WO 03/ 019619 PCT/ US02/ 25507 A Lowk Pre-netal Dielectric Sem conductor
Structure Technical Field The present invention relates to sem conduct or
processi ngo 0c3anb19ore particularly to a process for form mgraSot/asskhet
dielectric layer to fill gaps between device el enents. Background Art In

t he manuf act u¥ ilmyv-&f Berircoradu Aicy 1 ety oe sSenaisc drithic h medistonsutave shrunk,
it has becone nore challenging to provide dielectric filmlayers that
provi de adequate el ectrical isolation between interconnect features and
devi ce tmgiumierdlk Figldrder to mnimze RC delay and crosstal k. One net hod
of doing this is to provide dielectric layers using materials having

| ower dielectric constants (lowk dielectrics) than conventional

di el ectri c Tiat evradesnisuthvast ot i eehadeexittde s(eBiidnduwrt et | prooress ing de.
Lowk dielectrics t%P%cali% ?avq:dielectric constants hel ow a qgt 4, where
air has H'Ui BPEE (P EORATARLY ot . & PHRFEPRUIHY, dCTTHESt &r (VB He
fabri catdiosl esftal dackyeendo of 111 rea BRI Hwemtl ey e ol expartiiag NS t he
interconnect nmetal levels, a dielectric layer is typically provided
between the devices or features, such as gate conductor stacks, on the
subst r atenclafrrdurohtarend of line (FEOQL), and the first layer of netal in

the interconnect |evel or BEOL. This dielectric |ayer between the device
| evel and the interconnect level is known as the pre-netal dielectric

(_Pg/gl). Thelj_p{ 0GEES @bnﬁ@é@t%_ih@i SOENDseinicbﬁﬂﬁ&teg t@eﬁﬁééggg_&gr e a
m e 0], 1 he process, or pr.ocess, as O ose to the ,processes
used to Jdﬁlﬁ?ﬂ%lrfgnsiﬁégﬁneﬁlaﬂfuwfe| é‘d%r?lé§ (W&DHP% hECXSepaiatl Lerginget 4

| ayers. geidiatls @ife1denesict iFndnl 0wk rdi ehaet pi6vlank@tqhayers) e cal

i ncl uded spj n-on, chem cal ,vapor deposition (CVD), and plasma- enhanced
cheni calt LR PRTHGTh HPESVEPRNRF Eh EPEEVECRoAEd (CsvEris C IR MR

PECVD prigcess@sri Bel ude ithiedisge 0felay and crosstalk. One method of
doing this 1s to provide dielectric layers using materials
having lower dielectric constants (low-k dielectrics) than
conventional dielectric materials such as silicon dioxide (Si0,)
or silicon nitride. Low-k dielectrics typically have dielectric
constants below about 4, where air has a dielectric constant of
1.

In particular, at the start of the fabrication of a back end
of 1line (BEOL) module which contains the interconnect metal
levels, a dielectric layer is typically provided between the
devices or features, such as gate conductor stacks, on the
substrate, or front end of line (FEOL), and the first layer of
metal in the interconnect level or BEOL: This dielectric layer
between the device level and the interconnect level is known as
the pre-metal dielectric (PMD). The process of forming this PMD
is referred to hereinafter as a middle of line process, or MOL
process, as opposed to the BEOL processes used to form the
intermetal dielectrics (IMD) that separate the metal layers.

Methods of depositing low-k dielectric blanket layers have
included spin-on, chemical vapor deposition (CVD), and plasma-
enhanced chemical vapor deposition (PECVD), with PECVD more

recently preferred. PECVD processes include the wuse of
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WO 03/ 019619 PCT/ US02/ 25507 organosilicon precursors, such as nethylsil ane
(IM5), trinethyl silane (3M5) and tetranethylsilane (4M5), wth various
oxi di zer swoHemes6ey , t he CVD processes, in particul ar PECVPCTMEY2/23501
adequately fill the spaces or gaps between existing netal features, and
may | eavganoisdd iicont heediteketrtr i suphank srethyksilags cHYEn caigetpvdbl ens
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spin-o e it .3deqyat e Ll _sp , f are
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by bei figasuseapt idnde ntay presteemeo sdis hiasthehdselpentrionbd aabeve Lapex
probl em of ,adequate gap fill .can b articularly diffi t oif e pect
ratio %)c,h %Iclh ?%@? eprroaﬁlle%lsof ué;?l ghfgst gm ?\n&a%/hg%%at{}ﬁéggap]é?é]?s above
about st@uckarralexsupbert r efteapirigdg coFl Gasks devi o isttrauet uoes all3®var e

f ormed ver a_doped reaqi. 120 on_ a supstrate 110. The devi. t.r yct ures
130, s@ Sfélu&élt%e nbeg:r?&uglg‘rq FHAGET G eQ%eﬁa?%?%é Bf?ar@}fdtv t(1)l\c(/~\1(/%ar‘f§l lec'glch have
hei ght cHn Thenefoie thergaf d60icsephemenng. t el tdevigie Sitdme tomoasi dES0 has
an aspect ratio (

