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Al um num Sputtering Wile Biasing Wafer FIELD OF THE
I NVENTI ON The invention relates generally to

walepase44sdn of materials by sputtering. |In parpPCTUBZENNG/030784
the invention relates to a two-step al um num
sputtering process and apparatus used therefor.
BACKGROUND ART Silicon integrated circuits continue to
often use alum num as the conductive material for

vertical and hori.zon C i-level
et al | zat §or e Sede SpuEt R S Blaile M pnas <
on copper netallization for very advanced circuitry.

The alum numis nost often deposited by magnetron
sputtering. However, as the aspect ratio of vertical

i i.nues to increase, a geonetry
F%@Zﬁ ?@Wﬁ%l e for sputtering, alum num

sputmhehhnatibAcastet Q&feﬁﬁll%/QQ d@ PRt ANEesateNANBY BRItRSIBg. In

relatively conventi onal netron sputter reactors

pagighlat, ﬁhelrtventb@l fedjesrte @ ttye@m @munhmutteemgrptop@ﬂsmpd apparatus
usedot\ﬁ/ cast and | ong usage. As schematically illustrated
PR cr 0ss sectional view of FIG 1, a DC magnetron
sputter reactor 10 includes a vacuum chanber 12
arranged generally symretrically about a central axis
GR%E@B Bunp system 16 purrps the chanber 12 to a

V er %ﬂkc%‘ﬁ’ 19@ tadl Grenhd goitélﬂué tb thpﬁ %ﬁ-{%’ogonductwe material

er, a gas source Connect
fort%[‘tmag hndhoramtdl igevcomrttsah b mulﬁ@ew&lh pridlksmtian gooctase despite an

. Sputter working gas. The arg pressure i nside
mcetraﬁ%erlplﬁlﬁ @ ‘t PoRpaliz férraf%r Neltyr?élvﬁ‘&ﬁdﬂfﬂlﬁ“?‘otﬁle aluminum is
mdsEO@ d@ ?&p@ﬁhgﬁoﬁ% pAReRd. #RWEel Q?tﬁé%@f)éc@tat%fsvemcal

14 hol ds a waf’er r ot her “substrate to be sputter
interoanred(s cantiowds|tb istreaat,egeotnairy genergllynnigivenabledst aturttcnng,

huck dto h 24 t dest
oS PR eGP uleaben VTS o e sy S rgonsl DC
magBetRSOdpREESrchfBrsC ARG toWa thvoréBedai®: SYtRHES sﬂ%‘fp%itcﬂ? low cost, and

pedestal 22 from sputter deposition. A target
longawshgry a pI anar front face is arranged in opposition

Lgr ¢ E%ﬁ écregy ﬁlﬁSEr?f?ag Sé cr(?sfsi Egcgl %; \% lof Ei(rfj ety Iu]?lné fagnetron

sp\ifed tdaGfor flg,m@ﬁdéseiat&buﬁrﬂ ehzftﬁmtl 2faa1%ﬁgélf gdnbﬁillty%&ﬁmietﬂé’ally about a
facing the wafer 24 is conposed of al um num or

cergrah AR th 4t YAPURaRAPHYS G ePwhRnthe ghambeide to feveBy low base
preg?{lrg ik 9%&'08%% SH(l)\QeV%g,da éas Wurc® 186 o the chamber

m num
through a mass flow controller 20 supplies argon as a sputter working gas. The argon

pressure inside the chamber 12 is typically held in the low milliTorr range. A pedestal 22
arranged about the central axis 14 holds a wafer 24 or other substrate to be sputter coated.
An unillustrated clamp ring or electrostatic chuck may be used to hold the wafer 24 to the
pedestal 22, which is usually temperature controlled. A shield 26 protects the chamber
walls and the sides of the pedestal 22 from sputter deposition. A target 28 having a planar
front face is arranged in opposition to the pedestal 22 and has no substantial effective
portion extending closer to the pedestal. For aluminum sputtering, at least the front face of

the target 28 facing the wafer 24 is composed of aluminum or an aluminum alloy having no
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target 28 is vacuum seal ed to the chanber 12 through

an isolator 30. A DC power supply 32 electrically
whr@sesibhe target 28 negatively with respect POT/UR®06/030784

shield 28, if electrically grounded, or other chanber

t .

mcg@i}%: al(ra ag%:'br?‘:ogte 'aa? nﬁgg Qﬁ‘oﬁ%ﬂ&?ﬁmﬁ\ﬂ{ ﬁd‘lg%rgﬁ Il%rg?ntal aluminum. The
targbizmgedacamgomaiexdrts tlg ehaatber BT theshighantibedatoedat | veI y

bi ase 2 nd.s rial fromit

t he f‘sﬁ eé&uPéVg?leéqC%é‘] o bisgexh %rﬂrsﬂ@f%tngs@%‘felyzyﬁﬁgespect to the
shid&PHS i e@&tﬁ@alf;}/ SroYRledO8 Jthe NahBEr paf: td hubeaelak ¥ dplfter working

sputtering, a reactive gas such as nitrogen is
gaaum1sqh@rmllmp aplasna scthttmtﬁlt@qshmwbeqhargﬁd@ag@monh ere attracted to

thei eoggtgmﬁ’y E c{ ‘@ggeing% éemil O i nfje&afﬁ‘ g %czr%mg |8f &16 sput ¢ted material

ejdetfdrtamh ﬂ{eytalkg@f 28 férde?ﬁilﬁﬁdfas af':MyeRE'n BRWRAfeSPUT Bfreddivefi®i sputtering,
exanpl e operating 13. 56M+4z al t hough ot her RF

a Ipgcsig e apTIUEh aﬁaatrqg@n iseddlitiqriaBy admidted 69 Ererqheade® dapse the
de ﬁ)esgtg@hogl a Iﬁgtaf Qongéjcgﬂldasu&?gﬁai‘ﬁécfﬁ n\ﬂ&l(féo'#f (Sedrnlgg aﬁgic%%b{rl]suf% sputtering

ons ncluding spu

coppee oRFefbilcaﬁy barrier hitdls, ray RFSposven yeuite 8mabt yxamilé bpetatimglat
22 is |eft electrjcally floatin

h d I
13%@@@%5@%8053 ofrer RE Ggprendiet manbe pire: bea%eéraH?Aeqtrﬁgle A &ythe
ea&teﬁ’ 92 @lﬁ@%@ga QhpaLARle&u ﬁ g' cglguﬁ RYL 1,eh h@f)%ﬂﬂlﬁg'uoré 1nclud1ng

cont rol Fuer supply 40 may supp rrent
spuMngtailwmnbmaﬂerEl Biasmgedchatty |1mcd11vent|[Im}iH$ bahttﬁ?aﬁcbthe pedestal 22

. t?gerﬁrleb ﬂe% t.the wafer 24. On the other hand, a

18 Ly 0tRE| | er 44 may circul ate chilled water or
ot hgep%ﬁfie&l't Qﬁérﬁﬂ%AP?h@auBﬁ’ qhé Rafes h@?&%}l ned@ 8 BE H&ﬁled & cooled
t he pedest al hough uni |l lustrated, further

dutihg sprdler ceatingolA ccsltmﬂlabbtpew/ebguppbé(bmay sl bimens lipplrgsistive

tr.an I|vredt opval.ut
neflee T Ao an Bt o ST ai b fe T ada Bt e it Fand, o
cofitr &bl 3G 4tRay bieduiae EMH@(DWE!eE of Gtﬁeﬂh%ﬁ@geré’rﬁ tb @ cb@l@hg channel
pedestal 22. The di ode DC rmgget ron sputter reacto

A6tfprmed inthapadesiplid eplthepebomibitrpiohdirtherdbesna enirol s effected by
the S‘o%erﬂSblé‘ sﬁ@y %@h fiferdal t?&n%fe? ﬁ’?s"&ilﬁ@%éﬁ‘%g a%n%pﬁ{e%amel

stgnitican ng ene

forsiudtih lid t0g studfie® dfahe bﬁieglﬁleéiédtmdb B6ne &tbﬁﬁalﬂ)y c@lpiethegvader 24 to
gdnet ron 50 in back of the target 28. The magnetron
thespedeipiZh is an aspect of the present |nvent|on can

assYiE Ve '[9@2?3?18]@[@%? @tgolge%tgisfor Lt Eﬁﬁté% (R)ﬁ'véxﬁlonally

of nmagnetic p opposed verti
does not include a RF inductive or microwave source of energy significantly coupling

energy into the plasma.

