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METHOD OF CURI NG HYDROGEN SI LSESQUI OXANE AND
DENSI FI CATI ON | N NANO SCALE TRENCHES CROSS- REFERENCE
WORVIRABKEFED APPLI CATI ONS [ 0001] None FI ELD OF PEIEUS2006/020851
| NVENTI ON [ 0002] The inverition relates to a nethod of
curing hydrogen sil sesqui oxane (HSQ filnms in
nano-scal e trenches of high aspect ratios. A high
aspect ratio in general means a narrow and deep
METHOD 6FURING HMIDROGEN SHeS B QUIOXANENAND BENSIFEI ATTION IN
f the trench, the higher 'is the aspect
NANO-é(ﬁ@}EE?F&?@(EQE i ng technique involves a three st age
procedure that is carried out at three tenperature
ranges, in the presence of an oxidant such as noisture
st eam LROSS-REKERIGNCEXTQRKELAIER AFPPLICA TIGNESKGROUND
THE | NVENTI ON [ 0003] Integrated circuit technol ogy
s narrow trenches in sem conductor substrates to
isolate circuits such as pre-netal dielectrics (PM)
and shallow trench isol ations I nsul ati ng

material is depdgEL&OFmI‘bEM]ngf Rhes to form
[0002] f&g%}{ve%hpf? E‘gk%%’ % gp%gtﬂgd 6P c%@dgé%ré %ﬁﬁ%@%ﬁ&‘%ﬁ%@gg@ films in

nano- sced@ pesdhs Oflhfgﬁ@@becﬁ &ﬁldseMEl'glq d§sect pfibda |gb1yerallsmdaﬂsca hdrtdw and
renches on sem cq @c‘hft sub trates, to fo

deep trea?lbﬂémwweaﬁh? R och aelAtive &(ﬂ&edw ke ggpch, the
higher iSthk | héj%@t h6: Xf}g:ec g%’cﬂn @rlﬁ'vol{léQQQﬂI]ee@tag¥ Pi‘&:@ldulg Y&t is carried
met I nvol ves pldacing a substrate in eact or
out at ﬂmdfwninpcram@ rangps,qo ¢bs pryasss ofilap okittanbsivbed nagistuiresi¢ana and/or
” ‘iﬁj C{]%ﬁ s a series of chem cal reactions that
nitrous qxidc, ppd § ﬁe deposition of a desired |ayer on the
substrate. CVD nethods can be used to prepare a
silicon dioxide filmmde fromsilane (S1H4) or

t et r aet hoxysBAdAGEOPR 1YY THVAINGNTIQNes of CVvD
[0003] Iﬁ{e%Pa‘%‘e%sc%%uﬂ L& ORYY WSEGTRSy AHRSPRASERERARESHE® TR to

isolate circuits such as pre-metal dielectrics (PMD) and shallow trench isolations (STI).

[0001]

Insulating material is deposited into the trenches to form insulation layers, and to planarize
the topography. Chemical vapor deposition (CVD) and spin-on glass deposition (SOD) are
techniques typically used to fill trenches on semiconductor substrates, to form dielectric

layers such as silicon dioxide (SiO7) and silicon dioxide based layers.

[0004] A typical CVD method involves placing a substrate in a reactor chamber where
process gases are introduced and heated. This induces a series of chemical reactions that
result in the deposition of a desired layer on the substrate. CVD methods can be used to

prepare a silicon dioxide film made from silane (SiHy) or tetracthoxysilane Si(OCoHjs).

Various types of CVD processes are known such as atmospheric pressure CVD, low pressure
CVD, or plasma enhanced CVD. However, CVD methods can suffer from the drawback that
when trench dimensions approach deep submicron scale, sufficient trench filling becomes
difficult. The CVD technique therefore, is not suitable for the nano-scale trench filling with
high aspect ratio according to the invention.

[0005] In a typical SOD method, a solution containing a film forming material, such as an

HSQ resin, is dispersed on to a substrate and spin spread to form a uniform thin film, using
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CVvD, or plasma enhanced CVD. However, CVD nethods can
suffer fromthe drawback that when trench di nensions
wapmienasiss deep subm cron scal e, sufficient treRCIVUS2006/020851

filling becones difficult2 The CVD techni que
therefore, is not suitable for the nano-scal e trench
filling with high aspect ratio according to the

i nvention. [0005] In a typical SOD nethod, a solution
certain slﬁlﬁ pagintetdtg ThefspinmabitityroNbe salinton directlylinfluasesthe k{ﬁé}ity and
res s dj d t
performange %g‘ghﬁ]tlgn@:{q%? ; Seﬂ]ﬁl(:)tﬁmf rr%n%&é’%t ésfe@%%%téaz%the substrate the

film forn%ﬁﬁ ér?a‘i & cuf Qe S&i ﬁ"cﬂp{e'cgﬁ éu@gccbflﬁng‘&l tHE bR A d'ffiﬁé bi¥sent

uences the quality an formance of the th
inventiofi.i Im After the filmformng material is deposi ted on

t he substr [ f ' j is cured. SOD
is the tecﬁ#ﬁﬁ# g@é@@ﬁﬁ%?ﬁn&ﬁgmm of the

[0006] TIBE ‘?Mﬁoﬁ RVBREIARo a BRIET SHINARY clfdhed tHha $MVENIdENr substrate.
[ 0006] The invention is directed to a nethod of

