; e3e Lj6T xz - Page 1 METHOD TO FORM ALPHA PHASE TA AND”lmm | ON
TO | C MANUFACTURI NG | Background of Invention 1) Fiel d_ of ," iffpn

Thi s inventiff mmeneral ly to fabrication of sem conduct devi ces,
and 10 to tl’“mu“mmmu ‘ n of nmetal |ayers conprised of al pha |ol éss?e Tant al um
-~(Ta) and nore pardneul arly to Ta | ayers conprised of }Ighg and beta phase
tantalum 2) Description of the Prior Art As ultra-1lardé scale integrated

(ULSI) devices extend into deep subm cron 15 20 generations, new
Linterconnect schenmes and materials are essential to drive perfornmance and
reliabili t IETHMODDTOFORM I AVEHALRPHA SB EAtANDATS ABPEICATION TO IC - 2. 2

ym cro-ohmcm and hi gher el ect \pANUFAGCPURIRSG St ance, copper has begun to
i spl ace alum num as the interconnect material of choice. Nonethel ess,

copper is a fast mgrating species in silicon based devices, and its
i nherent chemi cal reactivity Badkground of bueatipni bl e t o oxi dati on and

CoJrosi Qn. C engapsul ati on of the copper is essential, and a

C dui)_c &%"édggﬂﬁ egﬂ%‘gl d be a suitable encapsulant that can act both as an
effective barrier s GRERGE diddsU2hO s fARAHIES LHhidnaiRbLdeviQs! 4Rl
surrounding dielectrics while maintaining the overall performance. Tantal um

and i tosthe Eibgicatiorcolitpetahidgers gomprised efinlphaphase Tantelunma(ia) aehmaraparticuladon
nitri have attract ch attention to.their role as copper diffusion
barri‘g’?@faaﬁ%rﬁﬁﬁmgnﬁeéf%aaw&ag}‘%#@ aphaSetagfAl [ ' D1 g0 relatively i mmscible
wi th copper, and is thus an excellent barrier material for ULSI

aﬁfl ications. However, better nmethods and structures for form ng

i Ht er pRescriptioniafthaBriogAnter | ayer are 25 needed. The inportance of
overcom ng the various deficiencies noted above is evidenced by the
extensi ve technol ogi cal devel opnent directed to the subject, as docunented

by the rel evant paA€daltradaggetseald iteghteli(UBSAtdevies Thtend Inds @sdp sabmhicdppar ent |y
nore rel evant technical devel opnents in the patent literature can bhe

gl ean&ePepionsRSVHESIeRINe ssheraes andgpatexiels Awscssepial fo drie pgrformanciond o
tanta éﬁ%ﬁﬁ’.ebwi %BQQQO%&&IQ e?e%&ic?xpgegfé{iﬁg)hg'.ﬂbQ.‘i%flic%-o%Jg%n)Z%@‘ﬁi%B”Et hod

of maki ng croel®ctronic structures usi tantal um 1(Uzoh
et5 al electsdmigsationresikance oopper bas xigud té Haplacoalomiesn as therinfesronhent eratertal US
6, 291, E 3}5 DL c@(?r{e?lllelesg,rdo ectar igla'fas)t rrgi rsa(t:ilrjlsgeescieas irrlrgfl{[cior_l geéﬁrdegifces-l,- %.L\Id ?t? d Ta as a
bar ri 8 “19§fer PP graling sp
inherent chemical reactivity renders it susceptible to oxidation and corrosion. Hence,
encapsulation of the copper is essential, and a conductive barrier should be a suitable encapsulant
that can act both as an effective barrier to copper diffusion and an adhesion promoter to the
20  surrounding dielectrics while maintaining the overall performance. Tantalum and its related
compounds such as tantalum nitride and tantalum silicon nitride have attracted much attention to
their role as copper diffusion barriers. Being a refractory metal, tantalum is also relatively
immiscible with copper, and is thus an excellent barrier material for ULSI applications.
However, better methods and structures for forming interconnects with Ta barrier layer are
25  needed.
The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as documented by
the relevant patent and technical literature. The closest and apparently more relevant technical

developments in the patent literature can be gleaned by considering US 6,339,258b1(Cooney,

30 IIetal. ) shows a tantalum layer.



US 6, 251, 528b1(Uzoh) shows a nethod shows a nethod for a Cu stud that

i nvol ves a barrier layer. US 6,362,027(VYamazaki et al. ) shows an
interconnect with a Ta layer. 10 FACTORS CONTROLLI NG THE STRUCTURE OF
SPUTTERED TA FILMS, by G Feinstein and R D. Huttermann, Thin Solid fil s,
Vol . 16, pages 129-145 (1973) shows beta phase Ta processes. Page 3
Summary of the Invention It is an object of an enbodi Xegt2of the present
invention to provide a nethod 5 for fabricating a Ta filmconprised of

Al pha phase Ta It is an object of an enbodi nment of the present invention to
provi de a nethod f f>alp i [ fl [ phase Ta on a
copper film It iJﬁgggggfgg?Hggggﬁbéﬁgggaggﬁgag%n%ﬁ%xgégggﬂ?ginvention to
wor ovi nhicraeleetdnidsthueturésiming atantadua. Ta fil m conpri sed of al pha phase Ta and
Bet a phase Ta on rofi O It js an ohject of, an enbodi nent of the
present inventionqgéggggJﬂé%h Z%%FU@bﬁL@WTBFm Hf&&hﬂﬁ%f@@tﬁ%Qvﬁ%ahaving
a Ta il Goepri sed of al pha phase Ta on a copper film An enbodi ment of
the invention provides a nmethod of sputtering a tantalum (Ta) |ayer

canpri sed of al phdJphR9e,885bRabratdppeal. ) Gispuisey@multifteyecofibalN aehla as a
conprLses $'15 | ow tenperature Ta sputter step to forma tantalum (Ta)

| ayer %Bﬁb Y¥ed of al pha Taand beta Ta. An enbodi nent includes a
pre-cooling step ays8%5¢mRehRULOE) SRHSE alh@Ro@BINs LRACRoRTHOL Ch Qrulidhsput t er
deposi tion. An enbodi nent includes a pre-clean step to clean the copper

sur f abwopyes abaxrigriaysr.Ta sputter. The present invention provides a first

non-limting examgl Lpent  20. whi gch, can_be.characterj z as follows. A
Cu layer is for nengjgégj@gﬂz{iaéﬁzgg le&hakl'ﬁéh%ﬁs %%?TCWCQWM&%S%SIMFOJ
siwoface. In a Ta SPACTORSGONTROLMBIG THR STRUCTARETOFRPAITTEREDEr LU Layer
at a substrate tenperature |ess than about 200C. The Ta | ayer is conprised
of al PHaMBnbE. Fainstemeand R. Iy Fiyttermanyy, dihi dolid, fibasmyiol sle peges dRRHAS §h¥ED Ta
and b s : iLnhg to another enbodinment, a netal |ayer
prefe?gﬁYy a ﬁﬁgﬁgeég&%ég%brned over the Ta layer. 25 |In anot her
non-limting exanpl e enbodinent, in a pre-cooling step prior to a Ta
sputtering step, we cool the substrate to a tenperature |ess than about 200
C. In another non-limting exanple enbodi nent, a pre-clean step conprising
an inert gas sputter performed prior the tantalum sputter. 30 Anot her
non-limting exanpl e enbodi nent of the invention prow ides a sem conductor
structure conprising: a sem conductor structure; a copper |ayer over the



Page 4 sem conductor structure; a tantalumlayer on the copper |ayer; the

tantal um | ayer conprised i al pha phase Ta; a netal |ayer on the tantalum

| ayer. The above advantages and features are of representative enbodi nments

only, 5 and are not exhaustive and/or exclusive. 'They are presented only
"to assist in understanding the invention. It should be understood that they

are not representative of all the inventions defined B3gethe clainms, to be
_considered limtations on the invention as defined by the clains, or
.limtations on equivalents to the clainms. For instance, sone of these

advant ages may be nmutually contradictory, in that they cannot be

simul taneously present in a single enbodinent. Simlarly, 10 sone
‘advantages are applicable to one aspect of the invention, and inapplicable

to others. Furthernore, certain aspe %s ﬁﬁztpe cl aimed invention have not

been di scussed herein. Howevd{m ioh e IYERUCR oyl d be drawn regarding

those discussed h@righfobjebadfiak@niRddiR&i 9f Rl preenE e eRtbr 8 ROk ARknddhan

for purposes of space and reducing repetition. Thus, this summary of

f éat dpegbratingdybnfikig eemprisad of Alpha plasedasi der ed di spositive in determ ning

equi val ence. Additi.onal.,.15 features. an vantages of..the inventio j |
becone apparent i hlf ﬁ%o'f“gﬁ oofe\ﬁa‘ﬁglbd)ggg?ngﬁ?&oe ,resfegghr%vfﬂtéonzﬁpf Yi %?ngﬁ}bo rom

t he dgbafabEicatingRaDefim Bsinpfisddasgalphatpghase P4 ol Beopperlilmgs The features and
advant ages of a semni conductor device accarding to the_ present invention and

