Description Title of Invention: APPARATUS FOR SPUTTERI NG AND A METHOD OF
FABRI CATI NG A METALLI ZATI ON STRUCTURE [ 1] The present application rel ates
to apparatus for sputtering and to a nethod of fabricating a netallization
structure, in particular, a netallization structure for a sem conductor
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to be connected to contact pads on the outermost surface of the chip. Uniform coverage

of the side walls of vias extending between the different layers of the multi-layer met-
allization is also desirable.

[5] Vias both as part of a multi-level rewiring structure as well as through silicon vias
extending through the body of the semiconductor chip may have an aspect ratio of at
least 5 : 1, or at least 10 : 1 and possibly even at least 20 : 1 or more in the future.
Aspect ratio is used to describe the ratio of the height of the via to its width. However,
high aspect ratios make it difficult to cover the side walls of the via with a layer of
material which has a uniform thickness over the side walls.

[6] Additionally, the use of copper in place of aluminum for the metallization providing
the rewiring structures on the surfaces of the semiconductor chips as well as for
through silicon vias may enable additional improvements in heat dissipation since
copper has a resistivity which is only about half that of aluminium. However, copper

has the disadvantage that it diffuses into silicon and, if this occurs, can damage the in-
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position, in particular, sputtering and more particularly using a high current, low duty

cycle pulsed sputtering technique.



[ 13] The power supply may be a DC power supply which applies a plurality of
pul ses of a DC voltage across the anode and the cathode. As previously
descri bed, the pulses of the DC voltage are applied with a frequency in the
range 10 Hz to 1000 Hz, with a duty cgcle of between 0.01% and 20% and
produce a cunent densrty of between 0.1 Al cnR and 10 A/cn2 on the target.
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[ 25] The al pha-tantal um phase may be deposited w thout the use of

addi tional heating of the substrate during deposition of the Ta-layer and
wi t hout the use of post-deposition annealing. This has the advantage that
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hi gh-frequency signal to a pedestal supporting the substrate to generate a
self bias field adjacent the substrate. The apparatus further includes
means for synchronizing the pul ses of the first power supply with the

hi gh-frequency signal applied to the pedestal. [32] Synchronizing the pul ses
of the first power supply applied across the anode and the



target wth the high-frequency signal applied to the pedestal inproves the
coverage of features on the substrate having a high aspect ratio conpared
to the coverage typically achieved by using a nmethod in which the first
power supply w thout applying the higﬁ-frequency signal applied to the
pedestal as well as over a nethod in which the pul ses of the first power
supply are nétk &) denagsipZeaisupbrde+haanilgh- oF exprenie 9f dicgheferiggas edat o t he
pedestal . Thenapgaratiiss drfon, S ef Hhled RAhE kda bAihe ¥ubdtiatedB|povied cddligg
deposition of oathggg such as a diffusion barrier |ayers, onto the i nner
surfaces of VI Nto the inner surfaces of vias having a hi gh aspect
rati o, [R@r ex élﬂ‘pl thickegys abheciaN lay¢ronayf beaadjiseakhy ddjusting at 1e88 Ting of Hhe

grrbodit rrf:n}) | u Q)%Ttheta;ﬁﬁ&gmr)in 69&19%&%%@@%&@&&@% f?équ@ﬁc%n@ﬁesddﬁm&l[‘ ][ray
e rotata e. emanelc e y. a | sQ conpril romagne or
orovi di ng . EGHAEMET PHaGP i SLLHE 9 deputiiphigtop tiondhe POGerFBa | n an
enbodi nent, tiekifess sﬁleWSsnmllySS|thamlrﬁmopmmnd 84dpph.y whi ch supplies a DC
vol tag%zﬂcrosanfahﬁrtﬁé}%ﬂﬁ)oaﬂﬂenft Bp %arlg@%pdsﬁe@orgb%eafa faﬁzlot‘oﬁ%lr%ly@ th a

frequency, or pul se repetition he ran
preferably Z@GP‘F%teii Y3188 oPYLFIing aEI‘HP’S/Ot@?rctF%hIB‘ﬁu%ét‘%be@r?l‘%‘f“@l‘b?&)aﬁﬂo@d%t@nd
produce a curhenif ettensidepodifiodatcopmdt sBedllapdér maPbeadigpodidAisnidigna vdpeut ar get .

The pul se re %&sﬂﬁ%s@nﬁi&%ﬂ%gﬂpuﬂ@ irst power supply nay be adjustable.
re ar

1351In a furt itus for sputtering further conprises
means flé%] t unigethpd | waqum%ys %ﬂirérgéw POXYSH ITNEYSE Hagiarop SHErEE to For

exanmpl e, the fisurgﬂatefahﬁatunn@uorsstﬂmaﬁe [ﬁﬂa}lsd’!;&\é%d@d fTeq pmws ebmpBsdvizpeandaimay
be tunabl € \M L hlun trtl% ' sﬁlgg%rag'e uri S utq rin m. n#tlc ssen%bl F%I'arrgt IS may
further conmpr?'sePRESAS 2FEP-Uals F4TRESRY ?hé% BRIFISSHERYY S|pgnyol "Wef ore each
pul se of t he nfdgnstic feldedjasenspo g/smr§aca;9é|aut@rgettfetm@bﬁ lctaqémaqwcfeoramtalh@ to

cat hode, nai r%@pmaagj (tnhs tHl @Bstfdt@q%appbvﬁsrg 1 \M}la&@l @%Jw&%&mm& suppl y

is applied 7 ano h cathod nd eriod of tine
LT ter t he puleBiHars Gatiod Shap R of P adE A TRa® DU SR ES Bakhode | s
t er m nat ed, ao@nﬂ@lomenmmmltmedﬂlygﬁwnﬁwwﬂjenbwp@iegalaﬂor epplyingfat kighexpi r ati on
of a peri od ?Ifeqﬁél{@; s?gnta% [ Qe ! s%ﬁp&ﬁn%ﬁfc silbit?atte % &a?euaps%hfyblab.seﬁé’l@en the

anode and the cath IS term nat ed nbodi men now be descri bed
with ref ereneéldfaﬁtﬂvfebt@e%ﬁp%ﬁ ukgs gf fﬁbté’OWFSB‘]PPbi vef rqqua%&watt%f‘s a
met al | i zat i omargferlO0dizroel 00AH7Ididny chaN oftbeoteend).0lgaend mms;prucmee ed on the

substrat e anduakRNRRTR Bl 0N A0 1bNEcTabh 3L i1lustrates
the metal lization str covering the si vvaIIs of a via,
[29] To fabricate the metalhzatlon structure, the apparatus is operated so that the high-

frequency signal is not applied to the pedestal during deposition of a TaN seed layer. In
contrast, the high-frequency signal is applied to the pedestal during deposition of a
tantalum layer onto the TaN seed layer. A pulsed power supply, for example a DC
voltage, is, however, applied between the anode and the cathode during the deposition
of both the TaN and the Ta layer. The TaN layer is deposited by reactive sputtering
using a sputtering gas comprising a proportion of nitrogen.

[30] This method of operating the apparatus for high power impulse magnetron sputtering
enables an alpha-tantalum layer to be deposited on a TaN layer having a thickness of
less than 5 nm and even a thickness of 1 nm and 0.2 nm. The TaN layer is reactively
sputter deposited using a pulsed technique. This TaN layer deposited using this method
appears to encourage the growth of alpha-Ta over beta-Ta in the overlying Ta layer
and encourage the growth of a low resistivity metallization structure. The first power
supply may be a DC power supply. The frequency of the pulses of the first power
supply may lie in the range 200 Hz to 600 Hz.

