1 DESCRI PTI ON METHODS OF FORM NG TRENCH | SOLATION REG ONS 5

TECHNI CAL FI ELD This invention relates to nethods of formng trench

i sol ati on regi ons. BACKGROUND ART 10 In typical semni conductor device
applications, nunerous devices are packed into a snall area of a
sem conductor substrate to create an integrated circuit. Many of the
i ndi vi dual devices are electrically isolated from one anot her.

Accordingly, electrical isolation is amﬁ%&%part of

sem conduct or device design for preve ted el ectrical

coupl i ng between adj acen al

met hods of isolating ci r ui't con@&f@r@@&%ﬁ%@?ﬁ SC‘E%%T‘M%H@

I sol ation regions. Such are fornmed by depositing or otherw se form ng
a masking |ay emi,conduct or substrate. Trenches are etched
t hrough t he mm@yﬁ in)nto t he sem conductor substrate, with the
trenches bei ng subserthiententi@0 rdlatel el mativdds offoinsing trenomiseiatidn. regions.
Exenpl ary masking nmaterials for trench isolation include silicon
nitride and polysilicon with or without an underlying pad oxide

| ayer. Further BACKGRIOM Nﬂmth he trenches, they are typically lined
with silico nitri ew ul timatel f t he trench

i sol ation erial . ESQFOHFH‘E&E r‘gerY(r'}%eSapRL AUAPSi HM§Ogsi dpviees are

as wel | to formdaikbaat dls?ﬁa[dﬁre'ﬁldf gi ddnsibomelciresupdfrafy t@EPe%rte tHeintegrated
nitride finer deposition. The trench isolation material which is

formed in the i@6HHt iMANY PEREnBgividupprivvres aiselpaidealiydiepieded from eme another.
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typically t herfop@lre\shéi@gbmmﬁnmedreiwmmlc@upgvn@ hetwassl atjpcesinc@aponents and
pol i shi ng, %ra §$ Sto the 30 outer surface of the masking material.
The maski ng tBTA> i s then typically selectively etched away from

the substrate |eavi ngonaintibaaisietitods uf Ssqiating citouitt @nponents 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 subsirate, 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 to form silicon dioxide and either before
25  or after the nitride {iner 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 surface of the masking material. The masking material is then typically
selectively etched away from the substrate eaving, at least at this point in the
process, insulative isolation material filing and extending outwardly of the trench
isofation regions. Unfortunately where the masking material comprises silicon

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



process, insulative isolation material filling and extendi ng

outwardly. of the trench isolation regions. Unfortunately where the
maski ng material conprises silicon nitride and where silicon nitride

is also 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 substr&tght gali stcbes aex@lit Thisgeare caupel enilidaplizgiotargssingtwidam the
degrade the t St - ahi r j el bri . il e
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it is in no wayulsirate.m Tied, cafheesultv entaten okise ontap-aiountiethabycahheegrade the

acconpanying clains as Jiteral|y worded, without interpretative or
other limti nggra'f'%?tef'se‘ﬁ ‘_Ehtaﬁe Hh%’agﬁ'éég? rcgifd: on, and in accordance
with the dogtrine ofyngeuh¥ainoBhton Wil %%BMI NGRS b 'a?g{.lé’gﬁe%tifieci

met hods of formng trench isolation regions. In one inplenen [

a maski ng nat eisEY$s,i 8 Boimed ovayr s@ detedondinet drvestipet wapely lifited by the

maski ng materi i se I n ungsten, titaniumnitrigde..
and anor phousgéc::cac’%‘@naggé% iaﬁaﬁ%@ﬁsf gvro?é%}, t‘%‘?‘b%lg HﬁtFFFge%E'é’Ei q{gotﬁer- f'jm‘tmg
material and i refershbe tdthesspuicifiontios tad i ubsdraat e Kith &6d HYSihe of BfEVASNts,
isolation trench within sem conductive material of the sem conduct or

substrate. Atrench isolation material is formed within the

i sol ation {gengpnangrgver the masking material outside of the trench
effective to oVerfirIT the isolation trench. The trench isolation
materi al is poli shethatveelan inchidgs mribedneidernsingfierehdsolatien wgidneadn one

mmcking nat or  BCPRREER, (ARG AR B ETRALP UheC B AflcBh oo supmpate

anor phous car bohe irsdskirgg etatédal daropniseshat Isakistmetof tuhgetometitanium nitride and
i npl enentatio

n, a t hod ,of formng.a .trench isol ation regi on . )
conprises for n Mg RIRSRISALP It gPiOQF%{S\Qé? f%{”@&#%{gﬁﬁb?dpa%%%ﬂ@l and into
where at 25 | gastsepidhdebtdrheupssiienafesiver ital fdrn %disé%ﬁ’ibﬁ- tBAch  within

opening is forned through the masking material and into the _ )
semi conduct or 28/BCPPAURAVET Materialeoft §ief pmicopductor substrate. A french 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 ssmiconductor substrate effective to form an
isolation trench within semiconductive material of the semiconductor substrate.
The opening and the isoclafion 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 isclation material is formed within the isolation

trench.



