I N SI TU DEPCSI TI ON AND | NTEGRATION OF SILICON N TRIDE IN A H GH DENSI TY
PLASMA REACTOR CROSS- REFERENCES TO RELATED APPLI CATI ONS Thi s application
is related to concurrently filed and commonly assigned patent application
entitled "LOWPRESSURE STRI KE | N HDP- CVD CHAMBER' (Attorney pJchen 200s.
AVAT 3272) having Kasra Khazeni, M chael Cox, M chael Barnes, Huong and
Thanh Nguyen listed as co-inventors, hereby incorporated by reference.
BACKGROUND OF THE | NVENTI ON The present invention relates to a process and
apparatus for the deposition of dielectric |layers during sem conductor
substrate procesdNISITUDEPOITION aNDINTIHERNEHONOF SYERCOM rel ates to

a method for deposiNITRIBEAN AUIRDGH DRNSITY PLASNIA RE¥CFOR cate gl ass and
silicon nitride in a high-density plasnma chenical vapor deposition reactor.

Sem conduct or device geonetries continue to decrease in size, providing
nore devi ces per fabri CROBURWEERENGRE TORRIATEDARRIGSATRING e t he

i ntroduction of sem conduc inte cir veral decades ago,
integrated circuits ha€§s R télﬁanron ﬁmlg%gh Concuéreutlrl}‘tél%d@ Cf”mrlrlﬁ'tﬂé AV n‘Zl stors in
| ess space w mdtﬂnea:(phcamewe:g&lnmecRRHSSUﬁé\ﬂT@ﬂsE DNCHDPeIH D yIHAS\mBrERdew ces are

being fabric aci re I n sone
cases ther e Ll bshERE AYRT 2R 3 he REA Rkl RSN COE RIMLE, oo
Exanpl es of tBRes®, Hwﬂg@mﬁhaahelgcmdlalcﬂ aa/ce»-rhvan@ss, beretiyriogerpaitityer ed on a
| ayer of rret% um num has been. typically used in such traces.
Recently, techniqués have been devel oped for depositing traces nade of
copper. Copper is desirable in such traces as it is a nore electrically
conductive material than al (o] aletelals yer of dielectric
material, such as a silicon oxi SE,OIS oftenhkgi\}epo& ed between and over the -
patterned netal |ayer. Tl’ﬁﬂr@e@liieieemrrrbl@teiswomawndsmmelﬁcﬁ\lm al purposes,
i ncluding ele I I h netal | ayers,
O&‘eggéit?(gl clfﬁ ele@[?ﬁ;’l Eu]sia r}%&%mmﬁﬁcﬁ]‘cto %&Pﬂ SIS q\h'le |

i nsul ating conductive eatur S ayer trom eac and
prot ecting thepeeiBeadly, thtalgreﬁemanthhmn relates b ametheddin ¢epysiingahd oregodtiogi cal
damage. As

t hﬁyers of fluorosilicate glass and silicon nitride in a high-density plasma chemical vapor
deposition reactor. ;

Semiconductor device geometries continue to decrease in size, providing
more devices per fabricated wafer and faster devices. Since the introduction of
semiconductor integrated circuits several decades ago, integrated circuits have
generally followed a trend of more transistors in less space with each new generation of
devices. Currently, some devices are being fabricated with less than 0.25 pm spacing
between features. In some cases there is as little as 0.18 pm spacing between device
features. Examples of these features are conductive lines or traces pattered on a layer
of metal. Aluminum has been typically used in such traces. Recently, techniques have
been developed for depositing traces made of copper. Copper is desirable in su—ch
{races as it is a more electrically conductive material than aluminum.

A nonconductive layer of dielectric material, such as a silicon oxide, is
often deposited between and over the patterned metal layer. This dielectric layer may
serve several purposes, including electrically insulating the metal layer from other
metal layers, insulating conductive features within the layer from each other and

protecting the metal layer and/or features from physical or chemical damage. As the



spaci ng, or gap, between the conductive features beconmes snmaller, the
capacitance of the resulting devices becones |arger. |Increased capacitance
can slow down the operation of an integrated circuit. One may o re uce
the capacitance is to use an insulating material with a Iom1d|

constant. Such materials are often referred to as lowk dielectrlcs. Cne
approach to depositing low dielectrics to fill gaps is to incorporate

hal ogen at ons,idj Idel @R ndic0xdu a6, ! EWPP R

i ncor poration Par egomggeagcrelhﬁegd“l nus %Ylgénstbe [ ca QIECE%! g‘]% R{)s
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F- DOPED, FI LNSulBfnGREATERithITaBHicletyt corsatt Sofh miterilts ae eftanmeforgide at ed
herein by refe{RNCeleddicd S believed that halogen: dopants, such as

fluorine, lower the dielectric constant of the silicon OXIde fil ns because
hal ogens are el ect r onegretappraditio depotihing lodalinieaizetot flibgapoisar inzaporhiet y of t he

overal | Si th%%é"@{t Eogggllcg?gigggfg§%; b%:zi%?p %)ﬂiigl%gf |lIIICrcr)rsrpo@art{%rl often referred

to as fluorina | cate | "'UOrt ne ¢cont ent
general |y detdesonbeddn Q&]é’a@mo"gwﬁitaities Serfal Hos. 8§/6438,3f1, filEGCciobre 15,4995 he

diel eot 1 0 capsl Ly -\FenbbIO) DBAARER R WARVIRG AEMEASUE S v L1

Fourier TransformliInfrare troscopy e ratio the
hei ghts of tWf H%@GEHtD@W%éM@ONﬂ?@D%LMﬁt’ apdl 08(578;, @Q,tfilétSDﬂ)qunéak

general ly i nqg%qg £ “PEESTHNG ra second

(Si O peak generall %tlﬁ pggt es t?%?pDFgggﬁrc}ggggﬁgl %ﬁs %@% ?Iéﬁe aver age
fluorine concdiBiE rbqfhﬁfthéChFRSGﬂF%PWakhnr@mbjbvap@p@eIntSéygleeVp@EHat Hei ght
rati o (% PHRha@Senfd@bdrtiuch urenment of
the fluorine go%etnenk of tc é@ hﬁrlneggﬁgﬁ%ejvﬁ&%{rg%onﬁ%“ %‘f—ﬁﬁ&n@@%ughl y
propor ti onal s basesabdegens o plecitnegetivy dems gtrpergate thiy eolpS@olligyefithe The at. %

Fis soneti gesapSiord%ivint 88hoBYe ddped élf?(!o%lxﬁe fifths ardBifen Terk0dbR XK, where K
is an enpirically determ ned constant. fl'uorine concentration (at. %F)

can be det er fpreRiegyilisgfe BlasreFHEHEImss secondar y ion mags spectroscopy
(SIMB), attenuated totpalus@felcBfibht@BhetA) Rternffies 8l WH@L oiaJ‘lﬁJ(éf'%f S.

FSG such as the dielectric constant. The fluorine content of the FSG is measured with
Fourier Transform Infrared Spectroscopy (FTIR) in terms of the ratio the heights of two
-absorption peaks. The height of a first (SiF) peak generally indicates the presence of
Si-F bonds. The height of a second (Si0) peak generally indicates the presence of Si-O
bonds. The average fluorine concéntration in the FSG is measured by percentage peak
height ratio (% PHR) as follows:

% PHR —%xloo%

i
Direct measurement of the fluorine content of the FSG has shown that the % PHR is
roughly proportional to the atomic % fluorine (at. % F) in the FSG layer. The at. % F is
sometimes approximated by the formula:

at. % F = (% PHR)*K,
where K is an empirically determined constant. The fluorine concentration (at. % F)
can be determined by such methods as secondary ion mass spectroscopy (SIMS),

-attenuated total reflection (ATR), or elemental analysis.
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One way to deposit a dielectric layer is by chem cal reaction of gases.
Such a deposition process is referred to as chem cal vapor deposition
(CVD). Thermal CVD processes supply reactive gases to the subsHraygNsaf ace
where heat-induced chemnical reactions take place to produce a desired
film The high tenperatures at which sonme thernmal CVD processes operate
can damage netal |ayers on device structures. Plasma enhanced CVD ( PECVD)
processes, on the of hesud\and iRLAPLElec é&yér%wmﬂ;ag/@ga&& ?s(ék ation of

t he react ant O%gses by capacitively coupling ra requency (RF) energy to
a reaction zonehprepepiten krogehels miisrd taasehenict aeor defosifien{CVIDr Shtimaly a pl asma
of highly rea@ﬁbﬁﬁ)c&%%ﬁp‘%y reérch%c gusgéwo ru?e%ﬁtfs’tr\iﬂe"s&’rfa{%é wBQQhéa?Ln%%ﬁd Speci es
reduces the energy required for a chemcal reaction to take place and thus
| owers the réguicilaerctignsinke ataca te pragucesieniradVibnp Theldgls emperinfeo pt unat el y sone
PECVD pr ocess@gch e IRmiACES profSseh Qp‘gﬁp%'dtafngé% nr%tﬁ%‘?%ﬂ@%ﬁ QLdeng the

geonetry of the underlying feature. 0 an create voids in the
bot t oms of t HEUgES . Plasmsrcabanepddad fﬂﬂqwmgr@aﬁeﬁbeﬂ Bbehertadd, wianethi gh- densi ty

bl asm OV (chBaYBly/sibd@Mon d o ORAEVRec 1 A SigERRIIAL Ban | nduct i vel y

coupl ed. plasma under | ow pressure conditions of such a
plasma is gr é@HWCbW)&WE)OB?|amﬁ9@qwoﬂm0@mam§h€ewbﬂﬂ@@ﬁsrf@? eYi t ude than

the density QfecainFAPasiddrnihly re&%p@&espg@/f;?&v}e@é%%/ of the [efeall ébéi-‘;}/@d t hat

t he | ower chanber pressure eg) ens provides active
species with fadwcwge PRSERN T¢quised 1962 phermitabrepating tm@@mlaﬁ: precethypsdoviers iwbi ned wit h

the hi gh densiduyred@lchPWarude 15 Gt tvgwceg’s@mﬁ{folﬂfna@ﬂy%&H@PE@@ﬂ%}dcteéé@snt s to
reach even the deepest portions of "closel };&hs pi ce providing a- film

with excel | erffus§apriationy in depogisipmtsfes pecorking t @Oﬁﬁ@hogﬁmdﬁ@yi%@@éieat ed with

HDP- CVD  al sGubk pliRb@enatRbértRE 0 il e ibBlortleI @RI dupON.  The sputtering is
believed to slow the dep05|t|on at the top of t ria(%:;a and t hus keep t he

gap from closing pre f@p@gaplﬁlpr@rqaghgglgwgedﬂﬁgyt@g casitygiiesmg (S8t

associ at ed WHDPERSD) S¥ehs Insﬁnea:abl mgc&grg@@e;atgﬂnq&tﬁme\tfcomp@@sﬁsm@e
problemis that copper is hlg diffusive in dielectric materials such as

FSG. Furt her WBP%?O‘&P%W spnqdiflp Ehw@lm}’évehwsabs&ﬂrwerhb. sture fromthe

at nosphere orapﬁrbsalmare@,a@foloeﬂmwoe@mfsna@ﬁmelmtaﬁﬁfé déhsith of DapaleRes) tion
process. Copper djffusion and noi sture absorption can be prevented by

deposi ting a SOtMHFHPERYRplagpa df s Pﬁlb?ﬁe%‘ihﬁtr‘hﬁéwtfﬁhm PISBRUECSPl Y et FSG or

between the Fg8p- bmystarﬂéjplﬁhﬂes a@ﬁl@@?écxésﬂtﬁra lonkHealt rbd SN THelibrigdReafiCt s as a
di ffusion barrier has a diffusion th in silicon nitride of

bet ween appr ¢%FRAP éP‘}}aﬂ?ﬁ’O“” e bighy degigstlioyiia Slgfri gt gumber of plasma

constituents to reach even the deepest portions of closely spaced gaps, providing a film
with excel.lent gap filling capabilities. The high density associated with HDP-CVD
also prom;)tes sputtering during deposition. The sputtering is believed to slow the
deposition at the top of the gap and thus keep the gap from closing prematurely.

' Unfortunately there are some problems associated with FSG layers
separating copper conductive traces. One problem is that copper is highly diffusive in
dielectric materials such as FSG. Furthermore, a poorly formed FSG layer may absorb
moisture from the atmosphere or from reaction products associated with the deposition
process. Copper diffusion and moisture absorption can be prevented by depositing a
thin layer of silicon nitride (Si3N4) on top of an FSG or between the FSG layer and the
copper layer. The silicon nitride acts as a diffusion barrier. Copper has a diffusion

length in silicon nitride of between approximately 150 and 200 angstroms. Thus a
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Si 3N4 | ayer 200 angstrom thickness or greater is sufficient to prevent
diffusion of copper into a dielectric |layer underlying, or overlying, the
Si 3N4. Unfortunately, fluorine tends to outgas fromthe FSG at.,.
tenperatures of about 350 C. The outgassing fluorine forms "bubblleddN 2 an
overlying Si3NA | ayer. The bubbles may then [ead to delani nation of the
Si 3Nd. One typical sequence for depositing thin filnms using HDP- CVD has
been to flow Sipgaiyer MOnENRICHRRIRES or shda@R isShffick 1@ PreMdngBfuftbasima at a
pressure of a }g)roxi tely 40 mllitorr. Once the_&l"asrra is struck, the
pressure in t‘?ﬁ’g CHATD EPIePEC Iy FdIael M OB g tiSisNet Hpietesally- exanpl e, by
openi ng a t hriokiheteddd ty O)tgaTebnt e FSGAERAPEuRHOBERSSAIE THNQEEEd to the
chanmber to de os.itfthe"f'hl m, . Unfortunately, for, the first few seconds of
deposi tion by 1oHPEOREE HHavley HbaneisHEng Piats igese Shahyobler B leaslenl y si nce
each gas nozzdemntimyiobef e SigNgdi f ferent pressure. Deposition starts
imediately if the plagma i s already on when deposition gases start to

flow. Thus, the initial® %HF%‘PB%’F“@J%Y&pW“t“ﬁ‘rti'hgl“ﬁl“é@ﬁﬁm r¢ 3485 on causes a
non- uni f or m itk jogflowl ay@iinta thd AYMbdNBEREIRAY Sigb®pBsnid e b Picsdnasys .

Non- uni f or m t% of . thf% fd I g}.i snbsuahlg/ determ ned by neasuti n% t.he

t hi ckness of PREXFYFY 44 mliaandrase the plasnags strugly thepussare pthe CBLAIE and

taki ng the wirddteddo abthe SmeiBitdt (iExhmple YR eninh sSthioltRWhiveyundtnehal f  of

maxi num A th[jfn fti | m deposited . as_ set fortg above typically exhibits,

wi t hi n about FBPSHERSAME 25Antedpsegii, e phamberip deppsit the il Uplaptestal- €9 of about
4.75% The nahe fini fe@rsedohys dfidghuisitide 6y BiaRetliod, b adpositich fdesalbner Aidbout 30
seconds and s] ovM .1 ncr.ease to abqut 4°otafter abo 60 .seconds. This is not

i B fitne: £ i p»

SYEHY ERTSHTHES RPZAE B grent pressUte- PePORtOR St 1000A)

general ly a prob
si nce t hi cknassediatetyiéthie plasmals already on wher depbsitjo@rgades stais wafidvy, EnusThd |
per cent age of. J

..the total fi. t hi ckness. For exanpl e, suppose a 10, 000- A
thick film he{‘sl“‘%ﬂ’iib%" A%"“f‘ﬁi‘”d{bq'}ﬁeo‘ﬂ?s{fﬁi rEjanop ﬁ‘i‘“ﬁ?sé’ing}?"éw'é‘?@ g R unt £ or m
initial |ayerfegbomsiédmpgonait thicBngser N@ninifafmityt dTehe finds usubliyndetdmintkdess.
However, for .a filmless than 10001 in thickness, the sane 3001
non- uni f or m 1% yer-¢o ﬁ%“f‘%‘%‘%ﬂeiﬁcfjfg“e"%@ﬁp 2 BLfmbr?‘B?fgeﬁf 4%!‘?8”‘?’%35‘@?58%&‘"& t he
entire fil mtakSagthe walth ofithd msutitgythicieneas digrbutitg & hiaif abhexiinbma Acthin filayer .
Therefore a .exjists. i.n the art for.a stable | di el ectrjc gconstant FSG
(it h o QPG R TotRaol ey PRy Rhils i BRaBh Y St stunkibe fitgy
t enper at ur es pdasthaz nopemiomiityafitbawed. AE9d. Ofic mbepaioriityghigia@ecrease GUVMARY OF THE

| NVENTI ON The, 385899582 36 Bords SREMwil BERAE 18 ookl 8 GREGR 0t BF slon@idvant ages

This is not generally a problem with thick films (i.e., greater than about

1000 A) since thickness of the initial non-uniform layer is usually a small percentage of

the total film thickness. For example, suppose a 10,000-A thick film has a 300 A thick

non-uniform initial layer. The non-uniform initial layer constitutes oﬁly 3 perceﬁt of

the total film thickness. However, for a filin'less than 1000 A in thickness, the same

300 A non-uniform layer comprises 30 percent or more of the thickness of the entire

film. Such non-uniformity is often undesirable in a cap layer.
Therefore a need exists in the art for a stable low dielectric constant FSG

film with a silicon nitride cap layer that strongly adheres at high temperatures and a

concomitant method of depositing same.



prior art by depositing a silicon oxide |ayer (e.g., FSG on a substrate,;
and treating the dielectric |layer with oxygen prior to formng a silicon
nitride cap over the layer. The oxygen treatnment stabilizes tHep jf 00"
one enbodi ment of the invention a |ayer of FSG having a fluorine content
of greater than about 7 % as neasured by peak height ratio, is deposited
by HDP CVD, and treated with an oxygen plasma. A thin (< 1000 A thick)

| ayer of silicon nitride is dggmﬁﬁg@n{% W 110k FSG using a

| ow- pressure strike as described nore ow. The first dielectric may
be deposited by fl ow nglhg msiliodebie prspanbinméntgn ovefdomes thadisslvartagiens e and

oxygen contai rﬁh&%rﬁﬂﬁﬁﬁoﬁtm@%&ﬁéb& o dE l%ﬁ{%ﬁxs IE'?EL@Elr e 1?(1 lreafnlqéstherpl asna

and depositing the first dielectric |aye he second
di el ectric | afElechigyaysewdleposen rstbr twfomlllow ﬁgcqnmendﬁrcamm tfpﬂmeéﬂ;e gases to a

deposi tion chaphg 'Ereatﬂ@ﬁtfsm)m&ghe% §CP ¥ BhE r:h?neﬁg df élhaq{n;eﬂtldnr!al l%.)h:?gile a pl asma

deposi ting the second dielectric |ayer vm secon
pressure stri K&Gdannpe fluetesoetent bisreaetiznlabai iy af mowsred)by Ddakehpghjcess gases

such that the rﬂfoe§%leﬁo‘§1tédrb Ihﬁ’P @bﬁmﬂrtreﬁéd Qﬁltl X}?&QE?%%I&HQ A%, 'EQ |dobteor I .

turning on a bias volta gf a period Icient to tablsh a
weak plasna, THEN@aK s lﬁ@h‘ﬁ“#ﬁ}ﬁ %@Sémm layevef KB ening] ad ohv- pm[sttueerstmlhre weak

plasma is estaag)gsb@g@qw%ﬁgy[,g&”vol tage is turned on and subsequently the
bias voltage is turned off.  Alternatively, a low dielectric constant film

may be formed by depodiheifisg diglegtricmen ks dapesited by flering ¢ Filien opitaining, f i r st
atomc ratio %otﬁdelé@ﬁt'alﬂﬁlgtaﬁd %%%ntalnrlr{geg%és Qgeﬁogﬁorf §g'mtof} ée%gr':fﬁl?glg he ratio
i

of -fluorine to oxy sequent | ep con nitride on top

ositin
of said FSG | &p! as‘Fﬂ'%‘Fié‘P%Hﬂtvg “’th’éﬂ ﬁs@‘&éﬂ?dsli"t”ﬂﬁhe f usknjepEn. The wsgendent, and

silicon nitri deldeReskt i@ bedefositbd bypm;ruflﬁgm@r IBrelphteR0R Sktiowi t hout
renovi ng the substrate fromthe chanbe I n. an alternat|vere odi nent, the

| ow di el ect ri ChOBKEPERI™IGY WWgrcF%‘F?Fé‘H(B tQuingtiates nlagipa derspitimstse Brspieen t wo

| ayers of sil idietBiricMyef Wilt€sech@Phsmb.| TIEABw Bidsdukifriked¥ She dcﬁlsvcfd ?md using a
| ow- pressure strike and the FSG |layer is treated with oxy o enhance

stability of CHEPUshipglowyl heprocstrgasrs sush g thepropvee IBF]EscB‘H’E CFH\PéWteFIbn may be

enbodi ed as as apd Qﬂ]’rﬁlﬂﬁt@@d@mfn@'bnﬁ@ﬁ& ltabd 392 Per@BF GRALSHELI G 10/ RfaBlish
code, may be stored in a suitable conputer

pr ocessi ng syst egﬁ%@ ﬂtﬁ,&{ler%i@in) b : i o a
readabl e stor &§¢ PSR BAY beBwetesly Epledo ffien the dg2k Blagint r ol a
deposi ti on appasablishedOsgarde Sbifge isAurdQRAnE i kM3equently the bias voltage is turned
off. ; )
Altemnatively, a low dielectric constant film may be formed by
depositing a ﬂ_uoré)silicate glass (FSG) with a first atomic ratio of fluorine to oxygen,
treating the FSG to reduce the ratio of fluorine to oxygen, and subsequently depositing _
silicon nitride on top of said FSG layer. Preferably, the FSG deposition, oxygen
tréatment, and silicon nifride deposition are all performed in the same chamber without
removing the substrate from the chamber.
In an alternative embodiment, the low dielectric constant {ilm is formed
with a layer of FSG between two layers of silicon nitride. Each silicon nitride layer is .
formed using a low-pressure strike and the FSG layer is treated with oxygen to enhance
stability of the film.
The various versions of the present invention may be embodied as a

program code for controlling a semiconductor wafer processing system. The program
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chanber, a gas panel coupled to the chanber, a plasma generating system
coupled to the chanber, and a controller coupled to the gas panel, the
source power supply and the bias power supply. The controll et |caIIy
contains the conputer readable storage nmedium having the prd@?aﬁf