[31] The invention also provides apparatus for sputtering which comprises a pedestal for



[40] Fig. 3 illustrates a schematic diagram of apparatus suitable for
fabricating the netallization structure of Figures 1 and 2, [41] Fig. 4
illustrates a nethod of controlling the apparatus of Figure 3 used to
deposit the tantalum |l ayer of the netllization structure of figures 1 and
2, [42] Fig. 5 illustrates the hysteresis of the average power and current
when addi ng APPROGERN2 sYaBRtedugng gpytiering 3t dgassoneargplforaedalileashin paefremp1 Vs

pul se peak ¢ lé[erc&r&uy\/e@rmllad% ﬁh@teﬁht tbQﬁ%putte{récﬂ])ntEItlga substrdt W&d § ala@fetdt t heta -
2 theta XRD %?%emg{lx %&r é)gov&c?lag ¢ glatggatl Elé?d aggcglt to a§1(1)r? (%bojt t O‘lt rg-!c-g1 HL fsseed | ayer
: 4£>3<]RDFI gt t : Irapmgrafas 600weninTiudes b fivd @posi supdlyoler apnlmEaWes g@dﬂy bﬂ;tlwggrz arxgt[)es
a patter

usi ng G azi ngpbdcidencendde fif E@Rfrélﬁ?l)f Eﬁlégsl tHel @thodidchldigd thakgge@TRElAL | ed

Voot 1 or opoyst Sibi s Higdh str e ean it N e GO ayS S Brabes 1 ARP SRS o

wi t hout appl Hmg daty dRElesif gpaedeen[048)% Endy20% 2nd plagsite atesers deeti@i df ddtwaeaw of
Fig. 11 showgngafdie .ha rlﬂ%/&r(ﬂﬂoﬁjfhett%&ag'ggIQ]!r)]pa@Qﬁ'g Ao I@lu@éé 9&%}1d @S%r at 2

theta = 33.3) when RF bias iIs erlng aN seed

| ayer, [50] FPYce i@cﬁrllcﬁlﬁbéfqnélﬁ%t% th?(REﬂeﬁE?tl f‘graﬁpldfng(aihlg éﬁeqﬁ%‘%ﬂlf signabtothet g =
38,472 i ndi catisql tiygoatiphthe pliasate tagendrate la spFibhs fibdd adjadest thatelstiatee The

Un cknessed. SpRItar P, oEHE B SLRTyBey A IREL A E ol SRR G
structure 1 ofithd 9mgéltﬁr%ﬁuencz waéﬁpplwdttﬁﬂr;@ﬁl%@h ment is a silicon chinp.

The netia]l i ZatSyQBhI‘o‘)hi’zm‘gttﬁé Qullesi dTahaIdRS pewd sﬁgplly&ppﬁecﬁamltmd a1%ad apd tHehe
silicon substrate on t 3 _and.an

al pha-t ant al U mg?taner thg hi pg%'\h L}én%mg%ﬁ tap'%he#"' tRI%i] deaﬂl mgroves %Ye cclverage of

deposited o ntf@ﬁtmmeomﬂph;abst@m baviirg 4 higbaspect Ipihie ctliamalteéy@ thezporwa@gatymmaagﬁgs 2 ©
of less than aéhlgved%}du SiYa haM@dan Wﬂi&l&ﬁ@ﬁﬁst ﬁ@wéﬁ@lbbly%t}%uz aﬂﬂ}/myf'l?e hasnt al um
layer may ha\freé\:qlaier;[cr}]llsgg%gleapphecfi to t?le pedestal as well as over a method in which the pulses of

the first power supply are not synchronized with the high-frequency signal applied to

the pedestal. The apparatus is, therefore, particularly suitable for the deposition of

coatings, such as a diffusion barrier layers, onto the inner surfaces of vias and onto the

inner surfaces of vias having a high aspect ratio, for example, an aspect ratio of at least

10: 1.

[33] In an embodiment, the magnet assembly comprises a plurality of magnets which may
be rotatable. The magnetic assembly may also comprise an electromagnet for
providing a magnetic field adjacent to a surface of the target.

[34] In an embodiment, the first power supply is a DC power supply which supplies a DC
voltage across the anode and the target in a plurality of pulses with a frequency, or
pulse repetition rate, in the range 10 Hz to 1000 Hz, preferably 200 Hz to 600 Hz, a
duty cycle of between 0.01% and 20% and produce a current density of between 0.1 A/
cm? and 10 A/cm? on the target. The pulse repetition frequency of the first power
supply may be adjustable.

[35] In a further embodiment, the apparatus for sputtering further comprises means for
tuning the high-frequency signal applied to the pedestal. For example, the high-
frequency signal may have a frequency of 13 MHz and may be tunable within the
range 12 MHz and 14 MHz.

[36] The apparatus may further comprise means for initiating the high-frequency signal
before each pulse of the first power supply is applied between the anode and the

cathode, maintaining the high-frequency signal while the first power supply is applied



S [53] Tantalumbased thin filnms may be used as a diffusion barrier and
adhesion layer in Cu netallization due to the chem cal and thernal
stability of the refractory metal and its alloys. Tantalum netal has two
crystalline phases: the | ow resistivi t7y (15-60 m croohmcm al pha (body
centered cubi c) phase and a higher resistivity (150-210 m croohmcn) beta
(tetragonal ) bghese thepinede and He chibpde areBir aeypd 9f Gne aer Be priac phise, it is

a nmore desir gblver Qgphy l&ftwfe@fth@bﬁé‘deréhﬂltﬁe @e@lﬁt&deqatdr@nﬁtedomeﬁﬂmmng he beta

phase. [54] .ust ra mat i.c vi.e

Seni conduct 05 ety NERDERhGTR AR Rk &t olie® efSh RESPPERe ot ana
surface 8. Afmstpaier El&lﬂbﬂ}cbﬁtwt:frm@t: @nedelandgh¢ ¢4thederiatesapiniatedri gure 1 i ncl udi ng
a TaN ljayer 4 E}ﬂ@bﬁh&&@wtﬁnb@%rde&rﬁewﬁ I%fb@eﬂc@ RS the SESRCRS iRl driPRigYi @ 7

as vveII sth ront anar srface . The per rretallrza on 9
°S sl Lot Ol P e HGAASE Gl Sttt SRR eV sy
through the ohitikknubssatofind hiphgiThivdoch isaf@wn 6n the TaNovi de a t hrough silicon
Vi a. ;tﬂg%uﬁ?t%és  the %té{hz?anzn SLdRredHt Fl%tl%lvéﬁﬁ?g th\é'sf’tlre%iu’%‘%g%%d n-a

drelectrrc | a I-level rewring structure on front surface 8
of the [49] corFIgvaé'r illustgates %S@eﬁﬁtle%sumw%frﬁpgarat%éuwbée Fpééa‘%trraa%%t mMeRYS o of

at least 5 hiatlcaistﬂueaﬁéoﬂﬂgmeildmdat | east 20 : 1. [55] The netallization

struct 1l r
putt ety appdt et Houf Dnbl P Sory il e ThhedE B‘Epghf%‘ afF iR
schematic di é@ﬁéﬁmdw%ﬁﬁﬂteéﬁ‘?tﬁ%llﬁpwaﬁrt%%e qt)flgmr&: a be used in a

hi gh- pousyr, i gl SelusBgaahE BPstsRLUL bEMengedBé POettl COrrtS il dindl Pl M5

