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FI ELD OF THE | NVENTI ON The invention rel ates generally to deposition of
materials by sputtering. In particular, the invention relates to a two-step
al um num spwoL2ee7I046Hr ocess and apparatus used t her ef orPCTIUS2BROBGROUND ART
Silicon integrated circuits continue to often use alum num as the conductive
material for vertical and horizontal interconnects in a nulti-Ievel

nmetal lization structure despite an increased enphasis on copper

metal li zation for very advanced circui try The alum numis 15 nost often
deposi ted by magnetron spUih8hiRPSHTIEMSY, W}nqéglgﬁngswgfér ratio of vertical

i nterconnects continues to I ncr eas% a geonetry generally unfavorable for
sputtering, alum num sputtering faces increased chall enges. Nonethel ess,
relatiyely conventional DC magnetron sputter reactors continue to be
favored because of their si nmplicity, low cost, and |ong usage. 20 As
schemat i cal ¥ D OF THEINSIENTIONE Cross secti onal view of FIG 1, a DC
magnetron sputter reactor 10 includes a vacuum chanber 12 arranged

general |y synmetTiedayeniion rddfes genersby tordepositignsofmaterialy by sptepugpisy st em 16
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control | er wed ey es argon as a sputter working gas. The argon 25 pressure
i nside the chanber 12 is typically held in the lowmlliTorr range. A
pedestlgl 22 arranged about the central axis 14 holds a wafer 24 or other
substrate tpAbRGROWANErARPated. An unillustrated clanp ring or

el ectrostatic chuck é be used to hold the wafer 24 to the pedestal 22,
whi'ch i s usual | Sikemiategratadeciesitt optinuedo Oﬁ\ersrﬁe@ﬂlanmemm%lrwéuthe makeEither
walls and L Revatidf sn@hod AREAGS AL J A ATISM LHIARRASIAG dcdifb B 00t 28
havi ng a planar ront ace I's arranged I n opposition to est al

and has no mudaaﬂaénmphisnecbﬂ appenmpetalipation dor vexyt atveingeg cubaisyr T\he ahlbnnmtkest aI
For al um num sp in at_| east th f.ront face of het 8 facing
Che walber 2o ottt finsain B mafibn tHiFaR Hoar er A8 e aeP 6y T NG ohe

interconnects continues to increase, a geometry generally unfavorable for sputtering,

aluminum sputtering faces increased challenges. Nonetheless, relatively conventional DC
magnetron sputter reactors continue to be favored because of their simplicity, low cost, and
long usage.

20 As schematically illustrated in the cross sectional view of FIG. 1, a DC magnetron
sputter reactor 10 includes a vacuum chamber 12 arranged generally symmetrically about a
central axis 14. A vacuum pump system 16 pumps the chamber 12 to a very low base
pressure in the range of 10°® Torr. However, a gas source 18 connected to the chamber
through a mass flow controller 20 supplies argon as a sputter working gas. The argon

25 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

30 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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el ectrically grounded, or other chanber part to cause the argon sputter
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capacitive coupling circuit 38. In other applications including sputtering
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unil lustrated, further thernal control is effected by 20 the controllable
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present invention, can assume various shapes and forns. It may include
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46 formed in the pedestal 22. Although unillustrated, further thermal control is effected by

20 the controllable supply of argon thermal transfer gas delivered to a convolute channel

formed in the top surface of the pedestal electrode 36 to thermally couple the wafer 24 to
the pedestal 2é.

The diode DC magnetron sputter reactor for aluminum sputtering conventionally
does not include a RF inductive or microwave source of energy significantly coupling

25 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

30 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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30 a high-density plasma (HDP) adjacent the front face of the target 28. The
HDP region 56 results fromthe magnetic field extending horizontally
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di fferent C&&hﬁﬁﬁlyﬂ@‘.ﬂbnﬁ@lﬁft a@mgb@ﬂla%@ub Galdt of the ﬁfaghétﬁ: 863632254 ad ésrna
illustrated in FI G g pman describes in U S. Patent 5,320,728 a nagnetron

that IPas absmeaﬂt%‘f?er&lgﬁp PRRPsehbiadriea) Pe@@a%p@@% thwlaé,et%ﬁed in the plan
view of Fl Cﬁdvgntag%oﬁéyﬁrﬁ@@ﬁf§ﬁﬁ&%cm&ﬁﬁfo@gwégsh@ﬁgﬁgﬁ§%@é outer pole 72 of

one magnetl c polarit surrounding an 1 nner pole 74 of the other magnetic
pollarity. The t\Mamtretzs ofagvera daﬁf@enttdypmsdiaw/befeorapwddb reastirs nﬁb@:gemmds of

a soft mag cfetsf e11?&5%&”{1ﬁxsﬁéﬁe?eplﬁ%g%gq%igfﬂ{fp congf’ihd%}ﬁmgn EhRkdy by 2

plurality o rmanent nagnet near Ssepar at es
the two polles aflattentd kididy kizepep Eot @&ampye,wd1ﬂ1hstmte‘dlm1theqﬂaﬂvﬂewch"fWGshape The

gap 76 20 defl ne annul ar_band .in whic netic field between the
two pdfes 7gdneys if‘%egné%%?té%ﬁ ]I“QCWQ%HPISIﬁé’gB G RAgnetiGpo tering face
of the tar gs%ho%ﬁim Tﬁlﬁnﬁéxg{bfé/ﬂ%ﬁﬁ@@th %@ﬁé Mlart). The £60 A1y P, Yalagd g€

conpared to the target 2 for exanple aving ah enconpassing area wthin
t he inner pyplpyimajoquf Oﬁqqgtlmwebaqﬁ@béasoﬁ whgngtie stainless bael 22694 af pole piecesot al

Uner cby 25 PR R8Tk pubI of fombithy Babtes CRACT Snehi e BRREHARY L LTy

fall s on orsepsates theewb polkes 72, 74 and has periphery with a flattened kidney shape. The gap 76

20 defines an annular band in which the magnetic field between the two poles 72, 74 is
approximately horizontal adjacent the sputtering face of the target 28. The kidney-shaped
magnetron 70 is relatively large compared to the target 28, for example, having an
encompassing area within the inner periphery of the outer pole 74 of greater than 25% of
the total used area of the target, that is, the area scanned by the magnetron 70 and thereby

25 sputtered. The rotation center 14 of the magnetron 70 typically falls on or near the inner
portion of the inner pole 74. Parker illustrates several variations of the kidney-shaped
magnetron in U.S. Patent 5,242,566.

