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Low ‘Tenperature Int egrated Via and Trench Fill Process and /x4 3 g3 ? 5
Fireld of the Invention The present inventi WQ?W

metal | i zat Bory process for manufacturing sem conduct or . More
particularly, .the present invention relates to the netallization of

apertures to form voi d-free interconnetions between conducting
| ayers, including such contacts or vias in high aspect r atPAFENT
sub-hal f mcron applications. 10 Backgr ound of At Bogket ARNPMICORPER

Sub-hal f micron nultileve netallization is one of tﬁﬁﬁeﬁié@“tb@cm%ﬁlﬁﬁ?wsf or

mui 1 ovel. i nt erbOVROMMBRRARGRE INTRCKATED METACRIATION (s |

t echnol ogy require planari zZBROGESS AN@APM%TUSM i o apertures, including
coutacts, vias, 15 lines or other features. Reliable formation of these
i nterconnects is very inportant to the success of VLSI and to the
gont i pudd-of tdInvehfioh NCrease circuit density and quality on individual
substrtes and di e. Al 'um num (Al) or copper (Cu)

| ayers for ﬂ’hdpbgsenﬂ’mmmmn relatssito demetallization froE@e®fYr, mbhn turing semiconduetorCVD

processes, Rr,oVi conformal | ayer formt |ckne er
on tha Mm’ gﬁar?:bé&%pmmvm %fﬁl?‘&“%‘h?“\?éﬁg atiogyqt ap {9

Itgfrlpgratures %%%Bégrocessgs (Eﬁgﬁk{dﬁ{ﬁ&W;gaﬁ% e‘t:thods

used taiof subthalf micron appliestionses. However recent transm ssion el ectron
m croscopy data ("TEM') has reveal ed that voids exi st in many of
fhe CVD formed Al apertures_ even though electric tests of these sane

apertw. . QL Sy dence the existence of this void. If the |ayer
i's su;t“ e he void can result 25 in a defective
circuit. | 'Sustlﬁw Huasn rzﬁﬁmﬂwez %fétémfénohhissodé' Sdifef k4P It&hhslog&rsyfoel ithd next! t
to detect by regul ar cross sectional standard el ectron nicroscopy

(" SEMgimerativinriforeryslargescale tegration (FYILET e (Themultilevel intepcarmestions tadflie at the
al um num d nmechani cal polishin In additi,on, electric,cond ct|v1t
test s hgast of s techmology mw%w%wgémgm%?mﬂﬁpwsﬁ m#\ms/ ?

gener ghlyomitidr fafires | REtablc o BRI SE ntdrEotinSets is very important to the success of

VLSI and to the continued effort to increase circuit density and quality on individual substrates and
die.

Aluminum (Al) or copper (Cu) layers formed by chemical vapor deposition (“CVD”), like

other CVD processes, provide good conformal layers, i.e., a uniform thickness layer on the sides and

0 base of the feature, for very small geometries, including sub-half micron (<0.5 pm) apertures, at low
temperatures. Therefore, CVD processes (CVD Al or CVD Cu) are common methods used to fill
apertures. Howgyer, recent transmission electron microscopy data (“TEM”) has revealed that voids

exist in many of the CVD formed Al apertures even though electric tests of these same apertures do

not evidence the existence of this void. If the layer is subsequently processed, the void can result

15 in a defective circuit. It should be recognized that this kind of void is very difficult to detect by
regular cross sectional standard electron microscopy (“SEM”) techniques, because some deformation

oceurs in soft aluminum during mechanical polishing. In addition, electric conductivity tests do not

detect any structural abnormalities. However, despite generally positive electric con;_luctivity tests,
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cdnduction through the contact having the void nmay, over tinme, conprom se
the integrity of the integrated circuit devices. A
TEM study of various CVD Al |ayers fornmed on substrates indicates that the
formation of voids occurs through a key hol e process wher FATENTe
top portion of the via becones seal ed before 5 t h&ttyDeckstAPRMICOPPER

entirely filled. Although a thin conformal |ayer ofBWWI%HMP STEEUSy pe

deposi ect 0. contacts and vias at | ow tenpetatures

cont i ﬁ%@*@éﬁ%&&@iﬁ? Sptac) Having e T5i0TaRE outh EReomsrOmHE BOHISRERE OBMhey | as
typi Cgh degraf deVickyie formation of voids therein. Extensive

efforts een focused on elimnation of voids in netal |ayers by

nmodi fyi ng Q/ITBM steysifivgrious CVD Ad:tuydnstfomieilodiuhmes mﬂicetesdmnlmesfohnatmmot

yield a,v0|dfre tructure. An alternative tec efor
met aI |°§ l@% dole P@F?ss“élsm%@ portion pfith ?Jmf’?a?q%ﬁqeg

of a %Js'ﬂe%ﬂ nHJE‘ Hica! oq{ghqa[e%ﬁ'ct *Lﬁ)[amélnp\h{ B ¢ c%e gﬁé@gr

thls process require 1 on. 0 | ayer o
et al Wha& hﬂghaspmrdu‘& dontu&tsaadaaﬁﬁsedt Il tepyefitures) coftinbed CVD depositii td ng
ic

| ayer facilitates flow of the Al during the PVD rocess FoI | owi ng
deposicompletefilingef the contacts grvias typically eesylts indhe formationepl voida fhexsin. qu on

by o ithEr v Berlheised ot oliaiof pr ks Pl e by modiphe G T prosRsi S

are VepNdifishs | HbwevdrotheResultdhaté Mot%el&&?a Vﬁﬁtﬁ‘eegu-hﬁﬁﬁr waf er cond| tion,
and ot her processing paranmeters. Small variations in processing

dondi ti ons Amaltemative sechoigue foryeetallization ofiigh aspect myioraperures, is hot planagizatian i n
inconplete filin t.he, contacts or vias. thus creating In_order to
o1 | o Ao fgoueh phySical Paer dRossinn GEVD) nBbe ° Bt kP Ip Bl e o o

perfor
wetting ‘?L‘é% %{%}@{%%s g%ggﬂg%vﬁge 6’@%&1 asp c ra?g&a‘ﬁe&I 3°r££?rl;mvﬁa
si de wetting laysyewhich faflitattd FowFithe ﬁmﬁﬁmgfme VD piolRss. FdiRinigg Eéﬂdsitm ofthd he

contacts or_ vias. Even at higher nper at ures, PVD processes_na

resul twqtmmlmn, thyi negt step seqquings dmwm e:ﬂmt(ﬂa) ohotBD Arlayerior €2) agold P

is closed he.d | t f th
st ALY TR b PEROR Al fer S s aih, HtRR RV A1 Bor8 (e
floor spf vbﬂﬁs&%ﬁiv%% e AP T tﬁ@%tﬁ&é@iﬁ{,%éfeﬁ bbhidiflon, and other processing

-parameters. Small variations in processing conditions and/or poor coverage of the wetting layer can

result in incomplete filling of the contacts or vias, thus creating voids. In order to reliably fill the
vias and contacts, hot PVD Al processes must be performed at temperatures above about 450° C.

0 Because 2 PVD Ti wetting layer provides poor coverage of high aspect ratio, sub-micron via side
walls, hot PVD=d-does not provide reliable filling of the contacts or vias. Even at higher
temperatures, PVD processes may result in a bridging effect whereby the mouth of the contact or via
is closed because the deposition layer formed on the top surface of the substrate and the upper walls
of the contact or via join before the floor of the contact or via has been completely filled.

5 Once a PVD Al layer has been deposited onto the substrate, reflow of the Al may occur by
directing ion bombardment towards the substrate itself. Bombarding the substrate with ions causes
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25 Once a PVD Al | ayer has been deposited onto the substrate,

refl ow of the Al may occur by directing ion bonbardnent towards the
substrate itself. Bombarding the substrate with ions causes

3 the netal |ayer fornmed on the substrate to reflow. This
process typical heats the netal |ayer as a result of the energy
created by the plasnma and resulting collisions of ions onto the

| ayer. The hi gh tenperatures generated in théwlf”t &Qmﬁgr med
on the substrate conprom ses the integrity Exprsgs % 75@"3

sub-haJf m cron geonetriges. Therefore, ting of the tal. | aye I S

G o7 onfbe miptal 598 Friueon e Ebei  SalidsndFis process typical heats thehdil Byyrasia
No. 5, e : i ; it 4 ' t
o Sttt erlehy cxfitcht W7 Moty alf 1R300 SoliRRES o bntd he Bl laye P
per certiigh emperapfesgentratid ihftke shefal yersFormiedn the substrate compruinises! therintegtityt o

i nprove step coverage, then applying a sufficiently thick PVD Al |ayer to
achi ewddevices haying subbalf myrron geometiss. Therpfore, hegting ffshe matal layersds disfavoreds o

am i, n o nelt the 10 interm xed CvD Al and PVD Al and
ﬁereﬁ%ﬁ?@%ﬁﬂ%’oyed step coverage and pl anarization. However, this
process I eqys! PRemods.5,147,8 t@g‘ﬂﬁf‘sm Paiéritd) desclofesth ProcaRe foit vigs thesiavélhe
a hi

660[err] C. Such gh tenperature is not accetpta | e for nost
sub- haipplyiriga WD Atlayer witly a thicknessaxfifrone 5 petcentite 85 percent of the defineskepntastons

scannedq qQver a wafer nay affect the reflectiyLt. nd.unifarmdt f t.he
oo e S B S e S arabi b i DL el o
| ayer ﬂ{éﬁé@hagé r',g{.aé}ngas@} : : e, Yotal Y Ofe8

be?orza' 'S epgs‘?te y eiﬂ%ﬁéeﬂrégsz %g@?ﬂ%@g lgf%cess. hig%gr di ngtatﬂgagﬁ{ee

teachiingsmidedtCVD AleindrRVIDA] dndakercbyl ashiéverimproved stdpydoverage yed planaszation.
desirable to increase el ectrical conduction and mnim ze Jjyngtion
lestiha FBLCS: Such

spi ki rgewever, thigproogssapquins heajing sy wefkr qurfprio ademparatisnio Jesyihap

‘ b . )
S A R B S B
pat entiade B sdaifePRRE h%féﬂgaf’iﬁ&t Ef%@eﬁéﬁgvﬁy ahd LAiTomeitpbf the Wt ayer.

tenperature of about 550[err]C. wever, during the high
t enper at ur élteptfiPepitent alsmdisskoses that isBichder Wyerstand(er hagiehmetsl dayess maysks

o s e o § e o oo e § 44 B B, AR ™
t enper. | £s S ' ; i trical
hop § (RS of iy REEEE AR AR bnellindhyert i Sirable to fporease electrica
sub- hajohdiativncindaemimies 'dn‘g?ikﬁ;g, 25 Subj ecting wafers to

tenperatures high enough to nelt interm xed CVD/ PVD Al | ayers ca

Combr omi s B/ PaleuiaNe. 535065 e 465 pamdalisshosena PEasss Smklar 10 the (19 matent ar

where L be PHigh S3s ey Tastbedm to planarize intermixed CVD/PVD Al structures. Alternatively, the

10 “465 patent teaches the application of 2 PVD Al layer formed at a wafer temperature of about 550°C.
However, duringdte-high temperature sputtering process, ion bombardment due to the plasma raises
the surface temperature to about 660°C causing the Al film fo melt and planarize. Like the process
of the ‘819 patent, the use of high temperatures is unacceptable for most sub-half micron
applications, and particularly for use in filling high aspect ratio sub-half micron contacts and vias.