AR%) OI:.I—VW | f !ﬁ(is rfat r {han V% t hen the Ac%is

gr eat eP¥%t RRAPT Ol A§P8ShF4RReT2Yi B 88’3??8 :Vagje]r TRFPFOF med TP convent i onal
PECVD griqees s ldsuaiilyve gt @iel andi Wwbulliebgapnt6pakaedliengiah wditerl 50,
whi ch can cause S]or.obl ens sug%é S structural aﬂ? %I ectr%}gal defects as
ment i ofed FFRRESPEEVS Hith A GePUEFEPRYPI BwWiR BFEPeETFi SY Y &% for
EEOL |t¢1\6r@e'5nféal\tdo:ﬁ%a_nabuggeﬁBldﬁ%f@]bléﬁeoﬁ m@m&l f:og‘ﬁ];aifﬁ]rﬂglcap‘f @gr sor ,
or exanpl e, cycl osi ] gxane su as tetranet cy -tetrasil.oxane
(TSP ettt ist e St mE o558 R DEbhe RobLel S6rTr SRR 1 aghe
][equi r@@tatﬁ Tc{i?ﬂ@gh htl e\oemi%%ﬁ%\gg Giie @flagsgadasi/@pﬂﬁiet }muBtgté?m .\m:mh: are
ast enoug in the range o 's to 'S mn Qr. i cations
whi ch FIFSEYSer died S 108mber EfGred b &SRR S A HIFEES dmip &8 Frmed’

over a doped region 120 on a substrate 110. The device
structures 130, such as gate conductor stacks, are separated by
width W and each have height H. Therefore the gap 160
separating the device structures 130 has an aspect ratio (AR)
of H/W. If H is greater than W, then the AR is greater than 1
and a blanket dielectric layer 140 formed by a conventional
PECVD process will not completely £fill the gap 160, leaving a
void 150, which can cause problems such as structural and
electrical defects as mentioned above.

PECVD methods for depositing low-k dielectric layers for BEOL
levels have Dbeen suggested which use a carbon-containing
precursor, for example, a cyclosiloxane such as
tetramethylcyclo-tetrasiloxane (TMCTS) or methylsilanes, with
oxygen. Low-k dielectrics will also be required at the MOL
level. PECVD can provide deposition rates which are fast enough
(in the range of 100's to 1000's A/min) for BEOL applications
which must operate at temperatures below about 400 °C, and as
low as 300 °C, because of the presence of metal features.
However, PECVD solutions at the MOL level are not easily

utilized, because PECVD processes may leave voids in high aspect
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| ow as 300 C, because of the presence of netal features. However, PECVD
solutions at the MOL level are not easily wutilized, because PECVD
processeswoag/0lwave voids in high aspect 2 WD 03/ 019619 PETTUS022356507
rati o gaps, where the_ gap AR exceeds about 1.0. In addition, plasnm
processi Fgtie A8Psa phSKEr t6G PN ARetHEPIdy MUaslit- ndy éﬁéééléﬁar ge

damage tg189ah8 B%b@%%s:dﬂ@eﬂg%o@\@ BLBEESSEd @leoﬁleﬁﬁ%{' Eertﬁébuag ot
pl asmas to deposit dielectric |ayers. Sub-atnospheric thermal CVD ( SACVD)

and | ow Préssarect RepKEF @VRREgyEChEBReUSEAIREr provi ding confor nal
deposi tion ef digheet/nl ¢3ockBWAI Gl Ql%ta%d%xaé &-hd QSRECLE Vﬁié(sfd&@dtés

oxi di zi ng agents. The gressure In SACVMD i1s in the range from about 50 t
800 Tar rdeppditsdaelgcbei aekdyenhoutSIOE e SEEe st rthemwlpw@sdusé%vb

typi cal 'angnvﬁvveﬁreg@,%ﬁur%ﬂﬁéfw%wa&ﬁ TRy L0 PrERSULEGYR:

not provide good'gap filling results for chemstry such as oxygen p us an
or ganonet@hfpemal ctepmsediilanc ont pdéedesdirisisoh &8 WhtTs. an(ﬁmi gap &rkling

typi cal | yeLasuLisetl aulh Hhe omioh SAQHRAL,  PTAssUsAs. AbaY S ADRHE 200

Torr, and above about using Towk materials
for AR gteaier thhanamge sA@VDahaytaEQOtbea(?é Fords de@eudunglmnbehweshape

of the g fiall Ie 1LLon

gl ass re%?o\\%lv{2 sthz)p %(% ﬁg?oé‘v{)rg? \?\%wngg%g%ﬁge tééﬁ%‘ ﬂ%ﬁpg%é)g‘?l 98;’%%
deposi t i pnessuaekoviekldw | abwirth I nTomk . heal.owr eaternird oCHDoiwd 11 hepkal
damage. t venti.on hi.gh- k) dielectric filns
wher e co‘%?é%??? Ogﬁe %‘P elr]}‘g%;i ?L?l congﬁ% ééﬁ gherﬁ é0Lgr a&%}gsig%gngkyggn
requi remehts an dryakmowetalidic treoaddnbsohicoh phomrﬁmmdmwr THMOBS .

t enper at equi e flow v cause t es
conditi oﬁs&ﬁo?g Eégll%gﬂ lcaitj}’lf uﬂﬁaHgﬂ%OPah P§‘8 p?Sw [5959 ae
gap-fil Ipngssesabt sbare algout e GerBiny vertd mdre ddkpdyi aibONeohbbaactsalt

gases ang the sglructure of; the gaps 19.R¢:LhL! edy the addition Qf dopants
SACVD may also leave voids depending on the shape of the gap to
be filled.

It would be desirable to use a post-deposition glass reflow
step at a low reflow temperature to £fill wvoids left after
deposition of a low-k film with minimal heat treatment to avoid
thermal damage. For example, in the case of conventional (high-
k) dielectric films where controlling the dielectric constant
has not been a design requirement, it is known that the addition
of dopants may lower the temperature required to reflow the
film. However, because the process conditions for depositing
low-k films that would also provide good gap-filling results are
guite sensitive to the composition of reactant gases and the
structure of the gaps to be filled, the addition of dopants
which reduce the reflow temperature would not necessarily
preserve the desired low-k and gap-filling properties of the
film, and may require significant experimentation to achieve the
desired results.