ThetrencﬁhelSIaIen@llftdr@nches in a seniconductor substrate. The

h fi.lled, b
RBRTRER TBh T B b LRBERT D Aot w8 B e
trenches{ r enches; curing the dispensed filmformng nateri al
in theégresence of an oxidant at a first_ | ow

cprng Biegtispeaseddlmafopnmgmyraddp Semrrsacy el aoRidant gf gfirst low
temperat‘&i‘lar foPd ﬁtrﬁ éhe%ﬁﬂﬁa ehibl B figlem ng material in the

resence nt at a second | ow tenperature for
canﬁgdmrdisganmieﬂlnﬁmmmg mpatetigdn die preseace ofan mgdatiet a second
dis ed filmformn terl agPl n the presence of an

low tempEEREEET & 6ecRn RIFGIHBIARETBEPLITFG for a third
cRfiff eelitPend MEBY foPdirf mAteARY in ARTprEQMER Bﬂarf blil e 20X R

trenches 'in the sem conduct or substrate. [0007] The
high terrli)ﬁtamrﬁ dona thiyd peadeterminedperiod of timeoandof hydr ogen

A 38050 U BRGNP Ot O
[0007] 'Imécﬂlﬁgﬁﬁnﬁighﬁaﬁéﬁallls)x adlation of hydrogen silsesquioxane, and the oxidant
can be nitrous oxide, nitric oxide, moisture steam, and the like. The hydrogen silsesquioxane
film forming material is deposited on the semiconductor substrate and into the trenches by the
spin-on coating method. The first low temperature is from 20-25 °C to 100 °C, the second
low temperature is from 100-400 °C, and the third high temperature is from 800-900 °C. If
desired, the filled oxide trenches in the semiconductor substrate can be densified in the
presence of nitrous oxide at a temperature of 400-800 °C. The first, second, and third
predetermined periods of time, and the time for the densification, are each 30-60 minutes.

These and other features of the invention will become apparent from a consideration of the

detailed description.

BRIEF DESCRIPTION OF THE DRAWING
[0008] Figure 1 is a cross section of a Scanning Electron Microscopy (SEM) image of a film

made on a patterned wafer after the film was cured and wet etched.
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filmformng material is deposited on the

sem conduct or substrate and into the trenches by the
wepbewAesnssoat i ng nmet hod. The first | ow tenper aPATAIS2®6/020851

from?20-25 Cto 100 C, thé second | ow tenperature is

from 100-400 C, and the third high tenperature is from

800-900 C. If desired, the filled oxide trenches in

t he sem conductor substrate can be densif ed in the

pr esence DETAILBEDDESCRIPEICN O&F TEEARNVAENIFION 400- 800

OC.. The first, second, and third predeterm ned periods
HydrogegSilsgsq@ioxgiel the time for the densification, are each

[0009] T%th@r(@eﬁ %fl%%ﬂui%—%%s@cpﬂer&hrﬁﬁ pletarbiti ©1i@h-doBRining resin, more

invention w econe apparent froma consideration of
particulatlipen Inpetridisibckatessinicputhiomg 1R SRhDESERIFTSIINHGKORIO2/2. R is

DRAW NG [ 0008] Figure 1 is a cross section of a
independsgtiyai argamic &aupehioh svhes bepsed tessilipon theggh dhe gxyeen gpm, forms

oo 8 R R ES A Sp B PR o

and butytael] @eRips Sidhses pherydyead elefAMddupEisectysdillgbarvinyl. The value of x

. si | sesqui oxane used herein .|§ a preceramc
is 0-2; y &5 4-Pcol-leo ind fisisHeR 9f&sT W Zddre particularly, a
. . : hal : A G
10010] TS S S B oo R BRI o e e e P
resins wiigh G2 OMIEParbARABArd1Pzed] ild. Contatniiisait £31ORO¥NDEMNiiBlredths which
fornms a ‘hydrol'yZabl e substituent. Suitable R groups
are partiallyodondensad kyel, containing ssme FFSHIH nstadgitiongthiiydsin mpajognptain less

o B B BN B e
or oxygé[('xox}gi%r?ﬁe%; astwdlBask=S3-Siehishdl Rehish Ean o d'[m‘xﬁg thefr fofination or

These resins may be (i) fully condensed
handlinghydr ogen si | sesqui oxane resins (HSiqg 3/2)n ; (ii)

ooty g AR TaS PR Bled N ¥ ety gonfom o
the strucR@t Hepgikted beleRdensed, i.e., containing sone SiCH In

addition, the resin may contain |ess than about 10
percent of silicon atons having either no hydrogen

atons or two hydrogen onms, —9r oxygen vacanci es, as
well as Si-Si bonds, imh cam occur during their
formation or
_.__Ti__oﬁ___
T
Ti O
H
— —n