Fil ms deposited according to the various enbodi nents of the present
invention exhibit low dielectric constant good thernal stability, and

stro ng ad hes : Cgﬁe 1 la}’lFLtlErS Oggjrlﬂobrﬁ)\%[a&%rﬁgl%ﬁ BI’ l' it Lﬁ%ﬁg‘rta%enbe lTl %&?%Paaf{l]ﬁgd rrte)%/ hOd

depositing bot
are particul a;ptitycaubetqmlfgurnd oopples! addegmameraaxppcbmmamgmposnﬁﬁl EF

DESCRI PTI ON @%’W S ne
enbodi nment O]E?ﬁ%‘n IEE - de 19{% ik Oettlie'ra%hﬁ?lemdé E e?aqli gﬁ%&ﬁz}l rretd Esgyst em
according to thehrélarpb@saeﬂta cmﬁmdinttqoopied ®itigs. gad Baniels tha smqrm:towrer @dpl& mmt@e section

of a gas rin ry CvD
processi ng c%angg%erg@ﬁlgperhg%i%@grtyg?@y:égﬁéh%q%p “EFP'f QE% |agra of a noni tor
and |ight permadhatbavig teromrgrdoden conj unction with the exenplary CVD

processing chanber of Pﬁn‘% deééas‘lted:dcgdrdlglé)ﬁjéﬁ ﬁaglgllas e‘%b%gﬁﬁ{eﬁts fth?ﬁreggﬁ?npl ary

process control conputer program pro to con € exenpl ary CVD
processi ng cHheyehlem cahibiciay diklediric cdmsignt, gofl theanat sta'g bty sad tsirengaidhatiomgr am of an

exenpl ary strgy ﬁh%grecﬁgée@ IHEC QtiorPlin pbg@&%%& B% dr%]:)sﬂn .o?ﬂ Elﬁ{srbg(f-l Ryer

according to the present 1Inv nt| on; S secti di agr am of
an exenpl ar y P\Gvinghite] Elest anibodimenisof ﬁtntncﬂtoﬂ ate geitiorldiyrgefubintchppepr esent

i nvention; SedeSppichliqy di agram of an enbodi ment of a nmethod of
depositing a CQT““ ; gﬁgctlérhl c constant filmaccording to the present
invention; Fig. 5 depl cts a flow diagram of an enbodi nent a nethod of

depositing a cap |layer aﬁﬁﬁP@bE&ﬁIﬁT@\?eﬁﬁgﬁ%ﬁAWW@@“ on, Figs. 6(a)-6(h)
or me

depict a cross-section of a parti agb}/ integrated circuit undergoing
an integrated dual - darfasdéniea prplié wtmptnnngmb@uawteﬁmahﬁ@mty of the

present i nver};ldsﬂtg chedfidh] vapgf &%osﬂ((nas%rstz& Qécoﬁ]rr% tb ey F@J:nt %%H{ogt ron
spectroscopy diagrans for ectric constant fil
Fig. IB is a simplified cross section of 2 gas ring that may be used in

conjunction with the exemplary CVD processing chamber of Fig. 1 A.
Fig. 1C is a simplified diagram of a monitor and light pen that may be
used in conjunction with the exemplary CVD processing chamber of Fig. 1A.
" Fig. 1D is a flow chart of an exemplary process control computer
program product used to control the exemplary CVD processing chamber of Fig. 1A;
Fig. 2 is a cross sectional diagram of an exemplary structure containing
an embodiment of a dielectric layer accotdjng to the present invention;
- Fig. 3 is a cross sectional diagram of an exemplary low dielectric
constant film according to the present invention;
Fig. 4 is a flow diagram of an embodiment of a method of depositing a
low dielectric constant film according to the present invention;
Fig. 5 depicts a flow diagram of an embodiment a method of depositing
a cap layer according to the present invention,;
Figs. 6(a)-6(h) depict a cross-seclion of a partially formed integrated
circuit undergoing an integrated dual-damascene process according to an embediment

of the present invention; and



DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS |. I ntroduction Enbodi nents of the
nmet hod of the present invention deposit a stable nultilayer dielectric
filmhaving a low dielectric constant. The filmis stabilized by, treatnent
with oxygen and capped with a uniformlayer of silicon nitride |&JsJiMam
1000 A thick. Specific enbodi nents of the nmethod of the present invention
deposit fluorinated silicon glass (FSG . The fluorine content of the FSG

is measured with Fouri orm I nfrared Spectrosc FIIR) in terns
of % PHR The SiF peak Eﬁés 7@33@%%“&? d%f"(kﬁx‘%‘éppﬁﬂFPﬁ%"rpyg%ré%‘BEﬂ” 0 cm 1.
The Si O peak id&elecisicondtdny fibms. a wave nunber of about 1040-1100 cnil. The
fluorine concentration in the FSGis neasured by percentage peak hei ght
ratio (% PHR) as descri bed above. In a particular enbodinent the FSG | ayer

has a fluorine content, DEXSCRENEONGF BHE BPPERIC BMBIOIIMENTS or greater. The
| ow pressure: s{t”' vides high uniformty in thin layers by stabilizing
. It%gl\llo\g&? .

the desired gas rior to striking the plasma. Both | ayers can be
deposited in-situ usi nEnPRIn@YD,of the@rettoy of b arednngyRINioE @H6sii Aty ation. |1 .

Exenpl ary Substiab&: B ' stem,Fig. . 1A il]lustrates one enbodi nent of
a high density pl a%ﬁg;c%ﬁg?nﬁ!:"gﬁwﬁléﬁ%‘? d'c'fke%%ici"?sﬁ?ﬁt' I(‘lq?-\ -Wlﬁﬁag’élﬁqtgm 10 in
whi ch a di el edeptment vathexygneod dippgl with 4 téforp taysrexfbilitatmetntie REs thai obe

deposited. Syst g1 ek chanber. 13,..a vacuum system 70, a source
pl asma syst em 80A, '@eﬁﬁgéﬂgﬂ%g“s‘%és og%tl%er%l G’E,ﬂwﬁreég‘gmd%]“ioéa?%?msyst em 33, and
a renote pl asiiownatednilioen slyss ()5 The Mineing ppeent plihd FMisofeaahainbier 13

i ncludes a domgyddt Traghd j a am c _di ri terial, such
as al um num oxi Iae of%%dﬁﬁgﬁﬂf&grﬁ%@y% 1”}5rms et?/il’ Egg‘ ;ﬁe g’%ﬁﬁ?’k Boundary

of a plasma ptdi@lytingvave gireber 9Babom 898 wm ' p TbeSiOgienigis typipalivnat akéve s bounded
on the bottom;p¥Ld-ReEHARPR0- e -of rate 17 and.a.substrate
support member 18, A heat_zw%q‘gfeﬁlfi@%n Qgﬁcglgtfaglo'ﬂ)fnatﬁ%gﬁ%rﬁ?% t, and
are thermal | ybY eeseqtage peab heighirretion®s PR pasalescpbaltabo®3 lampartiallal pl ate 24 al | ow
control of themfQfiBent RMRES @l h& aFfﬁoH%i%h%gﬁ%qtﬂ%%%arobgt%\ﬁﬁﬁQf 8 fvange of about

100C to 200C. This allows optim zing ure for the various
processes. For® &@5#Te, it may be ‘

The low-pressure strike provides high uniformity in thin layers by
stabilizing the desired gas flows prior to striking the piasma. Both layers can be

deposited in-situ using HDP-CVD, thereby enhancing process integration.

II. Exemplary Substrate Processing System

Fig. 1A illustrates one embodiment of a high density plasma chemical
_ vapor deposition (HDP-CVD) system 10 in which a dielectric layer according to the .

present invention can be deposited. System 10 includes a chamber 13, a vacuum
system 70, a source plasma system 80A, a bias plasma system 80B, a gas delivery
system 33, and a remote plasma cleaning system 50.

The upper portion of chamber 13 includes a dome 14, which is made of
a ceramic dielectric material, such as aluminum oxide or aluminum nitride. Dome 14
defines an upper boundary of a plasma processing region 16. Plasma processing region
16 is bounded on the bottom by the upper surface of a substrate 17 and a substrate

support member 18.



desirable to maintain the done at a higher tenperature for cleaning or
etching processes than for deposition processes. Accurate control of the
donme tenperature also reduces the flake or particle counts in _the chanber
and i nproves adhesion between the deposited | ayer and the subsifad@N 20Bhe
| ower portion of chanber 13 includes a body nenber 22, which joins the
chanber to the vacuum system A base portion 21 of substrate support
menber 18 is nounted on, and forms a continuous inner surface wi th, body
nmenber 22. Substr at es “aftef plats 3P andaeld pitte 2hsndmounnt, 20f arcwmhatly 13 by a

robot bl ade (aalpi@liaMhe 14 IONGRIAY IR &N bRk SHRY Bl ORRTLGL 1t Shown)
shown) a

in the side of chanber 13. Lift pins (not re raised and then -
| oner ed under 'FHEARBHCEIhinAboY 1kff 6 pver aFange picabowtHENIK) to 20 Crrdis atidwes

substrate frospiduging AfQbmBhdafRrafke BPLHPRRs {)B@éé&eggf&%ﬁgﬁﬂl%n g»bliso a | ower

h
processi ng position 56 in whi cﬁl the substrate is placed on a substrate
receiving p_orfj?sbrﬁble fpgniptaig fscdopg pia Eéﬁp@merﬁ@rﬂa@rclqa@mgsubtshmmt e receiving
portion 19 i ngloUsles uan for@eﬁ&%{i%ﬁ?o@és’s&. ﬁ@&gh% &b S 8GN tglﬁpetrﬂgreSUbSt rate

to substrate support nenber during substrate processing. In a preferred
embodi ment , s @&BSteAuRcs the 3o paelgpemnisis the shamheandfimprevesrndhdsionibaismeroxi de or -
al um num cer ame@epRRit&r bt andihEsubsiagt rat e support nenber 18 is generally
equi pped with heating and cooling elenments for regulating the .

tenperature of the subdtf kpwsr portigngyf chambsp] dincluded  edyt memtgppbmthicrember 18

may contain pilers dhaeib&hEiRe Micuus YnSA Bask BSkist b VEr IEALE kuppAt €7 NAt i Vel y,
substrate 17 may be__heated, in whole or in part, by energetic bonbardnent

with ions frofPRby I Edsmontedianpnd formap epntinaous gussturfateavigh pyymemberber 18

of ten cont ai ng2. asubeddtesRANBRedGhS RN ut S HHAMb&aS 359 08Hok bibd &QRAY T 1 ui ds.
Substrate rec |?\ﬂ§ggn[)ort,l on 19 may, include grooveS or channels for

di stributing neertyiemoyal B atine SRt phoae) abksdens chambey B. -ift piwel i un) .

The heat trangboeshoWRykire! Fiisa@sndthddi IGRGEd draer hBdonGONEY Gldtoticdi dobaRwhie vacuum
it replaces %her eg%?b%?m |itating. heat transfer between substrate support

18 nmenber and tHE® Jizgtedromythe Xoho! Hade &\AULUBRT I ITA EPURES TR BT e body 25,
whi ch houses protassitig padiion 56 irodHitiEthy SbMentel pREE dnS: sabstrate h@diving peRbe val ve 27
and tur bo- nol (LJJ%%S eru”F 2§t. [ 18sfgoul d be noted that throttle body 25
of fers mi ni mum. oBEtYACEIRBR™ eSS PoRI 2tV aepetien 4y LTI punping, as
described in eecipenit dhgck Z0haSEdueEs € shlizirhe e sShata@SupBat@datbeAPddrigat i on
Serial No. 084u Zéla,t683g fil \e}d Dei:e er 12, 1995i and which is _incorporated
herein by refeérence’ _‘{Eést“ég' B p pretesrsd amppdiaey, spbstral Syppom mepBen 18H: B899 e body

from an aluminum oxide or ajuminum ceramic material. The substrate support member

18 is generally equipped with heating and cooling elements for regulating the

temperature of the substrate 17. For example, substrate support member 18 may

contain a heating elemenl;_such as aresistive heater. Alternatively, substrate 17 may be

heated, in whole or in part, by energetic bombardment with ions from a plasma within

chamber 13. Substrate support member 18 often contains a heat exchange element such

as conduit for cooling fluids. Substrate receiving portion 19 may include grooves or

channels for distributing a heat transfer medium such as backside gas (e.g., helium).

The heat transfer medium has a higher thermal conductivity than the vacuum it replaces

thereby facilitating heat transfer between substrate support 18 member and the substrate

17.

Vacuum system 70 includes throttle body 25, which houses [win-blade

throttle valve 26 and is altached to gate valve 27 and turbo-molecular pump 28. It

8



25, and can al so control chanber pressure by restricting the exhaust flow
capacity when throttle valve 26 is fully open. The arrangenent of the
throttle val ves, gate valve, and turbonol ecul ar punp all ow aglc,tlri}de@nd
stabl e control of chanber pressures from between about 1 m Ik d 2
torr. The source plasma system 80A includes a top coil 29 and side coil 30,
nount ed on donme 14. A symmetrical ground shield (not shown) reduces

el ectrical coupllng hetween the coils. Top coil 29 is powered by top
source RF (SRopIdheraied thsf thr%“i%bodmﬁéra%%sgmgﬁua@ﬂebﬁﬂwct@e ¢ gsfloet’dd by si de SRF

generat or 31Bjowdls hﬁm«leﬁﬂ auﬂlgﬁa@edad@sahbedp@w,senhmgQbsass@glﬁd {neaurnsl es of
operation for each coil dual_ coi | lows contral of the

radial ion dEAERAPPlicRtEk e N85 748 Sisd Dersmsyi nd P adndidif formity.

Si de coil 301@6@0&&9 h6@inlby2&erh&. 1G4RIVERE Y cannisbied puvipl 28 fEbint thele bolly Ch does
not require imentary el ectrode., Ina specific epbodi nent, the top

source RF geﬁ%ﬁ&$ g a@fﬁomfﬂla@aﬂa’égpfasaurfay 235'55‘6@18\/9&% pdayst (1gyrcapasi vhap

nom nal |y 2 Mrauendvd 168s Rillg@p&n Umhe errdiEem e bRt etie3hRep gl vales antp to 5, 000
watts of RF E}’éwer at nomn ting frequencies of the top

he
and side RF JEMEPATYIREPYRRA lﬁ?@'y"&?”fr%t‘éf‘“dfsfaaﬁ“?‘ﬁ Efﬂ hem Trpreéﬁ*é‘?sértoi“‘ng frequency
(e.g. to 1. 7ba¢wgeﬂ\4ﬂ3utanﬂﬂﬂ;o[9m?zﬁbnl\/l—|z respectively) to |rrprove

pl asma- gener ati on effl |enc A bi as ystem C a bi as RF
(BRF) generator 31C ank es%{“ PARSTASYS 493*'”3?595#&0992@& ‘{5’ Bl asma
system 80B Ca‘lﬁ)&ﬁlbd b/ @Inye mowpéyaﬁnensdab@bmﬂtsmelﬂ@ﬂidt kiwniedbdes Bedycarenber 22,

whi ch act as co nent tro Gen rator 32C is
Coupl ed 1o SO PHPEY GBS nLiRsaY 2115 POSReLop RS0t RO G AR: 1
substrate reemwmaﬁrﬁ&@eﬁl 309s pfweeelde@tsrdesRBtgbr&rarxhutbk aﬂ@wm'ghﬁiebénﬂelt pl asma
system 80B serv j g QB nce . th transg)ort of + egl.e 1@ i ons)
created by PRETSTIFER F%’gﬂcécssoygife FHeBEFADY Phhe lgfﬂi"l‘aé% 55? erf‘ﬁ 0"%ubstrate

I n a specifi contehbfabk sawial ion herasy infchgetiee I Btlerebp ivprodesplagnatwifbendG0 watts of -
RF power at 13,56 ude |taI ly

t o di
ool ea' sotengt PG SEe AR Rbdy Syl B0 dan Sk iS5 bdden” about
1.8 to about c@ndlildrry eadlodgdnerspdcific embodinaittethe @p s:REcecRihgenedatocBrfcwt (not

shown) t hat rreasures [ er..and ¢ back to-
The gener at of o UL 00D S BT MRS IR IR AN The) ovest

refl ected pO\g}&T&ratc&§lBlde’li®E opth WOa:apeasstmpo@zfcr amcinimaly 2 MHzI IThan the art. RF
generators a%ger;[n}/plf gguen&e fstll%ned dt mdeci%e reg'érgto}s%ng bg'Bth e?flr the no

characteristi nce ower e Fertect e(rjm?rom | oads
t hat have a dpdritopdretjuanbpafear toel.7-3.0iMHz and 1. 9 2.1 MHz, respcctwely) to.improve

plasma-generation efficiency.
A bias plasma system 80B includes a bias RF (BRF) generatar 31C and
a bias matching network 32C. The bias plasma system 80B capacitively couples
" substrate portion 17 to body member 22, which act as complimentary electrodes.
Generally, BRF generator 32C is coupled to substrate support member 18, or a bias
electrode within substrate receiving member 19 or electrostatic chuck 20. The bias
plasma system BOB serves to enhance the transport of plasma species (i.e., ions) created
by the source plasma system 80A to the surface of the substrate. In a specific
embodimenl, bias RF generator provides up to 5,000 watts of RF power at 13.56 MHz.
RF generators 31A and 31B include digitally controlled synthesizers and
operate over a frequency range between about 1.8 to about 2.1 MHz. Each generator

includes an RF control circuit (not shown) that measures reflected power from the

9



i npedance than the generator. This can reduce power transferred to the

| oad. Additionally, power reflected fromthe |oad back to the generator
may overl oad and danage the generator. Because the inpedance of a plasm
may range fromless than 5 ohns to over 900 ohns, depending chTtHm pighsna
ion density, anong other factors, and because reflect ed power may be a
function of frequency, adjusting the generator frequency according to the

refl ected power jncreases the power transferred fromthe RF generator to
the plasma andappsertiod b@ﬂeogéweﬂettet andrqdpsts die figayenexefogeraietp ebtriact ed

power and i MkOMEeR idticbb®pdtr,a8 ulMetdbod bYBHERING oWk inMRIEHIRRY net wor ks
32A and 32B match the oyt put i.npedance ofle ?ﬁanerators 31A and 31B with
8

their respect§UEaieGaredypenilyesigngd tomperajemn f $ith @jchaaptaristigigpedagete bot h

mat chi ng net vamskshiy, K@k Rdy bR nvaddifon®loads AR d v QuStrapdnk tuattctehshc mat chi ng
networ ks to match thgﬁﬂenerator to the |oad as the | oad changes. The RF

control circuMPedRase thamrihe enprator nf Hycar sednes e wrhERsiered s dhkdead ef | ected from

the load backdditnhligp&ed SHRERH 6N CURATS RCICS kledefrdtbithdy ovell6adWRY tO provide
a constant match, and. effectively disable the RF control circuit from

tuning the netfEREHGe ﬁeé"?iﬂb’lrkBe‘ia'é%t“t?‘?@Fdat‘??é’faPlét'F*e‘étBe@“Wm leps thit5 above any

expected val Llﬂ‘ur@fto 6ef dECIheH, REWRING of MheDIARY idheity SR bihéCndon] A8 M under
sone conditions @qol din the mat chi ng network constant at its nost

recent condi ti°GHS SHPYERe artfavﬂat elfrequensy. efiygingitheeecacpfPhs ma,  For

exanpl e, the Rﬂuer@@ ﬁﬁcbﬁtng% 6 i flecte@PovRe indfeldds the pehetafamifblRedtiien MORe!
delivered to the i ncrease or decrease the generator

c{}ﬁ) and may
out put power QeBer?(tgretB Easﬁ'éf”ﬂ plags B’G\%&‘}erat‘gu%?tﬁ?tﬂaél“? tpdusrefiestsd during

deposi tion ofpowel ai@bprofe GFAsiertlid Widh ¥ matyiiheRBedsik pr ovi des gases from sever al
sources, 34A-34F, to the .chanbe or essing the substrate via gas
delivery lines 38 (onlY2Eypgngyor &%}ﬁ%ﬂﬁégg \Xﬁgﬁc’“tpﬁ%‘% I§° B under st ood

by a person ofenghtbisl31ARnd B @ith theik Fpaatitetalls 298@6 30.eThd ISl ebnkor cigoir ces .
34A- 34F and the tact Uﬁlem qgneciw Orﬁ ofc del i ver %1 es 3t8 t 0 chanmber 13
depends in paft B PRI Bt iy Ganeinedns tlueph fpapiopavitinibes or o
intr oduced | rrhac}mtwmmrks]ta niatth deglend@atgas il adihe &oad cﬁang&p merFl e 45. Fig.
1Bis a r? rfllmerd artltjllleaé! SLoss-. Or% g h%w ew ( (P? (Ehr ?Fé showi ng
addi ti onal det’aits "8 rlrﬂ3 hise lifiy %Od‘feﬁée Ce o fhelost second gas
sources, 34A lﬂddto?bKEEgenaﬂtdr dxiceedlt a cmbh Igic At vggSo provide E&fﬁsﬂ’aﬁlﬂ ma¢sand35A° and
3513, provi d%feglvelytdo saﬂle rlt% I&l c%pttlilo cucun tn on'g %mng the matching network, is to set the

reflected power limit above any expected value of reflected power. This may help

stabilize a plasma under some conditions by holding the matching network constant at

its most recent condifion. ‘

Other measures may also help stabilize a plasma. For examiple, the RF -

control circuit can be used to determine the power delivered to the load (plasma) and

may increase or decrease the generator output power to keep the delivered power

substantially constant during deposition of a layer.

