up until the
crevice or trench was fully filled. As aspect ratios increased 10 however,
it became more difficult to fill the deep, narrow trench without having a
blockage start a void or seam in the fill volume. [0006] Voids and seams in
a dielectric layer create problems both during  semiconductor device
fabrication and in the finished devices. The voids and seams  are formed
randomly in the dielectric layer and have unpredictable sizes, shapes, 15
locations and population densities. This results in unpredictable and
inconsistent  post-deposition processing of the layer, such as even etching,
polishing, annealing,  etc. The voids and seams in the finished devices also
create variations in the  dielectric qualities of gaps and trenches in
device structures. This can result in  uneven, and inferior device
performance due to electrical crosstalk, charge leakage, 20 and even
shorting within and between device elements. [0007] Techniques have been
developed to minimize the formation of voids and  seams during deposition of
dielectric materials on high aspect ratio structures.  These include slowing
the deposition rate of the dielectric material so it stays more  conformal
to the sidewalls and bottom of the trench. A more conformal deposition 25
can reduce the degree to which the deposited material builds up at the top
or middle  of the trench and eventually seals off the top of a void.
However, slowing the  deposition rate means increasing the deposition time,
which reduces processing  efficiency and production rates. [0008] Another
technique to control void formation is to increase the flowability of  30
the deposited dielectric material. A material with more flowability can more
quickly  2 



fill a void or seam and prevent it from becoming a permanent defect in the
fill  volume. Increasing the flowability of an silicon oxide dielectric
material often  involves adding water vapor or peroxide (e.g., H202) to the
mix of precursors used to form the oxide layer. The water vapor creates more
Si-OH bonds in the deposited  5 film which impart an increased flowability
to the film. However, increasing the  moisture level during a silicon oxide
deposition can also adversely effect the  properties of the deposited film,
including its density (i.e., an increased wet etch rate  ratio (WERR)) and
dielectric properties (i.e., an increased k-value). BRIEF SUMMARY OF THE
INVENTION 10 [0009] According to an exemplary embodiment, a method for
forming a  semiconductor structure includes reacting a silicon precursor and
an atomic oxygen  precursor at a processing temperature of about 150C or
less to form a silicon oxide  layer over a substrate. The silicon oxide
layer is ultra-violet (UV) cured within an  oxygen-containing environment.
15 [0010] According to another exemplary embodiment, the method further
includes  forming at least one trench structure within the substrate,
wherein the at least one  trench structure has a height to width aspect
ratio of about 5:1 or more. [0011] According to the other exemplary
embodiment, the method further includes  providing the substrate to a
deposition chamber; generating the atomic oxygen 20 precursor outside the
deposition chamber; introducing the atomic oxygen precursor  into the
chamber; and introducing the silicon precursor to the deposition chamber,
wherein the silicon precursor and the atomic oxygen precursor are mixed in
the  deposition chamber. [0012] According to alternative exemplary
embodiment, the generating the atomic  25 oxygen precursor includes: forming
a plasma from a gas mixture comprising argon;  and introducing an oxygen
precursor to the plasma, wherein the oxygen precursor  dissociates to form
the atomic oxygen. The oxygen precursor may be selected from  the group
consisting of molecular oxygen, ozone, and nitrogen dioxide. 3 [0013]
According to an exemplary embodiment, the silicon precursor is selected  



from the group consisting of silane, dimethylsilane, trimethylsilane,
tetramethylsilane, diethylsilane, tetramethylorthosilicate (TMOS),
tetraethylorthosilicate (TEOS), octamethyltrisiloxane (OMTS), 5
octamethylcyclotetrasiloxane (OMCTS), tetramethylcyclotetrasiloxane
(TOMCATS),  DMDMOS, DEMS, methyl triethoxysilane (MTES),
phenyldimethylsilane, and  phenylsilane. [0014] According to another
exemplary embodiment, UV curing the silicon oxide  layer has a processing
temperature between about 20C and about 650C. 10 [0015] According to the
other exemplary embodiment, oxygen-containing  environment comprises a
mixture of ozone and oxygen. [0016] According to alternative exemplary
embodiment, the ozone has a  percentage of about 18% or less. [0017]
According to an exemplary embodiment, UV curing the silicon oxide layer  15
has a processing time between about 1 minute and about 10 minutes. [0018]
According to alternative exemplary embodiment, UV curing the silicon  oxide
layer has an UV wavelength between about 200 nanometer (nm) and about 450
nm. [0019] According to another exemplary embodiment, a method for forming a
20 semiconductor structure includes interacting a silicon-containing
precursor with at  least one radical nitrogen precursor at a processing
temperature of about 150C or  less to form a silicon-nitrogen containing
layer over a substrate, the silicon- containing precursor comprising two
silicon atoms. The silicon-nitrogen containing  layer is UV cured within an
oxygen-containing environment to form a silicon oxide  25 layer. [0020]
Additional embodiments and features are set forth in part in the description
that follows, and in part will become apparent to those skilled in the art
upon  examination of the specification or may be learned by the practice of
the invention, 4 The features and advantages of the invention may be
realized and attained by means  of the instrumentalities, combinations, and
methods described in the specification. 