25 Subjecting wafers to temperatures high enough to melt intermixed CVD/PVD Al layers can

compromise the integrity of devices formed on the substrate, in particular where the process is used

h
n

-
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4 to planarize a netal |ayer forned above several other netal
and dielectric |ayers. QO her attenpts at filling high
asSpect ratio sub-half mcron contacts and vias using known refl ow
or planarization processes at |ower tenperatures have resulted in dewetting
of the CvD A fromthe silicon dioxide (SidJerr]) substra t he
formation of discontinuous islands on the side walls g og é}ﬁ%%
Furthernore, in order for the CVvD Al to resist de ti aggjg 1970786US
tenperatures, the t hi ckness of the CvD Al HJE*¥ Sever a

th Al t A)..Si t th d Al t . I
o anats SSBL b ngd Sub ek SR AR e o o012 "
sub-hal T M@ uttempts at ﬁmbgtag#ﬂ %ﬁ@ﬁﬁﬁ@% Mal® BAroh R8ntdtts 2R Yisk AkINg A0S

t herein. _ tures formed in a sem conductor device,
such geflaw ogplasarization peoctssesratilover temperataes hdve resulted i Hewstting of the '\ ERIAly
made w th_al um nym or al um num dopped w th copper. .However,. th .

per f ofwre slicon diskide (Pighhiuhstiste abd the farmation QU asifs 9 e side walls
posSi ki DL O Al t I W@@ﬁ r ﬁ&rﬂﬁh‘i’é' STRieal .
ppep?%weﬁﬁ@g%ﬁ@fﬁ%g%rtgljlgrge";glﬁf.lytgg?sgﬁg%re gﬁﬁﬁﬂ > si nce
it prepitidRes dAHECVIRAL Bis toibelsevdpsl thatishad ARpsoins@A).gsiate tn thersit Angstrottsan

al um num . ; Therefore, there remains a need for a_low,
t enpeegual one meicron, 2 XD Ahlayenefseveralshoysand Angstroms on %ﬂﬂiﬁfeas%ub&&loi’tmmnar ly
hi gh aspe ratd o. sub-half mgcron coptacts and vias, with copper. Mre
partil’lﬂpﬂﬁ‘iﬂm?mem&ﬁ&%&‘f I VOUSFFEPe a | ow tenperature process for
filling su t&ﬁ@ﬁtﬁf‘e& oratied i icondicicr dich sBcH &N plugstinalined fomvEd BodRednd( Cu)
and allow%get e V|a?to tﬁrex%sglglc?illed vvithsPVD(g} . Sunmmary of the
lonv entienchedDare typically made With alureinmnt or alusrimin nloppes, withcoppen: oHewevero the
provi ding uni form step ¢overage on a substrat

r ef r aPEEPYMANgGS of theze plyminm features i1t oR yelimiied by, the 659083@115?3?%‘&583.‘?‘3% bovp

depos ey paprs ol SRR ekl LopbG, b hether A g fer R proreicobuciien

rel at gfes ¥RGwdEY IoWRr rditiv e Gnd befercidttioadgratiitiresistanes thaataivuminadn. net al
| ayers to formcontinuous, void-free contacts or vias, such as in sﬁ); hal f

m cron applTheeeforsn there reroains 25need fon aew: temperafime imesallization processrior filling,
| ayer i s _deposite n{o,a substr.ate, hayvi ng high,a tJ
csg%t a@i’mg\ﬂalégcug‘gfmmgﬁtoﬁ oﬁ“WBw@gfoé’;%W%?%ﬁ%ﬁ a%’e%%%ft" R ont o't he

refra ; i s 1OCENifOERingRuéDEdMActy\Rid | g
oo PpictistBY Rwtia b Hesirable to bivFIGH AiipAant dpiet g ¢

vias with a thin layer of CVD copper (Cu) and allowing the via to then be filled with PVD Cu

Summary of the Invention
20 The present invention provides a process for providing uniform step coverage ona substrate.
First, a thin refragtory layer is formed on a substrate followed by 2 thin conformal CVD Cu layer
formed over the refractory layer. A PVD Cu layer is then deposited over the CVD Cu layer.
The present invention relates generally to improved step coverage and planarization of metal
layers to form continuous, void-free contacts or vias, such as in sub-half micron applications. In one
25 aspect of the invention, a refractory layer is deposited onto a substrate having high aspect ratio
contacts or vias formed thereon. A CVD Cu layer is then deposited onto the refractory layer at low
temperatures to provide a conformal wetting layer for PVD Cu. Next, PVD Cuis deposited onto the

5
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5 previously forned CVD wetting |layer at a tenperature bel ow t hat
of the nelting point of copper. The resulting CvD Cu/PVD Cu | ayer

i S substantially void-free. I n anot her aspect of the

i nvention, the nmetallization process is carried out in an integrated
processi ng systemthat includes both a PVD and CVD processi ng chanp‘gfm.!mce
the substrate is 5 i ntroduced into a vacuum envi r Quat mwgo P

: . . . P ,
metal |ization of the vias and contacts occurs w t hog;m;s ail No. EMO0S19 @,u% i on
of an oxide |layer over the CVD layer. This results because the sulbstra e

need ngfevioRsly formed CVDAR&TAE LEPBRNRE BASwTh -
systemto unger oe deposi ti o% %?rt he C@D andea a%%%hgg%g?iotﬁggﬂég T,
Accord'i['hgteyl,llﬁns%@ Dy lagyeri is substetially ssidifreepr essur e t her eby

preventing for ion o tr.imental oxide |ayers. Furtheynore, diffusion of
dopants bet iﬂe@? qﬁésﬁe(f{ of &ﬁ\ﬁ’%ﬂn’é@ﬁ“} mongrqmﬁswe%%wsmsd
deposi hrogEssing g 'tﬁiﬁﬂélﬁ&@s‘%oﬁ% AP¥D and CVD processin c}}yﬂ?etp "Gritthe bib¥eak "
further providés an apparatus for provi |ngp| nproved step coverage

abd meinfrothiced fito a vaéuum ervitonnrest) dieanetallibation|f et ssand @onratts ©6cus without the

mul tiplLicit og | so] at abl e communi cating regions including a | oad
| ock c*ﬁ’!ﬁﬁg&} ofan gxids davst pvarthe C\IP devess This resmisthecausy the substratemepi at be

Conpr | SRS one Bceding Rsteh Bl Sfeiict Vit € e Ao We S ans
comurPVEx demsited Nayehe | AcUofdiAflye the substrate’ REHaMES uh@r ARLAR! pRSduRd tilerdReuuM

radi ent of decreasin ressure across the apparatus fromthe | oad
g g9 E S

| ock cprgwenting formationnf emtgl exidelapers. Furthermore, diffusiasf ofsiapents betvesen thie t he
| 0 . .. S0 that the nper .i.n which the gbove recited
&g\tMu ww&%gs lgmp?ﬂ}jeai:y§eqﬁenp eBP%IQ%‘h’cn the integrate ﬁVéFFP'r 0 nI are
Ctained _ ) oo ; X . G ¢
the T nvent | g proadi ubRHEE Rl blinickh 3h appdfyliPES PRAVIARE MBI ERSERLBIAAR ° |

t he endmidinetailizatiohesfea fsemivonductoe Theusipamihadcomprises a multiglizityppfeisdiathble
drawi n t. 1s_to be noted, however, that the appended

S. .. . o
dr awi ngpRigeneregiops including adead-leplo gharaherca refractoryymetal psoqepsing: chamben

my VD Ch pfietnd RERRED B PETD Sl okt e St THE R sl comghilld "

15 an intermediate substrate transport region and vacuum means communicating with the isolatable

regions for establishing a vacuum gradient of decreasing pressure across the apparatus from the load
lock chamber to the processing chambers.

Brief Description of the Drawings
20 So that the manner in which the above recited features, advantages and objects of the present

invention are attained and can be understood in detail, a more particular description of the invention,
briefly suramarized above, may be had by reference to the embodiments thereof which are illustrated
in the appended drawings.
It is to be noted, however, that the appended drawings illustrate only typical embodiments
25 of this invention and are therefor ﬁot to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.
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6 Figure 1 is a schematic diagramof a netallized

sem conduct or substrate via according to the present invention
having a glue layer and a CVD wetting | ayer; Figure 2 is a
schematic diagramof a netallized sem conductor substrate via according to
t he present invention having a glue |ayer and an interm xed CVD
Cu/PVD Cu | ayer; 5 Figure 3 is a schematic top view oPARENT
i ntegrated nulti-chanber apparatus suitable for AttyeDocket APRM/QOPRER: N d
PVD processes on a substrate; Fi gur Expross Mai} Ng 70W6VE ow
di agr am of CVD gas box delivery system for suppl i ng gases to the
system of F mlgaschematmdlagramofa @ﬂg& gm&wgmomgmhe

depos: Prasmt iiintin Bufiips %@%&@H%ﬁ%ﬁﬁfﬁ%ﬁe””m "0 i qure b is

a schematlcmmmnm@wgw&h&@@a%%&au&wsmﬁ%cda fotheg a
PVD processes of the present 1nvention; Fi gure Is a

si npl |mtmmﬁomhagnamgbmmrgmdmmtemc¢ﬁmcm Collayry uct ure of a
o5 Pret or FIHRE IS A HERBARS EoD view of in tagrited rudtreham R RSB TPPISCRT o

met hody, WMMPWW%S&&%&FEQF;YN gh aspect ratio

apertur ow t enperature, particular in sub-micron apertures. One

aspect of t FigureW isratschematic flow diagtany 6£e€VD gastbordieliveryspstainl for supplihg gises
aspect tggl o apertures, including contacts, vias, lines or other 20
f eat ur sl r?ﬁgff%‘m?es bel ow about 660[err]C. In particular, the

! : t
(3t fo aper | RELEFR 4 RRERAE ﬁf&a@@wwoﬂalﬁw§§¥@V§9Wﬁ§¢%%%o%%fo?ﬁﬁsﬂgc
(toCVD WDdep%@ﬁxoﬁp‘i&Ué@svdofﬁie? resént ivehtespper (" PVD CQu") where the thin CVD

Cu layer is prevented from dewetting on a dielectric |ayer by
cappi ng t heFiguee 64ds 8 schemafisrcrasstsactionahiiew of a PVD dhambersuitablet fonperferyang a

conpri of a ref ctor mata and/,or conductive netal having a nelting
poi nt Pr°°if?%ga(f © PITS tt’Weﬁ" ’at“ﬁe CVD Cu and providing greater wetting

with the CV% gure 78R e ®lock dxa ﬁ&vﬁg% b€ hickarRRChl Sdntiol ¥RhetuttGa aS

tantal um (Ta),, IS necessary to prev Bhe 1 u5|on of copper Into
_ computer program of the present invention.