The sputtering rate can be greatly increased by placing a magnetron 50 in back of
the target 28. The magnetron 50, which is an aspect of the present invention, can assume
various shapes and forms. It may include pairs of magnetic poles 52, 54 of opposed vertical
magnetic polarity and typically arranged in a ring shape to form a ring—shaped region 56 of
a high-density plasma (HDP) adjacent the front face of the target 28. The HDP region 56
results from the magnetic field extending horizontally between neighboring magnetic poles

52, 54 trapping electrons, thereby increasing the plasma density. The increased plasma
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magnetic polarity and typically arranged in a ring
shape to forma ring-shaped region 56 of a

woe@hotaesi ty plasma (HDP) adj acent the front PEmESmn6/030784
the target 28. The HDP region 56 results fromthe

sl 38T 5 PO TOLBRSA LS oA 25, e s
derisitg ihiythemiat@asidny thémaghetsomes 0denviigh an entompassirgeasesignificantly
pl asmadensity reatI% i.ncreases the sg q(itaterl n f the o
sméléﬁrﬁea@ﬁhe R s MedRrEerReng ogarecmd SpHETER. & Ipsp than 15%,
Whic?l thtbd gh%nckﬁlt‘fz&&atﬁg gargéffpto 9%&1@&1 29 Bﬁtﬂeﬂﬂaéﬁtron 50. To
enconpassi ng area sig cant smal ler than the area
pro@rtdetd*rﬁo:teamgfehn b:&ge@psttamgmhtmm theping-shapelmagpetron 50 is typically

npl es 5% t her b 0 ntrat s the
oftFe gt 5 SR s e 7 BN QN LGRS S G nngy p S gos the
cen-ﬁ%l REiQY 1 dfd ﬁxéﬁ)foea MBRiefgar % 1ﬁ§¥hesrﬁé§n"eﬁé pbIgs B2 3£t rotate the
he ring-shape magnetron |stéqlcall of fset from

magn@rcmeﬁﬂ abalit thg .csntnzl axux 4o Rotatng thie oifkes mpgpeften 50 pregdpees an

62
ammuatle tyglﬁﬂlgﬁ]g Bg}et a[v% g%a%g%t%catﬁellgxggt éléxagxggl éﬁ))ffsti 34 %re formed
by&R ?%tﬁletrﬁh@s Uﬁ%ﬁsé@@ylﬁﬁn@ﬂ%hnﬁﬂbﬁt eaphdtelthaplat Mis

ati ngythe of f set rragnetron 50 produces an
advpatagaeushy foymad pf e mpetetifemaioEelde servAas A B14CECHS ¥k | f

t heMTa%g s ofBQ\L (ﬁ&‘ergﬁtdfd ofis b Brdn By }g{l%@%ﬁ@ ?Q&c‘t&ﬁ of the general

rings o oppose rlca per manent ghets
defgrailRstoated B FId anffagﬁxan gkseribes meEd. SoPatentg3Re72&a magnetron that
material to serve

hassp{lattenrd §idney shape- 3@&?@@ ?r%él %ﬁgﬁ%ﬁ(}a e {Vl'%gvsofoffm 2,a
kl@@ggﬁ@f g Hg&% ﬁ?ﬁl%fua'es Q@éﬁtelnpdlé b%rsﬁé I%Qgﬁaﬁc%oﬁm}

In U S Patent 5, a magnetron
surtrdnanidirgeem mnérlp@tet Eheftthk pdmemagtﬁmgpol%y @kaﬁm polead2, 74 are
ew,,0

I h
G I s S BN oF P HRIER: st sieelsfipe gpole pcces

an@fin R8I d ROt Lt oF frhdad et WidoRbB diANGhpaTs b fiHeeFly ROhRant4vidth
of the ot'her magnetic polarity. The two poles 72, 74

separases thpteapolps %r%ee@ddfas porpteruwil aflatgscdtidaexsgiape. The gap 76

netic .st.ainl.es in I |65
ceftereabyt il R B8 B R R GRFIA T i
ap}%rﬁxﬁﬁatél? abtiyoralngiaasit thé Qidﬁeﬁﬁ@ﬁcabﬁmettﬁgeﬁ % Pied leiﬂney-shaped
and has periphery with a flattened ki dne

maghefprn 70T selgyely Brgesqrrasedie the g 2 Hioh eXIHPIRNBING e
encon%pa(g&h J{ela ?Jlﬂ:ﬁlp%tevﬁ?& g}eggaérggf 25 ggle THf Steater than 25% of

oF I zont ent t sputtering face
thedtbtal h@dtaasfagﬁtthé&rgéfhhaﬂqs dheyres benaed ’Imgmenatgmtraﬂ 7()smd thereby

relatively large co ardtothe et. 2
spieatp| e %ﬁ@pﬁ%@rgﬁr %%tﬁf)glsagpﬁamaroe W@h?%%lsmé)r.nﬁﬁfe e inner

poffRh' PR tindt o2 TANEY iIRlEiedfo fal GRRRIGRS of BRI S Bped
megaeinorein 1B§. Pétentrfa2d?eiGton 70 and t her eby

More recently, a self-ionizing plasma (SIP) sputtering process has been developed
primarily for use in copper sputtering, as has been described by Fu et al. in U.S. Patent
6,306,265, incorporated herein by reference in its entirety. SIP sputtering relies upon high
target power, high wafer biasing, and a relatively small unbalanced magnetron. The high

target power and small magnetron produce a significant fraction of sputter atoms that are
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sputtered. The rotation center 14 of the magnetron 70
typically falls on or near the inner portion of the

WO pover2436t e 74. Parker illustrates several varP@EL/Us2086/030784
of the kidney shaped magnetron in U S. Patent

. I
B A R e
holb €A |tﬁ)1§a€1 [ inagRetidred0 R Gllushatddds séirarutid esﬂéml;ﬂa?h hwain FIG. 3,

et al. in US. Patent 6,306, 265, |ncorporated f
althoygh ether shapes g Popsibleripplugding racsinacls sirevlar.iovgl PRy P 15. The SIP

ma R A bor BN ol L A SicOs3 B bhefvertical
mamﬁfpo@diﬁy emalg thewgtial axdnlfr Ad:umdaldm @mfﬂh&:aﬁbr pole 82 generally

fraction of sputter atons_that areionized, ' h he
follgjvadbeladiageat upde pe?eiteeéO%ffl?a target r2§'ct éhée%xp%m t&%f’ f§hgped outer
polQ ab rf%# A5R8_E tt {ajtlgnﬂ%leﬁt%r 180k RIS lma%%tr&?%‘ eTj'/}ﬁBalﬁp the

ustrat e in schematic bottomplan view in
rote&1ona1 temtard e fallhweithisliapegenpde B osvdrly elose nutwaddlbfgowards the

T TR TN L i

maBitR pddt8 ofgosRE IR 8f ¥RIdukdr pbold TR sefaret Fdnk 3t b OR@rly
he central axis 14. A curved side 84 of the outer

consting 3829 ey mﬁwﬂfz @el%mgduwé betiyeeadhe W@D@P%& 88 and extending
A : -
N e S L

cerfifal fiBR-fRToIBINE ST Maghstrobyipius@llyysmallhaving ad émﬂaipassmg area
center 14 falls within the outer pale 82 or very clo

within tha ieney perinhenadef the euistpole $4¢it irsS e 2Pl <l:1f>‘f=dp%¥r>%0{e the
zu%% surrounds a triangularly shaped i nner pole 88
aving a magnetic polarity opposite that of the outer
pol h83Andgsepardtie dnbalared in thy naeanh@rthgit tboteddlamigngtip intensity
etic field produced bet

90. Th t I
of 9 outeg PalfcZe ek el rasaris B Itpsgaies oy b Sieh B2 e pole 52,
is d1b& t‘gz?qf}?%r e%f Jpcbgrﬂ'ﬁﬁt 56888 ﬁﬁeﬁ@ol@f& HoBexdmpdbya 1816+ SBdt least

centr ree core. magnetron i 5 usually
1569mhtl préferably08fo erdffpatgpicallyatieampiahéaisaplieverhiey placing

her t he o ter pole 84 aof |ess.t 0%.0of the
berfiStnPa P e risies fefier Moot S RBLT 8 B0 g erent Mmber of
sin PR/ c%ﬂ&ﬁﬁtédrbﬁt BpsmaR d?f&nﬁeﬁ?errhﬁlﬁnﬁ @}Flﬁidnﬁﬂgﬁﬁgﬂefé for example,
inténsity of the outer pole that is, the magnetic

of NiBXei Hiowgren ethensiaicturprhayedserpproppedo (theunpgpecegzusgsghe

unlraggﬁc’ctg gh{galgl %ﬁrﬁgé% 1C tf'ég?to g)?%%cét;ﬁs?rﬁ li}ged‘k}g%‘e of %b%r %8 towards the

walirelerraty1 ZQQ%ﬁéxt&Qﬁﬁ/g thEyseal dnyd guidisy thebiadiaateuiisr atoms
achi eved b | aci ng beneath the two pol e pieces acting
peraendipglas torfbe wam seicsrang ép@smsazthesiseravelhp p@ﬁ@uhr}ma long-

thrg\tv reactor.