[0012] Typically, n has a value of four or more. By way of illustration, when n is four, a bond

arrangement for a silsesquioxane cubical octamer is depicted below.
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handl i ng. [0011] Hydrogen sil sesqui oxane resins are
| adder or cage polyners which generally conformto the
weoennuscgnse depi ct ed bel ow. [0012] Typically, nPO@agsa06/020851
val ue of four or nore. Bydway of illustration, when n
is four, a bond arrangenent for a sil sesqui oxane
cubi cal octanmer is depicted below HH\ / . "H[0013]
As the series is extended, i.e., n being five or nore,
doubl e- stranded polysil oxanes of indefynitely higher
mol ecul ar wei ght are formed, which cofitain regul ar and
repeated cross Iink;sln Thei® “exte d structure.
[0014] Hydrogen sid sesqui oxane reggins and a nmethod for
their preparath o are described7in US Patent 3,615,272
(CQct ober 26, 1 T Which 7S THc6Y parat ed herein by
reference. AccordingOto the nethod On the '272 patent,
nearly fully cohdensed hydrogep sil Sesqui oxane resin
containing up to 100-{300 parts{per mllion silano
(SiOH), can be @reparled by hyddol yzilng trichl orosil ane
(HSid 3) in a benzene supfani id dwydrate nmedi um
washi ng wi th aqyeous sul furic acidy and;subsequently
washing with di Lﬁ?led wat er untj® neutral. The
solution is filger removey i nsol uble material, and
is then evaporated to dryness, \eaving a solid
resi nous pol ¥her in powder formH[0015] US Pat ent .
5,010,159 (April 23, 1991), which is also incorporated
herein by reference, teaches another nethod of

rolyzing, hydri.dosil .an that are .dissolved .in .a
10013] AR Sl el affe B o by oGl SRRALE otylctanes of
indefinitély AighbEmBRGh i wkighf £¢ PorinbE, WIBEH dontin S@hlad af®fpeddétScross links
) . polyner in powder formcan be recovered by renoving
in their exteadedyitipee. The sol vent can be renoved by

[0014] Hydrogen silsesquioxane resins and a method for their preparation are described in US

Patent 3,615,272 (October 26, 1971), which is incorporated herein by reference. According to
the method in the 272 patent, nearly fully condensed hydrogen silsesquioxane resin containing
up to 100-300 parts per million silanol (=SiOH), can be prepared by hydrolyzing trichlorosilane
(HSiCl3) in a benzene sulfonic acid hydrate medium, washing with aqueous sulfuric acid, and
subsequently washing with distilled water until neutral. The solution is filtered to remove
insoluble material, and is then evaporated to dryness, leaving a solid resinous polymer in powder
form.

[0015] US Patent 5,010,159 (April 23, 1991), which is also incorporated herein by reference,
teaches another method of hydrolyzing hydridosilanes that are dissolved in a hydrocarbon
solvent, with an aryl sulfonic acid hydrate medium to form the resin. A solid resinous polymer in
powder form can be recovered by removing the solvent. The solvent can be removed by
distilling off the solvent at atmospheric pressure to form a concentrate containing 40-80 percent
of the resin, and removing the remaining solvent under vacuum and mild heat.

[0016] Other suitable resins are described in US Patent 4,999,397 (March 12, 1991), including

those resins produced by hydrolyzing an alkoxy or acyloxy silane in an acidic alcoholic medium,
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distilling off the solvent at atnospheric pressure to

forma concentrate containing 40-80 percent of the
woesion3seand renovi ng the renai ni ng sol vent undecTAAZ006/020851

and mld heat. [0016] O hes suitable resins are

described in US Patent 4,999,3 97 (March 12, 1991),

i ncl udi ng those resins produced by hydrol yzing an

al koxy or acyl oxy silane in an acidic alcoholic

accordingwi Japanasciioldii Ratehts JB 3pAM8w4d (Kl ai 19@%@@@8&)17 %&é}é %5,

59-1787 Jul 0 JP 60- 086
1985), %’ﬁ&ﬂ’ fg‘@lm&?%( Nfé&g)i?éi of W) are nqorperatodh by: refererce.
10017 SOGAOBATALL R Eh U be Kby SEHA) bR ol fpersipe e
pre-ceragig pidicen enytaimieg peser inersalvent @iih & adxtureTisalivents. (S ohsdultable
m xt(gtr e of, solvents.. Sonme suitable

sotvrn 16 K it Y e mBl iAo reseebya o benzene
toluene &in@ XRleh€; alRAEELHBR BOADeHHEd) h&&inb RERLEmd UBHLEAE kAL suah as

xyl ene; al kanes such as n-heptane, hexane, oct'ane, an
methyl @%

Hdetone andcmethbisobuirlketene (MIBE); lmempolyditethglsdoxhnes such as

] | SO .one. (M, BK) ;. .1]j near .
novael | ok B 0%l b B g o s oot
cyclic polytimmetiyiyilok ane3ishelxanrtantb@igddyRlditatifixaagi | oxane, and