BRIEF DESCRIPTION OF THE DRAWINGS [0021] A further understanding of the
nature of some exemplary embodiments 5 may be realized by reference to the
remaining portions of the specification and the  drawings wherein like
reference numerals are used throughout the several drawings  to refer to
similar components. In some instances, a sublabel is associated with a
reference numeral and follows a hyphen to denote one of multiple similar
components. When reference is made to a reference numeral without
specification 10 to an existing sublabel, it is intended to refer to all
such multiple similar components.  [0022] FIG. 1 is a flowchart showing an
exemplary method for forming a silicon  oxide layer over a substrate. [0023]
FIGS. 2A-2D are schematic cross-sectional views showing an exemplary  method
for forming a shallow trench isolation (STI) structure. 15 [0024] FIG. 3 is
a simplified flow chart illustrating an exemplary method for  forming a
silicon oxide film over a substrate. [0025] FIG. 4 is a configuration shows
an exemplary chemical reaction process of  conversion of Si-Si bonds in a
silicon precursor to Si-N(H)-Si bonds then expansively  into Si-O-Si bonds.
20 DETAILED DESCRIPTION OF THE INVENTION [0026] Exemplary methods are
described for forming a silicon oxide layer having a  desired film density,
a carbon concentration and/or a wet etch rate ratio (WERR)  after a UV
curing within an oxygen-containing environment. The UV curing may  desirably
enhance the density of the silicon oxide layer and/or reduce the wet etch
25 rate ratio of the silicon oxide layer. [0027] Some exemplary methods
include reacting a silicon precursor and an atomic  oxygen precursor at a
processing temperature of about 150C or less to form a silicon  5 oxide
layer over a substrate. The silicon oxide layer is ultra-violet (UV) cured
within  an oxygen-containing environment. Other exemplary methods include
interacting a  silicon-containing precursor with at least one radical
nitrogen precursor at a processing temperature of about 150C or less to form
a silicon-nitrogen containing 



5 layer over a substrate, the silicon-containing precursor comprising two
silicon atoms.  The silicon-nitrogen containing layer is UV cured within an
oxygen-containing  environment to form a silicon oxide layer. [0028] FIG. 1
is a flowchart showing an exemplary method for forming a silicon  oxide
layer over a substrate. In FIG. 1, a method 100 for forming a silicon oxide
layer  10 over a substrate may include processes 102-112, for example.
[0029] Process 102 provides a substrate such as substrate 200 (shown in FIG.
2A) to  a deposition chamber. The substrate 200 may be a silicon substrate,
a III-V  compound substrate, a silicon/ germanium (SiGe) substrate, an
epi-substrate, a  silicon-on-insulator (SOI) substrate, a display substrate
such as a liquid crystal 15 display (LCD), a plasma display, an electro
luminescence (EL) lamp display, or a  light emitting diode (LED) substrate,
for example. In some embodiments, the  substrate 200 may include at least
one structure, such as trench structure, well,  junction, diode, transistor,
metal-oxide-semiconductor field effect transistor  (MOSFET), interlayer
dielectric (ILD) structure, inter-metal dielectric (IMD) 20 structure,
circuit, other semiconductor structure or various combinations thereof.  The
substrate 200 may be a semiconductor wafer (e.g., a 200 mm, 300 mm, 400 mm,
etc. silicon wafer). In some embodiments, the substrate 200 may have at
least one  trench such as trenches 210 formed therein as shown in FIG. 2A.
[0030] In some embodiments, process 104 may generate an atomic oxygen 25
precursor outside the deposition chamber. The atomic oxygen precursor may be
generated by, for example, the dissociation of an oxygen containing
precursor such  as molecular oxygen (02), ozone (03), an nitrogen-oxygen
compound (e.g., NO, NO2,  N20, etc.), a hydrogen-oxygen compound (e.g., H2O,
H202, etc.), a carbon-oxygen  compound (e.g., CO, CO2, etc.), as well as
other oxygen containing precursors and 30 combinations of precursors. 6
[0031] In some embodiments, the dissociation of the oxygen containing
precursor  to generate the atomic oxygen precursor may be done by thermal
dissociation,  ultraviolet light dissociation, and/or plasma dissociation,
among other methods.  