Neither of the above sputtering methods seems adequate to fill aluminum into a high
aspect-ratio via hole 100, illustrated in the cross-sectional view of FIG. 4, formed through
an upper dielectric layer 102 overlying a conductive feature 104 in a lower dielectric layer
106. In advanced integrated circuits, the hole 100 may have an aspect ratio of its depth to
width of four or more. A thin barrier layer 108 typically of Ti or TiN or a combination

thereof is coated onto the sides of the via hole 100 before an aluminum layer 110 is sputter
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simlarly constructed but oppositely oriented
per manent cylindrical magnets, for exanple, of NdBFe.
wolwewawss ot her structures have been proposed. PANES2006/030784
unbal ance causes the unbal anced portion of the
i noj.ect 1
cof BOBEHLR PrBichrhp uB R U8 I R RO e RO e via hole
10pEissrdbyaslbetud shurtgritheniddivng edwithut teparatetabetsng step, as is well
g‘g{%pendi cular to the wafer surface and deep into the
ke . e grthol e, particularly in a | ongthrow reactor.

{\ﬁi %Abl lnve{mw?aﬁﬁ&fﬁﬁn §}51H{ﬁ:} 86dthg WIRLNAE TemfBa AFFIG. 3

i1l alumnuminto a high aspect-ratio via hole
and @0 pnbiksedsyafat, bawever phelucesos genseadlyi isotedpie/ flepateripfzeutral

fornmed thr.qugh ar r dielectric lLayer. 102
soltps PR re BB Al oS ol 18 plighae overhangs 112
terfdit61d86d16p 6t thBYSY cokfs of the FEMRNE 8O0 hiitt G8&vRdIPshdChtoul Ederage is
the hol e 100 may have an aspect ratio of its depth t

] o
pogii. dnipagicufasythe overhras. 1 1A may glogsdhe viarholml) beforg the hole 100 is

typically of Ti_ or. TiN or . i i t f.4d .
i 3 &0y e e 3 it I 1 B sRP R tupossible o
rerAbwEndwiedtagent lifbilisy mpbleiner coat ed t her eon”

Preferably, the barrier |ayer 108 is.renoved fromthe
bot Q;}ﬁrg@tﬁgqll af yoidipg pyerhangs apglwles h5§,t1r§e’qhg8\f {grdo a temperature of

302 géjlg(g(?\%'e c{}l%vglﬁg]%h&: cﬁﬁ]@ﬁ Qputirind B (RARRE AhRirRit A% sSh®Rhe bottom

e art. A conventional alum num
of gputis Roled0at Refowdiongvértecdmpstmaraasiggbtinefifiectife Rl vigholes 100 of

. and. an unbi ased, waf er, however produces a general |

inqrestecisPect Rtk fbl_a?att_ﬁ? FFﬂGfV\gﬁé‘EF‘PlﬁPms‘gﬁf P%&W%%%O untoated

suMARY b 8flerdafirialsl 1A NG, al ASBERIn feAls & L2l BSeratewithin the via
particul ar, overhangs 112 tend to devel op at the top

holealOfgrthenthan ferminga obeth 1g@r semiirs denilling aweh mwotomoheles. One

overage.j.s poor. ln parti.cul ar, .the_ over S .
iRt FRidics S aeel BB Tbhoftafbin ity d SRR phb s dEicn o
firbtRptedDeh oAb SeRis\RIfrh & 1B aablativelygodlivafer Subht the aluminum

vol ds are al nost inpossible to renove and create great

stieles| tp 4t 0idly sigewaliscand formpren thin Atshlayer endor wrceryl spiehdengsition is
ifcl udes heat.n t s

rel R 55 QR R RO T SRR s Fp i

poitotdMhigrhslef Howevemthts tebitnided practicetl witteconventivmabalifihum sputter
Ref | ow however becones increasingly i qﬁffe tive w

h
reagfQss HoPgd LPopaBmagHelFwedach Jonxbecthc prblgn o %fbff)mflﬂi%' coating the
ﬂrgtqg#e@{ﬁgh?%}yﬁ?ﬁ&%@@ﬁﬁe@m wet wel | to uncoated

aces o1 otner

sur materials. As a result, the alum num
t endHP sputbgmigdsmetay@icallst used forrabuvinanhspugein® Eedntbough it is

lik}:lgr?tg &X,y%g]artg }eactﬂsq agéshanldal %govreesgcijeiv&a?ldanfd rottforinI cloivglg i3S %eqt that the
small-size SIP magnetron creates significant radial non-uniformity in the thickness of a
blanket portion 114 of the aluminum layer on the top surface of the dieleciric layer 102.
The blanket portion 114 is relatively thick so its deposition time needs to be minimized and
its thickness made uniform for device reliability. SIP sputtering is considered insufficient
for these objectives.

Accordingly, an aluminum sputtering deposition process is desired which can

uniformly fill high aspect-ratio holes. Most preferably, the process would use only planar

5.
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nmet hod of avoi di ng such aggl oneration includes a
two-step sputtering process in which a first sputter
waoleped44sdn step is perfornmed with a rel ati vel pCT/U81006/030784
vvafer so that the alum num sticks to the oxide
di é Iles tand forms a thin first layer and a second
10 ?)ﬂpt T4 86%i tion is performed at a much hi gher
terrperature to flow over the first layer and fill the
remai ni ngﬁa?rtl on of the hole. However, this technique

SUMMARYCQH WE ENVENION onal  al umi num sputter reactors
u3| %rgadl %@E‘&%f PRGN tl%ﬂfl%?&s @g@ e?ﬁ’lg\éﬁnﬁ &@E%ﬁ%s‘&fate that is

cont or ma coating rst er rnto
cle@sPABI bisgkdiand ia@hbsantﬁl Racjputdiehd spglttesdmdmnmym ataﬂns yre ionized.

sed for al num sputterin | kI
The Brogfss i ng%r‘n% ME@C@&J%‘W&'% h%aabﬁ% ‘gu‘g‘% @m 54’1‘&%
exarﬁ]ig}lé 988s FAET 5000 or b fefér%glésgﬂ{antﬂ@@@ mal | -size SIP

rnetron creates significant radial non-uniformity in
t heAﬂLhnmkmels sputfer depisiind dor grampie inte apagpw Ha haleuby & te step

o b e R 5 ik S5H4 ! 45T o

ﬁogleﬁl%ﬁlhhﬁﬁl §uiering ade hhwe Delativelyhiglefaaiith dﬂ16mzed sputter
hi ckness made uniformfor device reliability

alus_rpmmn emisragd itlee sybaizate és trgnglydiigsed & aifactragd a@ﬁf‘é%féte the aluminum
R SEFRYSR o GEEA T s P T SR 0y o,

seddh@lTilRgps Gl set@id laydpivaich cMp§itl apd efrefidlohy holelfer hnrmoa@i
woul d use only planardiode sputter aEeactor 1 |
megHizRePn, INGEMIEF GRPORIES il 24areoeuiEH! e i P & 1elatively

unbllagedl‘{vga%g’r ﬁ&%t‘ﬁrth@ afth SR HRM R o eRNARH t@hSerhfiad to'p?omote

ectrica |ase and a substantial fraction of th
remumtcemednaahalm num atorrB are ioni zed. The process is

pr eter ggllgl%/ uss; f&t%:r) gﬁ%ﬁs‘ga‘te §ﬁ(¥.ﬁ§ﬁ?r %tg%a?f?le%ar%tpleam{n(g)%g between
1 aﬁﬁ %W}%& ¥ 2?@1%?11 Elp&@ar]k@a@ refraHT RAHBid Sh&teéd €00 and SOOW more

eposited, for exanple, into a narrow via hol e,
pretfmblstbepquﬂndbésasld 3pAWa Thersslbstrﬂéfet@ﬁlmfaé‘ye sa0¢1é|batlw.eﬁ0§/ example,

vl S ST TR B e RO AT

mdgh8fdd 41l DantbetFRietichl Wivoelhg alhigh ﬂa)nmau@m Sraetivh dffsputtered
Substrate is strongly biased to attract and accel erat %
aluntisumlaterinsnehitbaidhe bias drawpithe Agmitve popsdecgvafun pppgow holes.

Thgi % e&ggq%iltt er@slte{lgo €s aﬁhésf’onktg%]{eléc%@gl Wﬁ\%lﬁ | ow. hl a

a secon can fi and
oV ering théeubieduent colitbstery, aind zaibstrate bias should be relatlvely low, for

example, one tenth the power level of the first step and preferably the pedestal electrode is
left electrically floating, During the second step, the substrate should be kept at a relatively
high temperature to allow the aluminum to reflow into and fill the narrow hole. For
example, the temperature of the substrate or the pedestal supporting it should be greater
than 250°C. Preferably this temperature in the second step should be less than 550°C,
preferably less than 450°C, and most preferably less than 400°C. Even a temperature of
350°C effectively promotes reflow.

