WO 2011/ 112518PCT/ US2011/ 027422 METHODS FOR FORM NG LOW MJ STURE DI ELECTRI C
FI LM5 CROSS- REFERENCES TO RELATED APPLI CATIONS [ 0001] The present

i nventi orwolaimm2t1enefit of priority under 35 U . S. C. 1Peta)S2afi/obr4R

5Provi si onal Application No. 61/313,206, filed March 12, 2010, the content
of which is incorporated herein by reference in its entirety for all

pur poses. BACKGROUND [ 0002] The present invention relates generally to

sem conduct or processing. Mre 10particularly, the present invention
relates to nmethods for formng |ow noisture dielectric films or dielectric
films with a | ow noisture content. Enbodi nents of the present invention may
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phosphosilicate glass (PSG |ayers, and undoped silicate glass (USG
| ayers. Such dielectric |ayers may be 15used, for exanple, to form

pre-metal dielectrigpr@R TEYEGEES T RET KEY A@'pg![@&trg@ltq%(l MD) | ayers,

shal | ow trench isolation ayers, Insulating layers, an e like. [0003]
One of [0R@1Jpr lhepiesattépention tlabni taketingf priodey onde3ivdodudtidd(defices is

i The BRI GaEApa ot et o1& FAJemIEoNate BeaBLl Tie e AEREAIS vapor

deposi t jnefkpbfa¥d herdifl b9 rSRRYIENH i hirdth & T pueydeg0pr ocess, reactive gases
are supplied to the substrate surface where heat-induced chem cal reactions

take place to produce a desired film In a conventional plasma enhanced CVD
(PECVD) process, a controlled plasnma is forned to deconpose and/ or energize
reactive species to produce the dggsike®duiNm | n general, reaction rates in
thermal CVD and PECVD processes may be controlled using tenperature,

pr essur B002nd/1Be presesd imentigarelatpogenerdlay 4o sapiconduforpieqeadng. nifioje st ri ngent
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af fi ni t filmdvianyeleitat @orhg ithfailbwendistue: @ntedw Bmbsdidteatsadnliepseas indepis t ed
but quickly absorh nojsture after deposition. Affinity for noisture

gener al 1§y ivvﬁe%eéég AR OVHRBISEYE ﬂBPPdt(EﬁBQ?M%leﬁflctlad’éfsﬁ ﬁlﬂﬁ?ﬁaaecr eases. As a

CONsequele s dAfefo1hss (BPIETINGApSMREGicat QsE (DR 1a6QOPHBGSRLH R 30 Wi th
recent tr eﬁaossﬁ?%war d ovve(r t %g?dr‘gfs budgletcs. %I\/S% {st ur eagansﬂchg‘%ge i ?tlem
st r uct ugless (P86tayers, and undoped silicate glass (USG) layers. Such dielectric layers may be

15  used, for example, to form pre-metal dielectric (PMD) layers, inter-metal dielectric (IMD)

layers, shallow trench isolation layers, insulating layers, and the like.

[0003] One of the primary steps in fabricating modern semiconductor devices is forming a
dielectric layer on a semiconductor substrate. As is well known in the art, such a dielectric
layer can be deposited by chemical vapor deposition (CVD). In a conventional thermal CVD
20 process, reactive gases are supplied to the substrate surface where heat-induced chemical
reactions take place to produce a desired film. In a conventional plasma enhanced CVD
(PECVD) process, a controlled plasma is formed to decompose and/or energize reactive
species to produce the desired film. In general, reaction rates in thermal CVD and PECVD

processes may be controlled using temperature, pressure, and/or reactant gas flow rates.

25 [0004] Increasingly stringent requirements for dielectric films are needed to produce high
quality devices. One concern with dielectric films is moisture content or moisture affinity.
Many dielectric films have a low moisture content as deposited but quickly absorb moisture
after deposition. Affinity for moisture generally increases as deposition temperature of the
film decreases. As a consequence, moisture is becoming a more significant consideration

30  with recent trends toward lower thermal budgets. Moisture can change film structure, reduce



WO 2011/ 112518PCT/ US2011/ 027422 fil m stress, and/or increase dielectric
constant. Moisture in dielectric filnms that are used as PMD or |IMD | ayers
can causewoxbdatizzia of metal and/or barrier |ayers. Thi ecrasa@fiioeni?

el ectrical performance and adhesion to the dielectric fil ns. [ 0005] Thus,
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5noi stugg/I conient and/ or | ow nmoi sture affini t)é These and ot her needs are
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films with a l'ow noisture content and/or w a low affinity for noisture.
In acco e.wth an.enbodi ment, for exanple, a nethod for formng a PMD
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the CVD process chanber. The first oXide |ayer ornmed using a thermal
CVD pr opeesentapplicatiomnper at ure of about 450C or |ess and a sub- 15at nobspheric
pressure. The thernmal CVD process uses a first process gas conprising ozone
and TECS. The nethod al so includes formng a second oxi de | ayer over the
first oxide layer in the CVD process chanber. The second oxide |ayer is
formed using a PECVD process at a BEMMPAdtYire of about 450C or |ess and a

sub- at ri r T process _uses .a_secand pr S as
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chaher didlecirRgfilfrarwiet 4 W @bistlre chhtestan@’or dethl Aerafindy fhensigaRNdnoxi de

hod al so i ncludes renoving the substrate fromthe CVD process

| ayer. The t
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met hod fiot okide fayegoeer B3 ubstyae irothe (C\&D pesudhainbat. eThenfidsusidde Pyackng t he
substrate in a CVD pro chanber and formng a first oxide |ayer over the
SUbst r Al BTN ERE ACRBBF GY LN OEA R FTPFREUT I SbouAPHE. plgeanvis Mot med usi ng
a tier mindsMiRrRPEReR. athedh bogts g?rzgdo
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| ayer o%@fTE‘ﬁg- fTihe stethd alse inglpdes forminge: sevMmdorvdegerahantherfirstkixédeslepond

450C or MBSV PR RARbRD el PILCRRE et TRRE PR inells 4 he

CVD pr orefperatitacheboud 45 090orf1edsiat ia@0batmbdpaedic pebsupXi e PRYTD BBkt he
second oxide layer. The nethod al so i ncludes renoving the substrate from

the CVDISP 8eesdpresbegassalPEiRmeSHgen and DS+ The substatg refagias iptho €383 in a
de CHRRRE Lhant] ' t r e of . about 400C or nore
angﬁ); p]?%s oS Ig:ea 0?& é@gg??ﬁ_ aﬁgﬁ %g;gﬂeffggttso'ﬁde 1%98%3&1&'& §cBla 8A8s fayer. Ol%e

method also includes removing the substrate from the CVD process chamber, forming a

barrier layer over the second oxide layer in a barrier deposition chamber, and forming the

metal layer over the barrier layer in a metal deposition chamber.

