DESCRI PTI ON METHODS OF FORM NG TRENCH | SOLATI ON REG ONS 5 TECHNI CAL FI ELD
This invention relates to nethods of formng trench isolation regions.
BACKGROUND ART 10 In typical sem conductor device applications, nunerous
devices are packed into a small area of a_ sem conductor substrate to create
an integrated circuit. Many of the indivi dual devices are electricall y
I sol ated fromone another. Accordingly, electrical isolation is an integral
part of sem conductor device design for preventing unwanted el ectrical
coupl i ng between adjacent conponents and 15 devices. Conventional nethods
of isolating circuit conponents typi capk¥cRipidgench isolation regions.
Such are formed by depositing or other rming a masking |ayer over a
sem conduct or substrate HUE 1 y&g layer into
t he sem conduct or substpneﬁ-ﬁre, W t ﬁ@lﬁrtﬁnc e%ﬁﬁgé?%@lyxgg%@n ly 20 filled
with insuldive material. Exenplary nasking materials for trench isolation
I ncl ude sili COEé\jiﬁfdﬂeFlgEB polysilicon with or without an underlying pad
oxi de | ayer. formng the trenches, they are typically |ined
with silicon nitriThis vieation kdlatenttemethadsef fpaming dlenth ésdlatiomalegloss| at i on
material. Sidewalls of the trenches are typically oxidized as well to form
silicon dioxide and either before 25 or after the nitride |iner deposition.
The trench i sOBACKGROUNRARY which is formed in the isolation trenches
typically |ncludes de?osi tion of insulative nat Fri al over the rrgski n
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i sol ati on regifonprovdnitiagt umnedraby aMutiicn! tdoaplifes betvegmbdiacant ohers and
silicon nitride,and where silicon nitride is also utilized to |ine the
trenches, the $AY9Sde I i ner

Conventional methods of isolating circuit components typically use trench

isolation regions. Such are formed by depositing or otherwise forming a masking
layer over a semiconductor substrate. Trenches are etched through the masking
layer into the semiconductor substrate, with the trenches being subsequently
20 filled with insulative material. Exemplary masking materials for trench isolation
include silicon nitride and polysilicon with or without an underlying pad oxide
layer. Further after forming the trenches, they are typically lined with silicon
nitride which ultimately forms part of the trench isolation material. Sidewalls of
the trenches are typically oxidized as well ta form silicon dioxide and either before
25 or after the nitride liner deposition.

The trench isolation material which is formed in the isolation trenches
typically includes deposition of insulative material over the masking material and
to within the trenches, typically over-filling them. The isolation material is typically
then polished back, for example by chemical-mechanical polishing, at least to the

30 outer sutface of the masking material. The masking material is then typically
selectively etched away from the substrate leaving, at least at this point in the
process, insulative isolation material filling and extending outwardly of the trench
isolation regions. Unfortunately where the masking material comprises silicon

nitride and where silicon nitride is afso utilized to line the trenches, the nitride liner



2 mght get etched as well. This can cause nitride liner recessing within
the trenches relative to the outer surface of the sem conductive materi al

of the substrate. This can result in gate oxide wap-around that can
degrade the transistors which are ultimately fabricated. 5 Wile the

I nvention was notivated in addressing the &above identiffed issues, it is in
no way so limted, The invention is only limted by the acconpanying clains
as literally worded, without interpretative or other limting reference to
the specification, and in accordance with the doctrine of equivalents. 10
SUMMVARY The i mvightt geh stahedudesvelet hidds can ¢airsei niride dinen reeessing wdthinedheons.

In one inple tatl on.., ski n terd i.s, forned over..a sem canducgt or
substrate. Tﬁéﬂﬁﬁé%(irﬁlanﬁ%{{gr%gl g‘dtgaﬁpsiuffggé %(t tﬁeeggg\lcgﬁ\gucéyve[ u ag‘g'f' n?‘u?he
titani um nitrisdpsteatd. TAR' PAOUBSGIRNH Qate AXidEPWaR@Arodnd Ghafedan egvaie tie
masking material and into 15 the sem conductor substrate effective to form

an isol ati on treasiskwramhighareddimatehdabii¢aled.mat eri al of the seni conduct or

substrate. A trenchyd.sohat i: At erl | K L 1 el sal abi.oF
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| east to an outernost surface of the at |east one of 20 tungsten, titanium
nitride and aRSPPMBAYYIRACHIMSAHS livalxatridrg. withewt aterpratativi or piwstimitieg of
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substrate. In one Inplenentation, a nethod o ormng a trench 1solation
region conprises formng masking material over a sem conductor substrate,

