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DESCRI PTI ON METHODS OF FORM NG TRENCH | SOLATI ON
REG ONS TECHNI CAL FI ELD This invention relates to
woreiokogs2df form ng trench isolation region s PCT/US2005/010197

BACKGROUND ART In typical sem conductor device

appl i cations, nunerous devices are packed into a small

area of a sem conductor substrate to create an

integrated circuit. MBDESGRIPAONNdi vi dual devices are

electrically isolated fromone another. Accordingly,

el ect r i BETHORS OF KORMING TRENGI ISOLATION BEGIONS

sem conduct or devi ce design for preventing unwanted

el ectrical coupling between adjacent components and
TECHNICALFIELBNventi onal nethods of isolating circuit

co nents.typi.cal .y use trench i.solatipn regions.
sudnrapueRioh BIEGs W St s gl B B o s
maski ng | ayer over a sem conductor substrate. Trenches
M&@i&ﬁhrough t he masking layer into the
BA r substrate, with the trenches being
sulps egpfial | ¥erhidohatctrt HeliBe Ubpbiivion!t efiurfbrous devices are
Exenmplary masking materials for trench isolation
packeq infgea $Malk arpanpf @i semigendpelofssulistrale @ creaje an integrated

Wit . | ) i
i Ny GOIPEGIo 0 R AR oG amotner.
Acceidingipnelectricabigolstionlis @nt inteajral yart of semjrniduefortdesice design

trench isolation materi al '%gl dewal | s of the trenches
for Breyeniing Lwanted i esalacowriing betwesnadiacpplbROgPeREIES and
deveBd either before or after the nitride Iiner

eposition. The trench isolation material which is

f oGosrentiondemetholdat ofdeolatieg cliresit toppipaidnys typitalfess € trench
. eposition Qf insulativ teri.al over, the skin .
isoliERORclaRD Slety A7 Tt BepasBina o Studhiag Ty itta masking

laye®\6oEr BiddmiBEndiast sdibstrdts 0abhemedTBELEICARd itBrduygRithaiasking
then polished back, for exanple bé chem cal - mrechani cal
e

layepdntos thengemieonduaier sobsiiateowwidr thartfenchesfbeing subsequently
e 3L 8 R el SRR B Bl D g sotaior
inclhckagiliegn @itridecant! polysilicon pEtMori withdi® an underlying pad oxide
layer. Further after forming the trenches, they are typically lined witih silicon
nitride which ultimately forms part of the trench isolation material. Sidewalls of
the trenches are typically oxidized as well to form silicon dioxide and either before
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 lea st to the
outer surface of the masking material. The masking material is then typically
selectively etched away from the substrate leaving, at least at this poimt 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 also utilized to line the trenches, the nitride liner
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process, insulative isolation material filling and

extendi ng outwardly of the trench isol ation regions.
wQndosoeseent el y where the maski ng materi al conpP@BHES2005/010197

silicon nitride and where silicon nitride is also

utilized to Iine the trenches, the nitride |inerm ght
miglgiegettetithedass wetll.. Thiss caancanzaes aitrider lirke tdceesing within the

engies Sl h G PR BRSSPt eHTICQ e Thatsrial of the

subStHs!t r atigis J&h Sregéﬁ |he§éﬂet xS %bgﬁdvl’héf’ “cAhOHB rade the

that can degrade t ansi stors are ultimate
transiatars omiel . argniltireatete fabriceted.on was notivated in

addr.ess t he boveiden.if'e.iss S, dt jS i no , -
e VGES | 1 TSR e Rk, EvBlet 4h SR epeinp ki BobRdentiied
issudsC MIBNH Ngb Clvay M8o afmitbéier athy WOEARSh Wi bhryummued by the
|nterpretat|ve or other limting reference to

accgpeanyingaciadns amiitaralawesdednwihaut inteipsctadve rqrn@thef limiting

refe egté gﬁ\?%}gq}?ﬂ% ?ﬁgﬁn pgé&gf@%elvwﬂb{@dgoctpﬁ BP gauwalents

i npl enentation, a masking material is formed over a
seni conduct or substrate. The maski ng materi al
WSES at | east one of tungsten, titaniumnitride

an
B AR TR ne
implefrfenrxtatlme aaﬂhsklmgamartmzilaslfonnmemm a\n%hnmonductor substrate.
onduct.i ve mater. al t he semfconduc

sem
Thesmséﬁm matgfigl sﬂ@ﬁ“?%@&t IPBRL ARECP! BINGSE gitagiym nitride and
amotphdlid chisor.s Ahadhérin ﬁ@f&%e’ﬂ%r??ﬁgﬁ tﬁé‘ﬁwdﬁﬁ?\/ﬁ&gelrﬁl and into

mat eri al outside of the trench ctive to .
the twnicmdalctcvn substrete gtiectiveenioh fogvl @ni deolatiorr trehch s within

olished at an_out er ssurfc of the at . .
serf@nsbEie etSiR, of In8"sotictihiRlert litdling 4 esfin dsolation
mat§gdibien fefmédiewimakiHeg istiedn atenchhanat olagie %&k‘iﬁg material

tungsten, titaniumnitride and anorphous carbon is/are

outside-Akthe kreprh ieifestive te gverfill theopelatinp temeht athetieneh isolation
mat?@érlmgd |ISF1§(5 nétn%a}%t to® ﬁhobt%?ﬁ%ts‘[ U ﬁguc A gfeorg?rl'e§§F one of

erial over semc

tungstmstmanmm wﬂﬂde aatd ém@qﬁh@mr@bntdﬁahmé@ redtetialal The at
is oxidizable Bﬁem nael s forned throu

|9&Sﬁ9§§,qifg’tq9g§gerr] élta%'H Nifide ansl AawmerRRRHRLER %pnslg,igg@ elghed from
the SifgGlbve to form an