A gas delivery system 33 provides gases from several sources, 34A-34F,

to the chamber for processing the substrate via gas delivery lines 38 (only some of

which are shown). As would be understood by a person of skill in the art, the actual

sources used for sources 34A-34F and the actual connection of delivery lines 38 to

chamber 13 depends in part on the process that occurs in chamber 13. Gases are

introduced into chamber 13 through a gas ring 37 and a top nozzle 45. Fig. IB isa
10



ring 37 via gas delivery lines 38 (only some of which are shown). Gas ring
37 has a plurality of source gas nozzles 39 (only one of which is shown)
that provide a uniform flow of gas over the substrate. hbzzle.{en th and
nozzl e angle may be changed to allow tailoring of the uniform 9Ugrﬂﬁile
and gas utilization efficiency for a particular process within an

i ndi vidual chanber. In a preferred enbodi nent, gas ring 3 7 has 12 source
gas nozzl es nadq n_ al um num oxi al so has a

.-from an : e ceramc. Gas ri 37
plurality of 6% ‘&F;é’la“‘ag%"sﬁ‘é%"i‘f’% viRY of gl?ﬂ“ic}’efo g';l‘%‘?‘“g "LDHQ'?“&“% §, which
in alpreggrredgembodinen;bare co-planar with an shgrter fhan sourfe gas
nozzl es , and in one _enbodi nent receive gas from y um4l. In sone
enbodi nents it is desieIFl E| eé‘q?’i)g?n?lb i ﬁndss(?fﬂ%géasgf‘gg&?’ g‘%ﬁ”@)@?ﬁl %ﬁ%ases
before i nj echd ngordmas Jas esntiollts, SA2MISEB] poviligB tdwiiig etuodoegis, oxi di zer
gas and source s. may.be mx rior tq injectjng.the gases into chanber
13 by provi di'f} ggﬁgrg’? %ﬁl/egger(HB?S%gsfﬁﬂmc)mebo N@ﬁreﬁh‘%}@‘)p%&'ﬁ?ﬁ ﬁlaﬁﬁd gas ring
plgnug133. Inm?MEye?bmdég?rbumﬁnbmdﬂ¥?nﬂﬁhmghuhh@agﬂgopbeﬁsauﬁﬁgmand 34D,
and third an ourt ow,.cantr el.s 5 a 5 rqovi de gas to
body pl enum \C}}Oé” 03 & Odgﬁatlﬁ?/%urbfltrﬁt?' ﬁgoszzgéf.’“gq“ﬁgd ﬂ?%&%gg%mg%%@éggeg){% provi des
ni trogen gas all }ailviigg qfals: dnifomniganmbfile hidetas A8 zaticn effleeenoxioth paticnozz]l es 40 of
the gas ring to the.chanber..for process ste utilizing nit en, pl asma.
At e nat | vel Yo PR A Shemipst, 15 3 pEETCRER bbb 37 W THERART ¢ hr ough
ot her or addisburonges noazlee trade framahalamidubsxideafgraniezzl e 45 via gas flow
control l er 35F . Additional | ves, su 43B (ot her | yes nat shown),
may shut off gas fron1‘ﬁémFPZ§F%§ﬁ€P§Fqg @ﬁggéthéEﬁgﬁﬁéﬁﬂn%ﬁngﬁgodinents
wher e f| amuabthish i sheiva), whichdoa pefiredergiagiesentire cupledy with andehpriteahaiesi r abl e
to elimnate [l L.t delivery |i.ne fter a,deposition.
Thi s may pe. 00 TEAEI B8 el 8 A% A6 1BV R by R 45787
i sol at e chantseme eri@dimantn ithe ldesimably npt tn e1i:3®Arca pehet ad wridizeripkds\befoye | | ne 38A to

vacuum forel iiﬂgctlﬁg Kxe%%s{?s H@&&%&JS’ 13A§n aﬁé}\éﬁb!)d?m%:dtsg bxil:lizepf’ %%9 anlesrouél: .s! ar

val ves, such _ _ C, nay be  1ncorporated on other gas délivery
| i nes, such axaydsaugd@ngsCinSwoh E-gagy iniadhamber id Yy ploridpigapetiredn@l ose to

chanber 13 a i i Niym ) gas

ot 1 very 11 nasaPLnERlady BBy Afk R MEMHTE, 3 ol rbiaERL s 01T,
two-way  (ormdfouyth gaslsywrses( i and3dRndndimid doe fquith gesdlavetontreliera ASFC and t he
chanber or : - hE I j ig. IA
chanber 13 a%%%&@éﬁé%ﬁ%@ﬁé% Sp e%/%rﬁﬁﬁeggé ?%pﬂﬁgézeglséﬁiég and top
vent 46 al | ow4F nuaidentdseren gan®:btia afs foyropirdicssddo fhie gwizer nozzles 40 of

the gas ring to the chamber for process steps utilizing nitrogen plasma. Alternatively,
the nitrogen gas could be delivered to the chamber through other or additional inlets,
such as the top nozzle 45 via gas flow controiler 35F’. Additional valves, such as 43B
(other valves not shown), may shut off gas from the flow controllers to the cﬁamber.

In embodiments where flammable, toxic, or corrosive gases are used, it
may be desirable to eliminate gas remaining in the gas delivery lines after a geposition.
This may be accomplished using a 3-way valve, such as valve 43B, to isolgt-e chamber
13 from delivery line 38A and to vent delivery line 38A to vacuum foreline 44, for
example. As shown in Fig. 1A, other similar valves, such as 43A and 43C, may be
incorporated on other gas delivery lines, such as 35A and 35C. Such 3-way valves may
be placed as close to chamber 13 as practical, to minimize the volume of the unvented

gas delivery line (between the 3-way valve and the chamber). Additionally, two-way
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of the gases, which inproves filmuniformty and allows fine adjustnent of
the films deposition and doping paraneters. Top vent 46 is an annul ar
opening around top nozzle 45. In one enbodinment, first gas s N A
suppl i es source gas nozzles 39 and top nozzle 45. Source nozzle nass flow
controller (MFC) 35A" controls the anbunt of silane delivered to source
gas nozzles 39 and top nozzl e MFC 35A controls the anmount of silane

del i vered to QQQ B' may be

used to contro Q{fg cfg%lzél ﬂeplic ét(ﬁee \(/52\% ven dﬁg%h o§|§d| zer gas

nozzl es 40 frh:mtweeaagasrsgﬁree@dunw(bf oxygen, such as source 34B. The gases

SuppLIed Lo L op n0z2! SRR k8R! PRI AR AR 0Pk ERncRAPE APt | OF 1O
C be m xe

flowi ng the gases into ases nay top pl enum
48 bef ore t hewenfdtoWop neasieciiandop var8 46$éqyama¢p@ndesfmgm@é9f b andeidssions gas may

be used to supply., éécil,r»btﬁé{?mﬁ Eé ASunftbenti {}gﬂqﬁ Engm%e ad%srtrgélghﬁhe film's

m cr onave- generat 'asma“cl eani ng sys i's pr to periodically
cl ean deposi tdepmsltrcman@dmgfmmme@haﬂbeweméﬁrp@nemmi;ar ofénmgaraahiong system

includes ar %[8%19 4§n 1 ﬁ%@ﬁ{l@ugﬁéﬂ?&'ﬁt S S§JIF!£ %ﬁugﬁlﬁggo%%e aPchQ%lg@ﬂanﬁm a

cl eaning gas source ecu ori ne trogen trifluoride,
ot her f| uor octap hemals 46r Sowepriovzlt matsSlow canrdigeMICI 3ok qothCSSthe Theunt efact i ve

speci es resul s?l'aﬂ%l elivéil tggéﬁce%é‘ 1e9§@and‘%8:f‘.ﬁ>@é19gmh%ﬁ%ﬂm{ thlém&m ough

cl eani ng gas por t vi a ap I cat or materials used to
contain the wfédmeﬂgllvgrﬁéﬁmpgesrgZZl@:éi/lSllylllSS/ brpoMEBGpl SEcard 3B tigyde55)  nust

be resistant gy f%tcB I%XHSWB? o3 [Banoth-rtgfvgl't 2§ AMCREEVES Hoizﬁ:@-@@ gbmcavity 53

and feed port 54 s e kept” as shor practical, as
concentrati om mglwgtcp awwgﬁpﬁlﬁb ABSOBISe éﬂ%sTfn@}lsea é@lpll?fbm\mpt"ﬁz%lff 4t 3¥ce from

reactor cavity, gy 4@&9fsa£epm A€ priGi6 Ak NG 1R e AR MR d dhabdr I recaVi ty
all ows the use of an etfici en{) m cr owave generator and does’ not subj ect

chanber conpogfssstraaytbe mixed in wmplenem ¢ befosekfly dloprapio ciambehbhipgpdaEnt of the

gl ow di schar ggfBads tHEBYmP BashhdH8 Mbed 18 sdPiyi varicus hbrtiBAAT R charbidsequent | y,
relatively sensitive conponents, such as el ectrostatic chuck 2Q, do not

need to be covered, wi fHEBOIEImIARVAEREICTARA NASHA FIRiNRE SyFEm SR ISIoVIded nay be

required w ttfap@inodldauwe.&h RbARIR r&l BN RMBEQSFponenSY Th&Mmmat rol | er 60
controls the operation of system10. In a glreferred enbodi-ment, .controller

60 i ncl udes asSYRERORGJudgDa regigtenigrwave aEReratar Slidhal cregles 2 plasmagFiya clgindig dri ve

(not shown), @RdoRcLCRAEMUEREK AR ar BRAWR)nitrokB trBRbAkcl A6k fBYHcEBSMsat N a
si ngl e-board conputer (SBC) (not shown), anal og and digital input/output

boards (not XHERSHS: ip FEEPFREE Hodhg seaetﬁfétsp@wawal)mﬂga%n HEIFER ¥t or
control |l er bog@ndsyef RAhaRb@ W )hrough cleaning gas feed port 54 via applicator tube 55. The

materials used to contain the cleaning plasma (e.g. cavity 53 and applicator tube 55)
must be resistant to attack by the plasma. The distance between reactor cavity 53 and
feed port 54 should be Eept as short as practical, as.the., concentration of desirable
plasma species may decline with distance from reactor cavity 53. Generating the
¢leaning plasma in a remote cavity allows the use of an efficient microwave generator
and does not subject chamber components to the temperature, radiation, or
bombardment of the glow discharge that may be present in an in situ plasma.
Consequently, relatively sensitive components, such as electrostatic chuck 20, do not
need to be covered, with a dumimy wafer or otherwise protected, as may be required

with an in situ plasma cleaning process.



The system controller conforns to the Versa Mdul ar European (VME)
standard, which defines board, card cage, and connector dinensions and
types. The VME standard al so defines the bus structure having a 16-bit
data bus and 24-bit address bus. System controller 60 operatgs 1 JHNE200K he
control of a conputer programstored on the hard disk drive or other
conput er prograns, such as prograns stored on a floppy disk. The conput er

program dictates, for exanp xture of gases, ower
| evel s and ot her par antY&is °64r°léerBgf‘ﬂ“g]quar"pﬁrra%‘a’e"sr§ymf'h IHf‘BF“feéﬁ? bet ween

a user and thentﬁjjdﬁﬁeal’ncmmﬂléICﬂOhﬁﬂude§a Me@oi ﬁtmmtﬁ 433, haGitidk dﬁxSeafmg;wﬁode ray
t ube (CRT) d|n C. Fig. ICis an

, 6 | i e
illustration %Fk %lvﬁ(grr“{tf;}bo% fan‘gﬁcaégéaﬁf)ﬁ’ﬁf% @ ﬁ]cﬂgéafl(g]aﬁf%ﬂt?“é?:e used in
conj uncti on waibdie-béued evxeiurek esBC)@\Absmg;aszs.bgr@d@tgamhe;ruueﬁtpﬁlbgardd (hot System

controller 60_inc e r sor oupled to a r 2. Preferably,
menory 62 nmay®BE0 iafﬁfgfaaea%%’é‘ﬁ?@ FRAY "?BﬁffStﬁﬁedeﬂP%Cgﬂﬁqgﬁgggﬂ}/dggnq&ﬁ%P“ﬁ ot her

ki nds of nen‘ﬁmqsyst&uedsmmﬂemaonﬂ%lkﬂe VERRMIA G2 Bibpeat @pIIEstinderd, f | oppy di sk
drive and oth st.em controll 60 oper at es u der t trol of a
conput er progr g?r}? delsés Bt ré"f'g“’p‘ﬁﬂgﬁ Ritfidupersigns E’t“ rﬂt}ﬁd&%?errper at ur es,
gas fl ows, RFstmﬂwﬂralsbelmTeieStheanﬂstmbm&maﬁag ab@biedaa lmisaadpfabft adﬂtdsabusprocess.
The interface

btvvee e contolerlswa
noni tor 65 an%ly conﬁ?l? g Sélgaedgl}:?lc(?%/téoﬁi F%wcoﬂp@ er prggrapsored g t @ef erred
enmbodi rrent thmmn\@msoth&&ompdeﬁﬁ@graras“ gucl Septpgrame stoied bh e doppy diske cl ean
room wal | fo][rn Et@re ggq_er%tﬁte nd thle tﬁ er beh' nd the \3@ I “t(eGSA) for
the servi ce e SRmPY ORI T O © F&HB‘&‘ %llgafeé R he same
i nformation, levls zmdloshenpneamdmgbﬁa gaetmul(aemgcessﬁﬂ)henrserénabdteebn abeersed ect a

part i cul ar 'Scgeen, a1 LuIg! 9 HARGERE B S B R B EE 20 e O o0 oY

screen and pus (no S
confirns bei nlg=ﬂ§é1@dt‘»!8€te€blylfhglécl i ght pen by changl ng |ts col or or

di _Spl ayi ng a new menu, q%éﬁ%sﬁ tlon ofr ch]rgflﬂ[tl gxean cmu?de can be

witten in any convent| ng Ianguage such as
68000 assenbl mteffagrgueige cor(j)mc@amwuhmpemmy Ceb pmolasmglchmgamgﬁlg Swi. t abl e

program code $}§:tcﬁm'o {r&gr !361{11918365%' p&l E.";mI 6'1 cﬁ%olt%{ to 3”%1110'3%29’ Ijref%reb%y, using a

conventi onal text egl tor usabl e
medi um such lasmwﬁ%myyestxfgﬂénkdrﬁvetbmot':mm}mUBmom62 mdrydae@meekladis adode text

is in a hi ghrn&rﬁyr?hsukﬂlwePRéﬁeE%ﬁ dDSRBWJpE ﬁqu"e ﬁg]%ytdﬁﬁ dﬁ@«? Mdt ant

conpiler code Is
others.

System controller 60 operates under the control of a computer program.
The computer program dictates the timing, lemperatures, gas flows, RF power levels
and other parameters of a particular process. The interface between a user and the - .
system controller is via a CRT monitor 65 and a light peﬁ 66, as depicted in Fig. 1C. In
a preferred embodiment, two monitors, 65 and 65A, are used, one mounted in the clean
room wall (65) for the operators and the other behind the wall (65A) for the service
technicians. Both monitors simultaneously display the same information, but only one
light pen (e.g. 60) is enabled. To select a particular screen or function, the operator
touches an area of the display screen and pushes a button (not shown) on the pen. The
area touched confirms being selected by the light pen by changing its color or

displaying a new menu, for example.



| i nked with an object code of preconpiled windows |library routines. To

execute the |I|inked conpiled object code, the system user invokes the

obj ect code, causing the conputer systemto |oad the code inqyne from
whi ch the CPU reads and executes the code to performthe tasks rdentified
in the program Fig. 1D shows an illustrative bl ock diagram of the

hi erarchi cal control structure of conputer program 70. A user enters a

process set_nunber andyDrgeass s EAMAL AYIRERch A BREARERS Sel ector

subroutine 73 in response to nends or screens displayed on the CRT nonitor
by usi ng t he cohpar rgsdeblé prognafmaes lanBhegesraice $8009asssmhlydangpreedat@rni ned set s

of process pafpEk 6f cﬁhé}!g&gﬁg@.r ¥1#%glreg;?cfg§)a¥n QL is3RE hfi;itggsigélg‘ﬁfes es, _and are

identified by predefined Set” nu Process sel ector stbroltine 73
identifies Muuplidesiosing eepnperndiorst texcddtipbend staredor subediehamisempyst em  and

(i1) the desiffl efundbucnds QGRASILATSE AL Sorifoler dAnRPRlScL e Process

chanber for perform n? the desired” process. The process paraneters for
perform ng alspkish kevel lamgwrsedhe eodp Htcempidedpand deayssulterd nefnpilep psledatben as, for

Cxampl e, Pr OGRS I GATALR d OR:BACAANGLR1 R, HEIRE B Hefixe nbT eSSUT o

pl asma conditions such "as evel's, an anber done tenperature,
and are proviligd comgpilddebiesieqods, thetshigterh prerringfkes the oblegieodeT prasipathanet er s

speci fied by otlfiiter'sGedap® 1@5&11&%95#&&&&%}&0%1 Wekott ME CotrIBs arﬁg moni tor

interface.. The sighals for nonitoring the process are pro y the
anal og i nput thegage W@ipgiferay the iyphstidepiiadds theproggast em control | er and the signal s

for controlling the PRYEepShodd & ifsirRie bRRK iSaARR RGNS caRgl di gital
out put boards of systemcontroller 60. A process sequencer subroutine 75

conpri ses pr 6§icaHs elcaapnist proglewdpt Arigerehlersiagersesstetagmpergadseceshanber and

set of procesgafiRf AMJeLinto { fr08B:d SRR ctoPIBGHEER: BGh RESAe BHRhAWris@Bené3, and for
controlling operation of the various process chanbers. Mittiple users can

ent er proces$&isglaredip e BT Bpiiq Py e aasthe Heper intstipgse riEs Proggss glspéer can enter

mul tiple pr Ogﬁéﬁ&eﬁﬁﬁedr&&%%r@c i RG LRSS NGy BUEP&Yfed pRRess&equencer
subroutine 75 operates to schedul e the sel ected processes in_the desired

sequence. Pr érbirgpsieytificd by pesdelined setprmbars- daocess selsetpuybsvtineyBddmntifisscode to

performthe (strpSsi@f ploddss em&ib%pihiamlttdﬂan&pc@{«s&m, am @ theesild @geps chanbers
to determine if the chanbers are being used, (ii) determ ning what

d wh
processes ar @'GET ARfaRstFisingefied tpropprterthrproceiphpabes [y @rrerminedhe desied (i)
executing t herddesi TREhiPESCRSAndaas R p@fonavak kpdiflciptdteRirel@te tair@®eeSs chanber
and type of process to be carried out. Conventional nethods of nonitoning

the process CHAMMPEF S1cR 2% fyexaapie: Prases Baso™BRT NG oW &rics ERBEEM g whi ch

pressure, plasma conditions such as RF power levels, and chamber dome temperature,
and are provided to the user in the form of a recipe. The parameters specified by the
recipe are entered utilizing the light'per/CRT monitor interface. . _ _

The si'gnals for monitoring the process are provided by the analog iﬁput
and digital input boards of system controller and the signals for controlling the process
are output on the analog output and digital oulput boards of system controller 60.