(al so HPPMS, Htr ré Power Pul sed Magnetron Sputtering). [57] The apparatus 10
al so incl uded As to synchroni ze the delivery of a high frequency signal
to a subslrat &igd Yaseaten be bysieesinohihsdlPlYSpylseortlagarcadpacenddinpe
substrate thajrqegurs substantially si rruI taneously with a nmaxi mum DC

current ur| n volta acr Thi.s feature is
et el ep gt tﬂﬁg‘stt%e 0GR AR0t SR R Soflub Fe b epB el Pt e 3.
[ 58] However IOmmrTahgsetedéayeeactr ve sputter deposition of the TaN |ayer 4 of

the metad) i zat rg ﬁltlggr@tgg@etgﬂeda\qmgpﬁgr equency signal is not appl [ ed By
growi n the a&e 4w thout the use of hi gh- frequenc is

f ound Rﬁ%]t th@er St KB Iﬁfrﬁt&gb‘)fc"a?poé‘gl %Flgnrierqbgﬁt oo gr teﬁé TaN

| ayer 4. Fur tidyer (XRB,ustnpeGiahing kimedcofliffrhaioraN | ayer can be reduced to |l ess
than | and e pecific resistivity of the |ayer
si gni fr?:?ntl }q% i ﬁl&tgﬂ% #Et%qegﬁgﬁ of P hg nmetal | i zation structure to be
deposi ¥ rel |Faa§;|1;} ﬂlattr WO&%H@%?@%%@%%%S@# pee ditlegany Tadayeliel | as with
a | ow resi st id¢pdsyred EuthNestae@raeerstdhpomtt alithi ahatWImuﬁﬁﬂpﬂﬁhglﬁﬁRPsslgﬂl table for

copper - hased r struc 59 i-table.a tus d nmet.hod for
i PPVS T2 gt s s el BTy oF B8 ShMSRYS R BRI b3 Rl 7

which are i nébﬁrt@)oTaatTeéDQ%épeahﬁtwhrteFe}%ﬁé@/hpnr Rifttfaisis emqudetuymgrhett@aplsar at us
and net hod rna,yﬂ{éerg}sggédﬁ@rerrragneti cal ly enhanced sputtering 9 an

Cubst at el |y er b et o XaPireb o T TRV B b B B e Foetss 1 0 a

sem conduct orlpdalpbbseat®wl 18, such as a silicon wafer. However, the apparatus
and metrhpd of quetmaﬁlhﬂﬂltéshﬁe ARRI YISt (BnPARMa AG 11438ds &an%pﬁ’zﬁt LeeliNByers
structure on g\Xﬁl ana{1 urface or as part of ‘a rewiting netallization or
nul ti-1evel PeXMIPRIMEYESEh of a sem conductor chip. [60] In the H P1MS
t echni ¢z, puIEgdeﬂhHSﬂtﬁtdea seberyatBhoew oﬁalnﬁeaihmtltoh suectyrehi ofta pdweeate 2f or
SXarpL e UP  SRiSPIGERInMBARIAN L Ml MO A Gl el | FAITRL 6

are appli

bet ween 0. 01% re to achi eve ver]%i vapour
i oni zati on oﬁl%taéeft’h%rwtm@é OBéltﬁ dldeon suptened & T4 q@r%f)e?tlt@?d o the RS-
al | ows di rectiiyenalans puhtpﬁartﬁgaldmtleyetrrjr;e)emdnémmtmrraat\r heatdnesoppuelayer t he

fact that th 4 t [ ri iel. Thi s
advant age Ca?}n g&usggm{éﬁ 0% o) t%gglﬁ)?t? tfnﬁ?lﬁtnel r%dTRé( Tglklg%;eé Gl':hf/lg a?llugla%essv {)]fa
i ncl udi ng vi a@s riwﬁnlgnanmrglﬁ hagfpeéhlclrr@ﬁﬁ @rﬁr@ﬂl aétO 3 easThej@ntajum Mygamay us
sui tabl e for haad & WiklgeWt gJORKVS is illustrated in Figures 3 and 4. [61]
The apparatus 10 includes a reactor housing 20 defining a substantially
encl osed chanber 24 in which deposition of the electrically conductive
material onto the sem conductor substrate 18 is to take place. A pedestal
28 fabricated fromelectrically conductive material such as a netal or an
alloy, tbr exanple, is exposed to, and optionally extends at |east partly
into the chanber 24 to support the sem conductor substrate 18 at an
appropriate position within the chanber 24 during sputter deposition

oper ati ons.



[62] In this enbodiment, the substrate is a sem conductor substrate 18, in
particular, a substantially planar silicon wafer having a top planar
surface 32 and a bottom pl anar surface 34 resting on the pedestal 28 within
the chamber 24. The vias 16 formed i n3the semi conductor substrate 18 can be
open at the top planar surface 32 and cl osed by the bottom pl anar surface
30 to fldtlma ¢ %@éﬂnéﬁépdgénlefﬂmsmaxb%wé@aaérf%@n@@tl@r@ﬁdtaﬁgqswklﬁmmg

partially inta mmllﬁmmuceﬁ@&heﬁum bh@terhd s@dbﬁl[tg oﬂlﬁ Iéﬁﬁtttbrydhaamidon D.
Side walls 14 defin tth%mt l‘ erlsgt]ﬁaé/ feed: viLa 16, (ﬁ mlé/vglls
14 extend t o 'PREWepf M i cd 81%8? ebSFVrS%%Vi‘é’ 318t %% o

the with w ofohtmhemyilghd Gotlp C@tm@dph@c»plaisqalmmhlghclsre@@tmtyrﬂwoﬂéf)elmce@} to as
an aspect raigh@h @h) &dia ¥t@@-§gton3:9 ph&elpué\ﬁp@eﬁowétreﬁﬁlﬁz%f%mlmﬁs@@tr@ al N as
a ratio of the d?lthf) the vig 16 to the wdth of the via 1 1631The
appar at us 10 "MHE g%‘é@eabah‘éedr’f& SO HIRPISE M EP B t%thﬁlbﬁpaﬂ RY of

r ot at alhb4l per magent ilagnetss: s8ieradjcaden of b podivnex posmitopdudtaiceaté0o of t he
target 12 for ﬂE‘%ﬁ‘dlﬂé a e %h{%ﬁte&{eﬁéi ermQHé‘ﬂHﬁ r?lyﬁrgﬁrfﬁre'tgaA heaigagapt ter

deposited onto the substrate i ncl ud |ng e Interior surfaces of the via
16 such as tﬁ@u‘ét}“a’el ‘i‘r%alp}l%“ai%l 18rFéIg‘B§§én‘6¥‘ ipga TaNaye 4 apdeal RP&g]ZPe]@V%r ield
gener at ed by cbhas megnedrisarfass efitileyiB3® apmellias @s feorplpasnlsunas 6. Diie opti onal |y

on the ex pOS%g I§ F\%@gﬁ)eﬁg‘l Faélﬁagg\ n 63¢ QI?I 11ﬂu%trat£§' %I{ ﬁllgﬁre%f? 9(5 Ql{l:llbocﬁinul\@{sar get