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

30 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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150% and preferably 200% or 300%. Typically, the unbalance is achieved by placing

20 beneath the two pole pieces acting as the inner and outer poles 82, 88 a different number of
similarly constructed but oppositely oriented permanent cylindrical magnets, for example,
of NdBFe. However, other structures have been proposed. The unbalance causes the
unbalanced portion of the magnetic field to project from the magnetron 50 or 80 towards the
wafer 24 of FIG. 1, thereby extending the plasma and guiding the ionized sputter atoms

25 perpendicular to the wafer surface and deep into the deep via hole, particularly in a long-
throw 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

30 106. 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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first sputter deposition step is performed with a relatively cool wafer so that the aluminum

sticks to the oxide sidewalls and forms a thin first layer and a second sputter deposition is
20 performed at a much higher temperature to flow over the first layer and fill the remaining
portion of the hole. However, this technique practiced with conventional aluminum sputter
reactors using a Tepman magnetron does not solve the problem of conformally coating the
first layer into high aspect-ratio holes.
SIP sputtering is not typically used for aluminum sputtering. Even though it is
25 likely to eliminate the overhangs and improve sidewall and bottom cover, it is felt 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 dielectric 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
30 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
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During the first step, the substrate bias should be high, for example, ranging between

1 and 700W for a 200mm circular wafer, preferably ranging between 100 and 500W, more
preferably between 250 and 300W. The substrate temperature should be low, for example,
20 below 150°C and preferably less than 100°C. The first step should be performed with a
magnetron and chamber conditions favoring a high ionization fraction of sputtered
aluminum atoms such that the bias draws the aluminum atom deep within narrow holes.
The low temperature promotes adhesion to dielectric sidewalls.
During the subsequent second step, the substrate bias should be relatively low, for
25 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,
30 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
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substrate bta?%%t SRR hbh ABdAGhSn cbBlbnatiovwith Blah t2BetSpoER bk BighiBRizAtRAL h Tt he
power level of the first step and preferably the pedestal electrode is |eft
el ect r 5cal | fradtionaTheggcominensior nrafsrabbicineludsstsubstratetheatingand alargeghagnbtorbe kept
at a relati i e e 0 1.0 efl into and
P the nadfiskmgpd S b TRk g o libp liak o By b Shord olSiaepiapllh 0 T
pedest al suPhodetondgeddiorshatiicindnemgy batied to plodicelbiutraFye hesrebidially hhiform
tenperature in _the _second step should be | ess than 550C, 30 preferably |ess
t han 450C, AHRimERUXyr of er abl y | ess than 400C. Even a tenperature of 350C
effectively pro@eﬁaﬁ@f%ﬁes@@?ﬁxe%&e%ﬂ%matﬂ% t &l 1BHE rhéhstidd® o BBop PUT T er
reactor by a proper adjustment of -6 2007/ 024465 / US2006/ 030784

t ar getl0and blagas sifage skouldbpeegsthan that pighefilklayer and prefaxablymo moxs thandpdf be
performed i r AR £ t

transfer chglﬁ{)e%.H&fﬁ%%#’?g%F brre%afg%r 4patrsée%'ée)fr%‘g%leh;%l];’?%C bﬁg@(g?%@ P \é? gﬂg%%)l i ng
and a smal | onendattarthe il tighess s somniesdiallygfialtbnet t he target center and
producing in conbination with high target power a high ionization 5
fraction. The second reactor preferably includes substrate heating and a

| ar ge magneBREEF DRBCRIPTHON OF T BRASYNGKRe | arge magnetron may al so be
rotated about the wafer center. The second reactor arrangenent may be used
to produce a neuilfal ivuschampatic gragssgrtiqnal iview of rgeneria sPwtAMnEresctorThe bl anket

t hi ckness of the Vel Lve t | on the top
10 pl anar surfacFeI&gzgqur% pe ﬁlgég{elgvhogr? ctgtn"l%étﬂﬁ% a!l#%g%é@ﬁce: ayggétgogd preferably
no nore than hal¥IG. 3 is a bottom plan view of a conventional small unbalanced magnetron.

—F

FIG. 4 is a cross-sectional view of a via hole being filled with aluminum according
to the prior art.
20 FIG. 5 is a cross-sectional view of a via hole being filled with a two-step sputtering
operation according to one embodiment of the invention.
FIG. 6 is a flow diagram of a aluminum fill process according to one embodiment of
the invention.
FIG. 7 is a schematic plan illustration of an integrated platform including multiple

25 aluminum sputtering reactors of different designs.