Plasma dissociation may involve striking a plasma from helium, argon, etc.,
in a 5 remote plasma generating chamber and introducing the oxygen precursor
to the  plasma to generate the atomic oxygen precursor. [0032] Referring
again to FIG. 1, process 106 may introduce the atomic oxygen  plasma to the
deposition chamber where it may mix for the first time with a silicon
precursor, which is introduced to the deposition chamber by process 108. In
process  10 110, the highly reactive atomic oxygen precursor may react with
the silicon precursor (and/or other deposition precursors that may be
present in the deposition  chamber) at moderate temperatures (e.g.,
processing temperatures of about 150C or  less) to form a silicon oxide
layer 220 as shown in FIG. 2B. In some embodiments,  the processing
temperature for forming the silicon oxide layer 220 may be between 15 about
-10C and about 150C. The formation of the silicon oxide layer 220 may
reduce dimensions of the trenches 210 to the dimensions of the trenches
210a. In  some embodiments, the process 110 may have pressures between about
0.5 Torr and  about 6 Torr total chamber pressure. [0033] The silicon
precursor may include an organosilane compound and/or  20 silicon compound
that does not substantially contain carbon. Silicon precursors  without
carbon may include silane (SiH4), among others. Organosilane compounds  may
include compounds with direct Si-C bonding and/or compounds with Si-O-C
bonding. Examples of organosilane silicon precursors may include
dimethylsilane,  trimethylsilane, tetramethylsilane, diethylsilane,
tetramethylorthosilicate (TMOS), 25 tetraethylorthosilicate (TEOS),
octamethyltrisiloxane (OMTS),  octamethylcyclotetrasiloxane (OMCTS),
tetramethylcyclotetrasiloxane (TOMCATS),  DMDMOS, DEMS, methyl
triethoxysilane (MTES), phenyldimethylsilane, and  phenylsilane, among
others. [0034] In some embodiments, the silicon precursor may be mixed with
a carrier gas  30 before or during its introduction to the deposition
chamber. A carrier gas may be an  7 inactive gas that does not substantially
interfere with the formation of the oxide film  on the substrate. Examples
of carrier gases include helium, neon, argon, and  



hydrogen (Hz), among other gases. Details about forming the silicon oxide
layer 220  may be described in a co-assigned U.S. Patent Application having
attorney docket 5 number A010498/T69600, by Nitin K. Ingle et al., and
titled "CHEMICAL VAPOR  DEPOSITION OF HIGH QUALITY FLOW-LIKE SILICON DIOXIDE
USING A  SILICON CONTAINING PRECURSOR AND ATOMIC OXYGEN", the entire
contents of which are hereby incorporated by reference for all purposes.
100351 In some embodiments, the atomic oxygen precursors and silicon
precursors  10 are not mixed before being introduced to the deposition
chamber. The precursors  may enter the chamber through spatially separated
precursor inlets distributed  around the deposition chamber. For example,
the atomic oxygen precursor may  enter from an inlet (or inlets) at the top
of the deposition chamber and configured  directly above the substrate. The
inlet directs the flow of the atomic oxygen 15 precursor in a direction
substantially perpendicular to the substrate deposition  surface. In other
embodiments, the silicon precursor may enter from one or more  inlets around
the sides of the deposition chamber. The inlets may direct the flow of  the
silicon precursor in a direction approximately parallel to the deposition
surface.  10036] Additional embodiments include sending the atomic oxygen
precursors and 20 silicon precursors through separate ports of a multi-port
showerhead. For example,  a showerhead positioned above the substrate may
include a pattern of openings for  the precursors to enter the deposition
chamber. One subset of openings may be  supplied by the atomic oxygen
precursor, while a second subset of openings is  supplied by the silicon
precursor. Precursors traveling through different sets of 25 opening may be
fluidly isolated from each other until exiting into the deposition  chamber.
Additional details about types and designs of precursor handling  equipment
is described in a co-assigned U.S. Pat. App. Ser. No. 11/754,924 by
Lubomirsky et al, filed May 29, 2007, and titled "PROCESS CHAMBER FOR
DIELECTRIC GAPFILL", the entire contents of which are hereby incorporated by
30 reference for all purposes. 8 [0037] As the atomic oxygen precursors and
silicon precursors react in the  



