Page 1 METHOD TO FORM ALPHA PHASE TA AND I TS APPLI CATION TO I C
MANUFACTURI NG Background of Invention 5 1) Field of the Invention This
invention relates generally to fabrication of sem conductor devices, and
to the fabrication of netal |ayers conprised of al pha phase Tantal um (Ta)
and nore particularly to Ta layers conprised of al pha and beta phase
tantalum 10 2) Description of the Prior Art As ultr&agalge scale

. integrated (ULSI) devices extend into deep subm cron generations, new

i nt erconnect schenmes and materials are essential to drive perfornmance and
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to di splace alum num as the interconnect naterial of choice. Nonethel ess,
copper is a fast mgrating species in silicon based devices, and its
inherent chem cal reactivitB{kBAIR bt InvesgsPt i bl e to oxidation and
corrosi on. Hence, encapsul ation of the copper is essential, and a
éondlcFielccobthedneentédroul d be a suitabl e encapsul ant that can act both as
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nitride have attracted nuch attention to their role as copper diffdsion
bar rtp dradayee pergpusadet olibeeng batatrbiase teatalud.um is al so relatively inmiscible
wi th copper, and is thus an excellent barrier material for ULSI
applications. However, better nmethods and structures for formng

0Nt eX)aPexoLption of te FeioPARE i er | 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 As ultra-large scale integrated (ULSI) devices extend into deep submicron

generations, new interconnect schemes and materials are essential to drive performance and
reliability. Owing to its lower bulk electrical resistivity (1.7 - 2.2 micro-ochm-cm) and higher

15  electromigration resistance, copper has begun to displace aluminum as the interconnect fnaterial
of choice. Nonetheless, copper is a fast migrating species in silicon based devices, and its
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 HIetal ) shows atantalum layer.




the rel evant patent and technical literature. The cl osest and apparently
nore. rel evant technical developnents in the patent literature can be

gl eaned by considering US 6, 339, 258b1(Cooney, 30 IIl et al. ) shows a
tantalum | ayer. Page 2 US 6, 221, 757b 1(Schm dbauer et al.) shows a nethod
of making mcroelectronic structures using a tantalum US 6,297, 140b1(Uzoh
et al.) shows a nethod for a Cu stud that involves aPagetrier layer. 5 US
6, 291, 885b1(Cabral, Jr. et al. ) discusses a nulti-layer of TaN and Ta as a
barrier layer. US 6,251, 528b1(Uzoh) shows a nethod shows a nmethod for a Cu

stud that invol i | ayer. US 62, 027(.Yamazaki et al. ) shows
an i nt er connect &ﬁ%ﬁ%f)%fﬁ@f Ié{g%rg@%w&é@ STRUCTURE OF
SPUR R clibnickstiaboreshitino.a hefaigt ei n and R D. Huttermann, Thin Solid
films, Vol. 16, R&%ﬁs 129- 145 (1973% shows beta phase Ta processes. Page 3
Summary of the | 29040l (Vzohngt abhpleasts oomethad dobrodi sedithasfintdleesw esent
inv%gi ']a%e? provide a nethod 5 for fabricating a Ta fil mconprised of

Al pha phase Ta. It is an object of an enbodi ment of the present invention

50 provide a met higls 29 n88sEbCagal TNt &, dsdiskd® LAMMLISQG AN B RhRSE Ta
on a copper film It is an object of an enbodi nent of the present invention
to pPrssIdaYs nethod for fabricating a Ta filmconprised of al pha phase Ta

and Beta phase Tarogsg SoRRRld'sMhwdd rdndSnls 8%h&hida B 3% RGNt of

the present inventlon ]t’o pr
involves a barrier layer,

US 6,362,027(Yamazaki et al. } shows an interconnect with a Ta layer..
10 FACTORS CONTROLLING THE STRUCTURE OF SPUTTERED TA
FILMS, by G. Feinstein and R. D. Huttermann, Thin Solid films, Vol. 16, pages 129-145 (1973)

shows beta phase Ta processes.




for a sem conductor device having a Ta fil mconprised of al pha phase Ta on
a copper film An enbodi nent of the invention provides a nmethod of
sputtering a tantalum (Ta) |ayer conprised of al pha phase Ta on a copper
(Cu) layer. The enbodi ment conprises a 15 |low tenperature Ta sputter step
to forma tantalum (Ta) | ayer conprised of al pha Ta and beta Ta. An
enbodi ment includes a pre-cooling step at a tenperatBsge I ess than about
200C prior to Ta sputter deposition. An enbodi nent includes a pre-clean
step to clean the copper surface prior to the Ta sputter. The present
invention provides a first non-limting exanple enbodi nrent 20 which can be
characterized as follows. A Cu layer is formed over a substrate. The Cu

| ayer has an exposed Cu surface. In a Ta sputtering step, we forma
tantalum |l ayer on the Cu Layer at a substrate tenperature |ess than about
200C. The Ta layer is conprbwamayy offiphknventise Ta. The Ta layer is

preferably conpr . al T bet a. phase Ta. Accor di (o}
anot her enbodi maﬁtq ?Q%%&g?td i g;ge%?),aﬁ%?ng gﬂ%tﬁrflsegt %}’elflté%?etf) plr%w&%flﬁ%e@?%{/er t he
Fa lfayfabricatmglaiTafibh berprssd-dfiAtphd pighsefanpl € enbodi nent, in a pre-cooling

step prior to a _Ta sputtering step, we cool the substrate to a tenperature
| ess than about X0®awobiest of psemthodipent iof theinresgnbivypificn tepsodera methad

- LS | f d pri th
pre fﬁ{ EARcAER T"e?ﬂgxg h%}g‘?ﬁ@:bf %ﬂgﬁ{pﬁqa&aﬁn ggg%éﬁ%ef gﬁ'ﬁq. ormed prior the

tant al um sputter. -Frmta enbodi ment of the

i nvention provi diss an objec afandudiodimeit fofl HeUsreseRdIRENSING prévide Binamsiuct or
structuyre; a co | ayer, over the Page 4 _.sem conductor structure; a
Cantiar fﬂli?flr?%a Bhfilm g0 Srerotjalphaphase ba and Bl phesealan weonmer §k8.  al pha
phase Ta; a met ak ik gy ghjeAbitACniAl v nd
features are of relpr ese"]r?t ative emﬁ%ﬁ?ﬁ%@%ﬁ?eﬁn%%ag%ﬁﬁgﬁﬁg%g%&(ﬁ%%sti ve
and/for a estgicasdugtor dEhiey havieg priadént ednmisey of elphs phaske Taronuncteipst Akl ng t he

invention. It should be understood that they are not representative of al
the inventions defined by

An embodiment of the invention provides a method of sputtering a tantalum
(Ta) layer comprised of alpha phase Ta on a copper (Cu) layer. The embodiment comprises a
15 low temperature Ta sputter step to form a tantalum (Ta) layer comprised of alpha Ta and beta Ta.
An embodiment includes a pre-cooling step at a temperature less than about 200°C prior to Ta
sputter deposition. An embodiment includes a pre-clean step to clean the copper surface prior to
the Ta sputter.
The present invention provides a first non-limiting example embodiment
20  which can be characterized as follows. A Cu layer is formed over a substrate. The Cu layer
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



the clains, to be considered |imtations on the invention as defined by the
clains, or limtations on equivalents to the clains. For instance, sone of

t hese advantages nmay be mutually contradictory, in that they cannot be

si mul taneously present in a single enbodinent. Simlarly, 10 some

advant ages are applicable to one aspect of the invention, and inapplicable

to others. Furthernore, certain aspects of the clailagd4i nventi on have not
been di scussed herein. However, no inference should be drawn regarding

t hose di scussed herein relative to those not discussed herein other than

f or sguicBAG@SoAlrushas e ' bt 00, ' Yy of

features and advanfézgggéﬁgﬁﬁgt2%Fkﬁgﬁggﬂgﬁﬁé?ggﬂg§g%géﬁ??ge |ﬁ&1

det elpmemhasg ey aimeipldarss onAbiliantabimallayes f eat ures and advant ages of the
invention wll become apparent in the follow ng description, from the
drawi ngs, and fromthe clains. Page 5 Brief Description of the Draw ngs

