1 DESCRI PTI ON METHODS OF FORM NG TRENCH | SOLATI ON REG ONS 5 TECHN CAL

FI ELD This invention relates to nethods of formng trench isolation regions.
BACKGROUND ART 10 In typical sem conductor 1devi ce applications, nunerous
devices are packed into a small area of a sem conductor substrate to create
an integrated circuit. Many of the individual devices are electrically

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 adj acent conponents aBBSCBWPHEON ces. Conventional nethods
of isolating circuit conponents typically use trench isolation regions.
Such are formed by depddETHO®SOOFRORMING TRENCH ISOLATIOBKREGIONSYer over a
sem conduct or substrate. Trenches are etched through the masking |layer into
the seni cohductor substrate, with the trenches being subsequently 20 filled
w th insul atiyecARCAL #FELEXenpl ary masking materials for trench isolation
include silicon nitrrde and polysilicon with or wi thout an underlying pad
oxi de layer. Furthbis iaygtiorT iatesdo matheds atfaseing epchisolation walens.| i ned
with silicon nitride which ultimately fornms part of the trench isolation
material. Sidewalls of the trenches are typically oxidized as well to form
silicon di oxi BACKGR@UNDeARTefore 25 or after the nitride |iner deposition.
The trench |solat|Pn naie[la whi f.or.nmed i solation trenche

T o Tt nePuaes MTBERl | BNl HSES nabBidadpns duthe@ s devicas: are
material and nhQ.aM jrith™h SRl {a@ﬁcaﬁg séﬁrﬂ&bﬁah&ﬁé %\ﬁﬁétr%!e' td Eﬂaétaedfhnﬁaﬁrated
i sol ation material I's typl cal en pol i shed exanpl e by

chemi cal - necheiniuital Maolyi dhhagndatddabdemcea arbeladricallyeisoted froen ohetdrother.

masking mater ccordmg?y,nqecl:(lrlcgl lso}a IEJInEIIS alnsin{egrgl te}/rP bfc gtlarln}éonductor device design

for preventing unwanted electrical coupling between adjacent components and
16  devices.

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 undetlying 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 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 surface 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 also utilized to line the trenches, the nitride liner



selectively etched away fromthe substrate |eaving, at least at this point
in the process, insulative isolation material filling and extendi ng
outwardly of the trench isolation regions2 Unfortunately where the masking
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 finer recessing within the trenches relative

to the outer ngyhf ¥@E AEhddrarss VHIICONMAHS tdare cABEE MMigideofindh ecsashy] vatrin thbi s
can result in gate oxide wap-around that can degrade the transistors which
are ul ti mat eftientches i rektive. 16 i dwler rarfiageent itoe sesicapdugtives anatarialdof gbsi ng
t he above identified issues, it IS in,no w so limted he inyvention,.s
onty T m ted HSERE. S rathgryt T e oY, eamsninip inal by oGS the
interpretati Qlst ich lard LitheatelvohBlieseq. to the specification, and in
accordance vm'fat? tsh(gjS oc'tri ne o eg ivarlents. 10 SUVWWARY The invention

i ncl udes ®ret hods &Vhileorthe nigveniore was ahativaied riegaddessing dne above identified

i npl ementation, a nmasking nmaterial is formed, over a sem conductor substrate.
The maski ng HRUES; df 18 oS &éa¥tSq é'&@feC{an q'B? {NMeG4iPBN 1S tqrﬁlén'irﬂﬁ?(iilwi 8

and anor pho - NG A S1 sﬁ@ﬁ}‘e{. el al._and
into 15 the Lség%sg{g%g’gl&gggasuggsr g’? éa?lgf\&é@?i\yéwfgﬂ?gp%ﬁgrn I SO QP io('f)fﬁé rt ‘}ﬁé@bﬁ
within sem ¢ofederedd \oetherspeicifichtion, Afeinsestordaeiecivith tiselbisttrivecof eyuivalents.
isolation material is formed within the isolation trench and over the

