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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

25  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,

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
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In add1t1on, if the flowable oxide materlal 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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elimnate the residual carbon deposits present in
deposited | ayers of flowable qxide materials.
DI SCLOSURE COF | N\/ENFI ON 30 The present invention
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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 Oa.
The semiconductor substrate may be a semiconductor wafer or other substrate

comprising a layer of semiconductor material. As used herein, the term

30 “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
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of deposition. For instance, the insulative layer 10 may have properties similar to those
of a sol 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
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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 O3 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 O3 may permeate the layer and come into contact with the residual
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pr @xdfen] (0rseeorslePOOst¢amtls, fand R0®secomsrdrastisalyrreduced thiej ampunt of

PO rctau;bgrrll p?e:fse&t t111(1ethie ri]r?slljlla%tv!: Ya(}e/er 10. These insulative layers 10 had an
undetectable amount of carbon, as indicated by the noise or background amount of
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%
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 Os (plots
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deposits. A 5 second portion of the insulative |ayer
10 may subsequently be depositgd and exposed to 03 to
renove the residual carbon deposits in the second
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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, O3 may be used to remove the residual carbon deposits
present when these materials are used to fill gaps between metal lines or when the
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



exposed to 03. Insulative layers 10 exposed to 20, 50,
and 100 seconds of 03 (plots WO 2004/ 102651

weIMWes804/ 014021 -8 CH#2, C#3, and CH#4, respRCT/USHOY)14021
exhi bi ted background ampbunts of carbon. As indicated
by FIGs. 4 and 5, the carbon wag renpved to a depth of
approxi mately 320 r|n1 FIG 5 also shows that the
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| ayi@tentibh i) aneddos (b hRR&Bro iRy ieutih 8srhisdcldéed. Rather, the
reduced anounts of carbon. This phenonenon is present
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at nosphere, such as during storage, and is present at
up to approximately 10% (atomc). An insulative |ayer
10 fornmed froma spin-on, flowable oxide material may
also 10 be exposed to 03 to renove residual carbon
deposits if carbon deposits are present after the
spin-on, flowable oxide material is deposited.

Spi n-on, flowable oxide materials are known in the
art. Exanples of these materials include, but are not
limted to, the FOx(r) line of products from Dow
Corning Corp. (Mdland, M), the FLARETM and HOSPTM
line of products from Honeywel| Electronic Materials
(Sunnyvale, CA), or 15 the SiLKTMIine of products
from Dow Chem cal Conpany (Mdland, M). These
spin-on, flowable oxide materials are supplied in
liquid formand may be deposited in the trench 8 of
t he sem conductor substrate 2 to formthe insulative
| ayer 10. The insulative |layer 10 may be exposed to
03, as previously described, to renove the residua
carbon deposits. 20 After being exposed to 03 to
renmove the residual carbon deposits, the

sem conduct or substrate 2 having the insul ative |ayer
10 that is substantially free of residual carbon may
be further processed, as known in the art, to produce
the desired sem conductor device structure. For

i nstance, planarization processes may be utilized to
produce the sem conductor device structure. 25 Wile
using 03 to renove residual carbon deposits has been
described for use in trench isolation applications,
03 may al so be used in other instances where residua



carbon deposits are to be renoved from fl owabl e oxi de
materials or spin-on, flowable oxide materials. For
w0 p@iamss; 03 may be used to renpve the resi duedT/Us20000M4021

deposits present when these naterials are used to
fill gaps between nmetal |ines qp when the 30 flowable
oxide materials are used in |ow dielectric constant
("low K") applications. Wi b Ilbi% i nvention may be
suscepti ble to various nDdlflcgt ions and alternative
forns speci fic enbodi ments have been shown by way of
exa le in the drawi ngs and WO 2004/ 102651

o9 6RIei®21 -9 have been described in detail
hereln. However, it should be understood that the
invention is not intended to be limted to the
Jparticullar f ok methdidof Famsevihg I’é’a'dMCarbbméepdsits(emhpmmg' s

to cover_al.l. nodjficatjons ui val ent.s,

Lt o mer gt gl e iveiAET G prine sifithrs eashen. and hydrogen:
t heygof as defined by the follow ng appended cl ai ns.
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cl ai med removidg tesidahertnodlepésits Ewnviha floweble donsillativaddyon
deposits, conprising: providing a flowable, insulative

| ayer conprising silicon, carbon, and hydrogen; and

10r emoVvi n@, r esiThéahedsd dFRMid P Ghkieh d;frbﬂﬂi ?'ﬂl@: fiovwadd) irBulative layer
insulative layer. 10 2. The nmethod of claim1, wher ei n
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insulative layer in the at |east one trench. 3. The
met hod of claim 2, wherein deg ositing.the fl owabl e,

i nsul at ide 15eagRIp0d of claira 25w Pré@sc%epaﬂ@n& the flewable, insulative
ISCOWHfIér%E %Fﬁ@ét% € 1¥ncfh'c|o{ngﬂgestcg fleld ﬁgﬁ&_}lﬁé‘zﬁ léatﬁtﬁ({)hgl?rg{gch with

e, Insu t|ve yer
cl aheflgwabbeneilativdégyesi ti ng the flowabl e, insulative
| ayer in the at | east one trench conprises partially
filling the at |east one trench with the 20 flowable,

i nsul atige | ayRmethod of claim 2, wherein depositing the flowable, insulative
layer in the at least one trench comprises partially filling the at least one trench with the

20 flowable, insulative layer.

5. The method of claim 1, wherein providing the flowable, insulative layer

comprises depositing the flowable, insulative layer by chemical vapor deposition.