15
etailed iption of a Preferred Embodim

The present invention provides a method for providing improved via fill in high aspect ratio
apertures at low temperature, particularly in sub-micron apertures. One aspect of the invention
provides a method for metallizing high aspect ratio apertures, including contacts, vias, lines or other
20 = features, at temperatures below about 660°C. In particular, the invention provides improved step
coverage for filliig High asPect ratio apertures in applications with a first layer of a CVD copper
(“CVD Cu”), and a second layer of PVD copper (“PVD Cu”) where the thin CVD Cu layer is
prevented from dewetting on a dielectric layer by capping the dielectric layer with a thin
barrier/wetting layer comprised of a refractory metal and/or conductive metal having a melting point
25 greater than that of the CVD Cu and providing greater wetting with the CVD Cu than does the
dielecttic. A barrier layer, such as tantalum (Ta), is necessary to prevent the diffusion of copper into
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7 t he adjacent dielectric material which can cause el ectrical

shorts to occur. If the barrier material itsel f does not provide
sufficient wetting of copper, then a separate wetting | ayer nay be

deposi ted over the barrier layer prior to copper deposition.
Preferably, this process occurs in an integrated processi ng system

i ncl udi ng both a CvD and a PVD processi ng chanber. However, the 5PATENT
barrier/ CvD Cu/ PVD Cu sequence provides the advanta e oAttysRecket APBMIGOPRER ¢ o
oxi dati on and may, therefore, be exposed t xHFﬁ“’B@N S1376786US

| ' i des, which increase th el ectrical

without, the forpgation of oxi
resi st é\?@gja‘“’m diclectric matertal "Yq'l-“’l?‘l‘é%n mele%#sﬁlpas djoeaust [Ethabarrier material ch

I
therr Taditlibet floorBille GORREN widihe of Bibpet, Mén & soparate w Rk FHRERAY He Bapificd
Howev esver e barriehxyer prdrab sopperaleposifor] P@Yeritly J@TE robdsd Beairs U ate irtegritad

dielectric | ayer at high tenperatures. Therefore, the present

i nvent PROReSSMgeFYstara Jneludiagr bath/ v YPnand ayEVDbpmmmga chasnbsr. | veradthe he

diel ec of.th taI a | at.

o3 1 P RHECTRCRETRCh Byliee arifiodh pd AfvaBbfor peids RRRIAARIS Sliprionand may,

di el ecfheteforapbe lekidsed b alrShadiveérete, withaiit thE FoRAtidnes! WElsd WHicha&reasertay i de
i mproved mettlng even when only a thin barrier/wetting layer is deposited.

It f ol ¢lecteicalivesistanqsr ef erred 15 barrier/wetting |ayer is forned

fﬁgsagrflsa;hﬁaquglform&ove t he surf sc,%uccg t u%lgﬂxgll( tri C, ingbpdi ng
Presenjy iy %elowtﬁa%sﬁ&d%g{e&ﬁn{g’ﬁ@é EiifholeRy ifcied dRSIUER 1D, §r as

a reftacto tungst en ni o umnumsilicates, etc.

tant al theke imia;ls havet atendentiyttoidédevet from an uddeetidng dxelbamwayetlat higihetemjieﬂh@ured?VD
T|/N[err]stuffed a ternary conpound (such as TiSIN, WS N, etc. I 20 or a

combi napfreferythe present inyeation lmom bqgnew/wm@a layer betyegaa melgl layerandhe

i okt Bhsnllol hovesing oAt b, Aa btropliel b ARha Hiseaf YR Y, §
bar ri efhe\Rsthll Bidket ﬁ%ﬁrthé"ﬁielechi/doinﬁ&hhb( méfgreeee BUORE Sah Rk NRAMIRG prfide and

about 400 A. The barrier/wetting |ayer I posited to forma substantially
conti nnmpte'Vdapethnecven fwéhen only a thmhaaﬁebtetﬁmg lhyeyds d@ns[tadait folows that pteferred

'tro Altern tivel sed es_of sili cap, be, 25 treted
Pth n %Véﬁﬂ% féfﬂgfﬁgﬁm Yrﬁm#%&ybfro‘teﬁéhﬁ ¢ pEibE; defée%%c’

| ayer %1 &?lcor e A C/D Cu wetting | ayer nay be dep05| ted
usi ng by any NOWN (&}B &1 proc'ess or

According to the present invention, preferred barrier/wetting layers include such layers as

a refractory (tungsten (W), niobium (Nb), aluminum silicates, etc.), tantalum (Ta), tantalum nitride

(TaN), titanium nitride (TiN), PVD Ti/N,-stuffed, a temnary compound {such as TiSiN, WSIN, etc.)

20 or 2 combination of these layers. The most preferred barrier/wetting materials are Ta and TaN which
typically are pfS¥itted as a PVD layer having a thickness between about 800 and about 1000 A.
Conversely, a CVD TiN barrier/wetting layer will typically have a thickness between about 100 and

about 400 A, The barrier/wetting layer is deposited to form a substantially continuous cap over the

dielectric layer and may be treated with nitrogen. Alternatively, exposed surfaces of silicon can be
25 treated with nitrogen to form a S'i,‘Ny layer than is effective as a barrier layer for copper.
A CVD Cu wetting layer may be deposited using by any known CVD Cu process or
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8 precursor gas, including copper[err](hfac)[err] and
Cu[err](fod)[err] (fod being an abbreviation for heptafluoro

di met hyl octanediene), but a preferred process uses the volatile liquid
conpl ex copper[err]hfac, TWS (hfac being an abbreviation for the
hexaf | uoro acetyl acetonate ani on and TMWVS bei ng an abbrevi ation for

trinethylvinylsilane) with argon as the carrier gas. Because t is'b\?%gx
is aliquid 5 under anbient conditions, it car%tﬁe;‘&% ??;’ﬁs(%g ard
CVD bubbl er precursor delivery systens cur rEpEsMay 6US
seni cqQn tor fabrigcation, . T o] Lerr fac)l.er ar e

vol at W%%ﬁ@g copper %&ﬁﬁw@%pﬁl Wﬁ%ﬁ%#gﬁ’rﬁ{“’% hepiaflpepe

from Hﬁe&??&%bdieﬁé)eblﬁﬁﬂﬂéfeﬁ%ﬁgrﬁﬁgﬁﬁésﬁﬂe m'm‘a%:ﬁe Fg?&ggxr?g%ex oppert!BfA10H¢8d

according to the follow ng ne ed Thteraction with
a sur f(bifae being an abhreviftign dem diechetaflnorn acqtyiacstonate anion and TMVS being an

g% % Z,raf:i:%fﬁgqq' e T%S %:ﬂlylvmﬁsxlag i e?r;ﬁ]*? ;{?gg ;awgr(;gms ) B ¢ this complex is Ea?icpluigil)
siep _ 1l ) s 93 fraet $) 1ttt = cms =
Cul er ‘rt%?ﬁl% m]:?lfnac t Sgx)ons, it can be utilizedGH [s&hg%rg p(.‘"\ﬁlg( )ﬂxbbl'er precirsor défivesy SJS’F‘r?mSt ep

err

1, theurenthed irsemicondingdr fabsicationcBathsTMW8 38d cdiper*ihfie), atel volatide iypasducts! n
step 2, the coordinated olefin (TWS in this specific case)

di ss0®f Hedeposition reactiondhasisexexhgusted from thechamben; i Fhy deposition regetigrhis believed

Cul[ er A . tabl ound. .In st 3, t.he rrlbfac..,

i spr SpareeetSoeBRubE R e I GE B I pint, & ok () 9eSesey HEFRaon ith a sucface
Cu[er@hal@)a@eh{,@gltﬁegax&magy‘sproport ionation at CVD tenperatures appears to
be nost strongly catalyzed by netallie or electrically conducting

surfaces. In an alternative reaction, the organonetal | i ¢ copper

conpl ex can be r qu ogen to yigeld, net £ copper.
The volatile Ii q’"l?'rq’d ,@&[éFFIhFa&WC’Mﬁ@ used to depoSteR (By

t hrough either a

2Cu*'hfac,TMVS(s) ------ ~  2Cu*'bfac(s) + 2TMVS(g) step (2)

5 2Cu*hfac(s) ------ - Cu(s) + Cu(hfac)(g) step (3)

In step 1, the complex is adsorbed from the gas phase onto a metallic surface. In step 2, the
coordinated olefin (TMVS in this specific case) dissociates from the complex as a free gas leaving
behind Cu**hfac as an unstable compound. In step 3, the Cu*'hfac disproportionates to yield copper

0 metal and volatile Cu*?(hfac),. The disproportionation at CVD temperatures appears to be most
strongly catalyzed*dy-metallie or electrically conducting surfaces. In an alternative reaction, the
organometallic copper complex can be reduced by hydrogen to yield metallic copper.

The volatile liquid complex, Cu*'hfac,TMVS, can be used to deposit Cu through either a
thermal or plasma based process, with the thermal based process being most preferred. The substrate

25 temperature for the plasma enhanced process is preferably between about 100 and about 400°C,
while that for the thermal process is between about 50 and about 300°C, most preferably about

——
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thermal or plasma based process, with the thermal based process bei ng nost
preferred. The substrate 25 tenperature for the plasm enhanced process
is preferably between about 100 and about 400[err]qC, whi | e t hat
for the thermal process is between about 50 and about 300[err]C, nopst

pref erably about

9 170[err]C. Followi ng either of these processes, . a g%éDP‘@]ENT
wetting |ayer may be provided over a nucl eati ot ket COPPER
Al ternatively, electroplated copper may be used in Expss %FW1%°75FU§n
repl ac fy .t he tting |ayer . Fol.l ow

deposi ﬁ&g# 0?0%0%%% %?fgprl"giﬁé » 2,G YD G Jeefting. layer mag b es;gm%ag% O¥eTRD
Cu 5 to rdiv P, [ i I +0f
the CUECIGHSH fafor ANaRS Ly, UREOPAE Ribrcr FodlT b} 3Rt B cBIbIANRE WA 66 uf
pr ef erreplacement of the GVD Quwetiingdayesi t ed at a wafer tenperature bel ow

about 550 r1C,. preferably_ b w_about, 400[err] C. The .c er la start
to flow dhﬁﬂb"f‘ﬁg deppsition Xfa@\ﬁ%&as}mw L%é%]?bétm&a% ?Gﬁttf’é’reé?@ i th
t e ta&hﬁ.im‘p ' rgw,g i £11m| 8l ' ' a
sgl I d netal agéed;o.kﬁ eca?ge%dgl%fﬁnﬁ "5?9%3%“&%%%%(3?9\} t vg%‘ﬁé‘?d Ptvrll")ea%\/D

Cu i s ‘Whesecthe suft thetal is coppen) idisweéferredithahthe PVD Cutbe depositedut adeiraempératune,
t herefore, wafer tenperatures above the nelting oi nt of al um num

( ;6 60 ][qu' aout 330 1Capepferably hejaw ﬁrqllbﬂ?%{'ﬁt- '@am%d@lw start to Seyy durdng the BYD

T | on 1 " 1 s . L

ol ‘anar Sasitignprspess gt B8 A00°C: s Baflh Rt P0hiRE s RfRniEE ABG Sp place
bel ow dshesoldl thétillaped Bechise!tifalaRR good wetting with copper, Whé CYDICh igpROErMEd Y

preferred, the present invention may include processes that conbine 15
WD Al frendewetting tiyvenialioPerabiut #90°Chand, thebeforeo walpriteraperatuzes above the melting

Cor! SARH ek OB, e e A ES e 5 ORSGR B, D
Cu 5 : ' t t
1 prcussppikden o i M, SHIS SRR @RS