The features andTRONRNCadomales ind RAGEOLNCH REprlHE. BRRORHINR &, e

gresent invention and further details of a p}Bcess Of Tabricating’such a
eniPBd AUt exhagsiyeand/or exchisiver Beaycee miestntehenlpresseist iri mderdiamingdhkl be

nmor I rstopd fromthe follow ng descripfion taken in

con TR R B el S Al P o by
nuMehiead|SinBesi IgN@neideiedilinfitatidhs 60 EHeSBPSIINY dBHATRRY the c[HEL M FinADGRY L1 ONS
and in which: Figure | Ais cross sectional view for illustrating a nethod

f or ORSAWIVANISde e drimseF uinptanesn supenf thygscmsyontdgesgnaobampholigss known t o

t he .} : : IS .J d0or art.. 10 Figure.l B i ross sectional view
F or cPRYERABETIn B el Babh pE e tns el et P e S AR

1@cc oot ngvantages preapplisatie| )\ ehel8pddi of IHRVMEBNGLE, anfih&HpliatlOto MhbRr art.
Flg%re 2A is a cross sectional view for illustrating a method for formng a
Ta

Yithermasensertain dspactneitha clatmedinyantion have nat aeo sissassed et Havgevar,second
NONub ifitdnBYSIRN ' fq ' ntjon. 15 .Figure.2B is a cross
100 AR S RO o IS UBUER) L v 15 Moot
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.




| ayer conprised of al pha phase Ta according in an interconnect to a second
non-limting exanple of the invention. Figure 2C is a cross sectional view

for illustrating a nethod for formng a Ta |ayer conprised of alpha phase
Ta according in an interconnect to a second non-limting exanple 20 of the
invention. Figure 3Ais a cross sectional view for illustrating a nethod

for formng a Ta |ayer conprised of al pha phase Ta Bzggecﬁrdi ng to a first
non-limting enbodi ment of the invention. Figure 3B is cross sectional

view for illustrating a method for formng a Ta 25 layer conprised of
al pha phase Ta according to a first non-limting embodi ment of the
I nvention. Figure 4 is a cross section view for illustrating a nethod and

structure for formng aBmfID&yaﬁpﬁmmiimmémpgﬂ phaSp_hase Ta accordit ng to
anot her enbadi nent of the invenfion. Page 6 Figure 5 is a cross section
view for il Iqﬂ?t Aliresgng aiEniRses Shy sericordustar dewice aperding do themueseay er

COMPAYeEEn Qhd AlrBRRIRRASEE A Gr0BGS %?ngig%ﬁéﬁg*&g@%%gﬁﬁ&@ﬂg{%w% t he

invention. Figure 6 Is a dlagramo _ _ can be used to
b or meeordanceSvitlathe prasentdneintign twilldre nesrb obbattp nhd@btobd &onimhe Foll®Ming Fi gure 7 is

a chart.of XRD (X-ray djffraction) two theta scan spectra (vs 1i1ntensity
a. u.9PsERRen Lepdn o %ﬂ&@a@eéﬂgww% pwEgs I vhpd)likgirefsranee fir st

Crooe R0, copaReanIl iy Sphend eI BT
TaN Ta bi -1 ayer praveebs is cross sectional view for illustrating a method for forming Beta
phase Ta in an opening according to a process known to the inventors. This is not prior art.

10 Figure 1B is cross sectional view for illustrating a method for forming Beta
phase Ta in an opening according to a process known to the inventors. This is not prior art.

Figure 2A is a cross sectional view for illustrating a method for forming a Ta
layer comprised of alpha phase Ta in an interconnect according a second non-limiting example
embodiment of the invention.

15 Figure 2B 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
of the invention.

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,




Figure 9 is a graph of via chain resistance value (CCV1l) is graphed for
three cells (STD, EVMB, BL). Page 7 Detailed Description of the Preferred
Enbodi ments A first non-limting exanpl e enbodi ment of the invention is a
process to form 5 Ta filns conprised of Al pha phase Ta on a copper (Cu)
surface at a |low tenperature. A second exanple non-limting enbodi ment
describes a pre-clean step (e.g., Ar sputter) of thRageé surface prior to
the tantal um sputter and a process to formTa filnms conprised of Al pha
phase Ta on a copper (Cu) surface at a |l ow tenperature. 10 The first

enmbodi nent is a e ] a. phase T n Cu. suyrface at a
| ow t enper at ur e gj;‘ij’gﬁr:ej E}%&%S %gﬂé@%%g’ @%g&%%‘% ap’?qg-%(?ggﬁa SE?‘&H&%{” ing the
Ta fepmihg arratlh@rsub@ﬁmiﬁ%@(maa@ Ta acdosding &f iclidremtamat: of awer . A

preferred step in an enbodinent is the cooling step (e.g., between 20 and

100&)VBEPBre Ta | ayer (conprised of al pha Ta) deposition. The enbodi ment

does not require : . ha 5.Ta). second
exanple non-lim F%ngeggﬁ)do(glxgémr#gfd%&nlp ?%ée%uééﬁ %ﬁéﬁia? Féfllaﬁe queg:go {%‘F&?;Té Ar
§putisyer peamkdinpéo Suembodiaeet pitheinveatibhe tantal um sputter. The second

exanple non-lim¢gjn enbadi nent_includes a Cu pre-clean step (e.g., A
sputter clean) ii"gf’l%‘e"@d”shﬁ‘?tfq@g{ps{xn'@ﬁ difffiaation) two thesmsesngnpite @ a t ool

t hat; 1 LSsS i fizguyre.6 .and
expl ey Lo p AR Oh Bt nd prRloc i ol EA DIk oot PSRN0 on he
firgproeab@drent is a process that forns a Ta | ayer conprised of Al pha

phase Ta and beta, phase Ta a surface at a | ow tenperature. 25 A ‘
preferred step iﬁlg{E‘FFeE?bgrtB?:%@ﬁ) o theda s5eB segsta st copppresemplasipsecesssdl s t he

10 with first embodiment versus that with a TaN/Ta bi-layer process.

Figure 9 is a graph of via chain resistance value (CCV1) is graphed for three
cells (STD, EMB, BL).




substrate and Cu surface down froma tenperature above 100 C (e.g., > 3500
to a temperate bel ow 100C and preferably to a tenperature between 20 and
100C , prior to and during the Ta sputter deposition. Page 8 An exanple of
a process for the first enbodinent is a process is conprised of the
following steps: Degas -) Cu dep (fresh Cu) 3 cool 4 degas-) pre-Ta sputter
cool -, Ta deposition (e.g., alpha phase) -) coop CHagbeposi tion. 5 Bel ow

i s an exanpl e enbodi nent of the process is shown in the table and
described. 10 Table 1 : Summary- of process steps - al ha Ta on a fresh Cu
|l ayer STEPS Preferred Tenperature ranges provide a Cu surface transfer
wafer to Degas chamber degas step T fromstarting at about 20C and rising
to about 350C traRstadled Rseniption ebthiei BrgferhahBerbollihems 350 cooling to
about between 210 and 240C pre-sputter cool step T < 200C ending T bel ow
200 C transfer wafer to Ta sputter T - 80 Cto 200C chanber Ta sputter -

to form Ta | ayer ATfiBeheWirOg &achpl€ ABdinRe: &fth@irﬁgﬁti&hﬁ%%r%e% & fhy from

%O

10

15

20

25

t .
’Pa films comprised of Alpha phase Ta on a copper (Cu) surface at a low temperature.

A second example non-limiting embodiment describes a pre-clean step (e.g.,
Ar sputter) of the Cu surface prior to the tantalum sputter and a process to form Ta films

comprised of Alpha phase Ta on a copper (Cu) surface at a low temperature.

The first embodiment is a process that forms an alpha phase Ta on a Cu
surface at a low temperature where the Cu does not require a pre-clean step. During the Ta
sputter the substrate temperature is preferably 200°C or lower. A preferred step in an
embodimeﬁt is the cooling step (e.g., between 20 and 100°C) before Ta layer (comprised of

alpha Ta) deposition. The embodiment does not require a seed layer (e.g., TaN) to form Alpha
Ta).

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”.

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.