wher e at 5 W of the masking material is oxidizable. An opening is
formed tht ug king material and into the sem conductor substrate

effective to form gFhe inveetiahimiuddsanethons ohidimaRireadideldtva regibasI M o the
sem conductor substrate. The openi n‘g and the isolation trench have
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Trench i sol at iapforphées carbon s Anoopetngistformed treouglotiad maisking material and into
15 the semiconductor substrate effective to form an isolation trench within
semiconductive material of the semiconductor substrate. A trench isolation
material is formed within the isolation trench and over the masking material
outside of the trench effective to overfill the isolation trench. The trench isolation
material is polished at least to an outermost surface of the at least one of
20 tungsten, titanium nitride and amorphous carbon of the masking material. The at
least one of tungsten, titanium nitride and amorphous carbon is/are etched from
the substrate.
In one implementation, a method of forming a trench isolation region
comprises forming masking material over a semiconductor substrate, where at
25 least some of the masking material is oxidizable. An opening is formed through
the masking material and into the semiconductor substrate effective to form an
isolation trench within semiconductive material of the semiconductor substrate.
The opening and the isolation trench have respective sidewalis. The substrate is
exposed to oxidizing conditions effective to oxidize the masking material
30 sidewalls at a greater rate than which the sidewalls of the semiconductive
material are oxidized. Trench isolation material is formed within the isolation

trench.



trench. 3 1In one inplenmentation, a nethod of formng a trench isolation
regi on conprises formng a nmasking material over a sem conductor substrate.
An opening is formed through the nmasking material and into the

sem conductor substrate effective to forman isolation.trench within

semi conductive material of 5 the semni condictor substrate. A silicon nitride
conprising layer is deposited wthin the isolation trench and over the
maski ng material effective to line the trench. Trench isolation material is

deposited over the silicon nitr,i si n | ayer within the.isol ation
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is a view of e Fig at a processing subsequent to that
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di agrammati c QUEAATY %Sgw '8$]n%£\'ﬁg\?‘£i %ré%oi&%g%@gpnaagtgif%UDsﬁrAtg effective to

leave a portion of the silicon nitride comprising layer projecting outwardly from
semiconductive material of the semiconductor substrate.

15 Other implementations and aspects are contemplated.

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the invention are described below with reference to the

following accompanying drawings.
20 Fig. 1 is a diagrammatic section view of a semiconductor wafer fragment in
process in accordance with an aspect of the invention.
Fig. 2 is a view of the Fig. 1 wafer fragment at a processing subsequent to
that depicted by Fig. 1. '
Fig. 3 is a view of the Fig. 2 wafer fragment at a processing subsequent to
25 that depicted by Fig. 2.
Fig. 4 is a view of the Fig. 3 wafer fragment at a processing subsequent to
that depicted by Fig. 3.
Fig. 5 is a view of the Fig. 4 wafer fragment at a processing subsequent to
that depicted by Fig. 4.
30 Fig. 6 is a diagrammatic section view of another semiconductor wafer
fragment in process in accordance with an aspect of the invention.
Fig. 7 is a diagrammatic section view of another semiconductor water

fragment in process in accordance with an aspect of the invention.



fragnent in process in accordance with an aspect of the invention. Fig. 7 is
a diagrammtic section view of another sem conductor wafer fragnent in
process in accordance with an aspect of the invention. 4 Fig. 8 is a view
of the Fig. 7 wafer fragnent at a processigg subsequent to that depicted by
Fig. 7. Fig. 9 is a viewof the Fig. 8 wafér fragnent at a processing
subsequent to that depicted by Fig. 8. 5 Fig. 10 is a diagrammuatic section
vi ew of anot her sem conductor wafer fragnent in process in accordance with

an aspect of the i ion. . Fi 11..is,a_ Vi f. the Fig. 10 wafer fraqgument
2t processi ng suldgauing vien St i Fioer Pateridgient 4P pideastind Toihglefir ey
of the Fig. 1lhnhaedésictetagnEgt7at a processing subsequent 10 to that
depicted by Fig. 11. Fig. 13 is,a view of the Fig. 12 wafer fragnent at a
processi ng subsequéf@- 9 12 viext oidei kig.hwaierdiagment at ginjocessingssubsequent to

di agrammatic s | ' not her sem conductor wafer fragnent in
process in acc@%ggé:l%%\%%/hﬂéhgaspect of the invention. 15 Fig. 15 is a view