12 incl udes tant Ve spu
suppl i ed frofigHs 7satndethagighibe ﬁWl‘inﬁ%Ser t@%@ha@u‘wfeaé t%ﬁ@émie 5 throyghpl i ed
from gas sourfirod zmandsdm @fiesllimBih®, thd@iaChdARES hin aﬂerlehepug Arrand@@Ss af diow

controller whic op v connected to er. 44 The
cpar at us. 10 FariHBrIRRRRE b FRBIRE GabR B3Pt fRneBli s ot BRI e

suppl y el ect madetld. yn saonhenbedmentst the Vtadwg@tl as.m:ca@ﬂ@@é ahlegﬂrtéuridatdn@ﬁt ao:
negativel y bijasedieaatdnpode i ncluding the target 12. The plasma is initiated
by fl ow s into the cha 4 an niti i nt

ou cot 10y "andiey e ReHeneBuoBrt byt et in fduiss dmic o b ReREHETMRL R udes
aif power sepmtmemg&ppziremsﬂhtsahﬂesl1111:5@[1&03 ed to the pedestal 28 to apply a
hi gh f r%ﬂuenCYF@!uQ@411u§tﬂtés*&%cﬂéﬂﬁn%tcﬁ£%1%% cﬁ@f’ut@b@ﬂ% @f)zﬁaﬁs @@wﬁﬁiﬂ m %r@é field

adj acent to the sem conductor substra pported on the pedesta

during sput t &55hig OPE-RPYVER @P#Fﬁemb@férémﬁpbﬁt%gfm@hﬁl WQ“@P% %F#&EP{MS

accel er at e i osso HPPM®: HilePowercRlltey MoncuohiSpetterategr i al ej ected fromthe
target int [

pronot i %‘; sp utrﬂt:}% ?hgﬁ&% 18%%582 %ﬁ%@éﬁ}nﬁo %&n%lj%cm?\lt/%sgrlr%i?% ﬁiﬁdhlgt o the side
wal | s 14 of tfﬁ’éu%‘%f S!l%lahté?\ﬁ PGSt P %F@e@&amaﬁ%n &t bigs Veltage adpeent therhe

hi gh- f r equengybstiagtaht dtBYrs Rabsardiafly emuﬂmﬁyom}t\hiwnama&&ﬁgﬁ L1 cﬂﬂia&lz dhﬁng OMHz,
for exanple. he appar.a tio further, incl quency
tuner for adj u&z}vﬂl—g[ re?sl%eﬁg leds?cr?%’ o rgeth refgaﬁlérﬁ;ﬁ/uséeldg“ﬁ%n OSI

power suppl yt&lﬂalu@d&]el'ﬁmfthﬁ @htaﬂﬂéa@eﬁwﬂgﬁénal applied to the pedestal 28

and t hegsgul SeSH&f/e\Iethuﬁﬁg ﬂ%éctﬁz@@?hﬁer‘&l@p&@tﬂlﬂ (ﬁfdh@%l@?fa%relrh%f Qfeomadnand the
target 12 ma)f one. an ch ronlz

80! o T abr Nemtar YRR e Belier R S REH MEf apnlief VRS Plaand i % Dlyteay
and 2, the Tahthoayde ude plsa bighdriquedybygnabatct femdghatttherlphgTugilng phase

appar atus 10 chiPbS HIHRL 1RO oWﬂo@t&'Mb@la‘yEM HurBENRES, BE HRSG el 18 oad and
target 12 which has a ng -Cgf‘d nt and | Wdutﬁp?p%/cle Ised ower

A
supply, in pad¥ef €3 berequ 0\ JJIR g evqndo Stitsut e SRetite Rinode or
gr ound an_d t hsstivay giethe 1¥et sl gnidirmvey iharbshg My @nbiek €het aegBizatiéh stiieiwge to
tantalumis E[’)Q ld@%)(gs?[e& ?éﬁhly Eugk Brrélﬁd @l'letléfggs l_%f%cttﬁ ng \géﬁ aSQith Q%w delaN

| ayer 4 is deposit onto trate. wever ring deposition of the
TaN 4 | ayer, “t‘Hé“YanlﬁthF‘f“éH&éh%V“eéaﬁ”gﬁ‘éf’“ PEUGTE inpPledor ffmff-bﬁﬁﬂ FgYiring
sputtering okttdiereoverl ying tantalumlayer 5, the high-frequency signal is

applie 0 the, c ge as
il ust(rjjl S%]ed in E]?ga%%e %Eﬁﬁggﬁdﬁoﬂogﬁlfﬂsg&1?%%@ “@ﬁ@?@%@’@?ﬁ? ering
usi ng appar atldlé)SiO‘@p@ﬁd L2 ﬁ /- tHhach A drdorparatay bered bypiefaenceqn their
iITustrates, eagredy. TUBGppRRXUOhnd BRIOA IS BLAlsE@BE nddn¥lic B le@RAdced phitRENOSS
the ground and target 12 the high frequency signal applied to the pedestal
28, HF, the dc current DC and the variabl e plasma i npedance portion of
the overall | oad across which the pulse of the DC voltage is applied by the
DC power supply which is depicted by waveform ZL.



11 [72] In sunmary, the transm ssion of the high frequency signal HF to the
pedestal 28 begins before application of the DC voltage pul se, continues
during the application of the DC voltage pul se, and ends after the DC

vol tage pul se is discontinued. The high frequency signal is said to be
substantially simultaneously delivered to the pedestal 28 for the entire
duration of tA&leoTicgly earseichivg Batedphirprad sqeice 9§ targrd 18080 aulsirdntiply get 12.

The pul se of v‘ehﬁapkede/@hmﬁgeofacﬁﬂiugﬁ@Jﬂiaeﬁ menétfarnwadnta%emnﬂ@t@f qbsttat i on
of around 13q osec

o oot g 82 G ERROR wPl SO S AP ilof i theied pLFeineé 29°
repeat edl y appbpiatd may agsulte wsed tamdeposithef stypiurden ¢ alagat sutiacoort & paheofsi de

Tl ustia EL e frddbalor funR ABHALE pytdn DBl ofied o acr o

| us | V 1S 1Nl S I.S SS
he- anoau®or drobHiENGs eiitei psled Set Re Dbl ke D iy <
enbodi nent | Joizexdmppowe o sayppll Wegawadttd, wathhi Ighy dute quBadyr siagipéd, besverot .
initially be'ortﬁ%:'?d 10tgh f‘edaﬁtpﬂe(_rl n)eacﬂf'qu%t\@b/ ﬁgh m@m Lﬁqorh%'bﬁ df%ndré %ﬁahe i f

any, plasma %@nlte w th chanber |l asma 1s the | ow
density pl as TaniBe P eIRrPYAS) fqul?rgaeﬂlﬁi;éﬂgﬂ\élé aﬂ[)‘?ﬂ]ilr?‘%qoéi“l Pytigpg onto
est abl i shnmenthreé-dirhenspuhbteatnfestdue t@l the\fadtttiag ehd iboired hetad earpbaaiceeiipgal by 46
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t he | ayer thendiegespaitdiu@n conpare to thickness of the layer in the bottom
portion of the via 16 conpared with conventional nethods, as disclosed in
US 11/954507. [81] In the foll ow ng enbodi nents and exanpl es, the

metal lization structure 1 was fabricated on 8-inch-dianmeter, oxidized
silicon wafers of 725[tmthickness having a | ayer sequence of

Ta/ TaNNSith/Si as illustrated in Fig. I. TaNis first reactively sputtered
on the substrate, in particular on a Sith |ayer deposed on the substrate.
Afterwards, alpha Ta is sputter deposited on the TaN |layer. [82] The Tal/ TaN
structure was deposited by HHPTIVIS in a single substrate tool (1 so-called
Cluster tool) with a rotating nmagnet array under the follow ng conditions:




[83] Target: Ta [84] Target dianeter: 300mm [85] Target/substrate

di stance. 50nm [ 86] Target area: 700 cnR [87] Several processes with a

rel ative wi de range of process paraneters as sumari zed in Table 1 were
investigated. [88] For the TaN seed |¥yer, the ranges of the conditions
|nvest| ated were: [89] Sputtering Time: | - 15s, Thickness: 0,2 - 20nm
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[68] The high frequency signal applied to the pedestal 28 and the pulses of the DC power
supply 46 applied across the ground and the target 12 may be synchronized with one
another by synchronizing unit 50.
[69] To fabricate the metallization structure 1 illustrated in figures 1 and 2, the TaN layer
4 is deposited by reactive sputtering using the apparatus 10 to supply power in a
plurality of pulses across the ground and target 12 which has a high-current and low
duty cycle. A pulsed power supply, in particular a pulsed DC voltage, is applied
between the anode or ground and the target 12 to remove tantalum from the target 12.
This tantalum is able to react with the nitrogen sputtering gas so that a TaN layer 4 is
deposited onto the substrate. However, during deposition of the TaN 4 layer, the high-

frequency signal is not applied.