cyclic poI¥FinethyIsionanes such as

I Xt ures thereof
decame%iégﬁgp%sﬂgmt dadecamqtiadieyslobexasiloxane, and mixtures thereof; esters
h as BRGPITRLaRY L ’ i
o RSB ARE RSO LPEOBE s i s oy
Generallys emgh solvéntasuded ty formabe sl wioandviistonpichll pe@Ea fidin Dolids

content B E8S W RUR ottt baisimt s ood Lo form the
[0018] Tk prescdBSiveibreR Ha¥dd Gipthk Mist AP tifak Bidtn e %Jé(il‘fj%hrgﬁ@&se&;ﬁde

of 10-85 wei ght percent of the Tesin. |
(N20), pitisexide (NQBreygen (Q)bmeistire stearh cardi the dikeyrwhdnhastd in curing
fl oxi dant § sucﬂ, S nitrous oxide (N20), nitric oxide_
1lm forpygg matggls ah I@gﬁsmp%ﬁuﬁsw%ew@mhe Aivar formingimaseriali the top
ortion ' ] | ' ' Eah. L
portion VB Rarlo bcRI¢N (A 3¢ beForit b RAEARREL 1k Tl klling majerip o te
bottom pergion opthp amane-serlofrenchn Bucing adligh tempaekurt oulRefr RRakPleCthe

o R e O o L Bl o

before theeSRIQAA kéHcBeLHUE Bottdi@poPidd B tRe ndndSschle! fBnER Ml Isult is that
material in the top portion of the trench cones 't o

oxidatiog @ete in (e dHm feemingimiatenial e thertep porsionsoff darirenchbefresthe film
fonning?r@agalf?eﬁ tn{l gf@ttft}g{o}ﬂ 19(9118;1 o}" {l]lg ngr?orl(s)éa?ect%nechtig s?u%gient-{}rf] gxidized. This
prevents the formation of a fully densified and fully filled nano-scale trench. The cured film

forming material in the top portion of the nano-scale trench forms a dense skin layer that
prevents any further penetration of the oxidant and the film forming material into the nano-
scale trench. As a consequence, the film forming material in the bottom portion of the nano-
scale trench cannot be fully cured to the same extent as the film forming material in the top
portion of the nano-scale trench.

[0019] This undesirable consequence is avoided by the method according to the invention
that allows one skilled in the art to obtain fully cured HSQ in nano-scale trenches. The
method permits the oxidant and the film forming material to diffuse and/or penetrate fully

into the nano-scale trench before the dense skin layer is formed. The oxidant is then able to
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oxi dation occurs in the filmformng material in the

top portion of the trench before the filmformng
worberBglssi n the bottom portion of the nano- scaC®US2006/020851

trench is sufficiently oxidized. This prevents the

formation of a fully densified and fully filled _

nano-scale trench. The cured filmformng material in

the top portion of the nano-scale trench forms a dense

react wishk SivH @ryeps ih tiat HSQefilanfosmapymitefislieith ﬂﬁ@l@iuﬂﬁ%latcstﬂaﬁtfl groups
material into the

d the filmf
are forrpelf ] BRse et B AL B SLGEN daw emReTF R eilon
both thé'&ti@Artahd ke ﬁlﬁlefoﬁﬁhg%&tgﬂélttb %v%fmt‘ofi Sﬂgl% n%ntu‘f G

cannot be fully cur to the sane ex
trench. Nb}it’rﬁm@g;tam ig thegpreferred loidanpfop drdlowrtemf)efahEe oaen-/sdawe

tempergy 8 i aeaF R et SR B iR T EUBR TSRO empHbhrefore
penetratél’l’ﬁadﬁif difhied fllly nhethebbttb@ fRlcH &F théthins- &%lfe%n'é&?@ﬁé}nmsmre

nano-scal e trenches. The nethod permts the oxid
steam oxjslant ¢pa then repqtywithrike il groups intthe HiSQ filke f(Hmiﬁg)matenal as noted

into the nano-scale trench before the
above f@‘ﬁﬂﬁé Eﬁz&} néll%luby

is formed. The oxidant is then able

[0020] Thef nmﬁturm’sﬂehm%mbbx@tuwﬂﬁ)uld?bé Reinti$d inlaBubRiSitRAow range so
the result_that silanol groups are

that the S?ﬁ?é n lﬁ*ﬁ"ééjgesr poideimst he magdripedet apangasuifieient towlpy the
mmsturla Qﬁé’aﬁlea?fﬁ HAEI ori %ﬁ&eﬁ?ﬁ% Ahlige R‘P(% &ettﬁgthb )c?tt? gﬁ%ng?s%gle

he filmformng & nove 1n
trench. Aﬁer allovong sifieient ttne tior thb resamam te oeamat Bavt temp@mﬁler the@wo
ures. | ow

tow temBEAe R bpriiesttitiase Sllob Rt aThit Figh ‘hperbise agpsslinpiep inyan
oxidatidnGenlRoftedOTIRIsUhRd §&E%Hﬁs%§ﬁ1et§ﬂ§ﬁ(ﬁfg% seﬁ m%tﬁlﬁ{ forBY Bhterial