of the Fig.5 14 waf efigf 1 adsemdiagramnyatiocseetion yisw o emotver sémicbhddctolewafdy ed
by Fig. 14. Fir{?ég 16 i s a di aﬁr anmatic section view,of another sem conduct or
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Fig. 17 is a view of;4t he:Fh o f ' nt
2070t hat_depi cted By e par OB ARG A9 REERReptenlabR MiTERRR AR
EVMBODI MENTS Antoghengemcteddiytfogi tient nmet hod of forming a trench isolation
regionis initially described wth reference.to Figs, 1-5. Fig. depicts a
segi conductor 25 ﬁgsﬁf‘ﬁ%vﬁv é\#ollt%rgi'%'i ’n‘gWBfﬁ’&faga}ﬁ”gaha&E?‘f%?é'f\%aﬁléﬁﬁaﬂ?efﬁz,
for exanpl g noaRAYSdHEteby Myl {con. Al though the invention is described

t hroughout in the régref erred context_of bul k sem conductor processing,

seni conduct or - on- i NI 42 & & viexpel Batfign! hwates dragmenhal 8 PsecessingoIuRsequenthods
of fabricatinghenGdhiteaRrigh 2.
Fig. 14 is a diagrammatic section view of another semiconductor wafer
fragment in process in accordance with an aspect of the invention.
15 Fig. 15 is a view of the Fig. 14 wafer fragment at a processing subsequent
to that depicted by Fig. 14.
Fig. 16 is a diagrammatic section view of another semiconductor wafer
fragment in process in accordance with an aspect of the invention.
Fig. 17 is a view of the Fig. 16 wafer fragment at a processing subsequent
20 to that depicted by Fig. 16.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
An exemplary embodiment method of forming a trench isolation region is

initially described with reference to Figs. 1-5. Fig. 1 depicts a semiconductor
25 substrate 10 comprising bulk semiconductive material 12, for exampie
monocrystalline silicon. Although the invention is described throughout in the
preferred context of bulk semiconductor processing, semiconductor-on-insulator
fabrication methods as well as any other methods of fabricating trench isolation
regions are contemplated in accordance with the invention. In the context of this
30 document, the term "semiconductor substrate” or "semiconductive substrate" is
defined to mean any construction comprising semiconductive material, including,
but not limited to, bulk semiconductive materials such as a semiconductive wafer



regions are contenplated in accordance with the invention. In the context of
this 30 docunent, the term "sem conductor substrate" or "sem conductive
substrate"” is defined to mean any construction conprising sem conductive
material,. including, but not |limted to, bulk sem conductive materials such
as a seniconductive wafer 5- (either alonédor in assenbl-ies conprising other
materials thereon), and sem conductive material | ayers (either alone or in
assenblies conprising other materials). The term"substrate" refers to any
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exenpl ary preferred pressure range being fromabout 3 Torr to about 7 Torr.
A specific prdinepleggntal ansiy algy3omg, élf?d“ts“‘ﬂﬁffﬁe aggdcamorphous carbon. In one

15 embodiment where amorphous carbon is utilized, it might comprise at least one
of boron and nitrogen.

Further in one exemplary embodiment with respect to amorphous carbon,
such might comprise a layer that is transparent to visible light. In the context of
this document, an amorphous carbon comprising layer that is transparent to

20 visible light means that the amorphous carbon comprising layer has a
substantially low absorption coefficient (k) in which k has a range between
about 0.15 and about 0.001 (or lower) at wavelength 633 nm. The amorphous
carbon comprising layer transparent to visible light range radiation, by way of
example only, might be formed at a temperature from about 200°C to

25 about 450°C, with an exemplary preferred pressure range being from about 3
Torr to about 7 Torr. A specific preferred example is 375°C and 5 Torr. Such
deposition preferably occurs by plasma generation, with an exemplary power
applied to the showerhead being from 500 watts to 1100 watts, with 800 watts
being a specific preferred example. An exemplary fiow rate for the CsHg is

30 from 400 sccm to 2400 sccm, with 1450 sccm being a specific preferred example.
An exemplary preferred flow rate for the helium is from 250 sccm to 650 scem,

with 450 sccm being a specific preferred example. An exemplary preferred



deposition preferably occurs by plasnma generation, with an exenpl ary power
applied to the showerhead being from500 watts to 1100 watts, with 800 watts
being a specific preferred exanple. An exenplary flow rate for the 031-16 is
30 from 400 sccmto 2400 sccm wth 1450 sccm being a specific preferred
exanple. An exenplary preferred flowrateS%or the heliumis from 250 sccm
to 650 sccm  wth 450 sccm being a specific preferred exanple. An exenplary
preferred 6 spacing of the showerhead/ substrate support- susceptor is 240
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15 from 0.1% atomic to 20% atomic.