[70] During sputtering of the overlying tantalum layer 5, the high-frequency signal is
applied to the pedestal 28 and synchronized with the pulsed DC voltage as illustrated
in Figure 4.

[71] Figure 4 illustrates a method of sputtering using apparatus 10 for depositing the

tantalum layer 5. Figure 4 illustrates, as a function of time, the voltage Vpc established
across the ground and target 12, the high frequency signal applied to the pedestal 28,
HF, the dc current I, and the variable plasma impedance portion of the overall load
across which the pulse of the DC voltage is applied by the DC power supply which is

depicted by waveform Z;.



[95] First, a TaN seed layer is deposited by reactive sputtering. If the Ta
is sputtered directly onto the substrate it grows in the crystall ographic

beta phase. Upon the seed |l ayer alpha Ta is sputtered, also by H PI M5 [96]
The presence of al pha-Ta or beta-Ta iH the deposited filns was investigated
in two ways. [97] Due to the large change in resistivity between the al pha
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voltage power supply 46 is depicted, in figure 4, by waveform 7.

[77] Both the pulse of dc voltage from the dc power supply 46 and the high frequency
signal from the RF power supply 48 are supplied throughout period C of the pulse
cycle illustrated in figure 4 until, at time ts, the dc voltage from the dc power supply 46
ceases to be applied across the anode or ground and target 12.

[78] Accordingly, the dc current gradually decreases from its maximum and approaches
the dc current that existed prior to application of the dc for voltage pulse. At time t;,

however, when the dc voltage is discontinued, the high frequency signal is still being



different Ta | ayers, deposited on TaN seed | ayers with and w thout RF bias
applied to the pedestal. [107] Fig. 12 illustrates a detailed view of a
region of Fig. 11 indicating the formation of tetragonal (beta) Ta due to
the energence of the Ta(002) peak at 2 theta = 33.3 when RF bias is applied
during the deposition of the TaN seed | ayer. The underlying sharp peak
comes from t Heligired igibe pedestat 2§ fropohy RFmeaver swznly f8ak is not observed in
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| ayers of 5n ase th i ckness to | 5nm t he
pu se 1 equenttyieian Rt PiiSE ob s $PET SRRt Pl BLGRER Bl F P g

time at 5s. Véscthepbitedl@5FaN/l ayer of 0.5nm by applying a flash of N2
into the JprOCQ§$hé3ﬂZbﬁ %écn%odaﬁﬁeﬂb& bkt &(aa&ﬂlésetﬂerrﬁam@mbn@ftméﬁwwaEl nally, a
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layer sequence of Ta/TaN/SiO,/Si as illustrated in Fig. 1. TaN is first reactively
sputtered on the substrate, in particular on a SiO, layer deposed on the substrate. Af-

terwards, alpha Ta is sputter deposited on the TaN layer.

[82] The Ta/TaN structure was deposited by HIPIMS in a single substrate tool (a so-called
Cluster tool) with a rotating magnet array under the following conditions:

[83] Target: Ta

[84] Target diameter: 300mm

[85] Target/substrate distance:50mm

[86] Target area: 700 cm?

[87] Several processes with a relative wide range of process parameters as summarized in

Table 1 were investigated.

[88] For the TaN seed layer, the ranges of the conditions investigated were:

[89] Sputtering Time: 1 — 15s, Thickness: 0,2 - 20nm, Uset: 550 - 1000V, Pavg: 1 - 8kW,
Frequency: 250 - 500Hz, Pulse Length: 20 - 200 ps, Pulse Peak Current: 70 - 600A,
RF-Bias: 0 - 300V, N»-Flow: 45 — 100 sccm, Ar-Flow: 30 —150 sccm, Ar Backgas
Flow: 5 — 12 sccm.

[90] For the Ta layer, the ranges of the conditions investigated were:

[91] Sputtering Time: 80 - 195s, Thickness: 600nm, Uset: 550 - 1000V, Pavg: 7.8 —
18.5kW, Frequency: 250 - 500Hz, Pulse Length: 60 - 200 ps, Pulse Peak Current: 300 -
1250A, RF-Bias: 20 - 300V, N»-Flow: 0 sccm, Ar-Flow: 30 —150 sccm, Ar Backgas
Flow: 5 — 12 scem.



[116] Fig. 14 illustrates the specific resistivity of 600nm al pha-Ta | ayers
deposited on different TaN seed | ayer thicknesses in the range 7.5 nmm to
0.2 nm For TaN seed | ayer thicknesses of 7.5 nmto 0.5 nm the resistivity
of the tantalum |l ayer renai ned bel owlé‘o [tc2cm The resistivity of the
tantal um |l ayer increased slightly to just over 35 [tQm for the |ayer
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provi ding a substrate, depositing a TaN | ayer by providing atarget forned
at least in Pt fromtantalumto be sputtered onto the substrate,

suppl yi[9g a s enhargahacgnpresithvityrbetweegee dpbh amiethe bgaphasepphy inaig a
pover supply n%gm&@nﬂgcﬁm%s@@@ags&@{ J%ngﬁvﬂt}n The Qf)é&f?é 1iegi¥tivity was de-
termined by using a four-point probe mapping system to measure the resistance of the
film and a step profiler to measure the thickness of the film. The films deposited by the
method described herein were found, typically, to have a resistivity within the range of
18 to 28 uf2cm, which indicates that Ta has been deposited in the alpha phase.

[98] Secondly, X-ray diffraction (XRD) technique was used to verify the crystallographic
phase formed. X-ray diffraction peaks of the samples are located at alpha Ta
diffraction peak positions (2 theta).

[99] For some samples, the existence ot alpha Ta was also confirmed by nanodittraction
in transmission electron microscopy.

[100] Fig. 7 illustrates a theta-2 theta XRD pattern taken for a silicon wafer including a
600nm Ta film deposited onto a 10nm TaN seed layer. The peaks can be indexed as
tantalum having a bcc or alpha structure.