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,




100C transfer wafer to post-sputter cooling chanber cool wafer T from -100
to - 30C The process is described below with respect to the processed being
performed in a nulti-chanber tool or integrated cluster tool. Exanples of
integrated cluster tools are EnduraTM El ectra CuTM systens by Applied
Materials Corp. USA, or tools by Novellus systens, 15 USA the | NOVATM
However, other tools/equipnent may be used. An exanpPsetdool is shown in
figure 6 and described further below. Page 9 As shown in Figure 3A we
provi de a sem conductor structure 100 102. The sem conductor structure 100

102 has a top oxi . 100, To provide a, preferably
fresh Cu surfac eAtggeX(%?‘ }Sfe{)()rfn]aﬁoéﬁg%? %?{gh%gpsl% g@ﬁ%’%ﬂ}%‘gls 351318$eg§ Ly Sommyisee of

f ol Itowfatigwstesispse ddegdae —p €hf depridsh depascdt ep, degs-HqReTtshRerandl tLherLu
surface.is kept clean and preferably under vacuumprior to the Ta sputter.
A BRI G2~ alphg Rrase heoddeh dst 4819AitiPRi or 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

fiaf er by radi at i BalowHsahiengmpk: ensishelihyntiof el [bidegid dhewhaMeie thbletdag | amps
and qtﬁge. dgrati on of the process. Wafer degassing is perforned by placing

t he "‘I‘@F’ on a pedestal followed by a nmultiple step heating (e.g. a two
steps process was used). The first step is to ranp up the tenperature to
the desired tenperature and the second step is to naintain at that
tenperature for a period of tinme. By controlling power and tinme of these
two steps process, degas at different 15 tenperature is nade possible. In a
preferred process, the desired tenperature is 350C. The first step power

10s T84 | SimmaRh55e8IHARY 1NIgnS UG ALAPCRUEL 15 - 40% for - 20
SeCgers Preferred Temperature

ranges

provide a Cu surface

transfer wafer to Degas chamber

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.




The environnent of the degas chanber is in vacuum of around | CE-6 Tort or

| ower. The purpose of degas step is to desorb any possible noisture or
weekly adsorbed organi c nol ecules on the wafers surface. This is inportant
to prevent outgassing of 20 wafer surface in the deposition chanber that
conprom ses the quality of the deposited filnms. B. Cu | ayer deposition
Next the wafer is transferred into a Cu deposition chegetfer. The wafer is
preferably keep under vacuum and is not exposed to air or contam nation. 25
In the Cu deposition chanber, a copper |ayer 106 is forned over the

sem conductor structure. See Figure 3A. The copper (Cu) layer is preferably
formed by a PVD process. Wth a sputtered Cu | ayer, the deposited Cu film
can be kept undefsvhewiyin Bigure Taeve providepossiibinducionstanitwatl0on 02 PYRe sput t er

. ' i i . 0 Thus, the Cu | i
o B RandSRMhuct o 162 KACHRE RN AR TBY ovel Pside IBVS ' Toi o'a oost O
deposi tion cool rrb@mﬂﬁaapfetf@@ib%mmutsmﬁfacéf&%f@dnﬁuﬁaﬁaﬁsﬁaﬁa@?%&’i,i al l'y

free from contam nation and Cu C. Post Cu deposition coo e wafer is
pr efispfambly the felkovang sigps parcbepgstrsmetudegapsiep tGuwdeposition ehd theety surTdve is

depaep ikt BB AR AR AT e BT stHRT o Cascet to. The  casset e i

mai nt ai ned under vacuum of at |east 100 mTorr. The post Cu deposition cool

step i s Aerf degss steg ¢lgon td Oa é9igbR requirenent of the integrated
cluster tool of cooling wafer 10 before storing wafer in the cassette. This
step may not be Reoewdau jervsitimustie Gufetdpaandfeointo £haabelaies feoiiguasd with

depaLiit P PIocHL o b et al BREE FoeieB4ab o EROare Wiedo At aitbout
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process. Wafer degassing is performed by placing the wafer on a pedestal followed by a

multiple step heating (e.g. a two steps process was used). The first step is to ramp up the

temperature to the desired temperature and the second step is to maintain at that temperature for

a period of time. By controlling power and time of these two steps process, degas at different
15 temperature is made possible. In a preferred process, the desired temperature is 350°C. The

first step power is ~ 60% for ~ 20 seconds and the second step power is ~ 40% for ~ 20 seconds.

The environment of the degas chamber is in vacuum of around 10E-6 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 In 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 layet, the deposited Cu film can be kept under vacuum and free

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




The substrate is preferably cooled by flowng 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 bBagRedh 340 and 360C. E.
pre-Ta sputter cool process 25 The wafer is then preferably transferred
into a cooling chanber (e.g., pre-Ta sputter cooling chanber). In the

pre-cool i ng st epTht)ehsOhsdyepise fieSh’CROL Behihd i%@f@!l&vﬁﬁ?@ﬂaﬁ& We, frgﬁsfened
preferably between 300 and 350C to a tenperature bel ow or equal to about

2000 @7POshE-E depelign ¢t kanbezh Baneh meensathairibe Foserfpredt esseblislipieairem 70

and fer cooling is preferably performed by placing the
waf é‘%)ggd%“%f%ggigs \@or waf er chuck and filling the chanber with Ar gas to

a certain pressure setting. Pressure can preferably range from1.5 to 7
torr and Qref aPabt Guadepdsifionawool Heat from the wafer can be conducted
away by the Ar gas to the wafer pedestal or by cooling (e.g., cooling
water) to the 5 Waéevaf@*édpsf@rhblyﬁmsibntdiim@@pbi;tr(gl ddpomsitios cablodiamder. sec.

Th| wll gcool t fer ur.e above 350C to preferably | ess
t han Wrgrgg crably t@fﬁopﬁ%&n& %ﬁafi‘ﬁ@n‘;eé Vaf&H-possible to be wused to
cool wafer to wafagter ttlﬁzr@@ﬂé};ddftﬁml, 88 cchh@R whid Gras ikipt ifliife GRSE1e. THE

substrate is cooled by flowng Ar or inert gas ag@%cen fo the substrate.
The capsgtie iowaiatdinedoindek vasuumsd at iseaﬁia](}ﬁ)tra’ifmed’l“he pbﬂ\@mmppauahuoﬁ soap ieycl i ng

pur pacternlo L nel SRR EadRTy Sl s kBT Dt O GRIET chuck
18nd/ffore storing wafer in the cassette. This step may not be necessary because Cu deposition
chamber was equipped with Electro static chuck (ESC) at temperature less than -20°C. Wafer
after Cu deposition will have temperature much less than 100°C. With and without additional
cooling should not have any impact to the subsequent alpha 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 1o 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
25 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,




inert gas flow past the substrate. The cooling of the wafer could be
performed in any chanber. For exanple in-situ in the Ta sputter chanber
with the proper tool configuration. F. Ta sputter deposition As shown in
Figure 3B, in the Ta sputtering step, we forma tantalumlayer 15 108 on
t he copper Layer 106. The tantalum sputter is preferably perforned in a Ta
sputter chanber. The Ta layer 108 is conprised of aP#fdlphase Ta. The Ta
| ayer 108 is conprised of al pha phase Ta and beta phase Ta. The Ta
sputtering step is preferably perfornmed at a pressure between 1.5 to 8
mrorr; at power bﬁﬁmﬁﬁﬂhﬁéﬁﬁﬁ@%&%ﬂﬂﬂdﬁ%ﬁ&@byﬁ%cigtﬂﬁwgﬁkhhgg?ﬂé&@cﬁetmee”
750 and 1200 20 A/m n; the wafer/substrate tenperature 1s preferably
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and 65. Page 12 In contrast to current tech he 1 nvent Or I nk
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inert gas flow past the substrate. The cooling of the wafer could be performed in any chamber.

For example in-situ in the Ta sputter chamber with the proper tool configuration.

F. Ta sputter deposition

As shown in Figure 3B, in the Ta sputtering step, we form a tantalum layer
15 108 on the copper Layer 106. The tantalum sputter is preferably performed ina 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.