deposition chamber, they form the silicon oxide layer over the substrate.
The initial  oxide layer has desirably flowability, and may quickly migrate
into gaps, openings,  trenches, voids, seams, etc., in the structures
present at the deposition surface. This 5 allows the method 100 to provide
oxide fills that are substantially free of voids and  seams in gaps,
trenches, and other surface structures. In some embodiments, the  trenches
210 formed within the substrate 200 may have high height to width aspect
ratios "H/W" (e.g., ARs of about 5:1, 6:1, 6:1, 8:1, 9:1, 10:1, 11:1, and
12:1 or more) as  shown in FIG. 2A. 10 [0038] While not wishing to be bound
to a particular theory, the silicon precursors  and the atomic oxygen
precursors may react to form a silicon oxide that has a high  concentration
of silicon-hydroxyl group (Si-OH) bonds. These bonds may impart  the
increased flowability to the silicon oxide layer. The initial silicon oxide
layer  may contain a level of carbon therein. The Si-OH bonds and/or carbon
may increase 15 the wet etch rate ratio (WERR) and dielectric constant of
the deposited layer, which  can reduce the quality of the deposited oxide,
and its effectiveness as a electrical  insulator. [0039] Referring again to
FIG. 1, process 112 may UV cure the silicon oxide layer  formed by the
process 110 in an oxygen-containing environment. The oxygen 20 containing
environment may include a mixture of oxygen (02) and ozone (03). In  some
embodiments, ozone within the mixture may have a percentage of about 18%  or
less. In other embodiments, the ozone within the mixture may be about 12%.
The  process 112 may have a processing temperature between about 20C and
about  650C. In some embodiments, the process 112 may have a processing time
between 25 about 1 minute and about 10 minutes. In one embodiment, the
processing time is  about 10 minutes. The UV curing may uses an UV
wavelength between about 200  nanometer (nm) and about 450. In some
embodiments, the UV curing may be  carried out in a NanoCureTM UV twin
chamber of a Producer SETM mainframe,  available from Applied Materials,
based in Santa Clara, California. 30 9 



[0040] The process 112 may densify the silicon oxide layer 220 to the
silicon oxide  layer 220a as shown in FIG. 2C. The process 112 may reduce
the concentration of the  Si-OH bonds and/or the concentration of carbon
within the silicon oxide layer 220.  Some experiments are carried out and
their results are shown in Tables 1 and 2. 5 Table 1 Precursor A Precursor B
As-dep 390C 390C 390C As-dep 390C 390C  N2 UV-Ar UV- 03 UV-Ar UV-03 Density
1.7939 1.7759 1.7115 1.9600 1.4912 1.3424 2.0022  (g/cc) Carbon 1.4 1.24
0.84 0 6.6 4.0 0  (0 WERR 35 7.0 15.9 5.8 > 30 29 5.0  (100:1 DHF)  [0041]
In Table I, precursors A and B are silicon oxide layers with different
carbon  concentrations formed by, for example, the processes 100-110
described above in  conjunction with FIG. 1. The precursor B has a level of
carbon higher than that of the 10 precursor A. The silicon oxide layers
indicated by "precursor A" are subjected to  different curings such as
nitrogen (N2) curing, UV-Ar curing and UV-03 curing at a  processing
temperature of about 390C. It is found that the carbon concentration is
reduced from about 1.4 (As-dep.) to substantially near to 0 (UV-03). The wet
etch  rate ratio (WERR) of the oxide layer is reduced from about 35
(As-dep.) to about 5.8. 15 The density (1.7939) of the as-deposited silicon
oxide layer is increased to about  1.9600 (UV-03 curing). [0042] For the
precursor B with a higher carbon level than the precursor A, it is  found
that the carbon concentration of the oxide layer is reduced from 6.6
(As-dep.)  10 to substantially close to 0 (UV-03). The wet etch rate ratio
(WERR) is reduced from  more than 30 (As-dep.) to about 5.0. The density
(1.4912) of the as-deposited silicon  