[101] Fig. 8 illustrates a detailed view of a portion of Fig. 7. Figure 8 illustrates a
comparison of the (1 1 0) peak measured for a 600nm Ta film deposited on three
different TaN seed layers of various thicknesses, in particular with a thickness of 5, 10,

and 15nm. The peak intensity is highest for the lowest TaN seed layer thickness of



of pul ses, the cathode including the target, wherein the pul ses are applied
with a frequency in the range 10 Hz to 1000 Hz and with a duty cycl e of

bet ween 0.01% and 20% and produce a current density of between 0.1 A/cnR
and 10 A/cn? on the target, applying ¥ magnetic field adjacent to a surface

of the target, during each pulse of the power supply, reactively sputtering
tant al um f r oPPEHEAN aRdyie et Btankidy subwertdeiethe d5nmihich TaNNeedlyer ayer |

deposi fliog a Tag. Igaﬂlagtrﬂ&taoxkhbepdﬁam @tﬁ@@ledl aYes Ghy,inY PYiddhddligraragnedriac fiel d

adj acent to eta ing an inert sputtering gas,
appl yi ng t he QQV\%LH“ (I'1e o g& { C?ggdl o'a cathode in a plurality of

pul ses,[18He cdilgd&blluﬁmlt%dhﬁgllﬁheemf@g 9 atti@ned fomibrep @Pdws Tarfdmappl i ed

with a frequ‘aegalsuwoﬁ%ermﬁhwnﬂtﬁl&&&o&éﬂﬁ 30AmWtd Fnglut y cycl e of
betvveerugg)égm% nd 2 %and oduc% rrent df@s#tésae tvveen 0 Al cn?
I

and 10 9@8 Igatiog of PRYHNEP QdﬁﬁioPB 5’surface
of the targetinfleppd ghiemg'uaum ghhd taatqthmn tayesdaposited @ the fJellestdlaysupipoast | ng

the substrat g,ffy tHQtQFR@ttﬁasawéseipiath éénﬁg&é @mﬁgh %Pﬁh@tTa‘i\PseEﬁ' Ty\% bt rate, and
during each pulse of th ower eposi ting omt he target

onto the TaNPF%‘SPé?Or’t‘EftP%P‘?FF‘Qh%SSﬁ‘E Eledﬁ‘i‘tfﬂéﬂ%]rayerl\)ﬁ%sﬁﬁ’deré(ﬁ%B)rI&Frﬁﬁset Y claim 1,
wherei n the hoghvdrl thgRENBiYs Siagnat appieddirippbivedoft the ThN spatiagérathedur i ng

d iti f | 2,
Wﬁgfz: n' fg 3 gr@%??&ﬁa# tﬁ%&ﬁl}q% %e‘r?aﬁ%rﬁ't\é%&{kh&s%fvgﬁ ndﬂhQQantt%?H& 1%¥e¥‘d%pé)s§te& |of'i"tdB

appl i ed bet w@ﬁ foyns! tam@asaﬁad thatrerfstipeeibhe b@qaréamfalglm n’fraéwéﬁéquné |t‘gnal

first is applde@dade0ThiRes Pastiest@for e tmBddiaeasridimearéol oa 1of clainms 1 to 3,

wher el rElOS] When the seed layer is decreased to very thin dimensions, the application of RF-Bias

during TaN seed layer deposition appears to initiate the partial growth of tetragonal

beta Ta, or more particularly a mixture of alpha and beta phase on the seed layer.

Figures 11 and 12 illustrate the partial growth of beta Ta in a Ta-film grown on a TaN

seed layer which was deposited with a rf signal applied to the pedestal during its de-

position by reactive sputtering.

[106] Fig. 11 illustrates a comparison of the theta- 2 theta XRD patterns obtained for two
different Ta layers, deposited on TaN seed layers with and without RF bias applied to
the pedestal.

[107] Fig. 12 illustrates a detailed view of a region of Fig. 11 indicating the formation of
tetragonal (beta) Ta due to the emergence of the Ta(002) peak at 2 theta = 33.3° when
RF bias is applied during the deposition of the TaN seed layer. The underlying sharp
peak comes from the Si substrate (Si(100)). The (002) peak is not observed in the film

grown on a TaN seed layer which was deposited without applying a RF signal to the

pedestal.
[108] EXAMPLES
[109] The tfollowing examples are intended to turther illustrate the invention and are not

intended to limit the scope of the invention in any manner.

[110] Example 1

[111] The process listed in table 2 was sputtered at a process pressure of 3.9x10¢ bar. RF-
Bias of 50 V was applied, although not required for the deposition of the TaN seed
layer. The further deposition conditions are summarized in table 2.

[112] A specitic resistivity of 23 uf2cm was measured by a four point-probe mapping
system for this film. Together with the XRD peak at 2 theta = 38.472° illustrated in
Fig. 13 which can be assigned to the (1 1 0) peak of tantalum, the crystallographic



t he high-frequency signal is synchronized wth said pul ses of said power
supply. 17 [d ai m 51Met hod according to one of clains 1 to 3, wherein
during deposition of the Ta |ayer, the hi gh-frequency signal is initiated
bef ore each pul se of the power supply is applied between the anode and the
cat hode, the high-frequency signal is maintained while the power supply is
appl i ed bet woBpsetHExXynplEd rd-harpstegigethadae allalenc) aperi od of time after

t he puqseﬂof pg@ﬁﬁﬂéypply betmeen the anode and the cathode is term nated,

and th ue o after expi

per od TbPIET v S EAGHHE ol Bp TEReRT bR e d il v FRE LALIBRR G he
cat hode is telsm iofegt "Bl se{e@llwewmmeteﬁwdate@onmlmgntoéo@mm dhe dhposprascedi ng

cl ai ns, mherebﬂhga%zbggmnﬁﬁﬁgggﬂqMﬂ§ggnal has a frequency within a range of

about . [Caim7 t ho to one of the
e aThbE | &t 2% mhar Bk e bl b P 0 G Byt ua e sBlsi Meupp! | ed
bet ween the amrm:ke l&ndnd hewe depsitled ToNdaposoit Snat and2aStmomeordér tb iecrdadd thayer

and the Ta I%eﬁnaséwbﬁwﬁme%%@se%qﬁ&@cﬁ@& ﬂal%ved[ff?ln%mﬁi Meisimﬂ @ﬁl%ﬁﬁ‘é ng to

one of the precedi ng clal ns, wherel substrate 1s a silicon
[ G ai m 91Met ﬁl%f‘oPPé}H‘é%%ﬁlﬁﬁ at %S S¥redepositger E?@é@’(ﬂ ﬂ@o éma.befsappwlf& %ﬂ?’?ht%cé\l 2
substrat e i néhtudespratesk eRahbeaier 34 witlan guisé hequesidy bAS@HO Fidalg, ¥ thickaes

coated with the %p-l;g’\inla%gb ﬁ&dba} i.{)%ttlﬁngf ﬁ%@% mﬁlqri%cﬁ} ﬁ%@@@gﬁ‘z according to

claim9, wherei n_aspec
[116] Fig. 14 illustrates the specific re51st1V1ty of 600nm alpha-Ta layers deposr[ed on

different TaN seed layer thicknesses in the range 7.5 nm to 0.2 nm. For TaN seed layer
thicknesses of 7.5 nm to 0.5 nm, the resistivity of the tantalum layer remained below
20 uQ2cm. The resistivity of the tantalum layer increased slightly to just over 35 uf2cm
for the layer deposited on a TaN seed layer with a thickness of 0.2 nm.

[117] These processes have also been developed for growing alpha Ta without using RF-
Bias for depositing the TaN seed layer. By applying an RF-Bias, accelerated ions can
possibly damage structures and layers whereon the seed layer is being deposited. By
applying HIPIMS instead of PVD no RF-Bias is needed to deposit the seed layer. Even
with a 0.2nm TaN seed layer for the deposition of alpha-Ta no RF-Bias was needed.
As can be seen in Fig. 14, even with these very thin seed layers, alpha Ta is grown.
Producing the first layers of the metallization without RF-Bias has the advantage of
avoiding substrate and device damage.