In one implementation, a method of forming a trench isolation region
comprises forming masking material over a semiconductor substrate, where at
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 sidewalls. The substrate is
exposed to oxidizing conditions effective to oxidize the masking material
sidewalls at a greater rate than which the sidewalls of the semiconductive
material are oxidized. Trench isolation material is formed within the isolation

trench.
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i solation trench within sem conductive material of the
sem conduct or substrate. The opening and the isolation

w0 e@sodsobnve respective sidewal | s. The substr aP@r/DS2005/010197
exposed to oxidizing conditions effective to oxidize
the masking material sidewalls at a greater rate than
\M’]II’C h)rteh empleummﬂattlsnpfa trhethedmot dodnn:lgl aetrentierisalatian eregion

d.. T h | at t I f
comPigSs BRI A (reHEng | MeGHA RpPe fespANS TGO MBNERte.  An
opefiihg @r ferite tﬁrbpqw the %agklﬁ RS54 SRIMAiC 8% féérn’nTbBHductor

a msk I ng mat er over a se i conduct or substrate.
subsipaiai eftedtiveftorforh ahrisalgtionHesmads kitthin semécaraluctivel matenal of
faorm

o th em_con tor ,substrat. ffectlvet
tho SGBTGdREHIET SHORTA N A SBRPRONGUE GER (aSToP Angosited
withFe e QSBIEES9 irepidlps bhat SyerAtid Inhég{inglrhéietﬂial GHERLVS tHdine the
| ayer is deposited within the isolation trench and

treneglt.erTreReh ig@aliany matedal i depesitad over thel silieon pidride comprising

ayef yEEH; o BTN Refbh o 2L e, bpoRiB ey BiRbice of the

trencl$0|T€ltte enct wamh@mdnmﬁal hhe thesHliicos neidy t:a:lnpﬁgh@l lelger are
the trench. The trench isolation material and the

pohs!nqd gbleast 9 thee reasiing snaigriehy dheamasking Briariak endethet trench
Isolétfb ﬁtmﬁr@%mﬂ' @Iatfv R RS&lich Hﬁﬁ cﬁhﬁgf}\gilﬁger from

rench i1 solation materi al are renoved re
outvmrt:lchmfnsmntaondect]wmmat&alnag of #yesemiamductavasudisyratd effective to

loavgi4 LI O 1 SHIROTR RS SHMOSPRUSKPT PEURCING PREATCY from

semfIMRILCEV S %é’téﬁ(&ﬁroﬁ’th@ls%‘?ﬁleEdQé'lb‘l“@U%ﬁfaifer om
sem conductive material of the sem conductor

subdheninplemen@tiongardraapacisare conderapisded.s are

cont enpl at ed. BRI EF DESCRI PTI ON OF THE DRAW NGS

Preferred enbodi nents of the invention are descri bed
BRIEE DEGCRIPHIONOET BHEDRAWINGSS ol | owi ng acconpanyi ng

drg}%fgrgg elﬁbgdlm]ernltssoﬁhg n?v%%?m '&es%?géd 8&0%'&‘4\’ %’{ereance to the

sem conduct M acco
followngiacamrnasmamdrmlmgse i nventi on. F| g 2 is a view of

: h& gis C?egl‘é\@pg} i %%?negcgltoﬁ\;ie\% &raogéer%%o% uc o?s\’/\?a gF Hagment 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
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.

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 wafer

fragment in process in accordance with an aspect of the invention.
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Fig. 3is aviewof the Fig. 2 wafer fragnent at a

processi ng subsequent to that depicted by Fig. 2. Fig.
wa@2008/028923 ew of the Fig. 3 wafer fragnent at aPCT/US2005/010197

processi ng subsequent to that depicted by Fig. 3. Fig.

5is aviewof the Fig. 4 wafer fragnent at a

pr digs®isng viavh sbtheehig. Zowafertfragpeat atlalproesping! subsequent to

6,is .a di ragmatic section view of another
thats‘_iﬁﬂ'@@ﬁgl}@%gr waf er fragment in process in accordance
Wi T 200 A8 RS oPthd Big. I8'WaRH PigmBhfat 4 rﬁrécé’ssin subsequent to

di agranmatic section”view of anot her sem conduct or
thatvdeiaetetintygnign8. i n process in accordance with an aspect

r £t "8 ieapudeid souBactifung! aboren Serafebpuglor waer
fraghiveritii@ prdcessiifl acBotdandeWRIN a@f adget bf the thventieh.

fragment at a processing subsequent to that depicted
by FFg.g11 & a Figy ofithe Biga 1§ wgfeiinagmentaka ipsecagséng spbsequent

totﬁeﬂq}eﬁ%ﬁégvﬁgnWCtor waf er fragnent in process in

acco h an aspect of the invention. Fig. 11 is

a Higw Dfs & hiawrbthelBignafewafardgagnentat @ ppocsssisy Sdbsequent
subsequent to that depicted by Fig. 10. Fig. 12 is a
to thatglppigted Ry Fggl1.11 wafer fragnent at a processing

su i i i -1

o B R R Bk By e, el Eanetitar Spibodig ofbsequen
to tlrailepintedytfigt it depicted by Fig. 12. Fig. 14 is a

di ?:géarrmati c section view Qf anothe i conduct or

waf &g

{5 HEGTAMERaG: SECTIAN AIeWr Bh ADSTHAT FPaIcoRgHEtar water

fragPterithe Pird%@%tih QRcofdaficelwith BindasdfRWoPthd Meehtion. 14
waf er fragnment at a processi ng subsequent to that

defigt rlishy visvgof the. Figi g4 wefdrdragrieagatanmsecessur sulsequent
to W e BV E o Bance i th an aepect of the i nventon.
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
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
substrate 10 comprising bulk semiconductive material 12, for example
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
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
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Fig. 17 is a viewof the Fig. 16 wafer fragnent at a

processi ng subsequent to that depicted by Fig. 16.
wWOEDALYHEE3 DESCRI PTI ON OF THE PREFERRED EMBODI MMNIVBS2805/010197

exenpl ary enbodi nent nethod of form ng a trench

isolation region is initially described with reference
(either Falgse br5 in Fagsermbhbmi mmpasmgmcxthadumaienalsbShemoa) and