G Post Ta sputter Cool step After the Ta sputter, the wafer is preferably
transferred to a cooling chanber 10 and cool ed preferably by an Ar gas
flow. The post sputter cooling is an optional step. H Cu forned over Ta

| ayer After the Ta barrier layer is formed, a netal |ayer such as a Cu

| ayer is formed over the Ta barrier layer preferably to form an

i nterconnect. (For exanple, netal |ayer 34 as 15 shoWageild Figure 2C.). The
Cu |l ayer preferably is conprised of PVD copper of typically in the

t hi ckness range of 700 to 2000 A followed by an electroplated Cu of 0.5 to

1.8 umthick. Affefontddt tg%ﬁﬂéﬁttté&ﬂologg,rtggp{;%hto?’ts%nﬁ@lgat%ﬁi %}?&[ﬁtgal

mechani cal polish) processes are pre perforne na Tructure
| i kdaté gontestae. teidPeritvee betbwdiNR0 tind amrepetiratly ddloant MIEHeoMBE aconvent i onal
Ta sputter - processes. 25 First, the Ta layer can be forned directly on Cu
sur famperatresegerterdhan Yerthalatticg mispatchdretaren the(92) BeimeT4 sebGuboppee i S

t he i I t { .z pper surface ma reyent
al P Bk qd bS5 TRRERPER chren VA0 AE3BE b ePlipElRG: o of he
b empeoatwstads.(bet ween 25 and 200C) in contrast with high tenperature al pha
phase Ta sputter processes at >600C. Wien a Page 13 Cu interconnect is
exposed to a tenperature of greater than 400C, via yield wll drop
significantly, and thermal 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, rathPostRTarsputt@0Coohsteprore advantage in terms of 5 the Cu
i nterconnect integration.

After the Ta sputter, the wafer is preferably transferred to a cooling chamber

10 and cooled preferably by an Ar gas flow. The post sputter cooling is an optional step.

H. Cu formed over Ta layer

After the Ta batrier 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




Furthernore, (body-centered-cubic) alpha-Ta is a preferred choice, because
its bulk resistivity (12-60 mcro-Chmcn) is nuch | ower than that of

net ast abl e tetragonal beta-Ta (170-2 10 micro-Chmcm). Since beta-Ta is a
common resul tant phase on nost substrates, attenpts have been devoted to
control the formation of al pha-Ta, which includes usjin SaN, Ti, 10 Al and
Cr underl ayers, bias sputtering, high substrate terrp%’rg ddre (>6000),

hi gh-tenperature anneal, stress relaxation, and inpurity effects. This
enbodi ment does not require a seed/barrier |ayer under the Ta layer. In
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S hatthé €upmtercohebnitedosticar e Ta sputter. The Cu surface can be a "not fresh”
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sur fanaeal] Srepy m¥dxdaon, ahtiém@urity effects. This embodiment does not require a seed/barrier
layer under the Ta layer.
In this embodiment, a mixed phase of alpha Ta and beta Ta are formed. Beta ~
Ta lattice (002) distance mismatching with Cu ( 1 1 1) becomes more pronounced and (110)
15 alpha Ta crystalline growth becomes competitive to the (0 0 2) Beta Ta formation on a cooler

substrate,




surface is not "fresh". For exanple, the Cu surface has been exposed to
air. The structure could then undergo the process steps described above:
transfer to degas chanber, degas step, transfer to cooling chanber
pre-sputter cool step, and transfer to a tantalum sputter chanber. 20 A Cu
filmcan becone contam nated or "not fresh" when th%)cu | ayer is exposed
to air or process steps, such as CW° or R E etching.3§3tﬁ filmis not fresh
when a CuO layer is forned or the surface is contam nated. A pre-clean 25
The copper surface is preferably cleaned, preferably using an At sputter in
an | CP type pre-clean chanber. In a pre-cleaning step, we pre-clean the Cu
| ayer preferably using a sputter cleaning process using an inert gas. The
sputter cleaning process preferably uses Ar gas and is preferably

per Ibr m&emn@xmpbrﬁnbﬂ'gmﬁ\ﬁéﬂwmenﬁw 100C; at a pressure between 0.3
to 1 mlorr; for _30 tinme between, 6 to 60 seconds .and plasma power between
200 and 750 Wat t She fpigwingss agep@intior of a pegsmd esiﬂaﬁmr&pﬁ@%%%me@ st eps
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clean step can be used to prepare the Cu surface (e.g., make the surface “fresh”) prior to alpha
phase Ta deposition.
The process for the second embodiment (Ta on “not fresh Cu”) is similar to
10  the first embodiment as described above with the addition of a pre-clean (e.g., Argon (Ar)
sputter ) before the Ta Sputter. For example, a process for the second embodiment can comprise:
(Degas --> pre~ Ta sputter cool --> pre-clean (e.g., Ar sputter) --> Ta deposition --> Cu

deposition --> cool).

15 For example, a semiconductor structure with a Cu surface is provided. The Cu
surface is not “fresh”. For example, the Cu surface has been exposed to air.
The structure could then undergo the process steps described above: transfer
to degas chamber, degas step, transfer to cooling chamber, pre-sputter cool step, and transferto 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.




pre-clean - Sputter Clean - e.g., Tenp from80 to 100 CO Ar sputter -
transfer to Ta sputter chanber Ta sputter - to formTa layer T from380 to
100 C conprised of al pha phase Ta transfer wafer to post-sputter cooling
chanber cool wafer T from 120 to 30 C 5 After the preclean step, the wafer
can be transferred into a Ta sputter chanber. The process can continue as
descri bed above in the first enbodinent with the Ta ?Bﬁﬁli&r to form a Ta

| ayer conprised of alpha tantalum |1l. Tools 10 The enbodi nents can be
performed in cluster tools fromApplied Materials, nodel EnduraTM equi pped
with PVD (SIP, IMP) Ta and Cu. Cluster tool made by Novellus, nodel

| novaTM can al so be used. The enbodi nents are not |imted to specific type
of tBYPY s Fable aupmprEng predeirsdienstipvihcisscandresibpdihéntst r at i ve ?nd fshoul d

4 sy afWepgassed fromthe cassette
aFHHEeS 80A where the robot 64 and bl ade 67 first
novieovie Cyefeesmt e i nto defas chamber 70. The sEbstrate rr}ay t hen be

r ansierred st o the—cqol=dowrehanber—#6—After{t he pre-cool process,

E)uf fltzdrn%irne(r)E);‘%i ergaﬁ%% aﬂpﬁgtrate from cool - down ghanber 76 to the Page 16

r el-ddegagtes hanber 73. After p S8, tlhe substrate is passed from
Fhe bL%fafﬁe?l@charrber 80A to tﬂZ%%%ngeggdgﬁgnber 80, where the buffer robot

64 [fravsfer mafiove sodinpsthaatber f 1 Ofgan 5@ teznecchanter 73 and send to

passthredvgh-echarber—/4-—JTransfer robot 78 .then noves substrate into
pre-sputter cool step T< 100°C T from ~ 220 to ending

temp below 100 °C

pre-clean — Sputter Clean - e.g., Temp from 80 to 100 C°
Ar sputter - transfer to Ta sputter

chamber
Ta sputter - to form Ta layer T from 80 to 100 °C
comprised of alpha phase Ta
transfer wafer to post-sputter
cooling chamber

cool wafer T from 120 to 30 °C

subist Ft 2 processes in the c

5 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.

II. Tools

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




the transfer chamber 80. Substrate in the transfer chanber 80 is then noved
by the transfer robot 5 78 into the Ta chanber 88, followed by nmoving into
copper chanber 86. After conpletion of Ta and copper deposition the
substrate is then noved back into the transfer chanber 80. Using the
transfer robot 78, the substrate is renoved fromthePtrafésfer chanber 80
into the buffer chamber 80A via passing through the*8&6i2 down chanber 76.
The buffer robot 64 picks substrate from the cool -down chanber 76 back to
t he buffer chanber 68 and then send the substrate back to the 10 cassette
| oadPreckeas zhamber Bx Aipirete-Fleguprse@Atheubst2@ sipayved faint GethttRr Emrg by
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formed by single or dual damascene A copper Tayer
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the cool- down chamber 76 back to the buffer chamber 68 and then Send the substrate bac_:k to the
10 cassette loadlock 62.

IV.  Examples

Figures 2A thru 2C show a structure formed by preferred embodiments of the

15  invention.

As shown in figure 2A, a substrate 10 is provided. A first dielectric layer 14
such as oxide layer is formed over the substrate.
A hole/trench in the dielectric layer is formed by single or dual damascene

methods,
20

A copper layer 13 (e.g., Metal feature) is formed filling the opening. The
copper layer can be formed by a deposition and chemical-mechanical polish (CMP) (e.g.,

Damascene process).