[118] In further embodiments, the power supply is applied to the target for a time period
before the rf signal is applied to the pedestal. This enables a thin metallic layer to be
deposited onto the substrate which acts as a shield and prevents damage to the
substrate when the rf signal is applied. Once the rf signal is applied, it may be syn-
chronized with the pulsed power supply applied to the target according to one of the
embodiments previously described.

[119] This method may be used to coat through-silicon vias with an aspect ratio of at least
10 : 1, for example. Here the sidewall and base coverage of the via is reduced sig-
nificantly in vias with high aspect ratios so that a very thin TaN seed layer may enable
the growth of alpha-Ta in the vias using the metallization structure and method
according to one of the embodiments described herein. The method may also be used
to fabricate a diffusion carrier structure for a multi-level rewiring structure of a semi-

conductor chip with integrated circuits



[Claim11l1Met hod according to claim9 or claim10, wherein the via extends
t hrough the body of the substrate. [Caim 12] Met hod according to claim9 or
claim 10, wherein the via forns a portion of a rewiring structure an-anged
on a planar surface of the substrate.l9 d aim 13] Met hod according to one of
t he preceding clains, wherein the tantalum | ayer has a body centered cubic
crystal structure. [CI ai m 14] Met ho@ hpapigli ng to one of the preceding
clainms, further conprising cooling the substrate during deposition of at

| east dhiwfllt he TaN sel‘élét b yédepmdinghenetalizaiamtivgipes. copplising 151Met hod
according to claim 14, mbeusish @vdssgefl ow is applied to the rear of the

substrate to provi de.c lin aT\%ﬂ ubstr at. tLt tnt] %Clr\]/ettlhod accordl ng
Lo one of the precedi nd® ORI T N MR DI
repetition frequency, tfhendurtadtingn banputtteed orftCrte swbdtiEte,[ Cl ai m 18] [Cairn
19] supplying a sputtering gas comprising nitrogen and inert gas,
applying a power supply between an anode and a cathode in a plurality
of pulses, the cathode including the target, wherein the pulses are
applied with a frequency in the range 10 Hz to 1000 Hz and with a duty
cycle of between 0.01% and 20% and produce a current density of
between 0.1 A/cm? and 10 A/cm? on the target,
applying a magnetic field adjacent to a surface of the target,
during each pulse of the power supply, reactively sputtering tantalum
from the target onto the substrate to form a TaN seed layer,
depositing a Ta layer onto the TaN seed layer by providing a magnetic
field adjacent to the surface of the target,
supplying an inert sputtering gas,
applying the power supply between an anode and a cathode in a
plurality of pulses, the cathode including the target, wherein the pulses
are applied with a frequency in the range 10 Hz to 1000 Hz and with a
duty cycle of between 0.01% and 20% and produce a current density of
between 0.1 A/cm? and 10 A/cm? on the target,
applying a magnetic field adjacent to a surface of the target,
applying a high-frequency signal to a pedestal supporting the substrate
to generate a self-bias field adjacent to the substrate, and
during each pulse of the power supply, depositing tantalum from the
target onto the TaN layer to form a tantalum layer.
[Claim 2] Method according to claim 1, wherein
the high-frequency signal is not applied to the pedestal during de-
position of the TaN seed layer.
[Claim 3] Method according to claim 1 or claim 2, wherein
to deposit the Ta layer onto the TaN layer, the power supply is applied
between the anode and cathode before the high-frequency signal first is
applied to the pedestal.
[Claim 4] Method according to one of claims 1 to 3, wherein
the high-frequency signal is synchronized with said pulses of said

power supply.



[Claim?20] [Claim?2l1l] 18 position tine is adjusted to deposit the TaN | ayer
with a thickness of less than 5 nmor |less than nmor around 0.2 nm Method
according to one of the preceding clains, further conprising depositing
copper onto the Ta layer. Method of oPerating apparatus to fabricate a
metal lization structure, the apparatus conprising: a pedestal for
suppor g subst r at e Mathipd gecepding & Pt Aaimadries whesienbl y for provi di ng
a magnetic field adj acefiring@eposstidif Be Th It AhBkh iRy IBRy3tenhPRShitia@d par t
fromtantalumto be spyt .ered_onto t}}g substratle,. a fi a%tmpom%{ suBFIIYdfor
appl yi ng a power suppl y’bEF GALHPUN ANOHROAHE UBPI AL HEHS PRIVEER M AOFY §1%b

pul ses, the cat hode i nchedithedet He high-fretiventcheigpallis eritzgivechghde fheagtvency i n
the range 10 Hz to 100GybRly iftashbied bededes tRf afdat We@heQa@bde anfrofQ%eadd of

produci ng a current densi of ‘between 0.1 A/ and 10 A/cn® th
Parger . and a second pORET LESUPEEYST dories PRy Bomivee TEd oot FHEpHae
for applying a high-fr eetminatesi, gmhthethighafrpgaesy signad uppontnateg dnlyeafsubst-r at e

to generate a self bias,;fi: i : rEl jcate
the netallization str ucsgufjalrtlgl,lg{ %gbﬁfﬁﬁﬁtﬁggﬁgﬁgﬂ) @?‘;gﬁﬁall)d% Sﬁf)op? ytgigotg{ei@ggﬂet o]

the pedestal during depth§f¢ pshthgrathodel ieadprtSyer . and the hi gh-frequency
si gnal [Caiam)l i ed to t hdethedasdoading s omgofdap pekédiopclafmsa whardial um | ayer

onto the TaN seed | ayer F . ] i . i posi t
the Ta |l ayer onto the g%%%%u@%ﬁ'gglﬁa? g%st %%%@%%%%F?%Bgép% %bgag et ween
the anode and cat hode P¥H@rteabeis 7RiMHzf r equency signal first is applied to
the pedesial7] Met hod acwehdil Aecdr@ng k@bhe d8hOprectdhitiifins, Wheregh N t he

thgl‘ ;r equency signal ig, synCALIBE ARDulel B hOGoRY! 3E51QL ndlier b SholOver
and the cathode to deposit at least one of the TaN layer and the Ta layer
is between 200 Hz and 600 Hz.

[Claim 8] Method according to one of the preceding claims, wherein
the substrate is a silicon wafer.

[Claim 9] Method according to one of the preceding claims, wherein
the substrate includes at least one via and inner surfaces of the via are
coated with the TaN layer and the Ta layer.

[Claim 10] Method according to claim 9, wherein
the via has an aspect ratio of at least 10 : 1.

[Claim 11] Method according to claim 9 or claim 10, wherein
the via extends through the body of the substrate.

[Claim 12] Method according to claim 9 or claim 10, wherein
the via forms a portion of a rewiring structure arranged on a planar
surface of the substrate.

[Claim 13] Method according to one of the preceding claims, wherein
the tantalum layer has a body centered cubic crystal structure.

[Claim 14] Method according to one of the preceding claims, further comprising
cooling the substrate during deposition of at least one of the TaN seed
layer and the tantalum layer.

[Claim 15] Method according to claim 14, wherein
a gas flow is applied to the rear of the substrate to provide cooling of
the substrate.