Thus, there is a need for a non-plasma low-k oxide CVD
process that can provide good gap-filling results for AR greater

than 1, that avoids charge damage, that can getter alkali
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whi ch reduce the reflow tenperature woul d not necessarily preserve the
desired lowk and gap-filling properties of the film and may require
signi fi cawD oeppen® nent ati on to achi eve the desired resul PE€T/UBEIS0T here i S
a need for a non-plasm | owk oxide CVD process that can provide good
gap- f i ELemgnEesukbhety serARgyyreslilavwed ettt mipanaivbeds Eharguenamage, t hat

can geé{rS{L]da&ﬁéHn?? é(&?né?gé 012642 Eﬁéy@§5§5§%$iglee§?&h§nté,h%oﬁgﬂalge ref

lowed W th mninal heat Treatnent to avol ermal damage to t
under | pragidesi sefellambarvgnoandiet Hesirgdoiodesk @ropemtlyavi ng t he desired

| ow K ProBerLyy Sukhatev e PRUAIY, $79 10n078inberebnather suldig Sykhar ev
patent) discloses a net hod Tor epositing silrcon dioxide tilns to prevent
t he fopabenbh disgodpdssi a gapsodyt@VDlepasi By erigaimmretddloxidec dapmend,
such as_tet | Qrt hosj ]| (TEOR), ; g BPTECS B, s, HVDS,
TMCTS, E8r %lrgﬁa\%,ma(r%lev\h?é llﬂg?%(g u§es ogjé%g aln%d gﬁégusgg/ﬁgl travi ofagt

radi at pogafMethadl icncomasend heuddpasite wmetainel dythoet bas gy (HFOS)

concen ian hy yl ical s, i orﬂfcr 0 ayoi fhlcée f i of
voi ds %%ggbgrrp?gg\?’e’ gg'%l-géi’l I&l&ﬂlb%v%lrd?gt he |r?c§r’ea§]éd T%on ént%%??%lggp
hydr oxyhctadesalczarey heddthe ageorofisufiktkrvtibdet sradiconipat | bUE) wot h MOL

processing and jnhcreased.concentration of hydroxyl. radicals w.ll result in
FeducedPCAPBOR FHCONBEP AT OR hThe Y MITHCSI Hek A R RCGAIGA Pan i 5
requi r eddroxgthirede callsodmk ordeirdep tlrei8ukawef opaiagritiond o€s vieddspead de a
solution for de o%tng IoI\_/Ivk dielecgtric.filns tgat cgr{ovi de tgjgorg g p
fFilling™Fe¥E (LMot eover, "PREVESe S UVIPEEFEEEEN T USRS d %osition
rates hAaroRgli re&dfedilti nay i Dadftocshapdasdsr £aThi that chadbeospand biey
increaset he cost of grocessi %.Yuan UdS' Pater}h: 855, 957 E&rei riafter,
the YulhtBatit )Prarscrdtds B helRorerord d&SIS TG G ox? de FYRFR ¥ m
usi ng 2adiak0oBDSPENET | eepu@ssSUie tdiidad CYPLoAPQAYof®easison neh udieag
ozone whi ch can provide i .
%9%&. Since caékon inc&%ﬁd&%&qugﬁg %8&85%%% tghgdg}ggg a low-k
oxide, the Sukarev patent does not provide a solution for
depositing low~k dielectric films that provide good gap filling
results. Moreover, the use of UV radiation to increase
depogition rates may require modification of standard reaction
chambers and may increase the cost of processing.

Yuan (U.S. Patent 5,855,957, hereinafter, the Yuan patent)
discloses a method for depositing an oxide thin film using an
atomospheric pressure thermal CVD (APCVD) process including
ozone (0;) which can provide uniform step coverage. The Yuan
patent discloses the use of precursors such as tetraethoxysilane
(TEOS) , hexamethyldisilazane (EMDSO) ,
octamethylcecyclotetragsiloxane (oMCTS), 2,4,6,8-
tetramethylcyclotetrasiloxane (TMCTS), substances of the general
formula SiH, (OR),., where “R” is an alkyl group or its oligomers

~and x=0, 1, 2, or 3, and other chemicals such as boron,
phosphorous, fluorine containing sources and combinations
thereof. The method of the Yuan patent discloses that uniform
step coverage or gap f£ill can be provided for AR up to about 3.
In addition, the preferred embodiment of the Yuan patent

requires movement of the wafer through the reactor, which adds
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patent discloses the use of precursors such as tetraethoxysilane ( T EOS
), hexamet hyldisil azane(HMDSO ,

oct amet hyWwoyeslootses r asi | oxane (OMCTS), 2, 4,6, 8- PCT/US02/25507
tetramet hyl cycl otetrasil oxane (TMCTS), substances of the general formula
SiH (BR) thexcuhplexiRy ¢ e atdedtar glgsigni t Motdrgorers tardwafdyr 1, 2,
or 3, 0 eni._c S as. _bo sphorous. . f1 uakjne-.cqntaini ng
sourcegﬂ%ﬁdE%%%%%%h?%bﬁéﬁr%éﬁgﬁgoﬁspf%ggw%%ﬁ%g g?m?%%l A %éﬁgnggﬁgécloses
t hat uatfoem tkeéepubsieabgeamt Jagrdidte dare btqh amdtdedifldr vARyupith about

3. In jtio he preferred. odi pen f_the Yuan patent reguires
vovermigobR. | s ek S AP ETE Rt RIB A ER oot R BR X e B EPh o P b Hans

PCT/ USe@t 2B880&tth .t herc aduligxiony dfhd heiareasd enidess gt Miresenedotot he

waf er | sq resul ts in_variati i.n el enen composition w.th depth

acr osst$%e8§88§t¢ép§1 &id Wé%e%’aéleﬁiglectc St e Jr?hv‘ﬁ?‘s}w% Fﬁqugﬁﬁt h,

whi ch ssriatompatddyie wirtdl MAld pdeaessiynt@itepsl suhhtads iedydid etab. I n
addi tion éh;ﬁ.Yuan p%%en i'S not d%:rect ed to the deposition of |owk