diffuse fully into the bottom portio
to Cond%ﬁcﬁnééd}c@n PKiggdhiormiad imihiegane-ecale ‘ealmhom ﬁdHyn ldemaﬁed theemo-

scale tre%gltEll g% tﬁe as O{r)%?]eg “5 O{;ug&f%) P ifin%eé ciehr %ts%"l‘frl’cl'g’ Tgi%]ag‘??’}b? the

method m‘abmeaw pedatedenist GlPE hidtdtaeisihe tledcHee. Mai nt ained in

sufficiently | ow range so that the dense skin |ayer
[0021] ‘B empgratire, Fam)ée cihe, rsessiap SRTRGE Gt fr@mrrawg@nd@r pinblesht

o AL T RS L ot
the second end/hr soakingrlowlt¢topéragreafré) anidgiit) ftanr806-900 P(ﬂ €or the third high
tempera]{u?ﬂc‘:fl %ﬁ&/&ng’nntea 1nogcc%lr'lé ; tjlrstvilow te gérggulflfg gure anc? the second and/or
soaking low temperature cure are carried out in the presence of moisture steam as the
preferred oxidant. The third high temperature and/or annealing cure is carried out in the
presence of moisture steam or nitrous oxide as preferred oxidants. Other common oxidants
can be used provided their use has no detrimental effect upon the resulting wafer surface. The
filled oxide trenches in the semiconductor substrate can be further densified in the presence
of nitrous oxide at a temperature of 400-800 °C. The time period allowed during each of the
three step cures and the densification should be between 30-60 minutes.

[0022] The substrate is a semiconductor substrate having trenches thereon. The
semiconductor substrate is not specifically restricted, and can be any semiconductor substrate

used in the manufacture of an integrated circuit. For example, the substrate may be a silicon

wafer. The film forming material is applied by spin-on deposition (SOD). When using spin-
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| ow tenperature curing steps are followed by a third
hi gh tenperature annealing step in an oxidation
wenvieriesnsent . Thus third step causes the sil aneCT@ISL0p®H20851
inthe filmformng materi g to condense, and silicon
oxide is formed in the nano-scale trench. A fully
densified nanoscale trench is therefore obtained
exhi biting good wet etch resistance. This indicates
on depasitiin, thescomditionsiwil hdepord us edribas factoeiiacludRpike fdsire@ehickness of
ter in the tr The tenperature range

the S} B R Bt ueshed o i wesife R formbis eone amepiss. Typicaly, the
semicoRdRt@BubdtRiPG e Wi RE Rl efgézlg%ﬁa?erila@% (%go 4838 i%&?lgrat a speed

first | ow tenperature cur rom1l
of at legsh abas $00 tevahuioos peraaiirteyrprojot abope6,a0Q rpen.CTHeaimafod

i), o 80Q-900 .C f 1 hi hi gh erature .
deposicl b AR RS 18901 Sk Vel oy B et e
depositedith do@n@2¢ 6f1boat0l4 hilIfIRaK/ s ark Qb it RERE TRV E:, G sﬁaﬁgép%ed,

. .. carried out in the presence of noisture steam as
spin times andtheagnoynt fhe filiyfarming matdriag hsedeap be atjusted anproduce a film
: [ I.S..G [ t J4.n. the presence, of
having S UBSH BRICRAE Tk Sl B aBileqeMekens BLRFREL B bant s00
nanome@treer comon oxi dants can be used provided their use
s n etrinmental effect upon the resulting wafer
10023] 35 pikfhod Ceh nchie g pieral tapaTemaking allone postion of the solvent

after SC?'% gh& BEIHCERE. THY %R@ﬁ‘ttrﬁaf B8 1 %\{eﬂgbgf{égl&rggﬁ\%?ﬁefni Iengefnilsnsuch as

. presence of nitrous "oxl Uré
heating ggdergoghient o hestutédpegperd. dtie ablvemeadaylbe rengveddh hodtidhe a

e e ur t.he jfication should be
tﬂnpﬂé%#ﬁﬁgﬁk§§ﬁéﬂngﬁﬂ3?%%@“P6g§§?bThe substrate is a
[0024] Therheivdueh Prodaedsibs@h@alRPMbAORLE BRENGSt tiélastf &0t sde

. sem conductor substrate i's not specifical
nanomefesg i1y thigkaeps. Birgmethad pan preguessfilneorying gnodsudehhmiaglestrength.

j t f.an integrated circuit. FqQr
the melfb8ah B FRRULASIL Bl ob AL T a5 rh golod cn
producef ﬁslhm domv%]nisimg sitisbr Bhdi_bxj'@ngﬁ ahiogg;s tsuc}s?hna ﬁﬁlag ;ezit&gﬁ&ft Silf%dn to

n usinNg Splnon eposition, € conditions
OXygenéﬁ %ﬁé&éﬁ@ubi Temghed prdpeissilmsdiatiaeiggod rrsistanse pgainst
s B CARSRE S o RS Phek 00RO S
films capibe psenaresdmatingteteh ssibtahcatgrasedasifiint loss, e tHei theiches of 70-100

s QL AGu I, hSlcs FEBZ e SRR B
hydroflfrR0Rid AFoont A@npdratBrel O

[0025] The method described above can be used to~form films used as a dielectric layer in a
wide variety of applications. For example, the method can be used to form a pre-metal
dielectric (PMD) layer, shallow trench isolation (STI), an inter-layer dielectric (ILD) layer,
and a planarizing layer in an electronic device.

