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-1- OZONE POST-DEPOSITION TREATMENT TO REMOVE CARBON
IN A FLOWABLE OXIDE FILM TECHNICAL FIELD 5 The present
invention relates to a method of manufacturing a semiconductor device
and, more specifically, to a method of removing residual carbon deposits
from an intermediate semiconductor device structure. BACKGROUND
10 Performance of semiconductor device¥ has increased dramatically

over the HEONSPYSAIDEP O SERIONTREFCASETNIT W IRIEVISNY T ARBON

semiconductor substrate. ft¢ e1 denay1of thesgnrgonductor devices
has increased, it has become necessary to decrease the size of circuit

components that form the semiconductor devices so that the necessary
number of circuit components isTagetorfiaanitirE sgemiconductor
substrate, 15 Semiconductor devices typically include the semiconductor

substrate FHOPLSSUAANEPBPAGRLEH 4 RREUEY SR AT RS ftgmigaRAuctor
isolrtadefead poeapetitrallyVithathe insiedsedsiiey tedeinsityabifeadpesits from
isolation between active devices hecomes increasingly important. One

isof Rt IS T GORM BRASIRILT SFLHEEN isolation ("LOCOS"), which

forms a recessed oxide layer in nonactive regions of the 20 semiconductor

substrate to isolate the active de\;'g gS) ide layer is formed by
sputtering techniques or thermal . alternative technique is

trench isofetinmatvebiivyiai¢endiabing tendnsshoreiedhaativel iegi@nshe past
of t esemicondu%;p1 bstrate. Trench isolation is referred to as  shallow

tor s
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plurality of adjacent, active devices that are electrically isolated from one another.
With the increased circuit density, effective isolation between active devices becomes
increasingly important. One isolation technique is local oxidation of silicon isolation
(“LOCOS”), which forms a recessed oxide layer in nonactive regions of the
semiconductor substrate to isolate the active devices. The oxide layer is formed by
sputtering techniques or thermal techniques.

An alternative technique is trench isolation, which involves etching trenches in
the nonactive regions of the semiconductor substrate. Trench isolation is referred to as
shallow trench isolation (“STI”) or deep trench isolation (“DTI”), depending on the
depth of the trench etched in the semiconductor substrate. DTI structures, which
typically have a depth of greater than approximately 3 microns, are used to isolate
active devices such as N-wells and P-wells. Shallow trench structures are used to
isolate adjacent electronic devices, such as transistors, and have a depth of less than
approximately 1 micron. The trenches are filled with an insulative dielectric material,
such as a silicon dioxide material. The filled trenches are known in the art as trench
isolation or trench isolation regions. The trench is typically filled with the silicon
dioxide material by a chemical vapor deposition (“CVD”) technique, such as high

density plasma (“HDP”’) CVD. In CVD, gaseous precursors of the silicon dioxide



30 such as a silicon dioxide material. The filled trenches are known in the
art as trench isolation or trench isolation regions. The trench is typically
filled with the silicon dioxide material by a chemical vapor deposition
("CVD") technique, such as high density plasma ("HDP") CVD. In CVD,
gaseous precursors of the silicon dioxide -2- material are supplied to a
surface of the semiconductor substrate. Fhe gaseous precursors react
withhtieigtifacapsliter o adilimer dayier @nthe sdicest sioxigemakeriabeous
Trench isolation provides a smaller isolation area and better surface

plaPESAYSOBHT RSB B Sir{Afcile LA NSt proliiesitifeagtioxide material.

advantaggsei b degicaeovRies Ase Meresl didhersiliganbdier sa-material
as the trench fills because the silicon dioxide material sticks to the sides
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as trenches having a high aspect ratio of greater than a%)roximately 31
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disclosed in Chung et al., "Novel shallow trench isolation process using .
floWwsHdBYae B SosDES %‘(ﬂﬂ%ﬂi&ﬂi) ,asﬁfﬁtéaft‘bﬁ%feé\?ﬁi@f“ approximately
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reduce the formation of voids. A liquid Si(OH)4 film is formed in the trench
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is useful to fill trench structures having a high aspect ratio. While depositing the
flowable oxide material by CVD reduces the formation of voids, residual carbon
20  deposits are present in the deposited film if the gaseous precursors contain carbon.
Carbon in the deposited film causes the film to be soft and porous, which makes the
deposited film unstable during subsequent processing, such as etching processes. Since
the deposited film is porous, due to the presence of the carbon, it also tends to collapse.
In addition, if the flowable oxide material is used to fill isolation trenches, the carbon
25  causes device degradation.
It would be desirable to reduce or eliminate the residual carbon deposits present

in deposited layers of flowable oxide materials.