25 6. ° The method of claim 5, wherein depositing the flowable, insulative
layer by chemical vapor deposition comprises flowing an organic silicon precursor and

an oxidizing agent over the semiconductor substrate.

‘ 7. The method of claim 5, wherein depositing the flowable, insulative
30 layer by chemical vapor deposition comprises flowing trimethylsilane and ozone over

the semiconductor substrate.



5. The method of claim1, wherein providing the
fl owabl e, insulative |ayer conprises depositing the
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deposition. 25 6. The nethod of claim5, wherein
depositing the flowable, insulative Ilayer by chem ca
vapor deposition conprises flowing an organic silicon
precursor and an oxidizin? gent over

t he . .
seni conduct ofhesupbed g daimy éel?rﬁ‘loﬁlﬁl&fl%ge fpuphif.gnsulative layer
wh | - L g ' diative 30 | ayer
by Cop e BRRTHAL Pk 08 o AR e IS | G ng
trimethyl silane and ozone over the sem conductor
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I'n i | thOfiew ¢, ins@lhtive layer to
R S
wher@ien renovi ng residual carbon deposits from 5 the

fl owabl e, insulative |ayer conprises exposing the

fl owabl e, insulative |layer to ozone. 10. The net hod

of claiml, ThemeihbdbEaBw NoOvicesh chadviarckiomal dapos désosits from
from the flowable, insulative |layer conprises. .

ex esflovepbicr instlatvealByes comprisas skpesing thg Hpwakle. fapulsiyp &gy to

a tenmperature of [ Y. . °
oSO it i s D ARG AR SRR G apBBimarely 1.000°C,
wherei n renovi ng residual carbon deposits from the
flowabl e, insulative | ayer_ conprises fl| ow

Ng .ozone .
over thélf| oka®msthod QEefaim i, whereigyempoving rﬁsﬁgﬂﬁéﬁ%ﬁf' gpResits from
of [ 4 FeNd i i
T SR sl ARGy o AR EB I o 2 byl insulaive
cafnbenatdepmpernsird ofapprokheatélly d¢0A! ®,appregirhaiely 7601y er
conpri ses exposing the flowable, insulative |ayer to
ozone at a rate of between approxi mately 10 standard
cubi c cegnt i ML EhRHIR of Bl SwidEin réRPVifxXiermb Al cyirbdl defits from
standard cubic centineters per mnute. 20 13. The
netthobowdble izsulatite lay¢repaipriseserpotingthe ewable) inudatiygAayer to

deposits f the flowable ] e | .
congptede HEBL SRR e R R s Rt ppygimot and

approximately 20,000 standard cubic centimeters per minute.

13.  The method of claim 1, wherein removing residual carbon deposits from
the flowable, insulative layer comprises flowing ozone over the flowable, insulative
layer at a rate of approximately 2,000 standard cubic centimeters per minute to

approximately 5,000 standard cubic centimeters per minute.

14.  The method of claim 1, wherein removing residual carbon deposits from
the flowable, insulative layer comprises flowing ozone over the flowable, insulative

layer at a concentration of ozone greater than approximately 1%.

15.  The method of claim 1, wherein removing residual carbon deposits from
the flowable, insulative layer comprises flowing ozone over the flowable, insulative

layer at a concentration of ozone greater than approximately 12%.



| ayer at a rate of approximately 2,000 standard cubic
centineters per mnute to approxinmately 5,000
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met hod of claim 1, wherein renoving residual carbon
deposits from the flowable, igsulative |ayer
conprises flow ng ozone over the flowable, insulative
| ayer at a concentration of ozone greater than
approximately 1% 30 15. The nethod of claim1l,
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Sof claim1, wherein renoving residual carbon deposits

from the flowable, insulative |ayer conprises flow ng.
ozone ovidr t Heempehpdnielaimds whegeingmoyigg gssidypl garbon depdsits from

co ' : i o%.
e L S B R e
car dvone frepgsriddoff timnersuffitientftd oxidlzk éhe residud] atrbue dépoyies:
conpri ses exposing the flowable, insulative |ayer to
ozone for a period of time sufficient to oxidize the

10f esi dual jgcar bgR RIS ichim 10 whein BRoMRE RAHA] c#bd d¥osits from
1, wherein renoving residual carbon deposits from the
f | othe flbwable riswllaive Vayet eopepriseoenposing thedlqyablenipstlnave layer to
f 1 owabl insul ative |ayer. to zone for. b
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seconds. 19. The nethod of claim 1, wherein renoving

resi dual carbon deposits from 15 the flowabl e,

i nsul atile | dpemakdniickdn lewpersintgmenag resinabsasbon deposits from
I ns ' [. . . i . .
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r esozdu@for appogimattdp 08 kdcondst om t he fl owabl e,
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carbon deposits to 20 volatile, carbon species. 21.
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contbe flewsble adwntativg layar compurises ofidicmg hivavepided embon deposis to

20  volatile, carbon species.

21.  The method of claim 1, wherein removing residual carbon deposits from
the flowable, insulative layer comprises reducing an amount of carbon present in the

insulative layer to less than approximately 5% atomic.

25

22. A semiconductor device structure, comprising:

a semiconductor substrate comprising at least one trench at least partially filled
with an insulative material applied in a flowable state, wherein the insulative material
has less than approximately 30% residual carbon.

30

23. The semiconductor device structure of claim 22, wherein the insulative

material is substantially free of residual carbon.



insulative layer to | ess than approximately 5% at om c

25 22. A sem conductor device structure, conprising:. a
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at least partially filled wth an insulative materi al

applied in a flowable state, wherein the insulative

material has |less than approximately 30% resi dual

carbon. 30 23. The sem conduct or device structure of

claim 22, wherein the insulative mterial is
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the insulative material is solidified.
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