maski ng material outside of the trench effective to overfill the isolation

trench. Eue tsrmﬂqﬁ‘?ol ation material is polished at |east to an outernost
t

surface st one of 20 tungsten, titaniumnitride and anorphous

carbon of the masKihegnuahiisr mcludBsemathodsesdsdrnoing tadndhuisgktien, reiohsnilone
nitride and anor phous carbon is/are etched from the substrate. In one

i npl enent at i dRPleneriaion arMasking Hgaterial éhéermeboyer dnseBiBRiuCy nphsiiade.
form ng maskipg FRIKIHEAYSE ComBRAGLAIYELRT ot B LiALSen MiBfud! nitride and
amorphous carbon. An opening is formed through the masking 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 sidewalls. The substrate is
exposed to oxidizing conditions effective to oxidize the masking material
30 sidewalis at a greater rate than which the sidewalls of the semiconductive
material are oxidized. Trench isolation material is formed within the isolation

trench.



25 | east sonme of the masking material is oxidizable. An opening is forned

t hrough.the masking nmaterial and into the sem conductor substrate effective

to forman isolation trench within senicchductive material of the

sem conductor substrate. The opening and the isolation trench have

respective sidewalls. The substrate is exposed to oxidizing conditions

effective to oxidize the masking material 30 sidewalls at a greater rate

than which the si tevne ynblren’derféa%@m aomqu e fonrmrm icalireack iseiagipnetpgion

Trench isol ation m':ltef is fornmed w n, the isaol at.i on rec one
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formed t hroug maski ng materlal and i nto the sem conductor substrate
effective tosuﬂimstratareffesmwattodnrmramaﬂma\uctmtrans!erwntrmmmmlcmm:lumwermaiemf ob

t he sem conduct or substrate. silicon nitride risi n | ayer .i s, deposited
within the | 88 Senicongusien syRslryeer A R¥IGeRs F@M@e %@P“SA dRYRiciS Hersited ne
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conpri sing yer W t I sol ation trench an emak I'ng materi

out si de of ttrencitr direhch Téwatiore nwtenisias aldpositertover #he silidoh hmtnslelaompnsmg
nitride conprising layer are to polished at |east to the nmasking materi al
The masking (RYeervithindhe 'ﬁﬁ@t'PF‘etrﬁ%’Pph adg| QYEP"OWW%‘W@ nagtariglepgipile Pélt'an ve

to the silic t i de ; f

mat eri al of ﬁ%g%e%‘r%otr{%ﬁ@oér&éstu sbﬂ?ﬁal | ve O%Yeaveﬁgmsw%& )lgt he
silicon 1atrpdeshzemar lesisttp tiey etagiimg eedternd. omavamﬁmg nmenalemmctmwuehcwe
mat erial of the sem conductor substrate. 15 Qther inplenentations and

aspects are Eoft@mpMatal argrpmeverselatipy tothesilicpe MiHAerampIising Hyesdrom
embodi ments gf,.f e, 9) & gﬂ%ic%%dﬁﬁﬁ/eggﬁaﬁéhge@ tHS's%W&I%ﬁ@uétS ?ﬁﬁ&?eﬁetecffetclf\@e to

fol l ow ng acconpan ction view of
a sem Conducte@JVeV\@fp&Trticbm atgrt’aetsnidmn nltrlde 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 wafer

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



process in accordance with an aspect of the invention. Fig. 2 is a view of
the Fig. 1 wafer fragnment at a processi ng subsequent to that depicted by
Fig. 1. Fig. 3is aviewof the Fig. 2 wafér fragnent at.a processing
subsequent to 25 that depicted by Fig. 2. Fig. 4 is a viewof the Fig. 3
waf er fragment at a processing subsequent to that depicted by Fig. 3. Fig.
Sis aviewof the Fig. 4 wafer fragment at a processing subsequent to that
depi cted by Fig. 4Fig38 iFiagview afdhe Hig.awalerdragmeatcali »prapeseingr subseguent to
sem conduct or fer. . fragnent, in process in accordance with an aspect of the
i nventi on. FH&3?99P@“%J%?§§%§hnatic section view of another seniconduct or