Hard masking and/or antireflective coating layers might be utilized over
masking material ayer 18. In one preferred embodiment, masking material 14 is
void of silicon nitride.

Referring to Fig. 2, an opening 20 has been formed through masking

20 material 14 into semiconductor substrate 10 effective to form an isolation
trench 22 within semiconductive material 12 of semiconductor substrate 10. An
exemplary preferred manner of doing so is by photolithographic patterning,
development and etching, whether using existing or yet-to-be developed
technologies.

25 Refetring to Fig. 3, trench isolation material 24 has been formed within
isolation trench 22 and over masking material 14 outside of trench 22 effective to
overfill isolation trench 22. An exemplary preferred material is silicon dioxide, for
example high density plasma deposited silicon dioxide, and further, for example,
with or without thermal oxide and/or silicon nitride trench liner materials.

30 Referring to Fig. 4, trench isolation material 24 has been polished at [east
to an outermost surface of the at least one of tungsten, tungsten nitride and

amorphous carbon material 18 of masking material 14. Exemplary preferred



25 Referring to Fig. 3, trench isolation material 24 has been fornmed within
I sol ation trench 22 and over masking material 14 outside of trench 22
effective to overfill isolation trench 22. An exenplary preferred nmateri al
is silicon dioxide, for exanple high densjty plasnma deposited silicon

di oxi de, and further, for exanple, wth of without thermal oxide and/ or
silicon nitride trench liner materials. 30 Referring to Fig. 4, trench

i solation material 24 has been polished at |least to an outernost surface of
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from 10 outwardly of isolation trench 22. By way of exanple only, an
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Fig. 6 in connectiaon. wth.a semconductor _substrate 10a. Like nungrals from
the fi rst-desgﬂxl elay%%%m'%niﬁ%ﬁé r%‘iﬁl%?’? ¥ W%ﬁ@?go p rO%”?glp@,terﬁT?ﬁ?rom

di fferencag b@umﬂdqﬁéfqgélgnbrv\jréﬂibrdm_ferent nunmeral's or 15 with the suffix
"a". Masking material 14a conprises at |least two of tungsten, titanium

nitride and amor ph&ysWedr eofxaimple, onlyy akapinate sreapialy eapediment dp thet
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A A R e e e R
exenpl ary 1gnmbedinTeid saikrad aflasking material 14a comprises at least two of tungsten,
titanium nitride and amorphous carbon with, for example, an outer layer 19 of at
least one of such materials being received outwardly of masking material layer
18a which comprises another of at least one of tungsten, titanium nitride and
amorphous carbon. In one exemplary embodiment, material 19 preferably
20 comprises amorphous carbon and material 18a comprises at least one of
tungsten and tungsten nitride.

By way of example only, another exemplary embodiment method of
forming a trench isolation region is described with reference to Figs. 7-9 in
connection with a semiconductor substrate 10b. Like numerals from the first-

25 described embodiment are utilized where appropriate, with differences being
indicated with different numerals or with the suffix “b". Referring to Fig. 7, trench
isolation material 24b has been formed within isolation trench 22 and over
masking material 14 outside of trench 22 effective to overfill isolation trench 22.
Trench isolation material 24b includes a silicon nitride comprising layer 30 and at

30 least one material 32 other than silicon nitride formed thereover. An exemplary
thickness for layer 30 is 70 Angstroms, and an exemplary preferred material for
layer 32 is high density plasma deposited silicon dioxide. Of course, a thermal



formng a trench isolation region is described with reference to Figs. 7-9
in connection with a sem conductor substrate |ob. Like nunerals fromthe
first 25 described enbodi nent are utilized where appropriate, with
differences being indicated with different numerals or with the suffix "b".
Referring to Fig. 7, trench .isolation matderi al 24b has been formed within
I solation trench 22 and over nasking material 14 outside of trench 22
effective to overfill isolation trench 22. Trench isolation material 24b

i ncludes a silij.con pitride conprising |layer 30 and at 30 | t.one naterial
35 ot her ¢ hansUFe Baice dRydiemidbt et forriatiho JHerth s Bhuals 2 SeidtF cunatd 1 oy
llayer 30 is 7@epbdfidn 6Mbyecsd an exenplary preferred material for |ayer 32
is high density plasnma deposited silicon dioxide. O course, a thermal s