di el ecTHPEPHHIK, OfihFBR JBBPdPRPEGFre strict conpositional and density
cF:)ont rol 5t gigtgg ébe%onyaténet Bs,maaﬁizjjsa,y wretih@f\ﬂan,d}wefsta.itsabé@eﬁﬂ.) S.h _
at ent _5, 545, , hereinafter, the Saito_patent), discloses an atnospheric
cvD nethodlPREF uapnﬁgﬁgs? ?rﬂ%&@tm%ﬁ“o%nl‘?ﬁfﬁb%%ﬂg &l £eBnIBRPEEELFE M usi ng

a precaisohdspel 8311608, ox@NET 81 hetisd Y W PyesSitade §I8ODs PEOTFMCTS.
The Saito patent al so %%guires the novenment of the wafer relative to the

as i M'eCPortehba HECRGFYI XiaRP t OTRIR r ict™Cdesi gheanaisar PREEREf r om
gas s plEXT .
si m | ag1 senpegitirenal cief h6venehes o&s tHe tgrdapepatedt. tolheief grg, the
Saito patent is nqt ,suitable for the deposition of lowk dielectrics that
provi deP¢B86HCap AP FEnG B AR Y g@attét® (TRAF ehoutesiaRodRI efuBF e BU. S.
Pat entfﬁoﬁ6§iﬁ§4arh@bﬁFagitgémal hgeRoS €enbakgnhy dhsehesesaA PrEEAM . for
depositing a lowk dielectric filmusing a PECYD process. The Rose patent
discld§%§r?ﬁ%r%sethe Salto patent 'i1s not suitable for the deposition
of low-k dielectrics that provide good gap-filling for AR
greater than about 3.

Rose et al. (U.S. Patent 6,068,884, hereinafter, the Rose
patent) discloses a method for depositing a low-k dielectric
film using a PECVD process. The Rose patent discloses the use
of precursors of organosilicon, such as siloxanes, to form an
inorganic/organic hybrid dielectric material having a low-k
(less than 4.0, and preferably in the range 3.0 to 1.5) and good
thermal stability at temperatures in the range of 425-450 °C.

The precursors disclosed in the Rose patent include organic
siloxanes, fluorogiloxanes, cyclosiloxanes, fluorine containing
cyclosiloxanes, organosilazanes, fluorosilazanes, cyclosilazane,
silicates, TEOS, and TMS and mixtures thereof. Although the
Rose patent suggests that either atmospheric, subatmospheric,
or low pressure thermal CVD processes may be used, the preferred
embodiments of the Rose patent require the use of a plasma CVD
process with organosilicon precursors such as hexamethyl
disiloxane (HMDSO), 1,1,3,3-tetramethyldisiloxane (TMDSO), TEOS,
and OMCTS. Thus, the method of the Rose patent does not

recognize the disadvantage of potential charge damage due to the
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of precursors of organosilicon, such as siloxanes, to forman inorganic
/organic hybrid dielectric material having a lowk (less than 4.0, and
pr ef er ablwoioa/otdsed range 3.0 to 1.5) and good thermal st aCTitusy2/ai507

tenperatures in the range of 425-450 C. The precursors disclosed in the
Rose patemst dincblaemar §&¥ mrosidseemes, Theudoss Imptands, akyel dsekFoxates,
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t he Ros require the use process w organ05| I | con
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processes. atent al $Q s not . solve th robl em of fill for
AR or oabB? Pha TECRB Siody bRkt U576, 588, Fer et HaEebt he
Ravi  pabemnt)ndingc Icg&é&salmhedpfr@tudems istuchy as PIMScm oxi dMCMd, mehen th
reducedlnstrl sic_stress whicl sopowd. ood. gap; fi.ll sults

usi ng aRRgh ri:?re]fr%?tfylﬁl &STa THe n:rﬁck%ai;ef ¢L78ﬁor Ffého g(iq o%g‘(’l-defﬁé) ocess.

Si nce tlﬁ&lﬁavwhﬁatkerliaxt@agﬂm ddie £1BE chanaPEEVDspiosessrand @ﬁl@&tlmi
suggest he use ac bon-_cont aj.ni ycl osi | oxan recursor s

TS o BB uEnd” RS parER et id o £ Pa AT SRS a S G

di el eCtpbﬁ:enfctLbIIB c\zdaalx@as ldawe ggoddiegap biﬂalsn@h@fx&ﬁe@rsim@i cs for AR greater

t han about _1 %e?‘b 6‘ rrethod of the ent suffers from p t%%tzi al

char ge dan&ge° e prdceédi mp Lét%od sheinaftamp ot8go

her ei naicbeérehb%)mexctalosr@‘ %r ansthodli ﬁ@foaéﬁoélﬁ@hbodofﬂgk dig Qg | ow k
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pr ocess FdsPRgUE 1RGt RyPLiecheaPhragcer iR, (B Zh%ﬂeslq

process using a methyl-containing silane, such as methylsllane,
dimethylsilane, trimethylsilane and tetramethylsilane, and an
oxygen providing gas. The Laboda reference also suggests that
dopants such as phosphine or diborane, halogens such as fluorine
may be used, but does not suggest what advantages such dopants
might provide. The Laboda reference also does not recognize the
problem of potential charge damage due to plasma processes. In
addition, the method of the Laboda reference does not provide
good gap-filling characteristics for AR greater than about 1.

In view of the foregoing discussion, there is a need to
provide for a method to deposit a low-k dielectric PMD layer
that can £ill high aspect ratio (AR greater than about 3) gaps
without wvoids, without charge or thermal damage to the

semiconductor devices and provides gettering of alkali elements.

Disclosure of Invention

The present invention addresses the above-described need by

providing a method for depositing a pre-metal low-k dielectric
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di met hyl silane, trinmethylsilane and tetranethylsilane, and an oxygen
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sem con&ﬁc?5¥vﬁggiicjgg? L e | ﬁgpFS_B‘ﬁEagszglgﬁ?gigYﬁé %rr%sgee%qr ]i%a@ﬁ’ﬁron, a

met hod bisaptberted tob-hemskpheaipr eheetialal( R¥Rbr depk sditdloac orioedsay er

by a thernmal _sub-atnospheric chem cal vapor deposition process incluyding a
car bon. LBRECAPRG AP BEAPEGroR b3 HHEI0 A BUSHHF ceoBTRC dARhES SOHRE el

f eat ur egopghirgved to be characteristic of this

The novel features believed to be characteristic of this
invention are set forth in the appended claims. The invention
itself, however, as well as other objects and advantages
thereof, may be best understood by reference to the following
detailed description of an illustrated preferred embodiment to

be read in conjunction with the accompanying drawings.