DISCLOSURE OF INVENTION
30 The present invention comprises a method of removing residual carbon
deposits. The method includes providing an insulative material that is flowable after

being deposited. The flowable, insulative material may comprise silicon, carbon, and
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In addition, if the flowable oxide material is used to fill isolation trenches,

the carbon 25 causes device degradation. It would be desirable to reduce

or eliminate the residual carbon deposits present in deposited layers of

flowable oxide materials. DISCLOSURE OF INVENTION 30 The present

invention comprises a method of removirr%; residual carbon deposits. The
method includes providing an insulative material that is flowable after
beingieigRasifediduiedeysatlepdnsiiaty 8 naiRial fiaih CRMTRIGE R ifR0lative
carbon, and -3- hydrogen. Residual carbon deposits may be removed
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temperature of between approximately 100C and 1000C. A concentration
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insiativevaiaeahissused o ffarannaguliativeyiayari arénéicnehdacaiad
on a semiconductor substrate. The present invention also includes an

intS MRS HaSctor device structure. The intermediate

semicondukrégirelRvicR wiitchiB Cajptse snaremicdngueiaicsuthstatge vice
having at least one cavity or recess therein, such as a trench, filled with a
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claims particularly pointin t and distinctly claiming that which is
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can be more readily ascertained from the following description of the
invention when read in ' i %&% ' éirawings in
which: FIGS. IA-1C arg@%ﬂ'ﬁ%* Z\]vz\?é%w diate
semicondudiile tHevjeeifvabitieadoded iwgﬁ@lﬁjmpp@mmﬂy@aﬁmm@m and
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this invention can be more readily ascertained from the following description of the

invention when read in conjunction with the accompanying drawings in which:
FIGS. 1A-1C are cross-sectional views of an intermediate semiconductor
device structure according to the present invention; and
FIGS. 2, 3, 4, and 5 show carbon levels of untreated insulative layers and

insulative layers treated with Os.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

A method of removing residual carbon deposits from an insulative material is
disclosed. The insulative material is used as a gap fill material, such as to fill a trench
on a semiconductor substrate. The insulative material is deposited into the trench to
form an insulative layer, which includes residual carbon deposits. These residual
carbon deposits are removed by exposing the insulative layer to Os.

The semiconductor substrate may be a semiconductor wafer or other substrate
comprising a layer of semiconductor material. As used herein, the term
“semiconductor substrate” includes silicon wafers, silicon on insulator (“SOI””)
substrates, silicon on sapphire (‘“SOS”) substrates, epitaxial layers of silicon on a base

semiconductor foundation, and other semiconductor materials such as



BEST MODE(S) FOR CARRYING OUT THE INVENTION A method of
removing residual carbon deposits from an insulative material is
disclosed. The insulative material is used as a gap fill material, such as to
fill a trench 25 on a semiconductor substrate. The insulative material is
deposited into the trench to form an insulative layer, which includes
residual carbon deposits. These residual“carbon deposits are removed by
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semiconductor wafer or other substrate comprising a Ia%er of
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silicon on sapphire ("SOS") substrates, epitaxial layers of silicon on a
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phosphide. As shown in FIG. IA, the semiconductor substrate 2 may
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6. Asieceifigar Bl HagifRASISIONAs MRy hRcfesmetdman tbeiaeiveshallow
regions 4 while at least one trench 8 may be formed on the nonactive 5
rediSRSIEOIS SEPRIEAANd isolate the active devices. The term "trench” is

used hereAs iNuiigabs® adBRE SERSBOfréntBE® a8 P bedvitednal iteintR e regions 6
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etcHIRGH 2SI NP Uit A} AN it B TS oD lying
thesepinigehductanbstibstakehdhssiskiewatine beaart] addit caal dayeiistor
may be present on the s%m' onductor supstr te2d§épe din%)on the
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treftle Bisulative layer 10 may be deposited at a thickness ranging from approximately
50A to approximately 8000A, such as a thickness of approximately 300A to
approximately 3000A.