t hereof . However, it has been found that a seed | ayer having a bl anket

t hi ckness of at |east one-quarter the fill thickness is commercially
effective. BRI EF DESCRI PTION OF THE DRAWNGS 15 FIG 1 is a schematic
cross-sect i ewwatoowomawesof a generic sputtering reactor. Fh,grmgzdo@oﬁﬂﬁottom
pl an view of a conventional |arge bal anced magnetron. ottom
pl an view of a conventional small unbal anced magnetron. FIG 4 is a

cr oss- sect IFHMLEPRHESRE TON QoTHEFRIHERRED EMBPPIMENIR num according to
the prior art. %Poﬂ:elag%eéoftﬁe ﬁlvgﬁtﬁﬁlsan&eﬁlhéﬁ?@m‘ﬂ% fse@tiofaPviBRof sl Ng

filled wth a two-step sputtering operation according to one enbodi nent of
t he i nvent iabmingh Getalizatiomstfuchwe di Bgr. émttﬁluramamﬂpuﬂurﬁlfpmbesmmeésd atcor di ng

to one enb 0 stration
of an int eggéa{igﬁgér& é?sf%):ﬁ rﬁflazléﬁgu e f"t%l?)zeé 15%%“ % eﬁt%ﬁ? dFPoﬁLb{wn

react & s ofof ditfifler elninithers fif) ksyer 122. VEeZIéﬁJsitibaéb@(ﬂ’fasE’ﬁifd Mﬁ&(ﬁﬁl@&@ﬁ@; 12DETAI LED
DESCRI PTI ON QF THE P D EMBCDI NENTS | n, one aspec, he invention and,
Dl T ast 1 at oHeTIAE FBACREY D SEeRt HRAPICY SRS ACRIEHES b SA1ER ﬁ%@ﬁl@}gﬁom. on
structure |Sgu ehﬁgc&&%s%b%bﬁﬂf@t&%%?&r fill process is divided into the
sputter deposition of hin al um num seed | ayer 120 and a subsequent
sputter dep05| tlebrosl aspech of thie drkwentier maiudesmn dold, bidsed/sputtedepositien popess fari on  of

t hese two rs. 120 i signi ficant i fferen
char act or 1 SepeEOtum RS, Brfmid 36 rrthe B Rl donRaRh ssd eyl Aleem,
condi 19 ons witiine gardwkole whils thepeafer/24tE biaskdarpadielyoh di':h’eldnm&ﬂldnﬁﬂuxh ncl udes a
cold, biased sputter, depgsitiaon process for_ depositing alum ml faor
15 ? PA paRatBisge] shpre

exarrple t SPFHF AlomdleemVRhin theq Roviila ey 2#eRi thin a
narr ow hol eowhinferdtive smaemea#amlﬁmﬁlsﬁ&@@a@ﬁ@@ﬁéw@me barieayer108baed al uni num
sputter atons deep within the hole and also while the wafer 24 is naintained
at a rel at ihpleisidewialsy t enperature so that the al umi num sputter atons stick to

the barrier | 2) e b0 Sk Eomshh 5ol SABLL fray i il pATS Bl N

Ssputter process nay form
15 aluminum sputter deposition process. As illustrated in the process diagram of FIG. 6, a

first, cold seed step 130 sputter deposits the thin aluminum seed layer in a sputter process
producing a substantial fraction of ionized aluminum sputter atoms.
In step 130, the sputter reactor is operated to produce a relatively high fraction of
ionized aluminum sputter ions and wafer is biased so that the aluminum ions are drawn
20 deep within the via hole to increase the bottom and sidewall coverage. A strong wafer bias
further promotes selective etching by either the aluminum ions or the ionized argon
sputtering of the aluminum exposed at the corners at the top of the via hole because of the
t 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
25 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
30 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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15 al um num sputter deposition process. As illustrated in the process
diagramof FIG 6, a first, cold seed step 130 sputter deposits the thin
al umi num seed | ayer in a sputter process producing a substantial fraction
of ionized wbumi7nemesputter atons. In step 130, the sputpEiusBaizeisi S
operated to produce a relatively high fraction of ionized alum num sputter
ions and wafer s bhiased spo that the.alum numians.are drawn.20. deep within
the via hole toﬁ?f@raﬁeassege ﬁtgc%ﬂef)ﬂaéﬁialeg? %fg)\'ﬁé’ﬂ e?ﬁ@%’r"&&é&’%ﬁg%p%g waf er
bi as furt hesdepimthetfes, soid setlisiep. HosBldrparhaffediivd@id dokteefRictive protess @ns or the
ionized argon sputtering of the alumn xposed at, the conmers at the top
of the vi agaﬁlBF‘éedBEE’&G'%"epl arldmer@ﬁ%égaygfég&é{lfwmn@emm% ectivity
reduces t hembiiERd kdBnéfon! 18 cLMFIIEINISIP nliiRietrtl SSHFIGALSIA chRfGionSyifit Ch t he

exposed top planar portion, thereby reducing the bl anket 25 deposition rate
rel ative t aelatieelghighiayels of Diepares appliedito thehargeti28. Abk emallkige pbthe maghetian

advant ageoysl g SLEGLL heak L MLASEL WM B GROURE L WIS ARAS B pileb® 700W

for an area "nornallze mmclrcu . a pr rfed bias
power r ang&hehighQinsity ofplddihaallows thephahberpetsura fgise reduckdQinke thaf¥\sorheir t her ,

the wafer is _kept relatively, cold during the first step,130 so_ that the seed
30 al uni nu PR SRS PP o F %_#%ngwfg@@gd&m uced preReEe decreagemer al |
sputtering speaks £RAHPutrAIBARGK HEHE Slulndnu {6 NY ndubBlaRias réqﬁﬁ&?fo%ﬁb%&fs down
to about -40C are sonetinmes used. 'he tenperature shoul d 'be kept bel ow

150C, 1and pheplemed| Thestistawe beigeen the taget2G0mA (RpeaetadCl mySIe0BieBed 84 Ther e
are several éo%ﬁ%‘d ‘E*e“t%z%s‘%g%f!h%gla@ h Qe fGISE ot 1m0
needed in t'Re rsat, ¢Sl S’Pep.