oxide layer is increased to about 2.0022 (UV-03 curing). Accordingly, the
UV-03  curing may densify the as-deposited silicon oxide layer and desirably
reduce the 5 WERR of the silicon oxide layer. [0043] According to Table I,
it is also found that the UV- 03 cured silicon oxide  layer has a higher
density than that of the UV-Ar cured silicon oxide layer or that of  the N2
cured silicon oxide layer. The UV- 03 cured silicon oxide layer has a lower
WERR than that of the UV-Ar cured silicon oxide layer or that of the N2
cured silicon  10 oxide layer. Table 2 Precursor A Precursor B 100C 300C
390C 500C 100C 200C 300C 400C 500C  Density 1.9794 1.9792 1.9600 2.0342
1.9683 1.9794 1.9600 2.0022 1.9731  (g/cc) Carbon 0 0 0 0 1.1 0 0 0 0  (0
WERR 6.1 6.4 5.8 4.7 2.5 3.0 4.4 5.0 4.5  (100:1 DHF)  [0044] In Table 2,
the silicon oxide layers indicated with "Precursor A" are  subjected to
UV-03 curing at different temperatures, e.g.,100C, 300C, 390C and 15 500C;
and the silicon oxide layers indicated with "Precursor B" are subjected to
UV- 03 curing at different temperatures, e.g., 200C, 300C, 400C and 500C. It
is  found that the UV-03 curing may achieve desired density and WERR of the
silicon  oxide layers at the processing temperature of about 100C. 11 [0045]
FIG. 2D is a cross-sectional view showing an exemplary STI structure. In
FIG. 2D, a dielectric layer 230 such as a high density plasma chemical vapor
deposition (HDP CVD) layer is formed over the cured silicon oxide layer
220a. Since  the cured silicon oxide layer 220a has a thickness at the
bottom region of the trenches 5 210 larger than that on the sidewalls of the
trenches 210, the aspect ratio of the  



trenches 210a may be desirably reduced. Accordingly, the dielectric layer
230 may  be formed and filled within the trenches 210a without substantially
forming seams,  gaps or voids within the dielectric layer 230. [0046] In
some embodiments, the dielectric layer 230 may be subjected to a thermal  10
treatment such as an anneal process (not shown). The thermal treatment may
desirably densify the dielectric layer 230. In other embodiments, the
processes for  forming the dielectric layer 230 and the thermal treatment
may be optional. The  silicon oxide layer 220 (shown in FIG. 2B) may be
formed and substantially fill the  trenches 210. 15 [0047] FIG. 3 is a
simplified flow chart illustrating another exemplary method for  forming a
silicon oxide film over a substrate. In FIG. 3, the method 300 may utilize
the chemical reaction process described below in connection to FIG. 4 to
form a  silicon oxide film. Exemplary method 300 may include a
non-exhaustive series of  steps to which additional steps (not shown) may
also be added. One of ordinary 20 skill in the art would recognize many
variations, modifications, and alternatives. In  some embodiments, the
method 300 may include providing a substrate in a  deposition chamber (302);
and introducing one or more silicon containing precursors  with at least a
Si-Si bond in their molecular framework into the deposition chamber  (304).
The method 300 may include generating one or more radical nitrogen 25
precursors (306). For example, the one or more radical nitrogen precursors
may be  generated in a remote ammonia plasma system coupled to the
deposition chamber.  [0048] The method 300 may include introducing the one
or more radical nitrogen  precursors into the deposition chamber (308). The
method 300 may react one or  more radical nitrogen precursors and the one or
more silicon containing precursors 30 (310) to form a flowable dielectric
film with Si-N(H)-Si bonds on the substrate. In  12 some embodiments, the
process 310 may have a processing temperature of about  150C or less. [0049]
In some embodiment, the one or more silicon containing precursors used in
the CVD process include multiple hydroxyl groups in their molecular
frameworks.  