i solation trench within sem conductive material of the sem conductor
substrate: The opening and the isolation trench have respective
sidewal I s. The substrate is exposed to oxtdi zi ng conditions
effective to oxidize the nmasking material 30 sidewalls at a greater
rate than which the sidewalls of the sem conductive naterial are

oxi di zed. Trench i I I hin the | oI.aion ,
trench. 3 In one ﬁﬁ) cﬁ’énenpféﬁeg\]ét?og r%[n{)]%ég%fof\'\fg&rmqgg aFWCZh atlon region
i sol ation reglmnmmﬁprﬁosramg‘ ar masging mastiaN HveRtLbalicahd@btod substrate.  An
sem conduct or substrat eni n is formed through the nmasking

material and iAREHNGE HHEB%# ﬂ%@ﬂrﬂ%tr%atemleaw viator frer 5wcaﬁductor
isolation t re%‘ﬁg%fehéﬁbc?@@ B ARG r%faﬂ%ﬁ ‘?rreh% Vﬂ{hi sBFx‘ﬁ:onduchve material of

seni conduct or strate. A silicon nitr
deposi ted 5w tthé reerhicondaitat sapsttatench almbromnde rmmmxsi«gw@yeatuerd@iosated

effective to || nch, Trench _iso] ation

over the sili cvgﬁ‘?rhtt?? Iz%oéatgwrlepgh i P%%feéhemﬁ“@ﬁ%“f?gt'ﬁ@lfﬁf@b@??%@ ® [ the
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BRI EF DESCRI PT! ON O: Pr eferred enbodi nents of the
i nvention ar eTﬂ%fc?l%EO%@fd ”rr\é"f@?éﬁ’c‘?@rts@q yer pavipginonguiwardly from

acconpanyi ng %ﬁ\%d?&ﬁmtla@nﬁt@nai%fﬁe Serflicafd IR HEIaRet i on view of a
sem conductor wafer_fragnment in process in accordance with an aspect

of the invéntion. If?taer‘Enm@m&nwiéﬂﬁéﬂdﬁﬁ@e@isgfe foniafgrated.agnment at a
processi ng subsequent to that depicted by Fig. 1.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the
foliowing 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. 8 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. 8 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.



Fig. 3is aviewof 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 fragnent at a processing subseﬁuent to that depicted by
Fig. 3. Fig. 5is aviewof the Fig. 4 wafer fragnment at a processing
subsequent to that depicted by Fig. 4. 30 Fig. 6 is a diagrammtic

accor dance wi th an Sbeet o ERE kg beer nriRIFRa eBSERE Mt fpent o
section vi ew ofthatidpiged bgrRig.ohduct or wafer fragnent in process in
The Fi g 7 velor Tradhent SYiel beSEiganfeanubhe 2 rooesang subsequent fo
a processi ng Sthaaehtod B M8 2 Vepi cted by FLg. S 5 Fig. 3015
di agramati & secti offigi Evinf dingraiematie secintduiemoof wabter sbrracpreinttor iwafer

i W . f 1. i i . Fig.,. 11 is -
D ew of the i gattif bidteBR Rt artts el B5RS o fiedbidtuion (o °
that depicted by Fi §ig.10. sk gewld the Fiy. iDemafef irbfi@ehi & a pbowadifg sﬁsequent
g .

fragnent at a processin bsequent 10 to that depicted by Fig.
Fig. 13 is a vit%\W%fdseP e‘igtj.ﬁglﬂewaf er fragnent at a processing

subsequent to that mglepixckedyviby dfitfe £&21 1 &er A4 @%ﬁfatdé B@c@%%ﬁ%sequent

section view of another sem conductor wafer fra in proce
accor dance @i t Ko #mtaiopisted By Fithd li nvention. 15 Fig. 15 is a vi ew of

the Fig. 14 wafer fr . r [ t t hat.
e 1 G by RS RN ol USRS B SUPREBHERL 5 4 BicBBling subsoquen
anot her semn condtitttaiepiwddédby Fig.d@orent in process in accordance with
an aspect of the i n\ﬁentu)n. , . . . .
ig. is a diagrammatic section view of another semiconductor wafer
fragment in process in accordance with an aspect of the ihvention.
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 anocther 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 lothat depicted by Fig. 16.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
An exemplary embodiment methad of forming a trench isolation ragion is
initially described with reference fo Figs. 1-5. Fig. 1 depicts a semiconductor
25 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
30 document, the term "“semiconducior 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