silicon dioxide |alfeferipghe Hige & dransh isplatioremetierd! Edhanass boen pefighad o ataf t er
3 o0 f . o . [ cial oab
s been- pol 1 S84 P prrtpitale of fod afiodie dhbriingSRnn MAlTa b Bnd”

tungsten, 6itamciphals cdrden areteridh 18w dsting matebanaat erial 18 of masking
material 14. Referring to Fi ﬁ 9, the at |east one of tunglst,en, titani um
nitride and anor pRE{ETRArBORIIMR: dhe 3t Ipashggepele Hingstate ditapiym MHEdR B8k r at e

substantial l'y 5n3ahRald c‘.‘f'rb}in %‘%ﬁ%‘h@"c $'bbs Q%hgggﬂfnﬁ ?ﬁ@gubﬁrﬁ%sﬁ?gﬁaﬁﬁaﬂwy of

exanpl e only, an “exenplary emsiry etching e

t ungst en, anosplectigely do sifitonf mtridedéamprising taglee Q0. v Byywa|ctexampi® only, ianon
nitride conprises H2SO4 and H2CP at O:-1 ratio we| ght at 140C. Furt her
by vy of oxaRFPEPE Sictite EXIEIarey SePif e Rehiundeleh ariplfitmgarbon.

el enent al 1pungphry BRASGBCtEN FRARR! o Shivor ltadd \rifises! IH%S@JS aﬂdtﬁdt&eat
conprises H20, HCI, and H2Q2 "at a 20:4:1 ratio by weight at 70C. Yet another
exenpl ary net BdH1oatio byriveightaat 1440160 Fuaher boway el exampe ondy, dwsexempplant n

Toc. L ke, mumErAne et fot oA ARG MR Mhalef An B Ry JURN LY .

Li ke nune rom escri nent are
appropri ate, wsilicon ditfidecompasedididJIChHand #1.0d atviat0:4ti friss bpweighteat FDC.or

has been formed oVet AeecRRRNEY Saiad B dofhind g ey SeeNcsaien s
compr i)fsi \?\ﬁisghﬂiégcr%ooiﬂ denhétRh Wih #Rgk. 210-93aR! ddrPRciBh &litrfla d8GicoRbiudiBast
substrate 10c. Like numerals from the first-described embodiment are utilized
where appropriate, with differences being indicated with different numerals or
with the suffix “c”. Referring initially to Fig. 10, a masking material 14c has been
formed over semiconductor substrate 12. Such is depicted as comprising a pad
20 oxide layer 18 and an overlying material 18c, at least some of which is
oxidizable. Thicknesses are preferably as described above in connection with
the first described embodiment. Exemplary materials include those as described
above, specifically tungsten, amorphous carbon, and/or tungsten nitride. An
additional alternate exemplary material is polysilicon, whether updoped or doped
25  with another material or materials such as boron and/or phosphorus. Additionai
oxidizable masking materials are contemplated, whether existing or yet-to-be
developed. Regardless, in one exemplary preferred embodiment, masking
material 14¢ is void of silicon nitride.
Referring to Fig. 10, an opening 20 is formed through masking
30 material 14¢c and into semiconductor substrate 10c effective to form an isolation
trench 22 within semiconductive material 12 of semiconductor substrate 10c.

Mask opening 20 has sidewalls 34, and isolation trench 22 has sidewalls 36.



oxi di zabl e. Thicknesses are preferably as descri bed above in connection with
the first described enbodi nent. Exenplary materials include those as

descri bed above, specifically tungsten, anorphous carbon, and/or tungsten
nitride. 'An additional alternate exenplary material is polysilicon, whether
updoped or doped 25 with another material or materials such as boron and/or
phosphorus. Additional oxidizable masking materials are contenpl ated,

whet her existing or yet-to-be devel oped. Regardless i n one exenplary

preferred enbodi meRfetemRg ktd‘gﬁ%”ﬁ;b s:ugktfrétéﬁ N q)eﬁ?f 'xt;bgé’@ @Ob;‘ﬂdfkg‘ﬂ al