[0007] In accordance with another embodiment, a method for forming a PMD layer over a
25  substrate includes placing the substrate in a CVD process chamber and forming a first oxide
layer over the substrate in the CVD process chamber. The first oxide layer is formed using a
thermal CVD process at a temperature of about 450°C or less and a sub-atmospheric pressure.
The method also includes forming a second oxide layer over the first oxide layer in the CVD
process chamber. The second oxide layer is formed using a PECVD process at a temperature
30  ofabout 450°C or less and a sub-atmospheric pressure. The substrate remains in the CVD
process chamber during formation of the first oxide layer and the second oxide layer. The
method also includes removing the substrate from the CVD process chamber and exposing
the substrate to a degas process in a degas chamber. The degas process is at a temperature of

about 400°C or more and a pressure of about 12 Torr or less.
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WO 2011/ 112518PCT/ US2011/ 027422 [0008] In accordance with yet another
enbodi nent, a nethod for formng a PVMD | ayer and a netal |ayer over a
substrat ewpreeludesspl aci ng the substrate in a CVD proce®sTalisanbee74and
formng a first oxide |layer over the substrate in the CVD process chanber.

The firg008Ki tieadcaydancd with @eta@@dthes bmbodinichs &ildthdMbr r868s s PRD &iyer and
tenperature of about 450C or | ess and a 5sub-atnospheric pressure. The
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of the first oxide |ayer d the secan xi de | ayer. The. method al so
i ncl uqe?bfaé%wﬁﬁb‘cﬂf’ég‘g&big? sediod 1Paég@§fm’(§gﬁrsﬁ%@§’xé4?é?rﬁémérﬁ&e
exposi ngrst heds et mAheCHD Brod&9RRamba A28 sbddnfl osiﬁgq%;? RARREd ustiia degas

process Is at a'tenperature of about 4 nore a a pressure of about
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second dielectric layer in a barrjer. deposit.ion chanher.and.formng.the
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over conventional techniques. For exanple, sone enbodi nents can be used to

f orl® di meess chanbeiyad sxpdsite thesebstratedova dogastnupesse et dages clantter. Ehbodi nent s

can be el ricel.ayvers.phat have.a | ow affini or

noi st ur%%ggﬂégggsg%%aoagﬁeﬁlg%%{sm% §1F1a 0>eﬁ?ﬁ@)e TaPe 3&%3’8#8?“? 81“ %?0613/%{%305% and

| MD | aylesss Mictrhetod w6 Miwles f@meQNs Bittiet Rgdr GaNtheeettnd ddle@tit MHyBahe:
20oxidatign in nmetal layers. This can inprove device electrical performance
and adhTigflepesitiprchpngics ang fasming be setabdyen gy aghaubasriet laxerénBoaitatent, one
or nor eg Db ctiBgsEgRefits may exist. These and other benefits are described
througho%t S1tIEe fs%apem fication and nore particularly bel ow. 25BRIEF

DESCRI P, THE DRAW NGS [ 0010] , FI.GS. -.1B are cross-sectional views of
an%g? e n@b@y %H@"rf%’ﬁlb_e L ‘8¥$ldc PR %%@r‘@?ﬁ@ 0? HgtPraRgit BECHLEPVED f or m
| ow noi %Uéﬁicﬁbﬁﬂe@lﬁﬁdilile@r:l:%b’&ga%mlél sBE AhIRARSn o b%s@dm@hfmrbgec%c t he

i nvention; [ 001 | i's a plot of stress versus tine for thernal
CVD oxi ldeerh Hyaehavef alomed oasiurdicenient 30 ther elnbotingenkE@ubeosedit foay dicléatric

accordance w an enbodi nent of. the .inventjon; [0012] Fl 31is pl ot of
2o R anagds e Bk BERSRLTE R aginhS e Dot G e bred o e Fuftenia i oh
and w thouide PEOYRh@ XVDE b @Y Hith d IowaasRfudefGRentitiad calregiRost dibihatof t he

i nvention; WD 2011/ 112518PCT/ US2011/ 027422 [0013] FIG 4 is a plot of H20

parddi al o¥ation n eefad dayigs. t Trecangmprierdexice clirisl prsfaraapesand adhesion to

the dielectric layers. Depending upon the embodiment, one or more of these benefits may
exist. These and other benefits are described throughout the specification and more

particularly below.

25 BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIGS. 1A-1B are cross-sectional views of an exemplary chemical vapor deposition
apparatus that may be used to form low moisture dielectric layers in accordance with an

embodiment of the invention;

[0011] FIG. 2 is a plot of stress versus time for thermal CVD oxide layers formed with and

30  without a PECVD oxide layer in accordance with an embodiment of the invention;

[0012] FIG. 3 is a plot of FTIR absorbance versus wavelength for thermal CVD oxide
layers formed with and without PECVD oxide layers in accordance with an embodiment of

the invention;



formed wth and w thout PECVD oxide |ayers in accordance with an enbodi nent
of the invention; and [0014] FIG 5 is a sinplified flow chart

il lustratwogonmniexenpl ary method for formng a | ow 5noi eCurs22dilekaeLri c

| ayer over a substrate in accordance with an enbodi nent of the invention.

DETAI LE@IRBFCRIETS (M $100d5], OThatipl RefR0te Vet fitieofdr fefialdBBDIRIdAggerd OF
formng PVMD | ayers with | ow noisture content and/or | ow noisture affinity.