Brief Description of Drawinds

FIG. 1 illustrates a prior art blanket dielectric layer having
a void.

FIG. 2 illustrates a single wafer CVD reactor which can be used
to implement the process of depositing a pre-metal dielectric
layer in accordance with the present invention.

FIG. 3 1s a flow chart showing the steps of a preferred
embodiment for depositing a pre-metal dielectric layer in
accordance with the present invention.

FIG. 4 illustrates a pre-metal dielectric layer formed in
accordance with the present invention, having good gap £fill

characteristics.



i nvention are set forth in the appended clains. The invention itself,
however, as well as other objects and advantages thereof, may be best
under st oo Olwg/orwsliier ence to the followi ng detail ed descri gCirarsoogssan
illustrated preferred enbodinment to be read in conjunction with the

ac conpagsig Macen Qg IBR1ST [Qaky g i gwesttiymawi ngs FIG | illustrates a
prior art blanket dielectric layer having a void. FIG 2 illustrates a
single wafer CVD reactor which can be used to inplenent the process of
deposi ti ng Ta pilee ngeblowing edesfrintagrr Ph &beobdedesnac renbnsd imessent

i nventi QJx : - Shat E%H]D ' . t f r :
enbodi rre%%t tﬁ%&ﬁgﬁggﬁt@%g‘ggﬁ pr e-&met a w&%%lségﬁpﬁcg%ée)rmﬁﬂ g:%%lreggcn%lec wth
t he predemed neént mdddlel @£4 linastwiatles ke pdetaeiel.di el Bet rvill ayes

char act SPPI AR il il 1P HER] D 0 R L RS D il
The | nvéins anventtiba hel|lowimpasisord piridens aovathetpr ef eroredi eihdogdiareht s
of the ﬁ@ﬁ%laoqz%ai%g; %g?g‘r%rec&%eﬁo%%sé ting a pre-netal dielectric |layer at

mddle o eEW will be appreciated that this is
i nt ended asranaexargiarmed yemhndihbat dfhethavemdsemtraynbenpianti adee under

a variet f conditions and__usin Lety of precursors. JJn a preferred
cbodi mORCISI Che pr QOB i FEnERORT | AT nieRos e T o 1w s
(PVMD) | ew khdimégctauke-dtaypepheds ahthécanl vsgorat dosphetioncherdsads vapor
deposi ti %n rocess ich incl ude% a carhon-containing organgnetal lic or

or ganosiTiéoh pradiutss®  ofone CARP™H SOFEEDY dopd .O”%?Fea cor

car bon- canfzaioyiig carrganereiraldd ,C @tons gamadi hi sotnrpecetlisdbpanmty . | MHaide a
cycl osi | oxane such as .tetranet hycycl %-.t et rasi | oxang éTI\/CTS or

or t homeRYIREITAGHRHTY BXIREFEVETS)C BF orfieros licon precusors may

include a cyclosiloxane such as tetramethycyclo-tetrasiloxane
(TMCTS) or orthomethylcyclo-tetrasiloxane (OMCTS), or other

cyclic siloxanes. A dielectric constant of less than about 3.0
is expected due to the carbon content provided by the precursor
and the microstructure of the film thereby provided. A
phosphorous dopant is added to getter alkali metals such as
sodium and potassium. In addition to phosphorous, a dopant is
added that allows the film to reflow relatively easily at a
temperature and process time that will not lead to thermal
damage. As the AR increases, the formation of wvoids becomes
more likely, and some reflow may be necessary. For 0.1lu
generation devices, the thermal reflow cycle is preferably in
the range of temperature less than about 725 °C for about 20
minutes, which will not cause thermal damage at the PMD level.
In a preferred embodiment of the present invention, dopants such
as phosphorous and boron are added which will lower the reflow
temperature required to fill a given AR gap without thermal
damage. Phosphorous ig required in order to getter alkali
elements, and also acts to lower the reflow temperature to some
extent, but typically not sufficiently to avoid thermal damage.
Additional dopants that act to further Ilower the reflow

temperature include, but are not limited to boron, germanium,
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cyclic siloxanes. A dielectric constant of |less than about 3.0 is expected
due to the carbon content provided by the precursor and the m crostructure
of the fiwmoBloerseby provi ded. A phosphorous dopant is adaeed/uso2/gsnt er
al kali nmetals such as A sodium and potassium In addition to phosphorous, a
dopant arseidided Heriaeg ews aainarhans rdfdme el atively easily at a

Lenper at ur QAL AL eSST IR [l Md | NOLnkeAdhal e dBlor 8RIR0G,; dip [ he
AR increases, the formation of voids becones nore |ikely, and sone reflow
my be rfdedymsgntrépventign ganebat Ponfdwedetn a emvenrtdnalefdiowleycl e
i's prefey. i I f r.at less 41 ; : r; about
20 " N B W g oaL e e e Uaagh At (e TN Ievel® h
pref er r & agssdisan 10 tHe Pieseht | AueBrpoassdBpent 339ucle was ghdslghor ous

and bor qn, %&%v%‘é%%ﬁ %ﬂiﬁﬂ L 'hé&a‘%fer&'*&%ﬁﬂét%‘é‘ aegRer %&HE&%S%V%’F to
fill a givén AR gap w thout { heér mal o?'amage. hosphorous 1's Tequired’in
order t@ngktierpbtted ivithénehhe rasgtairs@Hcten t@ boakotine 226f [vdvich

t enper at. t ent ypi n sufficient]y . .to.avaj

thormal T el e1ilnl YRR PR HRoMRLE "R e 6 ow

t enper ataubheaitee] sdecebterakelmehithniseds¢d tboramtger ndre ugmEndBure

03/ 0196 2/ 7 rseni G, .f l.uari.ne aor conbi natiaons thereaf.