[0026] The method herein is illustrated in the formation of a STI layer in a dynamic random
access memory (DRAM) device. In a typical process to make a DRAM device, a silicon
wafer is provided with a plurality of ceramic gates thereon. These gates have trenches
therebetween. Aspect ratios (W:D) can be 1:10, preferably 1:8. These trenches can have

widths that vary from 10-100 nanometers.
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deposition is at |east about 5 seconds to about 3
m nutes. The filmformng material is deposited in an
wanentsss about 0.4 mlliliters/square centi MBCEMUS2006/020851

However, the spin speed, s@n tinme, and the anount of

the filmformng material used can be adjusted to

produce a filmhaving a desired thickness. For

exanpl e, the desired thickness can adjusted to about

[0027] 80O nialfsd TRk €if San bOOSA]in Diteer dB¥Hib&GN @dditibA € DRAMMevices. For

optional step of renpving all or a portion of the

examp1§oﬁh9 athogkqap be uped tofarm dicdecirie laver mwl&@&@ deviee ppgmemory
device SRARNEHIRNMERY a 66 xg@gggt adfEA e AYSNSR Mﬁgﬂk DG be
used torfemmditkciric lagas imgcemrahp toemﬁrgatnmr(@Pdlf) datick a«aﬂP[abmuhave
bout_ 400 002 The can, produce
from 1673 helertfes BYgS: TkaRefid 6h losrbe BEODT g GsaHit Sigbgs shallow
trench ﬁ@lﬁﬁ&? [SI$id NOGIE akd BRenory Q6vieEL red nﬁ%d%g BEeSed o' fiFa trench
havi ng good nechani cal strength. The neth can
or holepnadwmaconitiicter swbwiratg taisdlatd pcndine jwstisnsand pfevent rigration of
do tabout 4. The method can produce filns conprising
Pa%i 1i con and oxygen in ampunts such that a nolar ratio
of silicon to oxygen is about 1 to about 2. The nethod
produces fil ns having %ood reS|stance agai nst invasive
wet etching techniques ESr ocesses to make
: . o
[0028] 4 ERARE ﬁga??é@?si%gﬁ%?ogﬁéﬁéﬁ%it e G 8h R R et
trenches of 70-100 angstrons per m nute, when exposed
%o one mnute to an aqueous sol ution of 200:1
Examp yérofluoric acid at roomtenperature. [0025] The
0029] TR @81 aRGEH *Pxis@% aNONSh (Rt S Bl Anfd5g
[ ]as a dielectric Tayer |Sn aaWI n% ?arrcﬁgtl{}ﬂirggﬁﬂ ﬁb?@&tby
weight afpspbcpttyam i3S Q ﬁooctemaﬂmltn$lld>daae wetehosdd. e fim wsespnn coated on

ctr C ayer ... shal
asiicop SRR TG rgtaymbinky i ishfe vty
maintainbd B) 1002¢6h a nidistuse 9éAR 8hvizdrhgent BHS0 hidus. RIHES§dc8Ad ow
device. [0026] The nmethod herein is illustrated in the

temperatyre e Fep. dhe gmyeratyrgyeas rpigedstoRpASRi e theaneishure steam
environment for one hour. During these two low temperature cure steps, the moisture steam
remained in the trenches and reacted with the HSQ. The film was then further cured in the
third high temperature cure step at 800 °C in a moisture steam or nitrous oxide environment
for one hour. Etching was carried out by exposing the film to an aqueous 200:1 solution of

hydrofluoric acid for 60 seconds, and determining film loss. The resulting film is shown in

Figure 1.

Example 2- Comparison
[0030] [Example 1 was repeated using a normal oxidation cure without moisture steam at
800 °C. No etch resistance of the film was observed. The filled material in the trenches was

completely removed.
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access nenory (DRAM device. In a typical process to
make a DRAM device, a silicon wafer is provided with a
wohweaBsasy of ceram c gates thereon. These gat eeTha®6/020851

trenches therebetween. Aspect ratios (WD) can be

1: 10, preferably 1:8. These trenches can have w dths

that vary from 10-100 nanoneters.[0027] The net hod

herein can be used in other devices in addition to
Exampz@I%AM devices. For exanple, the nmethod can be used to

ormdielectric |ayer in a LO3 C device or a nenory
[0031] Eé@m@l@ lswatrepented, prie wiredHEQ4tms in theqenpgeale srenches of the