Cu showperanires fanbeloscthe ity point of the cdppan about one percent of the netal
vol une. When the PVD netal sequentially follows the CVD 20 nmetal in an

i ntegrat ed Whdleaws genpsall preferrady the present wentionomey dechadaprafessendateambing al

5 ge ey i _
0 0" CYD AVPYER BT ol AF 1 i0uliietecoitifob iR il LR BiEd
| nt er g ik leletricaliesistahiy pfoviGedtl e &t ity iaRAHEtaBR ompouhd 2 0ot eqhently, in a

m nutes to achieve a uniformdistribution of the dopant netal in the stack.
It is GVELAWPYD:Cu prbcessathe CVD Al shohld riod porsprieagreatef thahabeutaanie perasot ofshe

PVD i llx\llegp \t«iﬂfnglgf 5%3{1;,? r: ug (a) M&/PV%REI %:ro]::csms, trh%%%% éh%%ld not comprise greater

than about one percent of the metal volume. When the PVD metal sequentially follows the CVD

=

20 metal in an integrated process, no oxide layer can form therebetween and the PVD metal grows
epitaxially on #e*€VD metzl such that no grain boundaries are present. Furthermore, where the
Al and Cu are combined, the intermetallic layer should be annealed at about 300° C for about 15
minutes to achieve a uniform distribution of the dopant metal in the stack. It is also preferred that
the top surface of the stack receive a PVD TiN anti-reflection coating (“ARC”) for reducing the
25 reflectivity of the surface and improving the photolithographic performance of the layer. Finally,
a most preferred method of the present invention for metallization of a substrate aperture includes

10
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25 reflectivity of the surface and inproving the photolithographic
performance of the layer. Finally, a nost preferred nethod of the
present invention for netallization of a substrate aperture includes

10 t he sequential steps of precleaning the substrate surface,
depositing tantal umthrough an I MP or collimated PVD process, CVD
Cu, PVD Cu, and, optionally, netal etch (Ti N ARC) or cheni cal ATENT
mechani cal polishing (CWP)(such as a Mrror System avain‘,P‘é’k?‘W PER d
Materials, Santa O ara, Cal i forni a). 5 Express Mail No. EMORJ52B78648) A

is desjred, it. be, deposi.t e nder various,conditions, but a,st rd
Iproces °isﬁ9‘b‘;’\%1é@@ﬁ%§l"? I &f’ilaflrj %tgs‘a{f%geﬁlmsahs'%e‘p@r g&rﬂ!‘%&f
265[ er gdifz o r t

abOl[Jt ?L&égn%f&ge?ﬂ Fhe %’D % %ﬁe’g)(}gl) tclubﬁndﬁé)%/)&%neahg’er ga?he‘%gngN %q{éy&%em
chanmbemeghanivalpalishing (CMR)Msach asxiMirrot Systern assitibietfron AppliedMiaterials) Suntd Clara,

preferEeg.: c_h&anber pressures bei ng about 25 torr. The preferred
deposi ction for CVD Al involves the reaction of dinmethyl 10

aim num hyggﬂaegec%%ﬂ' destfeli i WAY 6 8ehotitey {eddef VhadidusP el It % Stlfidard

foll ow ng e I on:

( CH[ er proxéss iriviolves Walffr@smiperatures of betwlén4Bohe180F €dh@ abdut 265 °C and a deposition rate
Ref erri ng now t o F|3%u'£/e 1, a schematjc diagram of a substrate having a

pat t er o€ aboyt; sec and aboytd 38 A/gee. fTherEVDtAkdepopition masbmperformed at

di el ecfri g | .12 has a via 14 havi.n I,gh ct_ratiq, S5 . 1.e a
i g r SHetbet PResfund BBy ShPur kot o lodt 0 15 R i oo d chame prsies
Pr esenbeih@ it 29 forf BPhe}Referred depositioR 8o fof CVIN AL RBR/es tHe@Bactibh Bf Syl
havi ng any aspect ratio. Athin tantalumlayer 16 is deposited

dOr ect aklpmimum hydeides(DMAEL D witnhydroggn geh@,hadcordihg toathe fsllowing equasiont he
dielectric layer 12 including the walls 18 and floor 20 of via
14. The thin tantal um | gygr) A6-pnig|--genepyaldy f@ve a thickness of

bet ween about 5 A and about*700 A2 w th the pteflerred thickness being in
t he range between about 20 100 A and about 200 A. A conformal CVD Cu

| ayer 22 i sRefeptdg hicreltoFighteel, hathenatio\diapyah of & siidtrate having a pattesieedi di€lectric
t hi ckness not to_exceed the thickness which woul d seal the top of the

cont aclayer 12/ fogmed thereon is shown. The dislestric layeridas 6 via iihaving a highaspess ratigy er
115 PP ER B oo B ey BB B
Cu beneficial in cooperation with vias having any aspect ratio. A thin tantalum layer 16 is deposited
directly onto the substrate covering substantially all surfaces of the dielectric layer 12 including the
walls 18 and floor 20 of via 14. The thin tantalum layer 16 will generally have a thickness of
between about 5 A and about 700 A, with the preferred thickness being in the range between about
20 100 A and about 200 A. A conformal CVD Cu layer 22 is deposited on the tantalum layer 16to a
desired thicknese*ftot to exceed the thickness which would seal the top of the contact or via.
Referring now to Figure 2, a PVD Cu layer 23 is deposited onto the CVD Cu layer 22 (layer
22 of Figure 1). An integrated CVD Cw/PVD Cu layer 24 will result from integrating the PVD Cu
Tayer 23 that is deposited onto the CVD Cu layer 22. The PVD Cu may contain certain dopants
25 (such as tin (Sn)) and upon deposition the PVD Cu may integrate with the CVD Cu so that the
dopant is dispersed throughout much of the CVD Cw/PVD Cu intermetallic layer 24. In general, the
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| ayer 23 that is deposited onto the CVD Cu |ayer 22. The PVD Cu may contain
certain dopants 25 (such as tin (Sn)) and upon deposition the PVD Cu

may integrate with the CVvD Cu so that the dopant is dispersed

t hr oughout much of the CvD Cu/PVD Cu internetallic |layer 24. In general,

t he PVD Cu does not need to be doped. The tqp surface
26 of the internetallic layer 24 is substantially | anaryATENT
Because the tantalum | ayer provides good wetting of thém QOPPER o
dielectric | ayer or wafer tenperature dur”?"ﬁ‘@s‘ t 885D Cu

oy e RHss BotHSs e dbmely The i shiseas s edusras e TRREZH s Hbtmatib o
5 ik REd S kcdhsedhd ﬁﬁ%ﬁﬁtwe?p&e«k&wgab&%uﬁ Qfeid ¢¢D Cu layer, the giglle)I/H&

apparat us Wiile the processes "of "'the piresent | hvention are prefer

car r i ddyeror wiafer temperaturedaribg degusition of PND Gp doesatot seat tocxostdehe meitingwointng
both PVD and D chanbers, the processes may be 10 l.sQ be carrjed out
in sePircopReTROR rathey ng?;ﬁ ed 3 astempsEbire %Sh“éa‘?ﬁﬂttég h‘grﬂ?ar‘s pretleragle
p ocezﬂ'ﬁgmg‘p éﬁﬂ: 't,pgl aperformng the CVD and PVD processes
o§ th presen?ta{ émaée%?ir?venolﬁgjr‘léqg‘)iIl-ustrat ed in Figure 3. The
apparatus is an "ENDURA" system comercially avail able from

Applied Materials, Inc., Santa Clara, California. A simlar staged-vacuum
waf er The apparatusor ocessing systemis disclosed in United States Patent No.

Vbthod,  Tep e e Tpbal St ML iibiion ard Breforably GElEE pilcin AR Altber
| ncor RabedsSitlg AppaRatls O cliitéioBEingbith PYD htd/CYD QiExtérsTRAé pficesdes may be

appar atus 35 shown herein is sui tabl e for processing planar
sibst ralsebe caoded aut v sepasatduRYDr amsli G3MD shamberandh ischematici ofed multichamber
illustrate fhe inventjion,. d_shoul d not _be ed imt the scope of the
| v entBRestag Apa 35 Ruirable 5 pettorming 8 CUP §rd: BYD} PiacesssS of J6¢ Bredene

i nter ﬂ%ﬁﬁ)‘n s . IS, r l.e, a‘ﬁ@m@@n‘g a
PVD cﬁg er 3 12% raplufél t e?rre'gl lggr?gg I'ng lgﬁgnbers. %temz&mmerc he
appar advaiiatdé froimn&pplitd Maerible Abic. , Saatacliaty) Catifdriia. d&inildd stapedhaicten vafferf or

perform ng PVD processes, such as sputtering. The PVD chanber 36 co%ri ses
a sputpregessing system is disclosed in United States Patent No. 5,186,718, entitled Staged-Vacuum Wafer

5 Processing System and Method, Tepman et al., issued on February 16, 1993, which is hereby

incorporated herein by reference. The particular embodiment of the apparatus 35 shown herein is

suitable for processing planar substrates, such as semiconductor substrates, and is provided to

filustrate the invention, and should not be used to limit the scope of the invention. T he apparatus

35 typically comprises a cluster of interconnected process chambers, for example, a CVD chamber
20 40, a PVD chamber 36 and rapid thermal annealing chambers.

The apPafEts 35 #cludes at least ome enclosed PVD deposition chamber 36 for
performing PVD processes, such as sputtering. The PVD chamber 36 comprises a sputtering
target of sputtering material facing the substrate. The target is electrically isolated from the
chamber and serves as a process electrode for generating a sputtering plasma. During the

25 sputtering process, a sputtering gas, such as argon or xenon, is introduced into the chamber 36.
An RF bias current is applied to the sputtering target, and the support supporting the substrate in
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target of sputtering material facing the substrate. The target is
el ectrically isolated fromthe chanber and serves as a process
el ectrode for generating a sputtering plasma. During the 25 sputtering
process, a sputtering gas, such as argon or xenon, is introduced into the
chanber 36. An RE bias current is applied to the sputteriggTENT
target, and the support supporting the substrate in

OPPER
L e fierg LMe chamber s electrically groundeg. T RSN rats.
SPUL L Chl s F ?e%&;puf&éﬁ%dg 1, B R0 BeliCRP Bl R BhoRLAS

gener agatekivg gaptoyf lasma that spifttetiteasi@ebéauns bsiti6y 6f maferial om
about 100 to’ about 20 000 V\at%g and m)ggttypl g%?ly frlgr%WS about 100

to 10, onthesubsteate.: n m&teampt@cssqg the plpema is typically generated byripplyieg a DGon

chanbe R 18 g beyefieHor Wimabgn Do o, A0d Sl S B5isly om0

be USG&:O\&hGOQ@QOOOOWaﬁs B8 Xne “mﬁ? W|th Nerr], Ar, He, (Jerr], and

NF[err]. The reactants tetracu ‘ami no titani um (" TDIVAT"),
al ong wi t h Figure deista schematic diagrith exfra) gasebiox gysesefbri plyiﬂgagﬁa’ﬁ)td‘ ié CN®Tber

o 38 8 ok B 0 SAR, A
hydr i dgaf 3 iod
o A SR8, 0, B SR s BASSSE Wi o,

be use(*TDMAT”), along witkthe ingry ghsdei AENY, anepagsed(iatectheaCVBITINVCRAmMdY f6RS S
flow neter conbined with an LC or HC flow controll er avail abI e from