further details oftiaappbiesiaf aprembodimentiof thy prtent wvsatigrclerierdde s meshadce in
c e A . . " ood
£ om P SPRE i T KIS BBAEN of A EHH Ol Ti!had RO SRS LoFRbpabel BT > D08,

doawi ngs i n whi chtdis ke objetesfancembudimertlof tihagegnainvestion togrovide a structure
correspondi ng el ements, _region nd portiqgn nd jn which: Figure 1 Ais

cr ossfggéé?mlaﬁ uciqr sz#lavmgasfarfﬁm ?fgn%rl%?apﬁa hPBLaﬁe&?arﬁ%C(B’é’F'éﬁ%ase Ta in
an opening according to a process known to the inventors. This is not prior

art. 10 Figure 1 B is cross sectional view for illustrating a nethod for
form ng Beta phasdnfanbalimentofene imyemiongrdvides 4 methodraf spatseringatanthlunt he

i . Thi I, t i t. Fi I ti | Vi f
1V e A daeh Cortptisadit o sl & 9P LG} \3gR I citpodiient SRAPERSR Ta i n
a3 | NbrERAPAAREe 76 St B2pIo BRELHANRANN (THY 1hiRLoRPROR] 6f APROD FRMetTal he

invention. 15 Figure 2B is a cross sectional  view for illustrating a nethod
f or fAnambgdimenainchyes a preapnolig dtepfat altqyhperptineeslessTthaaaloort ADORE proran Ta

intercopnect t.a a second.non-Jimting exanple of the invention. Figure 2C
s o PEBECTDEtifipt (3K SpPRER IlIELE Prerclrayt SOROUEHS P FORRST FTHSC TPEID ay or
conprgsqd sphted! pha phase Ta according in an interconnect to a second

non-limting exanple 20 of the invention. Figure 3A is a cross sectional
view for ill ustratlihagresentsnpendioh@ro¥ides gt ponFlimitingexaophpembediment al pha

SRR R R NI T T R
Ta  has an exposed Cu surface. In a Ta sputtering step, we form a tantalum layer on the Cu Layer at

a substrate temperature less than about 200°C. The Ta layer is comprised of alpha phase Ta.

The Ta layer is preferably comprised of alpha phase Ta and beta phase Ta. According to

another embodiment, a metal layer, preferably a Cu layer is formed over the Ta layer.
25 In another non-limiting example embodiment, in a pre-cooling step prior to a

Ta sputtering step, we cool the substrate to a temperature less than about 200 °C.

In another non-limiting example embodiment, a pre-clean step comprising an

inert gas sputter performed prior the tantalum sputter.

30 Another non-limiting example embodiment of the invention provides a

semiconductor structure comprising: a semiconductor structure; a copper layer over the



25 | ayer conprised of al pha phase Ta according to a first non-limting
enbodi nent of the invention. Figure 4 is a cross section view for
illustrating a method and structure for formng a Ta | ayer conprised of

al pha phase Ta according to anot her enbodi ment of the invention. Page 6
"Figure 5 is a cross section view for illustrating a nﬁtho and structure
for forming a Ta | ayer conprised of al pha phase Ta act®® ng to anot her
_enbodi nent of the invention. Figure 6 is a diagram of exanple equi pnent
_that can be used to forma Ta 5 | ayer according to an enbodi ment of the

I nveRtm@anductéy Gtikctird, 4 fandal@dddter oh thRdppe lagdr; hefthhitaltbd RRYr domgprisbét a scan
spectra (vs intensitly a.u.) that conpare filns produced using process A

¥ 700 pirbethasebas @ metal layngrow the fantdwdess: (702). Figure 8 is the X1ZD two
theta scan spectra that conpare sanples processed 10 with first enbodi nent
versus that with a TaN Ta bi -l ayer process. Figure 9 is a graph of via
chai n resistance Thtakove@dVintages and dgrterds heroftrépreeencative smbSdiment\ihly BL) .
Page 7 .Detail ed Description, of t Preferred, Enpodi nents A, first,

non- [AAES 7R cERaHYe cHishie- Shex #e PresgiRd PBIY 1P essistin ypderstapding them 5 Ta

fi 1 Mg, GOmBhI 18 Stbid bﬁgﬂ&@stgg@ﬁﬁt thdy ;aﬂs ot 9&99%%&(?& bf Sl Elgeqﬁeexﬁignédéﬁ’&d by

tenperature.” A second exanple non-limting odi mrent describes a pre-clean
st ep theclgims, & bspartsidered lohitatioms Co thaimvateonpsi definedby the damsadlmEgidnser and

to f Ta fil i sed Al ph T Cu
Pt el berpert s B g of s afisBhercmes b€ TuRuiBlEcs ¢ ot
f or MgofaRadibioh i HRS the afibt Be S BtEARS ﬁa%se?]ht PRI BRERGE BYdUh EntVEREiBrfyne Cu

does not require a pré-clean step. During the Ta sputter the substrafe
tl@mp spmedeantagesaed anmdishble 200 aspettofithe inpensiont and mdpplicapleitn otherenbodi nent

P T R e S T P R SIS o
( €. 9.no ihfeinck @hbreld e Ak dtrdrebdrdld) those discussed herein relative to those not discussed

herein other than for purposes of space and reducing repetition. Thus, this summary of features

and advantages should not be considered dispositive in determining equivalence. Additional
15  features and advantages of the invention will become apparent in the following description, from

the drawings, and from the claims.



A second exanple non-limting enbodi nent describes a pre-clean step (e.qg.,
Ar sputter) of the Cu surface prior to the tantalum sputter. The second
exanpl e non-limting enbodi nent includes a Cu pre-clean step (e.g., Ar
sputter clean) if the Cu surface is not "fresh”". 20 An exanple of a tool

* that the enbodi nents can be perforned on is showm in figure 6 and expl ai ned

further below. |. First exanple enbodi nent of the i nveag€idon The fir st
enbodi ment is a process that forns a Ta | ayer conprised of Al pha phase Ta

. and beta phase Ta on a Cu surface at a |ow tenperature. 25 A preferred step

in the process is the pre-sputter cool step that cools the substrate and Cu
surface down froma tenperature above 100 C (e.g., > 350C) to a tenperate
bel ow 100C and pr ef er abl yBrigf Deserigtiongefithe Dyawipgsn 20 and 100C , prior to
and during t tler LL) . X ess for
the first emh%gﬁgn%tﬁ{égiaéggd‘gaﬁgaggééf;?gen&lg(r)r'g(rﬁllggoégleg‘?eﬁcﬁéhgé(?ﬁ'g%r%geggt eps:
Degasnventiél askefuribr @shildaf)a process bf fabrideassueh a-sdmicpdidter dsd@lin- ~ Ta
deposition (e.qg., alpha phase ) -~ cool- Cu depositigon. 5 Below is an
eXanmgFeordsiss avithethe pesentriBventign 844 beanarp glgarly yunderatopd from hadolpwiagi bed. 10
Tabl S, . - : . .
srepderspist B 3 cOBERTDME Be sellmitiviR Ryier IR Tflmee ( § pegas
c hanmnangedadestgraElsimilanvisdoarespongimf elehents,28gioanahd patiows dnd in which:

about 350Ct ransfer _wafer, to coolin hanmber T from 350 cooling toabout
between 210 and24BEIFGLA RS ScEuRtal Hieapior issates Mempoop Bramegea

a ra?,ggfer TR & opeRingAceRHing®b & pro®8s kndvth RARCHRRIRE. Wisﬁ?%%%or'artt. o form Ta
| ayer T bel ow 200C andconprised of al pha phasepreferably from 80 t0100
@ransfer wafer t biguostB spubssseciarial migweloanthstratng a wetlexdTof fooming BEO to ~
30C The ocess is. described below wth respect to the.processed being

por t GRAGT 1 5 QRSTITE ACFLIFDE o PGEHoest kgt G Btyebiogs Bt 861 D Rtinpl o0 of
integrated clust eF}gu%)tA 14 BrobAskeiBnal Vidw, Bsitilldstfaing MnSHBSEFR fGPhiAPRTaed
Materials Corp. USA or tools by Novellus systenms, 15 USA the | ATM .
Howeayer compeised: afcilphacase be i amiier¢nangelegcordingexssapidnambimiting exammte i n

fi gure b% iand %fgf%r.i be .%urther bel ow. Page 9 As shown in Figure 3A we
provi 4E QIE%% d0E¥ 5P st ruct ure 100 102. The seni conductor structure 100
162 has a top oxi @gur@YBlis 4 OdsoOMRtional Sidve Foraliestrhfifg a hetisdfor Gsnin®s dher abl y
fresh Cu surface to of forman alpha Ta |ayer upon, preferably the

f ol | dewasigompeped ofalphaerhast To psrording apasinggregnnect fo @sgerid nosnlimiipeexample
surfaoqqhé'ﬁwgrﬁ%.cl ean and preferably under vacuumprior to the Ta sputter.

Figure 2C is a cross sectional view for illustrating a method for forming a Ta

layer comprised of alpha phase Ta according in an interconnect to a second non-limiting example
20  of the invention.