Sen%'fgﬂ‘a{}g“ S l{évﬁ%%ecn nqqu%ltaﬂ\e/e%nﬁhgrgéamlbﬁ@s compnsmg other
matdhe®s)t i PR 'tesmﬁjesiﬁfs‘n*é?éj U8 SiiRgRitRI&NIE Sheluding, but

context of bul k sem conduct or oce si ng,
not slemt@d)rtdumensennemmmmwewub&itate&@Ites@mlb&elt alooee.asFuviher in the
of fabr;,catln tren ol ation

corf g oR G BRI s 17 RV e SO P AAACE RN e Sndufar and the

p|u|+d11vent| on. In the cont ext of this docunent, the term
sem conductor substrate" or "sem conductive. _
subAt masking snafefiehdd i® fatnadaayerc amst oempriges semiconductor

sub SR 9.9 GEENEL BHER Lo Rhoul PENL LR Bt a pac
oxicke nagandecind @ wgker(&idmesd ahoeever. IAna@&&ﬁbIdrﬁahlckneSS for
conprising other materials thereon),

layeyeth denfieey POeARgsiEpnsg| tq 3§eA§9§t§PmﬁerW5h<§QeA6\gsifﬁmS being a
| f

oro AERRIRNESA: ERANEIS' WP Bl ls plORrABY as a hikness

of from|20fi Aggstramsriot1,60@iArgdtroms, twith 5601 Angsitmhs\t@ing a specific

profYif e it MASkES BRI JgHe- LrDRPEs &8 IBRR P 1ang! tungsten
(in éléﬂﬁé‘r‘ut@! aRBbridIRYoHNR! tita USR8 7R @ h@aﬂs'c?arb%n In one

formed over and Conprises sem conductor substrate
embodlmmtd@fper@t @moaamqﬂ earpoanisodilized: it might cumpriss e least one
fbpé’i Qxi detla¥ 16 and a | ayer 18 forned thereover. An
© %'Prﬁ‘lngr)) PHF Mk ness for | ayer 16 is from 20 Angstrons

to ﬁ&t%@gmtérﬁé@xemﬁadrx@nmmdrﬁwmeem@ tBrathefgls carbon,

specific exa material |ayer 18 preferably
sucha@lg;lttqqramrmg layer ir@ﬁqlszggnm@r@m Wlslbleihgmo In the context of

thlsAﬁg LR, aW' 5#\0 ISR SPEFHALE js transparent to
S aEFT 1Rt IS transee

erred exa Ki'ng materi a
V|S|lale | ligphs t nwlmsofthhuntmt esmbiphaeisermanbeh aotMmisiad | Gyer has a

SubSTRSTIAelat VRHEOEPaD COREGERaPBoR GR35, fange between
abolh 95 GRAPALGR Gbok §@PIoWES 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
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 flow rate for the CsHg is
from 400 sccm to 2400 sccm, with 1450 scem being a specific preferred example.
An exemplary preferred flow rate for the helium is from 250 sccm to 650 sccm,

with 450 scem being a specific preferred example. An exemplary preferred
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of boron and nitrogen. Further in one exenplary

enbodi nent with respect to anorphous carbon, such
worR@hnssehpri se a | ayer that is transparent toP@I/BPDE010197

light. In the context of this docunent, an anorphous

carbon conprising layer that is transparent to visible
spaginghof theaabowhdteadisulsstate soppodesuscaptosipr240 ngld. afFxemplary

el Rl A T bt T
desdrife & GM8UHe A HYREGHE NGLH,, E3HN 'ﬁndTC@l—lf?!g‘?”f BPetstr&h R8s provided

conprising layer transparent to visib I ght range _
duringhcs weh cigpdsitiamaynight deariiher oneygasigha ¢embinatih af various
te rature from about, 2000C t.0 abo 500C, wi.th an
02y HARERTIG e PBERARE otk Y. MelBE per HEBF orp iy feriPerature
depdsiionk0 cliPUtestltTan! .gréaPediansparirelerth@s exgh®t etdmiperature
375C and_5 Torr. Such deposition preferably oCcurs b
deppsitioms. gBievay iddrexample emyeRBrpiemplapbAepOsjion tickness over

tne S5 RARLR RO Y SR bl et AR Biogrome.
boroex ampdi/ar ynifrogenr ddginboof tthe &didepheust mrbcﬂfﬂoc@ﬂpﬁsihg layer is

'é‘@go seem wth 1450 seem being ,a specific preferre
desiggth e SXRMRIKYNPPERY SOUEFRIa8d I [Relier @k &Nt exepplary flow rate

of 1@ HHE Sarfd Emegé%ﬁlgmg%ggﬁgsr%ﬁg@gg@” is INfé?gf\;&Bmplary flow

ng a specific pre n exenp
rate @f eff @00 sdsacWherefbarba ddpang ish dasifed) et exemplary concentration

rangy Rofhe, RS dar Bofrl BB b14 2iamE Bty sl Where hitrogen
dopﬂagﬁﬁﬁﬁ agﬁig@@yﬁ%x@maiwsﬁhéémaﬁ@ﬁ e ikdhe 125éH or nitrogen is

_C . A preferred gas provided during suc
fromd@ &%i atoomc i gate dwnaict her one gas or a conbination of

Fu Pt AR s Phi et S3RTHE 1ed Ml b Tiized over
masgirganedtetinRRYRANSNAY dritaprdibgbe enitsstieieat, Uh@sking material 14 is

. depagsitions. By way of exanple only, an exenplary
voidpf sdlicen HArE; ckness over the substrate for the

PRERR A 8" £ OB 18 2 eGP T BRE BN masiing
matexdal botd dotprsesnicgntagter subsiedé r €0, effectiveetpl foryn ban oigolation
wond3er W SATUREIFCHNS TR Bhan YotBEoBausIE sebsltado. An
exeBPRIM! Prdfehie@Wmanner of doing so is by photolithographic patterning,
developrment and etching, whether using existing or yet-to-be developed
technolo gies.

Referring 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.