A process sequencer subroutine 75 comprises program code for
accepling the identified process chamber and set of process parameters from the
process selector subroutine 73, and for controlling operation of the various process
chambers. Multiple users can enter process set numbers and process chamber numbers,
or a user can enter multiple process set numbers and process chamber numbers, so

sequencer subroutine 75 operates to schedule the selected processes in the desired

14



process |Is to be executed, sequencer subroutine 75 can be designed to take
into consideration the present condition of the process chanber being used
in conparison with the desired process conditions for a sel ect RFURCRAS
or the "age" of each particular user entered request, or any other

rel evant factor a system progranmer desires to include for determning
scheduling priorities. After sequencer subroutine 75 determ nes which

process chanmiguesied Prefdr IR S&queRer ﬁlgfmiiﬁWSii%difia B8hA8 b BBt ed next,
e p

sequencer subroutine 75 causes execution of rocess set by passing the
particul ar priseedd) swniterinedheensrgion of the preseayabapberniadgermiseiféut i ne 77a- 77c,

whi ch cont 1 olcganiBekd drdbdingd 08 @9 REnhRS kat poce MY drOYSnPREA ST iR GheChamber s.
(not shown) according to the process set determ ned by se%gencer

g ! . | 2que
subroutine 75hamberspemgiuses and (P gxsen@ne thadealgdprosatsbaist onavalziiliyehtrol s a
CVD chanber  gibss@BankioPafdMihLTardees wlit @friefb@l: chAvenfraMbisus@f chanber

conponent subroutines are substrate positioning subroutine 80, process gas
control subr GAjiprneghe prpgessdigmiers gavthe gpedsyph trpoiling. Béen prbgdudipe whight r ol

subroutine 8%rocadnk tBlbaeXBRuCOREJuBhceSHBFoRtd 738296k dediBRSi0 RAY 49 or di nary
skill in the arf wll rec%%m ze that other chanmber control subroutines can
H’,S

be incl uded d&FEsHIARthed sqndfiop ebide Pgcest dhapberbeing uped IBECHBFSWr ned i n

chanber 13. kiheRAleatddPlocesaREs s IBHAAAC edPHIQUSI tRE agdbreshect i vel y
schedul es or calls the gr ocess conponent = subroutines in accordance wth

the parti cul FUBHFISTLNER FFUEH T @RI Edev A R 3ISY TG PS8 Msiber manager
subroutine 7dssidestopgdliderfomidterminthg kB Ing plishtledlr t o that used by sequencer
subroutine 75 in sched ine?1 whi ch. process chanber and process set to
execute. Typically, crﬁéﬂ%é UFRSARY RPN P Seferiees whichiprRepss gBantst wds of

moni tori ng t Pevcesd asticonbinathadesingo P enteittbnexd edq@édtt i Hub@uinlti 76 Rageyponent s
need to be operated. based on .the fE)Process. ﬁarameters for the process set to

be executed, ERATRISePICceEsEYERERedte BaticHaRpRTes TS hFEHRTES ©dbr out i ne .
responsi ve t ehdniter medugtcsibiogtir T a-70e tvRichtditld B nll@Sprocesiehdd ipn of

particul ar chamber conponent suproutines w.l|l now be described with
reference to BI Q" pﬁoffsg@% gléat“l’bﬁ'fse nﬁtosg?‘f"ir'}&ﬁ'io%“gstﬂ SRS teE‘B'Hf)‘fli’ys es

pr ogr am code séquencessbroolibd 75g Ie hatidubir, chani mandss: dub@titier Fauaedistao | oad a
substrate on ubstr at.e number . 13.. bstrate positioning
subroutine 8 %%%mgﬁggugﬁﬁ?ﬁggeb%?ﬁHE?%}38ﬁh%§gUbstrate into chanber 13
from e.g., a PECVD r éxeinples off chahbre toipaedt @ibréutined diesutibtrdid piliginiieg syst em

after other RiR&S D2 h&%rohcg‘sss gtgse ceorrllt.rglos;%@rlogt'{n%(%, pressure control subroutine 85, heater

control subroutine 87, and plasma control subroutine 90. Those having ordinary skill in
the art will recognize that other chamber control subroutines can be included depending
on what processes are desired to be performed in chamber 13. In operation, chamber
manager subroutine 77a se-lecti\.rel-y schedules or calls the process component ‘
subroutines in accordance with the particular process set being executed. Scheduling
by chamber manager subroutine 77a is performed in a manner similar to that used by
sequencer subroutine 75 in scheduling which process chamber and process sel to
execute. Typically, chamber manager subroutine 77a includes steps of monitoring the
various chamber components, determining which components need to be operated
based on the process parameters for the process set to be executed, and causing
execution of a chamber component subroutine responsive (o the moniloring and

determining steps.
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Process gas control subroutine 83 has program code for controlling process
gas conposition and flow rates. Subroutine 83 controls the open/close
position of the safety shut-off valves, and al so ranps up/dowg t he %st
flow controllers to obtain the desired gas flowrates. Al ch o
poannSnL suﬁrﬁgtines, incIudLng tPrOC$$S gag gont;pl sggroutipe 83, are

i nvoked by chanber nanager subroutine 77a. ubrouti ne recei ves process
paranmeters from chanb N r..suprqutine 77a_ related to the desired gas
flowrares. Typical _géf’g)f%e@g%ﬁ&%@%aigf°;§:a%lffa‘§eﬁz§$@p“§ﬁa s by
openi ng t he desribgppl plerdnpets Figahl. edHitioninig pu ¢ BQcanipeisesecessary
mass flow Cog)tr(gg?;inll gd’dé’for(r%%jlt}ollhr%%ngﬁ“e&‘ Q(glll}%)ggnt{ tﬁ?[%’eggéd lE‘J ?oaglg ubqg' tielé g flow
rates received Trom chanber nager  “subroutine 77a, "an %III? adj usting

t he flor/r?t@Qmmﬁwihwogggn@mpb!Smfmgesmssnmggésxmnw&Jmﬁ@ﬁﬂh@ﬁmﬂre, p;ﬁcess
gas contro S o | .gas ow
rates for unzg'gagh%gg? an é@'ﬁ@éﬁlﬁaﬁ?ﬁg’%é$g¥@ggﬁhﬁéépgr%g $§g when an
unsaf e condithd wwtiglembetsggensdited athes proeespinpbedsasomaisteinert gas, such as
argon, is flowed into . ali, L1z h sure J4.n the chanber
before reactive pr ocesgrg%%gs)%émé]grgl ﬁk‘ﬁ‘i"ﬁ‘f‘f%ué’_é‘asp ?é{?'gc%){??rcc}*ngﬁ%lé% _For these
processes, t reopraeessipgstorcad towlratsu Hubtetiined3 88ntiods the apgn/alesebsition i ncl ude
steps for flqwiag e ' anm of time
necessary to 2?ab?%??ghFﬁﬁ&g?ﬂ§%L$%3?ﬁpfﬁ%ﬁ§ﬁ§%ﬁ%¥§ﬂ%ﬁg abgeéyhespribed
steps maé ftwéwrtilb? é@_frgimlﬂ@mmte%@dﬂl ?ﬁrommryponvmerllltllbr@tlpitsow@lslémga_sl is to be
vapor i zed fr o @sslhOtbinflor RESEHH: 29 are £:0 oy ¥Rl | ane
(TECS), the rocgfg g§s°€ontroesﬂ%ﬁBu??ﬁéfggksﬂﬁyﬁ%%%ﬁidefgteps for
bubbl i ng a delupipating &Jaeceiygriprosrss raedniotans from chagiver thanagdr gulirehtinp7&cur sor in a
bubbl er assenpljg Qind QsirddYak AW GRY the heliumto a liquid injection

val ve. For this type of process, the process gas control subroutine 83
regul ates the flow = ofTypirellxerdcese g3 cgaisol subineutipe Bkaepgratesiby opméneiibtsser, and
the bubbl er temmerak g rdplatO @ Bading thendlgsir) fssHoASRTSIMAS )| OW rates. As
di scussed above,” the desired process gas flow rates are transferred to
process gas COWPHHE amdngs fatbe dairedflost wice saseipndfeameehepiser apagdier nore, the
process gas GaRtbhile 794R5PHH) ARsBF hd WidwRARS oShePR shily liRPhat-piBgy t he
necessary dellvgry gas flowrate13 bubble% pressure, "and bubbjen

tenper at ur e fEOFhermercgRiereseEns SPrivbadraghine 3 reay incleds stsps Rewesiarng B¢ st or ed
tabl e contai Nadflow A& HRGETSALY, MAAUSRide Qe Bel KLV DS Shef@SurkaOW I at e.

Once the necessary val ues are
condition is detected.

In some processes, an inert gas, such as argon, is flowed into chamber
13 to stabilize the pressure in the chamber before reactive process gases are in-troduced
into the chamber. For these processes, the process gas coritrol subroutine 83 is
programmed to incluae steps for flowing the inert gas into chamber 13'for an amount of
time necessary to stabilize the pressure in the chamber. The above-described steps may
then be carried out.

Additionally, when a process gas is to be vaporized from a liquid
precursor, for example, tetraethyloxysilane (TEQS), the process gas control subroutine
83 may include steps for bubbling a delivery gas such as helium through the liquid
precursor in a bubbler assembly or for introducing the helium to a liquid injection
valve. For this type of process, the process gas control subroutine 83 regulates the flow

of the delivery gas, the pressure in the bubbler, and the bubbler temperature to obtain
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obtai ned, the delivery gas flow rate, bubbler pressure andrbubbl er
tenperature are nonitored, conpared to the necessary val ues and adj usted
accordingly. The process gas control subroutine 83 nay al so control the
flow of heat- transfer gas, such as helium (He), through the i{figey) o
outer passages in the wafer chuck with an i ndependent helium control (1 HC)
subroutine (not shown). The gas flow thermally couples the substrate to
the chuck. | fhedichiiRipriRbssRROGGES By th@d@é&%ﬁ%&@qlé actions
that formthe | ayer pheaStS% he vvaegr loll the He’ éo(% md %%&os?é‘gte t hr ough
the chuck, wh'etirkapsisaediarercessay @dtml?h'?rsutweé@)ss Ltrmsmtﬁsteteﬁte bel ow a _
temperatur e that may GRRRGM.R! @ENIEL DA bAAH WIASALsI NLAYSEI @l e, Pressure
cont rol subroutl ne 85 includes preogram cod control L ng pressure

i n chanber 13PBipinedbrieasssanydelivery gy Bovprate h‘é’bb?permsmg ofl bubhlot t | e val ve 26 in
the exhaust iQfetd@0(oPtheldbred PRTRSLas MIELE b3 0E el met hods
of controlli ngq{ he chalr?berrevmpth t%?as thrott eEl San oS tgb\fj\é)?ogl'?mrreg[h d

rel i es on ch&FdEEEiayTakss (5 een ptpegss 8?§rf@§/§9f|eeoa@ thQ neceskay ¥auds@re anong

ot her t hi ngs obifaed, iRtd@liy eRW BRSHubb) §d5§1d%fubl;l ] chanber, and
punpi ng capacity. The flﬂ%ﬁrret ﬁod suet gl%tr?'\sr 5tt F}em&éﬁ&gﬁg fixed

posi ti on. SefonHeyed: pBRatddo (hgingesssaey yaben ard %@B’@tﬁ@)@@ﬂdl"@h may eventual |y
result in a steady stmsroeésega%%ﬁtmlﬁshﬂr&rnﬂééj %ﬁg}&i éoh&‘ IGRATRESF L ESSUr e may
be measured, with a nmanoneter for exanple, hrotile valve 26 posi tion
may be adj usf‘é‘éffeééésof‘ﬁpﬁﬁh@(“ﬁm (HF)e%‘ﬂ‘lgéﬂ@dlmef o1d ogighpastrgesria tlevafeissumi ng t he

control poi Nihick “Mﬂltaﬂidﬂeﬂeh@enb@élﬂﬂﬁfoh@ﬁ (BRY suh¥ut@@of 4119%) aid SeXARHST
capacity. The}ﬁforner resul t qui cker chamnbe pressure

changes, ?%ég?ﬂ%ﬁ%ﬁﬁgsrraédﬁﬁﬁﬁh%n@ atawaalewcw tbﬁﬁ'léﬁﬁﬁi asd&hsci ated with

the latter rrelﬁdﬁﬁ@hl aaaamﬂ@maﬂ forOHE thyerTlRgt thdkABY alBENQE IR LR AR r abl e where
preci se control h% yé’Panber pressure i s not requi red, whereas the
e

latter met hol"SHe fl?é; ich s beialptecogled o Baig kegpthe pubsfense kaltve2 and st abl e

pressure is dfperattk thauedy dsaghprédagind RAudenrt bivekuof a | ayer. Wien .
pressure contr ol subrg)utl ne 85 is invoked, the desired, or target,

pressure level is rec&f¥E 8y spbrpuiineda includesaregrampede oreeaglingdibr out i ne

‘77a. Press wesummbmaaibeswayqtsgum@g 8k sRP6r @t Bfenig oMBAME RS iPfeSSUre in
chamber 13 b

Y ?adl acg%fg - &E conventional pressure manoneters
connect ed t o“{RE B#fY ‘éﬁlhﬁa oI A ahisad hivaePayia Mo ds ofceptiliang thy get
pressure, obtkinthepwriapne tlirdmawlra,lvel The gfsedethédi@lies thei@dzinglthd dBkfberval ues
froma stored pressyre atble corres ondltnegtothetarget

prc sure as 1.relates to, among other things, total process gas flow, size of the

process chamber, and pumping capacity. The first method sets throttle valve 26 to a

{txed position. Setting throttle valve 26 to a fixed position may eventually result in a

steady-state pressure.

Alternatively, the chamber préséure may be measured, witha

manometer for example, and throttle valve 26 position may be adjusted according to

pressure control subroutine 85, assuming the control point is within the boundaries set

by gas flows and exhaust capacity. The former method may result in quicker chamber

pressure changes, as the measurements, comparisons, and calculations associated with

the latter method are not invoked. The former method may be desirable where precise

control of the chamber pressure is not required, whereas the latter method may be

desirable where an accurate, repeatable, and stable pressure 1s desired, such as during

the deposition of a layer.



pressure, and adjust throttle valve 26 according to the PID val ues obtai ned
fromthe pressure table. Alternatively, pressure control subroutine 85 may
open or close throttle valve 26 to a particular opening size to regulate
the pressure in chanber 13 to a desired pressure or pressure rahgrN Meat er
control subroutine 87 includes programcode for controlling the

tenperature of substrate 17 and/or the tenperature in the chanber 13. There
are at |east two basic nmethods of controlling the chanber tenperature. The
first method relies oNPTIPAFHES e30frol SHfrouts & ibigrkad-dhaderifsdroataissd as it

relates to, sge RYNY redeliclBa pardniteer i@tAdhaOMMelandle! u¥BLGR 7Y the pl asna.
The first nmethod adjusts the | evel of source RF power and/.or bias RF

power. | ncr edSTHYC t4TEOlgertine Sy apergenieminsye hpprwaedschapaer 13Gpst r at e

t enper at ur e. rERMERASbNGork BEBWRAL plefdied maRRRIA dodnelRE laRS@SmbdIE Substrate
d al so be used to control the tenperature

tenperature. The first neth may _ )
of chanber 1§9mBﬂr?g‘Fﬁ5ﬁ”\9€e‘fa§‘e(SQ RehRigRaFssEE obiapgrereriontldrisezhett e may be

nmeasured,  WidifferéutitI{EIDYRE R DEofRY pRERFAEDIE MireSHoadiRd 8 thetert he
tenperature controlled w ﬁh ? E%Earate_te erature control unit. Such a
CCVG

t enper at ure OFHTFDPAHYSt b agcoriang;te the PHP xatpesobtaingbBem fl el ements or

both. Such headstungiable Ok itélgatively SITEBIrS coPRILEAR] BndyQperd diRIcs4BSh AL €
support nenber t he chanber 13 or both. Some chanbers include a separate

1 ¢
tenperature COWE ?%10 3 T UIELIPeRiRR SigRREcEIple HPRESSHE ApERBPEré [bifsired
subrouti ne 8Pprdssurd snpadsade rabfpe desired, or target, pressure level is

received as a par amete% from cha%ber rsgana er subrout| r}e 77a. . Tenperat ure
control subroutine 87 GREF P! sHoRImed] ieTydpeprogip Spds pRcantsllingifher 13

and or subst naifperalife bisubati 1NgndidhOempEhfredd théedmtenel. TheRpayAt ure sensors
comected, | SR RSl R Rr A B e ARG, TRSRRRREE, Lol V(™)
(PI'D) val ues rélieoon chagicerigidy (e esstteteinpbiatire £ QrelaBPLNGkidng ofher thidgs, t ar get
bressur e, 00,0tk I, SEUPHBRASR 12 RONEES: Mg PERRI LSS, B o 1
t he PI D val u&s mbeaindéedbias m?rpdim. biceasng the padr éeveleheesllydhdrasedsythe
erperature conb ol U gu 0 B, IRkl hy Foteinl et 0
t enper at ur e ¢dmrdnst.r Biedirdt netled anay dis be edd tctvpes] alieuerepenaiurt efigiamaéiur e r ange.
Plasma contrgl subroutine 90 conprises program code for controlling
" Alternatively, the chamber or substrate temperature may be measured,

with a thermocouple or pyrometer for example, and the temperature controlled with a

separate temperature control unit. Such a temperature control unit may comprise heater

elements, cooling eléments or both. Such heating/cooling elements may be coupledto

the substrate support member 18, the che{mber 13 or both. Some chambers include a

scparate temperature control unit for the dome 14,

When temperature control subroutine 87 is invoked, the desired, or

target, pressure level is received as a parameter from chamber manager subroutine 77a.

Temperature control subroutine 87 operates to measure the temperature of chamber 13

and or substrate | 7 by reading one or more conventional temperature sensors connected

to the chamber and/or substrate, compare the measure value(s) to a target temperature,

obtain proportional, integral, and differential (PID} values from a stored pressure table

corresponding to the target pressure, and adjust some combination of source RF
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t he frequency and power output setting of RF generators 31A and 31B, and
for tuning matching networks 32A and 32B. Pl asna control subroutine 90,

| i ke the previously described chanber conponent subroutines, lS i nvoked by
chanber nmnager subroutine 77a. Those skilled in the art willl?dddgiWze
that where substrate tenperature is regulated by control of the plasmg,
the tenperature control subroutine 87 can be incorporated, in whole or in
part, wi thin &E@mlﬁ%r@ e§é1'2510_4ﬁ3'a'ﬂ§cl%glbem ?ﬁ%rmlltﬁg%t)o ARt g]Whl ch may
i ncorporate sorre or al g[ subsyst ens an routin o' Ecribed above
woul d be an ¥cerding tqsshéféfhfal'#?éﬁbﬁﬁlaeiﬁ@l@dlemessuﬁ@q@blpedltwaittefplval s, configured
to practice { LES8Rtoll m ar e

di sclosed in l&%gﬂ( Pat ggrrlqtl S%g‘ﬁ%ﬁ??’%ﬁ%@%@%@ %tggﬂq%nlﬁ/g(r)ﬁgss y 15, 1996,
entitled " Syemerior 81 Brigmapicular pevse lersfetoyesniiaihe smpBRu@DssRsiie b Lo havi ng
Fred C. Red@égggdteﬁggrgagomg{ﬂ@rql@;gra@erogl Hanawa, Tetsuya |shi kawa, Dan
Maydan, Shijian Li, Brian Luc, Robert Steger, Yaxin Wang, Manus Wng and
Ashok Sinha |isted asPlgnasasielsubrpatine@peomplissrirogram godsifongenictiling

i ncor por at ednB@kQicAcyoid ok &loRPEEsetting bt RF EHeRSI 1A anhi 518 L4 For't:dng'l ?

illustrates a sinplifi d cross-sectTonal “view. of an integrated &ircuit
200 accor di nga¢eyng ﬁ‘(‘éwffll‘éé%%ﬂdﬁﬁ@eﬁ{aﬁlﬁhcmﬁgl subrovineiN. ke dhe ppeviquslyegr at ed

circuit 200 ddséiteddmenbiMaRpaislt RMISitds 30k SRS c@afa%eﬁnghag&@ummneh are

separated and electrically isolated fromeach other by a field oxide
regi on 220. BEdcfh 6?‘35’6'1“341'§|t%et"6tr“§“ regogniziitpt pherccusple KEPeEtusyisr ce regi on 212,

a drain regi Rpuidddby @ntdooraat 5@315@qnaemaéf&ure/éoﬂfo@g@;@hn@sﬂaﬁoa&rI c layer 221
separates transistors 203 and 206 from netal |ayer 240, with connections

bet ween net a’lnccfrﬁcgfétfsd spyhol er ip part iithingTlaspg centphgibiopte: 9mde - by contacts 224.

Metal |ayer 240 is, fmeeaﬁadmfa,s 68 which kY incBBbAle shAY 6F sl of 40, 242, 244,
and 246 included in I‘E r?rat ed circuit 200. Each netal layer is separat ed

fr om adj acentCHeEteas ap s igreniee abays prgrld e ap Bitina {ystempmynyfagiasdbyo 27 228,

and 229 i ngppidi wtda@rsrdoaﬁgdrameb&c%?l%pr&aﬁanve&?o%a,Thga&mfslok&uchayerS 227,
228b, 229b, and ca‘{) %h227 Adj acent netal |ayers are
connect ed at SYSEM&E ‘B?f %Cb‘l‘?' %sPaEE}tARHh&%‘OQ?IG 0878827 1l Jgvvde: Hbal | ayer 246

are planari Z@ﬁt[&ﬁ&ﬁrhiﬁ&lrlcolrhnhtﬂé’mﬂﬁct@a9—Coh;51€d HOPAYID RedctoE X Bl gSrre@Char ri er -
| ayer 230a, ﬁ‘ﬁg‘? | | agé 230b,. and a_cap | ayer 230c. Pref erably, at
| east one of °f q"[a"ﬂlafj Mg F‘%Vbﬂgﬁﬁﬂawazﬁ%uyaﬁ@ﬁwa&?‘?&%%“ SEYAR ai ns FSG
that has beebni, Brigat@dRwettStapxy yetin 3660 Mime Woag and Adhsk SRADRAiI®RRL- of the

‘inventors, the-disclosure of which is incorporated herein by reference.

II1. Exemplary Structure

Fig. 2 illustrates a simplified cross- -sectional view.of an integrated circuit
200 accordmg to the present invention. As shown in Fig. 2, mtcgrated circuit 200
includes NMOS and PMOS transistors 203 and 206, which are separated and
electrically isolated from each other by a field oxide region 220. Each of transistors
203 and 206 comprises a source region 212, a drain region 215, and a gate region 118.