A barrier layer (or etch stop layer) 16 is formed over the dielectric layer 14
25 and the copper layer 13. The buffer layer can be comprised of oxide, nitride, or carbide.
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




Page 17 A barrier layer (24 29) is fornmed on the copper layer 13 and
sidewalls in the opening 22 and the second dielectric |ayer 18. The
barrier layer 24 29 is preferably formed using the second enbodi nent of
the invention (e.g. Including the pre-sputter clean step - Ar sputter) as
descri bed above. The barrier layer 24 29 is conprised of the first section
24 on the copper layer 5 13 and a second section 29 8agahe second
dielectric layer 18. The first section of the barrier layer 1is conprised
of al pha and beta tantalum The first section 24 preferably has an al pha

phase Ta concentg Bém@fua?&t(%@@) %Efgﬁﬁ@h é@th\éﬁco/ E% %«gg‘dbfwt}ﬁssm%@a a

phase Ta w % bet ween Yo The seco c i on consi st's
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damasmeagration @E@(w&ﬂsﬁtaﬁhl 5018 SERIHIERREHIE b2 BRY bERe THRGS bét%;feeﬂ's?'t&&é ric
| ayer could be any level of interlevel dielectric or inter

di el ®Etaic. V. Conparison of Processes 20 Belowis a table with a summary

f nmbodi d A
enown by the | nvaneorenaaedRYER) dBiR Ruahilof R ARAR Te e i Gt ons

I0A" @k thefdielomiribédyar flrasdctbaphaks Daess A was used in experinentation to

conpare with the enbodln?nts of the invention. Process Ais not prior art.
L1 As shown in figure 2C, a metal layer 34 can be formed filing the opening 22.

The metal layer 34 is preferably comprised of PVD Cu seed and electrochemical plated Cuora
Cu alloy. Preferably, after metal layer 34 is formed, a chemical-mechanical polish (CMP)
process is used to remove the excess metal 34 and the excess barrier 29 over the second
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.




Page 18 Table: Summary of proces steps of the enbodiments and Process A
First enbodi nent Second enbodi nent Process A - known to the inventors (No
pre-clean step) (includes pre-clean step) Fornms Beta phase Ta Fresh Cu Cu
dep Cu dep other steps place wafer in process tool place wafer in process
tool place wafer in process tool degas degas degas pre-cool T< 100C
pre-cool T< 100C Water T - 350C pre-clean (Ar sputtePpgplée-clean (Ar
sputter) Ta sputter - to form al pha phase Ta Ta sputter - to form al pha
phase Ta Ta sputter - to formbeta at T <= 100C at T <= 100 C phase Ta at

T > Z6lle: csun’ﬁna@rdf@ﬁ%%sﬁtepf&rﬂﬁ@erﬁ@écﬁm@t}@%ﬁdF'Féc&k‘%f ollowing I's a process

| Art Thi.c
A wWn 10 THE™ r S A o STROt—Prt-of
pro gisygtéﬁb%(?#?ﬂ eta phase Ta S Je ae}r'}%(’d"ﬁ?ﬁ?,h has a hi %mm%ﬂlﬂﬁan

al phayp Ta LAl pha phase) | .Process A was used to b)mcrsmtheir
wor @U‘E%EVE?‘@%—‘Q‘IE preferr-@’&ﬁé@@%ﬁmm i nvention. Process A

sho that without the invention's pre- Sputter cool ¢down step, Beta phase
Ta s forned. Figures 1A _and| 1B show t he_process st eps FoFingBeea bRadesTd he
sanefeeshifGyure 10 2A. As sh)(&}ludep figure 1A, a substiauelep0 1s provi déd. A

: & ver—4A4 o oxi-de I:n/nr is..formed..over_the
first—diretectr+etayer—14—s de

(U

substrate. A hole/trench in JU@‘GF |SP6§§ di el ect ric layef is fornmed preferably
by sipR@t evaldr ifPAdcess tool place wafer in process tool place wafer in process tool
degas degas degas
pre-cool T<100°C pre-cool T< 100°C Water T ~ 350°C
pre-clean (Ar sputter) pre-clean (Ar sputter)

Ta sputter - to form alpha phase Ta | Ta sputter - to form alpha phase Ta | Ta sputter - to form beta

at T <=100°C at T <=100 °C phase Ta at T > 200 °C

A Process A — Forms Beta phase TA

The following is a process "A", which is known to the inventors. Process A
5 isnotprior art. This process A forms beta phase Ta (beta Ta) which has a higher resistivity than
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

10 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,

15 Preferably a barrier layer 15 is formed along this hole/trench. The barrier
layer 15 can consist of beta phase Ta only. The bartier 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

3




damascene nethods. 15 Preferably a barrier layer 15 is forned along this
hol e/trench. The barrier |ayer 15 can consist of beta phase Ta only. The
barrier layer can be formed by physical vapor deposition (PVD). A copper

| ayer 13 (e.g., netal feature) is formed on top of barrier |ayer 15,
filling the opening. Next, preferably a chem cal - nmechani cal polish (CW)
process is used to Page 19 renpve any excess barrierP##lé and copper |ayer
over the first dielectric layer 14 thereby |leaving the barrier layer 15 on
the sidewall of the hole/trench and copper 13 filling the opening. A

bar rk@lové avseex b badlidin ' ; i Gineayer
14 and t_ﬁ%yecop er Iayagfetr (iagd E%E %)ag% f%*é Iﬂgegﬂ(iaﬂrg?%g%\%g 1?%&?&8&3%@ 8%%381&‘%

ni t rtheléarrier lager B etethe Sidaws B of the: Ihiletrenctirand copyer] 31fdling tifearpemihgover t he

copper layer 13 gnd the barrier. |ayer Lootill referry to figure 1 A
anpgpeni n)g; 22 in 1?38%‘?%%‘%81? §8P¥qy8r)ljl§>}§§°%dé1’( fﬁ’Fﬁ}lé"quféF? e l4yer 16
IS f&ﬁ@@cd@eﬁ%ﬁ&sﬂ. TR HORPRlyel 8e fokRedSf SHAMWRidiBe fdrQUfifqesl B, Ta layer

28 consisting of essentially beta phase Ta is forned over the Copper |ayer

$3 and the oxi deA sggend diglecTiedaska 1Bay Srmed overdhCoomee thydi | hned thedmmid by
t he 1599#'1%"“ ng steps: Table : Sunmary of Process "A" Summary of Process "A"
step enperatures 1. degas - tenp between 20 and 350C 2. transfer to

Buf f er chanber Tsht¥eeme350izusta 220enthy 2rig 18 §20nd Aelce M LEE 1RndT
bet ween 220 and 300C 4. tgr&ag?fuer in trans?er charrbernT get vveen§2roo to 210C.

5. The gapsslayenlf is formpddo pxpeseeesrrpenlasierd 260C
10 As shown in figure 1B, Ta layer 28 consisting of essentially beta phase Ta is
formed over the Copper layer 13 and the oxide layer 18. The Ta layer 28 and Cu seed 31 are

formed by the following steps:

Table : Summary of Process “A”

Summary of Process “A” steps Temperatures

1. degas - temp between 20 and 350°C

transfer to Buffer chamber T between 350°C and 220°C

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

2.
3.
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 ina 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.




forms beta Ta, not alpha Ta 6. Cu deposition 15 A disadvantage of this
process is that essentially no al pha phase Ta is forned and high
resistivity Beta phase Ta is formed. 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 aIgays_forn1Beta Ta.
Al pha phase Ta can be fornmed in a bi-layer nethod, Féla first | ayer
(seed layer) of TaN is deposited followed by a Ta Layer. In contrast, the
first embodi nent and second enbodinent forma Ta layer conprised of al pha
Ta. Page 20 B. Structure for an interconnect using the Ta barrier |ayer
Figure 4 shows an exenplary structure of the enbodinents barrier layer in

an (
metal i or |n§

I ntergonnect .structuge. A semi conductor structure 200 is provided. A
@I”ng ansirgereiyientdsiog thed abarrégrlayer | ayer 206 are

provi ded over t structure. The gg}t’&b%&gt@gre IS preferably conprised of

Cu. A barrier |ayePesoPo%s g

theembadipents bartisn Biyasim anet ch

t 9 : ' ot [ 4 and
i o et I Ayt 206 T Ehbbd hent (o) Hart (e oy Bygr S ved o

? he ofrfgagre Pedngt diclzoicdarer @06 are providdil everdhe sttudtageFhe@staPkaturdhe secti on