20 The insulative layer 10 may be formed from a flowable oxide material that is
deposited by CVD. Alternatively, the insulative layer 10 may be formed from a
spin-on, flowable oxide material that is deposited in the trench 8. The insulative layer
10 may have fluid characteristics similar to that of a spin-on glass film at the moment
of deposition. For instance, the insulative layer 10 may have properties similar to those

25  of asol gel or a spin-on material. As such, the insulative layer 10 is soft and porous.
Since the deposited insulative layer 10 is fluid-like, the material may not adhere to the
sidewalls or the top of the trench 8 and, instead, fills the trench 8 from the bottom to the
top of the trench 8. If the trench 8 is partially filled with the flowable oxide material, it
is understood that the remainder of the trench 8 may be filled with an HPD oxide

30  deposited by HDP CVD.

If the insulative layer 10 is to be formed by CVD, the semiconductor substrate 2

may be placed in a reaction chamber and the gaseous precursors flowed over the



The insulative layer 10 may be deposited at a thickness ranging from
approximately 50A to approximately 8000A, such as a thickness of
approximately 300A to approximately 3000A. 20 The insulative layer 10
may be formed from a flowable oxide material that is deposited by CVD.
Alternatively, the insulative layer 10 may be formed from a spin-on,
flowable oxide material that is deposited” i1 the trench 8. The insulative
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film at the moment of deposition. For instance, the insulative layer 10 ma
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insulative layer 10 is fluid-like, the material may not adhere to the
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flowable oxide material, it_is understood that the remalndeé of the trench 8
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may be placed in a re?}ctmn chamber and the gaseous precursors flowed
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semiconductor substrate 2 on a chuck maintained at that temperature. For instance, the
semiconductor substrate 2 may be maintained at a temperature of approximately
125°C. The reaction chamber may be maintained at a pressure ranging from

20  approximately 10 Torr to approximately 600 Torr, such as at approximately 300 Torr.

The insulative layer 10 deposited by CVD may include the residual carbon
deposits if the carbon in the organic silicon precursor is not completely oxidized during
the CVD process. The insulative layer 10 may include up to approximately 30%
carbon. The presence of carbon causes the insulative layer 10 to be soft and porous,

25  which may lead to collapse of the insulative layer 10 under certain conditions. In
addition, when the insulative layer 10 is used to fill trenches, the carbon may cause
degradation in any semiconductor device structures that include the insulative material.

The residual carbon deposits may be removed from the insulative layer 10 by
exposing the insulative layer 10 to Os;. The Oz may be introduced or flowed into the

30  reaction chamber so that the O3 contacts the insulative layer 10 in the trench 8 for a
sufficient amount of time to remove the residual carbon. Since the insulative layer 10

is porous, the Oz may permeate the layer and come into contact with the residual



For sake of example only, the insulative layer 10 may be formed by
flowing TMS and 03 into the reaction chamber and over the trench 8. The
TMS and 03 react with the surface of the semiconductor substrate 2 lining
the trench 8 to form the 15 insulative layer 10. The semiconductor
substrate 2 may be maintained at a temperature ranging from
approximately 25C to approximately 5008 by placing the semiconductor

subsitRie &suies Cwikonaipiainadigtithad tefmpetadure; irRriastantthinge O;
semiconductor substrate 2 may be maintained at a temﬁerature of
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certain conditions. In addition, when the insulatiye Jayer 10 is used to fill
treﬂméaé}‘{ﬁlaa%%{rﬂ)%ﬁlﬁé(ji?éggg n%@ri‘&%ﬁéﬁeﬁﬁ ﬁtc feSHefteving less

devica sppicireadiatdn cludeitheidiibéBonawidk thbenkasidual saimhas less
deposits may.be r ed from the insulatjve layer 1Q by exposing the
10 o T o CHA D TP B BT A T TS SHcgo the
reagiontbhElaken Sothaiihe 03 gentastaitnefinsidativeatoyey Q@ ipltieed below,
tre%ch 8 f%r a sufficifnt m%unt oEtime to rgemove the rﬁ?s]idual carbon.