Fig. 17 is a view of the Fig. 16 wafer fragment at a processing
subsequent 20 to that depicted by Fig. 16. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBCDI MENTS An- exenpl ary enb&di ment net hod: of forming a
trench isolation regionis initially described with reference to
Figs. 1-5. Fig. 1 depicts a sem conductor 25 substrate 10 conpri sing

bul kK sem conduct.jve material, 12 fo .exanmpl e, ponocrystal |l i ne 5|I|con
Al t hough the i %‘ﬁfl%’ﬁn?soﬁe@craﬁﬁ%@ d{%’mﬂﬂ”q rPtE‘ mafegiasy thgreon), and

context of bul kemrghaedrCHaterar ny@@% er%ﬁiﬁec&nﬁﬂéﬁﬁmﬁfés' AR other
fabrication nethods as well as an net hods of fabricatin

trench isol at i Briterialgi i tarra "&'di?ﬁt@ﬁﬁﬁi'l rafesti{a AnouEaing etruiute, ingkiding, but
I nvention. In F]Qtel)r‘ﬁﬁ&ﬁ ¢! hf sérm:ﬁngi?ottg QU Rb oo bé;‘? cg‘ﬁé&nqbgved Furthey in the

"sen conduct or rate€" or "seénicon |ve su

to mean anys consmtemtochfltma mumnsltmt@ema@ﬁdmmmsm ebirathe singular and the
including, but n limted to, bulk sem conductive materials such as
a seni conduct i BT fer 5 (either alone or in assenblies conprising

ot her material s t hexepRNingNalcTN GONYsi e VB kol BfiEEs defiddiRtuctor

aI one or i n assenblies conprising other materia
"substrate" refeduraie 1Qny s ipeepicag sxemplant embioduhenti syeh lwimprises a pad

limted h d E
the 5 context FOPRREAGR el e 1apictd Bl BRfAE] AN Emolat] Hikoadh for
si ngul ar atw tlwerpfﬁuseﬂommmmehgmtoe%amgsﬂ;m fwitimad M@Tro@m being a

crbod mont . Sub e sreall B o d mplareh BVRRE Bratall B2 a ickness

formed ther eovef frorecexangdtays (i @boﬁbﬁw‘gst‘r@:ﬁs 1Qith @perAddstiotnd lﬁélﬁ@; 2&pecific
Angstroms to 75 An%giroms with 60 mé8@!troms being a preferred

speci fi c exanpP@eRe&R¥HGPIRat\dasking ! @Bbﬂ%PQWS?S Bhlpagt one of tungsten
thickness of fix %@%af@ﬂ@blﬁ S, Fd?m% tﬁgﬁuﬁf‘gﬂ%ﬁd am&nél?cg%?a?rbi)n In one

Angstroms being a specific prefeerred exanple ski ng
18 conpri sEs aembedisierdérase aneigbewncarbon ieluginet & mighd/compaisé @y Jeast one

form, titaniu 3q,{mr phous carbon. In one 15 enbodi nent
wher e am)rphoug? @%Er)bon 'S (?H zed, it mght conprise at |east one

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 fow 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
exampte 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 flow rate for the CsHg is

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

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



of boron and nitrogen. Further in one exenplary enbodinment with
respect to anorphous carbon, .such m ght conprise a layer that is
transparent to visible light. "I n the cont ext of this docunent, an
anor phous carbon conprising layer that is transparent to 20 visible
| i ght means that the anorphous carbon conprising |ayer has a

bstantially | . i £l . i i . .
between  about EaRO P RS bl R iEel 280 Puls 3 Bigmotary
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e 0 2 e ool SRR o e Bty o oo
preferred pressyififg’ aRGEdBEONLIT MFhEBe Withdr oFe' g%%%raé)%?ntgn%{%w of {arious

specific preferred”exanple is 375C and 5 Torr. S deposi ti

preferably &cc@asedy ipledng Henabaenaen of wamh heliuexenplidingr, power temperature
applied to the ad_bei from 50 tts to 1100 watfs, wth

800 watts Dbei r%%g\@éﬂsgl g?'&? Bé%ﬂteﬁfeg%&?%(ﬁgf@wﬁ%”&e ’hrb’gh?%v&epﬁeéature
for the 031-16 depodiflofis.orBy0@y ssf arahpl2 401, mcmemwalgz édbimeCiRidkebid over
a specific preferreg exarc}glﬁ_i An exenpl arglmﬁrefe,r_re flowrate for

the heliumis fP®SHDEWRIEJBF 8 BMEEWOE GHOCMEPRPANY s iH AP Agstroms.  If
speci fic prefemyesh e @itrdBnCASHRG 1Y 1R & 6 ci ingNByer i
shower head/ substrat e suppolr{@?li}scg}gﬁgr S 24‘6%’#@3 %(lml g?@pﬂgmé fByer is
addi ti onal 16r @EREedhPdr XANPEHY Hass sowicki gamlie Bahs prtodocexegnplary flow rate

A proforred gad! §O58BhAR" a2 il bl R g B AR AEY fow
gas or a conbi natei ofnt @0 semi.oléhde dasas dopinglisidiesiged, eh aksreplagy edncaniration
el b el BUBEGERY PR S AR b SRS oger
only, an exenplaapingliepasdiicdo ant dieekNes Sopeehtratidierandesh taé 8ayedfol Arogen is
anmor phous carbgn conpri sing |ayer is 4000 Angstroms. If boron and/or
ni trogen dopi ngr%‘F Ota %%ﬂﬁ%’sg 8% on conprising layer is 10
I L L
exenpl ary fl owmasking material layer 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 yetto-he developed
technologies.