As usedfrerediwith ggrwvithops PECVAL pxide laypisiie agqordanraipith en ebbdingsd ofitheer a
first Li§5lERQgi tion such as IMD [ayers. One enbodi nent of the invention
i ncludes form’ng a thermal CVD oxi de and an overlying PECVD oxide in the
sane chﬁgﬁgg. The the[nahgcv oxi de _has a | ow noi sture content as deposited
but a h f il 2 35 & grrhBsd ow hasillusaping an srempbarn meshpdrfer fosmingea lodne

chanber . i LSt-ur Lt | ayer
R R A R R I
essentially prevents noisture fromdiffusing into the thermal CVD oxi de.
The PECVD oxide has a much |l ower affinity for noisture than the thermal CVD
oxi de, and any noisture that gEtAuses pr¥@RPieORECVD oxi de can be reduced
by exposing the layers to a degas process. The degas process may include
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noi sture dielectric |layers r.ed in cord with 20 e diments of the
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[0016] FIGS. 1A-1B are cross-sectional views of an exenplary CVD apparat us
t hat maipchilesfuminga thermglxYldexidgyaad an grverhgng PEEWA? pxidefn the same shawgberher mal
CVD pro I h 0SS+ tion i 0 ystem 10
havi ng Zﬁ%?hggne%lgdl % ¢ ﬁ%ﬁ%@? l%ﬁs@éﬁ{ei Cﬁgfeﬁlg%sdego%#g%g%,h%gﬁ ﬁ%ﬁlgi\é'gf 0gnd chanber
| i d assawidtyrelBly.depdigyisdte tayd ia o @infescham@ers thadl s tdebbsitet dow mesisth@l d 11 for
di spersi ng,. process _gases a substrate (not shown) that rests on a heated
pedest aFO'%iﬂf?%%féﬁ? Q%gn%hfp\%@ﬂ%yew paiptaaed Pywceiethe tyep sk dasPEQ Y Roer .

Dur{9g pgiacesat PECVINEkiGUBILY SIS i J pf i oned
on a sur#ace 12a of 301pe§§sJ%P?f%sw%ﬁéﬁﬁggg%§§p%ggﬁgg%mﬁg®égx%§ﬁ?$gF%abIy
bet weenoxidé.olwke PECNM orgdplasi a moch lodepaffingst fommpis@re thaj tenttiemml @pper

i ition.(indjcated by d line.14 in FIG d sh i
G 1oy e G any S i Pestbud PR IFD 5 sk pen Be stied BhOMRaTEdt i or
gases alaQedsib é@ﬁ%ﬁé?ﬂode%. OT e @EREprodass ntyoHANdP Blef YagbesbshRl £ 8n ClevRedas

di stribution nenber or faceplate. Mre specifically, deposition process
gases f feoweraiers anf scduhechpressutchrlouy moisiereidiglegtriedayefs dbanerilin @eendilanse edthby
arr 40 i nq:FEl . I h ny. i onal,.perforated blacker pl.ate 42,
anc L g s o Pl i JREH S R IARN B BB Bh S b Yatils e

metal layers. This can improve device performance.

Exemplary Process Chamber

[0016] FIGS. 1A-1B are cross-sectional views of an exemplary CVD apparatus that may be
used to form oxide layers along sidewalls of vias using thermal CVD processes. FIG. 1A

25  shows a cross-sectional view of a CVD system 10 having a processing chamber 15 that
includes a chamber wall 15a and chamber lid assembly 15b. CVD system 10 contains a gas
distribution manifold 11 for dispersing process gases to a substrate (not shown) that rests on a
heated pedestal or substrate support 12 centered within the process chamber. During
processing, the substrate (e.g. a semiconductor wafer) is positioned on a surface 12a of

30  pedestal 12. The pedestal can be moved controllably between a lower loading position
(depicted in FIG. 1A) and an upper processing position (indicated by dashed line 14 in FIG.
1A and shown in FIG. 1B).



[ 0018] Before reaching the manifold, deposition and carrier gases are input
fromgas sources 7 through gas supply lines 8 (FIG 1B) into a m xing
system 9 wbepa/tikag are conbi ned and then sent to manif @ecad/uk2011j/00G29] The
deposition process perforned in CVD system 10 may be a pl asma- enhanced 10
process[ooln] aIrpasitn anhans&daRéase ﬁﬁrodﬁ&d@ﬁteﬁhﬂ&beﬁmwgﬂﬂneﬁﬁﬁm@pm y

el ectrical power between the gas distribution faceplate and the pedestal so
as to ehelps ef a gas dvtobetion ryersber ok fageplate M@lre:ﬂpamﬁp%lg'ndeMSttwmrpr@q«;és gases

cyl i ndr cal. t o | siht uents of
t he pl akslgr‘g’ rrlté)gc‘%af mb[%%eﬁff)g‘ll%h tﬁgcfleglrg%l g mP gdlcggd B§ ‘tévc%g 13%) @ hé)Substrate

suppor t gglowph aO@ﬂesﬁtainall{;?erfolﬁ[:@B]Zﬁ}kerqo‘\l&k ay,SetnamangmMeﬁirﬁtﬁe bss disEibufie
t hermal deposition processes. In a thermal process, RF power supply 44

would nécemateuti|i zed, and the process gas nmixture would thermally react to
deposit the desired il ms on the surface of the substrate supported on
pedest aj0018] Beéors uqphing thxedasitat, db@omynmmceeﬁélsgabweiwiﬂpaaﬁem da® provi de

t hermal ener for. the re ctio The .react an ases that are not
deposi t%ﬂ?%gfyth@ughg%%w IH@S@dFﬁg 135&&1]@%%98 SYﬁPeaa%&t re th¢%patEy acuat ed

from t hg, ginasPsid #¥n §en\(@(ph5gmf&gq@ (not shown). Specifically, the gases are
exhausted through an annul ar, slot shaped orifice 16 surrounding the

| |
oG e 0 A S L e M T G bt 26
cyl igndr Fl‘b@ésssﬂl(ﬂ@ phdinh-chBRanced ?F(JCHQ' AORERRw2P YRS 4%@&@3@1@@%&@% Pp&wve9 on

the wall) and the bottom of the circular chanber The 360 circul ar
symret r hetaaen theigks dmrtbjdtl@lﬂ fachplatel antd tg padestal spersdp axalieehp pwseshzay nhxps

ach! eve: okl S e B850 18SE B RUEL (LIS SRLEL SR Rl doposit @

uni formTi war er . Ths exiials: enum e gases

f1 ow undensigainis & th@plasrah rext @repesit PAIsiredfild bnake §hticeshmastbgptaenum 17,

t hrough a downwar d- ext endi ng gas passage 23, past a vacuum 30 shut - of f

val ve 28ippared piperlesisgblexhaust outlet 25 that connects to the external
vacuum punp (not shown) through a foreline (also not shown). WO