Both steps may be performed in the same sputter reactor by a proper adjustment of

-6-
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neutral alumnumflux, with a relatively unbi ased
wowdog244ehid Wi th the wafer substrate held at amCT/US2006/030784

el evated tenperature to pronote reflowinto the via

hol Dur i t first,. - .
R P 7 B U L A o
readREdrExbeyleatonm@ted to prehaboalhyuumangnsfer dhember nTHOfrst reactor

and 500W nore preferably between 250 and 300W The
preserply inghedes éhliﬁéﬁaﬁ Gpodng adp gmpld up ANCE pa@ggﬁr‘?ﬂ lé):[atmg about the

I . £
o T bty B8R 900 1 bhpton
fractividi THeaasoddaeatomgeterdtilymcludas subtsiratn hfating dndra lefge magnetron
sputtered al um atons such that the bias dr t
WP AR B S PRSP et i Bero b e Wl center
Th%%éﬂ%ﬁ& ?éaﬁfo? AR 88 nAY e Sk QT totRodlic8 a8 ehifrhichus ntheyeddily uniform

Iri ng the subsequent Second step, the substrate bias
alughpwhdiuse rel atively low, for exanple, one tenth the

|, .of the fj
Peadbe bttt afigs of leibrd gl Ll P ierisured on the top
pldaef duicd SRHUKEBORE hhe that bihe Slllsjdrahe padferably embsethan half

at a relatively high tenperature to allow the alum num
therepfy Bowswen Hthes hern forngd theha seeddaxsibagns a bianketthighypss of at least
t he e . b QL the pedestal
On%'ﬁﬁaﬁ%)er%{ﬁig) en%ﬁlhﬁg@ﬁg%]ls d Q@ééegxrlglg gilrf&{clﬁé'n 25Q0C. Preferably
this tenperature in the second step should be I|ess
than 55Q0C, preferably |ess an 4500C, and nost
B@Ef@WTﬂ‘ggﬁEﬁWﬁwm(&gen a tenperature of
35 ©f seCdch¥fibe BEQTRIESHA G0yt o BPEhc SHARSINBRYacRS.
per orned i n the sane sputter reactor by a proper
adj FIGista Witoar plet vaewdofd emvprinaaklargddwdansed magngtron.

pre red that the two steps be. perfor in t
r ea%gér%l,s % Rgito VW %ﬁﬁ%@é’?@&fnﬁ S alg‘ggﬁ‘?g °9‘£Dg@§19ﬁtron'
tr angdef isC@oReectidiie vidw Stta ¥ig 86l Weird! fElf Rl vadth ¥luminum according

i ncl udes substrate cooling and a small unbal anced
to thegmiot pdn r ot at i ng about the target center and

ion g o D t _ |
oG T FoSCUA L0 Wt bR RRL BRU P b Burcring
opbREbNARSrdnDR dritetnitRahén®f @Rdndediiahge magnet ron whi ch

may be bal anced, The | arge nmagnetron nmay also be )
r ot ALEdd Broilew diraranapée alierpwn fillmracass agnondipg s oo embodiment of

arr ment may be used to produce a neutral but nore
ther%?ngg’?ly uni form al um num fl ux. The bl anket thickness

of tFI@. Beerkchayetic plah dlisweatidroof dnenfeigtdied plygormmerbudirgimultiple
on the top. ) .
aluminum sputtering reactors of different designs.
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pl anar surface should be less than that of the fil

| ayer and preferably no nore than half thereof.
whloswewenss it has been found that a seed | ayer beamiusmo&030784

bl anket thickness of at |east one-quarter the fil

thi ckness i s commerci l.v effecti ) IE)FSSCH PTI ON
DEWWD@WI&I@T%E@% IX@Y%B?# ~s@ct i onal

Vi g AL 2@ HESIEd MveRitnt £1dl NBstrR8E tiPthe cfdsEse@ional Hew of an

bottom pl'an view of a conventional |arge bal anc

ed
alurnimgmenetatizatidnGirugturs inaF 165 t5t amlgamng spuftes ffillprocess is divided into

convent i onal l.] bal ' "
e SERLEPLLSAEL 2T B GFETEODA % e & acosivon
of adhidRbr i ReROHI e 1. tThe d¥pbsitiorof thesd o dffeentlayers 120, 122

cross-sectional view of a via hole being filled wth
havingesigtifeandp diffesent shaiepieraiqsdh ageevisa @yﬁgs%]grghgﬂpz change of %16

nbodi ment of .t he |j tion. FIG 6 is a flow diagram
Spu'g‘?mg%ﬂ%gﬁoﬁﬁﬁftmeiﬂf{h%\r{%eslgeggaccordi ng to one enbodi ment

of A beoddnystt bOMhe ifeftion irichudas s chidnbinsal splitier deposition process for

illustration of an integrated platfqormi

deppsifing pleiEmAPHEFATEYee &hGe MRS @8#{2’%"!“? Sleeg‘g jgyer 120 deep
w1t%ﬁ%%%£ﬁfrﬁgpth@:v§ﬁ§l ﬁﬂs%s%ngéﬂﬁvag% BFWEdnized aluminum

n one aspect of the invention and

spuitkd atsing déapdwithin thechade asbalsewhile tl wateed isfmaintagiedrit A gekptively

nmetal lizatiogn structure in_ Fl 5., | um i
towrprpersh s ot Sealritng Pt Toms gishie Sl Pagddiadobeh e
holé‘sih@x’;v@lls@' um num seed layer 120 and a subsequent

sputter deposition of a thicker alumnumfill |ayer

ggﬂf trdd, degpod alununurpfspeitespeoqenbmay farer Ba first #{reraf aifp;step

‘having . significantly,diff .} St i

g AL DT BRRERSL gt .o
firsE QB deb@BiSp D YReRr bépsityvheshidpsumitubr ad laysipmct spofter process

the invention includes a cold, biased sputter
prodeiog rttsubﬂfﬁnp\ﬂb@@é‘,@nfoé fordessl ARt g SPUERS HOMY: f or

exappl.e fo j. | . :

SN TS, PSR pERL 8 o el tarn o
ionicdsRenineaabiNe lionst anddvzfer is bivisadsb hbuth: alwmispotioes are drawn

atons deep within the hole and al ile th f .
B N
e al i i X Vear s
%ﬁp@%&&%ﬁ%ﬁ%@?@ég\gp fégﬁeﬁﬁé Slardi@urh hsRREHd iBhize@don
sputtering of the aluminum exposed at the corners at the top of the via hole because of the

iy

exposed geometry. The corner selectivity reduces the formation of the overhangs. The
biasing also tends to etch the exposed top planar portion, thereby reducing the blanket
deposition rate relative to the sidewall coverage within the via hole. The pedestal is
advantageously electrically biased with RF power in the range of 1 to 700W for an area
normalized to a 200mm circular wafer. However, a preferred bias power range is 100 to
500W a more preferred range is 100 to 300W.

Further, the wafer is kept relatively cold during the first step 130 so that the seed
aluminum more readily sticks to the surfaces on it strikes. In general, sputtering near room
temperature is effective. Pedestal temperatures down to about -40°C are sometimes used.

The temperature should be kept below 150°C, and preferably below 100°C.
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The col d, biased al um num sputter process may formthe
first step of a two-step al um num sputter deposition

wWEe@eosE6s As il lustrated in the process di agr ab€DUSIDEA30784
6, afirst, cold seed step 130 sputter deposits the

thin, al um num d.l ayer, . S . . .
or othete e SvEan Erip A e i toRMic ElndHi O Bration fractions
necdBdlid BE fRt08Ed sdad sSdpe Hokiader, tahefieptind @1d dostaeffaative process is
operated to produce a relati velg;yélhi gh fractian of
i

achiqyisfl peiasdhupipransiedsueacter [ IGhd pasmngionyitsaemal

e BRSSO SIPS P GER 1, i aon it

relaivebnig gividvels dfiDeG pdwiertappliedrochetaget 28l dheismell sizelif tigp magnetron
by either the al um numii O%ﬁ or 1ilhe. i oni.ze a({eﬂo.n 1

80 SORGETRAPHG SHEEHROVEF [ FIRY B poLBTngroapiRg i gig obhe plasma.

Thég E%Ir%etd?{rqi}gf Ql_ft 2 MoBRlRe ReHes ?r&éuré REp£2eRRSRAGince there is some