Referring to Fig, 10, an”openi orrre t hrou I ng
14c and into mnﬂtﬁonsiwcﬁteohvestcbswmzeemaelmngfmehenak/etdewaﬂmraqm ah ai grehtdri rate

t h 22 wthj ' ti 12 of t bstrate,l
Visk opani ng. oA 368 ARATHIR ey i e fetnRbndiiRys Shsanae 4R bkalee. o6
9 Referring tihekdil inl bneSprasdrict @mb@@mh#ﬁ Bﬁecﬁkl@é({l’%%‘ds@) Qs %frﬁ'é@'vﬂﬂch is

conditions effective to oxidi ze maski ng materi al at a greater
rate than5t hdttegliydhicker eyaidhamaskirg r@atemhs@@watﬁcwhfmap@mmamoltﬂaamer

oxi di zed. an oxide layer 39 is forned
which is 5 | aﬁé?geéle% lﬁggﬁ %é@%&&'tqﬁgr%@éﬂ%g material sidewalls within
openi ng 20 than ov@efering toiFigW, ltenoh issaticbometetial 2ec Malesded fokded Rathat ri ng
to Fig. 12, trench isolation material 24c has been fornmed within isolation

trench 22. Sud$P ﬁﬁ!@htre@%%%. SHChAUONY Comprrige PRE LY iradre, Malerialsyuitarmaleriadd al so
10
conprising tr cbﬁ\ @ﬁ\ %n%ﬁt.%lb@érhnfaﬁ]@&ﬁs%ires%é;é‘s@mggﬁgmge%%g i e

as descri bed a ove | nectlon W t i rst
exanpl e wher eas das:mbemil abavic in IWnarctidvi evitar ther dimhdedcobedesrbgdimeots, for

sem conducti ve mat for exanpl e sho, in Fi An al ternate
exenpl ary embdP ? ‘g ?ﬁegym ietr@fs gﬁst"%gta@g e et v&de@utmargfyggronu
and 15. Like nygmmesnductive Matdital FRor exdmpid a%rmmwdmm|?af$ 15 utilized where
appropriate, W|th di fferences being indicated with different nunerals or

with the suffix "dAn RéEEate n@XQpr'ﬁrYg embpdigeri emiteddCtal sibslale oW is i s
T on e+ SRIETH ERSCPTENE 38, L1TAInG Y bR TP el SABospE AR 12 °
oxi di zed 15 utilized where appropnate with differences being indicated with different
numerals or with the suffix “d”. Referring to Fig. 14, Semiconductor substrate 10d
is shown.as being formed to comprise trench isolation material 24d comprising a
silicon nitride comprising layer 42 received over (and “on”, as shown) the oxidized
masking material sidewalls and oxidized semiconductive material sidewalls (i.e.,
20 on material 39). An exemplary additional material 44 is formed thereover, for
example high density plasma deposited silicon dioxide.
Referring to Fig. 15, and by way of example only, subsequent processing
is depicted whereby all material has been removed outwardiy from material 12 of
semiconductor substrate 10d.
25 Yet another preferred method of forming a trench isolation region in
accordance with aspects of the invention is described in connection with a
semiconductor substrate 10e in Figs. 16 and 17. Like numerals from the first-
described embodiments are utilized where appropriate, with differences being
indicated with different numerals or with the suffix “e”. Referring to Fig. 16, a
30 masking material 14 is formed over a semiconductor substrate 12. Any material
is contempfated, and including for example those described above, and
preferably with such masking material being void of silicon nitride. An opening 20



maski ng material sidewalls and oxidized sem conductive nmaterial sidewalls
(i.e., 20 on material 39). An exenplary additional material 44 is formed

t hereover, for exanple high density plasna deposited silicon dioxide.
Referring to Fig. 15, and by way of exanple only, subsequent processing is
depi cted whereby all naterial has been redBved outwardly from material 12 of
sem conduct or substrate 10d. 25 Yet another preferred nethod of formng a
trench isolation region in accordance with aspects of the invention is
described in connectiop with m conduct or, su ate 10 in Fj 6 a

17 °Li Ke. nuner@Ps BepB nfariiect o3 ook bemeiatEt: Herde! APl Ee DR Rer o
appropriate, Wdthridli1of AfaBGRS thfd?ﬁh dnn‘inTé’tFo‘?ldtﬁéhEH szmmﬁmmaneﬂar@bsopr

with the suffix "e". Referring to Fig. 16, a 30 nasking material 14 is
f ormed over asﬁmﬁmnd@ttwsﬁaﬂeﬂ(}%té\EQICOm\rrytrldat@JmMSmg dayrn®@ makabaam, and

ki ng. nat or CPoBR IR P ERCTant B Y Brerdésg R fefe B M MR i pecn

formed t hr guglrefas lg2ng ArBéesrhthryl thickhésh 160 1ay8m60 08 dktsih 10 Arm@tsﬁbmaltolﬁo
effective to forman isolation trench 22 within material 12

seni conduct or ANgsEemat el repeh istladion; reaterial 24 inas besnpslapssiied Ioé(?éﬁ“l% Afrdepeen
3 o it hin L. .
fo Tine s tredoipsSRbay8rag (R i6ciARs 1BYE 2 RhUOGvAT hlokHa, by fla ot 'V