S 1 UGN IRIOTd T BF TR OGRE B3 ey e B SR 1ayer
and comeDuithgaidagpudiifctie0gsidughnkrotaibon depesits2 Mithetinagitgned at

limited to a certain theqry, it is believed that the 03 oxidizes esidual
corbO BN G U s P R SH R T T sakeof
15 mm(m'q]&(66152)"t)né)rs@a'rhmal@tim;id@é%@&%ﬁnﬁhesmumwmmwbmmm
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insiratite layaichhanibssithamappitixdmade hn 5% atoreicyas; suchstahea@ym,
then%&?grn Eu%];{l? | lé': 3C ré}f.% ne ngX/ed into the reaction chamber at a rate of at least 10
standard cubic centimeters per minute (“sccm’) and up to a rate of approximately
20 20,000 sccm. The O3 may be present in the reaction chamber at a concentration greater
than approximately 1%, such as at a concentration greater than approximately 12% or
greater than approximately 17%. The insulative layer 10 may be exposed to the O; for
between approximately 20 seconds and approximately 300 seconds. To improve the
amount of carbon removed from the insulative layer 10, the O3 concentration and/or
25  the O3 flow rate may be increased. In addition, the length of time to which the
insulative layer 10 is exposed to O3 may be increased.
In one embodiment, the Oz is flowed into the reaction chamber, maintained at
approximately 530°C, at a rate of approximately 2,000 sccm to approximately 5,000
sccm. The Os is supplied to the reaction chamber at a concentration of approximately

30  12%. To remove the residual carbon, the insulative layer 10 may be exposed to the O3

for as little as approximately 20 seconds.



be reduced to less than approximately 2% (atomic). It is also
contemplated that the insulative layer 10 may be substantially free of
residual carbon, such as having less than approximately 1% (atomic)
residual carbon. While the insulative layer 10 has less 10 than
approximately 5% (atomic) residual carbon, it is understood that a surface
of the insulative layer 10 may have a hig?fer amount of residual carbon,

as explainag kelowal dpgéaaRrRIRIBHAUspFIRNFRMIbeAMESPNSER 10 may

after the 03 treatment. Durirf the exposure to 03, the semiconductor
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the semiconductor substrate 2 may be maintained at a temperature
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The insulative layer 10 was also exposed to O3 at 530°C for varying amounts of
20  time. FIG. 4 shows a carbon depth profile comparison for insulative layers 10 exposed
to O3 for 100 seconds, 200 seconds, and 300 seconds. As shown in FIG. 4, exposure to
O; for 100 seconds, 200 seconds, and 300 seconds drastically reduced the amount of
carbon present in the insulative layer 10. These insulative layers 10 had an
undetectable amount of carbon, as indicated by the noise or background amount of
25  carbon shown in FIG. 4. As detected by SIMS analysis, a control insulative layer,
which was not exposed to Os, showed a significantly higher amount of carbon
compared to the insulative layers 10 treated with Os.
X-ray photoelectron spectroscopy (“XPS”) analysis of the insulative layer 10,
deposited as described above, that was not exposed to O3 had approximately 37%
30  carbon, as shown in plot C#1 of FIG. 5. FIG. 5 shows a comparison of carbon profiles
for insulative layers 10 treated with O3 compared to the insulative layer that was not

exposed to Os. Insulative layers 10 exposed to 20, 50, and 100 seconds of O3 (plots



layer 10 may be deposited, as described above, in the trench 8. 03 may
be flowed over the first portion of the insulative layer 10 to remove the
residual carbon deposits. A 5 second portion of the insulative layer 10
may subsequently be deposited and exposed to 03 to remove the
residual carbon deposits in the second portion. The sequential process
may be repeated until the trench 8 is fille§to a desired level by the

insglativesdaxed ¢84 iesgetarriy)etheasadaok abaateRoRiesentdfbon. As
insulative layers 10 that were 10 exposed to 03, insulative layers 1Q were
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approximately 600A. Insulative layers 10 that were exiaosed to 03 had
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Billleg

secBiiti YOI i &reas SRR PRISHRLY DALk I Yevel of
carbon. The insulativeldayer (Ldmas dlsm axpases, obtst DIQE fdterial may also
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10 treated with 03. X-ray photoglectron ctroscopy ("XPS™) analysis of. .
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residual carbon deposits.