I R U I NN RN AN T T
bet atchhagdafias 20009 (i £ S HeCTordd ol ORERA fae 20D Endafeldcfifc hger 220
216, _The interconnect is preferably conmprised of Cu. After the tal |ayer
erggg’c ﬁ&ﬁm‘itq@@n%(% pamigy &yeeal B0 isHemiason the oretlifetire 206 land hmét t('xlé'ENP) . The
hg'ﬁrggeg%ﬁg@%&%rg@gsﬁ%. Frdyliod %%%%%H?er'l%e? 5§ chl}%getnt Hl%dn%etgls 308 %om%?ised
10 of alpha phase Ta and the section on the dielectric layers 208 216 is comprised of beta phase Ta.
An interconnect 224 is formed over the barrier layer 220 216. The interconnect is preferably
comprised of Cu. After the metal layer deposition, the metal layer can be chemical-mechanical
polished (CMP). The interconnect can be a dual damascene interconnect made using a dual
damascene process.
15
C. Other structures
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 5 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 insu[atiﬁg 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




15 C. O her structures The enbodi nents Ta | ayer can be used in other

sem conduct or applications. For exanple, the al pha Ta | ayer be used as a
barrier layer in a Cu stud process. Figure 5 shows a metal feature 502
conprised of Cu. The netal feature is surrounded by dielectric |ayer 504.
20 An insulating layer 508 is fornmed over the dielectric layer 504 and

metal feature 502. The insulating |layer 508 can be Eegeptli sed of an
oxide/nitride layer. A polyimde |ayer 510 is forned over the insulating

| ayer 508. A passivation layer 512 is fornmed over the insulating |ayer 508.-

The espasially af | G0V baweTa. The Ta d8rRe 18RRI AR thth@iab{)bed&e%@éed“%%?&ﬁme@zg | ayer

(e.g., recess) is formed through the insulati'ng |ayer yim .
510 (ﬁdﬁhe@é@%ti%ti on layer 512 to expose the netal feature 502. A Ta barrier
| ayer 520 522 is forned on the netal feature 502 and the sidewalls of the
insulating | ayer 508, polyimde |layer 510 and passivation |ayer 512. The

first section ofa §daendaktdl &futdra¥80 is¥3EneNok IR vabidrelak sheafiy s%c«%r?d

conprised of al pha Ta and beta Ta. 30 The second sect’ion of the barrier
Pay dpeigbizaiuze ibeergsodder fpall ar €4 intargoprast eomptisedadisidstisondnyRehe 21

i % ... the Ta barrier |ayer is.formed by the above
322?‘?‘%@5%&@%&% @n@gﬁgﬁsg%@ P %ﬁsﬁdﬁeg‘m h}?_se%)rgiéegt SRS feature 530 is
formed on the bafTheembbaintintdsh belted 36 ERPintRcdREAS of 53 BhE winle B3R e a
sol der éo |1 or .C4 interconnect conprised of |ead-tin or "any other suitable

1,

|
met &f & Cudaygrrand 3¢ Fa Igygepic as givabdengseena isterenmmeethechipeomld, soddealbaligatar e.

The enbodi nents can be used to forminterconnects of any kind where there

is a Cu lpyer 8nfpdriifg'ptg’. such as, dual danascene interconnects, chip
bonds, sol der 'gaﬁ)s, ’ZQC. sD. Supporting Data

10 Figure 7 is the XRD (X-ray diffraction) two theta scan spectra (vs intensity
au.) 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) 2 cool > degas—> pre-Ta sputter cool > Ta deposition (e.g., alpha phase ) ->
cool> Cu deposition).

Referring 1o 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 Jabeled “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).




10 Figure 7 is the XRD (X-ray diffraction) two theta scan spectra (vs
intensity a.u.) that conpares Ta forned with process A (700) and Ta forned
with a first enbodi nent process (702). For the first enbodi ment process
curve 702, the additional peak |ocated at 38.51 degree is due to the
present of al pha phase Ta. 15 Figure 8 is the XRD t\/\? ta scan spectra
that conpare sanples processed wth first enbodi nen ver sus that
with the TAN Ta bi-layer process (BL). Both XRD spectra show the present
of characteristic al pha Ta peak |ocated at 38.51 degree. The TaN Ta

bi -1 ayer bar r| er D&@dﬁ:ciaddBL'pambssesumnﬁmWTéBBQ@sr Barpeedéposition3 TaN

d t / t 3 I Th f t enbodi t
b HDeg S e 3, Cbhdobositin 20 TRgopHes IOCLR deposiel - sgae-3 pr o Ta
sputrs@m&e@haﬁr AapdlaRRs me%ﬁgﬁugn of @mff@um@@e g%p&%\}%% %J‘%?‘S osi tion).

Referring to figure 9, via chain resistance val ue for
t hr edphageiabesTq @T[forﬁl\@ topbf TaRisged kyér. Rufusing ke Bigutch|pro@isa( vdsalté?ffiha' n

B R Rt ¢ kot derbmEman: Cafh s siniyars Esiiamee koo pi-buens A
( Deq@sLy pracE e Th S%B{)oﬂﬂhltathe depag! 'ei?ﬂb?ﬂlrr%en? fedeRORk talpgﬁ phaseuf O\%in)cg CTh' S

i s not prlor art a | abel ed ment are ond
enbd@ﬁ#éwefreilﬁeg%fsthanbetpmhamﬂla(“S’E])‘p)re cl ean --> Ta deposition --> Cu
deposition --> cool). Page 22 Data |abeled BL' are the results for TaN Ta
bi -1 ayer barrier deposition (Degas -9 pre-clean 9 TaN deposition 4 Ta

deposition 4 Cu @@Qﬁﬁ’efab@{b the @0@l1dd destAMid@ 1@110{11@13% ge%‘cﬂﬁﬂé%é %Fl z?]tlﬁg'e

deposition of TaN follo by Ta deposition. I's kno hase
Pa cﬁ@ﬂmﬁeatmnmdttb@amemt@d\plw@dﬂieaaytmarm raf‘,nr@n't and " thal mcmdemimaeSs A

res her vi The s,econ enbodi nent ) has simlar
Vi a%r %ezeng anc%é &18 ¢ ﬂteexﬁ?l- %%Pta Oﬁewlsﬁr B]?:‘@s T OXHpRe gﬁﬁﬁﬁéﬁ sl\"{‘B that the
sec aethi@ndactbirant lufésoceatetf 6F ﬂﬁfeﬂnﬁﬁﬁtd?ﬁ?s&@hﬂl@aﬁémnﬁﬁn 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.




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 terf"a semi conductor” includes a
variety of different materials which are known to have the behavi oral
characteristics of a sem conductor, and reference to a "plasm" includes a
gas or gd¥hatépdeigweds: activated by an RF gl ow discharge. 15 Wiile the

i nvention has been particularly shown and described with reference to the
preferred enbodi nents thereof, it wll be understood by those skilled in
the art tlhat vamitbad of ohmingesantalufolryar antpdsdail kiphaalash d apadeoppertsoufece
departi nr% fromthe g%i r'bt and scope of the invention. It is intended to
cover varPBHSSRediti®aPl ons and sinmilar arrangements and procedures, and

the scope of thgrotidpendappel laydrevimenbsiene saboupitr bgcaertpdadxpbedbr oadest
20 interpretation so as to enconpass all such nodifications and simlar
arrangenent s &MRPe pHECEdures. 23 What is claimed is: | . A method of

form ng a tantaldmilayahat@MRYESEANafin 8RRawWRAARE cifhe? Thyr SHPLEuBMILACE

conprising the steps of: a) pfoviding a copper |ayer over a substrate; said
copper |ayer Ipaxissgridhwuexpostsdvenogppel lagabbaeen the)copparidviy and hafanidlum | ayer

ot hout any 1 B8 oS e pr SREFE e PN PR BB Rl b DB e
| ayer; the spudss@fahnQ0ir; agessd ahtallie ldyamit abprided Wé blphs plpse Taunkbetaphae

substrate tenperature |ess than 200C, and said tantalumlayer is conprised
of al pha phasé?Ta and beta phase Ta.