Ref erri %%ﬂﬁé% f%a%%goll—fl 20%3, { lel e éhcot(ﬁjri I A (?&eélgr‘?céaﬁ f‘?‘?lr{tf‘?ellﬁdesent
i nvent i et caredes querihedmdripera tooraertd dmall csitrgl &y wafereBVBuaadctdyr 200
shown in Fl 2, which is provided as. i Process, St.ep 32Q in EILG 3._1n
Process Ogngf%so%' a \f/\%fae?c% RS B%g]\'}i gléla pﬁﬁ?%ﬂtnﬁ?eﬁﬁéoglém e or
devi ce fremtairiess aadds ifndupslpedcded Hriduasd Brawastor 20Q1adiagplaat f orm

220 whi Cihea i,ncl ude§8a heahi ng. el enent theﬁgwi%not shown %ﬁontrol led by a

heater suStapfer 530 nhreh e igear PoneBh R ESMRP At e (REAGRST t he
react or 2@ 3ARI) ,r eact:orucembrentgerakadrezohai 20 (Bto@sesed syt ,

t enper atures as _indi cated by Pr ss, _Step 34 of _FI 3. I n _accordance
with t h&st & SFU5Csy 8 t%@ a%Flo%ﬁ%% (Process %tep 354%, is supplied to

a pre-mixing chamber 250, and the mixture of gases is applied
to the wafer 210. In the preferred embodiment of the present
invention, improved gap-filling results have been obtained by
premixing the gases within a pre-mixing chamber 250 which acts
to initiate the reaction and obtain the desired f£ilm properties.
Alternatively, the gases can be released separately into the
reactor volume without premixing, but at a predetermined
distance from the wafer surface, for example about 50-500 mils
(about 0.05-0.5 inches). However, this post-mixing alternative
will result in a film having less than optimal properties. A
pump 240 is used to control and maintain the pressure within the
reactor 200 to a predetermined pressure (Process Step 360). The
gas mixture is applied to the wafer for a predetermined time
(Process Step 370) to form the blanket low-k dielectric layer
170 which has good gap-fill characteristics, as shown in FIG.
4. Finally, in Process Step 380, any excess gases are removed
from the chamber.

The carbon-containing precursor is preferably TMCTS, but
could be any carbon-containing precursor such as OMCTS or the

like. The source of dopants could include triethylphosphate
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reaction gases is supplied in Process Step 350, including at |east a
car bon-cont ai ni ng organonetallic precursor 260 (Process Step 352), a
m xt ure oWowmsyem and ozone 270 (Process Step 356), and &czawsozessof

dopants 280 (Process Step 354), is supplied to a pre-mxing chanber 250,
and the( revipiclyaies g ssapptee@f tRhesheiedws, 2and [0y stdyplsiEteed

enbodi MRyl (HHREPHES Nt oukReRld AbrdrPr a¥ed gaRehdd i939 dirjidsrfave

been obtained by prem xing the gases wthin a pre-mxing chanber 250 which
acts t@si s tdeapant heas ehbei bengad tomfai detrrirsi Fed Alkmlgr slamands

A ter nabl gl vo (819a5eS £ 3 hsi ot sasedonghar 81 eby -bARE ke 1 diACtle

vol ume w thout prem xing, but at a predeterm ne di stance fromthe wafer
sur f ace reffdovexanpleraabget, FOU500 ntyeicgbbourc®. 88£06168ippchdy) itHsddver ,
this post.-m xi alter Y j iy afilm ' I a

opti mal %%r g%)%#‘??%s&hﬁ %fnlp&'ﬁﬁ%}lngeggzgqeo gcbonﬁ%# an \'lrlrrn%?l nt g?ﬁal&ﬁeqs
pressur evwiideidn t Ae theaetoefe200d t embopirert evitied mpressmir e nfRrddess St ep
360). Thg gaa-a}i-&gﬁe £§aﬁ§p'£§f€o£o nga&@égr J 9 xprtef}%etteernge%%g:ugene
(Process §tep 3 6) 0 ?o m the bl anket ™ | ow dt_l'el ectric Tayer whi ch
has goodtgafhrifci | rehbowacteni stdces; @ shdem ito Fv&@id 4thérmalll WlamageRr ocess
Step 380, any exces as are _renpve fromthe chanber. The

car bon- CSREREH RaCBreEt Sa1 FUtSTaTRe fng ERERS, Bt CLb o BPShRFure

car bon- dantakcnirdgnpeevwiitk oths usche asn OMET &L 1 dihecolidk el ndhels odrue sofe

dopant s c%ul q]ll nlqcIeL%e ttori etkp Icphosphat ear%. WO 03/019619 PC[E/ llJl(SDOZI 25507

( TEPO Wich 1M a Source of %]ﬁoré’phogs‘ﬁlg, éﬁ%’tr?ﬁﬁ%ﬁbra & H‘Eﬁ) WHi ch is

a sour ceoabibatdrnsThiepeefenceenhaphosphay dus swusphbiadianta aeduredenefi t

of gettering for alkali .elenments such_as_sodium A phgsphorous dopant al so
Bive T3 cal 135 i

tends t &9 SwePSt Hes E B S TSRSt ur €F bhkSi s not-Csufty cient by

itself stppldeédceyt hepredlogot espeh aryriee Sindidiy Tdwes i, damages ilSke.