201105 11 HEZBPCU\UIS%EM 02 m&l{ﬂ&a&}:d Tdrrehq:red:é demlsitibd prpresdesr Abd theahalm num
ceramc, rrbl nat i 4;her may . g reshstl vel y heat ed. T‘;l wiring to
the heaPBFessi REBANeHabERS HPYldR Lt g rBthe PochiseRes PO pi cal |y,

any or t?Hehnélfy feh& 16 H@ﬁ”ﬂ%ﬁ&hé &é%!r@&ﬁhﬂ@én ‘clié'sﬁ%faé%i‘tﬁ@!;xﬂasfr@t‘é%ﬁﬂ) doghd various
ot her reactor hardware are made out of material such as alum num anodi zed

al umi n umdeétlal 5% eFlamndupport podestal A2 Imafytberressstivelyslrataddo morvade Berngate®@ray Ar

rai ses wers the heater pedestal assenbly 12 and its wafer |lift pins
12b as W§f%ac '"8re transferred into and out of the body of the chanber by a
robot bl ade through an opening 26 in a side of the chanber 15. The notor,

val s, [G0281y Jbﬁﬁaétalnbg@es Hasargapt denoyited igthghapthentingladipg repstiompypower
supply, pl%gﬁgfgea"re evacuated from the chamber by a vacuum pump (not shown). Specifically, the

gases are exhausted through an annular, slot-shaped orifice 16 surrounding the reaction
region and into an annular exhaust plenum 17. The annular slot 16 and the plenum 17 are
defined by the gap between the top of the chamber's cylindrical side-wall 15a (including the
25  upper dielectric lining 19 on the wall) and the bottom of the circular chamber lid 20. The
360° circular symmetry and uniformity of the slot orifice 16 and the plenum 17 help achieve

a uniform flow of process gases over the wafer so as to deposit a uniform film on the wafer.

[0022] From the exhaust plenum 17, the gases flow underneath a lateral extension portion
21 of the exhaust plenum 17, through a downward-extending gas passage 23, past a vacuum
30  shut-off valve 24, and into the exhaust outlet 25 that connects to the external vacuum pump

(not shown) through a foreline (also not shown).



10substrate heating system and heat exchangers are all controlled by a
systemcontroller 34 (FIG 1B) over control lines 36. Controller 34 relies
on feedbawh 2hrioimaensors to determ ne the position of mpcahiseoimeetiani cal
assenblies such as the throttle val ve and susceptor which are noved by

appr opr [&028] nuitherpedesdar (plRersilntluin®h, €@athicObl £Eoninati RAB&E0S) MaSEe
enbodi nents, the sgst emcontroller includes a hard disk drive (nmenory

1538), Eesttiyplyneatedk The miang taribe hewcs%fé%%pasws twhﬁh%@@@sxfﬁhqmﬁestﬁcl ude a
i ngl boar d
singl e boanch ARt APEONe kAT B4 Bl ORLNLPUS VRILES,

cont r ol bther RActonkardoaterant rrmblé omﬁ oﬂﬂ‘ﬂa&ex@&ltsuwh ad temiiunt, Beodixdd Appmnat us. The
systemcontroll er 34 executes systemcontrol software stored as a conputer
pr ogt anfIATE- 20 conput er - r eadabl e nmedi um such as menory 38. Menory 38 may
be a hard disk drive or other kind of nenory. The conputer programincludes
set s of [0024} r vcliftomshahisit add otoaore32t (&Gt 1 A mages andlowees the hgaagrdestdlanber

bt her pasBBor S RITTRT Y Blis A0 oF e bs e R R Ot et GGk of o o on
ot her NBRhYmEEVH SCz?ﬁ)bB’ﬁMa@é 00128 akﬁﬁ@mh%sgi?ﬁééfd% o@%tdhgln'b&r 1534rhe21§o&>9027]

The exenpl ary CVI ratus shown in Fl may be used form
t her mal vave. lﬂay@ogtra s,RECUE)i Yeay eystenn Hhrotidaval e REsmover sufmdy, mhhmhﬁmm st ur e

an' S ot R BEERAENS o e O IE ERPRITRLD o o B RS "gas ™

that i n(ﬂI@d ¢B) aveicbh@6ininek 86 UCSAol{@ 39 relidsi dnaB&ibask ¥ sensors to determine
tetraethylorthosilicate (TEQS), octanethylcyclotetrasiloxane (OMCTS),

etc.), Qﬁﬂ?ﬁ%@ﬁ B9yakle arechanigal assgmbligy yish as ghecthyottieyyalvopnd wisedptyr vench ner t
) nbodi t, th
Pher e &%Pé’?%é’&@sa%rsuéfsa‘tﬁ‘?%%% 8?‘5*6&&/%6‘?@@3‘ orocess usi ng a
at TE t f f about t bout 3.5 d
brone. al0035k | Shrute SRbofmEaGoe stsi oM nlBE80 IEHK die Groeesss gas
may; 4l 598)V\Qﬂ%9};}161%ﬂaﬁwpglalﬂ§?&§égr 27432 gkd@@és%fiﬁlggqnc"l’ﬁd aahglhéiﬁleS.rdabOUt

25000 sccm to about 29(500 sccm The tenperature rong t ermal CVD
proces sClegﬂltb‘E( SBE)t fnelagaandeligifal alpotibups0@ards, 45 Gice boprde\wedtstepperagetot 0

ot her ‘éoo 8] Wiile thermal CVD | ayers fatmed using these conditions
have a f Oﬁﬁ % 5content as deposi ted, they quickly absorb noisture
when exposed to a noi sture-containing anbl ent revent the thermal CVD

| ayer f8RPhbSHsBITgnHRiletdmeay ¢antiel all P@ihﬁgcﬂpﬂmiﬁhﬁy@ﬁ’&matﬁua‘ ofheed i n

t h 40 CVD | t
o st o SRR LB B W0 SRS Tl b of PR b 0 5 o
moi 2 ur eympiher- ﬂeadiszﬂdmnedmmmﬁhhs afentoe 38 hBfemairy G}Vﬁxdydiéeil’ha@@-ﬂlsbﬁnfzeﬁﬂced

conpared.to the;[A CvD 10l ayers that do not include overl?{ PECVD
| ayer s. OPE0ED] OhReBPEY | s eprpmesymrogigwying Hdessetsad Arrsactpnsi airietats 886 ment

may be ra%go% ig
sil ane t?%?%iﬁllk?g{gé%fﬁyl ortho ﬁgl%gtactgaw%%@%%g}trgnet &Q%r%f&%] ? I%tgfoxane
( OMCTS) posgiian, ynd ethepaygeetesadrgart{alay pro®ss. Otheneympmtter.programed sopdd @nal |y an
i nert or I n anégxeml ary enbodi nent, 15