waf er fragment ingpr SvibW_ FARETIGIE Qat ! fp EREE bratless 'libfs%@;' 4
Fig. 8is a view o?lat %ggFi gt 7 waf ggfrag‘%’tnta%}?eg pro?resseisng@s%bsqugﬁ?toto

t hat depi ct edhbydépigtedrby Figy.8.9 is a view of the Fig. 8 wafer fragnent at a
processi ng subsequent to, that depicted by Fig. 8., 5 Fig. 10 s

di agr amm%i c secti @H' Vi0el§ 8t &éﬂfﬁrﬁ@att'ge?ﬁ%@ﬂd%@‘("o?f ﬁﬁ?@‘%r WS%&"HCtPﬁ wafer
process in a | ' ' LGt is a view of
Phe Fig. 10 viqunepen Miokpssih SaRraAncy whiar SRR bbthe oMY oprcted by
Fig. 10. Fig. 12 iBigaltiisw vibwtdfeh&iFig. 10 waeddrefragmaginstrd pedceasingosdseiqugnt
subsequent 10 to that depicted by Fig. 11. Fig. 13 is a view of the Fig. 12
waf er fragmento that depietrcRy Fity 18ubsequent to that depicted by Fig. 12. Fig.

b om0, 1295 W g enet Nefe ARG Blocith i o HAHTBH
10 to that depicted by Fig. 11.
Fig. 13 is a view of the Fig. 12 wafer fragment at a processing subsequent
to that depicted by Fig. 12.
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.

ETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

o

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 example
monocrystalline silicon. Although the invention is described throughout in the
preferred context of butk 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



15 Fig. 15 is a view of the Fig. 14 wafer fragnent at a processing
subsequent to that depicted by Fig. 14. Fig. 16 is a diagrammatic section
vi ew of another sem conductor wafer fragn®nt in process.in accordance with
an aspect of the invention. Fig. 17 is a view of the Fig. 16 wafer fragnent
at a processing subsequent 20 to that depicted by Fig. 16. DETAILED
DESCRI PTI ON OF THE PREFERRED EVMBCODI MENTS An exenpl ary enbodi nent net hod of

formng a tréaither sddrag | on inegiseembiies | oompéeibing dtiser i haterisld htheedarienardt o
Figs. 1-5. Fig. 1 depicts a sem conductor 25 substrate 10 conprisjng bul k
sem conduct i $EMHeRECHYe Mmateriphfayers ApitRe ndRBe 1Y sinapPsatabliss ceawprising alhegn

the i nvent | onLisdeechyaqdh BLANANAUL rdilrd Bean SIS GAY SEABAX inBludhi lot

sem conduct or processi ng, sen conductor-on-in rircation ne

wel | as any ejhaimifRt {todheoferhigbhigativengulbstened deselibed aiboveediFandeli® the
contenpl ated in accordance with the invention. In the context of this 30

docunent , 5t heontaxiof Hisdeownast, dhe demsilayere enepmpasaese datuthe sisgylananddoe”
is defined ttl) rTEan any construction conprising sem conductive nmaterial,
i ncluding, BtH@hot linited to, bul k sem conductive materials such as a

sem conductive Waanrméskirﬁ@i tB&Irizdl PPEs Oforindaseeiinde so BEL S5E9icnBEtor
materials thereon), and Sem conductive material |ayers (either alone or in

assenbl i es cenpsirgiengOot lrethe depiatediexempiay embedirseiis taughecompfises at padny
supporting strugture, Jinclyding, b not I, ymted to, the sem cgnductiv
substrates d&% r?é/@raﬁc:@@a %Hg{%f_éifﬂ”f‘ﬁ% tbe@@HFéxtA%fGW a%@ﬂﬁ‘g‘rﬁﬁs ﬁﬁe
term "l ayer" |8RGOBIES $%n L Mo @8 A7 Mdtrohes, Wiiveal An?;;ﬁ@ﬁn'é' A8in

material 14 is forned over and conprises sem conductor substrate 10. Pnat he
depi ct ed exeppéiaredaspsstionsemmpleudiasking nategaldaperdt 8 pxéfecabinyas a hickndsa