210 VoSl b BLElELr e SThofLent, of. s Lhe Prescny IXeBLAD, of M
like.

Process conditions for this embodiment include a temperature

in the range of about 100-700 °C, preferably from about 500-600
°C. The pressure in accordance with the present invention is in
the range of 50-800 Torr, preferably from about 200-700 Torr.
The best results are expected using pressures of about 600-700
Torxr. However, pressures as low as 200 Torr may be used. The
process includes flow of a gas comprising a mixture of oxygen
(0,) and ozone (0;) in the range of 1000-10000 sccm, preferably
about 5000 sccm, and where the concentration of ozone (0;) in
the 0, flow is between about 5-20 wt%, preferably about 15 wt%.
TMCTS flow is in the range of about 100-10000 mgm, preferably
about 100-500 mgm. The triethylborate (TEB) flow is in the
range of about 100-500 sccm, and the triethylphosphate (TEPO)
flow is in the range of about 10-100 sccm. The preferred
resulting PMD low-k dielectric layer should have a boron
concentration from about 0-6%, and preferably about 4%, and have
a phosphorous concentration from about 2-5%, and preferably
about 4%.

While the invention has been described in terms of specific

10



at which ref low can occur in order to avoid thernmal damage. Dopants added
for the purpose of lowering the ref low tenperature 1in accordance with the
present iweeaiwm coul d include, but are not limted to, Poaruse2/235eT nani um
arsenic, fluorine or conbinations thereof. Gernmanium nay be supplied by a
pr ecur s GMOHiEMerHEs t dity deeNydgatmineview phethe k@rsﬁm@m cdmixetl on
supplie o tr Fl i ne
oy Do Sumn L e o T et e Sl oneret LT rans, 2, Pt dssns Grifl
condi ti &% dBParARs debodivent skadlede int éhperaatmre Acgotiéngdyge die about

100- 700 1n9erﬁ:r:|gner k| ylﬁté’ﬂaééo% 5% Qrg;ass ; ég g %Sﬁ_SLgfté]_fh eb%iance

with the present invention Is in he range o orr, pre era y from
about ZG@d?O?GCRi?JrOHS ﬁt@db@@rla’esgmss wiriehe xfrelt editsingtpeessupes add about
600-700 IR RS ShE XA 0 SIS oY e el oo e
process |ncI udes fTow of as conprising a m xture o oxygen (02) and
ozone (03) in the range of 1000 10000 sccm preferably about 5000 sccm
and wher cef q_tcj Qn ft zone (03) in the 02 flow is between about
5-20 mt % % TMCTS flowis in the range of about

100- 10000 mgm preferably about 100-500 mgm The tri et hyI borate (TEB) fl ow

is in the n f t 10 Oscc and the triet osphate (. TEPO
flowis i nq'?%egﬁja%g%gggyabou 160 § ﬁtco?ﬁ}écﬁ?lé fSté'%/Urcgﬂ‘l ‘?peg | t5Hg® PMD
| ow k diielectdion | ayer sdsemud hate askadieonduetreent maddwied y omaabouti H- 6%

and preferabl ut 4% av hosphar ou centra n from about
2-5% &% %?Le er%ny us %ﬂﬁﬁfpcttﬁ&q gilaéfﬁlf%n ﬂja@eé i?ﬁ YESTr | sy

ternms oflespes ﬂletve:ILOatM) {-)Bé0ﬂﬁ6éﬁc8ﬁﬁéb802éﬁéﬁp7an@rﬂmlrﬁiM§rly twHre

evi dent n view 3}1‘ t he f o] ng descrl n _that nunerous alternatives,

modi f i cati oS an e&ét’ﬁe&. R PR aa RSRSE & AGEe kit dRSFS e art.

Accor di Et@Iwyk dieldatrdrt icomsitanitntiendia itxeedenconpass al | such al ternati ves,
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nodi fications and variations which fall within the scope and spirit of the
invention and the following clainms. Industrial Applicabilit The pre-netal
di el ect riwogsmwenduct or structure of this invention is wesafuso2/piso7

sem conductor nodules, and is particularly useful for dielectric |ayers
formed W&tadsesh the device level and the interconnect |evel, and
particularly where the gaps between devi ces have a high aspect ratio, and
where a |lowk dielectric constant is desired. 11 WO 03/019619

PCT/ US0Z/ 25507 wxaimetal Alppéesbrar di(EMEdt r iseMdPIBAYSEA orfthtictrure

st ruct ur@meoPIhgi ng: a sem conductor wafer (210) having features on a
surface of " said wafer, wherein said featu.reseé130) are spaced to form at

| east one gapFMbBoIndetveevabed f2he Ureavingererhises donta |Bastacenet gap

has an aspect ratio greater than about 3; low Kk _film(,170) covering
cai - suriiE et oi TPEEPE ACR PRATIRR e 0d 6% Sran ot BT hoot
having a &l 1or?é‘@a§:a!(g605 QY e ddih B d N¢ RS, A dopaRt-e 14 sThe BMD sigucture
of claim1l erein said lowk film(170) has a dielectric constant |ess

t han abatie yaB. hdbeaPMbsétuctat oofrebhakem theheskbntsai;datdpant conpri ses

phosphorous. 4. The PMD structure of claim3 wherein said dopant further
conpri ses & sevorkl fddpartl 798| eeved incospiResyrdapeconseseingsaid bowoh,

germani um_ arsenj c, fluorine and a conbinatio hereof. 5. ,The P .

ST Uorurt BF S By mop herer RRoh: GF catl PR A0 PR P ROdd RESrRR o

st acks. The e, 0 tm1 wherein said lowk film (170 has
a rerov&%%ﬁ%e?gyﬁrgﬁ?%g%g% h%né% %ﬁi[: 725 C. -7|. A rriet hodW;)f florm ﬁ]g t%]e PNVD

structure of claiml, the nethod conprising the steps of:
2. The PMD structure of claim 1 wherein said low-k f£ilm (170)

has a dielectric constant less than about 3.

3. The PMD structure of claim 1 wherein said dopant comprises

phosphorous.

4. The PMD structure of claim 3 wherein said dopant further
comprises a second dopant selected from the group consisting of

boron, germanium, arsenic, fluorine and a combination thereof.