25 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
averfill isolation trench 22. An exemplary preferred malerial 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 o 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



rate of 1000 sccm Were boron doping is desired, an exenplary
concentration range in the layer for boron is from 0. 3% atomc to
60% atom c, Where nitrogen doping is desired, an exenplary
concentration range in the layer for nitrogen is 15 fromO0, 1% atom c
to 20% atom c. Hard masking and/or antireflective coating |ayers

m ght be utili®edniopes inoRgki Ggerm@hﬁmeahar’n@adepoﬁs&mg* Woﬁn&d@ﬁgﬁéeﬁﬁlﬁﬁ\g any
enbodi nent, masking material 14 is void of silicon nitrid

Referring to FPYSIng O%Yﬁtﬂ‘a@ﬁlq?@{emeﬁﬁmﬁé@@i angratees. hrough maski ng
20 material 14 intopsRiliiOsUahos, WOShIBLE: dle ol AIRELKA. iarfith e and
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within isolation trench 22 and over masking material 14 outsid
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preferred mate S ?‘F&? d
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wi t hout t her mabxidailaier dBdhight sisbiteorermived, de wellencdorhé ve bl BRingiteod) 24 from

30 Referri to Fig., 4,.t .nc spl ation materi al 24 has been
polished a |eg|§twa9q5805ﬁogaﬁ ﬁ urface of the at |east one of

t upgst en, tungsten Bytwayll@faé)@m;ﬂ@mwodﬁ aairhed sRdRpihal elbdfiment to that
maski ng nmateri al nal ¥ referred 7 techni ques I'ncl ude
i ﬂd i

cheni cal - mec haﬁ?@%ﬁedpm i \SHragsch b 8. U i N oBnRgCtiany Witbxa syengensiuctor
yet-to-be devei@pe@icNBat 00ke agh bl frrérﬁsthe Rﬁ&ﬁﬁéﬁcﬂleﬂ%nﬁi&jlmgnt bReutilized

at | east one of tungsten, titaniumnitride and ~anmor phous ca
material 18 ha¥hB&eAPBIOHHAH, fW‘BTnd!ff@éemsbeiag endlpa?@ﬂewéiblq#mreﬁt phmerals or

SO, SYF ORI RE SRHE R VRl Alid 8RS ha SO Ros ATRAY WGIRHitbten,

mat eri al w th the etching ass ern ve'to

trench isol ati 'nianlumnendabnazamdrphmmecmme«xth 6br exainspieloanioatr lavger 19 of at

sel ective et Ch[e%[e,t ORE2 o¥ Such FaeHals 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 meathod 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 materiaf for

layer 32 is high density plasma deposited silicon dioxide. Of course, a thermal



one naterial conpared to another at a ratio of at least 2:1. The
exenpl ary pad oxide |layer 16 m ght also bg renoved, as well as sone
or all of material 24 from 10 outwardly of isolation trench 22. By
way of exanple only, an alternate exenplary enbodi nent to that
depicted by Fig, 4 is illustrated in Fig. 6 in connection with a
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over masking materi outside of trench 22 effectlve to overf

i sol ation t ren%‘ﬁh‘ﬁ‘g c eW%ﬁ’cfﬁrP?BI"Q?}éweﬁﬁt’ dinosterpand/eh EN grigctiyety re|at:ve to
silicon nitri dﬁh&@ﬂﬂfrld%‘d’tb@ndr%lé@ 560 HE RS HRS, 48R8H:A¢ Pdum gﬁt R%0°C.

other than silicon nitride fornmed thereover. An exenp ary ness
for layer 30 is 70 \ﬁ@igémtbﬁs exemgloan restbng efr fprires er tredcmnﬁ@amca‘l région is

| ayer 32 ' h' S6a5! Eycﬂngﬁ{% s 8%eq851'31 hcon éc%éb?@ir’gla% s&icahductor

a thernal I'con |0X|de forrre
si dewal | s 22 b@fhsrtrate)rmaf tigke ndmslstfrcmun tiod firsiydesc@ted Befradimey 4@ utilized

Fig. 8, trenchw%gr%l gﬁpr%rﬂnarﬁ%t Sitn d|ff%§ebncgg%et|)r$§ nd gét!ag wnﬂw dpfferent 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, andfor tungsten nitride. An
additional alternate exemplary material is polysilicon, whether updoped or dopad

25  with another material or materials such as boron and/or phosphorus. Additional
oxidizable masking materials are contemplated, whether existing or yst-to-be
developed. Regardiess, in one exemplary preferred embodiment, masking
material 14c is void of silicon nitride.