Avgat roms ¢ 0 o7 4o QOB ARSI P SR RS BHAES Dah gog AnghircE being & Spebfie’ =°
preferred example. Masking material layer 18 comprises at least one of tungsten
(in elemental and/or alloy form), titanium nitride and amorphous 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 flow rate for the CgHs is

30 from 400 sccm 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



preferred specific exanple. Masking material |ayer 18 preferably has a

thi ckness of from 200 Angstrons to 1,500 Angstrons, with 500 Angstrons
being a specific preferred exanple. MaskiBg material |ayer 18 conprises at
| east one of tungsten (in elenental and/or alloy form, titaniumnitride
and anor phous carbon. In one 15 enbodi nent where anorphous carbon is
utilized, it mght conprise at | east one of boron and nitrogen. Further in
one exenpl ar yspachapdbhime showbrheaspmostrate anpppirsusceptob@ 240 soidh  fxghiplary

conprise a layer.that is transparent to visihle light. In the context of
S o umen ot A AT DeBrgRas WAk I (aHLr0, TaRSALPER 80
20 visible |i : t~iyh r u r I iaS}) -
substanti al | ytﬂ{gg\y\llggggg?“ﬁjta ?O%Hé'g(e:ngm 22%? (Zﬁi' ?ﬁav%ﬁ:?; @ hgaégeﬂééq(;:?amg@\%jen
about 0.15 angLrakpticd. @osdition Invight beabith@v ehengis) o638 dumbihhtomralr yrivus

carbon conprising |ayer transparent to visible |I1ght _range radiation, by way
of exanplPe dIASES. ninghding ther abaenge Lf aayenatiume f Fafhanholowerotrmperatiye

about 450C, wit Xe a referr r g [ fro

Torr to aboutterorBRy® Ll e T o &R FRNSREebeY S TS Mgt S RegBRtg
deposi tion pr fins. oeyuwa esatdx@mplant 8 1RO AL ovar
apBI led to ?h(gﬁpg{]sgvxeqshegg be?/lr%f ﬁ%o(gﬂ\v;vatts to pﬁ% ‘\a/\gﬁls, gmmt h e/83058 watts

bei Pg a specithecsyhsémoie ﬁ@dtf@amﬁprmomm@b@ﬁmm@ri&im@\}aﬁtié4?60 Am&itms.é@ i s
3 400 0 i1.h 14 ' i fi .
oxanple. an WEBRLAAST pEPGRR P Ngy At 308 ETPRTIRS, BaREH oG /S i
to 650 sogm deMildd, 4aP S@eMpIREI Barch sRefdd igasPiseBeHE est axasRiplaf\n fRWERIcAr Y

preferred 6 spacing of the showerhead/substrate support-susceptor is 240
mls. Exenpl aefyl 508dekam ofd aprexsrheirnhpidiogearasence;geeds M ati grapxemplary flow

progucl,ng. L A0SR 5068 i SRR A Sl e T gt fenion
gas or a conmbiafgkiiAnheflayd fopBdrdn BABES.0.59Ch16MI0do 160 ARSBRS eWHeréMitrogen
hel ium Further, |ower tenperature )

doping is desired, an exemplary concentration range in the layer for nitrogen is

15 from 0.1% atomic to 20% atomic.

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

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

amorphous carbon material 18 of masking material 14. Exemplary preferred



depositions can result in greater transparency than higher tenperature
depositions. By way of exanple only, an exenplary deposition thickness over
the substrate for the anorphous carbon comprising |layer*is 4000 Angstrons.