Figure 3A is a cross sectional view for illustrating a method for forming a Ta
layer comprised of alpha phase Ta according to a first non-limiting embodiment of the
invention.

Figure 3B is cross sectional view for illustrating a method for forming a Ta

25  layer comprised of alpha phase Ta according to a first non-limiting embodiment of the
invention.

Figure 4 is a cross section view for illustrating a method and structure for
forming a Ta layer comprised of alpha phase Ta according to another embodiment of the

invention.



A. Degas step - prior to Cu deposition Prior to Cu deposition, the wafer is
transfer into a degas chanber for a degas step. Wafer is placed on a
pedestal . Lanps |located on top of the wafer are used to heat up the 10

waf er by radiation. Heating is made by regulating the power to the | anps
~and the duration of the process. Wafer degassing is perfarmed by placing
the wafer on a pedestal followed by a nmultiple step i°’ng (e.g. atwo
.Steps process was used). The first step is to ranp up the tenperature to
.the desired tenperature and the second step is to nmaintain at that

tenperature for aripafd P afrodsi seBiorByiewdbt illabtrdtig aa¥hbd and sthdi@edbr t hese
two steps process, degas at different 15 tenperature i s made possible. In a

pr ef &tpting prladesss compasedeafialphy nhapgyEe agegrding to ander embedimend of deep power i s
~ GO%NeB{ioﬁ' 20 seconds and the second step power is ~ 40% for ~ 20 seconds.
The environment of the degas chanber is in vacuum of around 10E-6 Torr or

| ower. The pur posEigafe 6lBgrdiagrhmbfiexanplet@@ipnientithat pasisd ided tortirsi AITg or
weekl y adsor hed organLc .ol ecul es on the wafers surface. This is inportant
to plarFeAtcoRting il ¢rybment b nveii9hce in the deposition chanber that

conprom ses the q LI Qf Q@'; 4 § Ltion Next
the wafer is tranggg‘%zgoﬁ crﬁa%%zg ?éprggidppjgg%éﬂgwn%?ﬁté%gs&‘g@gg%s

pr ef éntediity daelk phatcdmpaneddms praduded gsing proexsos 6@00pwah theo first embadintemt i on. 25
In the Cu &g osition chanber, a copper layer 106 is formed over the

seni PHFERYBF) structure. See Figure 3A. The copper (Cu) layer is preferably
formed by a PVD PERuessis thE KRTAtWPHelSEH sfddirh BYR CombAE sHRBRI pk&sdeld fi1m
can be kept under vacuum and free from possi ble contam nation. PVD sputter
¢an bethclnst erabodient versusdhataithuianl eNdlaroapenprocesPage 10 Thus, the Cu | ayer
is "fresh" as it hegins.the fol)ow steps (e.q., sferred - into a
post Cu depositio 1g35e0§1s ﬁ%?#‘.’laﬁﬁggﬁe%’ggﬂfg V?ﬂﬁt(ck{r]@r}@g@ﬂﬁ?da@étmge
essentil{9TD,[EMB, BLpm cont anmi nation and CuO. C. Post Cu deposition cool 5
The wafer is pref erably transferred into a post Cu deposition cool chanber.
The transfer is preferably perfornmed by robot blade under vacuum After the
Cu deposition, the '"fresh' Cu wafer was kept in the cassette. The cassette
i s mai ntai ned under vacuum of at |east 100 mlorr. The post Cu deposition
cool step is perforned to fulfill the software requirenent of the
integrated cluster tool of cooling wafer 10 before storing wafer in the
cassette. This step may not be necessary because Cu deposition chanber was
equi pped with Electro static chuck (ESC) at tenperature |ess than -20C
Wafer after Cu deposition will have tenperature nuch |less than 100C. Wth
and wi thout additional cooling should not have any inpact to the subsequent
al pha Ta formation. The substrate is preferably cooled by flowing Ar or an
inert gas adjacent to the



15 substrate. The above steps degas, Cu sputter, post Cu deposition cool
serve to prepare 'fresh’ Cu under vacuum D. Degas Step 20 Next the wafer
is transferred in to a degas chanber for a degas step. See above for a
description of a preferred degas step. The substrate tenperature at the end
- of the degas step can be over 300C and can be between, 34Q and 360C. E,
pre-Ta sputter cool process 25 The wafer is then pref ly transferred
into a cooling chanber (e.g., pre-Ta sputter cooling chanber). In the
" pre-cooling step, the substrate is cooled froma tenperature (T) preferably
- between 300 and 350C to a tenperature bel ow or equal to about 200C and
preferably between 20 and 100 C and nore preferably between 70 and 100C
. Page 11 Wafer cool i Pefailed Peggrintion gitpeul’vs&mslﬁynbgﬂamm the wafer on a
pedestal or wafer chuck and filling the chanber with Ar gas to a certain
pressure setting. Pressure can preferably range from1.5 to 7 torn and

preferably about A fieffon-liaitingfexanipld@nb@fimentagnhdmventiviLis betocsa foymt he
Ar gas to the vvafeéfgedestal or by coolin ooling water) to the 5

J (e.qg., ¢
waf erlafdlmscomprisadef Alphaphassola oy eqnpst (%u%éﬂﬁ‘affe @ leWdempralirg | | cool the
waf er at tenperatuyr g{gg, Wk g Y, ] ectro
static chuck cool ?knsgcl&{sd a sg)?ep%ggﬁmhgl%)%ﬁ%%ﬁﬁgﬁetdd %ﬁégmg"g‘? S"?B (%'f er
t enpekmedputter) lob tierCu fiafact PG tolthe tantaduro apattertand apndxsss mtformJaddoised by

flow ng Ar or_.inert. gas.adjacent t he. substrate. The el ectrostatic chuck
or " Esehreisept AR oni T Gl fese G0 R A YN HIPEBOFant (viater or
cryogeni c coolant) to achieve better 10 heat exchange purpose. The wafer is

preferably cool ed by cooling water in wafer chuck and/or inert gas flow
dést the substrat dhe fins eohotlinmpt i¥a proeesadliat foros Anchipla phasd aprd G any

Con gt RO Aol Pt hEGPee Sy Rtk g puiaw e B T he 1"

Sput t@itathe L@ BstrattehieBtdre &P AlrABTY OYRT orllowbPBAGRefched SRPRSn Layer 106.
The tantalum sputter i's preferably perforned in a Ta sputter chanber. The

Ta | agnavodifiénti & thooguling ettpdé.gabptveepRsed TAO°Otefdra Tladyyer (dd8prissdobnpri sed
of al pha phase Ta a beta .phase Ta. The, Ta s terjng p is preferably
perf &ﬁ&%@t CROHI emor R deesgiot FRFRSPRL hagt (st T o Rh A8 and’ 24

Kisl owphts; at Ta deposition rate between 750 and 1200 20 ~r/mn; the

waf er/ substrate tenperature is preferably between 20 and 200C, and nore
preferably a wafer tenperature between 20 and 100C.

A second example non-limiting embodiment describes a pre-clean step (e.g.,
Ar sputter) of the Cu surface prior to the tantalum sputter. The second example non-limiting
embodiment includes a Cu pre-clean step (e.g., Ar sputter clean) if the Cu surface is not “fresh”.
20 An example of a tool that the embodiments can be performed on is shown in

figure 6 and explained further below.

L First example embodiment of the invention

The first embodiment is a process that forms a Ta layer comprised of Alpha
phase Ta and beta phase Ta on a Cu surface at a low temperature.
25
A preferred step in the process is the pre-sputter cool step that cools the
substrate and Cu surface down from a temperature above 100° C (e.g., > 350°C) to a temperate
below 100°C and preferably to a temperature between 20 and 100°C , prior to and during the Ta

sputter deposition.



The substrate tenperature is preferably maintained by wafer cooling chuck.