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

amorphous carbon material 18 of masking material 14. Exemplary preferred
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rate of 1 000 seem Where boron doping is desired, an
exenpl ary concentration range in the |ayer for boron
WO g006028920. 5% atom c to 60% atomi c. Where nit rRQENS2005/010197
doping is desired, an exenplary concentration range in
the layer for nitrogen is fromO0.1 %atomc to 20%
tecl‘amiqmes irremrdze netesningl-snedhanicahtpaliehinge tfov e egaatplanqutilizing  any

. |l.aye ht be utili ove sking material |ayer
xisifig phy S e BPustobatEEIeRLARd St ng. mat or i &l 14

i's metcthiff ® Fig0B, Mhé rétdﬁaasRan%r ro'frtE]ngﬁeFi gtrta%rurﬁnnrtrlde and

openi ng 20 has been forned t hrough maski ng material 14

am¢mfmtl§e<hﬁlr@@ndnetecrral déblkas been Hickdd ot the rsubsfraten E’meferably,

the o BT cBhn tREER e a8 A8 EHElating” ¥ clrBnplisolation

mat&an ey, Wrtrﬂm@@tcﬂm%%sbyhmmt@mg B@%ﬁ@@lte amtdfqréﬁdrgrsorauon
devel oprrent and whet her™ usi ng exi sti ng or

mat;ﬁétal £4- e the venigyé @f rr@a MesHBWINGa selerbve pteh 0o remgvalsremoves

o o ORI By B A RBAB A e ey e

omd:eﬂayeda eomigitealsd b2repfid s, iaseweib ag\senid bl dlisell miateral 24 from
22. An exenpl ary preferred material is silicon

ench
OUtW?@JV@é'SQI%VO%VQHﬁW é2hi gh density plasma deposited
SI | g | e
U obaf L EaRmeR ey B oo Ble, SRR, Erhodipent to that
deplictedr byrdtigr idalss illuBehid iimdFig.o 6Fingcodnedtioanayith sobaticonductor

teri,al 24.has been polished_.at |east to an outernost
sub Sftpf 1D Liifonumerasarosnbeotistdaganiad Srangdiant are. utiized
whaltet Bpffopiize, amhpbm%&ﬁsbﬁamﬁaﬁﬂﬁda%d lﬁtrpfdrrra%ﬂtnﬁumerars or
naterral 14." Exenpl ary preferredtechni ques include

with fegrissdlix e’ hdviasking poriestal righa ﬁ@mpeﬁa&mtela&i&srt Itwpr oy tungsten,

war Bt k3o B8 Aol o 8BofuR Bt o8h B pver 19 of a
leasitungs tof rsuchi ke it g decaivstl dumUMaBL 6 ¢AESKIAG material layer
material 18 has been etched fromthe substrate.

182 ppéiclt geMpPrisesearelbRr B atsleashanet ddtusestait.i Yianjumonigiide and
m erfp@%hsse% LRy 'e&%@fﬁlé&n ﬁ?ciogﬁrlgﬁht, gﬁﬂet\@n&h 1% referably

ng as shown being s trenc

con’ipmse@t iamnonphbesi aarbdh. and hhetedainti@at complridess at least one of
tungs?ten ano}tungs?enl relg[:rtld ve etch or renoval renoves

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-
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
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
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one material conpared to another at a ratio of at
least 2 :1 . The exenplary pad oxide |layer 16 m ght
W@bk®e/ 098923 enoved, as well as sone or all of naPEr/Usio0Rd10197
fromoutwardly of isolation trench 22. By way of
exanpl e only, an alternate exenplary enbodi nent to
silicohadiodieiei yed righFilge férinedi bhusench esidéwalfs @2 befare or after
connec |on th a sem conductor substrate 10a. Like
deppsiigP 4 g‘rQTthe first-descri bed embodi nent are

ut 'F#éféﬁ*ﬁﬁ v%eF@ BORFPRH Rdfatio Hhtghélf Eﬁﬁﬁfa%sb@&‘n F‘%Jlshed to at

|nd|cate different nunerals or wWith the su
leastzan ontetkiost) suﬁaee |Odilthla4at tangb ranse of Mngﬁaﬁttlﬂawmmfmtnde and

t|ta |de and r us carbon wth,
amcﬁrﬁﬁgiégﬁ%og mg g mﬁ?@'f’gf@a@agqgl east one of
suFefeRing! talFg. bgl Nee I & qbed opat BRIGh steh Hﬁéﬂﬁhﬁf nitride and
material | ayer 18a whi ch conprises anot her of east

ameypboys calhaysmeaterial |1t8ah|a§rbeﬁrt elaine dafiiemaier :pmﬁjl@te substantially

s AR o 00 MOEB ARp RCRLLSRL MEVGH, B ebfpia gy, an

exenmlm’yleatemngtchbﬁﬂ%y &meeﬁfhnhgl@g@héﬁtaﬂlm@ngsiéﬁséﬁf@rphous carbon,
nitr anpl e only, another exe
r

andin G ﬁét@p¥v@y H@Jﬁtwe tQrstiony Alttide kAMpLss ng.@a 8g¢ dreO= at
a9 HsraQSZdVSWE%‘FIIt Wi 4y 0P 6 er il rattg/ f/g%so ﬁgmhﬂe SRQr St b implary

em conéuct or “su umeral s from
etchtimg chéemsstiyefoc etdbmng elehoéntad hingsten land/cmz'éwu gdlectvely relative to

e F e gt S P or s A AL SR W o
t 0 Yigkt Ganofhert éﬁ@ﬁl‘ﬁ)ldr?oﬁﬁéth% Hﬁtférrnhlﬁg 24Bch@s | @%ﬂon region is

fornmed within isol i on trench over
deseiipest uralcomeetmrswdt@ 6figsr dpetB 2 (B:’rrﬂ“@@ttlonewttb @wnﬁlcbhductor

rench 2 Tren i.sol ation teri
subtReClR" L6 Mt WERhae S ARt BloBimafaasg utized
whelr@aiﬁpr@p\@tﬁawwhl alffeﬁéﬁ@éﬁ%elh@aﬂd@bkécﬁQﬂtm'dﬁfféréﬁt numerals or
ormed t hereover. An exe t hi ckness for |ayer 30
Wlth| @em'ffmf@ét Referringriitial n&eﬁm dPy apnesingeategiabialihas been

ol olq)SimBRpi 5o ,FARL 1, PAAETT, AEPERL B9 BTN a pac
oxidesi gmerbéGfdeEBZh Cm/’eirllyamghrr&rt@iw/llal’l&: 22t hedgir eomle @t which is

i 4 to Fig. 8, trench
oxcl GBI | 5IPHARSaPS A A1 REDbEenIguHINaRL DD 4o Connaction 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
with another material or materials such as boron and/or phosphorus. Additional
oxidizable masking materials are contemplated, whether existing or yet-to-be
developed. Regardless, in one exemplary preferred embodiment, masking
material 14c¢ is void of silicon nitride.