tok At BB LRAR:ALEAG L O
see wever, an efrective an
cost - ef f ectbeing Igighess Tise pededtil desihgledéntgits 40e 4pirap de elimbdedrsare pedesthD of
FIG 1 in gonjunction with a.small, unbal anced. magnetron, for exanple, the
SI P magnet S Bﬁ’l"fﬂ}lbmtffq‘fllﬁ?gg‘&iﬁjr%}hf‘crtneg‘??%ﬁ ing 1§ OLe tyRigql fﬁﬂ‘g‘FFadt evel s of

DC power appl i ed\ fBichiWlarti’f GRkne:8 of HRQIDMTBIh s8ddA8ye? 1120 B&HoIRANRLH g 80
concentrates the target power to a small area, thus increasing the density

of t hés pl adhese condifeonsjigpboyb?nmyasaneagyred pm theltpmplenar iserfedsa dbisrelstieddy thigk t o be

reduced si Taer Hrbg{ s %@s&ﬁﬂéﬁ boftth ol kel sf&e@ﬁﬁo@?&é&tagé%da% t8fs?etd*1ﬁ al um num

target and préssure decreases scatting -an eutralization of
t he al um nuonbsequesitly Nepasiteldiebiny eluminum.i s required to support 10 the pl asma.
The distance betdﬂ\e;(ggpltlt?e%ntg%c e'tque%s8aréle Q\(rjajlgﬁgt grggécte%gh%%mza onbgacitigﬁsr. eased to
Additional RF power can be coupled into the plasma source region through an inductive
20 coil wrapped around the chamber in a process often called Ion Metal Plating (IMP).
However, IMP generally requires a high argon pressure, which produces a hot process
contrary to the needs of the cold, first step. More complexly shaped targets have been used
to produce high ionization pressures at low chamber pressure. For example, the target may
have a vault facing the wafer in the form of a right circular cylinder in a technology called
25 hollow-cathode magnetron, or the vault may form an annular ring in a technology called
self-ionizing plasma Plus (SIP*). Although such sputter reactors with shaped 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
30 reasonable cost. The use of a small STP 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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accomodate the size of the plasma region 56. That is, the reactor may be
characterized as being long throw The pedestal heating el enments 40, 42 may
be elimnated since pedestal heating is typically not required, but rather
pedest al cowbi2o@/obsssore typically required. A typical Hanks2bostobi7ekness of
the al um num seed | ayer 120 deposited according to 15 these conditions is
about 200nm as asured on the t r surface. This. relatively. thick

| ayer provides g&&?‘%@ﬁ?’iaw ﬁilﬁqp&%?@%@?%@gu ?geg?sgéﬁ}fltﬁm@?ﬁ@}né‘ﬂﬁmﬁt:quat eto
seed the Safes ezl eAluhimae RASAatiea avibw dferctissfig wiemotQriiail if fétsbednidi@pt182RAI ques

are avail able to produce high ignization fractions. Additional ower can
be coupl ed thaths spRiter progessmayproduceagnosyy newral fiyk of aluminnge spuiter atoms.c'bhg

wrapped ar quppg rﬁiiﬁoquﬁﬁ%iﬁsédrbréle%%fé?%gﬁﬁé £, %gﬂl bé&fe beNelfifim iggig]li ng

(I MP). However, I'MP generally requiré€ i ghoa gon pressure, produces
a hot proceisselom ohs 2 easylttthe stgered ebiminim advemend mord ieady isotrepic disritaitionnpl ex! y

shaped targets_have heen,used t.0.produce high ionization pressures at |ow
chanber pr gg%%ﬁ%‘ﬂ%‘%@ﬁﬁ?ge ‘%‘%Q‘t‘tg’ﬁlg*@%“’ﬁi&g““ aoug.eg%llgtfea%s%etoﬁg waf er
in the for mugé pRstha Gglonstheclidt@ice BativeIIBE target 28 AC e Pe@tal 22 klagte 2&luced
hol | ow cat hode magfnetron or the vault mag%fgrm an annular ring_in_a

S

t echnol ogy Foft fhator tagehamber psed i the fist sigp b g Bresplt, the sdisERS WHERDER UL t er
reactors wifhssiaRatrad SR quit@ SRS ﬂ%guggtﬂﬁ%gg ifsRieRIdR¥p) F18 A4S | oF

results for the cold, frrst Stlep, suc_hes ed targets are expensive,
parti aal ar Irgduced. vit émndfrstaed thas i subisieatigliyt unbiasedpaddsthlejestrode mrthe sasbad giep her e.

In contras h r I f b h i shape and is
readily av al%lihé% gngioqg%cl} }esgaé)gﬁ%do]%% tg%ls 0.&%%16 B‘g‘ge%f)gggds/%g% Pl%fi{gep ragnet r on

i ntir oduces Additidnelly,akd wafer 3drh % iwaymasitberatle dufing thegtdvad stepd 39 et thanthe y
conventional reactor to forma

| P t bl f tteri isit
ovel 5. of 1S (s TRIRH 1 gy bes PUS AL SuBeRR SEB USROS KB Cond,
varm fi !} SHRBrcdoeQr ol ntifudtdhubiunt! 68 ¥y ePprofites i Abw b Wik Hefdtr |

| ayer 122. Al um numioni zation and wafer bi"asing are not crucial in the

seconds st egempgatyrs can g kepthelatiyaly owr, fqsenepls, lassyhar BdlGenere praferrblydesat r al
fl f al upi . i
el et i cal 1SR HE i AehiRny G e, Eth BRpLEMIMEIERAC | 6 &

resul t, thepromott it reflow duiretheseesndstepo e contedst,  staaddrd ope-stegiraftow but i on,
for exanpl e, having d 0% Soal Boetl ot 5o bhdlestafds @ arkba AEELE cRRUS L €71 no:

requires a reduced thermal budget so elevated temperatures during extended periods should

20 be avoided.
It is possible to also use the same SIP reactor for the second sputter deposition step

132 by toggling a switch 138 of FIG. 1 to disconnect the RF power supply 34 from the
pedestal 22 or alternatively by reducing the amount of RF power delivered to the pedestal
22. The ionization fraction can be reduced by reducing the DC power supplied to the target

25 28. However, this solution is not considered to be optimum. The small SIP magnetron does
not produce the desired uniformity particularly in a short-throw sputter reactor, and the
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.