Contrary to other al pha Ta sputter processes that are performed at high

t enperatures above 600C. It is unexpected that the invention can sputter at
a tenperature well bel ow 600C and 25 forns al pha Ta because of |ow sputter
- Tenperature, (e.g., the pre-cool step) and on 'fresh'_copper surface. The

Ta | ayer preferably has a resistivity between 90 to 1Hagedi cr o- ohmcm The

Ta layer is preferably conprised of al pha phase Ta with between 35 and 50

~ Wt % and Beta phase Ta w % between 50 and 65. Page 12 In contrast to

current technol ogxn ekﬁkﬁpierb\f“ﬁgfréﬁés§f6r|ﬂli1&ﬁrs¥ baboditeht isiaROssaRlcohiprRay 8 a
substrate tenperature bel ow 200C and nore Preferabl y bel ow 100C because at

- t enpéreafollowingptenst degash zh Cacor (frgsh Cu) Pi wel P siegasch pretlaspuitariseol 00 ha
Bet a-,Ta_and beco ronoynced and sone preference is given to (100)
al phgeqogﬁ?o&@é.,ca%gﬁagﬂé ‘g‘%"m lh&lo epf’ﬂgo?'wo crystals. G Post Ta sputter

Cool step After the Ta sputter, the wafer is preferably transferred to a
cool ing chanber 10 and cool ed preferably b%/ an Ar gas flow._ The post
sputter cooling iBelaw ispnicssaplesmhpdiment of thedraeays abipwidn theytable apder t he
Ta b %g%ﬁgdlayer is formed, a nmetal layer such as a Cu |ayer is formed over
the Ta barrier |layer preferably to forman interconnect. (For exanple,
netal |ayer 34 as 15 shown in Figure 2C.). The Cu layer preferably is
conprised of PVD copper of typically in the thickness range of 700 to 2000
A followed by an electroplated Cu of 0.5 to 1.8 umthick. After Cu
deposition, an anneal step and CVP (Chem cal nechani cal polish) processes
are preferably perforned to make a structure |ike figure 2C. 20 The
édbodiabbel : Bammayeofgiroeshs atepagealplveTa onw/frash Godhyera sputter processes.
25 KFiSTHPS the Ta layer can be prféreed Tengeiataren (Cu surface, without an
under | aying | ayer of TaN |l ayer. The fresh copper [is the key step in these
enbgdi nents. Oxi di zed copper |iaEete may prevent |al pha Ta formation.

| I

SeCL)btgoVr?lé;l%CE%giéf?gel canbe—sputtered—at—tow tenmperature (between 25 and

200¢ ner i th hi gh tilenperature al pha phase Ta sputter processes at
>600@Gran¥ibevater to Bag® chdmber
degas step T from starting at about
20°C and rising to about
350°C
transfer wafer to cooling chamber | T from 350 cooling to
about between 210 and
240°C
pre-sputter cool step T <200°C | ending T below 200 °C
transfer wafer to Ta sputter T ~ 80 °C to 200°C
chamber
Ta sputter - to form Ta layer T below 200°C and
comprised of alpha phase preferably from 80 to
100 °C
transfer wafer to post-sputter
cooling chamber
cool wafer T from ~ 100 to ~30°C

The process is described below with respect to the processed being performed
in a multi-chamber tool or integrated cluster tool. Examples of integrated cluster tools are
Endura ™ Electra Cu ™ systems by Applied Materials Corp. USA, or tools by Novellus systems,

15  USA the INOVA™ | However, other tools/equipment may be used. An example tool is shown

in figure 6 and described further below.



Cu interconnect is exposed to a tenperature of greater than 400C, via yield
wll drop significantly, and thernmal stress induced via voids would becone
serious issue. Wth high tenperature (>400C), nost lowk dielectrics film
properties will also be greatly degraded. Therefore, a | ower tenperature
‘sputtering, rather than > 600C, has nore advantage inPtergs of the Cu

i nterconnect integration. Furthernore, (body-centered-@%%' c) alpha-Ta is a
preferred choice, because its bulk resistivity (12-60 mcro-Chmcm is nuch
-lower than that of netastable tetragonal beta-Ta (170-210 mcro-Chmcn).
Since beta-Ta is a comon resultant phase on nost substrates, attenpts have
been devoted to control the forpgation of al pha-Ta, which includes using

“TaN, Ti, 10 Al and‘(CSOURdBFI&YRPFS; WEIPAVIdpR BeRICPRRRCL syHCRpiiG Hi%e The
tenpesafikd ué%@%@tﬁneh'ogflobgﬁpﬂ@&ﬁ{i@e Bﬂ&eﬁz’ov%}ré@ﬁﬁstfaf‘é ation, and
inmpurity effects. This enbodi nent does hot require a seed/ barrier |ayer
under the Ta | ayerTo pmvidhiaprefatabtyi freshtCu surfick éol opfoameancdipla Thiaydaupand bet a

Tg are for : ta, Ta lattice (002 i stapce, m smat chin i th 111
T B ecimtgals e 5floine ey San e pertaigns Sedam 3fee, G PGt trHBE bttt tBc ones
Conpekdp ki@n hikd preferbBly Ginddr ya8E@n pRiok &Y tRBtIaQPu@dt, @ cool er substrate.  Page
14 11. "Second anpl e” Enbodi nent "of the Invention The following is a
description of a second enbodi mnent of the invention, a process for al pha
phase Ta. Ahe sbBegas sfepodprionfo Cir depasition ayer conprised of al pha Ta on 5
a Cu surface that is pre-cleaned before Ta sputter. The Cu surface can be a

"not fresh" Cu surliriedo Ca dgposiieen, dhe walerisiranstenino anlggaschambentor adesas . | 1
th i the Cu
e, HPHEAATS. 8., 0 LRI S0 B AR RS, R
deEposivafen by raddiatiqu. diexsing fiomaddby sgatatidg endysveraes the(ldmpo and thetdufatieatofthe' ) 1S

simlar to he first, enbodi t as, descriped above with the addition of
a pr e?‘E?F%SénJV?%ft.e &‘?gaﬁl%ﬁﬂe Pyng‘g&f P@Fmﬁ ﬁb"e‘l’vﬁgéof‘ ﬁé’eg%?tf\émrfﬁ]tl?%?d%%r exanpl e,
a progRsplé Gtep h@ﬁ@g@gp&ltw&eﬂg PeBEss SRR ugémpmhé%'rst%éisge& faaf_lgfﬁ-e Ta

sputter cool -->p ean (e.g., Ar sputter) -- eposi ti --> Cu
depostemperatureto theolepired Enfperatex ang the, seaoskstew rid netintainstt that tameeratitefon Cu

f i, i ded. The,.Cu f L t "f h". F le, ..the Cu
sur f aREeROLOLIB, By souedllipe paver bfkiime of Gere e SR RIOGHR AeERAL LT e
PIPCefmmtARS 8206 b&%iﬂolabﬂlvaa%re%emas BbessOthd lagﬁﬁedqaﬂgﬁg{%e flegascSHRP:

transter to cooling chanber, pre-sputter cool step, ransfer to a

t ant afitatrstep pbtver isch@ith dor. ~ 20 sekofds drid the seoonb sepipeveoixt -addridoed 20 sedonds.
fresh:,when the Cu.layer is exposed to air,or stens, such as CWP or
RIE ol BAFRYronRiea)of the Hepas hambey S oh Vit of 4t 1058 Torr or lower

The purpose of degas step is to desorb any possible moisture or weekly

adsorbed organic molecules on the wafers surface. This is important to prevent outgassing of

20  wafer surface in the deposition chamber that compromises the quality of the deposited films.

B. Cu layer deposition

Next the wafer is transferred into a Cu deposition chamber. The wafer is
preferably keep under vacuum and is not exposed to air or contamination.
25 [n the Cu deposition chamber, a copper layer 106 is formed over the
semiconductor structure. See Figure 3A. The copper (Cu) layer is preferably formed by a PVD
process. With a sputtered Cu layer, the deposited Cu film can be kept under vacuum and free

from possible contamination. PVD sputter can be carried out in the vacuum environment.



| ayer is formed or the surface is contam nated. A. pre-clean 25 The copper

surface is preferably cleaned, preferably using an Ar sputter

type

preferably using a sputter cleaning process using an inert gas.

inan |ICP

pre-cl ean chanber. In a pre-cleaning step, we pre-clean the Cu | ayer

‘cl eaning process preferably uses Ar gas and is preferabl ybd)erfor med at

t enperature between 20 and 100C, at a pressure bet weeR3g

to 1 nilorr;

The sputter

a
for

.30 time between 6 to 60 seconds and plasma power between 200 and 750 Watts.

- Page

15 Below is a table sunmarizing preferred steps for the second

enbodi ment . STEPSHgE ahé €4 1hRAREFASHT Bs 1t BBgIAS HHedWi18Ringstdpd (€.8S BhhdBséEr

waf er

- chanbgtora pesh fusksposition
endi n

| ayer
post -
precl

to Degas chanber degas stegT from20 to 350Ctransfer wafer to cool
Q@%ﬁh@mb?f t Fresh msens thetthe fu spofacsisfessantiallp free from

%ggg?qggﬂno%vldje‘?%()pre-clean - Sputter Cean - e.g., Ar sputter -
a spu

trans

i ng

Tt chanberTenp from 80 to 100 CTa sputter - to form Ta

comrised of al ha hase TaT from80 to 100 Ciransfer wafer to
sputter coPbshCuhdepesition coof er T from 120 to 30 C 5 After the
ean step, the wafer can be transferred into a Ta sputter chanber.