Referring to Fig. 10, an opening 20 is formed through masking
material 14c and into semiconductor substrate 10c effective to form an isolation
trench 22 within semiconductive material 12 of semiconductor substrate 1Qc.

Mask opening 20 has sidewalls 34, and isolation trench 22 has sidewalls 36.
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| east an outernost surface of the at |east one of
tungsten, titaniumnitride and anorphous carbon

woraiososak3 18 of nmasking material 14. Referri ngp€@DUS1095/010197
9, the at |east one of tungsten, titaniumnitride and
anor phous carbon material 18 has been etched fromthe
suligfering subSiantlital sybstedtectliOeehgst beenl erposed tioi dridizing

conGERS! 4 36 o el e BRI Al el arator rto

thari UREIS BE NwhiBH 08 RIEMSISC HEP O seboRbudioN FRk&H! ;’}%I élfrlgagxidized.

relative t o silicon nitride conprises H2SO4 o
Theggbya irp:oner ptafermd wenlpdiment,1 acoaxideuayaeBo%bis ferynest which is

e TR BB 3 A RL B P MRT T e Big 20 ham over
the sielbally of somidbheetiVY inaltsifalaenpri ses H20, HCI, and
H2Q2 at a 20:4:1 ratio by weight at 7Q0C . Yet anot her

exEiREing tadtiebd Btrenathiselption maieriali2ds bas beendgimed within
so RSt B0 oS FOBEF SRSt SheCirfDi Rt vig rteriar oo

alsoncorapesiagfirenoh hsolbtioatmersial.i FRdcesdingi mryht cadwise continue
ere_ap(fc;o riate, with differences being

tiljzed | [ i

as H?\I%ﬁrllpége&%hﬁh’?h"ai PNL Wi Hies TiEst-desasibede egipodiments, for

. . e Ei ’ .
xaimple, pRDY  Mhaloels 2240, 89 Al Al FARELd ouwardly - from
semiadnsiuctive mekeri 8Ld R, i edkapiple @ skowoimFigsii@g a pad

ide | 16 d an overlyi ng nmaterial 18c, at .

[ ehr ABhiter S oRar: SThatmBTe SompoRAudSEsstharate 10d is
depieterf @I Rk Y1ASr1e35! RS nahwrals fori A8 FGHS.OND- Y3 it dfment are
first described enbodi nent. Exenplary naterials

utilizegc | wiaret leppsOpsiatRy s ovithediffgrnaes disirg f Ingigated with different

o083 FE A0 g8 14 SHPER Db Bsvate 100
is sy ak | ety formheti herconmsiagee thench dpgtbrivhidie 8IaidtEomprising a

. material or materials such as boron and/or phosphorus.

silicoqy gitif® RAMPHRIrAY Jauar & arieoeivrgl avardrnei“enams shown) the oxidized

mas§9@fﬂ59é | Sovant h&ld 8P Selcoflichi% rrPeﬁerial sjdewalls (i.e.
evel oped. Regardless, 'I'n one exenplary prerérre

on reatzoidl BONt , Ameskemglarat addidbndldnaterial il inforsndd tareover, for

exa P el st e e Tinchdese 19,20 'S

isggi}egét?;ﬂg%% Fig SuBS gl By W 6f ERGhpMCoRIY, 5QFLBFENt processing
is depicted whereby all material has been removed outwardly from material 12 of
semiconductor substrate 10d.

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
masking material 14 is formed over a semiconductor substrate 12. Any material
is contemplated, and including for example those described above, and

preferably with such masking material being void of silicon nitride. An opening 20
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trench 22 within sem conductive material 12 of

sem conduct or substrate 10c. Mask openi ng 20 has
wG@r@emedorks 34, and isolation trench 22 has si deOEUE®05/010197

36. Referring to Fig. 11, substrate 10c has been

exposed to oxidizing condltlons effective to oxidize
has mbsenndormaeadr trabugh denasking 3ataricd g‘rzbaaad limtoe gemaiconductor

t i,ch sidewal | s 36 .,0f sen co tor, nmaterial

maigd8 12" offRiE 30 “BHr ey Siflot SR BRR! ou ool 12 of
semidbrititicttsr ba&ratéd 0es fN@ﬂE@nV\ﬁitrRﬁ 'c?orh?ﬁsﬁh@' iagel? *HCP'ﬁﬁé been

over the masking material sidewall hi n~opéni ng
depesitad witbin ishlation deansh 22 and owed rmamrag maieriak &4 eﬁecﬂ\aa to line

wenf e AP BrlElty; WanesSIPEER §DeRokem2 T0 Sadifigsto 150

Angeronis. SEretied i@blafiBhemaRtiar 2altas Wb bR dBs®itedl od} s nitride
conprising trench isolation material. Processing m ght

compristigmayer Eohwithine iselalien dlanebd2anend pHek dnaglking onaterial 14

outsmé 'bfttrlﬁ'\g g?lt aE?érg\rEéﬁﬁgtgggg% Géalgrgﬂaefriea% %“%\%a% sGribed above,

nanmzly \mgldlderfsntgnplaemacdeﬂuthWslllﬁaheﬂlx@&ldéZ Figpr 1@xdupmitie such
wn i n Fi An al ternate exenpl ary enbodi nment

freng@ﬂﬁ(ﬂ%%%@ﬂ% @As%m%ﬁ@C% niride caeppiiting |<"|1W=‘VF5(§§S hewing been
polisHth §d5le H ﬂ@gﬂmﬁgﬁg%gmﬁépmthe Fi gs. 10-13 enbodi ment

are uti |ze appropriate, with differences being
| nfefeitiad i fig. dvf Masking mameiaild andviremch feolatid material 24