N .
the PE%%erprP%@Bgs eﬁ’é‘:&nﬁ‘yﬁ?s(?é’«?%e‘%g’soﬂeﬁaé CUYrRMEr & TEOS at a flow of about

Z%mto about 1.5gm and 02 at a flow of about 7000 sccmto about 9000
SCG pr odés §X@é\l§afn‘e@VQI @Daﬂaﬂl@lsh@én HelKiS. dN—leayfbeabeduto fpef0hatem t o

Fange of abaute R RIE YRR Bilb% Bl v M BLRIB R e Ao (hat
used f Oa:ccblhlanctd’!ﬁfth@(bm%bﬂdlﬁ&ﬁ&sof the invention. As an example, a thermal CVD oxide
layer can be formed using a process gas that includes a silicon precursor (e.g., silane (SiHy),
tetraethylorthosilicate (TEOS), octamethylcyclotetrasiloxane (OMCTS), etc.), an oxygen
30 source (e.g., Oy, ozone, etc.), and optionally an inert gas (e.g., Ar, He, and/or Ny, etc.). In an
exemplary embodiment, the thermal CVD process is a sub-atmospheric CVD (SACVD)
process using a process gas that comprises TEOS at a flow of about 1.5gm to about 3.5gm

and ozone at a flow of about 11000 sccm to about 16000 scem. The process gas may also



20 Experinmental Results and Measurenments [0030] FIG 2 is a plot of stress
versus tinme for thernmal CVD oxide |layers forned with and wi thout a PECVD
oxi de | aywp 20n/aex18r dance with an enbodi ment of the i nveoriuseoitioersehi s
exanple, the thermal CVD and PECVD | ayers were deposited at a tenperature
of 400Gncltide N,pk @tfloShefibotd 008 bt @$ B &Mout PEOCOREENBIThE k£l Cluking theay er
decreases from about 300 25 MPa after deposition to about 100 MPa after
about 14hgmak (Wb dsoceshimay be iethis sangs of ebal $50°C @ 4503l prevenighmege t@

absor pt jap. | %yss pl ot al so shows that stress of the thermal CVD dielectric
| ayer formed"wth an overlying PECVD dielectric layer remains relatively

t abl i h t] i od. Thi ts. that the PECVD I
bl ocks MUEBLS bR ST Wi Gorko N e i conyBona e 4 ISBTBOSIC 1 G 3 i s
a plot gyl aBdahﬁﬁémt%géxg@/Jgaﬁspggeﬁelsﬁﬂemeﬁ BhpdsBet %o%«g-&éﬁtgﬁidﬁﬁyer S

fauned w th and w thou oxXl l'ayers 1 n accordance w an enbodi nment
of the ambient i tnpreTéit shepheatmad KR layhafromhabsorhlng@vbisturey en svérhahg ABCHOL

i ncl ude, an overlyi ng .PECVD | ayer haye a | arger water sorptio eak.

Fur t her 8 T B P e FrBART s DS PE £ R19E9 by INggpoa Y Bnder
gr eat er tof DhofstiRe-saMRBinmoanMivRe $iftd tROPESVE hedr HIS R A dri @il @R nfoRtud he
sanpl e anal yzed shortl)%/ after deposition. This plot also shows that the
wat er aths orqstigreopteako] the thepperles ¥ Bdayssicay ba r&ideedREoyRrakiodkertmy €V Ibver t he
t heryral oxi,de |ayer,. Usin | ying PECVD | ayer, there is no
inglroengslg%gﬂ\l/\%ggfmgngﬁggﬁgyghl‘g%gﬁcgﬁ(ﬂééﬁ' a sanple anal yzed 48 hours after

S5deposi tion and a sanpl e analyzed shortly after deposition. This indicates
that t h@0PHCvAN agdyingFECHP Javst Braesordpndeyithan embedimsnumay bafasmede t her mal

CVD | ayger: : A affjni f isture
than { P apreErSGon L iRy 5l PRCLse £ @ Ab- Mkl helRiR he
over | yi (IO amemglcy ctatetriasil dxan (@VIATISeré. hen ok egembdoufewIDe. kaYBI 0zohey

exanpl e, ile the ]té(her.mal CVWD | a ehemay have a thickness of 1Q as much as
10, 000A°6y- 370 CRUARA A IRET 8% Ei%e %a P A A NapisDi dath MRy rhedigeng
PEGMD | @y erawmy | It : mal
CVD | ayer is m)P E&g%nl§8% %%ﬁlé?ﬁzgﬁs '?%(ta@%é%\l/% #%%rat %ﬁ@ﬁ% Sir)&ng?'sévﬁgﬁ) B

st r uct ur-egmhadithgt hiflgh efsbevt 700atst@s to dous G600 sppl. i Tdetproress gastmaysalstesi r abl e

to m ni.m t hi ckness, of | es onf PE | ayer. Confornmlity of
the't nerrane Bt r 2pRroTeR NP op R S S BLectE: e eI eaR ¢ 15

pr essureECVDI pigcdsh thagl R 98 tHel @M fABESSI S04S tSHNQ. IThe WperaureRRSVR | ayers
having a thickness of 50A are sufficient to prevent noisture fromdiffusing

i nto tHbouhibesame evibal wspdfor thodeamalC¥D progessa pl ot of 1120 parti al
pressure versus tine for thermal CVD oxide layers fornmed with and w t hout
PEQUD oxipdeinieays Results aad dMdeédararni t h an enbodi ment of the 20 invention.
This data was col |l ected using a quadropol e nass spectroneter attached to a
degas ¢ er iR r i C was
1000, A S e R 0 o P B BB g
duri ng itlxiue p REGVD wikidenayetr imasofdaove withl aB effibodithent ofjtha irsteatiomi Infthisnert gas

fl ow. Thi | gt sh t i al [ i all ith
e ¢ oreadhebon i BT oW BECRD fasds Wit SENert ST aRr S 55, VD
| ayer. FQ§ plodshdweuhdireS V8 thaWRfmall @VD%@@C’[@QP&}’ r dQrd QU &R 2hQkt sobe H20

parti al gressure to reach a range of about 10-11 atm This plot also shows
t ha® i tMPakéer depositiohimabeinb U0 MPaiaftgr abdup d 40 @utesr tThaldepeassuseessds 2 each a

ner oadehl! PRt SR TR R BEEUER Pt FlaslA0b A A SR ha no

i rrpgct layerdegasal Withen oAglyihd PECVEL &6lebiicllffes réladias retatiegatatiMd @gaphean be
use

same time period. This suggests that the PECVD layer blocks diffusion of moisture into the
thermal CVD layer.