silicon g{gfﬁ? %Maglleen;ggﬁdn%ggg%rﬁ I%H Q}Sdé" @\z%dO* &Vflr%n;ﬂen’% &Egmcular
the curiﬁg\&f% thid fﬁmmsn *Eé’s\{&‘ caée&@d%&aleﬂsam%h B2&1ih 'a%lﬂrmsecﬁﬁde ambient
THe net hod can al so be used trench 1solation such
was detggminhd hkmgvdi:ffeeerm I’hemlseuhtareso”ﬁhe{ @ﬂ otch resis@GbCinathel namrsnajze
devi ces. . ca e used to f.i
tenchefy A S5 Rimahed e Hirefr 1 Eish pRofet e Bafale HHE ghtpers time
for each Hé’t@frﬂuﬁﬁ‘@on RO HRRWE U s sHoWndhiTaBled!, (1Rapaoss ofPIONRUER cured
[0028] The foll ow ng exanples are Set forth in order

in nitropgoxide insdituedHF elutigpewas dqu:asedmp@p@l@dé@ HSCEﬁhmaq:t@eciunder

an oxy e%oo%%t{og\gg eIl{q?(? enft ﬂgt;%{’tgcglrl Z@%é%{l 15 ! eﬁtu%? sr] gx1ﬁe at 800

°C had @ﬂmHﬁ@ domp@mbmetﬂmt loff sitlsdrinakatide filkh €T hbsxeﬁles'fbﬁthétdlamomde film
spi.n, coated, on a silicon wafer surface. In th

in Table 1 2gq Pyblighedtaieindbhe fiteraiiree Tabled altoriboys tht Hagsmechanical
poper 1 Sk P24 AR 00 s -2 UGS AR
increasedapaiidangesbycthe dight wybyestdfbatdaapend mrdalwas rai sed to
250 0C in the noisture steam environnent for one hour.
During these two | ow tenperature cure steps, the
noi sture steamrenained in the trenches and reacted
with the HSQ The filmwas then further cured in the
Table k-nivin Filnghropertiss oAt ured B8 &'iknsap DifferspCadng Feraperatures

nmoi st ure st eamor nit rous oxi de envi ronment for one

bty \ Qoo ad ot Iy o Av A~ ey
Temﬁg‘:ﬁé@% EE{I@' P V@ alﬁ J{ : délruts (Gf)a)cMﬁo' ness (Gpa) b‘le ec:Ltrlc
Oxidant Wet Etch, 1 Minute, Constant
Angstroms (A) @ 1 MHz
400 °C, Ny 2,800 4.25 0.73 2.9
400 °C, N>O 324.8 12.3 1.72 3.2
550 °C, N>O 130.2 58.5 4.26 59
650 °C, N>O 92.4 65.0 491 55
750 °C, NoO 39.2 66.0 5.80 4.5
800 °C, N»O 22.4 73.0 6.70 4.2
800 °C, Oy 81.2 56.0 4.00 4.7
Thermal
Oxide 14 70.0 7.04 4.2
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hydrofluoric acid for 60 seconds, and determning film
| oss. The resulting filmis shown in Figure 1. Exanple
wa-2006aspEsi son [ 0030] [Exanple 1 was repeat ed BETAG2@6/020851
normal oxidation cure wthbut noisture steam at 800
OC. No etch resistance of the filmwas observed. The
filled material in the trenches was conpletely
renoved. Exanpl e 3 [0031] Exanple 1 was repeated, and
What id Glimed 8d HSQ filnms in the nano-scale trenches of the
silicon wafer were further densified under a nitrous
oxide (N20O environnent. In particular, the curing of
' ' : | . sl J.i con waf er
L A e b HL e S e S Bl g
i) dispersitg & Blmp forating materiihen thetsemicondudsi sibsirate andirtdthe
ir hn.ano-scal e trenches was determ ned using the sane HF
CNCNC&t ch procedure in Exanple 1. The process tine for each
G2f il AR diFenWaBHIPR forRRM matdfiabiaAME pleSente BE §n dxidht¥eit a first
filmloss of HSQfilnms cured in nitrous oxide in
low temgperaipredoriizss predetermingd perdet oftiwed, conpared to HSQ

fd:- . C . under ~an oxygen or.nitrogen environnent

T B o i pOESBL 0, B 1REHE Ty P B O e it o
second 860 tdipefadreftbt a:dcons predaRannll petitd bh@heof a thernal

oxide film_The values for thernal oxide filmin Table

{ivarwing the fispensed i fomnipg matqriab inthg peesermgtsifan pxidagbat a third

. . ani i, (i.e., hardness

high te%ﬂ%\éﬁruo%ﬁ)?tas@?%#y—%j 'ﬁ['?%e@%fgﬁﬁlﬁ%gég nitrous oxide
\®erferming fitled esidasreavhcddn deschjcanldactbi gibsitakues of
har dness and nodulus. Table 1 - Thin Film Properties
of Cured HSQ Filns at Different Curing

2. The heffB8 haddidiRs Welaihs whatiBfe fifin fdrmifly FRIIRE cQhpridek bhisBRition
trenches in a sem conductor substrate conpri S|%g: (ll)

of hydregesysélsesqnigxand.i | m formi ng nmaterial on the
sem conductor substrate and into the trenches; (ii)
curing the dispensed filmformng material in the

3. The petse acrdihg anClikindanherdin the bkidait is selected from the group consisting

of nitrous oxide, nitric oxide, oxygen, and moisture steam.