Referring to Fig. 10, an opening 20 is formed through masking

30 material 14c and inte 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.



| east an outernost surface of the at |east one of tungsten, titanium
nitride and 5 anorphous carbon material 1& of masking material 14.
Referring to Fig. 9, the at |east one of tungsten, titaniumnitride

and anorphous carbon material 18 has been etched fromthe substrate
substantially selectively to silicon nitride conprising |layer 30. By
way of exanple onl yﬁewrin@xmnﬁigar ¥1 etsubstrege c h@wn tsdsr y)eﬁegr eep@sheimgo oxidizing
el emental tungste am)rfg ous, car, .and/aor ‘TIN sel ective

relative to si FPOSHORS EifPGlve @r’rﬁ’ﬁggg’sml mArgrighgidewalls §4Qat1gr95?‘?t8r rate

by weight at 1464 tfatr hhevhidly siRwafs fﬁ(%me‘?m@éﬂductcﬁ”rr@f@r“ﬁ?' # Yare oxidized.
etching chem stry for etching elenental tungsten and/or TIN

sel ectively rell&eraiy toonginrpieriednempodimeshnpt ioxds per 39Cis fermedHRoh is
at a 20:4:1graf t@ra@%lti‘gtek@rhéve?rthg Prﬁskﬁgﬁ Qt%ﬂﬁpﬁﬁ%ﬁémh@{gy(@@go\(Xfrqrhover

formng a trenc fonregion Is escri
Figs. 10-13 mtfma)sidewailsmf sgntihordusdne nfmh@hmner substrate 10c. Like

nunerals fromthe fji t .describ nbodi t are utjlized  where .
appropriate, with d eé' Q%i%?'%gg §9P%f55§%q@8 W@Halﬁ%ﬁq A& heehfrwred within
or with the sydation"énchRef eslidn@idrticbinplibe ohe th%reWateﬁal@aﬁhh ’?rﬂ:ﬁenai 39
mat eri al 14c has been fornmed over sem conductor substrate

i s depicted as aSOnfRMBIIFHA0 drepaly isabation MatariayePragessing m@fﬁ\ﬁéheml@commue

material 1,Bc, jat of i gli.z

preferably Es ggsgéﬁﬁﬁgd tg%vee [ nwggﬁﬁcedg [ \(l)\'ﬁﬁw@t hﬂgk ﬁgsgl r g%ﬁingo%fm%@g for
enbodi nent . Exewpinatey whareby ahsteriasl dde, 38ogedddcedase rivhededabowardly from

specifically t bon nd/ or tun en nitride. An

addi tional al tgrgﬁ’?‘ttoz‘%g%ﬁﬁp §Eb RS LS ;S‘SRF‘S?”H'@?I‘Q' et her

upg?ped ﬁr dﬁped 25Awdtaltteamé fmrenﬁ%é@r Igladbcmﬁmfmt %@hﬁé@wcﬁmlﬁh aEb&RNON0d s

[ t

o ool oo RS i 14 LSS b oo ar

in one exenpl anyiehensad o Bh%b@n{mth ”Eﬁ#é‘rélﬂ:es”%feﬁfd %dlééfed' %l%o'dﬂfferent

of silicon nitride. Ref errlng Fi 10, an openin Is tornmed

t hrough maski nGuEgalger sfiinhe }3146“( 4Rd Refesingetrifientu _ icgfmqﬁfaﬁt@sﬂr@tﬁ 10d
Tt or i 8l 12 of Sen ey eaaer el S LEmeiige Yol RoASELAARHGH 2Xd comprising 2
sidewal | s 34, aitigon sdtiae comptisienddyep 42 heceivedeval(bsd 33", as shown) the oxidized
masking material sidewalls and oxidized semiconductive material sidewalis (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

s

is depicted whereby all material has been removed outwardly from material 12 of
semiconductor substrate 10d.