PBr t er Prosessingre Where GYD Alde tn beused, RGVD @ gas boxiissupplied ithhDs, As and

| i i t . « e T Each t.h D
chanote Hattinf diEay Sihati nygiide B/ TH, b R0 ot AT A °;gea€9rsﬁv
the chewiipAl einter 3rQBb4ifisy oPalfRinum, Similarly, whereil COD €uds t&b@us%ah@@tmc

partial sectional view of the CVD depositior chanber 40 suitable
f or pe€ndiquidwdeliviry spsemoepdsist ambMponHS smss fiow uﬂmeqocomtnned withantli©or Hthe

fSX g g_ﬁ@gﬁé ongfler railails TAgh SoHe asésﬁtg:@e g Valley é@mﬂ?xﬂ&s x it
ég:]trl)ﬁpépg&l% #Ségper&g%uag%\c/es aré use mlﬁc%gﬁgh%w ow of qpﬁsgg%ss

gases iwith@ fuftso pefp Fort providing a vacuum in the chamber and a blower/dry pump.
Figure 5 is a schematic partial sectional view of the CVD deposition chamber 40 suitable

for performing the CVD deposition processes of the present invention. The CVD deposition
chamber 40 has surrounding sidewalls 42 and a ceiling 44. The chamber 40 comprises a process
20 gas distributor 46 for distributing delivering process gases into the chamber. Mass flow
controllers and #dperated ¥alves are used to control the flow of process gases into the deposition
chamber 40. The gas distributor 46 is typically mounted above the substrate 10 or peripherally
about the substrate 10. A support member 48 is provided for supporting the substrate in the
deposition chamber 40. The substrate is introduced into the chamber 40 through a substrate
25 loading inlet in the sidewall 42 of the chamber 40 and placed on the support 48. The support 48
can be lifted or lowered by support lift bellows S0 so that the gap between the substrate and gas
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chanber 40. The gas distributor 46 is typically nounted above the substrate
10 or peripherally about the substrate 10. A support nenber 48 is
provi ded for supporting the substrate in the deposi ti on chanber 40.
The substrate is introduced into the chanber 40 through a substrate 25

| oading inlet in the sidewall 42 of the chanber 40 and p | aced on g\RenT
support 48. The support 48 can be lifted or Iqﬂﬁﬁgq*gwuﬁpﬂggwgnlift

bell ows 50 so that the gap between the substrate arﬂptgé%{antqo.moslg'm'}gws
REPLACEMENT SHEET

2 2 SER4AE98, : i ising 1i s that are inserted 13
di stributor 4%6 %x}]b%%d]%smséelg.tﬁ%ﬁriaf)sten*bll%g%?ozgggse%ﬂl& f%nzgegorrpri silﬁsg lift
f i ngernhrdughthodéseini the euppait 48 can be usédhtodify bndhlvwes thewsubistrateuppe the sipparito be
used to |ift and | ower the substrate onto the supgort

ool | ifheilitate wanepeE of the suhsrata gt 114 eutiof s ChAmDELE0.oA teEnelertcr 54 Jpthen,

t hermal, b r | . L.fed. ] : =T eat
the. o 5erie fl g Gdioer 45 Penidly heat o BRKHS Rapil Hellfpf AR RIing D P bbttard

pg ef erjg %@eﬁeﬁ'eﬂ 116 lif@efe [Pro€Rsing MBrouBhyid Ofdfo, aldrdpid eydling beppesh succéssivg
bet ween “successi ve processes operated at different tenperatures
Wi t hi rprobassescoperathd abdifferent demparpturestwithin dife same chamber. The temaperatuee abthes

| i d_f h f 8.  The sub
<o cebtiot 10 gensrahe Sl 698 e bpwerstis ot e HHBORAT o o ed barrier o
plate The subStratd &ﬁxﬁé‘%s%éﬁ%a%@%&i géne*mwé@ aWslizdteAIgerfortad baFieplate N

fluid conmuni cati on system 62 for ‘exhausting spent
pr oces38, gilebartienplatel 58 Ieds exhaust Hles 60 thich aire inxfiwid someyurticatios with an exhaust

ORI MMM A R TS
For scl hlsB9a RYREP S Va8 R%E Humb GoP MR Edpable of achieving a minimum vacuum of
about 10 mTorr, and optionally a scrubber system for scrubbing byproduct gases. The pressure
in the chamber 40 is sensed at the side of the substrate and is controlled by adjusting a throttle

valve in the exhaust system 62.

15 A plasma generator 64 is provided for generating a plasma in the process zone 95 of the
chamber 40 for plasma enhanced chemical vapor deposition processes. The plasma generator 64
can generate a plasma (i) inductively by applying an RF current to an inductor coil encircling the
deposition chamber (not shown), (ii) capacitively by applying an RF current to process electrodes
in the chamber, or (iii) both inductively and capacitively while the chamber wall or other electrode

20 is grounded. A DC or RF current at a power level of from about 750 Watts to about 2000 Watts
can be applied-to-an-inducter coil (not shown) to inductively couple energy into the deposition
chamber to generate a plasma in the process zone 56. When an RF current is used, the frequency
of the RF current is typically from about 400 KHZ to about 16 MHZ, and more typically about
13.56 MHZ. Optionally, a gas containment or plasma focus ring (not shown), typically made of

25 aluminum oxide or quartz, can be used to contain the flow of process gas or plasma around the

substrate. m
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in the chanber 40 is sensed at the side of the substrate and is controll ed

by. adjusting a throttle val ve in the exhaust system 62. 15

A plasnma generator 64 is provided for generating a plasma in the process
zone 95 of the chanber 40 for plasm enhanced chem cal vapor
deposition processes. The plasma generator 64 can gener at §,ggRirasna
(i) inductively by applying an RF current to an inductg et & g

t he deposi tion chanber (not shown), (ii) cem th{gf Eﬁy’ﬁ” 6YJ’S“9
an RF current to process electr odes in th arrber or ||| oth
I nducti vel I HWDfﬂré,be?

i's groundeépl@gg6%8?&§¥h‘$rc¥%§§?%n§h§%ﬁg? l'eve ?g%hlgwl%%?r 0 Wat tgs to

about aZP¥D pracasses of the preaeamnyenmxpl Thel PVD abambred tatget 7t providesot sgsmevmg to

:o'fn ggﬁﬁt“‘i e PRsBed 8 s S B et pos'%enﬁewerp@weﬁwlﬁcﬁiﬁﬂﬁg b,
1
ypi oof P8 %*é%"?m'aﬁdtp"g@ﬁ?ﬁ%z@%f kot Julil s 5?@%%*2%%%%@?&? .

fiocus lagenof {putteredivameyial o1y rhiectap IsirfacedBd off the Fworkpleta:l 767 Therpedestib 78 nnc]mhs tz,

can be used _to contain the flow of process gas or plasma_around the
subst @geaerally plapar surface 82 for receiving the workpiece 76 thereon, so that the top surface 894

For  pof i Hocky 6 FEH deheling YRraEF o B Bloni S 7 oEUR pERETE, The il D

chanbgdyer M6 tif ddsifbd)be FSEME SVetidn®'dr Mbre dielectric, Metafl 8F 6thée 14yess pre@mﬁyl n a
conventlonal vacuum chanmber 74. wherein a wor kpi ece 76 is received

int héomme workpiccestss iand ssaydfilbholes inuthe dielectrisrdrentherdaiyér tadomn paiita ding
78, for detggfltl ng a b5 | ayer of sputtered material on the top surface
gb’ of oF kpi ece 76. The pedestal 78 incl udes a generally

plannar s ““Iflr%%nggntfogx?l ?ﬁ@%\/\h}’) ir:li%x}ﬂeeg 24%{1%'118 Ghetddestd a§?’§f efl oé&é%aﬁﬂm top

surface 80 enerally to the planar

sur f abaviig sifleisronparsdbiet 88 Snd dreeximuigroulet 83 connectedl myar exha;ast pumpl (amtr ed,
be forped over one or nore dielectric, netal or other |ayers previously

f or e @hewn). hEheHoxkpieceesupport nedestaly78 is (typipallyedispased fhrougtbthedpwer enst ofther

oot shitnbd 7%, Sod i rarkbt 1 1 ymically Toodtfo 2 Wl yoper end of the chamber T4° The tareet. |

&, 71is electieiliyTSotated fRAS theinBloSiae walll 3ibyS indithtig e S0 aﬂﬂtﬂe&ﬁncﬁ@ure
connected to an exhaust punp (not

wall 84 is preferably grounded, so that a negative voltage may be maintained on the target 71 with

respect to the grounded enclosure wall 84. It is preferred that the chamber 74 further include an

inductive coil 91 coupled to a power supply (not shown) to provide an inductively coupled plasma.

Before a metal layer can be sputtered onto the workpiece 76, the workpiece is typically

20 passed through a load lock (not shown) communicating with a slit valve (not shown) in the

enclosure wall 84s=and positicned within the chamber 74 by a robot arm, blade or other workpiece

bandling device (not shown) to be received on the support pedestal. In preparation for receiving

a workpiece, the substrate support pedestal is lowered by a drive mechanism well below the slit

valve so that the bottom of the pedestal is close to a pin positioning platform. The pedestal

25 typically includes three or more vertical bores (not shown), each of which allows a vertically

slidable pin to pass therethrough. When the pedestal is in the lowered position just described, the

-_
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shown). The wor kpi ece support pedestal 78 is typically disposed through the
| ower end of the chanber 74, and the target 71 is typically
received at the upper end of the chanber 74. The target 15 71 is
electrically isolated fromthe enclosure wall 84 by an insul ating nmenber 90
and the encl osure wall 84 is preferably grounded, so that a
negative voltage may be naintained on the target 71 with r to
the grounded enclosure wall 84. It is preferred that tA8y-OeskepArPM/GO

i ncl ude an i nductive coil 91 coupl ed to a powess Mg §M9ﬂ8?°7§ﬂ§/m)

to provide . an_ i ndugtively cqupled pla Bef or e nmef al

| ayer WPPAr iR ofgachpin protrydesabore Wamewdm@m KFeeRper 8y ams, 20
passegom%%ea%&m&té%ku@gp%%rg%%\é&\)%??w cating with a slit valve

(not and positioned within the

chamber 74 Ayofivértionil robot arbh 8fically cairfed! th¥/Subs@hRGatro the chambdraind Iplatgs trvi ce
(not shown) to be received on the support pedestal. In preparation for

r ecei \Suligirate above thy wm%@fethemss diftmechanisopoyes the piskplations upwml:éd by

The. pell el BF Lbteps of 366 i s88indi bt ampsrgic ot Mot anf hgpaiL i B

t ypi CadubMt@%M@?oﬁdi'b%eC{hof@HoW ge "k ¢8bot DR ThérRérasld o theedathbef, aMdi ch

allows a vertically - pin to pass therethrough. When 't he
pedestthe liftsnéchanism rhisescthe peqlnml abcme theiips afabeping dtiereby placing the substrate onto

e it e, I P i sk
Eygig y carrle p%%ﬁ%% |nt otaf %t%atngleerﬁ]gﬁg p i‘go reﬂﬁéc arm

sibstrate a§mter uépbsxﬁpn@rodessu afétypiwl)ppeﬂﬁxrmed in 4 gagmwchas asgonthatds clidngeddi n
pl at f or m upwardl vy, to place the ggger tips of the pins agal nst the

under sintpthe vaguygl @hmher dftehrgygh Japygasiinleh o gt 2 sqlecwmﬂow rate regulg@ b r%nassof f

chanbefow siufdifer' Mol BBty o2 ool P beebill Gl R BE R B, wih bt g o

of 1 heerRid3gre WAIP84 R aPloAHcte tﬁéﬂ%s%éa% plaita QBeO Tons frohftht Plastdaforitar@thet he

pedestal. The |lift mechani sm cohtinues to raise the pedestal until the
subst rtatget swrfase 72ppd sputtea atoms adeother partivbestof eargetngaenslcfromahe tanget71l The

g§p05|t|on ﬁrchis C geagj n. 10 ter depo |t|or1 roc s es
c s iy s I BPEROSE Ay b 25 B Of Raer PRl Znto
the vag Bgﬁ DS IAC, Rt BEP UL fnfifforfiHierbt efne%géfmqna%ﬁ'o?atssen&aﬂxvﬂaaém

regul at eél
such as copper

Control Systems

20 The processes of the present invention can be implemented using a2 computer program
product 141 thaf Tims on a™Gonventional computer system comprising a central processor unit
(CPU) interconnected to a memory system with peripheral control components, such as for
example a 68400 microprocessor, commercially available from Synenergy Microsystems,
California. The computer program code can be written in any conventional computer readable
25 programming language such as for example 68000 assembly language, C, C++, or Pascal.