A premetal dielectric layer 22| separates {ransistors 203 and 206 from
metal layer 240, with connections between metal layer 230 and the transistors 203, 206
made by contacts 224. Metal layer 240 is, for example, one of four metal layers, 240,
242, 244, and 246 included in integrated circuit 200. Each metal layer is separated
from adjacent metal layers by intermetal diefectric (IMD) layers 227,228, and 229
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of the present invention. It is nore preferable that at | east one of the
cap layers 227c, 228c, 229c and 230c is deposited using a Iomfpressure
strike according to a second enbodi nent of the present |nvent|on

nost preferable to deposit a cap layer according to second ey Jpggh over
a gap-fill layer treated with oxygen according to the first enbo t.

The | ayer of the present invention nmay find uses in each of the dielectric
| ayers shown in integrated circuit 200. The | ayer of the present invention
may al so be intsRthiArRARPGSEITR, jzaa/enssh gahiiiCiay s B2 7bmibidesh, ki @pe

integrated circuits. In d ene a bl anket | i S. deposited over
a substrate, lﬁ/éﬁséé’?‘i oA °y22§f c%@ﬂcenirﬁ‘f%ﬁﬁ’ﬁrsta&e ﬁoﬂ‘éeckegﬂbste&g‘fﬁi(’peﬁﬁas Yhen filled
with netal args e‘l&hﬁﬂohﬁﬁKVEQhleﬁ@layéiheﬁar’é@laﬁﬂfzﬂd pammionwmfeam s such as 224.
After the netal |ay eposi.t ed, secon it

per f or med andf® f“éc?’f Fegg ?ayﬁéoéta@%g”izry&%%g’ra& ayfef ?:{béd with
mezI al anddet ﬁhed Eack Hﬂéferlaﬁlb,lag ﬁ@iﬂoﬁdbﬁtlwggpmllla@e&mhb ass;tzzﬁ)b drid ZSt{JtouI d be
understood that t ied in rated circuit ustrative
pur poses onl yout t‘)%}?%c? thHFI:\%?F c%‘%‘i‘”&‘?"ﬁ’g‘?“r?émd P8 LA qﬂﬁ?ﬁﬁfllgﬁ%t f %he present
met hod for fabme eaa&mmvafuoﬁt nesrm¢rab1egsfameadatei léﬁubﬁeﬁmi‘tlﬁzuﬁﬁla?ﬁs 227c,

m cr opr ocess ap atl cific integrated ci r AS|, Cs)

menory. devi c§é§ G EB%Z Gojts ‘gepc’s“? S“%Hﬁ]"é"rsg”‘f_ﬁﬂ}fﬁjc‘é?r ing a@g‘&}flist ant Film
Dielectric fre}nnrsdxdlemowteeebsmmrﬁamﬁ dHM@osﬂpr’éf&raﬁféﬁ@drtpﬁfBﬂi &pd)afyext he present

i nvention genera w_ di el ect r| Low d |.c constant

herei n ref er %6 *%EY‘GF%‘PB%?‘P‘P" lr%eolﬁ%‘feé?@apt ]tay‘?r re’l‘t‘écg‘glﬂﬂ W&’ﬁ%“&" rgllnéct ric

const ant for tiefirstuabogiedntsi | | con oxr de f| I m General I y, silicon oxide
(Si xOy) has a dielectrj.c,.con Ittne(lﬁcle&ss than 4

are referred to as | oWk 98 he HETSF%“‘W"E% nkaygfrnggfeglm eat‘;]ﬁ%n 27are referred
to as high-k léyieisrmﬁowxﬁinllmwgrdeceéneom PO The hmstraatthegadzent dsaghtionfyaymisdb beior | ne
atons that are_.i.n origoratl Si 1 n.oxide | ayer Cucmtthllefilmtofo.rma
layer of  fIUBrEPITEEFE aafrg’s %’i‘—%@“cu AR S driepaEE A Py be used as
an i nt er net aldatlasebredéyersca bl@:hld\#[l)aydr&y:bposoed @)Iehembstque safctidéletidetlr i ¢ | ayer.
The SpeCI fl ¢ eﬁ%/ %ﬁie Sbs?VYe ﬁ‘r ﬁ?_ld it methaﬂga%ﬁed baaISF%E!hg.Xﬁav apPper

traces, as ¢ m Ccrons e an aspect
ratio of at Immmactskucﬁmezm Amrrthwhude@earsﬂepomtesh 4 secod bienketi de | ayer

that str Ongl >(l:le;?osnlon E)S é]terfo rmela aﬁ(!: seP'ctlve ey etc%”rletli : fi%netﬁrl_]ngégrlegsearé tﬁgn]_[ﬁ]lleﬁ t?l as a

di f fusi on barr ere ore, this
| ayer not onimetdiasd aoﬂed\hmk@d pohshed to form vias such as 226.

" It should be understood that the simplified integrated circuit 100 is for
illustrative purposes only. -One of ordinary skill in the art could implement the present
method for fabrication of other integrated circuits, such as microprocessoré;'

“application- specific integrated circuits (ASICs), memory devices, and the like.

IV. Exemplary Low-Dielectric Constant Film

Dielectric films deposited in accordance with embodiments of the
present invention generally have a low dielectric constant. Low dielectric constant
herein refers to a dielectric constant that is less than a dielectric constant for an
undoped silicon oxide film. Generally, silicon oxide (Si,Oy) has a dielectric constant k
of about 4. Films with k [ess than 4 are referred Lo as low-k films. Films with k greater
than 4 are referred to as high-k films. A low dielectric constant can result from fluorine

atoms that are incorporated in a silicon oxide layer of the film to form a layer of
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dielectric constant, but also has excellent gap-filling properties and is
conpatible with pre-existing copper structures on a sem conductor
substrate. Fig. 3 is a sinplified cross-section of an enbodi Z(Fﬂt ?depye
present invention with a two-layer silicon oxide film 300. ] | ayer
302 o.silicon nitride, e.g., Si3N4, is deposited over the conductive
traces 304, 305 and substrate 306. The substrate 306 could be, for
exanple, a silicon fe ilicon wafer with.existin ] ures or
Cayers. Thi SHITRRAR ¢ e 1k die Rt S Blay B hoda SESA-ah el SRIMER 1T 28 O
a conpressiWaD) hyeator othbi gpe ¢ il ayeh eThe epdcaivickartple edflow Hescnimslar | yi ng

nmetal trace S ial,ly wwth regard.to tal .cracki .

el ectronigra %ﬁygiﬁwdé’é‘?f gt CoR™ r‘?‘?‘fcr it g%e a%}%sf%@g%ﬁéﬁgémgggosi ted in
accor dance wistllhatelsd aspectonto efd ekt e nThofiint iheludds avtemsiligm.nitAde [l3P- CVD | ayer
308 of FSGig deposited ov urf.ace .3 £ sil] itk de | ayer 302.
Pref erably, tﬁ%égﬁg) ?eardﬁgrﬁﬁtoﬁée }%grtga lgélll\?\?rf%é%lg?ggna%%fig%ﬁu%& aqéﬂlle?ig deposi ted
by convent i crealcchiDiécoMidr ainthePsG tugal Toapiientusl layeenot 84l4 hasa/loered deposited to

deal the FSG.|ayer and provide a surface-th .S, t B typi cal
subsequent _strtaretaruro S Fot B Bt ar b Bl pob AU AT R pRb Sk | 1P
silicon nitrprelexistingyeppet eipopirdsed aisemiaodostaksniestraisi t h t he second enbodi nent

of the invention. V._Depositi f Low.Di ctri G ilms Fig. 4 is
a flow chart of one eRBonRHIPLEY &o; ésﬁ%!sg:nt%#r%néﬂrpggwgg&%g%@oﬁgltng to the
present i nventdndon with whi€ hyasiigemotideddtnrdont Adiifag¥Pdayehd02stiabicdni ty of a
FSG | ayer. In this %:tlxpd.i Dty b r ' ' Lahesk Wet hin a
single procnelténgf’negg"c i lér?poﬁlaetdopgﬂﬁ)escgﬁn gir’ers}?agl(a)%otg'ﬁ%?q{? e process could be
adapt ed to aThesubstael3aérberld by &irerampde, 2 siicindvifer op e sitiooneaderiwithexisbng es of
different ch I erS YSil: el NeiRlRA B SiePRt a¥Bter s descri bed
bel ow are fosr%%gﬁ;%??lﬁ%%épﬁ%%%@cgnﬁi}ﬁ%%{eg _Cl,tjstgst he Sr o_ceslg coul d be modifi ed

t 0 acconmpdatepotshies layef ehish Bupcdveathe tadiahiliylef thpapearlging mel fgge®dr | s | oaded
onto the sub Elacilifly £1S1AE REESRI il N ATRSA nliideeP 402)
through a va%h%cﬁuﬁgéﬁlgg%é&rt,{_)rﬁgér_ms{afﬂtl%%]l _vg, an rmvet:ll_lrto the desired
processi ng plesirBPbmay e rposited én apeedinae illiha gecandsmticdapensefithce, a fl uorine
sour ce, - and A0c.GxY AR RO Ba)Sa0e FOUNRulB] Svct e shiauberoramdor i oh
density pl asfr?lf_ge_nlng%'f%sge to ag{)osit a I_ayg?S of ESG ?step 404) over the

waf er. I n a prikdyeetd2e RideibteSG loge30845 rpated ity esd 3l *RORESE| ane (Si H4),

the fluori nede%gé‘f{eg Sy EehvERIATHHRES), |P§1Q)%tin§1§l Eaﬁbinﬁ\'{fhiymm may be
deposited to seal the FSG layer and provide a surface that is compatible with typical
subsequent semiconductor processes. Preferably capping layer 314 is a silicon nitride

layer deposited in accordance with the second embodiment of the invention.

V. Deposition of Low Dielectric Constant Films

Fig. 4 is a flow chart of one embodiment of a deposition method
according to the present invention in which oxygen treatment enhances the stability ofa
FSG layer. In this embodiment, the processing is accomplished within a single
processing chamber, but it is understood that the process could be adapted to a
multichamber system, or could be performed in a series of different chambers or
systems. Similarly, the process parameters described below are for an 8-inch process
wafer, but the process could be modiﬁed to accommodate other wafers such as 10-inch
wafers.
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can al so be considered a silicon source, and the oxygen source is diatomc
oxygen (02). Alternatively, TEOCS or other silanes, having the general
formula SixHy such as disilane (Si2H6), trisilane (Si3H8), tetrasilane

(Si 4H10), can be used as the silicon source. Similarly, othet7gdded0such
as F2 may be substituted as the fluorine source. Ozone (03) can be used as
an al ternative oxygen sources. The plasma may optionally include an inert
gas such as helium or argon, enerally easier to strike a plasma in
argon than in hel i umA vpkgis I(PHH%CE nQ e BOSIERCIPRAST RERRET IS RPSEHFINEr  Xenon

may be al so us@sber BtdpRORGRroliEIyPELNInA R XRRQR ski€Ae, taRd RSvAME Bic@XPENSI Ve than
Hel i um and Argon. The gases are provided at a flow rates of between 90 and

94 standard P&%ﬁ%ﬁ&lg@eﬂwmewpg%eﬁ ingjudige @ sfisuessjres.grilugiipsouse @igdh 50 and

54 scem for SJifkknabidce iDeHBRRd harhedHdmb&and & 8L bt Aastas bVl at es are
nore preferably about 94 standard cubic centineters per. mnute (seem for

Si F4, 50 seerfiepast 2 &yriof F3GsieptPdd awrthemaferolp a prefergdreadedipent et he chanber

i's typically s8@bn fitke ihttosildAe (BiRY), BEHVWRRE sARRW tetrﬁluéroame@slm bvhichor r,
preferably about 4 millitorr. The plasma may be formed, ley the

appl i cation &R #5% Breongdesg asilicgp sqweeeeldfthcéw@aéwnﬂs Aiteetic O*V%i@a)r |y SRF
generator 3 J.Aﬁtenfaﬁw)da&dglirlam@naﬁe@maﬁﬁg ﬂagger@fral &rhliiegyBENsi¢h af diiphsveen about
1.7 and 1.9 | evel of between

bl
about 800 an ‘1]6@’G“S‘{ﬂ$r &b\}é} éeffa%hav @HH%GER be&tﬁﬁi WIPE@\I{”X%% &Eat or 31B

provi des RF mmmrlyabth& ghce QUAREY, 8y beREEVIREA a2th ﬂlmrizneaadcée QzoMHD,} 0 si de
coil 30 at bet 2500 and 3500 wW referabl ut 3 00 W Bias RF
power is provPy %“Sf‘gast"‘}‘?é‘“?ﬂ?}é"ter"éifgé“ foprogs- ?efpﬂaéaaanw al 8?]? °f8 56 MHz and

a power of behseansihayhel BB Wgamdt 2RIy ashr efselkalipjasmbetaganhatout 1800

W The wafer t e ure is t i ntai ped at bet wee and 400C.
The chanber tEer btk Bt ey PR ENept KT HEA hRGoa s 0F ASe g liTE 70 ang

75C, pref er alitryptabaidt Xeabn (end TR nedboasperive cias Sletiamndid Agps. are mai nt ai ned for
a sufficient period of ., tine to fo SG abo 0 o 12,000 A
thick, preferably abo The§af?66repr°f 366(?'12’ eﬁﬁﬁ’e%eteﬁg{) amo‘iiepogaln |((E')n tines are
dependent on cmhecm&mtmerpwmeﬁite(B;cmWSIFbeemeammmdstihe:nefoemhhan@ chanber of

FIG la-1d can ds using the
above par anet gtweerp %t%l at“ﬁqgs ctcgdjgradzan}al%gﬁvfatﬁsrﬁredgorggre%er%ya ] gjrz' t he above
condi ti ons, h&adad blﬁ)h(atehmﬁbtyrs Ipbrgiilnﬁtt Ghing) bediFH Sofcchl fuSiHpend to0okengen. In  a

et 9, ST It U £8Pl R SEOBSRARLIAN, 25, g

the FSG | ayers. Sl\arfdhﬁ millitorr, preferably about 4 millitorr. The plasma may be formed:by the
application of either single- or mixed-frequency RF power. Typically SRF generator
31A provides RF power top coil 29 at a frequency of between about 1.7 and 1.9 He,
preferably about 1.8 Hz to at a power level of between about SQO and 1000:_W,
preferably at about 800 W. SRF generator 31B provides RF power at a frequency of
between 2.0 MHz and 2.1 MHz to side coil 30 at between about 2500 and 3500 W,
preferably abouf 3000 W. Bias RF power is provided to the substrate 17 at a frequency
of about 13.56 MHz and a power of between about 800 W and 2000 W, preferably
between about 1800 W. The wafer temperature is typically maintained at between
380°C and 400°C. The chamber temperature is typically maintained at between about
70 and 75°C, preferably about 75° C.

The above process conditions are maintained for a sufficient period of

time to form a FSG layer about 6,000 A to 12,000 A thick, preferably about 8,000-
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oxygen. Typically the 02/Si ratio is between about 1.0 to 1.2 preferably
about 1.1. The 02/Si ratio generally depends on the flowrates of 02i SiF4
and SiH4 as follows: 02/Si = 02/(SiF4 + SiH4). Generally, the SIFA'/SI%
flowrate ratio is between about 1.7 and 1.8, preferably about 17 JuN
actual flowrates will depend upon the chanber used. The dielectric
constant k, and index of refraction n, of the FSG | ayer depend on the

atomi ¢ per cei,0ufA fhidkortichel dapodiiive tﬁﬁ@aﬂeidhmﬂdﬁemeuhabthaynbentth:ed gdwater the

fluorine COI’lt eécal%'lplteng?)exelt‘np{a%& l.nger of It cl) l&candld it alt pS??ggr E!(Obj h?‘VI ng a

fluorine cof ., undo ed silicate typically
has a k val uaboof SCdpocutls zﬂsmghejatwmapandmters)fmrtmﬁstam aroFS(E)ﬁhmb&pumted 46. If the

FSG filmis dOdO e% gotvgagr{dh%rnls h sarela?‘ velye ?Fh at{n.mc raGUO or} %c))(m?cfto oxe)IéBr?C[%ll on is

between 3.4 &nd elndex o onis et ween 1.40 and
1. 43. Di el ect picterredmsbaiivhentfthe F$G lams hay eflussinatdngentreticey, ad m@durbtyby Bapaci t ance

and vol tage f’g&\gfb tl;iv%lé)ne bou?’?% aHE?a (i“/ﬁgg’g ove%?the%%faw reference

filmof known n addition escri hod f or
deposi ting FS@,gelseTwmlly the iChASeragn s qgmcxesmetsl 4 orl . X wefarably abduwidrli Akt ed

silicon glas G { S :

triethoxyfl Uf? /(§35|§ 3%‘*"“?‘1%@@5 P ?]hetﬂeot%rrgtg?%b%%%dﬁg i Ié?%% in a PECVD
deposition process. AlﬁhftSheDz/é.&FeT ﬁéh] ve process for formng an, FSG film
uses C2F6 as the fluor h eposi tion
processes are descri l?eg&alﬁp%{u afg’tagrg[\égat[% ?e?‘i\%ehlﬁé:{gtl oﬁgségrl al no.

09/ 075, 592, as&rdphedontd.- ’J&pﬁlhpedual/tﬂpwat@sl\@ll dggfen@npondhadbaygberueed-SG | ayer, the
surface of the FSG | apaL dfe%(thﬁ@&'fs@gt Mdhnde@&yge%ct{oﬁtne& tﬁQ}ﬁG fa?err educe the

fluorine to oxygen ratio ygen treatnent can acco shed, for
exanpl e, by Hewnd ergthe HemiegErdealyad fluetineiimge 8&@@§ur Gﬂrteéﬁ”dxlilgéfﬁatefrthe ozone,

bombar drent %ﬂeggrﬁéﬂg%% {a“@%ﬁxégenuesepmarn %@ﬁs@ﬁn@hphanﬁlgtarfﬁbnwygen at oms.

In a preferre ayer oxygen ions
from a pl asmeontent of G #eYsizmanédpasiibeatezass (IS wpictlhcharsiovalg ofrbpodi t ed.

General ly t hgndsin x?de@'agreﬁla%n of hid\B1 4 &r b PQ@%%l?Stdo%agbewﬁpﬁludﬁfneEﬁ@ deposi tion

while the o [ ow rate remal ns r oxi mat el ‘Sane as it was in
step 404. PI ats%eth‘# inderenf mefercheris b%tWPle3‘E@Sﬁ&@iﬂﬁﬁtﬂélll%?xpﬁ@ffé‘é%%omer and

frequency Seta&ttve&sabwﬁ 9 Rﬁle@gé@g c6HFah 3 Gor fﬂ:‘ﬁpé’é bidaf@PdetdhneBibps RF
frequency typically he sanme val ue during 1)1/ gen treatnent as during
¥

FSG deposi ti é@amﬁéWér"Oltt%é (%M#pw@wasp@w%%tm osifed fikm arvtp by

reference film of known k value.
In addition to the above-described method for depositing FSG, several

~ different processes for forming fluorinated silicon glass (FSG) are known. One
alterative process uses _triethoxyﬂuoros_ilane (TEFS) with tetraethyloxysilane (TEOS).
in a PECVD deposition prbcess. Another alternative process for forminé an:FSG film
uses C;Fg as the fluorine source in a PECVD process. S-uch FSG deposition processes
are described in United States Patent Application serial no. 09/075,592, assi gned to
Applied Materials.

After forming the FSG layer, the surface of the FSG layer is treated with
oxygen (step 406) to reduce the fluorine to oxygen ratio. Oxygen treatment can be
accomplished, for example, by heating the FSG layer during exposure 1o oxygen or
ozone, bombardment with energelic oxygen ions or energetic neutral oxygen atoms. In

a preferred embodiment, the FSG layer is bombarded with oxygen ions from a plasma
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roughly one third nore than the value used during deposition. In a nore
preferred enbodinent, the BRF power is between about 1500 Wand 1800 W
during oxygen treatnment. During oxygen treatnent, the wafer te %Qﬁﬁﬂﬁe is
mai nt ai ned at about 420 C. The chanber pressure is nmaintained V1.8
to 2.5 mlorr, preferably about 2 nforr, for a period between about 10
seconds and 1 mnute, preferably about 20 seconds. A high throughput of

waf ers through. the proce desira f e period of
reat ment ShoUPeoRS RESE TSR St et Freah LRI o 407 of g
sufficient oXiggesretwget aetht end IESEXiagisition WRild @€ o ygedilow take rdl@giend on many
factors, includi ng tt hgl how thaFr.ecedaﬁglﬂ—tDP- C\/D.Iﬁr oc(ﬁjss was perfornmed. The
oxygen penet FEF UMY JoSARe g s &8P Wik FdoTe S BUERESE. the fluorine to
nmake t he resp{jnbmnnget&itltcrmm)p@vesta@cbfrﬁl.ueﬁlagteetfﬁ&@fdraytem Ikia&eadlﬁdngorl ne has a
fluorine congentr.atign,.. asured. by % PHR o about 7.5% and
about 7.8% afcfl FROPIIPY e&e%ﬁ?&ﬁﬁ‘?ﬂcyg")f’)‘fa%hhaséﬂ:?ts?‘}}%aal]?e urmg oxylgl con nitride cap
| ayer may Dbe trdepesgiag dading\FSG de[ﬁdmiol?%web@yteml-‘(faioerpr 14%)ca11ﬂ1naeasaqbbj ayer is
not necessar achi ey el ectric constan under | yi ng
laver - but - mRE Pt Pt Pl EhpuPoiRE IRF hociebifent

i ntegrated cmmbmdlmerp,rtmpwgprﬁl@p&en et BBGW amdﬁowrwydtbmgpkmamrl zed or
densified prltl[%?{t to the formation of a cap |ayer. The cap | ayer may be
formed using a B cvb process simlar to the process descri bed above.
However, in order to ®wntg @tygemmeatrd@:polsd Weifernem;ferasmecgﬁrmdhitarinefdialt pwuti . e., 1000

A or Iess ressure stri uire i |t|atethe

0l s - BRG Techivst PR S gt ol Pould P 2SRt A | | o

advant ageous abaut 2le{Tos] for apdriod heteagn dbametlo sedondsidhd € atinutd, prefaﬂzﬁalpabent the FSG
Film In damgscene, appli.cati i de depo ted on_,copper can
serve as a nggé?cf”ildér B‘tq‘bghcfﬁ‘f’fl%? Qrtswc?Fch %E’b'glt tthf’ Htof)es%tﬂg DO ARE% under 1 yi ng
| ayer. Alter ltl&tdfmtethp,pericsli dftre;omentishauldiies ldamsﬁtdrteﬂ p@smbaa whed mtlt ric |ayer,

such as FSG rovldmgI su%/f%teatsoxygengregh S} g%ﬁexac‘ tlme regﬂmre%wﬂ 96?61? clml 1881 nitride is

desirabl e si Rte EH3E6H ed to 3.4
for FSG cont aacmmgtcmbmlthelﬂwahm@dqngmvpprofﬂeweﬁ pelotmade Tdheel ectric .

constant of 3. RTRSNIAS HloThARd ffr LI AERENIR, IR LIRSS and

dielectric co l"aye risin nerally, for a
filmconpri sedultihg filvomb@ypebls. The FSG layer hasa ﬂuonne has a fluorine concentration,

as measured by % PHR, of between about 7.5% and about 7.8% after treatment with .
oxygen. h

Optionally, a silicon nitride cap layer may be deposited over.the FSG
layer (step 408). Thé cap layer is not necessary to achieve the lower dielectric constant
of the underlying layer, but may make the FSG layer more compatible with subsequent
integrated ciruuit proccssing steps. The FSG layer may be planarized or densified prior
to the formation of a cap layer. The cap layer may be formed using a HDP-CVD
process similar to the process described above. However, in order to control the
deposition of very thin films, i.e., 1000 A or less, a special low-pressure strike is

‘required to initiate the plasma.