If boron and/or nitrogen doping of the anorphous carbon conprising |ayer is
10 desired, an exenplary boron source gas is B2H6 at an exenplary flow rate
of 1500 sccm and an exenplary nitrogen source gas Is N2 at an exenpl ary

flow rate ofteavaues drfludgereminabmemianingli rolebing, efer aﬁa@ﬁmt&mg any

concentratio 5% atomc to 60%

at omi c. V\her%xﬁsr@g é}e@'t%'ggldnegl\é?épééoghﬁpg)%nghaesi%r{%]fary concentration range
in the layer for rRéfeRue td SFigld, themad.|ddetaboe ¢f tuhgfs, afitafiuen diidé and
masking and/or antireflective coati ng | ayers m ght be utilized over nasking

mat eri al | ay@le@hOUﬁ caleorp eterialet ﬁsdwammchedém tige sabetrate. Rreferablyoi d
of silico h“d Ref.err | n|n 20 has
Skl

Chr ough 18y PaScte | blecivel O i “SalhBs of “GBn LT Btktion o

form an isol aghh@Ra b4 eRRA 1RE é’t’bﬁﬂfﬂgna§%ﬁb%n9éiﬁg'é€¢eé’t%efd al o$3ré?1‘ch isolation -
sem conduct or substrate 10. An exXenplary preférred manner of doing so Is by

phot ol i t hogr apatetiabad t & Hengontereofethiptiecimeintd aeiezheutwg etobrner nemouali neqroves
existing or yet-to-be devel o hnol o S. 5 Ref to Fig., 3,
trench isol aﬂ%nwr@hca’lm@igﬁjg a&oglaerf %tr%é tiQh at rt?nel‘?’gﬁa‘iy $adang
over masking di??ch?%ig%& 1@5411)@}!‘1‘1 lé&?b@freHo%BBha@?ve‘ﬂfé§§ﬁt)ﬂn)é%rt£‘ oPifEkd Ia{l 194 rom

I solation tre ary preferre mat er I's silicon |ox for

exanpl e hogh aldwaidly opisatationdegradi 22d sili con di oxide, and further, for
exanple, wth orﬂthout t her na| ox de an or silicon nitri e Irenc{;}el ner

materials. 30 Ref e iRy {6 eXqynple op yerl%rh glesnale; ’r‘\erﬁﬁiaé}’l%ﬂ‘ odiney
pol i shed at cragy?aedtrsy %out@nﬂuﬁat@ar PeRy. o8 utt %rﬁech@ﬁ%ﬂﬁ’%‘a sBfnik

tungsten nit and r phous carbon material 16 of masking nmateria
Exenpl ary pr afubsstrate 70a. Like numerals from the first-described embodiment are utlhzed
where appropriate, with differences being indicated with different numerals or
15 with the suffix “a”. Masking 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



t echni ques i nclude chem cal - mechani cal polishing, for exanple utilizing any
exi.sting or yet-to-be devel oped CWP tool and slurries. Referring to Fig. 5,
the at | east one of tungsten, titaniumnit&ide and anorphous carbon
material 18 has been etched fromthe substrate. Preferably, 5 the etching
I's conducted selectively to at | east some of trench isolation material 24,
with the etching as shown being selective to all of trench isolation
material 24. siipon h&oxigat yer arighhibe fyciatan, trancie| sidewalis &2 hetarer esitar
renoves one natei @I ongg§ed to another at a ratio of at least 2:1. The
exenpl ary pagep8?‘8 %V 6 m ght also be renoved, as well as sone or al

of material 24 fr@pfediigoist PRI @l Yrepthiisalbfbh (Pﬂatbhﬁﬂghlb%s BYeNlishe® X @Rl e
only, an alternate exerrpl ary enmbodi nent to that depicted by Fig. 4 is

illustrated Ieasmagx oatarmnoebauéme oh the tah leasteone of dungsien, tiapatmanitridecand
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trench 22 and over, naskj material 14 out e of tr nch 22 effective to
overfill isolation&t r@p@hegfxempiaw method of t%rm?ng a trench 1250 ation region is

16 described in connection with Figs. 10-13 in connection with a semiconductor
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 16 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 14c 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 sidewalis 386.