5 The hydroxyl groups are retained in the CVD-deposited film providing a
flow-like characteristic of the film that is similar to that of conventional
SOG (Spin-on-Glass)  film. Because of the flow-like characteristic, the
CVD-deposited film based on  method 300 tends to be collected in the bottom
portion of substrate gap or trench  during the deposition, reducing the
occurrence of voids around the center of the 10 gapfill or STI trench. In
another embodiment, the one or more silicon containing  precursors with at
least a Si-Si bond in their molecular frameworks include disilane  and/or
polysilane precursors. The disilanes have a single Si-Si unit in their
molecular framework while the polysilanes may have multiple Si-Si bonds. For
example, disilanes with different substituents can be used, including alkoxy
15 disilanes, alkoxy-alkyl disilanes, and alkoxy-acetoxy disilanes. In
additional  examples, disilanes with higher homologues may also be used. Of
course, one of  skilled in the art would recognize many alternatives,
variations, and modifications in  the selection of di- and polysilane
precursors. [0050] In some embodiments, reactive nitrogen species (such as
-N, -NH, and - 20 NH2) used in method 300 may be generated by introducing
ammonia (NH3) in a  remote plasma system. The remote plasma system may
include a separate chamber  that is coupled to the deposition chamber. The
decomposition of ammonia in the  remote plasma system produces radical
nitrogen precursors, such as hydronitrene  radicals like NH or NH2. Atomic
hydrogen (H) radicals may also be generated. For 25 example, hydronitrene
and hydrogen radicals are generated in process 306 of the  method 300. The
radical nitrogen precursors may then be transferred to the  deposition
chamber where the one or more silicon containing precursors have been
independently introduced. For example, the reactive nitrogen precursor may
be  transferred through a showerhead, while the silicon precursor is
introduced through 30 a plurality of fluted nozzles. Details about forming
the silicon-oxygen containing  13 layer may be described in a co-assigned
U.S. Patent Application having attorney  docket number 016301/078800US, by
Abjijit Basu Mallick et al., and titled "HIGH  QUALITY SILICON OXIDE FILMS
BY REMOTE PLASMA CVD FROM DISILANE  



PRECURSORS", the entire contents of which are hereby incorporated by
reference  5 for all purposes. [00511 After the formation of the
silicon-oxygen containing layer, the method 300  may include UV curing (312)
the CVD-deposited flowable dielectric film into a  silicon oxide film within
an oxygen-containing environment. The UV curing (312)  may include a film
expansion due to the conversion of Si-N(H)-Si bonds to Si-O-Si 10 bonds that
counteracts a film shrinkage due to the removal of some hydroxyl groups
from the CVD-deposited film. As a result, the balance of the film expansion
and  shrinkage leads to a dense, void-free silicon oxide film that also has
a reduced  probability of cracking due to stresses being introduced during
the deposition and  anneal. 15 [0052] In some embodiments, the UV curing
(312) may be similar to the UV curing  (112) described above in conjunction
with FIG. 1. The processes described in  conjunction with FIG. 2D may
cooperate with the method 300 shown in FIG. 3. One  of ordinary skill in the
art may modify the process flow to achieve a desired  semiconductor
structure. 20 [0053] FIG. 4 is a configuration schematically showing an
exemplary chemical  reaction process of conversion of Si-Si bonds in a
silicon precursor to Si-N(H)-Si  bonds then expansively into Si-O-Si bonds.
This diagram is merely an example,  which should not unduly limit the scope
of the claims herein. One of ordinary skill  in the art would recognize
other variations, modifications, and alternatives. As 25 shown, the chemical
reaction is a CVD (Chemical Vapor Deposition) process during  which a
silicon containing precursor with at least one Si-Si bond is mixed with a
radical nitrogen species generated from the decomposition of ammonia in a
remote  plasma (i.e., a plasma formed separately from the deposition of the
flowable Si-N(H)- Si film). The CVD process leads to conversion of Si-Si
bonds in the silicon precursor 30 (or precursors) to Si-N(H)-Si bonds. The
Si-N(H)-Si bonds are then converted to Si- 14 O-Si bonds during a subsequent
UV-03 curing, where the annealing may be done in,  for example, an
oxygen-containing (e.g., a mixture of oxygen and ozone)  