V1. Deposition of Cap Layer using Low Pressure Strike

It is advantageous to deposit a thin cap layer of silicon nitride over the
FSG film. In damascene applications, silicon nitride deposited on copper can serve as a
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havi ng, respectively, dielectric constant k1l and k2 and thickness d, and
d2, the effective dielectric constant kerf for the film depends on the
t hi ckness and dielectric constant for each layer. Typically, ige @ incker
| ayer has a greater influence on the effective dielectric consta P4 he
film Thus, although silicon nitride has a nuch |arger dielectric constant
than FSG if the silicon nitride |ayer is sufficiently thin conpared to

the overall oo dMikitR@? SonpliifioShbEaHINS, BhRHAEL ki ARBSLAARL, Of the Tilm

can be made close to th tron to ng th the silicon
nitride | ayeﬂillcnmatﬁndeﬂm@wdlojﬂ agliddestrisdayen sidhgs FPG TN sreysoRsian e‘&h 6taP-f&r m t hi n

Si 1 con 8PSl ftse ARRHIJOR. BlcdhHRiddt 210l Brugasirabl o Lo

strike the p e deposition gases flow ng. - . S depicts a
f1ow di agr amooiﬂnaraﬁtoe?rm%dm@mmmm&ahmt Hodoroie P@Eﬁﬂb@l Tlier?éfeﬁ“’@dt?lqc fer of the -

present invgphl ?Qf ae(ESHJpQQ{fe%&I&tric%%@ﬁeﬁﬁanhéﬁ]{chl&gs andRR1d-0W BR@sUr e strike

nmet hod i s descri 'y 1n cormonly assi gned S. Patent Application
titled " LWV@R@%RECOBTPRFIKEth\?IﬁNﬂH@Fn% oHA mpnéﬂdt%#w\few%c ket nunber

AVAT/ 3272/ Pﬁ F Rg%\éelyfdlél&qrup&ﬂﬁwt 'I(eﬂltdn% aﬁ’& thiBlale Q& Qﬁaetﬁeﬂﬂg RRAld cation and

i ncor porate reference odi ment of the net hod depicted in
Fig. 5is trsbelpqt@f@pﬁmﬂkmfmbﬁ ﬁwlmﬂep@fdsgwpthimgsemd dipleptrigeonstprd fofet hod 5. 00

begi ns after 406, 0ty RhOmtker layRr hastalhfea@XhERRce 4d BELARAL: Of the FSG
| ayer as deseéﬁﬁp% gpo 't ter%ra%f:\r/eals ré‘li\etahe cap C? ayer may ebe deposi ted by

t he net hod %@ecamt@nstﬂebthaﬁhn Titwe, %@%dﬂlﬁ‘@g}"ﬂée agpusp l8gep by turni ng

off the SourﬁaéctﬁafcoBétmmaﬁlﬁscslw{ue@meo@%d@waeasufmt@ tvedddpaiad@s t gas,
however, is naintained no inert gas was used in the priagr step, a flow

of inert gasthe Sveé%ltfdlﬂlui“%lﬁ’éﬂ’ b F’Eﬁ?ﬁt‘t’%dlglﬁﬁf“f somgay of the flo eanhgpmadgelese  Thys,
plasma of i ngri.cg@sd. s established in the chanber. In a preferred

enbodi nent, the inert gas is Argon, provided at a flow rat]gyci bet ween 180
and 200 stem of . The ¥ddditien Ribeing thjmilesaliopy nitride aye; ey vafcally #ffuency of

between 1.8 zraRdreddddsit#unith@h thihlidoaRitadidayel heer a@ohﬁorr@fmm isvel y. The
source RF power is maintained at hetween approxinmately Ogg W .and 5000 W
1§t

preferably atftsttdesirablsiupinge taplasgiagy e degosifrsates B‘P‘f"“ﬁ't PEGY to reduce
the kinetic gagh@Yratiotth sthydaihent OMSmdthdarf UERsitifed aap nﬂyaxswmhelqmﬂaﬁtr d the film
The substrate tenperature is establishe t st eﬁ) { lg gl %O%gp c}ayer of
silicon nit ringalipaemNgyings OWIRTSFUE Srifenpe °<i‘f prPE IS kR Biog) 04 ypi cal Iy
est abl i shed Ry idordn@ndeRs ea iUO8) PatbhxerfpNetibn pliaSTOVAPRBSS VR SPRIB ed t 0
heat the substrate , exposing the su £ t sma. The
duration of %@Dg%d%ggé}@%%%nﬁ?% pfgt mimber RRATA 2 Bri o

filed concurrently with the present application and incorporated herein by reference.

The embodiment of the method depicted in Fig. 5 is the preferred embodiment of step

- 408 of Fig. 4. The method 500 begins after step 406 of Fig. 4, i.e., the __oxy_an

treatment of the FSG layer as described above. Alternatively, the cap layer may be

deposited by the method 500 after step 404. The method begins at step 502 by turning

off the sources of fluorine, silicon and oxygen. Any flow of inert gas, however, is

maintained. If no inert gas was used in the prior siep, a flow of inert gas is established

prior to shutting off the other gases. Thus, a plasma of inert gas is established in the

chamber. In a preferred embodiment, the inert gas is Argon, provided at a flow rate of

between 180 and 200 sccm of. The source RF is generally maintained at a frequéncy of

between 1.8 Hz and 2.07 Hz, for the top and side coils respectively. The source RF

power is maintained at between approximatety 4000 W and 5000 W, preferably about

25



required tenperature rise for the substrate. Generally the hotter the
substrate, the less tine required to heat it. To enhance throughput it is
general |y advant ageous to deposit the cap |ayer as soon as p "g{/Ne ter
the underlying layer is deposited, i.e., when the wafer is al ?1

For exanple, if the cap layer is to be deposited i medi ately after FSG
deposition, the substrate is already quite hot. Under these circunstances,
exposi ng t het>90Wét TletbeastRd' 1§ tuened ntat stqpl 8 taarefiore Ugtkongtic d@rayeotrvdscli s usual |y
sufficient tﬁlls R8s ahe tu@ﬁp?aglg?&grﬁéa?dﬁlgﬁ e desired tenperature for cap |ayer
deposi tion. ter na ivel eating elenent in the substrate support may
be used al one or in cob &ubﬂtltﬂie@tnmatﬂhe tsiestabljshesateien YPohEara eahdaysifist r at e.
Once the des] Yl d§30o@§stt Ldp Q@Qﬂ f.,gae source RF
st urned of f9f HEERSLEY s BN ¢ 9Bl Sy B R AU BRI O he
source RF t hgtogtd @pmwpl dberimert plasnhreal erisamdy e usedito hqqtethﬁm’mtrﬁte teISe Sour ce RF
is turned of e s.anI‘I%zﬁ’iq Gﬁt‘ﬂ lheiHhanbemet 0 M x with
the inert éxgosq%p[ﬂﬂ'}b% rfg%?“ étyglrl gepogg3 on gegses ty5| cally

i nclude a si 13H'€1@F‘ igengrairae usdorahe substratyg dyenerailit B hotientha sybstesie thedersenbodi nent’,
the silicon M ADGbRE (bl AAGTs (UG GhiahBedhalQ@b&inI LT ogen
(N2) A ternaﬁl?g{aeﬁﬁ,réd%%gr o?%anosrl egilﬁ)lgsulcfg g B g Qirt:qjulsed as the
silicon sourtl,‘lec@riebfﬂo@grﬁ@lan mmt%&@%&ﬁ%&nm@mﬁm@ 1@a@é§ep§ﬁltﬁﬁ igs WARhtRi a  (NHB)
may be used agefQeQhl RQIRG & €5 thélapShRP: Rk deP&ithd @hdanieparRf
deposition gasgs1 are )téstagﬁ sﬁH@ the F 1rsef errgﬁlenboélr m::eerFr)t8 of Si,, Ny
deposi ti on, %dﬁloﬂnomltw*ﬁé[?telsrﬂéfeilﬁh'tqwé‘ehpt1@“%813¥Glf°§€%%°%§nd the N2 flow
rate is bet V‘%&gmgg’g@tc %.Q)gtragg 3 tlﬁqﬁéﬁ plF¥RI £6:30bbY 10istcohds iNREARSAIKidhO0 WAl t

bet ween 3 an Seco for the mass flow controllers in the gas delivery
system to ebwhthk publsiratitiejthe @@redmmaﬂfrr ancanerss depppitionn lismaliKdndt of tine

depends on t Ht%tmé Aethatk UL suBBSE LR e Heruddd £Ing ol ﬂﬂ chi}@nctiaswiRltHevery
system Chanber pressure is also established at this tine. For a

| ow- pressur ePlétrM tRéeatth?éu'?ﬁﬁéfﬁb@?c%?ee@é'{ﬁdéem%”twﬁf%éFﬂ"g’?““"bE‘t ween 1 and 100

militorr. Pref@iRR] e sobfE RERAIRES o LESPWOE wihle metr@wgamwﬂo@e mllitorr.
For silicon nitride deposition, the pressure in th?%chanb is typically

bet ween 4 andithoytithq soptse RF gereippaplagmagn theicharyes AMfhpBoBE fiedUstt her e t hat

steps 502, tREQUEh-®08 RFQRitRRLILNAL mtroam:@@ﬁ) thd @@ﬁlb@ﬁ@ﬂ]ﬂ&eﬂh the 1rﬁ:he specific
case V\/nere a lowpressure strike is . enp 'E%‘F‘Fl&} osit a ayer

in-situ i meé&tsatar§Siditap laﬂ%fﬁ'éfsqe'?‘i’sﬁr?ncgﬁseé Pt?ﬁ “rcagté?““rert‘“f‘ same
chanber. Al t gfifagdn 966y tntafiseefér&wembaﬁﬁuﬁem@tlmdﬁeoﬁ&tthsmrmymeamasgme Wi th

the stabill gcﬂréegg d?gtorgtgfntjolgglvthr)akletesmz?thgl Chﬂ?rlrrber rleSe,S? le{lm as %1 St ep 510.
2 y, other organosilan 2
be used as the silicon source and other nitrogen containing gases such as ammonia
(NH3) may be used as the mtrogen source. _ o
At step 510 the flow rates of deposition gascs are estabhshed In the

preferred embodiment of Si,N, deposition, the SiHy flow rate is belween 16 and 20
scem and the N flow rate is between 230 and 270 scem. Typically, it is necessary to
wait between 3 antl 6 seconds for the mass flow controllers in the gas delivery system
to establish their set point flow rates. The exact amount of time depends on the
individual mass flow controllers in the gas delivery system. Chamber pressure is also

cstablished at this time. For a low-pressure strike, the chamber pressure is typically

between 1 and 100 millitorr. Preferably, the chamber pressure is below about 40

26



Once the flow rates and chanber pressure are stabilized, a weak plasma is
established in the chanber at step 512. Generally, for pressures bel ow
about 40 mllitorr, it is easier to establish a capacitively iggg %

pl asma than an inductively coupled plasnma. After the weak pla 00
established, the source RF is turned on to establish a dep05|t|on pl asma
at step 514. By weak plasma, it is neant that the plasma power

sufficiently | g gavlodda etodwcesfolmﬁ@%nthesbstrate Such a
weak capaci t PVEPT- E8UbToen My CSHIZY: tBBPESHS A e HRmOHys %‘(B‘ﬁ?tjj” ng a direct
current (D Eétx)resﬁMaRE?lﬁumsOnt@t}ﬁm@tcr ate support nenber 18 to establish an

electric field. In on specific enb e capacltivel oupl ed weak
plasma is establi shedﬁtﬂ} “{I)‘ﬁ IRt oub f frat Séeli?f)é& g’f%lg%g%ar? %pté“"fﬁ' ( BRF
gener at or 31Tkgke sttpsarnaudin tl@fspaﬁfamemw&@@a Mivaprebsurd 0K Y\ehployal tbi as peri od

of up to 1.0,second caII bet wee S. . The actual
power is, degomear(fagllaﬁgﬂﬂ glhi” %léfﬂctrgﬂ’ﬁélﬂo'f ?l%’“é‘i“%élyﬂﬁ Yegatheat e bei ng
process ed. aneehmmalr eAltmitdvela, tROLBwAITEsS LD smkamethdadtﬁa)bdo&ﬁneﬁminh ihe

preferably bet 0 200% nor e ably about 1800 W The
cor r espondi nsgabm{e@vg?n&stf&%ngtqsg“ ?hé‘fng?ré’msﬁ}“%%gt glaQbout 4.8 WenR and 6. 4
WcnR, nore preferabl Pneddbeflow bated aid eHithberposssilréltirg €thbilifed sotdk@ilasmubst r at es
the bi as power nsit.y as, in approxi el t.he sane ran and the bias
power scal eslsleStgL}S%rdd%lthﬁﬁ{'a q’ﬁ?%6%??#%?1&?"891&1‘%&0%‘?531’33 b§@?‘%§8‘é&§r ea. Once the
weak pl asma nglitest ialslehSdraclesiabligh mwcdiereREoﬁ;ﬂedtpMsmedlaﬁln inductiesliyabl i sh t he
deposi tion pI as st 14 and the sy t ias_ L.s turned off as soon
as possible art 12? { e 's‘gfgerr g’ee’ plasma e & gj?lgﬁag tﬁ?sof' ﬁ%Rgdsotgf”F%Prétobl as is
turned of f besfablish & degosit®nplacma Etl%tap§wuBy|e'dalmhastnla,etnphamlmhleblmmal ly be

undesi rably &ﬁ»‘ %E%Hff%nﬁ@ llge‘#-!-qggcyi%é m%%%‘gld%v1cesliamex or? r|=.n:§‘ubos\le"tr ! ?@@BI ng period

during which sourc are” turnéd 6. Iy this
over | appi.ng weakicephcitiygly cadpled pdasmpmasésestahughﬂ Yy aﬂpeyuiga{dmct duahrit of the bias
period. For i is..Lurned,; o i as perlod
of 0.5 to srgle lglglr)]f to spl?e]strit%lg tr:ﬁﬂll%eral% o cstab(llljsh an e]lec&c at.-%[de?? g df: of tine

t hat overl ap@e@ﬁeemmmem tlEEﬁapmtﬁ'eB -vadahdsik phamna tshaalﬂlalmitbryaluramhl as is

turned on. K and

over | appi ng(%{;[?%o t?’flalsteié o(lr? g&@ SSI R:)r%%%’?g\%\%?bﬁi ?né}%ﬁwggdt he bi as

peri od and oiﬁ@@lvéﬁplarbgwpemd@dup@ lb&mmdytydeﬁiéﬂme‘rwn oh anchb0 sgperds. of response
of Lhe gencralans Bl £ EGLLOMN Gdent ABEnRE AL lagof%ug%{e%ﬁgb' as and

source RF signals. The cap layer i s deposi t usi ng the
deposi ti on ppragseed. F@e@ﬁ@m@lplwth A 98- r@ub@lsmtcéleblaasowes lm@fertabiwﬁewe@h duri ng

silicon nitr 1%@ a&?%@'v&a’ttg rr‘no?é ﬁ@feﬁgly about 1800 W. The corresponding power

density is preferably between about 4.8 W/em” and 6.4 W/cm®, more preferably about
57 W/cmz. For larger or smaller substrates the bias power density as in approximate_ly
the same range and the bias power scales in approximale proportion to the wafcrl
surface area,

Once the weak plasma is established, the source RF is turned on to
establish the deposition plasma in step 514 and the substrale bias is lurned off as soon
as possible after the source RF is tutned on. If the substrate bias is turned off before the
source RF 1s tumed on the plasma will usually be undesirably extinguished. Thus,
there is usually some overlapping period during which both source RF and bias RF are
turned on. Generally this overlapping period typically comprises roughly the latter haif

of the bias period. For example, if the substrate bias is tumed on for a bias period of
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is sonetinmes used during other deposition processes such as silicon oxide.
For given gas flow rates and given RF settings, and chanber pressure, the
t hi ckness of the deposited cap |ayer depends largely on the tlmgH%& i
deposition. Generally, the longer the deposition tinme the thick h%n
film Since the flowrates of the deposition gases have already been
established prior to striking the plasma, the initial deposition is nore

uniform thano s, {88cRidshe diukce KFANRAMISATIY phRIdorURERRE MelihdsTh: 9 Tess than

1000- A thickness can be deposit preferred ment, the
fl ow rat es af-8> mpht srindathe! the ﬂltbﬂfas@dmw#f@memn G@egBpnt i desirilels, and 250

sccm for n%httqhéﬂw&ﬁoﬁﬁm vl g{,mggtr%%t srgﬂwposatleaﬁﬂmzstnﬁt@toy 4500 W

and the cha pressure betwee miorr. Under these
condi tions, Wepwespaiodand ¢veeappists Pbmd/teéwamodﬂge@mt@s thersgee§ Of respamenfis pr oduce

S, Ny fil %thggyde&%rt md%teemcs%t i S%Qatéblamdt&%m@au con nitride

films deposit using a low pressure strike, as described herein, have
exhibited non-unif or Fhe ¢apdayasis epasited apsteES ustng e fepositiersnlesmai al | y nore

uni formt hanctrttmtugemptdb&taw Eﬁ%s o (lFttrrtJa%ttraQﬁ & sifiddf nfkRR dUﬁHsftBﬁr”BfayRPf the

| ow- pressure Stri deposi t m r emai ns Er oxi mately ‘donstant up to at -
| ease 65 secisnemetiviasapeddupugsother depohisian preensses SUPh@ssilicoawaide.Eargivemi n fi | ns

(e.g., about ﬁé%vﬁ)m%fa%wemﬂsetﬁh%tganﬁfaﬁart&%@ts&%stﬁé Bickhdst kan@re quite

uni form Al though an di ment present invention has
been descri bé@oawévw larer Hepcadsgesaely potha éipe of dapagtion. '§F‘}3Ff’é1é$rfh‘?ﬂ°t’$‘iréh§ cap | ayer

of a layer Ofepoks % tirRd A8 fhl&@ldthé it Nice QR ARNS Shéepbdifoni gase RiveON MRY be

devised with out depart fromthe basic scope thereof. For ‘exanple. The
order of thealready basd csalihed mriey to srilas theaksan.thcgpitiakdspesitonis B¥er ever sed.

