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The present invention relates to an al pha-phase 3 1 DEC 20U3 tantal um
exhibiting relatively law resistivity arid a high degree of orientation and
a nethod for fabricating the al pha-phase tantalum In addition, the

al pha- pgmm“ﬂmmmmmm according to the present invention is especialdyl DEC 2003

usef ul ayer and particularly in copper chip interconnnection
structures Ryglshernore, the al pha-phase tantal um acts as a redundant
current |ayer in such structures and ngds use in chip structures,

packagi ng mmmﬂmmmmm di splays and in gnetics. Background of Invention
Al um num ed alloy, 1ACresgsroetvenilyalte predom nantly used
conduct ors f oL Ng i nterconnection fromel ectronic devices such as
intergrated circuits . The anmount of Cu in AICu is typically in the range
of about 0.3 to about 4n. Repl acenent mEsSGRIRTIHN Cu and Cu all oys as a chip
i nterconnection material results in advantages of inproved ' chip

per of rmance. Performance is i nproved because the resistivity of Cu and in
certain copper alloys is |ess than thechwkgat Riqdd of Al cu.  Besi des
performance, high chip yield count and higher circuit wiring densities are

.al'so realized. 2 In addition, interest SLRg,£0 erconnects
i n sem conduct of dé%??xﬁ??ﬁﬂ?ﬁrﬁﬁ%ﬁﬂﬁ&&nsfﬁééteg kgssﬁ RP§1 §h%§%

'suscept|b|I|tytamm&ﬂ@mtaxhuQﬁamngnrékﬂﬂumaéYaéowoWﬁaﬁéalvbtrh@n®D#ehlgh

traditional Q%fggngg 54£ggggggéﬂléﬁﬂ|anh@kggangaksfaﬁbecadyﬁ@t@@@s of
copper netalllz

I on have been . recaq t he, ent nd o
i ndust ry CoppefiFigz2PP2sat it 4 be 4§f§ﬂ‘ écghgf gggengﬂ%égre§%%$% "
docunent ed by fmpoedingetd ssheprEsdriie meemlams iReseRrehabbyi e6giuhREy 2

ool S Dne © [ N subhept is MRS Bulletin
vol XVIIT hgggf%gﬁ fa Qra§ﬁ@kﬁﬁfkldﬁ%§¥1¥1ﬂh doppesubhep

993). and the other gﬁéﬁ‘ted t%hlnd¥ g Lase
research in NRS“BBFF%?P%CC¥%? SEEMCLYS AT B CI 20 593 Baper by
Lut her et al, tEhaﬁmﬂmC@pperaEaéyﬁmduhdd&nﬂcdaninmflﬁN@annesunherconnectlon

for ULSI DEViCSE%UckﬂrggogndlE%ﬁhéﬂéﬂe in chip structures, packaging, flat
panel displhys and in magnetics.

Baakground of Invention

Aluminum and its related alloy, AlCu, are currently the
predominantly used- conductors for forming interconnection
from electronic devices such as integrated cixcuits. The
amount of Cu in AlCu is typically in the range of about 0.3
to about 4%. ‘

R Replacement of AlCu by Cu and Cu alloys as a chip
jnterconnection material results in advantages of improved
chip performance. Performance is improved because the
resistivity of Cu and in certain copper alloys is less than
the resistivity of AlCu. Besides performance, high chip
yvield count and higher circuit wiring densities are also

realized.