[Claim 16] Method according to one of the preceding claims, wherein

at least one of the pulse repetition frequency, the duration and de-



Met hod according to one of clainms 18 to 20, wherein during deposition of
the Ta layer, the high-frequency signal is initiated before each pul se of
the first power supply is applied between the anode and the cathode, the

hi gh-frequency signal is maintained wiile the first power supply is applied
bet ween the anode and the cathode and for a period of tine after the pulse
of first power supply H¥sieafindis adisigd taderoshiéhechathbyer vih pdhigknest ed, and
t]be hi gh-;requeﬂcy s: gnads th§nh$ ﬁ?q_rﬂrn@stsqehrpmdoaiﬂb@mdb@mirﬂ.ati ﬁn of 3 peridodh
of ti 't er,,the pul se of the firs ower,. su t ween the anode and the
cat hodd TN i nat ed. MEPASor B8l B s RGrp B HLE rOBPETRE " 1s (o
21, wherein the high-frdegosheycepghantotiasTalaferquency within a range of
about IcMig 189 about 70vMHBd of Gh&him LpYRERAH rasRaHedi M&taliRailestRicnft ahds 18
to 22, wherein the pulses of the first power supply have a frequency in the
range 200 Hz to 600 Hz.2PPEREPF IR{'M¥€hod according to one of clains 18 to

23, wherein apedestal for sup@nrtiiigmmmjstmte dlugmmga imytelring',s. deposited onto
the TaN seed | ayer. [QaimeolNelhegd ACANGHAY 2 thRAPE BE1dGhALER 8 to 24,
wherein the substrate is cool ed durin eposition of at |east one of the

g .
TaN seed | ayer and t he SPaaragier targeeformst 26leRE ik Byt ORI tobsowatierd
clainms 18 to 24, wher eiontd the shibdtmte,power supply is a DC power supply and

R A G R e R
a cathode in a plurality of pulses, the cathode including the target, the
pulses having a frequency in the range 10 Hz to 1000 Hz, a duty cycle
of between 0.01% and 20% and producing a current density of between
0.1 A/cm? and 10 A/cm? on the target, and
a second power source electrically connected to the pedestal for
applying a high-frequency signal to a pedestal supporting the substrate
to generate a self bias field adjacent the substrate,
wherein to fabricate the metallization structure, the high-frequency
signal is not applied to the pedestal during deposition of a TaN seed
layer, and the high-frequency signal is applied to the pedestal during
deposition of a tantalum layer onto the TaN seed layer.

[Claim 19] Method according to claim 18, wherein
to deposit the Ta layer onto the TaN layer, the first power supply is
applied between the anode and cathode before the high-frequency
signal first is applied to the pedestal.

[Claim 20] Method according to claim 18 or claim 19, wherein
the high-frequency signal is synchronized with the pulses of the first
power supply.

[Claim 21] Method according to one of claims 18 to 20, wherein
during deposition of the Ta layer, the high-frequency signal is initiated
before each pulse of the first power supply is applied between the
anode and the cathode, the high-frequency signal is maintained while
the first power supply is applied between the anode and the cathode and
for a period of time after the pulse of first power supply between the
anode and the cathode is terminated, and the high-frequency signal is
terminated only after expiration of a period of time after the pulse of

the first power supply between the anode and the cathode is terminated.



a pedestal for supporting a substrate during sputtering, at |east one
target fornmed at least in part fromelectrically conductive material to be
sputtered onto the substrate, a rragnetl c assenbly for providing a nagnetic
field adjacent to a surface of the tal’get, a first power supply for

appl yi ng a power supply between an anode and a cathode in a plurality of
pul ses [Cla#@a 224t hode | ndViadieAgeadsding & gea of dxmsgditeds. Wesifing a frequency in

the range 10 Hz to 1000héBigharélfubicyCy el hef a hejusaenwithldraapeoRumand

produci ng a current de V. n 0.1 Alcne and 10 A/cnE on the
target, a second power Q\Zlﬁjrtgél{’eq e@\?ﬁﬁéal ly connected to the pedestal for

appl yi rﬁ@laéiml%@l;h f requerMytthgmdmg t@opreefedtinls 1§uppgarwhergnt he substrate to

generate a self bias figé gu@éij FGRNirst POwSURBHIHaCe a BRHuRAMS tHeQhinge 200
synchroni zi ng the pul S;e)[iﬁ (t&f‘ﬁzfl rst power supply with the high-Trequency

signal applied to the [ Cl ai m 28] Apparatus according to claim 27,
wher ei nCtae 2dhgnet asseMbllhpdammalmg@som @ daigdsi18yo @8, wisgeiet s. [ C ai m

291Appar at us accordi ng 1,0, ﬁa%ﬁi‘aﬁ%na r%le sﬁtQ@oH@gﬂ@*ﬁN%ecﬁQ&rmﬂg“et
asserrbl are rotatabl e. aim 3 arat us according to one of clainms 27

to 29, eh the fir SMG%‘B%FC‘%@B%I“i/OIi‘esOfaFIT‘)@Sd&X%P s‘ﬁ%ﬁi 19 [Claim
31] Appar atus accor di ng thesuneawfis cbadé¢ddurthg depodfion vheneistotehd thelTsE seed

repetition frequency ofla%}%naiﬂ{esfa Royer supply is adjustable.

[Claim 26] Method according to one of claims 18 to 24, wherein
the first power supply is a DC power supply and pulses of a DC voltage
are applied between the anode and the cathode.

[Claim 27] Apparatus for sputtering, comprising:
a pedestal for supporting a substrate during sputtering,
at least one target formed at least in part from electrically conductive
material to be sputtered onto the substrate,
a magnetic assembly for providing a magnetic field adjacent to a
surface of the target,
a first power supply for applying a power supply between an anode and
a cathode in a plurality of pulses, the cathode including the target, the
pulses having a frequency in the range 10 Hz to 1000 Hz, a duty cycle
of between 0.01% and 20% and producing a current density of between
0.1 A/cm? and 10 A/cm? on the target,
a second power source electrically connected to the pedestal for
applying a high-frequency signal to a pedestal supporting the substrate
to generate a self bias field adjacent the substrate, and
means for synchronizing the pulses of the first power supply with the
high-frequency signal applied to the pedestal.

[Claim 28] Apparatus according to claim 27, wherein
the magnet assembly comprises a plurality of magnets.

[Claim 29] Apparatus according to claim 28, wherein
the magnets of the magnet assembly are rotatable.

[Claim 30] Apparatus according to one of claims 27 to 29, wherein
the first power supply is a DC power supply.

[Claim 31] Apparatus according to one of claims 27 to 30, wherein

the pulse repetition frequency of the first power supply is adjustable.



20 [C ai m 321Apparatus according to one of clainms 27 to 31, further

conpri si ng means for tuning the high-frequency signal
applied to the pedestal. [C ai m 33] Apparatus according to one of clains 27
to 32, wherein the apparatus conpris means for initiating the

hi gh-frequency signal before each pulse of the first power supply is

appl i edChémigén t he anodepasiBs aqserding toowe, of glaims A7 i iy feger sp@gRisingquency
signal while the first pewstosuppkyhd SighpRGhatyhawegplitde apgdesand t he
cat hOdﬁCfnd 3f ﬁr a periog of tine ad‘.te{ t he ptjl.sezg)gI §§[&ﬁ1t pover supply

bet weed THE *2hode and tAPEHFHETEE PHNSELES 24K 1 M ALt i ng t he

hi gh-frequency si gnal dhé¢gypraiiates carpiseaticons fof irtigg thelhigh-frdquencyfsignal t he

pul se of the first powelersSRRIY G WRROTiERBoRECIBpBNG apfIRAGRINRAGK S

rmn :
term nated anode and the cathode, maintaining the high-frequency signal while the

first power supply is applied between the anode and the cathode and for
a period of time after the pulse of first power supply between the anode
and the cathode is terminated, and terminating the high-frequency
signal only after expiration of a period of time after the pulse of the

first power supply between the anode and the cathode is terminated.