That is, a t{ifnh Q@0 )risaki Comkefichily Ry hidfah fiGRIdrdess hen 08Ip0%i ted on a

substrate using a | ow pressure strike as described above with respect to
Fig. 5 and tH’éC%“%S Fanyhsrdepsitgdsdn 2 gestprafered spbediment, the ey §1958 " deposi t ed .on

top of the gidd5aRelpbd s, fmeAIgtsscbtﬁlfmmﬁp&mmccmrs;,_,lmec;emmpr| de woul d
act as a barrier |ayer bet ween the FSG and t he under| v% Ltjsost?rate
Furt her nor e, lsa@ﬁi‘)tol‘?é?o‘t’%oﬁa@quil%ﬂy 4310 W5 a9 “}eef%@?b"&?)‘iﬁfsﬂm EhR¥ted as a

cap layer ond®RTeF. URE: hefe doAdiGdns tiepdtdiod LiFRE OME w00 RIS uid6kst i ke.
Thus, the FSG woul d be "sandw ched" et we WO hgl n | r 51‘ silicon
nitride effedcPRsPiRdeARIShmyhaymedbirkngisi gﬁetB‘Fcntg Aﬁﬁ%ﬁ@dﬁt éjt‘ “Under 1 yi ng
substrat & andiuddeImb Bépolitel usigy @I@Iwemm@b bt€iRe, @f deadtibell Hétah,ShaKldé‘ladhttﬁ)Md!r ly the
FSG Such "sandw ch’ structures are desi rable, for. HP i n.damascene
non-uniformities as low as 2. 25 . This is su stantially more uni orm an it the priot
appl i cati ons!
art. Furthermore, the non-uniformity of the low-pressure strike deposited film remains
approximately constant up to at lease 65 seconds after deposition has begun. Thus,
- even very thin films (e.g., about 300 A) deposited using the low-pressure strike are -
quite uniform.
Although an embodiment of the method of the present invention has
been described above with respect to depositing a silicon nitride cap layer of a layer of
FSG, other and further embodiments of the invention may be devised with out depart
from the basic scope thereof. For example. The order of the FSG and silicon nitride
deposition steps can be reversed. That is, a thin (<1000 A) silicon nitride layer could
be deposited on a substrate using a low pressure strike as described above with respect
to Fig. 5 and then a layer of FSG, or other material, could be deposited on top of the

silicon nitride, e.g., using HDP-CVD. The silicon nitride would act as a barrier layer
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VI1. Exenplary Danmascene Process An exanpl e of a copper-damascene process
integration schene that utilizes the dielectric filmdeposition described
above is depicted in Figs. 6(a)-6(h). The dual damascene process begins
with the deposition of an oxide |ayer 602 over a silicon substfaill é@b as
shown in Fig. 6(a). An etch stop |layer 604, is deposited over oxide |ayer
602 using the silicon nitride deposition process described above, e.g., by
HDP- CVD usi ng | ow pressure strike. A first FSG | ayer 606 i.s deposited and
covered wi t I EepHETeFad tsnsteygiseisirtey rthgmere aralhey thip sifigeat

8hot ol it 2"% rapiay laﬁér 51008 déF]prasr.TibEJd @sa ca@(li?,r)ah &i b bftlﬁéﬁck mygglziagﬁ sél‘BKd be

eposited by in the s a as ch. stop. | ayer t 0. enhance process
i nt egrati on. O¥HEFYC S1E ec)ﬁm%l “ﬁeFrrS&W@ﬁlW Fﬂlrdﬁ‘é‘mﬁda’%/qe?’%"?“ wethigfayggeE 610 in
fih rst FSG | asyi@glé Al capeivey éﬂ{imnngs&emgaiﬁaayﬁpftﬁa&(} Abheh uideflyibg r st etch,

phot or esi st is stripped, e.qg.,. by ashin n an_ oxi [ envi ronnent .
Gaps 610 anﬁugﬁtﬁagﬂtaﬂiﬁ? ‘“B&%‘ﬁ d%‘@%‘“étrloé] o ARH2 gﬁfb?‘é’ﬁe%tt‘(%lgéo{%lﬁ%gr of metal,
such as al urissidmidhr s@epP&rare deSirdblee for 68910 dapRRede applicaead. | ayer 612 (Fi g.
6c) is deposited over gaps 610 and first FSG |ayer 606. In sone

enbodi ments, a diffusion barrier layer (not shown) is deposited over the
gaps 610 andvili EsdmpESEDamayele PRsde®r to depositing copper seed | ayer 612. A
first, bulk copper layer 614 is deposited over copper seed er 612 to
T e ps erb s, B Elamats of oo B s FrRbhim e 6 L 012 00
e. g., by CMRiiliPsrthd diglsctid filgDfepeasitidnalytibedabdveihadpididdlih Figapsa)6i). form e. g.,
a first set gqf tal lines 6 L5 .in an_interconnect . structure. After

ol anari zati offe 7 BEBBER Ty EEE LG drepridpn 1129 apidg PR evRoger 2 Pl con
nitride, a ssiioneubs®ie b@yarshaddn Fip. 6@F oldetet stdp Isteo @04, @yieposiailovand t hi rd FSG

| ayer 622 are, deposited as shown in Fig. 6(e). Preferably, barrier |ayer
615 and ot cr BB Suihe 5 MR Rldl dbiPua b SRR AR Freak Bl G r ke
descri bed ahiébR-CVApasing, low ayesuse &ild, A GREFESGamgbr 6BYs deppsilyd addgosietied in the.
same chanber,..e.q.. by HDP- a Scri ve with.r ect to Fig. 4
o0 5. to entitfe sl plddiedl B %ol RG G poo BRI AIUEREREEE. L0 P s
Vi as 624 t hrabighirdt ¥§6risye6d®, mG 18 de@ifeddndn 62 2angkoolvambey a5 etcipperr layayer 614 as

shown in Fi . in Fig. . a i it rns a :
second set 86}048(%%%1&%5& N é%t %ﬁlﬁ?"ah’zﬁ 1%.23{5@, aégg&gcﬁg%%ﬁg?%%gﬁsp% th a second
bul k copperé6il0ay Brst B31d latyére6 06 dswrl icky sp layert Gr e Aiftsr thofstdted plentefepdtanar i zed

as _shown in feg, stﬁ@%@'}e’cﬁ.,%?jgl}i@g ag%‘:ihi%gg&@%@glgkﬂv\b@gﬁstcﬁﬁ offEhR pdd nes 628 and

vias 624 define a onnects e second set of netal
| i nes 628 anldyer hes 4rt theh coveted ofithradayat of metal, such as aluminum or copper. In the

case of copper, a seed layer 612 (Fig. 6¢) is deposited over gaps 610 and first FSG layer

606. In some embodiments, a diffusion barrier layer (not shown) is deposited over the
gaps 610 and first FSG layer prior to depositing copper seed layer 612. A first, bulk
cdpper fayer 614 is clellnosited over coppef seed layer 6 12 to fill the ‘gaps 610 as shown
in Fig. 6(d). Copper layer 614 is planarized, e.g., by CMP. Portions of copper layer
614 that fill gaps 610 form, e.g., a first set of metai lines 615 in an interconnect
structure.

After planarization, of copper layer 614, a barrier layer 616, ¢.g., silicon
nitride, a second FSG layer 618, a second elch stop layer 620 and third FSG layer 622
are deposited as shown in Fig. 6(e). Preferably, barrier layer 618 and etch stop layer
620 are deposited using the low-pressure strike described above. Again, layers 618,

620, and 622 may be deposited in the same chamber, e.g., by HDP-CVD as described
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| i nes 615. Danmascene processes are used in devices that use copper
i nterconnects because there is currently no acceptable way to etch copper.
Structures forned by damascene processes do not require a gap-fiJll
dielectric and generally provide | ower RC delays than simiar $rJi¥ @Mes
formed using alum num netal |ines. Furthernore, higher deposition rates
may be used in damascene processes since gap-fill is not an issue.
Al t hough the etch stop and barrier |ayers are desgr. be bei ng silicon
nitride, otHaF ‘%t}rgsfpf‘é(ﬁ%glgaﬁa%g : {ﬁ’eeﬂ%éﬁ %'8‘;655’5‘?1% ra%nég}%\?v&gr essure strike
deposi ti on désgriphgshd eadbdoenswias 124 dsypelctay¢ro6 1, g3, 6B3-d@d 622Mdwn to Test Resul ts
and Measurenents,|n the experi fi . J S were
deposi t ed on™PRY (% ‘(a’:rOGtr%4\3’\/%1(-;;1 lr%rs1 i lgk:bt(ﬁn%loﬁm?lf‘i% Bl %&@%%’fﬂ? r e@%%%%ﬁ&r%one filns
wer e deposi tsecbndisétlof gaps 624. i Gienn2Aiahd pagpe 6DBe thay BHedanth ame¢dnd belkt o det er m ne
the effect of the Lowpressuyre strike o h hes| ties of the
si licon nit rio8&T BF NG Jieresy %Stflic[“rrresls frrl{le?l ﬁéea@fg%ﬁﬁ%%%%shg&g\g&ékdeposi ted in
an U ti maTM ¢P-GayDrxshiafilxer sccond netfofimictal ivets B3B8 sty plas 624 ddfinesr sebdbs, | nc. of
Santa d ar a’i tce:al rilfegtlé,@. 'et\-xll-ye th(.:eqacrtr)tl)l Eet\éﬁ% tgll“l;[nfei gﬁ%ﬁd {hglhrsggcQBfmtaIMf ers and
situated in '§° CaN ura%r MUt €1 Chamber “substrat e processi ng system al so
manuf act ur edliley6¥8ppl i ed Materials. Average fluorine content of the FSG
| ayers was neasured % P ' ; 165 ude EbReSRE L LR er
manuf actured by Ni col %{%mg&ﬂg?’%Og%éﬁgregb@pgrﬁg‘?%# of el\/alﬁeson, W sconsi n.
Al t er nat i vel ecausStherctis anme2H0® aEFpRble spe ¢t sidmepear. Hvtresdemned 8y by
Per ki n- El mer , Cor por at | C LS BRYallyPPovitRGGwer The Si O peak
typically oc%alﬂagcgg{ﬁgée%\slggIﬁ%pn{)q\g?éggap%e_]?&v}gg%haﬁfgut 1_%)3% cm aneé about 2005
cm 1, pref erRGdylasiiantsiniBe Rrushites famed Siimg Pemirumysiat ingsy Fetheingeat a  wave
nunber of bef, Lee@PARQuULe 24056 Broe gB5-Bfi B/RDAY about 935
cm The st abi ﬁt“%\?"ge“é@gﬁﬁt‘%ﬁg‘éﬁ% ed P‘ﬁ ns mgsp?%e%_erﬁcﬁg? b_ﬁ t her mal
desorption shpeet Albughihe(EEhS)pp ap boenins layeraars detpribedras hriaag CORRitERe, and pl.aced
in a sanpl eotL% terild-ﬂ%érﬁl‘?é ﬁéggsitg&l&ﬂlng‘ﬁ)@'pmsﬂlge fhe KE5MIR avRsbddl aced in a
TDS machi ne an eated In a vacuumto progressively higher tenperatures,
whi | e neasur ibeye vhlerespeofe Erasradi on of vari ous gases rel eased fromthe
sanple. Stability of the films having silicon nitride cap |ayers was
confirmed qualitatively by inspecting for haze or bubble formation. The
adhesi ve pr oMBE.tTeskRastlistand Meagurg s determned by a Studd pull test.

In the experiments low k films having FSG layers were deposited on

)

S

silicon wafers with and without oxygen treatment. Some films were deposited with a
silicon nitride cap layer and without to determine the effect of the low-pressure strike
on the adhesive properties of the silicon nitride cap layer. The films in the experiments
~ were deposited in an Ultima™ HDP-CVD Chaxnber.manufactu;ed by Applicd
--Material's, Inc. of Santa Clara, California. The chamber was outfitted for 200-mm
wafers and situated in a Centura® multichamber substrate processing system also
manufactured by Applied Materials. Average fluorine content of the FSG layers was
measured % PHR using an ECO RS series FTIR spectrometer manufactured by Nicolet
Instrument Corporation of Madison, Wisconsin. Alternatively a Spectrum 2000 FTIR
spectrometer manufactured by Perkin-Elmer Corporation of Norwalk, Connecticut may
be used. The SiO peak typicalily occurs at a wave number of between aboul 1090 cm’”!

and about 2005 cm’', preferably about 1097 cm’'. The SiF peak typically occurs ata
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Films were also tested for stability and adhesive strength by chem cal
mechani cal polishing (CW). The wafers were stored for between about two
weeks and about 2 nonths under anbient conditions before the TDS
measurements. In the first and second experinents, FSG |ayersiwedbN 2004
deposited wi thout oxygen treatnment or silicon nitride capping. The FSG

| ayer in the first experinment was deposited with a content of fluorine of

bt3.6%PHRT the f d ted
By, it of o B R R Bl Sl Bt R ol Bl e BT B i By £1°5

fluorine content of about 7.1 % PHR The TDS spectra for the second
experinment are depi ct orine concer‘lj tions were

in.Fi 7(b) .. Fl
det ermi ned by conven?ﬁ%%%%'mlﬁgﬁﬁh'?é?goflfegrq'g‘F%‘F’?ﬁdieﬁfuf MY R HIR) neasurenents.

The FSG | ayedesbrptidrhspectiosiopd (EDG)E A sample M@Sutdﬁﬁﬁﬁtﬂ\eﬁeﬂaﬂd fllatedtn 8t ep process
wth oxygentre?trren eda [ nlgiitride cap

as descri r,. n ilico
yer e GeBBERE dye ol ESEa 8 Vgl Bl i 8 DERseE T
experi nment ah@tederpa cdcetin kdprérgssivélytjghed t&nﬁd@ﬂurﬁﬂwﬂltlhmeﬂmﬁl@ﬂhﬂent and FSG
| ayer was de OSI Wwo ste cess n..tr
doscr i bod abgeenater < Bl Bkt iR BE Renles TP RE LA FRAERAY gt e
| ow pressur es1B¢o|mni¢ede chh éay ¢S/ as pediinhed dtﬁﬁtaﬁm Hyabeptdiing X @sderse hiilbbés € depi ct ed
in Fig. 7(d) en wo experime onpar,ed_th eff t O he oxygen
reat et - bIEENT TP Tl EEE AR HOE 4% SR PRb e g e
| ow pressur eFﬂ;hs“w&ealermsted eaetabibify ahdnecﬁemrme@thowmmmhbnedﬁﬁ&ai;arrpl e tubes

were heated t out -waf er to d term e background
signal from (gllssés g: %frtt#lewa errso“r’r?r?ﬁ(ereggor%lﬂweeqab tw?‘ﬁ'eq(ﬁ *ﬁ)ﬂ“ﬁfand si xth
experi ment s, mbB8 llualyxeans)lmccmddepmmﬂtredwam appeckens th  silicon nitride

according the met hod ﬂlaghrsg%gﬁgm@?em@mi 814,20 JRENEERAE @l 0 the

FSG | ayers, as neasured appr oxi nmat'e o kN e fifth and
si xth  expeeiygemtrsumeriher Sﬁlnclonmtmdetdaﬂmﬁg bk Féﬁrb@m lnﬁmﬁrMSPedepmswaSed wi t hout

axygen Lreat gRikicg TS AGKSE DM TRRARSEL Ark oy 1Sy bbitpeppct ment are

depicted in pec spetra for the fifth ,
experi ment at¥ctiepit etealdpiciad F kjs. 71?5()4‘ Yhe mlayglm(ﬂ]hs@ﬂwmlt weffered from

the fifth indépbé}%edmﬁ a'%é‘x@lﬁeéome t%fstb%t’i'ﬂ&t%xﬁxmrf Blectr Sl keated with:

oxygen before"a cap layer of |con nitride was p05| ted on top of the
FSG | ayer i nexpedioend arsciepipied mﬁlag(b)owumless@meetretﬂm ¥ere getenmiepddscr i bed

above. The I t; BXREL & Aheedepicted in
Fig. 7(9): E@ éé&gm%gg u%%ga%gg%tl{lgﬂr%ﬁ”%%ﬁ“ﬁ‘%%lﬁl%nexqgr i %n?e are edep| cted in

Fig. 7(h). Thid mngp@was dendsitesldn p Ay eden mOQﬂPﬁe”lé’r%ﬁE@ gadipicet 8d i n Fi gs.
7(a) - 7(h) ar gegeribed above. However, no silicon nitride cap layer was deposited over the FSG.
The TDS spectra for the third experiment are depicted in Fig. 7(c). In the fourth
experiment, and FSG layer was deposited in a two step process withi oxygen treatment,
as described above, and subsequently capped with silicon n-itride usiﬁg the low-pressure
strike. The TDS spectra for the fourth experiment are depicled in Fig. 7(d).

The next two experiments compared the effect of the oxygen treatment
on FSG films that were capped with silicon nitride using the low-pressure sirike. For
each of these two experiments, TDS saniple tubes were heated to 1000°, without wafer
samples, to determine fhe background signal from gases desorbing from the sample
tube. In the fifth and sixth experiments, FSG layers were deposited and capped with
silicon nitride according the method described above. The fluorine concentration in the

FSG layers, as measured by % PHR, was approximately 8.0 % in the fifth and six(h
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plots of the partial pressure for various gases as a function of wafer
tenperature. In Figs. 7(a)-7(h), each gas is identified by its atomc mass
nunber as indicated in Table I below. TABLE |I MASS NUVBERGAS 2Hydr oge

(H2) 18Water vapor (H20) 19Fl uorine (F) 20Hydrogen Fluoride (HF)! I8¥ r| ne
(F2) 40Argon (Ar) 85Trifluorosilane (Si F3) 104Tetrafl uorosilane (SiF4) In
experinents 1-6, sanple tubes containing sanples of wafers were slowy
heated to about 800C and the partial pressures of the gases desorbed was
det er mi ned uskregmantratls fFpde thedith exrerimiitves titmtsitedwiitthhldmcygehge@mbxitcon
nitride cap hay Sk g,

particul arl yTgt bk r(s){lal{shafzﬁs %f%%fﬁd %HHTLH%@%@?&[ ot s %?J'P%};E ggffgﬂgs gases in
Fig. 7(a) andalf?E(IbTD%Ig‘-’gE%TDS beetra f?ethelﬁﬁga&@rlmgnllasi depicled indag dffp Tlor a hi gher
content of flsHﬁ’HxE&m‘l t&l'ﬂgl' E§9ﬂ tﬁelffﬂh 1EWaIthEF§r(Elﬁﬁ‘%mtH@snﬂHE%ﬁﬂeﬂg s
strongly tenperat epen dent. e anount ‘out gassi ng and

t he terrperamﬁée@@peﬁ‘dwg@bafoeem@péaysrtcrf@wrwmdewmwedwPpgf thg(b). This
is believed LMQF bed Dol drenSG. | ayer
deposi ted |n%t§ﬁéa){‘af¥lqg&é§<ag(é%\?@r1etﬁé Q)Wrcsfs i 1kaﬁet9§meg&eg tﬁat the oxygen
treat nent fi lbaskeetuEERS ﬁmtr@%thmﬁlx@fexmymgabm frgictedamBighde). Thagierlt i ng t hat
the FSG fil mpng sgjsétamsé fyﬂlﬁé(ﬁaln?enﬁa&@aepwtédhgwg jd@ig silicon nitride cap

| ayer. Note that d%B there is little S|gn|f|cant outa&ssmg of
fluorine as indi cate ¥ ﬁéecbéﬁbl\?‘if%?d ip thegrpphydegictsd inFisyrdes 7diaiser s 19,

20, 38, 85 a;ﬂﬂ)tm WARRI pre QIR 3SR ghlef5 a flkc@ibn @ﬂdafzr(tmperMEeld nportantly,

what little fluorine outgassing there 1is in Fig. i's only weakly
dependent on Figsnfier ¥bupash eatieidymisiep by itsatprmic mags U?"(bﬁl)as 1@4%5‘@&1% %attfhlat t he
filmis evenyppie stable with the silicon nitride |ayer than without it.
There is even | ess outgassing of fluorine in Fig. 7(d) than in Fig 7(c).
Furthernore what little outgassing W€ lis exhibits al nost no significant

dependence on {RHPEE RUMBER GAS
2 Hydrogen (H,)
18 Water vapor (H;0)
19 Fluorine (F)
20 Hydrogen Fluoride (HF)
38 Fluorine (F»)
a0 Argon (Ar)
85 Trifluorosilane (SiF,)
104 Tetrafluorosilane (SiF4)

In experiments 1-6, sample tubes containing samples of wafers were
slowly heated to about 800°C and the partial pressures of the gases desorbexi was
determined using a mass spectrometer. Note that, without the silicon nitride cap layer,
there is a considerable amount of outgassing, particularly at masses 20 and 19. The
TDS plots for the various gases in Fig. 7(a) and 7(b) suggest that the outgassing is more
severe for a higher content of fiuorine in the FSG film. Furthermore, the outgassing is
strongly temperature dependent. Note that both the amount outgassing and the '

temperature dependence are more strongly pronounced in Fig. 7(b). This is believed to
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Figs. 7(e) and 7(f) indicate that, even w thout oxygen treatnent, the
capped FSG filmevinces little or no outgassing up to about 500C. Fig. 7(f)
shows that, aside fromwater vapor (mass 18), which is present_in the
background spectra of Fig. 7(e), the signals for the variousigastl @l

i ndi stinguishable fromthe noise level. The sharp spike at nass 104 in at
about 800C if Fig. 7(f) is believed to be an artifact of the experinent.
Simlarly, Figs. 7(g) and 7(h) suggest that the | evel of outgassing is
about the sabgeduedsr thahigh¢riiuprireonidnttiinthe FRGdayoedenositrémttecifili axberoveptien as one
that has nOtF gqﬂ&léa?&tﬂ?agth\éﬂ yben?ﬁ%a@@%l‘h{F?Fs‘iD&E mgllé’i?mu%%u?%égsrmgom gassing

may have occur was I nsuffrcrent 1o cause
del ami nat i ons@fe“@ﬁemélvémlgylilaﬁ g‘e FpGifdo s miativaldsabdegyeowithdubthe silieaspondi ng FSG

films. Adhesjap.Q fxﬂa!e%t)’éﬁ‘égt’fﬁcyh%% PNtk E&g i n{)&)(%lséuﬂggcfﬂh@m%aCh cycle

the wafers were ea ed to 4 nitro After six cycles,
t he, wafers ¢apdicatgdriyleschebayvigrof thgelotmfpriaess ommws 1920, B8.1§nand {04phen

del am nati on tituted a
i fur oot Ot poRA A ERL L abd ROMEE iRARSAD: WY R AR AR tRRSL TULSEST

7(a)-7(d) ani vfig) 7(@rieoy wagkly gapendent oW sashperature. pEiediS platapH. [7(d)

EXPERI VENTFI G 5ha i E Frol ot WARERLEN S lé’{rf)smlg (ﬁ&é&'ﬁ?&%ﬁnﬁ&mépmm L 17
JUN 2004 37(0% TOYNPASS 47(d) 10YYPASS 67 q@anu tatively

conpar e t he &hareisevestless puteesripg enhfluoriagintig 7(d) ﬂ@ulrﬂ FiB\é’lﬁ‘Cb rhgrerer epared Wit h

oxygen treat gRiinfndiaislls G RielibidaIsRPH sfi'éhﬁjﬁcaﬁl% NadeE Sn Were prepared
silicon nitride caps but w thout oxygen treatnent.” Studd pull nmeasurenents

wer e perf or nfEEMPEANEE: sanpl e from each wafer. The results are listed in

Table 111 bel ow. TABLE ls|7|£g JW@MM%U@%Q%%EOH&S}&%S%& PSI)

1N101. 9211548. 88 2N88. 0. 05 3N96. 9510986. 3
capped FSG film evinces little or no outgassing up to about 500°C. Fig. 7(f) shows

that, aside from water vapor (mass 18), which is present in the background spectra of
Fig. 7(e), the signals for the various gases are indistinguishable from the noise level.
The sharp spike at mass 104 in at about 800°C if Fig. 7(f) is believed to be an artifact of
the experiment. Similarly, Figs. 7(g) and 7(h) suggest that the level of outgéésing is
about the same for a film treated that has been treated with oxygen as one that has not
been treated with oxygen. Furthermore, whatever outgassing may have occurred in
Fig. 7(g) and 7(h) was insufficient to cause delamination of the overlying silicon nitride
cap on the corresponding FSG films. '

Adhesion of the films was tested by thermal cycling. In each cycle the
wafers were heated to 400° C under nitrogen ambient. - After six cycles, the, wafers were
inépected for aelamination of the film. If no delamination was oBserved, the ';;vlafcr
passed. Any delamination constituted a failure of the adhesion lest. Adhesion test
results for the films of Figs 7(a)-7(d) and 7(h) are summarized in Table II below.