2. The method of claim | wherein the sputtering of said tantalum layer is performed at a

substrate temperature less than 100°C.

3. The method of claim 1 which further includes before step (b), in a pre-cooling step,

cooling said substrate to a temperature less than 100°C.

4. The method of claim | wherein the sputtering process is performed at a pressure
between 1.5 and 8 mTorr; at the substrate temperature between 25 and 200 °C; at a power
between 15 and 24 kilowatts; at a plasma density between 10E1l and 10E12 cm-3; ata Ta
deposition rate between 750 and 1200 A/ min.

5. The method of claim | which further includes before step (b), in a pre-cooling step,
cooling said substrate to a temperature less than 100°C; said pre-cooling step is performed
for a time between 20 and 40 seconds and with an Ar backfill pressure between 1.5 and 5.0

torrs.

6. The method of claim 1 wherein said tantalum layer has a resistivity between 90 and

110 micro-ohm-cm.




2. The nethod of claiml1 wherein the sputtering of said tantalumlayer is
performed at a substrate tenperature |ess than 100C. 3. The nethod of
claim1 which further includes before step (b), in a pre-cooling step,
cooling said substrate to a tenperature | ess than 100C. 4. The nethod of
claim1 wherein the sputtering proces® is performed at a pressure between
1.5 and 8 mlorr; at the substrate tenperature between 25 and 200 C, at a

power betmeen 15 and 24 kil owatts; density between 10E11 and
10E12 cm/3; atlhampod@éplaun ¢ iveirqimead B’@E%@’é?ﬁ PR AP O HHETS.  The

met hod ofy, ﬁ'v%%bt?hh Happﬁsgﬁgr i ncludes before step (b), in a pre-cooling
step, <cooling s substrate to a tenperature |less than 100C, said

pre-cool i ng step is perforned for a tine between 20 and 40 seconds and

Wt h an af er el f ! lehqé)gt gﬁ% \:51 ere\Aggal?]}anallﬁ ?a c?cin\l}%[rg a}ease met hod of

claim1 IR e F R a8 M &Y 0 and 110

m cr 0- ohrgegiden 34 and 65 %ghﬂ%tdnddtphﬁ pﬁés&leHetwd&ﬁBéiaﬁd saml%.ant al um | ayer has
a concentration of greater than 35 weight % al pha phase Ta. 8. The net hod
of claim1l wherein said tantalum|ayer conprises beta phase Ta between 50

and 65 wej ght 1% anehRlPRRiR 3G RrBEt NE8TesIBaRY a %awppe{omy%r oiré}%aﬂet hod of

claim1l mhlch further includes formng a top copper |ayer over said

t ant al umtardslem;laysa sdiditarelaindaydrayiéng asctbiangerdayen barrier |ayer. 10. The

met hod of claim1 which further includes: depositing a solder ball over the
tantalumlayer. 11. The nmethod of claim| wherein prior to the step of
form ng s@id tTehakiwddfaien, yiieh tibanintigdsaigositippseddadpfieveste f ace usi ng

a sputter cleaning process.
tantalum layer.

11.  The method of claim 1 wherein prior to the step of forming said tantalum layer, pre-

cleaning said exposed copper surface using a sputter cleaning process.

12.  The method of claim | wherein prior to the step of forming said tantalum layer, pre-

cleaning said exposed copper surface using an Ar sputter cleaning process.

13.  The method of claim 1 wherein said copper layer is comprised of greater than 99.999

wt % copper.

14. 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;
c) in a degas step, placing said substrate in a processing chamber and reducing the

pressure in sald_processing chamber to between |E-03 and 1E-07 torr; and to a

temperature range between 25 to 350 °C;




12. The method of claim 1l wherein prior to the step of formng said
tantal um | ayer, pre- cleaning said exposed copper surface using an Ar
sputter cleaning process. 13. The nethod of claim 1 wherein said copper

| ayer is conprised of greater than 99.999 w % copper. 14. A nethod of
formng a tantalum | ayer conprised of2%al pha phase Ta on a copper surface
conprising the steps of: a) depositing a copper |ayer over a substrate;

sai d copper |ayer having ap exposed. copper surface; b) i ost
deposition cod?ing'st 8‘6,‘0088% ?ﬁb Ceqi Sé‘@bsé‘[’srt?kleetotade‘apfﬁ%tr‘fffg?ez‘f’gﬁ“em Egét ween

20 and 100C, qpoicn a degas step, placing said substrate in a processing
chanber and reducing the pressure in said-processing chanber to between
1E- 03 and 1E- GF t oi% 2 Tappitiegngstep,dpisaipa e tanglyp fyer presajdbespponlayy; 850 C 25

d) in a pre-c ' , ' { ;&& t. ween
20 and 1ooc;QetMP%'%kﬁg‘?%ﬁf%%ﬁ?ﬁ@ﬁ§gﬁ%%q?%§%§ﬁé%gmgénta ﬁ@?#ﬁ%%?ﬂ%% said
copper |ayer; 26@8i(dJ tantalum |l ayer is conprised of al pha phase Ta; said

substrate tenperature is.less than 200C .(1) said tanta | ayer. has a
Fesi stivi ty betwsehDoo SHAPTRHRIBRLES Ry poyeshIf ofd MG pugan: s
conprised of al pha(phasgaid et PEAisRBREAseclDT alph& phadt TRAKE B&h AR Tfa; @kpha
Ta is between 35 and 50 wt % and the wt percentage of beta Ta Is between 50

and 65 wt % 15. P&tz iciphe|Taiinbawedht candidirvtieand thelwidssenidgposi ti ng

a top copper |ayer ,oxghth e, AHouilsawghs said tantalumlayer acting as a
barrier |ayer.

15.  The method of claim 14 which further includes: depositing a top copper layer over the

tantalum layer; said tantalum layer acting as a barrier layer.

16.  The method of claim 14 which further includes: depositing a solder ball over the

tantalum layer.

17.  The method of claim 14 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.

18.  The method of claim 14 which further includes: the Ta sputtering step is performed
at a pressure: between 1.5 and 8 mTorr; a wafer temperature: between 25 and 200 °C; at a
Power between 15 and 24 Kilowatts; at a plasma density between [E11 and 1E12 cm-3;

and at a Ta deposition rate between 750 and 1200 A/ min.

19. 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;




16. The method of claim 14 which further includes: depositing a sol der bal
over the tantalumlayer. 17. The nmethod of claim 14 which further

i ncludes: said pre-cooling step is performed for a tinme between 20 and 40
seconds and with an Ar back fill pressure between 1.5 and 5.0 torrs; said
substrate cooled by flowi ng Ar gas adiacent to said substrate. 18. The

nmet hod of claim 14 which further includes: the Ta sputtering step is

performed at_ a press re: between 1,5 and 8 nilorr; . r te rat u
bet ween 25 an®) 200G f’&f‘s gep. p e ] ad?’i%ce%“%\,}%ﬁ%ﬁ nsdn‘p‘i‘tmg ?asrra

density Dbet Weg;‘bségétln ﬁﬂ%r@&%ﬁn%@ﬁaﬁtbw anskotend 0ER)3GRODELI7OB:T Adgo bej ween
750 and 1200 A method of form ng tantalum | ayer conprised of

Al pha phase Taﬂmvﬁﬁmarmu@ﬁehwsmﬁﬁatﬁﬂVﬁbnpr|S|ng the steps of: a) fornming a
copper |ayer %%l € Ir n a%g !Ejirg Sctog)lal% Ste X %0(%1 m%osglla subst%Ye%[) aqgt{%?r}gtu%rb e%&a%%%%nd copper

surface; 26 gas processi ng
chanber and redogi;ng the pressure in sard processi ng chanber to bet ween

10E-03 and 10E-07 tort nd, to a erature range between 25 to 350 C, c)
'n a pre-cool fhg sERpPECIBIIEG BarE EIBOR S CORS IyPRIbE e YeviRen 20

and 100C, d) hgeglgﬁﬁzﬁhggpg@g step, pre-cleaning said copper |ayer using
a sputter clegnrng process using an inert gas; (1) said sputter cleaning

process uses Ar gaéf) e) sdithsputieapicaingrogass ness ﬁﬁ@a%t ep, formng a tantal um
[ayer on a1 ponpgt Lt o HARSMARA YBlyh BRSO T
resistivity beinsen 19@r andmbilifedvfatpha damhe Bubstrate temperature is less than 200°C;

(1)  said tantalum layer has a resistivity between 90 and 110 micro-chm-cm;

(2) said tantalum layer is comprised of alpha phase Ta and beta phase Ta; the

wt percentage of alpha phase Ta is between 35 and 50 wt % and the wt

percentage of beta phase Ta is between 50 and 65 wt %.