Trench isolation material 24b includes a silicon nitride conprising |ayer 30
and at 30 least one material 32 other than_ silicon nitride forned thereover.
An exenplary thickness for 1ayer 30 is 709Angstroms, and an exenpl ary
preferred material for layer 32 is high density plasma deposited silicon

di oxide. O course, a thermal B silicon dioxide |ayer m ght be forned on

t h sid |1 bef . af It f 30. Ref ' N
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the first descri bel eflyaRife rXeNXB| YPROHEIE | BPRIGaNHUGHY tSHBsHales10d is
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nitride. An
15 utilized where appropriate, 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 contemplated, and including for example those described above, and

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



additional alternate exenplary material is polysilicon, whether updoped or
doped 25 with another material or materials such as boron and/ or phosphorus.
Addi tional oxidizable maski'ng materials dPe contenpl ated, whet her existing
or yet-to-be devel oped. Regardless, in one exenplary preferred enbodi nent,
masking material 14c is void of silicon nitride. Referring to Fig. 10, an
opening 20 is forned through masking 30 material 14c and into sem conduct or
substrate 10basf beeni Yermex f hrougm masking omateriabnd mdvviinh:i nsemiconductor
sem conductive mate 12 of  sem conduct r.. subst 10c, e
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and 15. Like nunerals fromthe Figs. 10-13 enbodinent are 15 utilized where

appropri ate, P@i'ﬂﬁ%ﬂﬂ"ﬁé%@c@@s‘ﬁ@g meaiendl t4ted with different numerals or
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shown as belngforrre S I'solation mate nprrsirng a
silicon nitrihdeedeepricthagdd AYEivedtd siicen wittdde \ceondriant lage 50asomhevmprdipe

oxi di zed of semiconductive material 12 of semiconductive substrate 10e effective to leave
15 a portion of silicon nitride comprising fayer 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 solution is 2.25%

TMAH by weight in deionized water at 30°C.



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
depicted whereby all material has been renoved outwardly frommaterial 12 of
sem conductor substrate 10d. 25 Yet another preferred nmethod of formng a
trench isolation region in accordance with aspects of the invention is
described in connection with a sem conductor substrate be in Figs. 16 and
17. Like GuMM8I s fromthe first- described enbodiments are utilized where
appropriate, with differences being indicated with different nunerals or
with the suffix "e". Referring to Fig. 16, a 30 nasking material 14 is

f ormed ovWhatas slemeddsiduct or substrate 12. Any material is contenplated, and
including for exanple those described above, and preferably with such
maski ng material being void of silicon nitride. An opening 20 10 has been
formed through, mBakhsWoMBiBinbaltrehéh RBRtibNERichRBIpARECt or material 12
effective to forman isolation trench 22 within material 12 of

sem conduct or fewmlsg reamaskios. maepll peasna riemidonductanpitisgitag theayraskise matsrigdeen
depo?'te%ﬁ' smg {Z%QJt Eégf]tuh%ﬁ? gltaﬁﬁmf"‘ lq'lc%va%fig A 'oGQcaggé grial 14 effective

to line n~exe ness ayer I’'s from 10
Angstroms to ¥bhind\agepeng thrétghnthb maskingtrhaeridranheinalthedethizsndiesin sdepai t ed
over SI|IC n.nitride caonprising |layer 50 withjn isolatjon trench 22 and
over maskiligtivratdefera) an Asolgins frgachopviihjng pamcons! uct@@eﬁm{wﬁ Yribf e misgnductor
mat eri al s,g§@As described above, nanely high density plasna deposited
silicon dioxidé. Fig. 16 depicts such 10 trench isolation material 24 and
silicon nitri demnuogyrensh ng)latayxemamahwthawtheglsb@emn tpavich sdnddovestr ﬂheanaskirxg