. e corner selectivity reduces the formation
selfifoniZed phaserasanigaringTidhdilamimun tdrge ané thbsredused peessugalecreases

sc i( o~ dnet &glbzgalf@? gﬁthg%[ tﬁiolgll&lg.%){qg ‘rsl\eI%J %nc{uﬁtg\lfjegc%oglgi\%%%ired to support
the GRS IFheMidthidR teffecH itite (AR 28 Ahe tHRqtaedtall22irBay be increased to
advant ageously electrically biased with RF power in .
accohanedatajbe size of the PFOOWIEBPNAR. dhekisribe Fector apyths characterized as
.200mm . circ re  k r P -hi
i RRD Bl S P R R R DA ot
heat@@\Y typitallh @bt retpieedpbiitetthies pldristal cadlamgiivamloye typicdlly required.
during the first step 130 so that the se%g 2I um ngm .
mor & Dkl kst frideersofithp ey secddaye {24 dpposysd afgprding to
i . This relatively thick
BRSSP ULELI O RERLASORT SUTGE AT, Thp el i
layar grosnlee bibvestislsedoniltueetagaperd sidewall stneudgd ddequaedgpto seed the

bel ow 15Q0C, and preferably bel ow 1000C. There are
S“@EWQVC]F%‘FF’FH&&’ Egag\?ﬁp?‘ﬁbl e to achieve the high

| ON(ARd Bkt drrRGbd 01840 1d0e I ollhdeHigh fopldtis® &dctions.

step. However, an effective and cost-effective process |
AddgionehRE peweusinty cohpleg intn sre plhsdesquacecesion tipopgh m mductive
1. in cqonjunction with.a small, ~un
coif e s e bR B A R R er),
HoSRPbL MotPi RReily Fequbad hisal 3:1‘%'611 1BrBssues) elhschafrod¥cepawer process
applied to the target 28. The small size of the
confeagyida themeeds of direcentd.riistesten: Hdoregogalepslapet frgets hayq been used
area, -t.h L Ner i ' e T,
o foec BBl AP R0 p SRS Bhhie 1Ll T prct ey
hawea vadufeidg showesfet iehe form stinpgleitulanoylinder jnlsatschmology called
sputtering of the alum numt gr get and. the reduc

d
hol‘y?\@ﬁ‘(]ppée a@g?@gglegr kg éff“tﬂ_F gy ﬂlan ﬁ]é algr}uéqrir%lp @ﬁecg]fnol(o'gé/ called
sel?—h&é%%ﬁ%‘ BlasR8 $1usNQIB* N I fhdygh h bpitfor t&Btkd Hfth sBaped aluminum

targets are expected to provide superior results for the cold, first step, such shaped targets

are expensive, particularly in view of the relatively thick seed layers contemplated here. In
contrast, the planar target 28 of FIG. 1 has a conventional shape and is readily available at
reasonable cost. The use of a small SIP magnetron introduces little cost or complexity and
allows an otherwise generally conventional reactor to form a SIP reactor capable of

sputtering requisite levels of ionized aluminum.
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the plasma. The di stance between the target 28 and the

pedestal 22 nmay be increased to accommobdate the size
w@boorloetpt asma regi on 56. That is, the reactorPOBRYSIE6/030784

.characterized as being | ong throm1 The pedest al

peastach SHFPTL 80 1720 N § Snlter ot s teier smipupm 1

laypeist AlunGoeh iGdzAtn HRA &ate Biskalg dfte h@%&@ﬁn tﬁe §eY:Bhd3 &kp 132 so
bl anket thickness of the alum num seed | ayer

thagjihs SRV dpregesomay nepduee  mosidy soril flusef atugmalbfo @puﬁz@ @tomes. The

Th| tivel .
vl BRI el OB RO A58 Pk bt B0l s
de\&ilaj)evxw 4 reemlw ehagaiteedaliahBuintass@nes 4 Mersndasloqisddblddistribution,
forgf(%gSI ted . warm al.um num O her sputtering techniques

Risahaving bewcgsipe dytitbution GmiGabal pentiabsputicsng i Bribio absence of a
arfilhdeh Pl on I RENELceRRA R 1R bill fhe ﬁaaeﬂl Thay be reduced

gion through an in ve col a pe
fromitbatatfalnberaniber asqdrio desirsodtepetdBc ahs @ dsshh),rthh/bplﬁtenng umformlty

Platin L MP) . wever neraII re es.a hi
scrfpsdhi Wi SRR s frodibieiior skt dusk Sisap i gple s
redhéed! NEisRRAESI0RH thitQ seBdtshtiafll hﬁﬁla%d%d @f&lre@ec%%ﬁp k¥ Xecond step

shaped targets have been used to produce high

inclugps org togvhigh ESs?@Qh@Céleai thalm\l\ﬂ%hémhﬁapovmr@pplwbm thefirst step.

Ad&fﬁ%{:@ e}? Flbet ‘ﬁ?fﬂ 1s2%fcf %t \éﬁlipgrra Ve lfl]tnﬂlfaél&e s%cogllla stevl\)/al 32's0 that the

aluin@a Bnagio eablvadtotat hawmotad e e dlﬁﬁﬁﬁh{ QRd 18er BRESIL the hole.
vaul t rm¥ forman annul ar ri n(%al n a technol ogy call ed

The;priesenicg A thepgninupialumipem seidayer prampties thprreBowtso that the wafer
ten‘gyg%g%:rg g%ﬁ tﬁgﬁ%ﬂow fg@élg 10! %&e&a@gm%g ﬁ}atn%%%eé an@rr g)referably less

perior r or'theéc
thah U6QC, smciamossprefa:raﬂﬂﬁlbeﬂthhmﬂg@’tb Bvef tepaatireses lovg as 250°C
art |cu [ arl nV|e f the relatively thick_ see
pro )!Efﬁiﬂ ? gecRnd gighit Iragqntraﬁ%gsgp@{g,one-step reflow

terﬂp@fagﬁE often @;(ce': E@O@’C hRg2cC %M@é&&hg 3@ ler‘aag@ﬁglg t!eac‘{3 circuits

readi Iy available at reasonable co
reqeines| d re@lld%drthtg‘neﬂl budget s elodhiabienipetaiires dasig extended periods should
b exity and allows an otherw se generally
e%vn‘% ntional reactor to forma SIP reactor capabl e of

Sput 'isg[ﬂdséhglef t@ChlIHoSisE ¢hd ﬁﬁ@'@l’ OfactR oz B s@éoﬂ@sﬁﬁl[@r'ﬁeposmon step
secon warmfill step 132 of FIG 6 sputter deposits

132t1nét0galintg<=ia$vwé¢hﬂrﬁ SefhlG L o dlagcémeqtﬂze RE|powiensupply 34 from the

| 72 f er . bi as a cr uci
el AP Y S e Bl I o Bl 9 e pedesta
22, pl’libdbﬁﬁat@on’fﬁﬁdﬂoh dag bt ketucédd Wre@ﬁcﬁé &E DOPoSRE Ellied to the target
atons. The wafer may be | eft unbiased or electrically

28. il oyeYengthisi soion s v wantidsrediof bapnisnyray The fnpll §& slagpetron does
not I éﬁlcé ﬁﬁlﬁe%ﬂec{ ﬁﬁfogfﬂg&&)?%ﬁg}agih{qﬂla @H@t—%ﬁ%ﬁﬁgf rg%tor, and the

y 1sotropic
sputtering rate at reduced target power is felt to be too low. Also, the pedestal needs to heat

up from the first, cold step 130 before the second, warm step 132 can effectively
commence.

Instead, in many commercial applications, it is generally preferred to use, in addition
to the first SIP sputter reactor, a second sputter reactor, also of the general configuration of

the reactor 10 of FIG. 2 in conjunction with a larger, more balanced magnetron, such as the
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for exanple, having the cosine distribution typical of
neutral sputtering. In the absence of a | arge plasma
WO e@iom46t he di stance between the target 28 anpBCT/H82006/030784
pedestal 22 may be reduced fromthat of the chanber
d . t
Tegg%? tn‘éa:gnétp&um ?gfr"lrﬁ’.tzg pl"ah(]:efsgcsosrﬁtsr é’ct(grecﬁ)‘éé hot ﬁetég an rRF ower supply to
bigputh¢ wafpo pddesmé and honayhoroit terrdestalvhilbbe 44 il Mpr Uf the Ipecﬂe{stal heater