20 After being exposed to O3 to remove the residual carbon deposits, the
semiconductor substrate 2 having the insulative layer 10 that is substantially free of
residual carbon may be further processed, as known in the art, to produce the desired
semiconductor device structure. For instance, planarization processes may be utilized
to produce the semiconductor device structure.

25 While using O3 to remove residual carbon deposits has been described for use
in trench isolation applications, O3 may also be used in other instances where residual
carbon deposits are to be removed from flowable oxide materials or spin-on, flowable
oxide materials. For instance, Oz may be used to remove the residual carbon deposits
present when these materials are used to fill gaps between metal lines or when the

30 flowable oxide materials are used in low dielectric constant (“low K”) applications.

While the invention may be susceptible to various modifications and alternative

forms, specific embodiments have been shown by way of example in the drawings and



for insulative layers 10 treated with 03 compared to the insulative layer
that was not exposed to 03. Insulative layers 10 exposed to 20, 50, and
100 seconds of 03 (plots -8- C#2, C#3, and C#4, respectively) exhibited
background amounts of carbon. As indicated by FIGs. 4 and 5, the
carbon was removed to a depth of approximately 320 nm. FIG. 5 also
shows that the surfaces of the insulative‘%yers 10 have higher amounts

of garkaRhile PRdiDRsIefthBREY iR JoNE IS shOude ke idiaegs the
have 5 drastically reduced amgunts of carbon, This phenomenon is
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is absorbed from the atmosphere, such as during storage, and is present
at GBS W&%VE@%@S@&)@&rﬁ"iﬂ%ﬁf&ﬁ\?&?ﬁ%‘? Y4 ned from a
spin-on, flowable oxide material may also 10 be exposed to 03 to remove
residual carbon deposits if carbon deposits are present after the spin-on,
flowable oxide material is deposited. Spin-on, flowable oxide materials
are known in the art. Examples of these materials include, but are not
limited to, the FOXx(r) line of products from Dow Corning Corp. (Midland,
MI), the FLARETM and HOSPTM line of products from Honeywell
Electronic Materials (Sunnyvale, CA), or 15 the SIiLKTM line of products
from Dow Chemical Company (Midland, MI). These spin-on, flowable
oxide materials are supplied in liquid form and may be deposited in the
trench 8 of the semiconductor substrate 2 to form the insulative layer 10.
The insulative layer 10 may be exposed to 03, as previously described, to
remove the residual carbon deposits. 20 After being exposed to 03 to
remove the residual carbon deposits, the semiconductor substrate 2
having the insulative layer 10 that is substantially free of residual carbon
may be further processed, as known in the art, to produce the desired
semiconductor device structure. For instance, planarization processes
may be utilized to produce the semiconductor device structure. 25 While
using 03 to remove residual carbon deposits has been described for use
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in trench isolation applications, 03 may also be used in other instances

where residual carbon deposits are to be removed from flowable oxide
materials or spin-on, flowable oxide materials. For instance, 03 may be

used to remove the residual carbon deposits present when these

materials are used to fill gaps between metal lines or when the 30

flowable oxide materials are used in low Helectric constant ("low K")
applications. While the invention mayipe gusceptible to various

modifications and alternative forms, specific embodiments have been

shown by way of example in the drawings and -9- have been described in
detevhhekeimiaweyver, it should be understood that the invention is not
intended to be limited to the particular forms disclosed. Rather, the

invention is to cover all modifications, equivalents, and alternatives falling
within the1 spirit andeskeperthaieoihasdriinediothefRltawingapaendsr, oxide
claims. -10- CLAIMS What is claimed is: 5 1. A method of removing
resTRIST A 98P HEBSSits from a flowable, oxide material, comprising:
depositingédawabie] exiteenaiatialcomapesing isiligaiiearkarbanend hydrogen
hydrogen on a semiconductor substrate; and exposing the flowable, oxide
ma‘{’é‘r?aﬁiefglﬁ??g&gt%ﬁ'ébétégteéoaﬂglijsting essentially 10 of ozone to form an
insulative dry&igomh@risigblessxidamarpraxinately oie @omit)wing essentially
resiqual carb%n. 2. The}ﬂmthod of claim 1, wti}areig depositing a Ilogvoﬁlble, o) of
oxideCr At Pl OB A PISHE fiEbIET EQPHBH Bl Ty BPBgBRTEK Rately 27 (atomic) o
serygangusioosubstrate comprises 15 depositing the flowable, oxide