The

prfocess can cont i nithe veaferdis poafelably tadnsfeered nntblag okt € temositon avohthamben t he Ta
sputter to forma_.Ta |ayer conprise f. al pha tantahun. Table 2: rocess se
uenceﬁie ‘grarg%erﬁ%ppﬁgerglﬂy W&Bgﬁg@gb@e@g‘?rl‘ﬁw%ms 10 The enbodi nents
can be perfornmed iQa&GhheCadep&iich, oo PuivRdeMRALkdp® rSthe CRdBIe. ENglur aTM
equi pped with PVD (SIP, |MP) Ta and Cu. Cluster tool nade by Novel | us,

model cassasigdTmaintaingd wndss vaaiugs efiat lqast 1 @hmderiaihepost @u depositioni coekistepis

wafrtré G SR e BBV o P R B B Rt i o1

VS er béforEsdraigSwileeinttha cisserte; | Help step nid§ iod boBecetfarp beddisd Ou fapssiitnt er . A

speci
and s

subst

rate processes in the cluster tool 60 is passed fromthe cassette

| oadl urnt@p wap equippestivith Elestiarstatic cBogk (THK?)at tamapargbistlestham@OCadéafer7 fir st
he, substrate .jnto degas chanber, 70, The suQstrate r t hen. be
it bR S Ghve B par bess thgn DT Vb B5E plAtwr 98BO88] by £ o

noves
trans
r obot

15

20

25

cSAingRKERAd TBPEIVeFhS i b6 AR subQilettREsHACra BBnkiod, he

The substrate is preferably cooled by flowing Ar or an inert gas adjacent to the
substrate.

The above steps degas, Cu sputter, post Cu deposition cool serve to prepare

fresh' Cu under vacuum.

D. Degas Step
Next the wafer is transferred in to a degas chamber for a degas step. See above

for a description of a preferred degas step. The substrate temperature at the end of the degas step
can be over 300°C and can be between 340 and 360°C.

E. pre-Ta sputter cool process
The wafer is then preferably transferred into a cooling chamber (e.g., pre-Ta
sputter cooling chamber).
In the pre-cooling step, the substrate is cooled from a temperature (T)
preferably between 300 and 350°C to a temperature below or equal to about 200°C and
preferably between 20 and 100 °C and more preferably between 70 and 100°C.



Page 16 pre-clean chanber 73. After pre-clean process, the substrate is
passed fromthe buffer chanber 80A to the transfer chanber 80, where the
buffer robot 64 first renoves substrate from pre-clean chanber 73 and send
to passt hrough chanber 74. Transfer robot 78 then noves substrate into the
“transfer chanber 80. Substrate in the transfer chanmber 80 js then noved by
the transfer robot S 78 into the Ta chanber 88, follodﬁleby noving into
.copper chanmber 86. After conpletion of Ta and copper deposition the

- substrate is then noved back into the transfer chanber 80. Using the

transfer robot 78, white ce61bmtis pkferably’ SerbtRiddbyPRAMEhHE vdtslf &f a phiRSBESr 80
into the buffer chanber 80 v?a pasgl ng throfl?gh thlg@cool down chanber 76.

" The bwhfeschyakizngd fdlingthelchambersvitia e gas g ediincprsbsusosaiting aﬁ‘fﬁ@:uremnbac k to

t he buff.er,..ch t hen se t 10 ,cassette
ool Blertiny§ R sk 1 5107 bR PEREbpen bR R e o IR e R eSS
pr ef ecsiicedaody ke A fad tdehd Wafen pedusiad br by\sodli@ws.gl, @oénlm@te% tite

Substrate 10 is Erow ded. A first dielectric layer 14 such as oxide Ia¥er

i S f owied pedestalt hbe iilgophingtima inghout 89 sere HLhinwilk @ocduﬂaq wafer at:temay@iurp )
for ”‘99@% %bgk?'toegre r%ing (]jesg mﬁ%ﬁaﬁh 'ﬁ&éh%dsscau@&q.\ﬁﬁ( C ORI n&els af&éﬁ) PSI e(to

Met al “Teatur ing the openin can

f or megdsdapto dos1aR&SE ol WiTeAREhpeRaIT: WerffﬁﬁhPGW@a'In gk b§§3 hEVIDstlake 19 cooled

Damascene process). A barrier layer (or etch stop l'ayer) 16 is fornmed over
t he dbglflewing Ar bninert ghgadibceantd thheubstrpise ITheajeetrostatic TimecknxfHSET isl ayer can be
corrprlse of . oxi de id or. carhbjd A second dielectric |.a 8

F or etagyaped fidongppBiahug B cxdling FaoRE i e desisFoshbef pritEhLRF | ng
tpgfi awt%xaﬁngagu@a@éﬂ ik v’&zfet iR ﬁrél%ra%%%ﬁlﬂ’ecﬂb)eé&ﬁhé heatdray Wafér&haadaﬂdz@f

barrier |ayer formed to expose the copper |ayer. 30 Page 17 A

bar ri &ert gay dlow past thg)subgirateyr Hecbogling btheyaiercauld eq performed in peteqamberi n t he
openi BSB%nfﬂgé’m lgﬁl li%ﬁé”i‘gﬁ@ltf‘e%‘éﬁ LG %ﬁ)ét%%g;nq%er { '&fﬁ ra‘ﬁ{ |ayer 24 29 is

prefera usi ng seco ENVENT on (e.qg.
I ncluding the pre-sputter clean step - Ar sputter) as described above. The

barrier |ayer 24a28pattecdepositioh of the first section 24 on the copper
| ayer 5 13 and a second section 29 on the second dielectric layer 18. The
first section of tAeshewnindrigiray3®; in the Ta sputtering step, we form a tantalum layer

15 108 on the copper Layer 106. The tantalum sputter is preferably performed in a Ta sputter
chamber. The Ta layer 108 is comprised of alpha phase Ta. The Ta layer 108 is comprised of
alpha phase Ta and beta phase Ta.

The Ta sputtering step is preferably performed at a pressure between 1.5 to 8
mTorr; at power between 15 and 24 kilowatts; at Ta deposition rate between 750 and 1200

20  A/min; the wafer/substrate temperature is preferably between 20 and 200°C, and more
preferably a wafer temperature between 20 and 100°C.

The substrate temperature is preferably maintained by wafer cooling chuck.
Contrary to other alpha Ta sputter processes that are performed at high temperatures above
600°C. It is unexpected that the invention can sputter at a temperature well below 600°C and

25  forms alpha Ta because of low sputter Temperature, (e.g., the pre-cool step) and on 'fresh’ copper
surface.

The Ta layer preferably has a resistivity between 90 to 110 micro-ohm-cm.
The Ta layer is preferably comprised of alpha phase Ta with between 35 and
50 wt% and Beta phase Ta wt% between 50 and 65.



is conprised of alpha and beta tantalum The first section 24 preferably
has an al pha phase Ta concentration between 35 and 50 wt % and preferably
has a beta phase Ta wt % between 50 to 65 Wt % The second section 29
consists essentially of beta phase Ta. The barrier layer 10 over the

. dielectric layer forns beta phase Ta. As shown in figure 2C, a netal |ayer
34 can be fornmed filing the opening 22. The netal |ay8ﬁgee,h2 is preferably
conprised of PVD Cu seed and el ectrochem cal plated Cu or a Cu all oy.

~ Preferably, after netal layer 34 is fornmed, a chem cal -nmechani cal polish

(CVP) process is ygeshttt foRMPERL Dt otSL B iR SthifkWat 86 ifpeRas Barrier

29 over the second 15 dielectric |ayer 18. The end result is shown in
. fi gurlevg @ sulittmteretgeratay belowlFB O hnd4nara préferabhyt lelaow i 0@UT bedansecdt as
damascene or dual damascene | nterconnect s%%i n a_senl conduct or device. The

firsttempgragies greatenihan 200 thedattigsisnaaseh besprepmthe (D@2 dpetanTajand Guikecome; nt er
met al _.di i I . Of : C i . i a
P g gkt RFERaR kivEY RE DB Fpi T ool Epleylf he
priocesw oystidsown by the inventors. Process "A" is used as a conpari son and
process "A" only forns beta phase Ta. Process A was used in experinentation
to conpare with the enbodi nents of the invention. Process Ais not prior
art. Page 18 Table: Summary of process steps of the enbodi nents and
Process A First enbodi nent (No pre-clean step)Second enbodi nent (includes
pre-cl ean step)Process A - known to the inventors - Forns Beta base
TaFresh CuBGu depClPasfpla sputter §enlisfep wafer in process tool pl ace wafer in
process tool pl ace wafer in process tool degasdegasdegaspre-cool T<

| 00Cpr e- cool T< 10dtnsheFa yputtepslyater iy praferqbly trapsfenred topy eeobing ghamigr
tt - f | <= 10 tter - t
PR SRS bl ' AR MR IR BBaSpIeroollng T HURIPRISRI LOT O

200 C A Process A - Fornms Beta phase TA The following is a process "A",
which is known to the inventors. Process A

H. Cu formed over Ta layer

After the Ta barrier layer is formed, a metal layer such as a Cu layer is formed
over the Ta barrier layer preferably to form an interconnect. (For example, metal layer 34 as
15  shown in Figure 2C.).
The Cu layer preferably is comprised of PVD copper of typically in the
thickness range of 700 to 2000 A followed by an electroplated Cu of 0.5 to 1.8 um thick. After
Cu deposition, an anneal step and CMP (Chemical mechanical polish) processes are preferably
performed to make a structure like figure 2C.
20

The embodiment has several advantages over conventional Ta sputter
processes.

25 First, the Ta layer can be formed directly on Cu surface, without an
underlaying layer of TaN layer. The fresh copper is the key step in these embodiments.
Oxidized copper surface may prevent alpha Ta formation.