25 Yet another preferred method of forming a trench isolation region in
accordance with aspecis 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
ts contemplated, and including for example those described above, and

preferably with such masking material being void of silicon nitride. An opening 20



Referring to Fig. 11, substrate 10c has been exposed to oxidi zi ng
conditions effective to oxidi.ze nmaski ng maj rial sidewalls 34 at a
greater rate than that at which sidewalls 36 of sem conductor
material 12 are oxidized. Thereby in one preferred enbodi nent, an
oxide layer 39 is formed which is 5 laterally thicker over the

maski ng mat eri phs Shékayebohmed H?@)lﬁ‘?f?pﬁﬁisﬁiﬁgz(ﬁ@t% gxerandt W90 | BEedddBctor
I o Fig. 12, on

of sem conductive material 12. Referring trench isolati
mat eri al 24c hEgtasgén2f eifestrewta Horm RBolsalation trewsic 222 vithBuctmataright12 of

conpri se one o [ Kih erial. | s onpr i sing
Soaneh ol at § soREfaMbe Sl 4bbh ROSHA Rkl PERefiB BihE Sitnag been
descri bed abovdepasitednniirt isoratioh tlenthe2fdnusived asgkingataerab i BEBERE to line
for exanpl e whereb %eri als 24c, 39 and 14c are renoved outvvardli;h
from sem c’%ndﬁ‘é‘i“g\/éz Rraxemplary thigknese sl layasc & fofiem AOFgostoms i 150

al ternat e exenphadiinRaD oo AR EoR A ﬁ%gﬁﬁtﬂ hééjgé‘%]ré ﬁfﬁﬁ%%%@ 1%\_?e£§ilioon nitride

depicted in Figs: 14 and 15. Like nunerals fromt

enbodi nent ar ecompriging |layeydOvmihis fgopatiopr frane) 2@i and divief enasideg raterigl 14
indicated with diffe upgeralks. or. wth the suffix "d". Referrin

to Fro 14 sorelscbPondlL BBy EeBhinh e bREr Siketils e af Fisehiet aoove,
conpri se trenchamsiyl hlghotlemsityeplbaina2deheepr disdongdidxidel | IRk 181 ddpidle such
conpri sing, | ayer é]Z, r%&ei ved ovg)r% (ad;dt"on", .as shown) the oxidized
maski ng mat®ri BENY] GRRUPT SRR SN slicanilidesemprisinadaes 29 aalhaving been

sidewal I's (i.e olish8d A [IERt & Mmakkidd matéfaiexenpl ary additional materi al
44 is formed thereover, for _exanple high densm pl asnma deposited

silicon dioxide. Refelefingta 6igrilg. maskingraaleyamkd aod tiepahisaation yaterial 24

subsequent pro i L L . L

- emoved out var Gy Prak FapARPIFAGE WRREaRlde N 08 50 3Ry guvaraly
25 Yet anot her opsarhispnddbtivetrhatdrialf 13 of semigoadiatiea chbisakaticonffemige oo leave
in accordgnce_w th. aspects,.of the invention is described i.n

connecti on' Wi t i &’OR@M ‘??on%'l?é’ o8 s PHPEISKHY ﬁﬂng?%)s_prfbeCélﬁa Pritwardly  of
Li ke nuneral s §emmohbsgciivier slateresicr bbedresheliciRNssbstr@&eUtddi 288 exemplary
wher e appropri at %f‘ with differences bein indicated with different

numeral s or wi fEPRIGEedEE PG PCesEBgeWIERyfar Sxemple tartedal 24 is silicon dioxide

and material 18 is polysilicon includes dipping or spraying with a 25:1 by volume

solution of HO:HF at room temperature and pressure conditions. Alternately

20  with polysificon and silicon dioxide, such a solution could be utilized initially to

strip any native oxide overitying material 18 followed by etching polysilicon with

) tetramethyl ammonium hydroxide (TMAH). An exemplary such solution is 2.25%
TMAH by weight in deionized water at 30°C.



30 masking material 14 is fornmed over a sem conductor substrate 12.
Any material is contenplated, and including for exanple those
descri bed above, and preferably with %ych maski ng material being
void of silicon nitride. An opening 20 10 has been fornmed through
masking material 14 and into sem conductor material 12 effective to
form an i sphathORich Mgl 22 Within material 12 of sem conductor
substrate be. A silicon nitride conprising |ayer 50 has been
deposited within isolation trench 22 and over masking material 14

effective {o line heh 22, An exenpl ary.thickness for |ayer 50 is
from 10 Angstro%ﬁnaggigg%”RW§fﬁFgﬁ%§0$38%5%KW§8F5¥§8§'naterial 24 has
been deposited foweingsithdskdg matéridl deer aGRATIGINGIAG Subjteite; Mk Mhdidtigmaterial
isolation trench 22 and over nmasking . material 14 outside of trench
22. Exenpl %J@Pfﬁfﬂ@faéhaétdmﬁg? BinEsPy thgndum Sitgdednd eatpisvarbonnanmel y

hi gh density pl@sfmgdeResihEhrSidhi cOMadki D derialfng intd Greld@RiChdugsich
10 trench isolation material 24 and silicon nitride conprising |ayer
50 as havi st pifecsiye fosiosn agtisoladigstirepeh yitkikiseyicoadustivamatedial of the