14 and .trench

a0l at  orig e i 8T TS Ven R el eyt Ul B SR S o T des e
conpri si Natkidd YompHsih AN¥iReERitritleycomprising 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 at least one
of tungsten, titanium nitride and amorphous carbon of the masking material; and

etching the at least one of tungsten, titanium nitride and amotphous carbon from the

substrate substantially selectively to the silicon nitride comprising layer.
2. The method of claim 1 wherein the masking material comprises tungsten.
3. The method of claim | wherein the masking material comprises fitanium nitride.
4, The method of claim 1 wherein 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.



of sem conductive material 12 of sem conductive substrate 10e effective to

| eave 15 a portion of silicon nitride conprising |ayer 50 projecting
outwardly of sem conductive material 12 of sem conductive substrate be. An
exenplary technique 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 H2O at roomtenperature and pressure
conditions. Alternately 20 with polysili'con and silicon dioxide, such a
solution could be utilized initially to strip any native oxide overlying
material 18 0l Thawewtiog eff eldimg pdkiedn thec ovasking materisd reamprisgd atatpasiniveonof

dti ont zed6at e ERFERHRRES B (0 e i< 1. A ot had of |

formng a trench isolation region conprising: formng a masking materi al

over a senico ctor, substrate; the masking material _conprising at |east
one of tungst ﬂféet"‘?etﬂéﬂﬁii clfﬁlﬁar‘l‘?“t7r‘ivﬁeée1§ﬁléf HRHSHBRIE 4 SPBBHSesREIRRINYS §¥bobeni ng

t hrough the nmasking material and into the sem conductor substrate effective
to forman isolation trench within sem conductive material of the

sem conduct or9. Thaeathest of cldimr ivhereinrtbpethhing i aondontedrsietivelly tovall of thettieach

i sol ati ogota{ignnr%healn]d over the masking material outside of the trench
effecti ve PeOBVEFF | the isolation trench, the trench isolation nmaterial

conprising a silicon nitride conprising |ayer having at |east one materi al
other than silicon nitride, formed  thereover; polishi{g(g the trench isolation
8

material at | Hadhe msthed of gladp doelierain Hregpasking materiadis yadet sibenn nigiles ungst en,

titaniumnitride and anorphous carbon of the nasking material; and etching
the at |east one of tungsten, titaniumnitride and anorphous carbon fromthe
substrat e subklt anhethbd pf ehegta tvlcl isoatibh egsin doogisinigt r i de conpri si ng | ayer.
2. The nethod, of . cl ai 'ipl Wner.eli n the maské n% terial conprises tungsten.
forming masking material over a semiconductor substrate, at least some of the masking
material being oxidizable;
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, the opening and the isolation trench having respective sidewalls;
exposing the substrate to oxidizing conditions effective to oxidize the masking material
sidewalls at a greater rate than which the sidewalls of the semiconductive material are oxidized,
and

forming trench isolation material within the isolation trench.

12. The method of claim 11 wherein forming the trench isolation material comprises
forming a silicon nitride comprising layer over the oxidized masking material sidewalls and

oxidized semiconductive material sidewalls.

13. The method of claim 11 wherein the oxidizable masking material comprises

polysilicon.

14. The method of claim 13 wherein the polysilicon is doped with at least one of boron

and phosphorus.



3. The method of claiml| wherein the masking material conprises titanium
nitride. 4. The nmethod of claim1l wherein the masking nmaterial conprises
anor phous carbon. 5. The nethod of claim4 wherein the anorphous carbon
conprising |layer conprises at |east one of boron and nitrogen. 6. The

met hod of claim4 wherein the anorphous carbon conprising |ayer is
transparent to visible light. 12 7. T nmet hod of claim |l wherein the
masking material conprises at |east two of tungsten, titaniumnitride and
anor phous carbon. 8. The nethod of claim7 wherein the masking materi al
conpri ses anotphbiesmetioBost. clgim Tije whetehio theosengbaidpretivewhateeiah of Hbe eidehialiy i s
conducte | ve| of the trench isolation material. 10. The