Second, the Ta layer can be sputtered at low temperature (between 25 and

200°C) in contrast with high temperature alpha phase Ta sputter processes at >600°C. When a



5is not prior art. This process A forns beta phase Ta (beta Ta) which has
a higher resistivity than al pha phase Ta (Al pha phase). Process A was used
to by inventors in their work to develop the preferred enbodi nents of the
invention. Process A shows that without the invention's pre Sputter cool
down step, Beta phase Ta is formed. Figures 1 A and 1_B show the process
steps. Figure 1 Ais the sane as figure 10 2A. As shok#es figure 1 A a
substrate 10 is provided. A first dielectric |ayer 14 such as oxide |ayer
-is fornmed over the substrate. A hole/trench in the first dielectric |ayer
i's f @uigrasrberiabkposty 1ol Rt Rrairedfghcatt@nBaCAECRhads will drdy ef erably a
barrier layer 15 is fornmed along this hole/trench. The barrier |ayer 15 can
- consisignigan s andghersial saessanduced hia yoads weyld bagame sesioup issaor With igh physi cal

on t opraranes (0 Ckplast e R PRt BrnoBptieR KB Be spily deibrsta
chemgpkefgRCH ?d%%&%mﬁ&b%?@sﬂu%ﬁ%ﬂﬁﬂl@@ﬁﬁn b%005€ thas tore %@%}teﬂg%, ih &Hhéoran

y
excess barrier |ayer and copper Tayer over the first dielectric Iayer 14
t Ber d¢by Chentercognech entératiorer | ayer 15 on the sidewall of the hole/trench and

copper 13 filling_the openi A barrier, | r.(or etgh stop.layer) 16 is
forhed over the qFBNERTIG (pereniebbbichab B dre Pjar LBics e
| ay erpfigfesRBvAP {160 RficrO20MR-cnt)iid FludB 10w tEAT RLOF mAafaiE edRgortl SL@Ctd | C

layer 18 is formed over the copper layer 13 and the barrier Tayer 16. Still
r ef er(1V®rg10 onicrgyhe-¢m)\, Siame beferliaig azomnon tesultant pirase dh east subistrategyer 18

d the b i I 16 i . I . .Sh
" iR aE oS0t S RRE foringric BE&GhAT PR R g ud Rive T Ty
flor MEAl] SMATr drlderISRRH Hias s@%iﬁéeﬁrggglhpgnc&pwﬁat@iehqﬁm{t@%ﬁﬁsd@C),ﬁhgh-Te?nﬁe%a\iﬁfe 28 and

Cu seed 31 are forned by |'ow ng steps: Table : Sunmary of Process
"A" Sumealy stres$ rebraties.sand Ampetitpefestsp dlas embadimdrigdess npereguines seedrbaierand
350C21.tran feb Elo Buf f er chanberT bet ween 350C and 220C3. pre-clean (Ar
sputtgqrﬁﬂéﬁ“ &IReBE1220 and 300C4. transfer in transfer chanberT between
200 to 210C 5. Ta ¢gpfR$Embedintent, a ixed pRAsE™S BphA Thand Bela T arbforfd, BehEEN
210 and 260C6. Cu deposition 15 A di sadvantage of this process is that
essentd lattiop (BQ2)alipience phismatciiing with Gntdd! brkechinghimosspronpwiced agk{HOphase Ta

'3 f Oz{lgﬁ?adl"a crystalline growth becomes competitive to the (0 0 2) Beta Ta formation on a cooler

substrate.



The above process was perforned on a tool by Applied Material, USA , nodel
Endura. On nost commercial PVD deposition tool, deposition of single
material Ta 20 always form Beta Ta. Al pha phase Ta can be forned in a

bi -1 ayer nethod, where a first l|ayer (seed |ayer) of TaN is deposited
“followed by a Ta Layer. In contrast, the first enbodl nd second

enbodi nent forma Ta |ayer conprised of al pha Ta. B. Structure
-for an interconnect using the Ta barrier |ayer Figure 4 shoms an exenpl ary
structure of the enbodi nents barrier layer in an interconnect structure. A
sem conductor structure 200 is provided. A netal line or interconnect 5 or
feature 204 and dielectric |layer 206 are provided over the structure. The

o Hega:%r giﬁ{ ogblf EehdaiSnt ok ednhensioh, o 8?[55&2""%‘89 205 (o q. h
S 04 206. T
orbod: ment o Toar -1 e llSwHESf 5 dESHEHET p£ e cHbRURRLE b B0, The

over proeesdifed eﬂ?ﬁaﬁblﬁxsdz ayerrha SzoRd 6mbddienehe firinea Tof lajdieobipiise®of AlgeTa 48 ad]
acent the net 204 is conprised 10 of al pha phase Ta and the section on

t He di ensetipeecthatiy presclogwdbetore Jaspwri dbg Cyrsupfaeecaiiest nps fregly’ Cu
'”ter fb@@g\%%zéﬂ sll?faée%ﬂﬁﬁ &&d](%qgntgﬁh@tﬁ%t gfm%rc@&{% d’éle % n *H%shfh[ connect

is prefera conprised o After ayer p05| ion & et al
| ayer cleanstmcartheellte pephenheah spfhdesbed njdkiefhe subfeee i“fiee™s rive e alphn be a
dual a_ene i.nt erconnect made using a dual damascene process. 15 C
Gherp f UeGPeUSthe enbodi nents Ta | ayer can be used in ot her

sem conduct or appl Tl%ﬂtﬁb@éﬁ forfRE seR3RIBhGodikdift iflam?la nbR e ﬁ”)t}E SRR %@S a

barrier layer in a stud process. Figure 5 shows a msta feature
cldhpr theditsteintodimditas ndesaibedehbve mth$hesaddntm1mf@brb3cleﬂme(b eGtArgon {Ayer 504.
c.la er 504 and

20 An i tJ | 08 f d |
et ol SRt Lpesongbe TeRpufcis EpSpieRpts. aythcaspl tuogu™Eombraiiit tan oo
oxi de([mddak L Seprba¥£Eputilr 96Hl¥1>”ﬂu€3:léaﬁ3(@ l'g AkQplifer) QNBLIPYSEIOh DS CRsul ating

| ayer 508. A ‘passivation layer 512 is formed over the'insulating |layer 508.
The pd%msum| encédyer 512 can be conprised of nitride. 25 An opening (e.g.
recess) is formed through the insulating |ayer 508, polyimnmde |ayer 510 and
passivation |ayer 512 to expose the netal feature 502. A Ta barrier |ayer

5P 522 is forned MekﬁhﬁFIEeﬁ sdmikeaduet? shdurndith RE eSS frodtied. e Cu
insulating |ayer 508 yimde | ayer 510 and passivation layer 512. The

first swéeeiiprotofreshie Faw&amle |thg e seiaredias bpen @ipopest @laif eat ure is conpri sed
of alpha Ta and b sTRl &QJJ]& }Zefl(i%ﬁgr %‘?Sf% ér%@?sgfsteﬁagﬁeg?l%éi ShovefhsRf2 1S

conprised of beta Ta and pre er abl'y corsi
to degas chamber, degas step, transfer to cooling chamber, pre-sputter cool step, and transfer to a

tantalum sputter chamber.
20 A Cu film can become contaminated or “not fresh” when the Cu layer is
exposed to air or process steps, such as CMP or RIE etching. A Cu film is not fresh when a CuO

layer is formed or the surface is contaminated.

A. pre-clean
25 The copper surface is preferably cleaned, preferably using an Ar sputter in an
ICP type pre-clean chamber. In a pre-cleaning step, we pre-clean the Cu layer preferably using a
sputter cleaning process using an inert gas.
The sputter cleaning process preferably uses Ar gas and is preferably
performed at a temperature between 20 and 100°C; at a pressure between 0.3 to 1 mTorr; for

30 time between 6 to 60 seconds and plasma power between 200 and 750 Watts.



Page 21 essentially of 100% beta Ta. The Ta barrier
above descri bed enbodi nents of the invention.
| ayer 522. The second 5 netal

formed on the barrier

A second net al

| ayer is forned by the
feature 530 is
feature 530 can be a

sol der ball or C4 interconnect conprised of lead-tin or any other suitable
netals. Alift off process can be used to formthe sgponq metal feature.
The enbodi nents can be used to forminterconnects of a}g§ EI nd where there

is a Cu layer and a Ta | ayer,
bonds, solder balls, etc.

such as, dual

damascene i nterconnects,
D. Supporting Data 10 Figure 7 is the XRD (X-ray

chip

“ diffraction) two theta scan spectra (vs intensity a.u.) that conpares Ta
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After the preclean step, the wafer can be transferred into a Ta sputter chamber.

The process can continue as described above in the first embodiment with the Ta sputter to form

a Ta layer comprised of alpha tantalum.

III. Tools
10
model Endura™

model Inova™

The embodiments can be performed in cluster tools from Applied Materials,
equipped with PVD (SIP, IMP) Ta and Cu. Cluster tool made by Novellus,

! can also be used. The embodiments are not limited to specific type of tools.