30 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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| af ge pl asma region, the distance between the target 28 and the pedestal 22
may be reduced fromthat of the chanber used in the first step 130. As a
result, the sputtering uniformty across the wafer is generally quite good
even t houghwoooeveagwsi nsi de a deep via hole is 10 reduceRCT/US20068030M8¢ler st ood
that a substantially unbi ased pedestal electrode in the second step

i ncl udes ongefinilmBrdS7RRPEIGRY. T8S &cgﬁtiﬁfeé?%tg%&ﬁ nbf1Re@AMRF p%W& k\ﬁ)gl 9 the

first step. "Additionally, the wafer i at a warm tenperature during
the second $tagiherafer pedestphand i maysmihthe pedestalahiller 44 i favenof the pedestal hepter hol e

over the al iU ioaetlh koAl RS Eacstal B BEREENER AL allE DC

conti nuous al’um num seed layer pronot
t enper at ur e branA lpidabplankes tlrtlness of thoalpminom fk kypd .2 depeditetl hevor&ib®, nor e

preferagbly l,ess than .450C d nost preferabl ess than 400C. _Even

t enper at ur egleﬁescopé\ﬂp%slsig@jésag%ﬁﬁfnﬁa%%rﬁ“ﬁ%ﬁ%cghnm #n ﬁ’é‘*?&%?ond st ep.
| n_cont rast under fmi eHAe g8 F1S e hol €4ddPr6vid S RS cRhtbianed HEfkaR¥G8 alsw @R0C or
625C. Processing of advanced integrated circuits requires a reduced thernal

budget so epbpirayabospfherdiglectas layen 03 do bxpatisened ipbenizental serngritpns2Bhee

ided. It ' d
Sput tor depburi BaaRsbruf B Balis et Y mERAThAL wlaRfuo PR3 ERA"
di sconnect fdyer 48E ipoeferabsuggitast 84cd thethidkiness. pedestal 22 or alternatively by

reduci ng the anouynt of. RF _power | iver to, the destal 22. The

ont safon £+ act Abhieeuh s BReleE ey S ottt npet nEPIEE iRt mied 1o the
target 25 28eacto@\WMR\iSdd intfillise S0Mitungdné ith @ kmeN 0sbkeicedniafndRnO@E bidiwitd he
small SIP ma&@rllet ron does _not produce the desjired uniformty particularly in
a short - t hr 6WIeH morebalancsd magneteanpmong othshpassible differenges. 4m iptegratedd t ar get

pover s fellhOh PR foP lch@roddss Riscliddfati fififated pigh 16@lof FHP. 7 1P t he
30 E(ga]* or\g’ nd, r §§ @? l'y

first, cold'step > the seco m st ep can effective
commence. 30omhmsicady avdilabledioym dpphied Matatialsdpt. iof Sante A#ara, Califsrnipeasdhaal | y

Cbut el 1 ealpdE s, Tnchided s Snd bSon ibisr iR 144 BFhing gl or
FIG 2 in ceapeics ikNant sebordl doBs1§ 246, 19B fe? niainearsReA&h vatousstitionas t he

-10 WO 2007/ 024465 PCT/ US2006/ 030784 Tepman nagnetron 70 of FIG 2. The
second r eac@Binggdatouhthe chasberqsripkerisdwer supply to bias the wafer pedestal

and it may omt {REFREHEGSERh&Mbdr18S istAcduh AV 19h diRrREY W Blesdif2 bR’

example, about 1 milliTorr, while the second transfer chamber 144 is pumped to a much

20 lower pressure, for example, 1 microTorr. The first robot moves wafers into and out of the
system to and from cassettes loaded into load lock chambers 150, 152 selectively isolated
from both the first transfer chamber 146 by slit valves and from the exterior by vacuum
doors through which the wafer-containing cassettes are loaded and unloaded. More
complex loading arrangements are available. Various processing chambers 154, 156, 158,

25 160 are arranged around the periphery of the first transfer chamber 142 and, if active
processing is done in 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 altemati\;ely possible to perform on the same platform

30 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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40, 42. It is understood that an electrically floating pedestal will devel op
sone negative DC bias. A typical blanket thickness of the alumnumfill

| ayer 122 deposited according to 5 these conditions is about 500nm as

measur ed onwiamormmsspl anar surface. This thickness undepcH§isveaapmt i ons
fills the hole and provides sufficient blanket thickness to allow the

al um num above e dielectrige layer.1Q2 to he patterned in hoyrjizontal
connecti ons. Thgheﬁﬂ’é’?&&%’ Hﬁcl??ﬁﬁ%g’gfeﬁsf e{vﬁeéangl?e' O"EPEFT ¥ Esf]rreirzag‘{] shoul d
be greater thivagh ifidle-gdied paé-tirbeshseaghbers A8% 163 /hidhSprovies tealbyund isolagast
twice the thickness. 10 As a result, it is preferred that two different

types of plbstugenihafvertragsieschambers 146018 dp sompecopdigaralions A pre-plgamresti num one
with a snal : i : AL nced
Tagnet r on alog ot R P aadanay bf Beriditd WHEtdWith opoifen B BB o
such a5 pr octbs passshroughethambers|163, i64l ustrated in the plan view of FIG 7. It