30 [0031] FIG. 3isaplot of FTIR absorbance versus wavelength for thermal CVD oxide
layers formed with and without PECVD oxide layers in accordance with an embodiment of
the invention. This plot shows that thermal CVD layers that do not include an overlying

PECVD layer have a larger water absorption peak. Further, the water absorption peak is

7



30 prior to barrier layer deposition to quickly renove noisture fromthe
thermal CvD / PECVD film Exenplary Methods of Form ng a Low Moisture

Di el ect riwolayer2518900 2011/ 112518PCT/ US2011/ 027422 [ 0034 pPCEIUS2015/02B122
sinplified flow chart illustrating an exenplary nethod for formng a | ow
Moi St ur @redice f@ahe bdnplayedlyRders Rusiiet deRition RECREF GRNGMp drR1y3Bd sEeadi nent
of the invention. The nethod includes placing a substrate in a CVD process
chanber aftgolEpogifien.1 bhin pley akso shews thaithe avatespbsorpties paakids spbrsssedtusings t he CVD
process ey i r r-QC a; . tenperat.ur bout
450C or > %ss an%l%gldisg8%{%?;116tr)rgg)rs,tfg%{(%}re %{Bp‘f‘é@s?%?% 15%(54)1‘].%1“?@3 OHS’?WBH%EI%ISV&? i ncl udes
f or m nglayes dona it mxinceadedy evatd ubsorptish pdak Hetviveh dgampleeinalyied heh&NPafEOCESS
changegéusiglr%ina PECVD process_at a tenperature of about 450C or |ess and a

sub-at miSNTIPEng Asaspicanplyag] shortheaticieposiien. r Biaindecatas thasghediS BPocess
chanber _ll_a%le'xr hétDn ﬁlg@és' (ﬁﬂué?%n bRGofshdrS ht(?ﬁfeqﬁerlrﬁ}'?\/ﬁﬁ eltﬁ%g a%g(%l?a@ QOxi de

| ayer. e neth o i ncludes renoving the substrate romthe CVD
pr ocess PERd I kyer( 150 8)lowp0dd8bity for nad storedthacthe whdrmab@VENagel ment, a net hod of

formng a |l ow noisture dielectric |ayer may al so i ncl ude exposing the

deposi t ggh3bhenmatcotddnc@Rsth REMBoAYS! Shi Bv&yHEOPSCRDOS zli.l%yle% {hner than

enbodi nent, the degas process includes exposing the depo ayers to a
t enper athgrtherofal §dltayd0 Jor exampleewhile the pireems UE ¥ Doty aboast hakv2 aFhickiogss bess.

The, degas,_pr.oce can repove.noi sture fromthe deposited the CVvD and
PECD BTSSR o e €8 oF I rieusa b ab el s TRkt R or
nore Cygyer PHy B8% a thakReR g 118 S0ABY 1¢53C THE ehedmBl €PDWAI R @notener t gas
flow at a pressure of between about 0.1 Ton and 1 Ton and a step with inert

gas f| ogenferngal thanthe PECVAhgyer when) formedioysr stueinss baving highempebeaiios4ITon and
12 Ton. j s . ti b t t 15
on sﬁ%(})ldagga eftlgﬂs,%fz;étdgsﬁra%ﬁ I()rn%flgﬁgg? ﬂﬁ‘é@ﬁg? é}? tgg ess 80r}qgrm\'\a§ orayei

seconds t out secondas. ctric laye

accor da@osfonntlity efitedheenl €W ldybecanrbedbitharimpevebesingadubsthddphbayers. In
thefﬁe aB%I i ca ionsh a barrier layer may be formed over the PECVD | ayer in a
bar 11 er PEEPES I HREHIE AEPASHION RIRCFSS Aethdwn ByE. AEG¥Drlaysrphadner t he

barri er g @%ess dfisoa a{fgglﬁiﬁcféﬁpﬁgjr&eﬂpm%%gﬁg%rom Eﬁ?ﬁﬁiﬁgﬁﬁtb‘%ﬁe tﬁ@ﬁ%ﬂ @AnY_the

netal |ayer may be forned I1n 25 accor e wt wn techniques. The | ow
moi sturkyef the dielectric |ayer can reduce oxidation of the barrier and/or
nmetal |ayers. This can inprove device performance and adhesion to the

di el ect pioss] ayes s is[0st/df 0 patitiNReRERSRAus et {h‘éﬁneﬂ@\/]@%@dﬂeq%%% i bed in
terms of specific enbodinments, it should be apparent to those skilled in
t he artformad withand v6BOubPEEN® ¥idelayersin pecondance withtae ¢mbod@Gmhef twbodi ment s

de ib ei-f.. I it is tq be understood that the features of
onZﬁ{)r Eng?%?oglhbfoh I Jrl;ré%e%{rlﬁ)v gg(g‘%c e|’dsusl}m Feh alg{f)r? 0}%‘96‘5881’%% e&.eé&&wl}eﬁ DAEH nor e
f eat ur eshanfbeat hethisexboglerenigerairetdising eaddehOprovéss R UOER AR bREsdé om t he
scope of the invention. Also, the exagﬁsl es and enbodi nents_ descri bed herein

are f or dyrng fhe ﬁ%qsﬁéocﬁﬁ%ﬁ%%%le@rhwee& Varridyuiag asteprvigheut by ef flewanges i n
el uded ¢ e Lais e HFer ol Gt S TS A bR e H OB prBlHe " Ccope of
t he appésvdpdexpoaentilly with time for a thermal CVD layer that does not include an overlying
25  PECVD layer. For the thermal CVD layer, it takes about 10 minutes for the H,O partial
pressure to reach a range of about 10" atm. This plot also shows that it takes less than about
1 minute for H,O partial pressure to reach a similar range for thermal CVD layers having an
overlying PECVD layer. Increasing thickness of the overlying PECVD layer from 100A to
1000A had no impact on degas time. As illustrated by this data, a degas process can be used

30  prior to barrier layer deposition to quickly remove moisture from the thermal CVD / PECVD
film.