Ref erring §éhidd9mx%?mmgﬁﬁging material 14 and trench isolation
materi al 24 have been renpved relative to silicon nitride conprising
| ayer 50 from olgtmagdieych isblagenmerridueitliv eheriedigionalentR a@f over the masking

sem conductive substr be effective to_|eave 15 a portion of . .
ST con i PSRBT o G5B bR (et ol R ity o esch solaion
sem conduchigalr@igrisak ak3icoh nRO83-EANHRLGTd M PR E hAle8st BAEmafBal other
exenpl ary technique, for such processing, ere for exanple nmateri al

24 is siIi@B%QHP§%WH@33%W$¢ﬁR¥ﬁY%H 18 is polysilicon includes

di ppi ng or spr dli@ﬂinﬁ"’tﬂehreﬁc@%bﬂaﬁgﬂm\é%lrildlrrzﬁ le%%%&'o@%nﬂg cefaddor e 4 00m
tenperature and pressure conditions. Alternately WL h pol'ysilicon

and si | i colwadicoxpidgngstane fitaaivgohitideamd @owkghobecarber ¢fzbel miasking ekileyial; and

strip any native, oxi de,.qverl yin terial 18 fol]owed by etchin
pol ysi l'i con wi tA™! ﬁgtpro gsﬂ%rtl%ﬁ/(:hé{’%&g%?tﬁﬁsﬁ%er%iﬁ"%%leeﬁfﬁm% ‘Kﬁ‘ &XBhpl ary
such sol utamdrphsus2adbiiofrolMhkl siystrari sgbdtaritiall ¢ edlevtivéigdo Wl Slicoatnitg@e. 11

The invention cl|ained i(f: ) .. ) )
comprising layer and etching all remaining of the masking material from the substrate.

2. The method of claim 1 wherein the masking material comprises tungsten.
3. A method of forming a trench isolation region comprising:
3 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:



| . Anethod of formng a trench isolation region conprising: formng
a masking material over a sem conductor substrate; the masking
material conprising at | east one of tﬁ gsten, titaniumnitride and
anor phous carbon; form ng an openi ng thHfough the maski ng material and
into the sem conductor substrate effective to forman isolation
trench within %ﬁiﬂ"sﬁﬁ@gﬂqwnglﬁsﬂﬁhgﬁ hdleriaf attlfgx‘:s‘t to%ﬁﬂiﬁ%ﬂﬂﬁ&g&;@&e of the
substrate; formng trench isolation material within the 1solation
trench and“%@@ﬁ“ﬂ%@eﬁﬁgkﬂﬁgkmﬁﬁm%ﬁuawanéutS|de of the trench effective
to overfill rench rial
conpri sing a Seﬁtéﬁng%«lt%ytl?aﬂl 1 _ﬁ@lg&]é ofttpe mtaslﬁné%/matehaglvf?o 9’16 S”Fgﬁg one
mat eri al amhamnmmmadeanhbmmnhmmhmnﬂﬁuMemnmﬁmmhgkgewer pol i shing the
trench isolation material at |east to an outernost surface of the at

| east one of tungsten, titaniumnitride and anorphous carbon of the
masking net.eri allie déthod SfdlAm £ RReP thSRMhilGhe RhEhAINGniphiSeBimdrfiARk one
of tungsten, titaniumnitride and anorphous carbon fromthe substrate
substantldpﬂvmselectlvely to the silicon nitride- conprising |ayer
and etching all remaining of the masking material fromthe substrate.
2. The nethod of claim| wherein the masking material conprises
tungsten. 3. A ﬁﬂnﬁb@ﬂ@ﬂbﬁnmgmnqndiEobﬁmhmgbohammdmngegion
conprising: for naterla over .a semco

cubbtrater the REbhe Lo PRl Gh B R Rr SEToRAR B Phcng wrtsing
an’openi ngconipiieing Im“rtohﬁhoims:k bigcdmByreingadt 1aBichnk BF Boloh @né gillognduct or
substrate effective to forman isolation trench within sem conductive

material of thdO"UBHARERHIE Groueh s paskane maeral agd fte Heemisendudtain

mat eri al WybQifk iRl SR i%fﬂh an idol:€0k he@dﬁ%%’;ﬁ Gerh i@@ndﬁéﬁ{fé RAGterif®drend al
outside of the trench effective to overfill the 1solation trench, the

trench i scleENGO8AUCTpRefUBYLIa; conprising a silicon nitride-conprising
l ayer haVI ng athll‘JﬁﬁgL{EQ&QPﬂ%(ﬁl 1&19[% ﬁt»\nﬁ n Eht[el’ilsaf)ﬁ]at%lp tleﬂC n n (;[Vrlelbglgtma[sgmgﬁ

t her eover; rencn 1 so Ion materi a
out er nost rsaterﬁfametsal‘e of Itiea trdnich affeative o 6veir@lié tlmflsdlditemmk[n,n@e th@ick fidoddtion
and 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.