4021%%' ﬁgsglﬁi 536%%1[ ,&J}f;’t %ﬁn ?e; ! S‘E?glé(qlofﬂrtq{?é]gg@s UE ?g?v p Qlome negative DC
bidsNA HRAI MALkd: @lu\ﬁﬁ‘léég‘ of teaRRhih@d fdieBFert lmme%gﬁfegfac&(ﬂ@mg to

power applied in the first step. Additional
thega Cendifienstie poouw 5 Oamms measurpdemthertep ﬁl@nan@rfah@ Thig dlridkness

b b A PLTL PEDb R IS b e
alligiheém abbee leaaatc Myet NE ©WRPaRL@LS irthdHifoAtics@REtions. The
| ayer pronotes the reflow so that the wafer

blankifaickness of Eerfilh @Yﬁléﬁtpmféﬂabb’ shenld begeatgrghanetbanhas of the seed
, | than 45Q0C, and
lnyef 8 s EtonB i AR PE IEBEEY Evem tomperatures as

| ow A2 2500 @ ippesfetred thhttviondiffercef typws afiplanag nidgacts@csputter

In c:o rast, a standar p.r 0
roiRisip bf B IO B e LAl e ‘L%%S‘é%t"é’lnnﬁle other with
a 1&%&%%%&@ gﬁa}&parﬁaﬂag%{h%%ogmwdm&eﬁce@esi,&aqgfégrated

t hermal budget sO el evate eratures during
pl@fomarild@cfomlch egsociinisl sdhdmeatmwaldy dbdtrated in tepdasvibvefFG. 7. It is

coaOutT By BB ors 3By T Bl - Qe C g GRitpaped asghe

Edd@radlysieRN Negitlddee fift aﬂPH&bn@HQrB'féf cB4mbéRMub hey4pesiasihal therein
22 or alternativel y reducing the anount of RE power

respestivediraichngd seedig Tpé@ifé déal 143 2or mpwing avaifera beloveen vadousaations

cing the DC power supplied to
m%ﬁgedtag)f)ﬁtgﬁg%gﬂ%\ﬁgggﬂeﬁe his solution is not
congihd QiTﬁdrah@feb%aiﬂidr M4Pnis velagu Fatipedtda fRdeetdly [bvdp@s»sure for
not produce the desired uniformty Eartl cularly in
I§

exglﬁbh@t ahout bibigiert avhiledbgsespnd Ensiar sBampert kidis pgmped @ amuch
lox?%r éirgsglgx%eﬂ)r%%ﬁ éPgﬂﬁﬁggﬁ f'[‘ﬁL: ?irstt Qol%?ﬁ éﬁc?{%r 'V&QL s 1/'\{‘[8‘ @nd out of the

5t al rom
sy&télﬁpo ﬂlﬁDfrbmfoasﬁttéhE)aéﬁbmmﬂ,oad\/hfcmchﬁrﬁ‘ueri320 CHQ selectlvely isolated

g s 3R ST G PR S B B SR Gy SRerigry vacuum
do@l"sl%ltohgrpwhﬁzhttﬂ@ wfafcrr%Bné " n%@ié&étt%ﬁ afquﬁeﬁrand FnkRE) dMore

sputter reactor, al so of e genera conf guratl on of
cophlexrleminparagenknlag ailablec Vajiowcproosssingichamberarl Gér156, 158,

re bal apced net.ron C s theTe
1o gieGapeed S5nd R TebbBity of HichSiira L Shebordag i Rpetive
proRY¥Rig 18 dBRE th the chamber, respective slit valves are disposed therebetween. If the

platform is dedicated to sputtering, the chambers around the first transfer chamber 142
typically perform different types of pre-processing other than sputtering, such as degassing,
orienting, and pre-cleaning. It is alternatively possible to perform on the same platform
both etching and subsequent sputtering deposition into the etched structure. In this case, a
plasma etch reactor and a plasma asher may be coupled to the first transfer chamber 142 to

etch the dielectric through a patterned photomask and then remove the mask.
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bi as the wafer pedestal and it may omt the pedestal
chiller 44 in favor of the pedestal heater 40, 42. It

w0 g00asmeiasst ood that an electrically floating pPdEESZN06/030784
will devel op some negative DC bias. A typical blanket

t hi t al um.n il '

e conamat 40, PELOUTHA btrrl BERo Mok franaloRiar, 144
thr&?g%sdﬂhﬁl’é Slfed fi8s-tigBug eatbesTd2at64 whithprévide #remsuum isolation

under warm conditions fills the hole and provi des

betwigen theitentrapsfanidembers Honédd moa}w@%ﬁ 1915 AiPRrRican, cool
doﬁ%, N Dike %ngaﬁer?ﬁlta? b lgﬁ%%%d]\%g g t r&ﬁ elglzlgfol;egldes in one of

I Zon connecti o
thefgakd-thr@prchisbasabey bdal.y shoul d be gr eater t han t han

hat_ of th d i d f er.ab)
o i pesend sl atnoe [ Bl Rl st Bbpositign and
othtei’\g%a‘tilég;cfsrlg gé;dﬁ'lig@dmgﬁ vgéu[Lﬁ&h apak tJﬁ?& RYIEANLS BEpdsfkd films between

[1’ng al um num one with a small
1ayambaidamoéwbm®19me¢mmmmnahm oAl ehe aplutttr rgadtens gesociapedewith the

s ey T DR et B 27 RRL Sy b BFES Hone pracie
of ﬁl‘éqﬁr&hbﬁaa ﬁa)‘nérl Fﬂﬁérr B8k 168 deP6sifRladiaridranvedf Fb Suminum
i's commerci al avallablefromAf?ﬁlled Mat eri al s,
QO

meltzrlhzatloﬁ tBahmedaarmalS tymitalbyorompasetsol Heor HaR o 8 bslﬁgﬁreqﬁthe two

Ry LN T R

titdn@RR tH et 40d gddtBallyoliavimp/ihe @oﬂ\@g@ﬁﬁolhﬁ’tﬂwmacmaﬂ) ofi FIG 1. If
stations arranged about .the .chanmber periphe

titenjyrs mttldfmsiﬁeredcqa depleposited, m@rogf‘élda aﬁmﬁt?éﬁ%f&rt#lgg%}‘ﬂef sputter
rea%qu Fi%$ IX t%%ﬁﬁﬁﬁﬁf%?ls ﬁce !i eOﬂ%&? E)WI]I bamer matenals

econ ans er c
ty;ﬁwmeﬂnipesal dflmhfrhﬂwmﬂlab&sutrﬁl,e t}ﬁ@eofexgm'ﬂaeTaM W WN and

m croTorr I st ot. npves waf er
siligydep H@“’é’fﬁaé(ﬁ%et‘{? s i RS epriE sRIdd Hpth § et of the
reﬂr% Ghafibers 150, 152 selectively isolated from both
e ?’I rst transfer chamber 146 by slit valves and from
t he Asxdlemirmm $pgd \sspmil;ﬁn meadtorl68 tlmlsmgmpm tetthg $peond transfer

o BT ORI, B b
deS¥itiQUSuRIRGESTO E@oﬁlﬁﬁ%ﬁrvﬁafér%m 1B Glundib®m t4:/66t. aA@arge fraction of

arranged around the periphery of the first transfer
thecdpaftbred albaBnemdforns arac@mvei m @mumgslb@ bydrfanglhngsfrd magnetron.

C‘ff@)@”ﬁﬁgg%%ggp ?)%1 Il%/ﬁ'-ll’&i Cgl?’rgngf %Lﬁglﬁgl X as?ﬁggl%d ions to the wafer.

SPUtA fifst Bigmifilie ficl H’Q@f xeacamowo)chnﬂ htdvzinti@buily arssécmd aluminum fill
chanber 142 typica Y performdjfferen pes
spyifes repois d 43 reclen s ladiabesisaendeiransgr © HERTAdA, "Ihe two fill sputtr

rea%?&??%, 192 may be of the same design and be operated identically. The rephcat;on 18

useful because the fill deposition typically takes much longer than the barrier and seed
depositions. As a result, a single barrier reactor 166 and single seed reactor 168 may
alternately feed two fill reactors 170, 172. As discussed previously, each of the aluminum
fill sputter reactors 170, 172 has an aluminum target and are capable of sputter depositing
aluminum onto a heated wafer. The wafer for the fill deposition need not be biased and the

ionization fraction may be low. Accordingly, a large balanced magnetron may be used to
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orienting, and pre-cleaning. It is alternatively
possible to performon the sane platformboth etching
wapa7sedasequent sputtering deposition into theP€r/Thmd6/030784
structure. In this case, a plasma etch reactor and a
: be coupled to the first transfer
pn%hgﬁgggéﬁag&¥%ﬁg?bh the dielectric through a patterned
photTtheasdond mobdtHdR pedomvetht naforasksfEhfromadnetof tHefyss-1@ugh

noye fers between the two transfer chanbers 142, 144
chimbaH Eﬁz’&éﬂbﬁ@t g berss DUF BaGRT i et € t@giniyn Seed reactor
168heD al@errﬂéfﬁlgﬁ% bhe of{ 1%(95 %Hf}_@hﬁslﬁﬁlhflﬁf te9RtoRREI VRSN tHR ALy rgturm'ng the

transter c ers , some configurations,
waereprefesshiy, todhobthdoufithe passehivaigh opanlzrs b62, hag. be

performed while the.wafer. tenporarj .resi.des in one ...