" duct. bs
nave Begnqnioved BARG oSt pGb B o Ayl 54 Som safvardly
of s%ﬁcﬁfdd@ubﬂ@é%&@f@lﬁ@bﬂ geﬁuc%ridu@ﬁ\?b @Jﬂs*tr‘é‘%‘e qggﬂiffe%‘tl()@ to leave
yer 42 received over (and "on", as shown) t

routien z & siliskn ngitiigee racaprising wiayier 50d pmqedtlrzgd outwardly of

e i RO
techinitpreeforesuchf pfoc@&@;l’fy wherg forldexsihiple Phateial Qﬂplgsslﬁcﬁﬁw dioxide
S|I|con di oxi de, Referring to Fig . 15, and by way o

and dnaieppk18 it poly§w§§@qo@nde§)dtﬂ%%phgsnrayla@pmm 8ck5:1 by volume
solu%ﬁr&mf @W 8 b&h ?ém@&%t’uﬁ%eﬂn Vs%ﬂr%ﬁg%ﬂ%ﬁé P8 mately

materi a Sém con or su
withapalysibcorp eebesiliesh ol S)fchfarsmltmgoa doutdhdJe utiltet iritfally to

d th elnventlonl
stnpd%&é%%g{ég q)glﬁegrgp.{% ng\gﬁﬂatﬁr%ﬁqg foﬁo y etching polysmcon with
tetramethyl ammonium hydroxide (TMAH). An exemplary such solution is 2.25%
TMAH by weight in deionized water at 30°C.
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sem conduct or substrate 10e in Figs. 16 and 17. Like

nunerals fromthe firstdescri bed enbodi nents are
waiRiokiogseds wher e appropriate, with differences PE/H§005/010197

indicated with different nunmerals or with the suffix

"e". Referring to Fig. 16, a masking material 14 is

formed over a semi conduct@l:Alli$hstrate 12. Any materi al

' | at ed, and including for exanple those
th&%s@?ﬁlbegg&above, and preferably with such masking

material being void of silicon nitride. An opening

20fas béenmetherkdot hicomily nas kienchmatsetdtmn 1egiord comprising:

seg(iPconductor material 12 effective

is

ring & masking gwiengl Quer @a§%mlgpnéloéctf8? rs%gprate; the masking

" matERal EOMPHSIRY ab IRt N ot Atingdies | Hie®iuM! hitdid® and amorphous

conprising l'ayer 50 has been deposited within
carbadyl ati on trench 22 and over nmasking material 14

ef jye to Li rench 22.. An exenpl ar hi.ckness .

fo&&m{bér %) OJ)FJi)%n%rf]éoﬁpr%Hg%\ndg?r 0%8%915%135\%@% (Bl into  the
seml¢@itictors ob@bdirne NBfRIctige 24 hRSrrReedn d9pestibed R  within

silicon nitride conprising |ayer 50 within isolation

semicsistive maariaghalthengsriendvetelr pabstiateput si de of

tr e : r . i aks.

e S Ind drerfs SRt PEREI Al O |1 B and gver the
masking omtedalogi@ile bf the t@ndhpifidcstivaidd dvieefiit the Jsdlatio®irench;

material 24 and silicon nitride conprising |ayer 50 as

haPPHBedhe 6EQWCE‘Hé8'aBP”Ir@_%"§('a @tn‘ﬁngﬁi Ryaha Berapshatiiace of
the PefiRREI et Of Ehﬁ%?téﬁ; BN Bt Bhal 3%rﬁﬁ9u§ F&N66n of the

i sol ation materi 24 have been renoved relative to
masking maieridly andie conprising layer 50 from outwardly of

sem conductive material 12 of  sem conducti.ve substrate

0B EE by B Rt eatd of Fisetin GRS abikcer pRcamorPhous
cartoPfsrshe Gubagte. 50 proj ecting outwardly of

sem conductive material 12 of sem conductive substrate

10e. An_exenplary techni que for_ such processi n?, _where

f oP- exarpreMeiiiad ichiclaim 1s whpreldvihelirorsidegamaterial comprises
undg%ne_ri al 18 is polysilicon includes dipping or

Spraying with a 25:1 by vol unme solution of H2O HF at

roomtenperature and p ressure conditions. Alternately

wi 8h pollyei inetlood andlain itcaneddiox itlie, masikihngamaddrial i comprises
it coul .Be utilized initially to strip any native oxide
aNBNYPHy material 18 fol | owed by etching polysilicon

with tetranethyl ammoni um hydroxide (TMAH). An

exgnpl ampeswethstPlofital@m HSwheldI¥W the masking material comprises

amorphous carbon.

5. The method of claim 4 wherein the amorphous carbon comprising

layer comprises at least one of boron and nitrogen.

6. The method of claim 4 wherein the amorphous carbon comprising

layer is transparent to visible light.

7. The method of claim 1 wherein the masking material comprises at

least two of tungsten, titanium nitride and amorphous carbon.
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TMAH by wei ght in deionized water at 300C. CLAI M5 What
is clained is: 1. A nmethod of formng a trench

w0 s@barsoen regi on conprising: form ng a maski NBCT/US2005/010197
material over a sem conductor substrate; the masking
material conprising at |east one of tungsten, titanium
ni ©:i de Tdned matioog hod udaicarb erheréior thagmaskimge matgrial comprises
t hrough the masking material and into the

am%rgh]o % or substrate effective to forman isolation

trench W|th| n sem conductive material of the

se. condiet ghethiols of agigimf or Wngdif e ée?ﬁic@hﬂ@é‘nve material
material withi n the isolation trench and over

compyisrp mylinsukstiade managrydaliine sisot.ench ef f ect | ve to
overfill the isolation trench; polishing the trench

|sqloat| %emﬂi@[hbal ptohigRsy \tNR?F% éﬁu[h%r E%ﬁ#pdgsrof $ Yhaterial

at least one 0 tungst en

corrmmephsdnsn@mﬂ@@. of the masking material; and et ch| ng
the at | east one of tungsten, titaniumnitride and

SR PR P AR 1 R oA TSt
t
5 e DI VS5 4 e B

beingl fermred ongeths silicorenitidek compprisingr laglerconpri ses
anor phous carbon. 5. The nethod of claim4 wherein the

ond2bf beaea &P EREN e FETRLISET Er 8 Fomed on

silicah eitetle of tree siflesp hivtide eampeaBingdayigrsi ng | ayer is
transparent to visible light. 7. The nethod of claim1
wh h king material conprises at
e1=r .el n eeme %dl ofgclalm 1 wherein {Tlllje etching is conducted selectively

to at least some of the trench isolation material.