material in at least one trench on the semiconductor substrate. 3. The

method of claim 2, wherein depositing the flowable, oxide material in the

at least one trentThecopiisises tampleielyréiting jbataid adkivaitdetrexidb tniflarial

e .. .- . .
comprising silicon, carbon, and hydrogen on a semiconductor substrate comprises

depositing the flowable, oxide material in at least one trench on the semiconductor
substrate.
3. The method of claim 2, wherein depositing the flowable, oxide material

in the at least one trench comprises completely filling the at least one trench with the

flowable, oxide material.

4. The method of claim 2, wherein depositing the flowable, oxide material
in the at least one trench comprises partially filling the at least one trench with the

flowable, oxide material.

5. The method of claim 1, wherein depositing a flowable, oxide material
comprising silicon, carbon, and hydrogen on a semiconductor substrate comprises

depositing the flowable, oxide material by chemical vapor deposition.

6. The method of claim 5, wherein depositing the flowable, oxide material
by chemical vapor deposition comprises flowing an organic silicon precursor and the at

least one gas over the semiconductor substrate.



20 flowable, oxide material. 4. The method of claim 2, wherein depositing
the flowable, oxide material in the at least one trench comprises partially
filling the at least one trench with the flowable, oxide material. 25 5. The
method of claim 1, wherein depositing a flowable, oxide material
comprising silicon, carbon, and hydrogen on a semiconductor substrate
comprises depositing the flowable, oxidé Inaterial by chemical vapor
deposition. 30 6. The method of claim 5, wherein depositing the flowable,
oxide material kl)f( chemical vapaor depaosition comprises flowin% an organic

silicon prelcursor @hdngiBogofelimredise B drnptiag e g 0xide material
substeatenidl vapdrtR poathndtehpiainy Bowhereimeapratinoatiefionsahles the
oxide material by chemical vapor deposition comprises flowing
trinTETHG I Y5 e over the semiconductor substrate. 5 8. The

5 method of claim 1, wherein depositing a flowable, oxide material
comprising silicon, carbon, and hydrogen on a semiconductor substrate
comprise$” provitfiidis'ep -gﬁl,af@vgiaﬁ’ CIRHAC RSP R ff@“ﬁ‘.bllaru?’ﬂﬁj&ﬂ%mal
of clainprisivgheiiesn exapesingniheylevyablen axideicoatetal iabsirl@asbOptses
gas consisting essentjally of ozone comprises exposing the flowable,

oxiBE WARS P RE AR HeEalle oxile 22 al e mperature of between
approximately OC and approximately 1,000C. 15 10. The method of claim

1, wherein exposing the flowahle, oxide material to at least one gas .
10 ot secor T EBISHE B ISALHb SRR U RRPBe g materil
oves thecliawableseotasthintesizhahiyieMmperaiusmpli agRipashaiely AGGable,

(o Spplo Al 09C: 20 HThe Mot eL S bt eI RIRIRS, oo

and approximately 1,000°C.

15 10. The method of claim 1, wherein exposing the flowable, oxide material
to at least one gas consisting essentially of ozone comprises flowing the at least one gas
over the flowable, oxide material at a temperature of approximately 400°C to

approximately 700°C.

20 11. The method of claim 1, wherein exposing the flowable, oxide material
to at least one gas consisting essentially of ozone comprises exposing the flowable,
oxide material to the at least one gas at a rate of between approximately 10 standard
cubic centimeters per minute and approximately 20,000 standard cubic centimeters per
minute.