Suitable program code is entered into a single file, or multiple files, using a conventional text
_ -
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flow controller. A power supply 92 applies a negative voltage to the target
71 with respect to the enclosure wall 84 so as to excite the gas
into a plasma state. lons fromthe plasma bonbard the t ar get
surface 72 and sputter atonms and other particles of target materi al from

the target 71. The 15 power supply 92 used for blaS|ng purpo
any type of power supply as desired, including
RF and conbi nations thereof. The target is made of P&@
such as copper. Control System 20 The p ocesses t e present

that rer R MGty OB <P ksl S i Pl s aamsfgap‘? ﬁ’ﬂ'&?écéléim
uni t  computer( Cilhe ichtepéd OneRkeR it RighaeR e thevcdde i@e:onnﬁledahnd:met rol

corrponents such as for exanpl € a 68400 nicr oprocessor, comercially

avai | ateseltan sompiler aedeyis theorligpd twitls an object codiof frseqenzpt ledrwindgys Jibsary
d b |

b Sgi G £ faeke o B S{inPii SRR 040 3RO s EE iR y BB R et oge,

(r)rul 0 ;féﬁlsw the compufey sjstth %o Wa&%@d@d& ﬁi’ﬁzeh:%ry? Héih Yhidh'the CPUSteadd shdf dxkéutesr

I'es, S|ng a conventional text
16 mecodetoperfmmmamaskaurtensﬁedﬂdtharpregmM| ed in a conputer usable

Code tbxi | Bigiee & shoghas UisieRys blosk Saers of s e IR FPUO! SRR B die

i nclovEotpfe b FAL1 ber s OGS Wt e Doty SRR itnber BRCE BERELCT

code, gefeetdrabroftins B2, | Theoprosess 3ets abg pnéﬂetam‘iﬁed sets &f process gumneg:rs imessary
computer systemto | oad the code in nmenory, fromwhich U rea s and

dQecut toscarry out specifiedprocessss ima gmcm peocess chamker. apd Arg ndpe 1ed,by B
T Ob o i, o8 blodey ke b8 ke SOLARSH, WPl e B8 lge@'sseg%*grf

struct
set a;ﬂaxﬁin@&?ssﬁeéa@@rt@ eradTRRY dpﬂoﬂééé chalibeF Bt Sperforming a pa&ﬁiumtﬁbcésubrma i ne
142, process sets re predetermned sets of process paraneters

neces sprogess pAlmeteroretate to/process spaditibusesicipas, fese@mple; procspegasicomppsienend

¢ hanbetrlow?'gtgs,%ne:pelrg&g, Ipfrésggreb i/)lagxrng%%%?xggs such as RF bias power levels and magnetic

,_

15 field power levels, cooling gas pressure, and chamber wall temperature.

A process sequencer subroutine 143 comprises program code for accepting the identified
process chamber and set of process parameters from the process selector subroutine 142, 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

20 process chamber pumbers, so the sequencer subroutine 143 operates to schedule the selected
processes in the-desired sequence. Preferably the sequencer subroutine 143 includes a program
code to perform the steps of (i) monitoring the operation of the process chambers to determine if
the chambers are being used, (ii) determining what processes are being carried out in the chambers
being used, and (iif) executing the desired process based on availability of a process chamber and

25 type of process to be carried out. Conventional methods of monitoring the process chambers can
be used, such as polling. When scheduling which process is to be executed, the.sequencer

= 17
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set nunbers. The process set the desired process chanber, and (ii) the
desired set of process paraneters needed to operate the process
chanber for performng a particular process. The process
parameters relare to process conditions such as, for exanple, process gas
conposition and flow rates, tenperature, pressure, pl asn%

condi tions such as RF bias power |evels and magnetic 15 flﬁk&/g‘%@%
|l evel s, cooling gas pressure, and chanber wall tenper atdf% Docket

A process sequencer subroutine 143 conprises progr aﬁ?‘%‘&’d@fe“%‘f" 536%’&%%"7??8% he
Identifi.ed . r,ocess, ch er and,set. of process L ane s fromthe
proc esgl}@g}l@aﬁ i3 %P‘g Sfﬁlw%%z‘?‘ﬂ%% F%qsﬁeratxon the Pressat ?&%?%ngfrpﬂ’?ﬁﬁ of
the vaghfiierBemglsed on %thtth@h&ifé& PesteSPLmARIdHs B 258e&ted Btocess, or
nunbers and procCess chanber nunbers, or a“user can enter nultiple process
set nutheeragethdf €ath partiuiarcess edteret) aeqirsstiber any smhérhecleemtidacter a system
subrouti ne 143 8 erates to, schedul e the sel ected processes in the

desi r e BrOLEHYRIGE dosIss & ey for deterrpining wcheduling Pioritiéd 143 i ncl udes a

pzogr am Mt ' AP ,on
o? t he proccg)sns(,:e é%eg Fé& gﬁsé)t é&mlggd?%ﬁﬁ&eghﬁw? egggh(glr%{grggagt?gp%g%ﬁgg&
used, (:bmbhﬂﬁbmtmg'mh%wm bhetecptedaRts ehe figedet Nbrowtine B8 caubes exetimforcoiiver s
being used, and (1ii) executing the desired process based on availability
of a pPE¥EssSetby;passingshaipartigular progpss set pasawesesstotthe gharaber managey subroutines

Conventi I h itoring the pr ss _.chanber . b
used, SR yuliRL PO SRt trdsslel s T AR S RSE Bl compting wdfe e
Sequengfdcess set determined by the sequencer subroutine 143. For example, the chamber maﬁiger
subroutine 143 can be désigned to take into consideration the present

déndi t subroutine Addqcamprises program codehfericontréling VB aurotess oparations,owithint thet he
desiredq process conditjong, f sel ected process, or t he "age". of
cach parrDe Broces amhiras o e thiader manaagt gupieHEhe T sl sonkals earouRRRE: om
or ogr a : o . o s oril

Once. ¢ R FaRhE Lohibob i ofufl A G SBOn RS, W0 il Opbrafin of e

pr ocesghanaber components AROESsAG! tootartys ogotheGselectei eproxess et d Exaiplest dechamber
sequencer subroutine 143 causes execution of the rocess set

€ ecut . P .
by- pas SPponeRt sy eutine lase syhstaepositioningsubrastiae 445 oprosess @98 epRYOlFhEQpine

b ' 44a- ¢ Whi ' I tipl ' '
T or A" Bressusscomtegh LS, P B rortiot ‘suBrilDFBE SR P3RS el o
by t he sIGURRE $49 S UiHeSW HiffRerdt shbrdtitine$ RAFHOR as Ts@&ﬁﬁé‘ﬂ?&grm%ealﬁ for (i)
subroutine 144a conprises program code for controllTng CVD process

oper at heating thé subistrate hetemperatures T within a range of temperatures aTs, and (ii) introducing

a reaction gases into the process zone to deposit a substantially continuous insulating layer on the
field portions of the substrate; and deposition growth program code means for (i) maintaining the

20 substrate at a deposition temperatures T, within a range of temperature aT,, and (ii) introducing
deposition gas TG the process zone to form an epitaxial growth layer that is grown in the contact
holes or vias. Those having ordinary skill in the art would readily recognize that other chamber
control subroutines can be included depending on what processes are desired to be performed in
the process chamber 40.

25 In operation, the chamber manager subroutine 144a selectively schedules or calls the

process component subroutines in accordance within the particular process set being executed.
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descri bed process chanber 40. The chanber manager subroutine 144 al so

control s execution of vari ous chanber conponent subroutines or
program code nodul es, which control operation of the chanber
conponents necessary to carry out the sel ected process set. Exanples of
chanber conponent subroutines are substrate positioning sup L ne
145, process gas control subroutine 15 146, press“ﬁﬁqﬁﬂﬁk&ﬂkﬂﬁkﬁb I ne

147, heater control subroutine 148, and plasma contﬁglmM~1N°.My{y-,@;¢ 41
149. These different subroutines function as seeding prog?‘am code neans for

(i) The chani&i‘iﬂa]ﬂ%éé *rag?r?uaﬁé Ia(afa_%fﬁauie@ Praldls 5 mpbiidnt butiohtthés Smilaipto Of

tenperatures [err and (11) 1 ntroduci ng a reaction gases
i nt o t hew thosequencen subroutinte pifsschedules ioBich procets shantet 0 wad processiseattis wobe
| ayer on the . field portions of the substrate; and deposition growth

pr ogr affeeBiae nekts nkypicaHly  th beramanagey subrougipe 144a ingiydes siens omonitQ&iRgdhe i on

TP, i o, e i TR oL g e

epi t axpiicesy parhinetery for thearotess BeP Vs be exbdited; Mntiagising executidhodbfa chhmbers.
Those having ordinary skill in the art would readily recogni ze that other

chanbegomponent subgeiine JESpOBBIve o theamonitoringand detenmining stBhdi ng on what
processes a Ir t e rf.ornmed in . the.proce cha r £40. 25
I n operati oh,%e'%ﬁ@ncﬁd%@?ﬁ% f&m&%tﬁgbffﬁﬁl&e%é’ﬂgd’mé??e&%ﬁu|@ﬁ or
cal |'s siaerate positio B Or SHBRAIRE 149 LBHBHALS Yt Ogtatn 86ROFSH Wfitolting UnAmbét®

particul ar process set bel ng execu :
c hanb ecomponents tha ate wsed toload 4lemsubstinatel ohteshé thambeo seppertoaiiyand eptiosally todift nes

S L el R o L Sl it
T o< o THAES SHIREL LB SRR b

CoNponsippdriesds! fovtered® repeivathrdubames apd thedgafter, the support ispaized 3¢ theadesin®d er s
for the process set to be executed, and causi nﬂ execution of a chanber

conpon . riesubsirarepesitioning sybroutine 143 comeplyBICvementiof thesupport

{90
doccr o et bn &F phreS REPEmRRAT MR- B Gltbls At bt st freed gom
500" oMo chAbbOkaRARRE Sirbbiiss hATDET