Exemplary Methods of Forming a Low Moisture Dielectric Layer




WO 2011/ 112518PCT/ US2011/ 027422 WHAT IS CLAIMED |I'S: 11. A nethod for
formng a pre-netal dielectric (PMD) |ayer and a netal 2| ayer over a
subst r at eyvotzba/mmesiRod conpri si ng: 3pl aci ng the substrat ecrnisaoiaenzal
vapor deposition (CVD) process chanber; 4formng a first oxide |ayer over

t he submOB4t eFIG. 3 Be sEVPY MIAOR®@S ShahANB@4tingt dheexeiipla8¥ ne¥iod&ot RY@IngfOlowed
using a thermal CVD process at a tenperature of about 450C or |ess 6and a

sub- at nipeishHEs diclestricdaygr@ver hrubstiete v peooyiangs with ¢s egdodignent pf thetinysnbess gas
7 conpr4si ; ' | r.ever. the first
e R S e e

usi ng aoyitiabne erehircabstekeim thalC Viapocesepaabéi B8hglOhe¢MCAYD przesss aat a

t enper at ure of agout 450C or | ess and a sub-at nospheric pressure, the

11PECVOCIPERBYE ofdhauy 420 cerderg apd scuaginpssherpersiaig bk y thermathad #sos,
uher ef mabiReI@auhsts @ond QTR Aol dlet i FYIOGFR T BRATYBIp L Blhufis mat T on

of the first oxi ayer and he sec ayer; novi ng t
subst r atseng a BRCVREprOMSs pr @ tegeratharid ebout B50UT o legp andlrasubiagmhodphgse over t he

second oxi de er.in barri er deposjtion 16 chanber; .and 17f.orm.ng the
ool IRy BS e R epan ey Chaods GRRTe hRE udiior of B
first oxide layer and the second oxide layer. The method also includes removing the substrate

10 from the CVD process chamber (508).

[0035] In accordance with an embodiment, a method of forming a low moisture dielectric
layer may also include exposing the deposited thermal CVD and PECVD layers to a degas
process. In an embodiment, the degas process includes exposing the deposited layers to a
temperature of about 400°C or more at a pressure of about 12 Torr or less. The degas process

15  canremove moisture from the deposited thermal CVD and PECVD layers. In some
embodiments, the degas process may include one or more cycle purges. Each cycle purge
may include a step without inert gas flow at a pressure of between about 0.1 Torr and 1 Torr
and a step with inert gas flow (e.g., Ar, He, and/or N,) at a pressure of between about 4 Torr
and 12 Torr. A duration of the entire degas process may be between about 15 seconds to

20  about 120 seconds.

[0036] Low dielectric layers formed in accordance with embodiments of the invention may
be used as PMD layers. In these applications, a barrier layer may be formed over the PECVD
layer in a barrier deposition chamber, and a metal layer may be formed over the barrier layer
in a metal deposition chamber. The barrier layer and the metal layer may be formed in

25  accordance with known techniques. The low moisture of the dielectric layer can reduce
oxidation of the barrier and/or metal layers. This can improve device performance and

adhesion to the dielectric layers.

[0037] While the present invention has been described in terms of specific embodiments, it
should be apparent to those skilled in the art that the scope of the invention is not limited to

30  the embodiments described herein. For example, it is to be understood that the features of
one or more embodiments of this invention may be combined with one or more features of
other embodiments of the invention without departing from the scope of the invention. Also,
the examples and embodiments described herein are for illustrative purposes only, and

various modifications or changes in light thereof will be evident to persons skilled in the art

9



12. The nethod of claim1 wherein the first oxide |layer has a thickness of 2
about 1000A or nore and the second oxide | ayer has a thickness of about 75A
or | ess. wB.20hetima8hod of claim 1l further conprising: 2aCrars2eieneueng t he
substrate fromthe CVD process chanber and before 3form ng the barrier

| ayer, phdaieng bt heelwleb stithad theispirA aHe gas/isnanNbey appeiRashdthd Repsshstrate to
a degas process at a tenperature of about 400C or 5 nore and a pressure of
about 18PPRIACFlaIEss; and 6renoving the substrate fromthe degas chanber.
14. The net hod of claim 3 wherein the degas process conprises one or 2 nore
cycl e purges, wherein each cycle purge includes a step without inert gas
flow at a 3pressure of about 0.5 Ton or less, and a step with inert gas
flow at a pressure of about 8 Ton 4 or nore. 15. A nethod for formng a
pre-nmetal dielectric (PVMD) |ayer over a 2substrate, the nmethod conprising:
WO 2011/ 112518PCT/ US2011/ 027422 3pl aci ng the substrate in a chem cal vapor
deposition (CVD) process chanber; 4formng a first oxide |ayer over the
substrate in the CVD process chanber, the 5first oxide |ayer fornmed using a
thermal CVD process at a tenperature of about 450C or |ess 6and a

sub- at nospheri c pressure;

10



7form ng a second oxide |layer over the first oxide |ayer in the CVD process
8 chanber, the second oxide |ayer forned using a plasm enhanced chem cal
vapor depwei2nilon28s8( PECVD) process at a tenperature of aboats2¢130e7402 | ess
and a sub-atnospheric pressure, 10 wherein the substrate remains in the CVD
pr ocessyahamercidumimg j§or mati on of the first 1loxide |ayer and the second
oxi de layer; I12thereafter, renoving the substrate fromthe CVD process
chanber; and 13exposing the substrate to a degas process in a degas
chanber, the degas 14 Prioethediogiforming apes-ametat gle@fCtrHMBMDMJ@E@ apd arrpetel and a
pressur T | ess. 16. The nethod of claim5 wherein the

fi r? oxy(géoﬁ%gggébﬁ%atse’ gl%tr%élﬂé?(cﬁéognsprbs "% about | 000A or more and the second
oxi de | ayer has aplabing kitesubstedte abOtHenibdh vapor dp6sitidy (OWB) ptéoedn@hbed ai m 5
wherein the degas process conprises one or_ 2 nore cycle purges, wherein
eacHt cycl e purge foremgrebrshoxitle kygr eYes the suharate gabe {Vdhrmwces cBppbasthee of

b 0 : ' f f
Sbou; 8 irsy Pl Myet ffea Bfe T RAER) (XY DBk by BB e BT o BTN T S v
pr oges sandsesubaathiosteri2 ppesswe sthe gasmelofPbi gocrgs oging e fian groeédSas19. The net hod

of ¢Jaim5 wherein th VD process uses a second 2 process gas conprising
oxygen SATEPTYES0ZoNg G T od for forming a pre-netal dielectric (PWVD)

laygy and a metal feiel sRYR! ofide MYt SRk the i8CHERE RO if ABEVH HBcess

9  chamber, the second oxide layer formed using a plasma enhanced chemical vapor deposition

10 (PECVD) process at a temperature of about 450°C or less and a sub-atmospheric pressure, the
11 PECVD process using a second process gas comprising oxygen and TEOS, wherein the

12 substrate remains in the CVD process chamber during formation of the first oxide layer and
13 the second oxide layer;

14 removing the substrate from the CVD process chamber;

15 forming a barrier layer over the second oxide layer in a barrier deposition

16  chamber; and

17 forming the metal layer over the barrier layer in a metal deposition chamber.