25

12. The method of claim 1, wherein exposing the flowable, oxide material
to at least one gas consisting essentially of ozone comprises flowing the at least one gas
over the flowable, oxide material at a rate of approximately 2,000 standard cubic

centimeters per minute to approximately 5,000 standard cubic centimeters per minute.



to at least one gas consisting essentially of ozone comprises exposing the
flowable, oxide material to the at least one gas at a rate of between
approximately 10 standard cubic centimeters per minute and
approximately 20,000 standard cubic centimeters per minute. 25 12. The
method of claim 1, wherein exposing the flowable, oxide material to at
least one gas consisting essentially of oZdne comprises flowing the at
least one gas over the flowable, oxide material at a rate of approximately
2,000 standard cubic centimeters per minute to approximately 5,000

standard &dbic cEMERIS Pelaihlnyheroin £3pesine sy dhleigiriflg material

whey gineaxnagingstbenfiRwiablesaxigieypeteon apleastRaEase ozone over the
consistin9 essentially of ozone comprises flowing the ozone over the

flowSBiEPTEEN R HALAY A ClrEBRRMRIbAL 8?8%%@@?&&%@‘? AhRFPximately 1%.
5 approximately 1%. 5 14. The method of claim 1, wherein exposing the
flowable, oxide material to at least one gas consis_%gghes entially of

ozone cortiprised HoNFEHE! 575 oVEFTHE FoRUBE B LOY G i argterial

coneantsatianhotezensigiaaiestnanigrprodneaielypidds f1bdike. thdi6zone over the
method of claim 1, wherein exposing the flowable, oxide material to at

leabPBAR! AR SR A58 ERMEAN B U, 8h e RBFHpRYES HANARE tRASY BNe 2%

over the flowable, oxide material at a concentration of ozone greater than
approximately 17%. 16. The method of claim 1, wherejin exposing th .
10 fowable, biice (A SPEPHECH S TS G2 RO GF Tt ESQB Iy pmateril
ozanattemuiram expasiigdhesioniiblel casitdecongieal o hegahicasinenser the
gas, for a periqd of time sufficient to oxidize the residual carbon. 17. Th
eGSR TG CSBSETEHRB Ao BT 5¥lc AR 4545 e 7%

least one gas consisting essentially of ozone comprises exposing the
flowabl [ rigl I ne. for between roxi ly .
e S R 2 R SR 0
15  to at least one gas consisting essentially of ozone comprises exposing the flowable,
oxide material to the at least one gas for a period of time sufficient to oxidize the

residual carbon.

17. The method of claim 1, wherein exposing the flowable, oxide material
20  to at least one gas consisting essentially of ozone comprises exposing the flowable,
oxide material to the at least one gas for between approximately 20 seconds and

approximately 300 seconds.

18.  The method of claim 1, wherein exposing the flowable, oxide material
25  to at least one gas consisting essentially of ozone comprises exposing the flowable,

oxide material to the at least one gas for approximately 20 seconds.

19.  The method of claim 1, wherein exposing the flowable, oxide material
to at least one gas consisting essentially of ozone comprises oxidizing the residual

30  carbon to volatile, carbon species.
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18. The method of claim 1, wherein exposing the flowable, oxide material
25 to at least one gas consisting essentially of ozone comprises exposing
the flowable, oxide material to the at least one gas for approximately 20
seconds. 19. The method of claim 1, wherein exposing the flowable, oxide
material to at least one gas consisting essentially of ozone comprises
oxidizing the residual 30 carbon to volatiﬂé'carbon species. -13- 20. A
semiconductor device structure, comprising: a semiconductor substrate
comprising at least onge trench at least partially filled .with an insulative
material sistiﬁd%?“éiﬂﬂ@ﬁ%dlmﬁﬁég'@ﬂ‘g?s‘?ﬁ’eﬂ?ﬂ%rogen, and 5 at
least one piivaBRES RiFagencymgisiRcthednaWat iervateiakhpsRss filled
than_approximately 5% residual carbon. 21. The semiconductor device

stro¥li dpaty o aigHat spnsisang ligitican andkByidiages siknamilydEpgen, and
of residuadeaspoRydd) 4rd hle sainicaneates idaviae, stitte Risalaimhd,

wherein the semiconductor device structure is an intermediate
seRRERARREP Rt SHAGBAnd the insulative material is in a flowable
state. 15 23. The semiconductor device structure of claim 20, wherein the
semiconductor device strucH#Fe Is an.end product s?mic%ductor,device

structure ahd thEHSTAEORMEAREASY ISttty f claim 20, wherein the insulative

material is substantially free of residual carbon.

22. The semiconductor device structure of claim 20, wherein the
semiconductor device structure is an intermediate semiconductor device structure and

the insulative material is in a flowable state.

23. The semiconductor device structure of claim 20, wherein the
semiconductor device structure is an end product semiconductor device structure and

the insulative material is solidified.