The process gas control subroutine 146 has program code for controlling process gas

composition and flow rates. Generally, the process gases supply lines for each of the process
gases, include (i) safety shut-off valves (not shown) that can be used to automatically or manu ally
shut off the flow of process gas into the chamber, and (ii) mass flow controflers (also not shown)
20 that measure the flow of a particular gas through the gas supply lines. When toxic gases are used
in the processysthe-severab.safety shut-off valves are positioned on each gas supply line in
conventional configurations. The process gas control subroutine 146 controls the open/close
portion of the safety shut-off valves, and also ramps up/down the mass flow controllers to obtain
the desired gas flow rate. The process gas control subroutine 146 is invoked by the chamber
25 manager subroutine 144a, as are ail chamber component subroutines, and receives from the
chamber manager subroutine process parameters related to the desired gas flow rates. Typically,
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conponents that are used to |load the substrate onto the chanber support 65,

and optionally to lift 10 the substrate to a desired height in the
chanber 40 to control the spacing between the substrate and
the gas distributor 55. When a substrate is |oaded into the process chanber
40, the substrate support 65 is |lowered to receive the

substrate, and thereafter, the support is raised to the desired PATENT
hei ght in the chanber. The substrate positioning subrodttysRocke SPRMICOPRER;
novenent of the support 65 i n responscExprsst Mail Mg EMOSLH7¢786US
paranmeters related to the support height that are transferred from 15
t he chBiPEoceshERsrantral sihsoutinel4fnpsrates by opening the gas supply lings, 3pd sepeatedlys

compoct? Felal the BEcckiary MR RBALAROAER o Fopibfthi the teddiollt 36 FRSadifSd o,
each Ofatdstieced¥edOesid the chamber managef fbRSutink 1844) Ad (fii) a&jﬁf\tiﬁig’thé fdtv Ritds ofdhe/ €S

(not shown) that can be used to automatically or nanually shut
of f t hgasisupply ditlepasoresessanya sFurthermeonesthe ipsodoss gas sontrglisubronsise 146 ingludes steps

controllers.(alsg not shown 0 t hat neasure t flow pf a

oSt 1 oo ronigating fhe s ow e for wasaft e SRECACHTRANE B SheE oy SR OFE Ve wben
in theﬂ?ﬂﬁ?&n&tﬂﬁﬁ%&ﬁﬁh.saf ety shut-off valves are positioned on each
gas supply Tine in conventional configurations. The process

gas cont r ol Theilprocdss rgas béfitrobsibrontinet 146 opmprisdsodaposition via progranpeode dor of

the safety, shyt-of f_val ves, and_al so ranps up/down the mass fl ow
cont r of @‘ed’g@@ﬁ' in a preferential field, groyh madg oF Asselective Zapwth made., In thes

e oubieh el AU b ke, Tyl INEAR seb orbetin "GR8 B0, e ey T RO Rbe

f.oom t fiamber 40 for an amcuhe O YimeBdteGary HUREAW thie iuBeiRg Sapa’ Giltieasubstege at ed
to the desired gas flow rates. Typically,

19 Thereafter, int the sgletsivesispgsition growtb istagethe depasionigas gregrameendsyl Sdflawng
the gag. s ly line nd, r epeat edl . i) reading the .necessary mass
1 ow’ cAsrBHEPR e i e o BB A g 28 o a6 g bdssioh 20 A0 B APy setoetve
rates g H9e b ORFHEG viABRE DRI HBIO Wptrerid rirhidolle 266 bt | N
the fl6w rateés ol?gﬁ?eonﬁc gas su%gklﬁyép?ﬁes%ﬁggenegggssg%. Furt%erm)re,

t he pralsebs pprideddo intridusesiputtating) gasliit the PVDoshamberPé dufing performamerofithe i ng
t he gas | ow rates for unsafe rates, and activating the safety shut-off

val ves 0cess step. an unsafe condition is detected. The

proeess 9eSrggiale BN AEpdd b U SeTMABRLHAY, Wil pReaTARIE |
sel ect vafrigéd b IHfSd plebuisbE for example dimethy! aluminum hydride (DMAH), the process
gas control subroutine 146 is written to include steps for bubbling a carrier gas such as hydrogen,
argon, or helium, through the liquid precursor in a bubbler assembly. For this type of process,
20 the process gas control subroutine 146 regulates the flow of the carrier gas, the pressure in the
bubbler, and ti#*Bubbler temperature in order to obtain the desired process gas flow rates. As
discussed above, the desired process gas flow rates are transferred to the process gas control
subroutine 146 as process parameters. Furthermore, the process gas control subroutine 146
inctudes steps for obtaining the necessary carrier gas flow rate, bubbler pressure, and bubbler
25 temperature for the desired process gas flow rate by accessing a stored table containing the
necessary values for a given process gas flow rate. Once the necessary values are obtained, the
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preferential field growmh stage, the reactant gas program code 152 fl ows
reactant gas into the 10 chanber 40 for an anpunt of tinme necessary to
forma thin insulating |ayer on the substrate. Thereafter, in the
sel ective deposition gromh stage, the deposition gas program code 154

fl ows deposition gas into the chanber 40 for an amount of tine
necessary to grow the desired sel ective growt h | ayer on t RATNE act
holes or vias and on the field. Sputtering gas programAtpdeckebAPEMGOPPER

al so be provided to introduce sputtering gas into tEreremMaildipaEMasI9Z0786US
during perfornmance of the 15 PVD process step. . The

pr oc esErgeseas dlow, g, rubbler pressice agd dubbler teqperatyre ace rogitoredh, epmpargd & thes

gas is pQr A .qui d . '

ol arm rpseetsacy valler B fBfbd Brd e e coRlnBet ST regylaf (BT RRE of EOPIRg |
wri tt eof the throftlevidvesinahé exigiusOylim N5 6f the thdnsier 0 Theopehing SidysiTthe Hitottle
argon, or helium through the l'iquid precursor in a bubbler assenbly. For

this tYahee issetipsontrel the chamberpressire de thelesjad levah in ralationde dhe torad proyeess gas

| t.h f t ' t he . in th bubbl er,
LRt nhOR HF of st FietSeer, o mfbing seBelH FrERHIES R SYUERM Sgas 11 ow
rates. As o@&%f@uﬁde&@ﬂ?ﬁiv&ﬁé&, REOERHE 97 SarsbOesstteRovar ©

transferred to the process gas contr subroutine 146 ‘as process
par aneiseneseivédlias h@arameter from the chambergasnagemsubodutinebiddat i The preSsure control

T aacabeoi LB apahhdo Heaie, B aremeireia e sl o b et Sug e e
rate bioedfimal fsdird blliofifbudrd BhiheltBIAhE chiffulel Scompare the HBSER VAN WS

for a givén protess gas flow ra ce the necesspary Vv

t.be  target pressure, obtain PID (Bro rtional, integral, and differential) values from a stored4fdes sure
carrier gas flow rate, bubbler pressure and bubbler tenperature are

noni t otable, caserspending to thentarget pressurep and adjust the Ahnestle valve agenrdingale the #Bur e

in the, chanber. 40.by fequl ating the.size af Lhe openin .of . 1he
i o ARG o b8 Bt Slee Yt Ay, i oreif el mubrgpid 176,
of thepd Witk tfopen or close Vil thfottlE vAGL td # p&PichlaPbpdrity §b& RECHS ¢hembé ¢ he
desired level in relation to the total Brocess gas ~ 5 | ow, size of the
pr oces4D sttheidesired-préssprarpi ng set poi nt pressure for exhaust system 115.

en the prgssure control subroytine 147 is invoked, the desired or target
X\?essur ele eater control; subpquiting 3&°§§Pf§ebaﬁ°§m fop ﬁ?‘%fngﬁ%ﬁ!ﬁﬁ%‘P er

Subr oubt g thddR 80 The R8P e ubARE O'phe neard W) Kol DRENRARES békding

measur e the pressure in the g one or nor
stage heating program code 158 for operating in a seeding stage in which the substrate is

maintained at a desired seeding temperatures T within the range of temperatures a Ty Typically,
the subroutine 148 is programmed to ramp up the temperature of the support from ambient
20 chamber temperatures to a set point temperature. When the substrate reaches the seeding
temperatures Ty, e procesSgas control subroutine 146 is programmed to introduce seeding gas
into the chamber, as described above. The heater control subroutine 148 also comprises epitaxial
growth heating program code 160 for rapidly heating the substrate to deposition temperatures T,
within a range of temperatures a Ty, that are suitable for growing an epitaxial growth layer on the
25 seeding layer. In this step, the heater control subroutine 148 is invoked by the chamber manager

subroutine 144a and receives a ramp rate temperature parameter of at least about 50 °C/min.
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conventional pressure nanoneters connected to the chanber, conpare the

nmeasure value(s) to the target pressure, obtain PID (proportional,
integral, and diffferential) values froma stored pressure tabl e
corresponding to the target pressure, and adjust the throttle valve
according to the PID val ues obtained fromthe pressure ta

Alternatively, the pressure control subroutine 147 can ocket

J Jnen
to open or close the throttle valve to a particul agg&%ﬁﬂﬁg‘o%%sws

regul ate the chanber 40 at the desired pre The

tomper at ur o1t heate¥ b Rorutiing I8 sheifbelenieAE W b Blypie Voltake Gitfonls, .,
contral tieioeoiple dodaidll i Ehe. S@5posc RSinpares the meu&%egﬁummmgoﬂM@WeWOde
158 for operating _in a seeding stage in which the substrate is

nai nt dFHEPeratire,Angdagreases ercdasraasesicumentrappliedeto e hater 8@ite pbigin the desirdoramp

t enper _ ]l I1lerr icall . . e broutin i .

or ogr A Brpofi starBitne, "V Epsrhiare is gouaiped SHIBE ERANURT il togiame
chanbejp the EBREPoHANS ténibeRatiRl inRASIEd LERRAIGH bR, o by RalciRting kB fetipRrdt@aches
t he seeding tenperatures T[err],-the processS gas control sSubroutine

146 i sisngagfourthredder polynomisd u Aéhencradiantjampsare used as the heatert8e thetweatee contesl
descri bed abo The. heater control brouti ne 148 al.so conpri ses, epi t axi al
growt I¥ E%’t“?“ﬁéiﬁrgé ES’EE“.‘LGCF“F’«BNP?%’QW‘I%F“H@&E apRliedta thy, Pr'i@'e ases

deposidi E&EP cs PRI Ll ShidRed
[err] T‘P%‘rﬁ?? t a‘?fﬁépgy gl@%g‘ﬁed f &ddbt}ogsmn ))rlfmgi gl?]lﬁelgif%%%ggl Iﬁécrl%)\;eﬁﬁ{ %er ontot he
25  detexdippocdssisafiety complianse samibto sHie downatoperaciontofahe huden 80iif ehel pfdcess

i nvoked by the_ chanber manager subroutine 144a and receives a ranp
rhte t ER4Q isngt propesiyeset 8P. at | east about 50 [err] T/ min.