1 2. The method of claim 1 wherein the first oxide layer has a thickness of

2 about 1000A or more and the second oxide layer has a thickness of about 75A or less.

1 3. The method of claim 1 further comprising:

2 after removing the substrate from the CVD process chamber and before

3 forming the barrier layer, placing the substrate in a degas chamber;

4 exposing the substrate to a degas process at a temperature of about 400°C or
5  more and a pressure of about 12 Torr or less; and

6 removing the substrate from the degas chamber.

1 4, The method of claim 3 wherein the degas process comprises one or
2 more cycle purges, wherein each cycle purge includes a step without inert gas flow at a

3 pressure of about 0.5 Torr or less, and a step with inert gas flow at a pressure of about 8 Torr
4  ormore.

1 5. A method for forming a pre-metal dielectric (PMD) layer over a

2 substrate, the method comprising:

11



3placing the substrate in a chem cal vapor deposition (CVD) process
chanber; 4formng a first oxide |layer over the substrate in the CVD process
chanber, wbeot/fies18t oxi de | ayer forned using a thernmal PCVISpriamesig2 at a
tenperature of about 450C or |ess 6and a sub-atnospheric pressure; 7formng

a segond oxi de | apkeing\es subbeatt i §th@9ﬁbaevab@y®i>omﬂoﬁtev ProRERCRISLE;
chanber, the second oxide |ayer forned using a plasma en anced cheni cal

vapof deposition rpmECvNst pride daysr avershg %ﬂ?ﬁéﬁtatmﬁhé (fD abwass @E@l@%ﬂ\ﬂ] ess
and S | r / LJS20 erein
t he gubg?s rt g’%gg?%%glfdr@ elaﬁllg? %é t%ayggﬁ S %%%ﬁ%%mgﬂ#%ﬁ O% é?ur%raél onorglF *% he
firsét 1aokase- ht&mepheaiaq)rédem’esecond oxi de | ayer; 12t hereafter renovi ng the

substrate fromthe CyD process chanber 13exposi.ng t he substrate to a degas
procéss in a dega I'E’r‘l%ﬁw‘l‘)%ercon Al E?@S"so‘ﬂﬂﬁﬁr@éb@@d%}@yg indppe VR Rrpeessf about

400G or ey ARE s oRd BRRIMY epfo 8"& in % e%aﬂc%é%he L 8f3 Rkitioh OF M NQ
a eposli Itlon

a barrier |ayer over thescon ayer I'n a rri
c han%er (P%WDlﬁtohesselaa teanperdtotenif] ragothé O?@ba]esd ayler subvcemwﬂimlb areshige, | ayer

in osition 18 champer 11. The net ho | ai m 10 rein the
e 8 ot g SO ramay KRSV DTSSR B R hlr ffe. second
oxi ge I a¥ige 1@ al thbk&ongsideflaj@pout 75A or |ess.

12 thereafter, removing the substrate from the CVD process chamber; and

13 exposing the substrate to a degas process in a degas chamber, the degas

14 process at a temperature of about 400°C or more and a pressure of about 12 Torr or less.

1 6. The method of claim 5 wherein the first oxide layer has a thickness of

about 1000A or more and the second oxide layer has a thickness of about 75A or less.

1 7. The method of claim 5 wherein the degas process comprises one or

2 more cycle purges, wherein each cycle purge includes a step without inert gas flow at a

3 pressure of about 0.5 Torr or less, and a step with inert gas flow at a pressure of about 8 Torr

4  or more.

1 8. The method of claim 5 wherein the thermal CVD process uses a first
process gas comprising ozone and TEOS.

1 9. The method of claim 5 wherein the PECVD process uses a second

2 process gas comprising oxygen and TEOS.

10. A method for forming a pre-metal dielectric (PMD) layer and a metal
layer over a substrate, the method comprising:

placing the substrate in a chemical vapor deposition (CVD) process chamber;

forming a first oxide layer over the substrate in the CVD process chamber, the
first oxide layer formed using a thermal CVD process at a temperature of about 450°C or less
and a sub-atmospheric pressure;

forming a second oxide layer over the first oxide layer in the CVD process

chamber, the second oxide layer formed using a plasma enhanced chemical vapor deposition

O 3 N R W N e

(PECVD) process at a temperature of about 450°C or less and a sub-atmospheric pressure,

12



112. The met hod of claim 10 wherein the degas process conprises one or 2
nore cycl e purges, wherein each cycle purge includes a step without inert
gas fl oww0 2a113pesassure of about 0.5 Torr or |ess, and &CItusponiorta2: nert
gas flow at a pressure of about 8 Torr 4 or nore. 113. The nethod of claim

10 the whekimhe SMstrite@6A6iRs USBS CGVID ipFdtessuham®eSddingad it df$hdGrspzone and
TECS. 114. The net hod of claim 10 wherein the PECVD process uses a second 2

pr odes soxjaa layerandiths spgonk 9yién laved TECS.
12 thereafter, removing the substrate from the CVD process chamber;
13 exposing the substrate to a degas process in a degas chamber, the degas
14 process at a temperature of about 400°C or more and a pressure of about 12 Torr or less;
15 thereafter, forming a barrier layer over the second dielectric layer in a barrier

16  deposition chamber; and

17 thereafter, forming the metal layer over the barrier layer in a metal deposition
18  chamber.
1 11. The method of claim 10 wherein the first oxide layer has a thickness of

2 about 1000A or more and the second oxide layer has a thickness of about 75A or less.

1 12. The method of claim 10 wherein the degas process compﬁses one or
2 more cycle purges, wherein each cycle purge includes a step without inert gas flow at a

3 pressure of about 0.5 Torr or less, and a step with inert gas flow at a pressure of about 8 Torr
4  ormore.

ok

13. The method of claim 10 the thermal CVD process uses a first process

2 gas comprising ozone and TEOS.

1 14.  The method of claim 10 wherein the PECVD process uses a second

2 process gas comprising oxygen and TEOS.

13