Angstrons to buside\nfstenohs22. T@eaiptaryqb@ten@d mateldlalare 4shassdibed atrepesi t ed
over silicon nitride, risi a% | ayer 50 within jsolatign trench 22 and

over masking REmsty I'gh(l:%np‘ﬁ‘f}f 3% deppaiirdh shicon EiQKid- ar §i9p & é’PP'@H‘ such
materialsqgre é@%cﬁ%ﬂdtiotherﬁal%tﬁﬁyﬂ an@%ﬂ%bt‘{ nh'hdﬂ‘ f Soériﬁg Jag/]e?%%

| b
silicon dioxi depi cts such trenc mat eri al 24 and
silicon nitri @@hsmqaat.l@asigonmsgmgana@stahmu ng been polished at least to

ool at Von mat or ol FEPTNGS FRacT Ptk R 4 SRR Splabinipatghécar”

conpri si ng | ayave Iehrremovet welatley to eflico hitiideoootnptising (apiré0 fbmldutwhrdly
sem conducti ve substrate 10e ef aECtlve to leave 15 a portion, of silicon

nitride conpriolisagigondaetiviomatesiabd 2iaf sepigansuative %fbst@m%ﬁ@eewev@ IfdYeri al
12 of semigonduchiNen SUPSERid® Rfide cSHBRHE Yayer 50 projecting outwardly of

semiconductive material 12 of semiconductive substrate 10e. An exemplary
technique for such processing, where for example material 24 is silicon dioxide
and material 18 is polysilicon includes dipping or spraying with a 25:1 by volume
solution of H,O:HF at room temperature and pressure conditions. Alternately

20 with polysilicon and silicon dioxide, such a solution could be utilized initially to
strip any native oxide overlying material 18 followed by etching polysilicon with
tetramethyl ammonium hydroxide (TMAH). An exemplary such sofution is 2.25%
TMAH by weight in deionized water at 30°C.



techni que for such processing, where for exanple material 24 is silicon
dioxide and material 18 is polysilicon includes dipping or spraying with a
25:1 by volunme solution of H20: HF at room tenperature and pressure
conditions. Alternately 20 with polysilicon and silicon dioxide, such a
solution could be utilized initially to strip any native oxide overlying
material 18 followed by etching polysillicon with tetranethyl amoni um

hydr oxi de (TMAH). An exenplary such solution is 2.25% TMAH by wei ght in

dei oni zed water at 30C. |l The invention clained is: 1. A nethod of form ng
a trench T8%INERER GlAgEdH conprising: forning a masking material over a

sem conduct or substrate; the masking material conprising at |east one of
tungsten, titaniumnitride and anorphous carbon; form ng an openi ng through
t he maski mg rrabéemiealbdaﬁﬁ)rinmtgjaﬂrmhsi@ﬂﬁtioomcgmtmmprim’cgstrate effective to form
an isolation trench mﬁt%wp sem. onductive terLﬁ h sem conduct or
substrate; for fi"HY&3 4 g'??)tf’rd HiOgH ETHrINGHCR ¥ Ftﬁat?ht e Masing maisret ench and
over the o@kisig atN@sEiiedf taips&hdRafhimtiigide behsHophbecdathem; to overfill the
isolation trench, the trench isolation material conprising a silicon

ni tride- conpri SIMig aepeningdhiragehthe magksing paterighandrintel tho samigondupien si | i con

tride f | at | t
e TR CNEC RS el LN S0E RARIER AT ST BENE ot | enst
and anor phkoisorciactoosubsfratthe maski ng material ; and after t he poli shing,

etching the at | east one. of tungstep, . fitanjumnitri nd a r phous car bon
rom the. Subot PEPBELISE MMUAR Pyt ik @WO%OW@Cg e Qs thi s

conpri si n&a{eamutﬁa@oﬁhe blemh @fekmreete%lvalﬁmgh@fsorah@n {I@&'ﬁ' g TR eib@liod rom the
substrate. . The nethod of claim| wherein the masking material conprises

t ungst en. rr@terlAl e s thgof siliconmitnige-gomprsiclayerdiaainigan leagigine matamb pihsi ng:

form ng athanSllco nnnéehla“jtg%gvr sem conductor substrate; the masking
material ~cofp anfummnitride; formng an opening through the

maski ng mat eri pdhsamg thd’lﬁréhch i | B RAInC0¢TthY 61 10dst toSdnsitdradost efthecfitd€att 0 f orm an
isolation trench w thin sem conductive material of the sem conductor
subst r at eleast one of tungsten, titanium nitride and amorphous carbon of the masking material; and
after the polishing, etching the at least one of tungsten, titanium nitride and
amorphous carbon from the substrate substantially selectively to the silicon nitride-

comprising layer and etching all remaining of the masking material from the substrate.
2. The method of claim | wherein the masking material comprises tungsten.

3. A method of forming a trench isolation region comprising:

forming a masking material over a semiconductor substrate; the masking material
comprising titanium nitride;

forming an opening through the masking material and into the semiconductor
substrate effective to form an isolation trench within semiconductive material of the
semiconductor substrate;

forming trench isolation material within the isolation trench and over the masking
material outside of the trench effective to overfill the isolation trench, the trench isolation
material comprising a silicon nitride-comprising layer having at least one material other

than silicon nitride formed thereover;



formng trench isolation material within the isolation trench and over the
masking material outside of the trench effective to overfill the isolation
trench, the trench isolation naterial conprising a silicon
nitride-conprising |ayer having at | east one material other than silicon
nitride fornmed thereover; 12 polishing the trench isolation material at

| east to an outernost surface of the titaniumnitride of the masking
material; and etching the titaniumnitride of the masking material fromthe
substrate substantially selectively tld the silicon nitride-conprising
layer. 4. The method of claim1 wherein the masking nmaterial conprises

anor phous carbon. 5. A nethod of formng a trench isolation region

conpri si ng: d%ﬁ$hggﬁwﬁﬁ§WFﬁghﬁﬁ@éW#%@l%3@$t@2@éﬁﬁ%@ﬁﬁééﬂ@ﬁ(§@ﬁétrate t he
maski ng Wﬁ%ﬁﬁhﬂhum%%fﬂk”ﬁkﬂﬂ qﬂR&BHQHﬁ carbon conprising at | east one of
boron and Mitr orm ng &N openi ng through the masking material and into
t he sem conduc&tﬂﬂng the bisdniah eitédd efthe maskiog materialafitorh sied absteate trench wi thin
senlcondulﬁﬁve mat eri al = of hh sem conduct.or ?ubstrate form ng trench

sl at i onsubseiaNsclsp b iohesTie M HOTPENEA AR over the maski ng

material outside of the trench effective to overfill the isolation trench,
the trench isolation material conprising a silicon nitride-conprising |ayer
havi ng at4. easthegnethedotedlaial | wherein the masking maoal qoimprisgeamerpheus t her eover ;
pO|IShIng the trench isolation material at |east to an outernost surface of
t he annrﬁhous carbon of the masking material; and etching the anorphous
carbon of the masking nmaterial fromthe substrate substantially selectively
to the silicon nitride-conprising |ayer. 6, The nethod of claimb5 wherein
the amor phous AdPHBed ebRpRINGESTaEh HobHPBIFEAFOMI tinggen. 7. A method of

formng a treng m'n@?al %lé?ﬁgr x'h‘&‘t%h&’l’bh n?(%érﬂigctof QIHHr]’ﬁQ, tfle Hﬁ%hgﬂta%taﬁr I al
over a senicon strTate; e maskli ng nateri a conpri st ng anor phOUS
car bon whéantprisgrgtanamstpas earbon conuprssing & ldaisigdrte;of boron and nitrogen;
forming an opening through the masking material and into the semiconductor
substrate effective to form an isolation trench within semiconductive material of the
semiconductor substrate;
forming trench isolation material within the isolation trench and over the masking
material outside of the trench effective to overfill the isolation trench, the trench isolation
material comprising a silicon nitride-comprising layer having at least one material other
than silicon nitride formed thereover;
polishing the trench isolation material at least to an outermost surface of the
amorphous carbon of the masking material; and

etching the amorphous carbon of the masking material from the substrate

substantially selectively to the silicon nitride-comprising layer.

6. The method of claim 5 wherein the amorphous carbon comprises both boron and
nitrogen.
7. A method of forming a trench isolation region comprising:

forming a masking material over a semiconductor substrate; the masking material

comprising amorphous carbon which is transparent to visible light;