o (BT E RO g e el h FFuTCEe gk S within the
trahéfeN&a@ibef NAIRE hll HdspuBetivdbFephtiohs HoRhinediRd Belows RUkicRITorr or an

deposi ti on and ot her "operations reqU|r|ng hi gh vacuum

in-{ige aystems maytconygydhe avafdrdn g operdireetipnpl pavls befatogi serially connected

S ufxengungnd produci ng | ow contam nation. Al the

p%gu ¥er®Veactors associated with the second transfer
c hanmberinvedfion fits pepadatatcbicnichl and\eficeiireaatihve of ffiling
valves. In one practice of the invention, a barrier

alumgppdptoragepdiolasgwngisisat vith peeseriby avarahlg jeepnolpgy.
alum numnetal lization, the barrier layer is typically
conposed of Ti or TiN or a bilayer of the two
materials. Both Ti or Ti N can be deposited in the
barrier sputter reactor 166 fit with a titaniumtarget
and generally having the configuration of the reactor
10 of FIG 1. If titaniumnitride is desired to be
deposited, nitrogen is admtted into the barrier
sputter reactor 166 while the titaniumtarget is being
sputtered. Ot her known barrier materials, typically
conposed of a refractory netal or nitride thereof,
e.g., Ta, TaN, W W\, and suicides thereof may be
deposited in the barrier sputter reactor 166 fit with
a target of the refractory netal. An al um num seed
sputter reactor 168 is also coupled to the second
transfer chanber 144. As previous described, the seed
sputter reactor 168 is capable of sputter depositing
al um numonto a cold biased wafer from an al unm num
target. A large fraction of the sputtered al um num
atons are ionized, as is nade possible by a snal
nest ed magnetron. An unbal anced magnetron is further
effective at guiding the sputtered ions to the wafer.
Afirst alumnumfill sputter reactor 170 and
advant ageously a second al um num fi |
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sputter reactor 172 are also coupled to the second

transfer chanber 144. The two fill sputter reactors
wQaZ@;7/014485 may be of the sane design and be opePEl/@82006/030784

identically. The replication is useful because the

fill deposition typically takes nmuch |onger than the

barrier and seed depositions. As a result, a single
CIpdMS er reactor 166 and single seed reactor 168 may

alternately feed two fill reactors 170, 172. As

di scussed previously, each of the alum numfil

sputl! & megaloPksutlefifg alifdniia®nea AlYFhidUSBFHGe: and

are capabl e of sputter depositing alum numonto a

heat ed waffest depestiougten of uttemee 4lnminue patoia Subsiraie sepported on a

not be bij e ionization fraction may be | ow.
Accor di nkj?@ef%g%gﬁg?%%’ bal anced nagnetron may be used

t opr onot diasingiths peddepios bdtiods witheRB @oasfldiidothe 54t deposition
perfornms the wafer transfer from.one of the

pass- t hr 8§ e deians wegptye Digelf-ips ot the subsiatdar ri er
sputter reactor 166, then to the al um num seed reactor
168, then alternately to one of the alum numfill

r ea2t dhs meth@ ofktAm I fiadtter caipyising retatimgan tritelanaédmagnetron

referably.tq the ather of the pass-thrqugh chanmhers
abdf § cehiEe] sKinitah ol EgR PG T s e ek trpogen step.
avai l able in which the pressure within the transfer
chanber linking all the sputtering operations is
mai At dbaeeetiyel eiwlamnd, cowPosing oreiraning 4 fempesygt ofithesybstrate
co y~the f in a.one-directional path between
8‘391\5%?9“%%%%%%&38%?%%“9-eaa ors. The invention
t hus provides an econonical and effective nmethod of
filli n? alum numinto narrow holes consistent wth
pr e$eAbe e ofghiia % Satheorogprigngl MS 1. A nethod of
spu [ S : : )
PRt UM Sl A SIRE] SBfhe Gostrate ana
subst r at masitgpipdiptasemperatir ofighs tabstateadirihgdls sdebad d&®sition step
the pedestal electrode with a RF power during the
first depoEFttPoazeedhCio devel op a negative DC
self-bias on the substrate. 2. The nmethod of claim 1,
further conprising rotating an unbal anced magnetron
abobit The oettiiodalf chating, fifrthen cahpmsingtm sputtering target
used i.n the first depgsition step.. 3. The nethod of
c1 o FHOECAREGh oD AEPORAICH AP B G AP B ot ey state; and
S;J bstr at gahRhigie hatBFerdtitd B9t BEbstiafedurfgRRSidcbRd deposition step
st ep.

be

k.

at greater than 250°C.

6. The method of claim 5, wherein neither of the deposition steps includes

inductively coupling RF power.

7. The method of either of claims 5 and 6, wherein the first and second deposition
steps are performed in different plasma sputter reactors.
8. The method of claim either of claims 5 and 6, wherein the first and second

depositions steps are performed in a same plasma sputter reactor.
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4. The method of claim3, further conprising: a
subsequent second deposition step of sputtering
wa@bkamiopasns ont o t he substrate; and mai ntai ni ng BCT/US2006/030784
_tenperature of the substrate during the second
deposition step at greater than 2500C. 5. The net hod
of claiml1, further conprising: a subsequent second
deposThi eibtldEHF fheSOLLIAiRHISNHBAS), m&m&&ﬁghte B€:ond deposition the
substrate; and maintaining a tenperature of the
subsiyptetis either agt biaspd drds bisadrwitlepmore them 18%eqf the Rfrreatee rpplied in
1 . hod of claim5, wherein neither
the&#%%é%é)&%n%ﬁhgzﬁss@g %Slﬁloﬁlcﬁt?des i nductively coupling
RF power. 7. The nethod of either of clains 5 and 6,

mhergiﬁ%the first and second deposition steps are .
per 1Gr fBemethodi afeiharnt clims fand puvheeintha Srgesd sgonddeposition
| .ai 3Ll f ' rej h
S P S PR ol it PRl i U SRl flfser
chegitree tpdliswrthesspbisttase tor teateansferr9d bilneendicditfesht givittaereadors under
clains 5 and 6, wherein during the second deposition
VA substrate is either not biased or is biased wth
no nore than 10% of the RF power applied in the
biasig% step during the first deposition step. 10. The
met hbdTled meithodexf cimd), wihawinstha RF @wentieamlied the pbwersitvel

0 ositi.on.steps ar erforped in different

e PEFARIOFE AEmbasRRa R, EEehp o BRES DD Petlentr or

chanber to allow the substrate to be transferred

between the different sputter reactors under vacuum

11. 1I2rnEhgvmethod obrlagndil nvhereiptibe powiertlnec] Rrbgswwen 10Gand 300W.

applied at a power |evel between 100 and 500W

normali zed to an area of a circular 200mm substrate.

12. 13Th& nxethdrbaf spluttetiag atuhinunnbied @istbitiiee, RoWREsingvel 1s

bet ween 1%0 nd 300W 13. A nethod of sputtering .

al uni nun? 8kt ge@%%w?%%for@ma} Hishplasma spyttar reactor fit with a

deposi ti K ' ' I e

onctor T} EhBHRRE B0 TRing th Buorld: BT ol ASadRl Wit sep

i nteriorinofudfdge first reactor, the first step

i ncl udi ng

supporting the substrate on a first pedestal within the reactor,
biasing the pedestal with RF power having an RF power level of
between 1 and 700W normalized to an area of a 200mm diameter
circular substrate,

maintaining the substrate at a first temperature of less than 150°C,

rotating about a central axis of the first aluminum target a first
magnetron,

admitting a sputter working gas into the first reactor,

applying DC power to the first aluminum target to thereby sputter the
first aluminum target to form a first aluminum layer on the substrate,
the aluminum being formed to a first thickness on a top planar
surface of the substrate; and

a second deposition step performed in a second plasma sputter reactor fit

1
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supporting the substrate on a first pedestal within

the reactor, biasing the pedestal wth RF power having
warooRB24eser | evel of between 1 and 700W nor naPCRE82006030784

an area of a 200nm di aneter circul ar substrate,

mei nt ai niyag 4 BeoSeRSEd: Ahfin@hn Aubiifiih KRFRGEREYEENOkn interi

| ess than 15CI)C? rot%t ;ﬁngngbout 611 central axis o]flg%%lentenomf

first al tid seoond maget, the fecomst steppyokidmgn, adnmitting a

sputter workin as ipto the first reactor, applyin

BC pover to t AEPHRE s HpiTalaAR 25sgerd priesthl Ry the Second

sputter the figgtoral um numtarget to forma first

al um num [ ayer on the substrate, the al um num being
formed t @aantpinirg the Rilskatssd a geroad tappgibiareae! geattniban 350°C,

in a socond pragiie SiEF Yl ERRRr Moo CRuREl T o sccond

target havi ng n@gnafrentblodiihg 0 Blibstkibhaye &iffeaeit Meagabtic field
interior of the second reactor, the second step

i ncl udi ng supgBtEbHignithn the Hstt magaetErfa second

pedestal wthi @9[& - rad i e
substrate at 3&513?%%3%' engé‘@g@ﬁé ggso]fl{%ﬂ}lgtgggrﬁd{} az‘a(%&’