environment. [0054] In some embodiments, the CVD process includes
introducing at least two  5 reactants independently into a deposition
chamber and letting them react at a pre- determined condition. In one
embodiment, a first reactant can be one type of  precursor selected from a
group consisting of Alkoxy Disilanes, Alkoxy-Alkyl  Disilanes,
Alkoxy-Acetoxy Disilanes, and Polysilanes. For example, the Alkoxy
Disilanes include Si2(EtO)6 Ethoxy Disilanes, Si2(MeO)6 Methoxy Disilanes,
and 10 Si6(MeO)12 Methoxy Cyclohexylsilanes, where Et denotes Ethyl group
(C2H6) and Me  denotes Methyl group (CH3). In another example, the
Alkoxy-Alkyl Disilanes may  include Si2(EtO)4(Me)2 Tetraethoxy-Dimethyl
Disilanes, Si2(EtO)4(Et)2 Tetraethoxy- Diethyl Disilanes, Si2(EtO)2(Me)4
Diethoxy-Tetramethyl Disilanes, Si2(MeO)4(Me)2  Tetramethoxy-Dimethyl
Disilanes, and Si402(Me)8 Methyl Cyclohexylsiloxanes, 15 Si6(MeO)6(Me)6
Methoxy-Methyl Cyclohexylsilanes, Si402(H2)4 Hydro- Cyclohexylsiloxanes. In
yet another example, the Alkoxy-Acetoxy Disilanes may  include Si2(AcO)6
Acetoxy Disilanes, Si2(Me)4(AcO)2 Tetramethyl-Diacetoxy  Disilanes, and
Si2(Me)2(AcO)4 Dimethyl-Tetracetoxy Disilanes, where Ac denotes  Acetyl
group. And in yet still another example, the polysilanes includes 20.
cyclopentylsilanes or other subinstitutes. Either one of these precursors
mentioned  above may be supplied into the deposition chamber without meeting
any of the  other reactant for the CVD process. [0055] In other embodiments,
the other reactant for the CVD process may be a  second reactant including
radical nitrogen species generated from remote ammonia  25 plasma. For
example, the radical nitrogen species may include nitrogen ions,
hydronitrene radicals NH., where x = 1, or 2. Because in the molecular
frameworks  of those Disilane or Polysilane based precursors there is at
least a Si-Si bond which is  highly reactive, the CVD process may result in
a product containing a plurality of Si- N(H)-Si bonds in addition to
hydroxyl groups and carbon-based species. For 30 example, the product is a
silicon carbonitride film deposited on the substrate. The  15 CVD-desposited
silicon carbonitride film is amorphous and flowable due to the  



existence of those hydroxyl groups and carbon-based species. [00561 In some
embodiments, the subsequent UV-03 curing within an oxygen- containing
environment induces another chemical reaction between the silicon 5
carbonitride film and oxygen (0). This reaction is an oxidization process in
which  the Si-N(H)-Si bond in the silicon carbonitride film is converted
into Si-O-Si bond,  resulting a formation of an silicon oxide film. One side
product may include NH3  ammonia which can be immediately pumped out through
an exhaust system built  for the chamber. 10 [00571 Where a range of values
is provided, it is understood that each intervening  value, to the tenth of
the unit of the lower limit unless the context clearly dictates  otherwise,
between the upper and lower limits of that range is also specifically
disclosed. Each smaller range between any stated value or intervening value
in a  stated range and any other stated or intervening value in that stated
range is 15 encompassed within the invention. The upper and lower limits of
these smaller  ranges may independently be included or excluded in the
range, and each range  where either, neither or both limits are included in
the smaller ranges is also  encompassed within the invention, subject to any
specifically excluded limit in the  stated range. Where the stated range
includes one or both of the limits, ranges 20 excluding either or both of
those included limits are also included in the invention.  [00581 As used
herein and in the appended claims, the singular forms "a", "and",  and "the"
include plural referents unless the context clearly dictates otherwise.
Thus,  for example, reference to "a process" may includes a plurality of
such processes and  reference to "the nozzle" may include reference to one
or more nozzles and 25 equivalents thereof known to those skilled in the
art, and so forth. [00591 Also, the words "comprise," "comprising,"
"include," "including," and  "includes" when used in this specification and
in the following claims are intended  to specify the presence of stated
features, integers, components, or steps, but they do  not preclude the
presence or addition of one or more other features, integers, 30 components,
steps, or groups. 16 