met hod o?onclzqerls Pr vy Srtaelfrr'leJtheonnaskl ng material is void of silicon nitride.
11. A method of form ng a trench isolation region conprising: formng

maski ng mat erlqa over S}i(! conduct or substrate, at |east sone of the
masking mat el éqheb‘BFtHQd(9 iMabi wherely fArmieathe Jpash isplationomatsrieheo MRISRS ng
mat eri al g o%rﬁqg a{"sf?lc&tl"%1tﬁ§én08ﬁggHﬁ%Q£ye§ Wost {h@tcﬁn isddf ﬁl%%}lll?(% nfe@erfa9", meé\‘/Qlls and
isolation tr hin sem conduUct’ive materi a em conduct or

subst r at exidizéxdbseppeaidnetivarmdatered sidswhlg. i on trench haV| ng respective sidewalls;
exposi ng the substrate to oxidizing conditions effective to oxidize the
masking material sidewalls at a greater rate than which the sidewalls of

t he sem condurt iR Mehed ioflclame]l Pxindicit the madkhg ﬁfaf&lﬂgcéiﬁﬁﬁﬁéb at IsBbhOBf
material within the isolation trench. 12. The nethod of claimIl | wherein
formi ng tuAesten: Efpam Bigide angrempaphaup sirtbebnpri ses forming a silicon nitride
conprising |layer over the oxidized masking material sidewalls and oxidized
sem conductive material sidewalls. 13. The nethod of claim 11 wherein the
oxi di zabl e mabkiTheg megtodraf alaim ddpwhcssds the polskiag nacoial comprises tungsten.

19. The method of claim 17 wherein the masking material comprises titanium nitride.
20. The method of claim 17 wherein the masking material comprises amorphous carbon.

21. The method of claim 20 wherein the amorphous carbon comprising layer comprises at

least one of boron and nitrogen.

22. The method of claim 20 wherein the amorphous carbon comprising layer is

transparent to visible light.

23. The method of claim 13 wherein the masking material comprises at least two of

polysilicon, tungsten, titanium nitride and amorphous carbon.
24. The method of claim 23 wherein the masking material comprises amorphous carbon.
25. The method of claim 11 wherein the masking material is void of silicon nitride.

26. The method of claim 11 wherein the trench isolation material comprises high density

plasma deposited silicon dioxide.



14. The method of claim 13 wherein the polysilicon is doped with at |east
one of boron and phosphorus. 13 15. The nethod of claim 13 wherein the
sem conductive material of the sidewalls conprises nonocrystalline silicon.
16. The method of claim 13 wherein formng the trench isolation materi al
conprises formng a silicon nitride conprising | ayer over the oxidized
masking material sidewalls and oxidiz sem conductive material sidewalls.
17. The method of claim 13 wherein the nmasking material conprises at |east
one of tungsten, titaniumnitride and anorphous carbon. 18. The net hod of
claim17 wherein the masking material conprises tungsten. 19. The net hod of
claim17 whexegif t I J.ad I i J: Lt de The
T T
21. The theitdnadepfthe hakking natkréd] edideviaile tAaDopdroths ddavindla «fomprdemicopdhaier
conprises at, |east one of boron and nitrogen. 22. The nethod of claim 20
mhereianﬂﬁwénnrphous carbon conprising layer is transparent to visible
light. 23. The nethod of claim 13 wherein the nasking material conprises at
| east two of polysilicon, tungsten, titaniumnitride and anorphous carbon.
24. The nethod of claim 23 wherein the masking material conprises anorphous
carbon. 25. The nethod of claiml 1 wherein the nmasking material is void of
silicon nitride. 26. The nethod of claiml1l | wherein the trench isolation
mat eri al conprises high density plasma deposited silicon dioxide. 14 27.
The met hod of claim 11 wherein the exposing forns an oxide |ayer which is

| ateral ly thicker over the nmasking material sidewal k than over the sidewalls
of the sem conductive material.