14.  The method of claim 13 wherein the etching is conducted

selectively to all of the trench isolation material.

15. The method of claim 1 wherein the masking material is void of

silicon nitride.

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

forming a masking material over a semiconductor substrate; the masking
material comprising at least one of tungsten, titanium nitride and amorphous
carbon;

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

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;
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| east two of tungsten, titaniumnitride and anor phous

carbon. 8. The nethod of claim7 wherein the masking
WOoreos098ak3 conpri ses anor phous carbon. 9. The netTUs200$/010197

claim1 wherein the sem conductive material conprises

bul k substrate nonocrystalline silicon. 10. The nethod

of polishing therezreimisolationr matdrial solledstdo amt euteahost surface of

Cc ri ses silicon dioxjde. 11. The nmethod of claim 10
the jgloash Gie of URGRENS AltaRiBh TilkEEr RaY ABRIPNGWS arhgerof the
maskPHiatmsl; ghdli con nitride, at |east some of the
sil1con dioxide being formed over the silicon nitride
corfehing riel ay deastlane Toke tugdten, tifaniirai mittidewaadeamorphous

t he eas 0 is . formed on silicon nijride. of the |
cartlg iy A pslia e it HATG ‘elgrilely & Pomutibas Pifeeomprising
layegl @i m 1 wherein the etching is conducted selectively
to at | east some of the trench isolation nmaterial. 14.
The_nethod of claim 13 wherein the etching is _ _
codduct ddeseedhad \é|gjaif 181 wherein fiige tmasidRgi Bwitarialopomprises

grial. 15. The method of claim1 wherein the

SKing material is void of silicon nitride. 16. A
met hod of forming a trench isolation region
cortBr i siTing: miethad 0§ claimdBi whersit ¢ne ahaskiey material comprises
tit sem conduct or substrate; the nmasking materi al
'arEWﬁr@ieng at | east one of tungsten, titaniumnitride

and anor phous carbon; form ng an opening through the

magBi ng TRt gickitdd dREIAiRT 96t DR BRATHEO MHAK A MdbstdIadSnprises

effective to forman isolation trench within
amosphPUHBABEN ve material of the seniconductor s

ubstrate; formng trench isolation nmaterial within the

75Dz TheSHER 97 AT ARSI S 2oriing

layetr comphises la¢ ldastionb 6f bolrert BAd niteégari.al conpri sing a
silicon nitride conprising |ayer having at

tun

21, The method of claim 19 wherein the amorphous carbon comprising

layer is transparent to visible light.

22.  The method of claim 16 wherein the masking material comprises at

least two of tungsten, titanium nitride and amorphous carbon.

23. The method of claim 22 wherein the masking material comprises

amorphous carbon.

24. The method of claim 16 wherein the etching is conducted

selectively to all of the trench isolation material.

25.  The method of claim 16 wherein the masking material is void of

silicon nitride.
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| east one material other than silicon nitride forned
t hereover; polishing the trench isolation nmaterial at
WO e@snIg9e3 an out ernost surface of the at | eastPONESWNS/010197
tungsten, titaniumnitride and ano rphous carbon of
the masking material; and etching the at |east one of
t u@gst ery mathechiobiforming aitebmchrisolation pegios campdsintyt om

o BOLE AN ng AR ALl A oS SRR Kk alals AL a§ Rome o
the WS InaliéridTseki iexidRiasle, al conprises tungsten. 18.

The method of claim 16 wherein the masking materi al
cof@imisgs an t apeningnithraugh. the. maskingt modterialclandn irBo  the

sen%égc?rﬁ) IC 011 hgugﬁigt'ﬁg?ﬁtgatt&@ a{ : ﬁq%' %%Zr% a?hou trench  within

senAcErdUbtive ®atdHE ¢former Géﬂnit!bn'dam%fr mfa*tée&hétoé@rﬂﬁg and the
one of boron and nitrogen. 2 1. The net hod of claim

'30|W@T BEeRch héV'@ﬂﬂﬁﬁﬁ@QIyec%\fﬁ'%@”Sconprl sing layer is

SRR SR MR oL S UEn S HEERL 6L Bl e

masckﬁng ungteriah sidevallsi amanigtadidie ratediramm wilieHsteaslBvalls of the
met hod of claim 22 wherein the masking

. Th
sem%%q@ciyemtﬁppg%@ RHIZBRART car bon. 24. The method of
cl %ﬂﬁ‘uﬁgft hasMalibe n?étéf‘él%tHlﬁtl‘Fé’%%fo?F E’%ﬂ:@‘:t ively

to al e trench isolation materia
met hod of cI aim 16 wherein the masking material is

voidd.- of Tdiel ins@lodi Dfl(dalmz&G Nvln@nehbdoaﬁlri@rthawgr@ch isolation

0508 AR ko BRI e T B0 M o

masrking et iy ATR & d @kudtz@urs@n%bﬁd@cﬁhb&nét@ran dide®Alls.
openi ng through the masking material and into the

28. The method of claim 26 wherein the oxidizable masking material

comprises polysilicon.

29. The method of claim 28 wherein the polysilicon is doped with at:

least one of boron and phosphorus.

30. The method of claim 28 wherein the semico nductive material of the

sidewalls comprises monocrystalline silicon.

31. The method of claim 28 wherein forming the trench isolation
material comprises forming a silicon nitride comprising layer over the oxidized

masking material sidewalls and oxidized semiconductive material sidewalls.

32.  The method of claim 28 wherein the masking material comprises at

least one of tungsten, titanium nitride and amorphous carb on.

33.  The method of claim 32 wherein the masking material comprises

tungsten.