is comerciallyyavail able from ied Materials, .l.n f .Santa Cl ara,
California as tﬁreh eﬁcogﬁ&aygsé‘érg&gp@ﬁﬁ@tm Wﬁgﬁﬁ’ﬁgidlﬁalterdst? g%untprgg%oéﬁﬁnta? nsf er
chanbers 14&herbpératiaBrequinnglgigh Reduai) so 436 pOdxidige the depositad! fisaCkyhdleshobot s
146, 148 for noving wafers between variqQus stations arranged about the

chanmber per e ARGRodyGRE fopy contaminatine Albthe saydler rpaciors asspg theed to a

noder at el y gégg{, Ldtdod P cond
transfer ch%%gﬁ;a%ﬁ(?@mggﬂ{%d& féo a ﬁnﬁc%%%%ﬁ&%’%gg%a}gw%&@%ﬁﬁpﬁe, 1
m cr oTorr. dfithe vendiony lpatierrspuiter reasfarl§6 depositmbhroertlaysf. Fomalumynstrem t o and

from cassettes,| gaded into ] oad |ock. .chanber 0 2 lectively isolated
from bot n PR e bR 1980 Wi SRRRGRE of Ty AN 21 B BUE ot e

extleri or bymwtaalsinBotd @ bsTiNcamUghlepbdie it the basibesputtantaditod 16§ fitadtei t es are
| oaded and unl oaded. re ¢ | ex | oadi_hg arrapgenments._ar i l_abl e.

Var i ous pro%%@%ﬁ?@ﬁ&%ﬁ%ﬂlﬁwﬁg?c Uratign q! ?W&toé}ﬁaﬁgﬁ%a und t he
peri phery ofitafifi@ Hitritis s delitdatb 8k d _Mhﬁoﬁgnﬁ&qnﬁt!técdiﬁt%%é’ﬁamgf affqS! N9 1S
done in the chanber, respective slit valves are disposed therebetween. |f
t he pbat f oreastorsl 6derdiile dhecttfanivmdpiget is being sputteredc Kby dnewn bawried matesialsj r st
transfer cham 142  tyni c erfarmdiff n y ~pr.aecessi ng
ot her than @Bﬁ?@ye?olm g(;) ?edg%caﬁggéé(?fgé%l%@iOﬁgm,qn&eotrﬁlérg%é F‘%‘g a%;?]ag@,p\%meaggi ng. It
i s al ternat siicitias thassfinidydetdepsited 0 the darriehspustarreagudraltch dit wifhla fatgehofthe hi ng
and subsequent s&uttﬁri ng deposition into the etched structure. In this
case, a plBEAHW R eact or and a pl asma asher maybe coupled to the first
transfer chanberad 4igmifim &k Spuitherddb@t 868 ik hlo bHPMAID tike RBSAEHAREEr Phot omask

and then renove the mask. ) ]
20 chamber 144. As previous described, the seed sputter reactor 168 is capable of sputter

depositing aluminum onto a cold biased wafer from an aluminum target. A large fraction of
the sputtered aluminum atoms are ionized, as is made possible by a small nested magnetron.
An unbalanced magnetron is further effective at guiding the sputtered ions to the wafer.
A first aluminum fill sputter reactor 170 and advantageously a second aluminum fill
25 sputter reactor 172 are also coupled to the second transfer chamber 144. The two fill sputter
reactors 170, 172 may be of the same design and be operated identically. The replication is
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
30 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

-12-



-11 WO 2007/ 024465 PCT/ US2006/ 030784 The robots 146, 148 nove wafers
between the two transfer chanbers 142, 144 through doubl e-gated pass-through
chanbers 162, 164 which provide the vacuumisol ation between the two
transfer chweolRer7®244%, 148. |In sonme configurations, a precEUs2aes/03csol down,
or other operation may be perforned while the wafer tenporarily resides in
one of 5 tf}@:o@@%%ﬁﬁfaﬁgu%sﬁﬁﬂﬂbefs 162, 164. The second transfer chanber 144
is typicall edicated t'o sputter deposition and other operations requiring
hi gh vacuum so B seeondabbasit#8lperforts shategfostransfir fromnmelod theamss-thranghr s, and

produci ng | Qw con 1.ngt Lon, t.he sputter r or.s .as tated with the
second tr an@f“&ﬁﬂé F@glble%rﬁ ’ ﬁrﬁgtozﬁl%{)agg%gp 3&%&62#05 r]f1g€"t%g °.ﬂ§es p%ﬁ/%seswﬁ“% Ves.
| n one pr acta8cthed Alterhattly@o bnyefithe slbmirunbAll kdaclorsS PTU, 1182, dnddiially reti@ing@ixosi t s

a barrier layer. For_alumnum pnetallization, {)hellg?rrier | ayer is typically

conposéd of WAFT BFeTably oy ihe oley ofy /s pass-thraket chemOFR i €4:il8fs. Both Ti or Ti N can
be deposited in dfigr jHRGFt& spRftétideSiatfo?Rs ktlavdiBid ih e the Breshirt FthiaThd ar get
and generally having the configuration of the reactor 10 of FIG 1. If
titani um nitravstee chambge inking all thetspuitkringoperetionsis meingpired beloydaimicrodoirpr an t he
barrier spufter t Ll e i | LS. hei ttered.
O her knovvnﬁlblglre rssé?rhma ec(ra:[’“é?]ys, © w@%/eﬁﬁlc% e&%%ﬁr@cﬁlggac}ﬁ gé&%&} (%%‘raggtcglkgi/ear%gt al or
nitride thegpatérresigs., Ta, TaN, W WN, and silicides thereof may be
deposited in the barrier utter reactor 166 fjt w.th a tgraggﬁl of the