This equipment configuration is merely illustrative and should not be limiting.

Referring to figure 6, below is an example of wafer transfers where a pre-clean is performed

15

prior to Ta Sputter. A substrate processes in the cluster tool 60 is passed from the cassette

loadlock 62 to the buffer chamber 80A where the robot 64 and blade 67 first moves the substrate

into degas chamber 70. The substrate may then be transferred to the cool-down chamber 76.

After the pre-cool process, buffer robot 64 moves substrate from cool-down chamber 76 to the



has a | ower resistance than beta phases Ta ("STD'). As a preface to the
detail ed description, it should be noted that, as used in this 10

speci fication and the appended cl ains, the singular fornms "a", "an", and
"the" include plural referents, unless the context clearly dictates

‘ot herwi se. Thus, for exanple, the term"a sem conduct gi,..ijpcl udes a variety
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-gas or gas reactants activated by an RF gl ow di scharge. 15 Wiile the
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Ig(is t han & 5 The nethod of claim1 wherein the sputtering of said
t taF%ﬁ%’thé)‘?@ OFK6%erformed at a substrate tenperature |ess than 100C. 4.
The met hod of claim 1 which further includes before step (b), in a
pre-cooling step, cooling said substrate to a tenperature |ess than 100C
5. The method of claim 1l wherein the sputtering process is perforned at a
pressure between 1.5 and 8 niforr; at a substrate tenperature between 25 and
200 G; between 15 and 24 kilowatts; at a plasnma density between
1 CE P_{ anglxli)mﬁe 2 cm 3; at a Ta deposition rate between 750 and 1200 ~I
O oo e Tt o0 Bled o i 28R LR oA O BBl OGO ABE ) thd 1.
pre-cooling step, I'ng sal su strate to a te rature | ess th 0C
sdbd paventieml i ng step is performed for a tinme between 20 and 40 seconds and

wth an Ar backfill pressure between 1.5 t ho
claim1 wherein saf‘aS}E(a"?‘i‘f% If 20e SHRpLra %P§?V1\§f§‘{y“§l§éﬁt\ﬂé%?9t@g?aé(ﬁﬁg4l
M cr 05@dH3IRidSlay g}hefgfﬁ{ehq)qep{hegh@gt ol wherein said tantalum |l ayer has a

concentration of great er than 35 weight % al pha phase Ta. 9. The net hod of
claim1 V\/ner ei n saAdoletrersdhimthedielecirionpyer seformbg hxp sipighese diial damhsbertea phase
Ta. 10, h met hod of claim 1 wherein said tantalum | ayer conprises al pha
phase 340958t ween 50 and 65 wei ght % and beta phase Ta between 35 and 50 wt
%0 Page 24 11. The nethod of claim1 which further includes formng a top
copper |l ayer over said tantalumlayer; said tantalum| ayer acting as a
barrier |ayer. 12. ATepperdeyrd3de. geIMeFﬁl feajire)in fonmadHalting the epgaing. ddgosi ti ng
a sol t wherein
pri or(g?%pe?%@jer?éﬂ%e #o%e&% aa}ieﬁ }\]egﬁca}[gﬁee:ggﬁlgﬁg)? ﬁlhng elgd copper
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prior to the step of formng said tantal um | ayer, precleani n%sal d copper

surface using an A @m?rtlé)‘eréwef‘é?h FaP fysd$dis %ledﬂ’YérWétdhﬂ ¢ layerim 1
wher ei d?l?%%})%&plg%r 1328 HAIP (LA He & 2 9((5) Pf‘ %F\ @ase"&?ﬂﬁ&’&per' 16. A

nmet ho ng”a tantalum | ayer conpr i a on a copper
surface A second dielectric layer 18 is formed over the copper layer 13 and the barrier

layer 16.
Still referring to figure 2A, an opening 22 in the second dielectric layer 18 and
the barrier layer 16 is formed to expose the copper layer.
30



conprising the steps of: a) depositing a copper |ayer over a substrate,;

sai d copper |ayer having an exposed copper surface; b) in a post Cu
deposition cooling step, cooling said substrate to a tenperature between 20
and 100C ; c) in a degas step, placing said substrate in a processing
chanber and reducing the pressure in said process chanber to between 1 E-03
and 1 E-07 torr; and a tenperature range between 25 t $agelt; d in a
pre-cooling step, cooling said substrate to a tenperature between 20 and

- 100C, e) in a Ta sputtering step, formng a tantalum|ayer on said copper
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and 4Eomentpdatith lendeani I5hanarb 0Art% andk plefdrhblphas s beta phaseBewt% . batvased 55.t0 6501 1 S;
sai d substrate cooled by flow ng Ar gas adjacent to said substrate. 20. The
met hoWtd¥ clai m 16 which further includes: the Ta Sputtering step is
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200 C at a Power between 1 owatts; at a asnma et ween
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degas step, placing 'said substrate in a processing chanber and reducing the
pr essCualloy. Beiferaplyoafteranehldairs34tio fdymedeehentifaloBechanicalgmliol (EMM); and to

tenperature range between 25 to C. in a.pre-c@oling step,, cooling
sai 0 Sobeers S rROIERE oK Boflatn Tht Gef R BB SERa
15  dielectric layer 18. The end result is shown in figure 2C.
The metal layers 13 and 34 can be interconnects (such as damascene or dual
damascene Interconnects) in a semiconductor device. The first dielectric layer could be any

level of interlevel dielectric or inter metal dielectric.

V. Comparison of Processes

20 Below is a table with a summary of two embodiments of the invention and a
third process (e.g., process A) known by the inventors. Process “A” is used as a comparison and
process “A” only forms beta phase Ta. Process A was used in experimentation to compare with

the embodiments of the invention. Process A is not prior art.
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alpha phase Ta (Alpha phase). Process A was used to by inventors in their work to develop the

preferred embodiments of the invention. Process A shows that without the invention’s pre-

Sputter cool down step, Beta phase Ta is formed.

Figures 1A and 1B show the process steps. Figure 1A is the same as figure

2A.

As shown in figure 1A, a substrate 10 is provided. A first dielectric layer 14

such as oxide layer is formed over the substrate.

A hole/trench in the first dielectric layer is formed preferably by single or dual

damascene methods.

Preferably a barrier layer 15 is formed along this hole/trench. The barrier

layer 15 can consist of beta phase Ta only. The barrier layer can be formed by physical vapor

deposition (PVD).

A copper layer 13 (e.g., metal feature) is formed on top of barrier layer 15,

filling the opening. Next, preferably a chemical-mechanical polish (CMP) process is used to




33. The sem conductor structure of claim27 wherein said Ta | ayer and said
netal |ayer conprise an interconnect. 34~. The sem conductor structure of
claim 27 wherein said nmetal layer is conprised of a solder ball. 35. A
sem conductor structure, conprising: a sem conductor substrate; a netal
Teature provided in said substrate; said netal feature conprised of Cu; an
|nsulat|ng | ayer at |east partially covering said net&regthture; a recess
docated in said insulating |ayer over said netal feature; a barrier |ayer
‘| ocated over said insulating | ayer and on at |east a portion of said netal
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senmi conductor structure of clai'm 35 wherein said netal layer is a Cu or Cu
ald oy Iayer. 39. Thecosadilisterthiclaper K is deommeadeovef thelcapperdayeart érapil theskdrdemet al
| ayer, i sol der ball. 40. The sem conductor structure of claim3 5
Wnere] s 'd netal layer is a solder ball conprised of tin. 41. The

sem conduct or str sileferfihg & Adufe 34, whepaifl SAirdihe a8doak @Rleaelayes18 and
conprised of between 50 and 65 wei ght percent Al pha phase Ta and between 35
and Sthbeeics 1pieade isfarmadto eppessBmCEPRRIIEDr structure of clai m 35 wherein
sai d copper |ayer conprised of greater than 99.999 w % copper.
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2. transfer to Buffer chamber T between 350°C and 220°C

pre-clean (Ar sputtering) T between 220 and 300°C

4, transfer in transfer chamber | T between 200 to 210°C.
5. Ta deposition --- This T between 210 and 260°C
forms beta Ta, not alpha Ta
6. Cu deposition
15 A disadvantage of this process is that essentially no alpha phase Ta is formed

and high resistivity Beta phase Ta is formed.
The above process was performed on a tool by Applied Material, USA ,
model Endura.
On most commercial PVD deposition tool, deposition of single material Ta
20  always form Beta Ta. Alpha phase Ta can be formed in a bi-layer method, where a first layer
(seed layer) of TaN is deposited followed by a Ta Layer.
In contrast, the first embodiment and second embodiment form a Ta layer

comprised of alpha Ta.
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The embodiments Ta layer can be used in other semiconductor applications.
For example, the alpha Ta layer be used as a barrier layer in a Cu stud process. Figure S shows
a metal feature 502 comprised of Cu. The metal feature is surrounded by dielectric layer 504.
20 An insulating layer 508 is formed over the dielectric layer 504 and metal
feature 502. The insulating layer 508 can be comprised of an oxide/nitride layer.
A polyimide layer 510 is formed over the insulating layer 508.
A passivation layer 512 is formed over the insulating layer 508. The
passivation layer 512 can be comprised of nitride.
25 An opening (e.g., recess) is formed through the insulating layer 508,
polyimide layer 510 and passivation layer 512 to expose the metal feature 502.
A Ta barrier layer 520 522 is formed on the metal feature 502 and the
sidewalls of the insulating layer 508, polyimide layer 510 and passivation layer 512. The first
section of the barrier layer 520 on the Cu metal feature is comprised of alpha Ta and beta Ta.