Mt

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;



etching the titaniumnitride of the masking material fromthe
substrate substantially selectively to the silicon
nitride-conprising |layer. 4. The netho 3of claiml wherein the .
maski ng material conprises anorphous carbon. 5. A nethod of form ng
a trench isolation region conprising: formng a masking naterial over

a sem conduct orfostiRg ki apind R uIBSHe Mgk IBLRL LR an&%@@fh'e%blﬂ%oﬁ‘m&o‘?hous
carbon conpri si n% at | east one of boron and nitrogen; formng a
&

openi ng t MBI Fﬁétlh%@kfphﬁaw@ﬁlpwle’wlﬁm @emih@?dyetmecm@udtmhe
substrate S@M&% 1 4& uBstf.8L M an i sol ation trench within sem conductive
material of the sem conductor substrate; formng trench isolation
mat eri al Wi t hi fotnheg fredhasdlaipntmaedi veithh tbweqolmahe treRdkanlgve Mk e’rasiah%]
outside of the, tr ffectiv ver f isolation tre t he
trench isd n|12t1t nll%rc])u 51 etogﬁle tfeﬂglz,Fﬁ?GtﬂgF ﬁo ovai:lflél# hled%) tondtengih “&%%’FP%%OI?@OH

| ayer havnnagel@et[ cb:&pﬁim@ﬁl&hﬁ@i ﬁhi@l-co(ﬂ{ﬂﬁt@fng l:i}laaﬁla\ﬁ:h% 41GORt Mid hhdgallbaered
t her eover; .shi ng e trench isolation material at least to an

out er nost lé rBtl”‘E med ths¥eoN8tis car bon of the masking material ;
and etching th%oﬁﬂﬁﬁ%@ﬁ%n&ﬁ%@%tﬂ%aﬂehﬁ Erﬁeﬁgt't@?m g@t@:ﬁﬁds@gurfar@gfﬁ@e
substrate substantially selectively to e si

ni tri de- c G PIUAgarbaly el the gaskihg matriabdndf cl ai m 5 V\/nerel n the

h b d itro t hod of
form g a &1 enohfe hAGTHn AR ARl el b ST on e SR

mat eri al ouestargiale rélenindiyad dre s$lidos hiteitiecorhrgsingpiaidrng mat eri al _
conpri sing anor phous carbon which is transparent to visible light; 13
form ng an opening through the masking material and into the

sem condudt or  supsthoabef@hiiRcd toth 10 1dioh RBgéh dox@hBligon trench within
serniconductive material of the sem conductor subst rate; formng

trench isol ati dofMiag &prasfingunelsrial evsea sepicendusier suhsiat; ta dnaskieg makpeial
TSl 09 B BHLAL AOUS AP LA ARG ISR aNBrlBuOURREL! | the

isolation trench; the trenc
1"ormm0 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;

S

polishing the trench isolation material at least to an outermost surface of the
masking material; and

etching said at least two of tungsten, titanium nitride and amorphous carbon of the
masking material from the substrate substantially selectively to the silicon nitride-

comprising layer.

9. The method of claim 8 wherein the masking material comprises amorphous

carbon.



mat erial conprising a silicon nitride-conprising |ayer having at

| east one material other than silicon nitride forned thereover;
polishing the trench isolation material4,at |east to an outernost
surface of the anorphous carbon of the masking material; and etching
t he anor phous carbon of the masking material fromthe substrate 2
subst anti ally sEheatthvebyclhim t R@eid the @trahimigtisrécﬁlaua@ﬂmécﬁm? td &Y 6f the 8.
A method of formng a trench isolation region conprising: formng a
maski ng na?%?’é?ﬂ%gﬁﬁ“¥FQﬁ5niconductor substrate; the masking materi al
conprising at |east two of tungsten, titaniumnitride and anorphous
carbon; form ng an opening through the masking material and into the
sem conductbr ~dipgriwdef skfradtwheecin efraaskingmateail atvioohof sikevamiwide.hi n
sem conductive material of the sem conductor substrate; form ng
trench isolation material within the isolation trench and over the
maski ng ndl.er i Hie wethsd diéclaim t hdeteinahe masiifgabievial dommiey fitahibmtfigide.
isolation trench, the trench isolation material conprising a silicon
nitride-conprising |layer having at | east one material other than
silicon nitride formed thereover; polishing the trench isolation
material at |east to an outernost surface of the masking material;
and etching said at |east two of tungsten, titaniumnitride and

anor phous carbon of the nasking material fromthe substrate
substantially selectively to the silicon nitride- conprising |ayer.
9../The nmethod of claim8 wherein the masking material conprises

anor phous carbon. 14 10. The nethod of claim| wherein the etching
is conducted selectively to all of the trench isolation material.

11. The method of claiml wherein the masking material is void of
silicon nitride. 12. The nethod of claim| wherein the masking

mat eri al conprises titaniumnitride.