5. The PMD structure of claim 1 wherein said features (130)

comprise gate conductor stacks.

6. The PMD structure of claim 1 wherein said low-k £ilm (170)

has a reflow temperature less than about 725 °C.

7. A method of forming the PMD structure of claim 1, the
method comprising the steps of:

providing (320) a chemical vapor deposition (CVD) reaction
chamber (200);
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provi ding (320) a chem cal vapor deposition (CVD) reaction chanber (200);
12 WD 03/019619 PCT/ US02/ 25507 providing (330) a sem conductor wafer (210)
wi t hin sawo iseastd on chanber, said wafer having features @ECTO)SODRS587
surface of said, waf er erein said ures re form at | east
one gap (163)°bit (g\gﬂd afe%ﬁ“&?rce%m{lb‘? ~Y 3@%60 Vt’:]atﬁ'bdfh THnt ai ni ng

or ganometaldt iton FHI%&M@LOF s(aZLGﬂ)waﬂHxOVrhai&ng; (856)umss ogoNE); comntai ni ng gas

270 d 2 t - cont 28 d t 370
Sai o br GRS Lol TR0 ST Con A T, GHEL A S o I SRS 1 ng gas,

to deposidrrsaid 1&1% drid rgag( LA090 oo Sékrs sd BL efestutd@t said lowk film
(170) substantially fill s said at |east onge %a%{%%?%%t .The met hod of

claim7 whdETH-EHY ek F |Cfa]=ﬁklmo%%%l%ln Tant of |ess
than abite 3;r$br ThEs et hod of claim7 wherein said CVD reaction chanber
(200) is a single wafer_reactor. 10. The pet hod of cIa|m7 further
conpri si ng BRIV LR of 359 @R AFRPT TV LRI RS HFFDn( LM ai ni ng

or ganonet alﬂ:&&fld?i U(%K) (aZQQ) arSl b1 9ZONer KON Ak N{ W0 PASar@70) , and said
dopant - cont'ai ni ng Z?é‘?)n prlor to said step of reacting, (370). 11. The

net hod of crr%ac?ﬁmgm Y RERFHBTOF eatd P TBIN) ORGP 1RSI Per mal
sub-at uﬁ R SSSIH LG £alg VARO! tdepasbdi®sad®. 1dhe: rethwd of

claim?7 rising the step of reflowing said lowk film(170).
13. The We7tQ1)odOI®fS@ @i sdafactherein said step of ref lowing is perfornmed at

a tenperat e Lgss L0ap ahput 5%%%‘%1?@)a@ﬁ%@t&%&iéﬂi&”f@lls said at

least one gap (160).

8. The method of claim 7 wherein said low-k film (170) has a

dielectric constant of less than about 3.

9. The method of claim 7 wherein said CVD reaction chamber

(200) is a single wafer reactor.

10. The method of claim 7 further comprising the step of
premixing (350) said carbon-containing organometallic
precursor (260), said ozone-containing gas (270), and said
dopant-containing gas (280) prior to said step of reacting

(370) .

11. The method of claim 7 wherein said step of reacting (370)
comprises thermal sub-atmospheric pressure chemical vapor

deposition.

12. The method of claim 7 further comprising the step of
reflowing said low-k £ilm (170).

13. The method of claim 12 wherein said step of reflowing is
performed at a temperature less than about 725 °C for about 20

minutes.
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13 WD 03/019619 PCT/ US02/ 25507 14. The method of claim7 wherein said
carbon-containing precursor (260) is selected fromthe group consisting of
TMCTS andwOMGB6145. The nethod of claim'7 wherein said ®cawsot/2ynpvi di ng
(254) a dopant-containing gas (280) conprises TEB flow and TEPO flow. 16.
The nethod of claim7 wherein said dopant-containing gas (280) includes a
dopant sed ectied heenod hef grlagm conshsteiy obidpbasphotcustaboiog,

germani um arsenic uorine nd a nbi nat i on thereof h nethod of
clalm'7§ﬂﬁﬁ¥ﬁ§9§a.%é@bhﬁﬁts Tt &R ﬁ@oﬁaghe(%gﬁ?plnc %Eip oSBhor ous and

furt her dineradesd aosecond dopant sel ected fromthe group consisting of
boron, germanium arsenic, fluorine and a conbination thereof. 18. The
met hod of claim7 further conprising the step of pre- heating (340) said
react g_r :(QOfZJil'%éQn@t]@de@d@i eégmﬂﬁm Wﬁr@mt sgaedf stépwb figpsairidshep of

provi din a wafer. 1 The net ho claim 18 wh in,said
predeterg¥ H at@ﬂ%@?%f?ﬁ%??%nﬁ%gw%%ﬁ g%gé E@@p§bﬁe%1$é% E%ﬂ@ #Bthod of
claim 7 whesefnogai d step of reacting (370) said precursor further
conprises achieving (360) and maintaining (370) a predeterm ned pressure.
21. The nmethod of claim 20 wherein said predeterm ned pressure is between

about 50140 aROULeBROATOF rc1dfm 7 wherein said dopant-containing gas
(280) includes a dopant selected from the group consisting of
phosphorous, boron, germanium, arsenic, fluorine and a

combination thereof.

17. The method of claim 7 wherein said dopant-containing gas
(280) includes phosphorous and further includes a second
dopant selected from the group consisting of boron,

germanium, arsenic, fluorine and a combination thereof.

18. The method of claim 7 further comprising the step of pre-
heating (340) said reactor (200) to a predetermined

temperature following said step of providing (210) a wafer.

19. The method of claim 18 wherein said predetermined

temperature is between about 100-700 °C.
20. The method of claim 7 wherein said step of reacting (370)
said precursor further comprises achieving (360) and

maintaining (370) a predetermined pressure.

21. The method of claim 20 wherein said predetermined

pressure is between about 50 to about 800 Torr.
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