refracory net al Thearventig Preyidss g geRneRyic ffoetiviergethg I€oupl ed to
the second RARRhEMtAAoRARR& cohdistentARitHHr8ich@y SvalSi6 tdchRlogy.ne seed sputter
reactor 168 1s capable of sputter depositing alumnumonto a cold biased
wafler froman alum numtarget. A large fraction of the sputtered al um num
atons are ionized, as is nade possible by a small nested magnetron. An
unbal anced magnetron is further effective at guiding the sputtered ions to
the wafer. A first alumnumfill sputter reactor 170 and advant ageously a
second alumnumfill 25 sputter reactor 172 are also coupled to the second
transfer chanber 144. The two fill sputter reactors 170, 172 may be of the
sane design and be operated identically. The replication is useful because
the fill deposition typically takes much | onger than the barrier and seed
depositions. As a result, a single barrier reactor 166 and single seed
reactor 168 may
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alternately feed two fill reactors 170, 172. As discussed previously, each

of the alum num 30 fill sputter reactors 170, 172 has an al um numtarget and
are capabl e of sputter depositing alum numonto a heated wafer. The wafer
for the fill deposition need not be biased and the ionization fraction nmay

be low. Accordingly, a |large bal anced nmagnetron may be used to -12 WO
2007/ 024465 PCT/ US2006/ 030784 pronote uni form deposition. The second robot
148 perfornmsCldMaf er transfer from one of the pass-through chanbers 162,
164, first to the barrier sputter reactor 166, then to the al um num seed
reactor 168, then alternately to one of the alumnumfill reactors, 170,

172, and finally nehbihbi BPsfudRriRg WahBhuR bafos! @bbiYatt TohliRisgigher of the
pass-through chanbers 162, 164. her integrated sputtering platforns are

avai | abl e i n whi ch firktedgpositigustepwierformed frea firstaplasnes smphwnbeactdrifitkivitiyaal | t he
sputtering operations is i.nt ai ned bel o 1 croTorr or.an in-line system
may convey t HE' u taag.%gﬁaec}r&ﬁ ?Iéfﬂt?rb?{avil tﬁ%?ﬁs‘tbrg?ﬁ%reﬁhesgﬁt zﬂelpymﬁlBﬁlﬁgct ed
sputter react@pdrtinkGhd Bgostraéeitd @Rt pdadstaPiRih deSredftogcononi cal and effective
met hod of filling "alum numinto narrow hol es consistent with presently

avai | abl e t echnol bigying-thap@estaVBith|RF powet leyechgodn BFutaver ilewg! af betiveermlont o a

substrate, co 1 si,nq. a.fi,rst deposition ste erformed.in a first plasm

sputter reac qf%qur\%ﬂpﬂlzﬁdt?F?gﬁeggfﬁhbﬁmfi%g?Cfrﬁgliaﬁﬁlbﬁﬁatlenterior of the

first reactor, the@alitsisiinggh€Rubsiateuelh gkt thiRPA JTdedshRanSIBpStr at e on a first

pedestal within the reactor, biasing the fpedestal wi th RF power having an RF
ir

pover |evel of betaieting aboubmeerr@byyipof thalfirstadiminumriargeba fioft megaeiOoOmM

RSN TR T S SN

Atral axis of the first

al um num target aapplying DEFIRer @ the ALThlubiiMEM dargPUict BErdbO kG Bagiritnt o t he
first reactor, applying DC power to the first alum numtarget to thereby
sputter the flupgnum gargefitadenm afigsalumngms dases on ithestubsiraled the pluniyen beimgt he

substrate, t oermaeld ol ;:1 ik t}?lgf;rpegs on a top planar surface of the substrate; and

a second deposition step performed in a second plasma sputter reactor fit
with a second target having an aluminum front surface facing an interior of the
second reactor, the second step including

supporting the substrate on a second pedestal within the second reactor,

maintaining the substrate at a second temperature of greater than 250°C.,

rotating about a central axis of the second aluminum target a second
magnetron producing a substantially different magnetic field distribution than the
first magnetron,

admitting a sputter working gas into the second reactor,

applying DC power to the second aluminum target to thereby sputter the
second target to form a second aluminum layer on top 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.

2. The process of claim 1, wherein neither of the first and second reactors

includes an RF inductive coil used in the process.
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formed to a first thickness on a top planar surface of the substrate; and a
second deposition step perforned in a second plasnma sputter reactor fit

with a second target having an alum numfront surface facing an interior of
the second reactor, the second step including supporting the substrate on a
second pedestal within the second reactor, naintaining the substrate at a
second tenperature of greater than 250C., rotating about a central axis of
t he second aBum nlihe ethpdtof zlamclo mdereay thetfirstrmagnettus isgnbalaodib arainttas ah | y

different magnetic field distripution than.th firs etron, admtting a
Sput ¢ er CURSPIRARG 4 8rse I ShapohSb B TRESIER BF hedist pReR ot Bt T SSRE second
al umi nUfﬂaFﬁ’é’tﬂﬁthaE @n ERRINGRXsiAP dich Mat i PsecORE BAGiondl &84 of Be s&dRiRargicond

al umi num Nayer on top of the first alum numlayer on the substrate, the
second al um num | ayer being fornmed to a second thickness on the top planar
surface of the su g & r f £, [ i.ther of the
first and seond faaeard el RARRER oot ubnattpH £ el hitfthe

pr ocess first Idctonallirea.met hod of claim 1, wherein the first magnetron is

unbal anced and has an enconpassing area less than a first fractional area
of the first target and wherein the second magnetron has an enconpassi ng
area that issa se¢pdthetHRPHA 4, 31RRiPthe! 18 SREBAM 4réd B&lo- mbre A1) 99t hod of
claim 3, wherein the second fractional area is greater than the first

fract i onrd thasewnd Sractiviel pahogreater tlani2h¥e4, wherein the first fractional area
is no nore than 15% and the second fractional area is greater than 25% 6.
The nmethod of claim1l, wherein the pedestal is |eft substantially unbiased
during the secondTHepeshdd ofclairef., wherelhehdpédeed] of le¢l QibRahtialWhenthdedt he
second tenperature is between 250C. and 550C. 8. The nethod of claima1,

wher ei nduriee ReE sprond depesiéqn step.-pet ween 100 and  500W

7. The method of claim 1, wherein the second temperature is between 250°C.
and 550°C.

8. The method of claim 1, wherein the RF power level is between 100 and
S500W.

0. The method of claim 1, wherein the substrate includes a hole having an

aspect ratio of at least four and the first and second deposition steps fill the hole.