2500C, rot ati applgheudCaowentorthd sersnd aloiitine tagetndhereby sputter

alum numtarget a second magnetron produci ng a
subst anti al | y%?iﬁ FPREIES BR Psesqug) 33“%%%‘%4 laes oot of the first

than the firshARRSULRR on #HYubbiAg e SRV qunwaﬁlﬁ'lﬂ%r being
gas into the second reactor, applying DC power to the
second al unm ndemtedrtgetse¢ondtiiekresy o fhettoe plankestws faco ntithe
target to form.,a, second alum num | ayer on top of the

first alum nuﬁliﬂ?sgi? t on the substrate, the second

al um num [ ayer being formed to a second thickness on

t he to]_crm pl anar surface of the substrate. 14. The

met Atd The methadmf thimide Fapisinmsithpeef the firsiend seeond gengtors

inchfded ngRk SREIRR coil used in the process.

15. The method of claim 13, wherein the first magnetron is unbalanced and has an
encompassing area less than a first fractional area of the first target and wherein the second

magnetron has an encompassing area that is a second fractional of the second target.

16. The method of claim 15, wherein the second fractional area is greater than the

first fractional area.

17. The method of any of claims 13 through 16, wherein the first fractional area is

no more than 15% and the second fractional area is greater than 25%.

18. The method of any of claims 13 through 16, wherein the pedestal is left

substantially unbiased during the second deposition step.

19. The method of any of claims 13 through 16, wherein the second temperature is
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i ncludes an RF inductive coil used in the process. 15.
The nmethod of claim 13, wherein the first magnetron is
waraloaraeed and has an enconpassi ng area | ess POBNSH06/030784
.first fractional area of the first target and wherein
the s ron has an enconpassing area that is

bet‘ge%%%%%n@gg@ al of the secongpt argetg. 16. The
nmet hod of claim 15, wherein the second fractional area

i's %eater than the first fractional area. 17. The

et Hddlles mathpd of ay eff ¢laints3l 3tthrougly 6.18hervinghe R nofwer level is

i cdignal area is no nore than 15% and the
bet@@%%%%f%n?a%dto&gnal area is greater than 25% 18. The

nmet hod of any of clains 13 through 16, wherein the

pedestal is left substantially unbiased duri n%t he
secdhdTrpethird pbanselgaimed 3 tieaghdbrivkerein thegubstrate includes a

rolCh S o B U A U P o RSBl e
holel ai ms 13 t hrough 16, wherein the RF power |evel is

bet ween 100 and 500W 21. The nethod of any of clains
13 through 16, wherein the substrate includes a hole

hav) NOTRIMBBBE 6F alyPbf Gai { f i '
and second depos?t}?%fnagl?%p}g tﬁoﬁ?ﬁ?ﬁ’e\gﬁ%ﬁgmgégﬁ%ﬁ Stton
congisedd of any of clains 13 through 16, wherein the

first magnetron.conpri ses an.inner pple of a fjrst

magnet | BRSSOk Bk marEclicaminty Ripg e enmbaris ptine firs
target afehohavd Merids 4 fifs$ tothithAneHR ARG, doat ensi ty,

and an outer pole surrounding the inner pole of a .
second napeiEen Rolpeireingdingdhpoct role hta sdcond nnggeids padarity

olarit ng: [ a second total. .magnetic intensity .
gt I eas%/o@gggg @% ﬁlt%%én i rgé? p(g%{l%l an%’ﬁ‘r?g‘ %Y d;tﬁgail ngenc
23. A neinbaditpht 18431 $Ehiofthefilsnonill Maghét iatemsippt r at e,
conprising: a first deposition step perfornmed in a
first plasma sputter reactor fit with a first target
havi ' f.aci l.aL.ers or of
tnet T SRR QUM S G52 o RO, PlmbHLEE

a first deposition step performed in a first plasma sputter reactor fit with a

first target having an aluminum front surface facing an interior of the first

reactor, the first step including
supporting the substrate on a first pedestal within the reactor,
biasing the pedestal with RF power having an RF power level of
between 1 and 700W normalized to a 200mm diameter of the
substrate,

maintaining the substrate at a first temperature of less than 150°C,
rotating about a central axis of the first aluminum target a first
magnetron comprising (1) an inner pole of a first magnetic polarity
along the central axis of the first target and having a first total
magnetic intensity, and (2) an outer pole surrounding the inner pole
of a second magnetic polarity opposite the first magnetic polarity and

having a second total magnetic intensity at least 150% of the first
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supporting the substrate on a first pedestal within
the reactor, biasing the pedestal wth RF power having

warooRB24aemer | evel of between 1 and 700W nor naPCme82006030784
~a 200mm di aneter of the substrate, maintaining the

and

substrate at ?tfi rst ten?erf%\ture of less than 1500C,
rotating aboufo'd RREREHCIERSTY of the first al uni num

target a firshdiBERes sRMERORGAS biGnfolthe &bt k&Hr, POl €

of a first magnetic polarity along the central axis of

the first tar genlyiasd®Ghpewergo dhe firssalumdnun targejietliereby sputter the
intensity, an out e surroundi ng,the inner

pole of a secgﬁsgigl)‘rrnﬁ%g}ne :E'agg%ngﬁgérln%§ b%ﬁgglﬁl lﬁéerf)fl?%et substrate,
magneti ¢ pol atlietafurindmlt@ig@ried RCOALLt Hidles BOD Rl Panar
intensity at |east 150%of the firsttotal nagnetic
intensity, adfirfaceagths subiasandor ki ng gas into the

first re ' : j [
target |t By on dBRRle Rty der RN i £sdepia labith pAAUTHOUD: i
form a fimthta sabanditanget Haayrey ancalumbems fibsi suafaee fachg an interior of

al um num.being forned to a first thickness on a top
pl anar gﬂ’?fsgiog‘d(ff’acf‘ﬁeth@GB%OPFléfe@;m%{H@mg second

deposi tion st ﬁﬂ)ﬁﬁﬁfﬂ%%é‘ﬁﬁmﬁ&e dnS8LO8HH frﬂ]sta}zéﬁ% t8PWthifthe reactor,
reactor fit with a second target having a af um num

front surf acethe@edestpl heing defesibstantally mebisedond

reactor, the.second step includi supporti.n h o
subst r ot Bl RE BRGHAERs ¥ soind Rab fR i Bplet foan 250,
reactor, the pedRstabuttedchttal £id oSUbFhARNINFLIM target a second
unbi ased, maint ai ni ng, the substrate at a second

t enper at ur e ofubgieaiaalbrbalangad pmgnetron; ot at i ng about a

central axis of : fi m hum.target a second
substanti al | yg%%lltttta}%cae% hﬁérg‘gé@(?ﬂgasé%tﬁit% 5 an‘iresaﬁﬁf’t er

wor ki ng gas i miplyihBCsenstdo HRaetaid alapHu fagsddto Mol sputter
to the second_alum numtarget to thereby sputter the

second t ar get the §e908¢ fargetde dorma s3cens AlwminERrdeyes anteipof the first
of the first

aluminum layer on the substrate, the second aluminum layer being
formed to a second thickness on the top planar surface of the

substrate.

24. An aluminum sputter reactor, comprising:

a chamber;

an aluminum sputtering target sealed to the chamber;

a DC power supply coupled to the target;

a pedestal electrode within the chamber facing the target;

an RF power supply coupled to the pedestal electrode through a coupling circuit;

a chilling system for chilling the pedestal electrode.

25. The reactor of claim 24, which does not include an RF inductive coil.

-]18-



al um num | ayer on the substrate, the second al um num

| ayer being fornmed to a second thickness on the top
w@b@nae44str f ace of the substrate. 24. An al unmi POMUS2006/030784

sputter reactor, conprising: a chanber; an al um num

Spubke '

SPUSTHR o 01433l Dl BB BN ot
abquittattiank pfithechaninem s’pattemgg tatpet.t arget ; an RF power

supply coupled to the pedestal electrode through a

coupling circuit; and a chilling systemfor chilling

the pedestal electrode. 25. The reactor of claim 24,

whi ch does not include an RF inductive coil.26. The

reactor of claim 24, further conprising a unbal anced

magnetron rotatabl e about a back of the al um num

sputtering target.
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