"TABLE II

EXPERIMENT | FIG.# | AT % E | O; | SIxNy { ADHESION (P/F)

1 7(a) 5 N |N PASS

2 7(b) 10 N |N FAIL
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4N103. 5911738. 65 5Y107.9012226. 63 6Y106. 5812077.52 7Y106. 1612030. 08
8Y98.5711169. 33 Note that, on average, the silicon nitride capped FSG fil ns
deposited w th oxygen treatnment exhibit a higher stability (as_neasured by
filmstress) than the silicon nitride capped FSG filnms deposit 6dUN eBbut
oxygen treatnent. Although the difference is not dramatic, it is,

nonet hel ess, statistically significant. The results show that the nethod of
the present inveation can deposit_ stabl trongly adhering ESG fil ns
having fluorine| goncentratippcof [7fpor greatiqy as |pmasured by po PHR
Furthernore, infthe presentlintegration schane, bath the FSG fjI m and
silicon nitride|gap layer cajgpe dgposited inysity pMdshout renoying the
substrate from fhe deposition chapher, therdby deslirably enhanc| ng
throughput. Suchg filns al spyhy ndj se inl prengtal |digsectric ( ) and
internetal dielkctric (IN) applications. It shduld be pqintefl out that
the | ow pressure strike solves a major problem associated with depositing
| ayers | ess than about <A L hi i p Thi s deposited
by | ow pressure stri keT%‘l%%%“?c}}ﬁf}tC%ﬂ%?lhgggﬂ?gg %’ﬁge%@aﬂ%%y%r | ayers in
gap-fill prooedgewerePrrpariehwehpiygen hagnamommdsdienn digsterchisedd fiut Wafewf er ence to
the preferre i i I t pves and
substituti ong’uc\]/rvléa II%l gééjvr%ﬁ [}éﬁniﬁ%‘%g?@%ﬁ E ‘{”it)l%ﬁgar&gg%st?%?ne?{ii%mi%hht he art.

Accor di ngl y, nraasirementt wirapaided dane sainplie fromheech wafore (fhe onulsecdstedas  pr ovi ded
in the appen%ﬂlec{h@,glw. WHAT IS CLAIMED 1S: 1. A nethod of depositing a
mul tilayer dielectric filmon a substrate, said nethod conprising:
depositing a fluorosilicate glass (FB&8LE&Yer on the substrate; exposing

sai d FSG | ayer tojamoxyggrm enviromrent e rarmer—that —stapl i zed the FSG
| ayer by reacti ng| SAMPLE d&h Intladedf | BORCEALBE) { RERESY €#SI) 0

1 N 101.92 11548.88 P

2 N 88.16 9990.05

3 N 96.95 10986.34 ~

4 N 103.59 11738.65

5 Y 107.90 12226.63

6 Y 106.58 12077.52

7 Y 106.16 12030.08

g Y 98.57 11169.33

~Note that, on average, the silicon nitride capped FSG films deposited
with oxyéen treatment exhibit a higher stabitity (as measured by film stress) than the
silicon nitride capped FSG films deposited without oxygen trealment. Although the
difference is not dramatic, it is, nonetheless, statistically significant.

. The results show that the method of the present invention can deposit
stable, strongly adhering FSG filins having fluorine concentration of 7% or greater as
measured by % PHR. Furthermore, in the present integration scheme, both the FSG
film and silicon nitride cap layer can be deposited in-situ without removing the
substrate from the deposition chamber, thereby desirably enhancing throughput. Such

films also find use in premetal dielectric (PMD) and intermetal dielectric (IMD)
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reduce the fluorine to oxygen ratio of the FSG | ayer; and thereafter,
depositing a silicon nitride |layer on said FSG |ayer. 2. The nethod of
claim1l wherein said FSG contains an atom ¢ concentration of fluorine that
is greater than 7.0 % as measured by % peak height ratio (% PHR)JUN 2004The
met hod of claim 1 wherein said oxygen environnment is an oxygen plasma. 4.
The nmethod of claim| wherein said depositing a fluorosilicate glass |ayer
includes: flowing a silicon containing gas, a fluorine containing gas and
an oxygen cemligitionndt gasldibapoined degies icilonpekarseike sgenemageng a pl asma
with said si ni g&ﬁ, cont ai ni ng
gases; and d ngﬁt#ﬁg&ggl (!llﬂgs § OSiI“H‘%rag%}gle S?tﬁ%l:n bgtygrgooué?iﬁg( @g% | asma. .
The nmet hod ofVél dihin lryanhdepesditad balod-FSSirk styike fiidsaddepos rpdidatioss 339

hi gh-densi ty,pliag Gh B oV r deposition (HDP-CVD). 6. The nethod of
claiml wher e@rﬁ sg%g s?{ﬂ mn‘%t&?l de layer is deposited by: flow ng one or.
nmore process gases toThed@gﬁ@nb@mwmmtbedwéhfqﬁqrmcn@tbﬁﬂ’f@ﬁmpﬂr essure
strike (0 i Nbhbdidors Bk A5RMML ISR el Otnd ABIGBLATATIwAZSES; and
deposi ting sarlhd Seco agl 3? e ranc laygr use?nlb Jn u{ v % The met hod
of claimé \/\Mﬂ@ﬂﬁogaﬁ@hSIO@W%mh@m ehosendingly, it mﬂourd@sded to émttébl i shing flows
of said one Q.. MREexRLOSSHYiRATERe gl{aagg]tma pressure in the deposition
chanber is bet%een x5 g gglob mﬁ”i g Eurni ng on a bias voltage for a
period of time sufficient to establ i sh a weak plasnma in the deposition
chanber;
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after establishing said plasma, turning on a source voltage; and after
turning on said source voltage, turning off said bias voltage. 8. The

met hod of claim 7 wherein said weak plasma is a capacitively dqupiRdoos
plasma. 9. A nethod of depositing a dielectric filmon a substrate,
conprising: depositing a fluorosilicate glass (FSG |ayer on the substrate
with a fivistT 1R mE@iso of fluorine to oxygen; exposing said FSG |ayer
to an oxygen environnment in a nanner that stablized the FSG | ayer by
reacting the oxygen with fluorine in the layer to reduce the fluorine to
oxygen ratio of tAen&tHed y@EpostERPSl hiyltflafeShidlEQRCHIM 66% é@d’sﬂat@ﬂséigp of
said FSG | gyer; and . wherein said FSG deposition, oxygen treatnent, an
silicon 'HP%dd@mBBBB@i'ti on are all performed in the same chanber without
removi ng the subsdepdsiting raoNusmistliRERISNAFSE) (aykP-onTihe sEIshadeof claim9
wherein said sil ié:on nitri \?ﬁ bgjyﬁar i 3 | ess than about 1000 A in thickness.
11. The method of "1 NY §ARhEPE IRVE4I'R ABeXYaRPNYIEORMABLIE & MRRNRY that

hi gh- denstablzgd ashe FSEntiagal mapeactiegothie ooyyen Mith Theories hadimd 1a5leai i 11
wherein id.dj I ayer_ ha fluprine ncentration of greater than
7.0 % as'%%éjggu{rrgéd'%ﬁ{lorl%%p{eoaéﬁf%%ngﬁ?ﬁ?at ob" e FSGNEVRG f0d Cof ¢l ai m 11

wher ei n sai d FSG thgyeaftengepositing arsédlicaoonitadeiayéroon ekidESGelage?. 0 % and
8.0 % as neasured by % peak height ratio. 14. The nethod of claim 1l
wherein said FSG | ayer is exposed to said oxygen environnment using an
oxygen ptasma. 182 meathagt kbdcleimcltai whereimesaidn BSSGd caopaisst ang adomic

di el ect régnded¥®ition of fluorine that is greater than 7.0 % as measured by % peak height

ratio (% PHR).

3. The method of claim 1 wherein said oxygen environment is an oxygen
plasma.
4, ’ 'I_'he method of claim | wherein said depositing a fluorosilicate glass

layer includes:

flowing a silicon containing gas, a fluorine containing gas and an oxygen
containing gas into a deposition chamber;

generating a plasma with said silicon containing, fiuorine containing,
and oxygen containing gases; and

d_epositing said first dielectric layer using said plasma.

5. The method of claim | wherein said FSG layer is deposited using
high-density plasma chemical vapor deposition (HDP-CVD).

6. The method of claim | wherein said silicon nitride layer is deposited by;
flowing one or more process gases to a deposition chamber:

performing a low pressure strike to initiate a plasma with said one or
more process gases; and
depositing said second dielectric layer using said plasma.

7. The method of claim 6 wherein said low pressure strike includes:
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includes: flowing a silicon containing gas, a fluorine containing gas and
an oxygen containing gas into a deposition chanber; applying a source

vol tage to the chanber and a bias voltage to the substrate t o ‘WenrNabms 2
hi gh density plasma with said silicon containing, fluorine containing, and
oxygen contai ni ng gases; and depositing said dielectric |ayer using said

hi gh-density pl as@?tabh%ﬁrngnﬁl%vﬁebh%lmor?é acirmn%rgmﬁlro%'egs Sgﬂds%ss'sbét?gﬂat a

nitride |ayer i's deposit lowmng a silicon conta
ni t r ogenPESHVER H H’g‘— EQEO’E[@OB chaanksyi isi katwelkarfhend 1@@rmdhmrﬁg a | ow pressure

strike to ini tl at ﬁ:rﬂlrpj aﬁ@blﬁndoltgﬁ@‘ﬁf i Pk S@iof tRhd SRS fJ 98taBish

said plasma claim 16 wherein said | ow pressure stri
i ncl udes" eégtpé?ﬁmgﬁi‘ ﬁbefdleé?\?é'tb’f" SBATOELI i con containing gas, said nit rogen

cont ai ni ng gas, aaﬁesasdabmmmg gaﬁ Slagd, haimﬁlg RS SHLRE Voltdi; GeROSI Ti on
chamber is betmeeﬂ ltan 100 m.llitorr; turn on Eld bias v Itage fora
period of time sufFFELEMANY 8PS SPHLse Yol t%‘i’%\s ning 4thgaigehigsivo tt‘j’ﬁechanber

after establishing said plasma, turning on said source voltage; and after
turning gn said s C urni said bias voltage. Th

et nod of ot ai m 17MengelRed Ergalt oL il YhR BT o careubey
peri od ofoupetlas®asecond. 19. The nethod of claim 18 wherein said source
vol tage and said bias voltage are both turned on for an overlapping

period, said overlapping period conprising approxinmately the latter half
of said Bias per i ddmethod of depositing a dielectric film on a substrate, comprising:

depositing a fluorosilicate glass (FSG) layer on the substrate with a first
atomic ratio of fluorine to oxygen;

exposing said FSG layer to an oxygen environment in a manner that
stablized the FSG layer by reacting the oxygen with fluorine in the layer to
reduce the fluorine to oxygen ratio of the FSG layer; |

depositing a silicon nitride layer on top of said FSG layer; and

wherein said FSG deposition, oxygen treatment, and silicon nitride

depositio.n are all performed in the same chamber without removing the substrate
from said same chamber.

10. The method of claim 9 wherein said silicon nitride layer is less than
about 1000 A in thickness.

1. The method of claim 9 wherein said FSG layer is deposited using
high-density plasma chemical vapor deposition.

12. The method of claim 11 wherein said dielectric layer has a fluorine
concentration of greater than 7.0 % as measured by % peak height ratio.

13. The method of claim 11 wherein said FSG layer has a fluorine
concentration of between 7.0 % and 8.0 %, as measured by % peak height ratio.

14. The method of claim 11 wherein said FSG layer is exposed to said
oxygen environment using an oxygen plasma.
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20. A nethod of depositing a dielectric filmon a substrate, conprising:
flowng a silicon containing gas and a nitrogen containing gas to a
deposition chanber; performng a first lowpressure strike to initiate a
first plasma; depositing a first layer of silicon nitride orf BaliUd 2004
substrate using said first plasma; depositing a |layer of material on said
first silicon nitride layer; flowing a silicon containing gas and a
nitrogen containing gas to said deposition chanber; perform ng a second

| ow- pressure strike to initiate a _second plasma; and_ depositing a second
l ayer of silicon nitride on'hgfethof gfadmdk whegginsaidgepositinedideitis ‘98t ond

pl asma. 21. {fheddset hod of claim 20 wherein at |east one of said first and
second silicon nitride |ayers_is |less than about 1000 A in thickness. 22.
The nethod of cl ai m 207GER &pilcearpfaiging Bans flugis coftaigiap g2srpf 3 and  second

| ow pressure @gyg&mn{anﬁ{gtgqgeﬁﬁo ae&p@slmoin%mlﬂgr;f | ows of said silicon containing
gas, said nitrogen containing gas; d said inert gas such that a pressure

an
in the deposition chanfRPLYIRE? SOuEE FRIBRC 1§ thefdambry apd 3 Pias valtage o theni ng on sai d

bi as vol tage duBitrate th@EdcLsle Dhigh doiBitySHshnh GiBRAid kificorSdoaRininghid@inveak plasma in
the deposition chanber; after establishing said weak plasma, turning on a

source vol t ag@& IaRe. ank ¢YRencORIANNg 28555888 d source vol tage, turning off said

bi as voltage. 23. Thed¢mRbibtka@iididdcaicy20uMpehRiniphSRhdylpaas. of materi al
conprises fluorinated silicate glass (FSG. 24. The nethod of claim 23

further conprising tregatingrsald B3 ail® Gherdth L QNG ide tayer is
deposited by:
- flowing a silicon containing gas and a nitrogen containing gas to a
deposition chamber; ,
performing a low pressure strike to initiate a plasma; and

depositing said silicon nitride using said plasma.

"17.  The method of ¢claim 16 wherein said low pressure strike

includes:

establishing flows of said silicon containing gas, said nitrogen
containing gas, and said inert gas such that a pressure in the deposition chamber is
between 1 and 100 millitorr;

turning on said bias voltage for a peried of time sufficient to establish a
plasma in the deposition chamber; _

' after establishing said plasma, turning on said source voltage; and

after turning on said source voltage, turning off said bias voltage.

18.  The method of claim 17 wherein said bias voltage is turned on

for a bias period of up o 1.0 second.

19.  The method of claim 18 wherein said source voltage and said
bias voltage are both turned on for an overlapping period, said overiapping period

comprising approximately the latter half of said bias period.
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25. A conputer readabl e storage nedi um havi ng program code enbodi ed
therein, said programcode for controlling a sem conductor wafer processing
system wherein said sem conductor processing systemincludes a,ghanb a
silicon containing gas source, an oxygen contai ni ng gas source;12‘ﬂﬁh§®é
power supply, and a bias power supply, said program code controlling the
sem conduct or processing systemto deposit |low dielectric constant filmon
a wafer in the chanber in accordance with the follow ng: depositing a
fluorosilicate glass (ESG ,l ayer the substrate; exposing said FSG | ayer
to an oxygen environ i ﬁ"ﬁé{]ﬁ‘ﬁiﬁﬁg?pof'ﬂﬁag‘?'ﬁﬁf‘? g@ﬂ"“tan%‘b?i‘@@-l ayer by
reacting thecoxygeng: W th fluorine in the layer to reduce the fluorine to
oxygen ratio of the F%p“La el and thereaftgr,.depositing a silicon nitride
| ayer on sai d FSG | ayer”” &/ IR0 S (& 595 3P YRIBBRT CPHYMAZ BBP @i el ectri ¢
constant fil nconitian shipdber,at e, conprising: a deposition chanber; a gas
panel coupled to said deposition chanber; pl asma generating system

coupl ed to said chanbeorc&g%n”&% PPV @FeSSUELY eetﬂ"‘c‘t&?tesaaﬁ?rﬂt RgtEenanel , said
source power supply anidposiingd finit Byerfp@wkiconTlpipt ¥h sakiBuBkuG@RNERE bdi@Frscont ai ni ng
a conputer reﬁgagle storage nmedi um having program code enbodi ed therein,
sai d progranpcdﬂé for controlling the apparatus in accordance with the

fol | owi ng: deposi ti ng dapdsitingr deyed dfeatesialgdnasid firfr SGon ilyi@é 129, t he substrat e;
exposi ng said FSG Iay%ku&9zﬁmkpx¥%1n.enviro nept in a.manner thgt

stablized the FSG | ayer DY reacti ga“i“ﬂ%gaéﬁ LAHYEFT OTHEBE BHLO P t he | ayer
to reduce t Kepckitioorhambet 0 oxygen ratio of the FSG | ayer; and thereafter
depositing a silicon nitdi er.,on _said G layer. 27. An apparatus for
depositing a | ow di el Dttt d Bl SPpRAE i8S AiElriasedohy Béﬁf‘%ﬁg‘ged Wi t hin
a deposition chanber dfpssuingaappad layasf sitonpitidi aagaid nayansf diaperialepositi ng a
first dielectric.t e substrate; and neans for depositing a
uniforn1seco%ﬂh%ﬁgﬁﬁg%ﬁg@mﬁgyer, wherein said second dielectric |ayer. has

a thickness of less than 1000 A
21 The method of claim 20 wherein at least one of said first and

second silicon nitride layers is less than about 1000 A in thickness.

22, The method of claim 20 wherein said at least one of said first and
second low pressure strike includes:

. establishing flows of said silicon containing gas, said nitrogen
containing gas, and said inert gas such that a pressure in the deposition chamber is
between 5 and 100 millitorr;

tqming on said bias voltage for a period of time sufficient {o-establish a
web-.k plasma in the deposition chamber; . | -
after establishing said weak plasma, turning on a source voltage; and

after turning on said source voltage, turning off said bias voltage.

23. The method of claim 20 wherein said layer of material comprises

fluorinated silicate glass (FSG).

24, The method of claim 23 further comprising treating said FSG

layer with oxygen.
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25. A computer readable storage medium having program code embodied
therein, said program code for controlling a semiconductor wafer processing system,
wherein said semiconductor processing system includes a chamber, a silicon
containing gas source, an oxygen containing gas source, a source power supply, and
a bias power supply, said program code controlling the semiconductor processing
system t.o deposit low dielectric constant film on a wafer in the chamber in
accordance with the following:

depositing a fluorosilicate glass (FSG) layer on the substrate;

exposing said FSG layer to an oxygen environment in a manner that
stablized the FSG layer by reacting the oxygen with fluorine in the layer to
reduce the fluorine to oxygen ratio of the FSG layer; and

thereafter, depositing a silicon nitride layer on saiq FSG layer.

26. Apparatus for depositing a fow dielectric constant film on a substrate,
comprising:

a deposition chamber:

a gas panel coupled to said deposition chamber;

a plasma generating system coupled to said chamber;

a controller, coupled to said gas panel, said source power supply and
said bias power supply, said controller containing a computer readable storage
medium having program code embodied therein, said program code for controlling
the apparatus in accordance with the following:

depositing a fluorositicate glass (FSG) layer on the substrate;

exposing said FSG layer to an oxygen environment in a manner that
stablized the FSG layer by reacting the oxygen with fluorine in the layer to
reduce the fluorine to oxygen ratic of the FSG layer; and

thereafter, depositing a silicon nitride layer on said FSG layer.

27. "~ An apparatus for depositing a low dielectric constant film over a
substrate dis;posed within a deposition chamber of said apparatus, comprising:
means for depositing a first dielectric layer on the substrate: and
means for depositing a uniform second dielectric layer, wherein said
second dielectric layer has a thickness of less than 1000 A.
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