20.  The method of claim 19 which further comprises: depositing a second copper layer

over the tantalum layer; said tantalum layer acting as a barrier layer.

21.  The method of claim 19 which further comprises: forming a solder ball over said

tantalum layer.

22.  The method of claim 19 which further includes: said pre-cooling step is performed for

a time between 20 and 40 seconds and with an Ar backfill pressure between 1.5 and 5.0 Torrs.

23.  The method of claim 19 which further includes: said sputter cleaning process using Ar
gas and is performed at a plasma density of between 1E11 and 1E12 cm-3, at a temperature

between 20 and 100°C; at a pressure between 0.3 and I mTorr.

24, The method of claim 19 which further includes: the tantalum sputtering step is

performed at a pressure: between 1.5 and 8 mTorr; a substrate temperature between 25 and




(2) said tantalum |l ayer is conprised of al pha phase Ta and beta phase Ta;
the w percentage of al pha phase Ta is between 35 and 50 wt % and the wt
per cent age of beta phase Ta is between 50 and 65 wt % 20. The net hod of
claim19 which further conprises: depositing a second copper |ayer over
the tantalumlayer; said tantalum|ayZt acting as a barrier layer. 21. The
nmet hod of claim 19 which further conprises: formng a solder ball over said
tantal um|ayer. 22. The nethod of claim 19 which further includes: said

pr e- cool .Zﬁa %wéapp&%@twnnléoﬁnﬁgﬂ Kilowatyeat g planma densyy Bp a0 [Eébonds and
with an icﬁiwﬂ t BTG R WefosARBE Bethvean 256 aRt BodN/%fn, 23. The method of

claim 19 urther ‘i ncludes: said sputter cleaning process using Ar
gas and is perforned at a pl asrra den5|ty of between 1E11 and 1E12 cm 3, at

a tenperature , betwe V\g at a pressure between 0.3 and | nforr.
24. The ?ét hod* Y G uao'ﬁm ure%onflprl 'ffer includes: the tantal um sputtering

step is perfassmidoaducorptreastd) e: between 1.5 and 8 niforr; a substrate

tenperature between_ 25 and 27 200 C, at a power between 15 and 24
Kilowatts; at 2&Opreakiver @‘@ﬁ§?‘9§e%9%'éwfﬁtr‘?_ﬁ‘ire’l and 1E12 cm 3; at a al pha

deposi tion rate,RALWaSR: b7 An@RtohRO0y M sdi Ebppgxlsia @wﬁ&%pﬁ'}q%ﬁv@ﬁm@t ructure

conprising: a sem conductor structure; a copper’layer ovér said
sem conduct or TeNrlawsr bf:fefeelaﬂmammﬂf tayet ayjethe tﬂntaémmfﬂyﬁr, sohtaasdumdlavir sai d

copper |ayer w.thout iR ayer bet ween the copper |ayer
and the tant aICﬂWP?Sae?é’ a 3? SFﬁ%tagggetaP%/Sg i%nd conprised of al pha phase Ta

and beta phasa m@ual l@a:doﬁsﬂma@taiﬂlﬁy@m on said tantalumlayer. 26. The
sem conductor structure of claim25 wherein said tantalum | ayer is
conpri sed of

26.  The semiconductor structure of claim 25 wherein said tantalum layer is comprised of

between 35 and 50 weight percent Alpha phase Ta.
27.  The semiconductor structure of claim 25 wherein said tantalum layer is comprised of
between 50 and 65 weight percent beta phase Ta and between 35 and 50 weight % alpha phase

Ta.

28.  The semiconductor structure of claim 25 wherein said copper layer is comprised of

greater than 99.999 wt % copper.
29. The semiconductor structure of claim 25 wherein said metal layer is comprised of Cu.

30.  The semiconductor structure of claim 25 wherein said metal layer is comprised of

at least a barrier layer and a first metal layer on said barrier layer.

31.  The semiconductor structure of claim 25 wherein said tantalum layer and said

metal layer comprise an interconnect.

32.  The semiconductor structure of claim 25 wherein said metal layer is comprised of a

solder ball.




bet ween 35 and 50 wei ght percent Al pha phase Ta. 27. The sem conduct or
structure of claim25 wherein said tantalum | ayer is conprised of between
50 and 65 wei ght percent beta phase Ta and between 35 and 50 wei ght % al pha
phase Ta. 28. The sem conductor structure of claim 25 wherein said copper

| ayer is conprised of greater than 988 999 wt % copper. 29. The

sem conduct or structure of claim25 wherein said netal |ayer is conprised
of Cu. 30. The sem conductor structure of claim25 wherein said netal

layer is conprised of at least a barrier layer and a first netal |ayer on

sai d barrgser |@y&{leoﬁactoﬂ'§lﬁlcﬁﬁén(;g@?gg{ﬁé .or structure of claim25 wherein
said tantalum |l ayer and said netal |ayer conprise an interconnect. 32. The

sem conduct or st r uetseinsopducklr §iBHIA%; wher ei n sai d net al | ayer is conprised

of a solder ball ta}%g’atmﬁ‘gfo eﬁ?ﬂ?&f&&&rstrét’er Sggcfdlﬂlgtﬁl’ fggt?%g (gxh{}xr@séz{i%f

seni conduct or subsfrat ure provi dai d
nmetal feature is ceﬁpmumadgb@m@ﬂkmﬁqmﬂmﬁsmbaﬁmggahamﬂmfaﬁmbeast partially
covering said netal feature ar uﬁg iate in i.nsul ating | ayer over

id
said metal feature?® SCepRiOrted nysal é?s %ﬁr8V%Fm§§FHﬂﬁﬁgﬁﬁatlng | ayer and

on and in contact Wihhierdlyel B88Ed POl iRMaBhg RYEnABhAhd frea@htcewlnder said
recess w thout any |nterven|n TaN | ayer between the barrier |layer and the

metal feature, sai @tlepdeppgioncdyed metapraiusedndst sad recesst wibeutiasyh on sai d
metal feature; sa %&h&ghmﬁweﬁg@t&é DRk Geub R F Shonli S et%lsfegtﬂfépgeﬁ(?ed of

al pha phase tantal uman ase tantal 'ayer over said
barrier |ayer. barrier layer comprlscd of a first sectxon on said metal feature; said first

section of said barrier layer is comprised of alpha phase tantalum and beta
phase tantalum; and

a metal layer over said barrier layer.
34, The semiconductor structure of claim 33 wherein said metal feature is a metal line.
35. The semiconductor structure of claim 33 wherein said metal feature is an interconnect.

36.  The semiconductor structure of claim 33 wherein said metal layer is a Cu or Cu alloy

layer.
37.  The semiconductor structure of claim 33 wherein said metal layer is a solder ball.

38.  The semiconductor structure of claim 33 wherein said metal layer is a solder ball

comprised of tin.

39.  The semiconductor structure of claim 33 wherein said first section of said barrier layer
is comprised of between 50 and 65 weight percent beta phase Ta and between 35 and 50%
alpha phase Ta.




34. The sem conductor structure of claim33 wherein said netal feature is a
nmetal line. 35. The sem conductor structure of claim33 wherein said netal
feature is an interconnect. 36. The sem conductor structure of claim 33
wherein said netal layer is a Cu or Cu alloy |layer. 37. The sem conductor
structure of claim33 wherein said netdal layer is a solder ball. 38. The
sem conduct or structure of claim33 wherein said netal |ayer is a sol der

ball conprised of tin, 39. The sem conductor structure of. claim 33 wherein
oait 1 o o ifeafmispidsion st r iy as Wiren SibirebhiR S faBlso and 6

wei ght pqﬁﬁ&g&rggh@9@b§§g9J§¥@@g between 35 and 50% al pha phase Ta. 29
40. The sem conductor structure of claim33 wherein said nmetal feature is

conprised of greater than 99.999 wt % copper.