21 er ntrol subrouti re -

t enper at ur elei,plﬁglgg &PPH@%&%%&@ K t PUTPIGFS progham &gegtﬁgtfﬁﬁ%‘gpq geqogggped

i n t heplesmpiiaithe cagiieASGSng SiRraARADS HRGhABBRSH 8 CHERichDyApBe dgRistidhiode. The
tenperature, and increases or decreases current appliéed to the heater 80 to

obt ai rsubtmstinesidSesdts thenRF bias voltage powen tevelappliedito therprocess glestrod¢sc60, 65 in
tenperature js gbtained fromth ured volta y | ooki.n 5 up the
cor § ot Fstnbet. Al 3B Rtonsy ety e Fvaol i maduscl Heid brnstoisn 18 shechaghelriong

et 198 Ug ' | anps
3o | TR L8 HipBeirion plasag, Suiifarto vk oy Glbci iRl Rt colDBhot Biines 2P
gr aduahe yplaso caitsol Iubrourine 149 dyinwked by the ichanbér mdndger tshbrdusing 14dat In

| ncreases | the life and reliability of the |anp. Additional I%, a
bui | t -aperation; the plasmangadition 190 includesstaps for reading both “forward” power applied to

the plasma generator 116, and “reflected” power flowing through the chamber 40. Am

jar—

excessively high reflected power reading indicates that the plasma has not been ignited, and the
20 plasma control subroutine 149 restarts or shuts down the process. The read power levels are

compared against#srget levels, and the current is adjusted to control the plasma for applying a

sinusoidal wave current to the generator to form a rotating magnetic field in the chamber 40. The

sinusoidal wave needed to generate a desired magnetic field can be obtained from a stored table

of sinusoidal values corresponding to-magnetic field strengths, or calculated using a sinusoidal
25 equation.
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detect process safety conpliance, and to shut down operation of the heater
80 if the process 10 “chanber 40 is not-properly set up.

The plasna control subroutine 149 conprises programcode for formng a
deposition pl asma in the chanber during operation of the chanber in
a chem cal vapor deposition node. The subrouti ne 149 set

bi as vol tage power |evel applied to the process el ectrod s 60

t he chanber 40, and optionally sets the |evel of the

generated in the chanber, to 15 formthe dep05|t§ nl ar to

Eé‘ﬁt AR R R C°”p°£éﬂap§‘§8f§?e“i@ﬁ§as’ressfe} “P{’né"’“% da
pot h mmﬁﬁ%@%g@#ﬁ%@ﬁ& B9 e e e B o o ot

‘reflg Elgeﬁfl TRO WEdpe dfHé Rivehtio® isaietdritneditynthe tlaitfis which follow.  excessi vel y

hi gh Teflected readlng indicates that the plasma has not been
ignited, and the 20 pl asma control subroutine 149 restarts or shuts
down the process. The read power |evels are conpar ed agai ast target

| evel s, and the current is adjusted to control the plasna for applying a
si nusoi dal wave current to the generator to forma rotating magnetic field
in the chanber 40. The si nusoi dal wave neeg¢kit@uAGREIRR® desired

magnetic field can be obtained froma stored table i usoi da
val ues corresponding to magnetic field strengths, or] N”IIHM#IH& ng a
si nusoi dal_ 25 equati on. )
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Wiile the foregoing is directed to the preferred enbodi nent of the present
i nvention, other and further enbodi ments of the invention nmay be devised

w t hout departing fromthe basic scope thereof. The scope of the invention
is determ ned by the clains which follow.

23



23 1. A nmethod of formng a feature on a substrate,

conprising the steps of: a) sputtering a barrier/wetting
| ayer over the surfaces of an aperture, the barrier/wetting having
a thickness of between about 5 and about 700 Angstrons; 5

b) chem cal vapor depositing copper over the surface of the p :
barrier/wetting | ayer wthout capping the via, the chemq 2 M/(% ted
copper havi ng a thi qmﬁjr ' ﬂ ween 0 E‘% %RP% d
about 1 micron; h “ﬂ' "sl;l I vapo?g gpo& ir’lgﬁ?o{gg@ over
t he chwgggmpor deposi ted coppgel” .at a tenperature bel ow about
660[ err] to cause the CVD and PVD copper 10 to flowinto the via

i, t hout voids form t herei,n, 2. . The net hod_of claim 1,

er eiir the&ﬂ?&?@f’?&é’f"ﬂ%hﬂ?@?ﬂﬁé%bsga{eh?mthempmﬁof bet ween about
190 and abo 20 . : AL %ﬂ:rtﬁxte | ; ein
tge physi ca vap%r ep éiﬁf[é?grr{wﬁnn éad’p?%?‘;é”hes oggéﬁr] at éﬁ{tegi#%%%’é‘t’ ur
b3l ow lwing a dficiness §fbetween about 5 ard about ThRAngMoad; of claim 1, wherein the
steps a through c are performed. sequent i al ltﬁ/qi n.an integrated

pfocessi ng B st efhentiralyapordgnesiting cappas aver the surface afithe e/ wetting layer without

5 capping the via, the chemical vapor deposited copper having a thickness greater between about 200
6 Angstroms and about 1 micron; _

7 c) physical vapor depositing copper over the chemical vapor deposited copper at a
8 temperature below about 660° C to cause the CVD and PVD copper to flow into the via without
9 voids forming therein.

F

2. The method of claim 1, wherein the barrier/wetting layer has a thickness of between about
2 100 and about 200 Angstroms.

3. The method of claim 1, wherein the physical vapor deposition of copper occurs at a
2 temperature below about 400°C.

4, The method of claim 1, wherein the steps a through c are performed sequentially in an

2 integrated processing system with a common vacuum mainframe.
1 5.  Themethod of claim 1, wherein the steps a through ¢ are performed in separate chambers.

6. The method of claim 1, characterized in that the resistance of the feature is not increased by
2 eposure to air between steps.
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5. The met hod of claim 1, wherein the steps a through c are perforned in

separ at e chanbers. 6. The nmethod of claim 1, characterized in
that the resistance of the feature is not increased by eposure to
air between steps. 7. The net hod of clainrl further
conprising the step of: (d) exposing the substrat gen
bet ween steps (b) and (c). 8. The net hod of o

the physical vapor deposited copper conprlseﬁ ti

further conprising the step of anneallng at a enpera ure 0 bagaeen
about 250 4 A pro Lin
vrpa tfencﬁ'ﬂ(iaér&i ggﬁg%ééﬁg{h? rucPﬂ?%gg}?sgep 0% subst ra ri sing
1t gy ety | I
t he substrate; b) formng a thin conforwa

over the barrier/wetting 5 Iayer and fornrng Y

ereitt | hore PR S S 1w the ptusionlpor ﬁarrmteéw%re? FhrSsofn e

ARYST I'@8hod forther comprising the step of annealing at a temperature of between about 250°C and about
3 450°C. "

1 9. A process for filling a via, trench or dual damascene structure on a substrate, comprising the
2 steps of: |

3 a) forming a thin barrier/wetting layer on the substrate;

4 b) forming a thin conformal CVD Cu layer over the barrier/wetting layer; and

5 c) forming a PVD Cu layer over the CVD Cu layer.

1 10. The process of claim 9 wherein the CVD Cu layer has a thickness less than about 5000

2 Angstroms.

11.  The process of claim 10 wherein the barrier/wetting metal layer has a thickness less than
2 about 2000 Angstroms.

1 12.  The process of claim 9 wherein the barrier/wetting metal layer is tantalum.
| —— o~
13.  The process of claim 9 wherein the barrier/wetting metal layer is selected from the group
2 consisting of tungsten (W), niobium (Nb), aluminum silicates, tantalum (Ta), tantalum nitride
(TaN), titanium nitride (TiIN), PVD Ti/N,-stuffed, TiSiN, WSiN, or a combination thereof.

1 14.  The process of claim 9 wherein the PVD Cu layer is deposited at a temperature less than

—_
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11. The process of claim 10 wherein the barrier/wetting netal |ayer has a
t hi ckness | ess than about 2000 Angstrons. 12. The process of
claim9 wherein the barrier/wetting netal layer is tantalum

The process of claim9 wherein the barrier/wetting netal |ayer is sel ected

fromthe group consisting of tungsten (W, niobium (Nb), alumnu

silicates, tantal um (Ta), tantalumnltrlde(Ta t|t J‘@? | de
(TiN), PVD Ti/Nerr]-stuffed, Ti SIN, WS N, or

t her eof . 14.  The process of claim9 V\heﬁxg'i"'ﬁ i's
dgposi‘{o%dcat a tenperature | ess than 400[err]C

2 *15. The process of claim9 wherein the CVD Cu I s deposited
at a tenperature bel ow 400[err] C 16. The process of
claim9 wherein the CVD and PVD Cu | ayers integrate to forma

st ngl d3onfBhepapcass pfi¢laing § avherein the CVD Culig deposited atia tevperatunsibelosy 400°C.
conpri si ng: a) a netal feature disposed on the

sem conduct or wafer;
1 16.  The process of claim 9 wherein the CVD and PVD Cu layers integrate to form a single

| O O

1 17. A semiconductor wafer comprising:

2 a) a metal feature disposed on the semiconductor wafer;

3 b) a dielectric layer disposed over the metal feature, the dielectric layer having an

4 aperture formed therethrough to communicate with the metal feature;

5 c) a barrier/wetting layer having a thickness of between about 5 and about 700

6 Angstroms disposed over the surfaces of the aperture;

7 d) a chemical vapor deposited copper layer disposed over the barrier/wetting layer , the

8 chemical vapor deposited copper having a thickness between about 200 Angstroms and about 1

9 micron;
10 e) a physical vapor deposited copper disposed over the chemical vapor deposited copper,
11 wherein the physical vapor deposited copper is deposited at a temperature below about 400° C to
12 cause the CVD and PVD copper to flow into the via without voids forming therein.

1 18. A methodwfforming-a semiconductor device on a substrate, comprising the steps of:

2 (a) depositing a first copper layer on the substrate in a first vacuum chamber;

3 (b) transporting the substrate through an oxygen containing atmosphere to a second vacuum

4 chamber;

5 (c) depositing a second copper layer over the first copper layer.

-
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b) ~adielectric | ayer di sposed over the netal feature, the dielectric

| ayer havi ng an aperture fornmed therethrough to communicate with
the netal feature; c) a barrier/wetting | ayer having a

t hi ckness "of bet ween dUUUL Tand about 700 Angstrons di sposed over
t he surfaceﬁm d) a chem cal vap
deposited c m mg(! sed over the barri er/

t he chem cal *vaport deposi ted copper havi ng a thi ckrkess N ‘{@é 65;
about 200 Angstrons and about 1 mcron; M’ﬂ o Si

vapor dep05| ted copper. di sposed over t,h chem' 5| ted

cbpper -wheFhg methed of laimd8, chasprterized gy that Bey O afggn%m;gle%@e
nper out 400 C to cause the CVWD and PVD copper to flow into
e w%ggé‘f‘f?%g%&gs form ng therein. 18. A nethod of form ng

a sem conductor device on a substrate, conprising the steps of:

(a) depositing a first copper |ayer on the substrate i nTids$hedt His BecoRepinee

chanmber; 5 (b) transporting the substrate, tz,ﬂ m‘m‘ﬂﬁmﬁ

cont ai ni ng at nosphere to a second vacuum chanber
(c) depositing a second copper |ayer over the first copp

19. The nethod of claim 18, characterized in that no oxides are forned
between the first and second copper |ayers.
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