WHAT IS CLAIMED IS: 1 1. A method for forming a semiconductor structure,
comprising:  2 reacting a silicon precursor and an atomic oxygen precursor
at a 3 processing temperature of about 150C or less to form a silicon oxide
layer over a  4 substrate; and 5 ultra-violet (UV) curing the silicon oxide
layer within an oxygen- 6 containing environment. 1 2. The method of claim 1
further comprising forming at least one  2 trench structure within the
substrate, wherein the at least one trench structure has a  3 height to
width aspect ratio of about 5:1 or more. 1 3. The method of claim 1 further
comprising:  2 providing the substrate to a deposition chamber; 3 generating
the atomic oxygen precursor outside the deposition  4 chamber; 5 introducing
the atomic oxygen precursor into the chamber; and 6 introducing the silicon
precursor to the deposition chamber, wherein  7 the silicon precursor and
the atomic oxygen precursor are mixed in the deposition  8 chamber. 1 4. The
method of claim 3, wherein generating the atomic oxygen  2 precursor
comprises: 3 forming a plasma from a gas mixture comprising argon; and 4
introducing an oxygen precursor to the plasma, wherein the oxygen  5
precursor dissociates to form the atomic oxygen. 1 5. The method of claim 4,
wherein the oxygen precursor is selected  2 from the group consisting of
molecular oxygen, ozone, and nitrogen dioxide. 1 6. The method of claim 1,
wherein the silicon precursor is selected  2 from the group consisting of
silane, dimethylsilane, trimethylsilane, 3 tetramethylsilane, diethylsilane,
tetramethylorthosilicate (TMOS),  17 4 tetraethylorthosilicate (TEOS),
octamethyltrisiloxane (OMTS), 



5 octamethylcyclotetrasiloxane (OMCTS), tetramethylcyclotetrasiloxane
(TOMCATS),  6 DMDMOS, DEMS, methyl triethoxysilane (MTES),
phenyldimethylsilane, and 7 phenylsilane. 1 7. The method of claim 1,
wherein UV curing the silicon oxide  2 layer has a processing temperature
between about 20C and about 650C. 1 8. The method of claim 1, wherein
oxygen-containing environment  2 comprises a mixture of ozone and oxygen. 1
9. The method of claim 8, wherein the ozone has a percentage of  2 about 18%
or less. 1 10. The method of claim 1, wherein UV curing the silicon oxide  2
layer has a processing time between about 1 minute and about 10 minutes. 3
11. The method of claim 1, wherein UV curing the silicon oxide 4 layer has
an UV wavelength between about 200 nanometer (nm) and about 450 nm.  1 12. A
method for forming a semiconductor structure, comprising:  2 interacting a
silicon-containing precursor with at least one radical 3 nitrogen precursor
at a processing temperature of about 150C or less to form a 4
silicon-nitrogen containing layer over a substrate, the silicon-containing
precursor  5 comprising two silicon atoms; and 6 ultra-violet (UV) curing
the silicon-nitrogen containing layer within an  7 oxygen-containing
environment to form a silicon oxide layer. 1 13. The method of claim 12
further comprising generating the at  2 least one radical nitrogen precursor
by exposing ammonia to a plasma in a remote  3 plasma system, wherein at
least a portion of the ammonia decomposes into the 4 radical nitrogen
precursor. 1 14. The method of claim 12, wherein the radical nitrogen
precursor  2 has the formula NH, where x is 0, 1 or 2. 18 1 15. The method
of claim 12, wherein the silicon-containing  2 precursor comprises a
disilane precursor or a polysilane precursor. 1 16. The method of claim 12,
wherein the silicon-containing 



2 precursor is selected from the group consisting of alkoxy disilanes,
alkoxy-alkyl  3 disilanes and polysilanes. 1 17. The method of claim 12,
wherein the silicon-nitrogen containing  2 layer comprises a silicon
carbonitride film. 1 18. The method of claim 12, wherein the silicon and
nitrogen  2 containing film comprises a Si-N(H)-Si bond containing film. 1
19. The method of claim 12, wherein UV curing the silicon oxide  2 layer has
a processing temperature between about 20C and about 650C. 1 20. The method
of claim 12, wherein the oxygen-containing  2 environment comprises a
mixture of ozone and oxygen. 1 21. The method of claim 21, wherein the ozone
has a percentage of  2 about 18% or less. 1 22. The method of claim 12,
wherein UV curing the silicon oxide  2 layer has a processing time between
about 1 minute and about 10 minutes. 3 23. The method of claim 12, wherein
UV curing the silicon oxide  4 layer has an UV wavelength between about 200
and about 450. 1 24. The method of claim 12 further comprising forming at
least one  2 trench structure within the substrate, wherein the at least one
trench structure has a  3 height to width aspect ratio of about 5:1 or more.
4 19 