-

4. The method according to Claim 1 wherein the film forming material is dispensed on the

semiconductor substrate and into the trenches by spin-on deposition.

5. The method according to Claim 1 wherein the first low temperature is from 20-25 °C to
100 °C.

6. The method according to Claim 1 wherein the second low temperature is from 100-400 °C.

7. The method according to Claim 1 wherein the third high temperature is from 800-900 °C.

8. The method according to Claim 1 wherein the first, second, and third predetermined

periods of time are each 30-60 minutes.
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| ow tenperature for a first predeterm ned period of
time; (iii) curing the dispensed filmformng materi al
woOnodehiesgss esence of an oxidant at a second | oWPCT/US2006/020851
temperature for a second predeterm ned period of tineg,;
(iv) curing the dispensed filmformng material in the
presence of an oxidant at a third high tenperature for
a third predeterm ned period of tine; and (v) form ng
9. The hietHoadcevtliig tb Craighe further boifpSang GO EuHSHPing IPENERS:Ede
2.. The nethgd accordi ng to&%fa?ﬂggﬂwhereﬁ%gthe film
trenches ép thersgmipgndydten substige i e paesentafingimousfoxident @gemperature of
400-809lclrsesqui oxane. 3. The nethod according to Claim1
wherein the oxidant is selected fromthe group
consi sting of nitrous oxide, nitric oxide, oxygen, and

noi,styre steam 4. Th thod according to daim1l
10. A sgpiqos Wt?w%?tratﬁh%fl&?%"gﬁﬁ% p Breppisd iy dhemsthed grearding to
Claim $€M conductor substrate and into the trenches by
spin-on deposition. 5. The nmethod according to Caim1l
wherein the first low tenperature is from20-25 0C to

iy i B AR oo

td Ohedrdgert 81sehidRane YR 08 itHe JehBcddiub e & i
{Igrrph%?g?laére ?ds ot Aol ane SRR the getficdn hodrBﬁlQ;Hate and into

the trengbewr di ng to G aim 1 wherein the first, second, and

third. pr J ] i f time are each 30-60.

e e et R T
temperaPPRrdRi202 520 o TN foriafstipredetdrinigd paiodeftinRnches

i n.the sem conductor substrate in the presence of

i cytiag @ﬁidweaqedahm&ase sHsesawoRFmep thegpesepce afpn gxidant at a

j 1 o i ol es

e 0D 2D nC ek peiid pbefmbic pelod PEAREES,

(e euangthe ﬁidpblils_mg_hydmgch sdsesquiaxage i tenoeseho of an oxidant at a
temper%tlﬁpes%r(gn%t{%%ofb%gne for Q%ird predetermined period of time; and

(v) forming filled oxide trenches in the semiconductor substrate.

12. The method according to Claim 11 wherein the oxidant is selected from the group

consisting of nitrous oxide, nitric oxide, oxygen, and moisture steam.

13. The method according to Claim 11 wherein the hydrogen silsesquioxane film is dispensed

on the semiconductor substrate and into the trenches by spin-on deposition.

14. The method according to Claim 11 wherein the first, second, and third predetermined

periods of time are each 30-60 minutes.

15. The method according to Claim 11 further comprising (vi) densifying the filled oxide
trenches in the semiconductor substrate in the presence of nitrous oxide at a temperature of
400-800 °C.
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(i) dispensing a hydrogen silsesqui oxane filmon the
sem conduct or substrate and into the trenches; (ii)

wouoiengsashe di spensed hydrogen sil sesqui oxane PATAUS2006/020851

presence of an oxidant at atenperature from 20-25 C
to 100 C for a first predeterm ned period of tine;
(ii1) curing the dispensed hydrogen sil sesqui oxane in
the presence of an oxidant at a tenperature from

16. A séPfofi@6ktér ubbtrite HEGAR #1104 BEAIRE PrepRdd BSthOthefodldedRding to

iv) curing the dispénsed hydrogen sil Sesquioxane in

Cbhn{he presence of an oxidant at a tenperature from

800-900 C for a third predeterm ned period of tine;
and (v) formng filled oxide trenches in the

sem conductor substrate. 12. The method according to
Caim 1l wherein the oxidant is selected fromthe
group consisting of nitrous oxide, nitric oxide,
oxygen, and noi sture steam 13. The net hod accordi ng
to Caim1l wherein the hydrogen silsesquioxane film
i s dispensed on the sem conductor substrate and into
the trenches by spin-on deposition. 14. The net hod
according to Claim1l1l wherein the first, second, and
third predeterm ned periods of tine are each 30-60

m nutes. 15. The nethod according to Caim 11 further
conmprising (vi) densifying the filled oxide trenches
in the sem conductor substrate in the presence of
nitrous oxide at a tenperature of 400-800 C 16. A
sem conduct or substrate having filled trenches
prepared by the nethod according to Caim11.