30  The second section of the barrier layer 522 is comprised of beta Ta and preferably consists of
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=!I dEr $4 A second metal feature 530 is formed on the barrier layer 522. The second

5  metal feature 530 can be a solder ball or C4 interconnect comprised of lead-tin or any other
suitable metals. A lift off process can be used to form the second metal feature.
The embodiments can be used to form interconnects of any kind where there

is a Cu layer and a Ta layer, such as, dual damascene interconnects, chip bonds, solder balls, etc.

D. Supporting Data

10 Figure 7 is the XRD (X-ray diffraction) two theta scan spectra (vs intensity
a.u.) that compares Ta formed with process A (700) and Ta formed with a first embodiment
process (702). For the first embodiment process curve 702, the additional peak located at 38.51
degree is due to the present of alpha phase Ta.

15 Figure 8 is the XRD two theta scan spectra that compare samples processed
with first embodiment (NEW) versus that with the TAN/Ta bi-layer process (BL). Both XRD
spectra show the present of characteristic alpha Ta peak located at 38.51 degree. The TaN/Ta
bi-layer barrier deposition process comprised (Degas = pre-clean = TaN deposition = Ta
deposition = Cu deposition > cool). The first embodiment process comprised: (Degas = Cu

20  dep (fresh Cu) = cool > degas—> pre-Ta sputter cool = Ta deposition (e.g., alpha phase ) >
cool=> Cu deposition).

Referring to figure 9, via chain resistance value (CCV1) is graphed for three
cells (STD, EMB, BL). Figure 9 shows electrical data (via chain resistance value (CCV1))
25  generated with dual damascene structures (Similar to figure 4).
Data labeled “Std” are the results for process 'A'. (Degas --> pre-clean --> Ta
deposition --> Cu deposition --> cool). This is not prior art.
Data labeled “EMB” (embodiment) are the results second embodiment.

(Degas --> pre-cool --> pre-clean --> Ta deposition --> Cu deposition --> cool).



101109B& () - 0#109B& ()-.| 109B& () -, 109B& ()-3+& 109B& ()-) @O0YB& ()-!!D'O'P
"Q'R'Y""bC 1S&10% U& ()-y10% U& ()- 10B 10B
10B6109B& () - 4! 109B&' () - 3109B& ()-""#PH###- $dEDC 1F#10% U& () - S10%
U8 ()-SMLO% U& ()-S 10% U& ()-F 10% U& ()-3 ! 10% U& () - - $<$$$%09%4 9298% YNC
"1 10 U 10 U 10 UF10% U& ()-fl 10% U& ()-MLO% U& ()-f 10% U& () - 3f 10%

U8 ()-3% %-%9&] &&JEYNC 1 Y!'10% & ()-y@O0% & ()-yG' 10888822 -y10% & ()-°

Data labeled 'BL' are the results for TaN/Ta bi-layer barrier deposition
(Degas - pre-clean > TaN deposition => Ta deposition - Cu deposition => cool).
TaN/Ta Bi-layer deposition is the deposition of TaN follows by Ta deposition. It is known that
alpha phase Ta can form on top of TaN seed layer. Referring to Figure 9, process A results in
5  higher via resistance. The second embodiment (EMB) has similar via resistance to the bi-layer
('BL") process. This supports that the second embodiment process forms alpha phase Ta which

has a lower resistance than beta phases Ta (“STD”).

As a preface to the detailed description, it should be noted that, as used in this

10  specification and the appended claims, the singular forms "a", "an", and "the" include plural
referents, unless the context clearly dictates otherwise. Thus, for example, the term "a
semiconductor” includes a variety of different materials which are known to have the behavioral
characteristics of a semiconductor, and reference to a "plasma" includes a gas or gas reactants
activated by an RF glow discharge.

15 While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the
invention. It is intended to cover various modifications and similar arrangements and
procedures, and the scope of the appended claims therefore should be accorded the broadest

20  interpretation so as to encompass all such modifications and similar arrangements and

procedures.
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10.  The method of claim 1 wherein said tantalum layer comprises alpha phase Ta between

50 and 65 weight % and beta phase Ta between 35 and 50 wt %.
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cleaning said copper surface using a sputter cleaning process.

14. The method of claim 1 wherein prior to the step of forming said tantalum layer, pre-
cleaning said copper surface using an Ar sputter cleaning process.

15.  The method of claim 1 wherein said copper layer comprised of greater than 99.999 wt %

copper.

16. A method of forming a tantalum layer comprised of alpha phase Ta on a copper surface
comprising the steps of:

a)  depositing a copper layer over a substrate; said copper layer having an exposed
copper surface;

b) in a post Cu deposition cooling step, cooling said substrate to a temperature
between 20 and 100°C ;

¢) ina degas step, placing said substrate in a processing chamber and reducing the
pressure in said process chamber to between 1E-03 and 1E-07 torr; and a
temperature range between 25 to 35 °C;

d) ina pre-cooling step, cooling said substrate to a temperature between 20 and
100°C;

e) ina Ta sputtering step, forming a tantalum layer on said copper layer; said tantalum

layer is comprised of alpha phase Ta; said substrate temperature is less than 200°C;

@y said tantalum layer has a resistivity between 90 and 110 micro-ohm-cm;

(2)  said tantalum layer is comprised of alpha phase Ta and beta phase Ta; the
wt percentage of alpha Ta is between 35 and 50 wt % and the wt percentage
of beta Ta is between 50 and 65 wt %.
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19.  The method of claim 16 which further includes: said pre-cooling step is performed for a
time between 20 and 40 seconds and with an Ar back fill pressure between 1.5 and 5.0 torrs;

said substrate cooled by flowing Ar gas adjacent to said substrate.

20.  The method of claim 16 which further includes: the Ta sputtering step is performed at a
pressure: between 1.5 and 8 mTorr; wafer temperature: 25 and 200 °C; at a Power between
15 and 24 Kilowatts; at a plasma density between 1E11 and 1E12 cm™; at Ta deposition rate
between 750 and 1200 A/ min.

21. A method of forming tantalum layer comprised of Alpha phase Ta over a copper surface
comprising the steps of :

a) forming a copper layer over a substrate; said copper layer having an exposed
copper surface;

b) in a degas step, placing said substrate in a processing chamber and reducing the
pressure in said process chamber to between 10E-03 and 10E-07 torr; and to
temperature range between 25 to 350 °C;

c) ina pre-cooling step, cooling said substrate to a temperature between 20 and
100°C;

d) ina pre-cleaning step, pre-cleaning said copper layer using a sputter cleaning

process using an inert gas;

) said sputter cleaning process uses Ar gas;

€) in a tantalum sputtering step, forming a tantalum layer on said copper layer; said

tantalum layer is comprised of alpha Ta; the substrate temperature is less than 200°C;

€)) said tantalum layer has a resistivity between 90 and 110 micro-ohm-cm;

'Nv(3
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28.  The semiconductor structure of claim 27 wherein said tantalum layer is comprised of
between 50 and 65 weight percent Alpha phase Ta.
29.  The semiconductor structure of claim 27 wherein said tantalum layer is comprised of
between 50 and 65 weight percent Alpha phase Ta and between 35 and 50% beta phase Ta.
30.  The semiconductor structure of claim 27 wherein said copper layer comprised of greater

than 99.999 wt % copper.
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solder ball.

35. A semiconductor structure, comprising:
a semiconductor substrate;
a metal feature provided in said substrate; said metal feature comprised of Cu;
an insulating layer at least partially covering said metal feature;
a recess located in said insulating layer over said metal feature;
a barrier layer located over said insulating layer and on at least a portion of said
metal feature under said recess, said barrier layer comprised of a first section on
said metal feature; said first section of said barrier layer comprised of alpha phase
tantalum and beta phase tantalum; and
a metal layer over said barrier layer.
36.  The semiconductor structure of claim 35 wherein said metal feature is a metal line.
37.  The semiconductor structure of claim 35 wherein said metal feature is an interconnect.
38.  The semiconductor structure of claim 35 wherein said metal layer is a Cu or Cu alloy
layer.
39.  The semiconductor structure of claim 35 wherein said metal layer is a solder ball.
40.  The semiconductor structure of claim 35 wherein said metal layer is a solder ball
comprised of tin.
41.  The semiconductor structure of claim 35 wherein said tantalum layer is comprised of
between 50 and 65 weight percent Alpha phase Ta and between 35 and 50% beta phase Ta.
42,  The semiconductor structure of claim 35 wherein said copper layer comprised of greater

than 99.999 wt % copper.