10.  The method of claim 1, wherein the first magnetron comprises

an inner pole of a first magnetic polarity along the central axis of the first
target and having a first total magnetic intensity, and

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 total magnetic intensity.

11. The method of claim 1, wherein neither of the deposition steps includes

inductively coupling RF power.
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9. The method of claim1, wherein the substrate includes a hole having an
aspect ratio of at least four and the first and second deposition steps fil
the hole. 10. The method of claim1l, wherein the first magnetron conpri ses
an inner pole of a first nmagnetic polarity along the central axis of the
first target and having a first total magnetic intensity, and an outer pole
surroundi ng the inner pole of a second magnetic polarity opposite the first
magneti ¢ pol &2.i t yThedhetland ofgelains écwheteinaduaingthg patond depdsitiai, ttye adbstrhteast

150% of .the first. total.nagnetic intensity. : e gethod of clajm1l

mhereinwdaﬁFﬁéPEE?S‘%%rHb@ggﬁf%ﬁﬁkgﬂgﬂén%ﬁ%ﬂ&%b%gﬁﬁh@€&PW@é@9p% %Wﬂﬁg RF

power . bﬁﬁn%%wpﬁhﬁngﬁkhgguﬂ$oghgﬁgkﬁj wherein during the second deposition,
e

t he substra is either not biased or is biased with no nore than 10% of
the RF power applied in the biasing step during the first deposition step.

13. The met h?ﬁj of gﬁ‘lé ?ilkéﬁll(;d ?f\gf?ﬁrﬁi M \Lﬁy?eigitflg tﬁrﬁnaqlgsé%ﬁé)% 8%?(%8?0'& ét%gsq %r%eps are

performed in diff spu redactors connecte a vacu ransfer

chanber pérforniel | iavdiffeens spster at&tdre dogndctcnsit@rghes vhaiune @antfbe ciichBeertent
sputter reactors under vacuum 14. The nethod of claim 1, wherein the RF
pover i 3lapHesehstte & Yowmpiared detwasa thediffereobspier BoowysdsayacsBm. t o an
area of a circular 200 nm substrate. 15. The nethod of claim 14, wherein the
power |evel is between 100 and 300W 16. The nmethod of claiml1, wherein the
substrat e i sl4.or néte wethodaohodhen tihevheiem thenRE rpewer ihepifliedstt adppesilkvan st ep

parti al fil th e, and erein the seco deposjtion step conpletely
PRIL st htiosn 000 st sl Bontilsd St ere bl g ad AR ORP S subst ¢ at o
conprising: a first deposition step performed in a first plasma sputter
reactor fit with a first target having an alum numfront surface facing an
interior of the filhamethosdafetaim ldpwheiepsthe ppwpr fewellisibetiges Lppend 3HYV¢ he
substrate on a first pedestal within the reactor, biasing the pedestal with
RF power having an RF power |evel of between 1 and 700 Wnornelized to a
200 mm di anefiér oflh¢ heetlsadostt alaitre ], wherein the substrate is formed with a hole therein,

wherein the first deposition step partially fills the hole, and wherein the second deposition

step completely fills the hole.

17. A method of sputtering aluminum onto a substrate, comprising:

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 700 W normalized to a 200 mm 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 total

magnetic intensity,
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mai ntai ning the substrate at a first tenperature of |ess than 150C.,
rotating about a central axis of the first alumnumtarget a first nagnetron
conprising (1) an inner pole of a first nmagnetic 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 nmagnetic polarity
opposite the first magnetic polarity and having a second total nagnetic
intensity at |east 150% of the first total nmgnetic intensity, -16
adnmitting a sputtamifidRgd prRptigayoringgasiatorthe st peagtoaror , appl yi ng DC power to
the first alum nu - I IS ] et to
forma first al umﬁ%ﬁ}ﬂ}ﬁ?%%ﬁp%gﬁpﬁg%g%%g?l ?u%ﬁéurﬁ? %&E{a{ou%erﬁﬁkl% eﬁ%g% ¢ %gmed to
a first thickinassuromargetitoforpl afisst akinmtih@adayet oh fie: sibbisdte ahe aluaninura bsmgond
deposi tion s%ep perf%rrred in a second plasna sputter reactor fit wth a

second t ar getormad e s tFknehom? foropanag shrtaceo fhe substrals: 3%k eri or of the

Second firat pededtSo s ey Che Pepet aRod HaPIORIRIANR S apRran ©

subst anti al | withnbseasad, targat hhehgiangaltménusiu st atidacet faaingemo dedi@npethat ur e of
greater than 250C., rotating about a central axis of the first al um num
target a sec&itNSIRIEIORANS s5r)d stsRIBACHRE nagnet ron, adnitting a sputter

working gas into E%ﬁgﬁgﬁ&@ 53640 on ARBIAY r&%é e WP r\)}(ligﬁ? HHE 1 SRERNhe

alum numtarget to y sputter the secon ar get orm a second
al um num | aypedestal beipg bift dubetaffialBturbiased,num | ayer on the substrate, the

second al um num | ayer being forned to a second thickness on the to | anar
surface of the Sugéfeq,t%{p'gx_g tgqﬁu%strate atasecong temperature okfgreater tﬂan 5150°C., PP

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

admitting a sputter working gas into the second reactor,

applying DC power to the second aluminum target to thereby sputter the
second target to form a second aluminum layer on top 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.
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