10

15

20

25

sem conduct or substrate effective to forman isol ation

trench within sem conductive naterial of the
w@egusoesiict or substrate, the opening and t he PEDUSI00HO0197

trench having respective sidewalls; exposing the

substrate to oxidizing conditions effective to oxidize

t h&4mas Hihegmedhed ioiclaimd8@alvherein the gnasitieg matedat ksomprises
.. Wwhich the sidewalls of the sem conductive material are
titan\yiniYig- and forming trench isolation material within

the isolation trench. 27. The nethod of claim 26

whaeei nTher Migiidod B8 ddifNeh WREIM itRE MBSIeRY #haterial comprises
conprises formng a silicon nitride conprising |ayer

amqipbeus parbeX di zed masking material sidewalls and
oxi di zed sem conductive material sidewalls. 28. The

nmethod cl ai ' - 0%l di j ..
e e ShERED S ST GRPle bERE ISt comprsing
layet lcaimpri8s st dasaest onkhud boedbry ahdirtiesgdérs doped with at

| east one of boron and phosphorus. 30. The nethod of

claLm 28, wherein t sem_.co nductive material of the o
Si §ZV\/aI | Q%Bﬁ-ﬁrq%%@gﬁmglér%%rﬂn fhreagiarpheys carben cra@prising

layel® fiafsireht & MiBf Migrein formn g the trench
isolation material conprises formng a silicon nitride

conprising | ayer over the oxidized nasking materi al
si @8wal iT§eanathed efi clain 28 mkwriuthe Maskingenaterial comprises at

a8, B OB MR AR PR e,

titaniumnitride and anorphous carbon. 33. The net hod
of 36l ai Mha2melttesceioh cldie BB Skhdvgirmaie madking mytefigscomprises
tungsten.34. The nethod of claim 32 wherein the

amaQie ‘g‘i'%@ar;}i’é‘(‘eri al conprises titaniumnitride. 35. The

nmet hod of claim 32 wherein the masking nmateri al

coppr i STheaRRIEY BE FHP28: wikbreir e TRESAAg Fhafdri@l Ts3void of

_wherein the anorphous carbon conpri sing
silicon nitride.

41. The method of claim 26 wherein the trench isolation maiterial
comprises high density plasma deposited silicon dioxide.

42.  The method of claim 26 wherein the exposing forms an oxide layer
which is laterally thicker over the masking material sidewalls than over the

sidewalls of the semiconductive material.

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

forming a masking material over a semiconductor substrate:

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;

depositing a silicon nitride comprising layer within the isolation trench and

over the masking material effective to line the trench;
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| ayer conprises at |east one of boron and nitrogen.
37. The nethod of claim35 wherein the anorphous

W@ 20060989 npri sing |layer is transparent to vi sP@I/8S2005/010197
l'ight. 38. The nmethod of claim 28 wherein the masking

material conprises at |least two of polysilicon,
t urdppositingtirenohi isotationriateriah dveniepilnen witrideocomBising layer

- t f th Ki. I I
witr B In T d8aR brebel A v Eb e sk TRISHAS o BRioR! af e drench;
V\h%&l*sﬁln*ghﬁle”ﬁféhbﬁ‘gscﬂlﬁhéﬁ'rﬁbténafF ane ﬂ1e°§|ll§b|‘1'rﬂﬁ’ﬂe comprising
nitride. 1. he net hod of claim?26 wherein the

layqrr%dea\sm@m@mashlnmmerml ahpr i ses high density

01 FRARER LR PhanEst oY P8 st E R egl retative to

the\/d'ﬂdbh m.mdea@@ﬁphéhgtlazékﬁbrrpmafwéraﬁj ORSdhR@nBBER/S Fhaterial of
i dewal | s than over the sid s of the

the SRaIGRAUEIPT FaDRIBLE: iPHECtives fo Aeaue Hodaskor of nhagsikcon nitride

cor 5 1638, T bRRNGI LR AN Lo B0, BRI of o

senuipemdutdoit substigite.t he maski ng material and into the
semn conduct or subst rate effective to forman isol ation

tre ch th|n duct ve materjal of t
4on é 92 %W@r?‘f‘n@ea”@sﬁ%oﬂ‘aﬁﬁﬂ% ife void of

SmC@grmfﬂdgl_ ng Iayer WI thin the isolation trench and over
the masking material effective to line the trench;

dep03| ting trench isolation material over the silicon
de Thenmethadsphelainyie wiktein ithe nesking anateyial coenptises at

ST T e

S|I|con nitride conpr|3| ng layer at least to the

nesie. ng Tinet avdtiadd cirdlaine@Bvivhgrdiheheaakskigg maiiaRl comprises
d the trench isolation material relative to the

po'@qlq(’@on nitride conprising layer fromoutwardly of
senm conductive material of the sem conductor substrate

ef gt i itiel ehiSatY Bf ZIRRA UsORNBFeih Re ThhsIGRG RAftibfCcomprises

tungsten.

48.  The method of claim 45 wherein the masking material comprises

fitanium nitride.

49.  The method of claim 45 wherein the masking material comprises

amorphous carbon.

50.  The method of claim 49 wherein the amorphous carbon comprising
layer comprises at least one of boron and nitrogen.

51.  The method of claim 49 wherein the amorphous carbon comprising
layer is transparent to visible light.

52.  The method of claim 45 wherein the masking material co mprises at

least two of polysilicon, tungsten, titanium nitride and amorphous carbon.



conprising layer projecting outwardly from
sem conductive material of the sem conductor
wGaasvesare. 44. The nmethod of clai m 43 wher ei nP€T1ES2005/010197
masking material is void of silicon nitride. 45. The
met hod of claim 43 wherein the masking materia
colpr i s@heameltiead tof ar@imo62pwhg it ithe masking sheiterial comprises
tihaniun1nitride and anor phous carbon. 46. The net hod
amyPNQYS, CHPAR- wher ei n t he masking material conprises
pol ysilicon. 47. The nethod of claim45 wherein the
maski ng material conprises tungsten. 48. The nethod of
cl ai m 45 wherein the masking naterial conprises
titaniumnitride. 49. The nethod of claim45 wherein
the masking material conprises anorphous carbon. 50.
The nmet hod of claim49 wherein the anorphous carbon
conprising |layer conprises at |east one of boron and
nitrogen. 5 1. The nethod of claim49 wherein the
anor phous carbon conprising layer is transparent to
visible light. 52. The nethod of claim45 wherein the
maski ng material conprises at |east two of
pol ysilicon, tungsten, titaniumnitride and anor phous
carbon. 53. The nmethod of claim52 wherein the masking
mat eri al conpri ses anorphous carbon.