Multilevel Interconnections Conference, Santa Clara, CA, June 8-9, 1993, p.
'S, describes the fabrication of coppex chip interconnections with four
| evel s of metallization However, since copper has a tendency when used in
i nterconnect netallurgy to diffuse into surrounding dielectric materials
such as silicon dioxide, encapsul ation of the copper is essenti al s'qhg)EC 200/_]
capping inhibits Chas diffusion One w dely suggested nethod of cappin -
i ncl udes enpl oyi ng a conductive barrier |ayer along the sidewalls arid
bottom surface of a copper interconnect. Typical of such barrier layers is
tantal umand titanium and nitrides therkof. Capping of the upper surface
of a copper interconnect_ usually enploys silicon nitride The tantal um
enpl oyed is typical 1%y aHAH MY fREsEeFEni Bl BALREyEPPPGRI &% HREFHR Sy
as a barrier, fhssemtdendudloDEvid@3d has ancedandansitosr Entpceddd ey layer
to assist the PBiD.SONCUELY. SOPRRY kD OHLCERLAGLBLEL LNt EOm  Mor gover. it
becones the malh conduct oF i n the gbenp 'ﬁe copper farls due to
el ectroni gart i @PMPRGRY O e naxs Sriagdityonplt ﬂgum@@@n@ryah%m%l%lloy
al pha- phase t anheédddhmy@tsj S typically about 25 micro ohmcxn. Although
this resistivity is adequate, it |eaves roomfar inprovenent, Accordingly,
At would be desirable to reduce the resistivity of the redundant conducting
| ayer to be as | ow Bee précainttages Sfmrmppest MeAgdhi EdhiThehpyesesrni nventi on
relates to a tantadNRéayey Eﬁﬁ“éﬂl£¥e9@hh&%@ﬂhhﬁtb@dﬂﬁédséﬁ?LSttabédk I'n
addition, the tantfgun1lqé§r according tot ‘he present invention has a high
degree of ori eRESRTOMZHOTER AT iREGATAHNE PR CFFeQENBXFRUBHY R oheF 25T Rs to
an al pha- phasedtawhahtexl hay i twp amesiestiiseniey of khesMthamidbsnReseanhit crn.
The present inygpiLep ahes) BlAES]0 el BLALEIBBACLLODCSALHEL UrEad Sen
sem conductor I ntegrated circuits ich conprises a layer o cogger or
copper alloy afdl BPBaFMPE#Cl alferMi QHﬁﬁﬁéﬁﬁasgoﬂanﬁgFﬁﬁwh§9in@ fJune
resistivity of1bess ahantHE & lesw-abaamedAteotidingtiaad fFassthech aspaars of
e Lovent on Bgig.ha, Moy 4ef 2] NLTEANISE! 198451 | US! E6s  Bhper 1
sem conductor I ntegrated circuits i ch conprises a |ayer _of c hger d¥
copper al |l oy ahdthepaehial. | 'Hlangt Conpra-prayenidnt Brgk Fadi Af ghe Line
resistivity of Tabedtoddedt t60- BhmEL DDevdsa) "andawpebei. n TEEEevEBIckness of

the copper is ﬁ:ﬁ?!&léQQlt?n@%g%@ < 00; £ SEHAAG L0 BahHEL gfégg?péﬁf of

the invention there s provi i nterconnéction structur

sem conduct or YABEgPaPedl@P? cul t SLavhidarcadihsei $8& Aabajertapncoppeprerr
.copper alloy asHip batéresnheyeiond alhdacpiadeviast alfurchaliingagion.
resistivity of about 15 mcro-ohmcmor |ess, and wherein the thickness of
t he al pha-phase tantalum | ayer is about 50 to about 300 AS ~ | ~ E ~
2003 4 A further asPetever: tHLN§R cimey hpdntd §AFeNsYe¥es Yfedl pRa- phase
t ant al um obt ai hadebyohhecaboyealoseryt hed qirfduses into surrounding

dielectric materials such as silicon dioxide, encapsulation
of the copper is essential. The capping inhibits this
diffusion. One widely suggested method ¢f capping includes

i employing a conductive barrier layer along the sidewalls and
bottom surface of a copper interconnect. Typical of such
barrier layers is tantalum and titanium, and nitridesg
thereof. Capping of the upper surface of a copper

interconnect uwsually employs silicon nitride.

The tantalum employed is typically an alpha-phase
vantalum layer, which besides acting as a barrier, alsec acts



Still other object and advantages of the present invention will becone
readily apparent by those skilled in the art fromthe follow ng detail ed
description, wherein it is shown and described only the preferred

enbodi nents of the invention, sinply by way of illustration of t

node contenpl ated of carrying out. the invention. As will be rea 36L3§EKEZOOS
invention is capable of other and different enbodi nents, and its several
details axe capable of nodifications in various obvious respects, wthout
departing fromthe invention. Accordingl-the description is to be

regarded as |Ilustrat|ve in nature and not as restrictive. Summary of

Dr awi ngs2%# Fdundans curren isarier fayeriioagsisrthe inatn s@miucoR BojsHep In Silrfeaf Hithfukin,

d .2 diff
poct ra ToretvRE i RERREE R hoinctReicd o ticlint hh oermer il dde ebéégéli&ﬁ.m

Modes foHo@avaryﬂxagesimiw R ey predent] D Ander st a of
T prez&;@ i nvention, t?efere%cenwyf%gagﬂﬁﬂ M?MSIE’F{’I“% 3?%%15 icafly a 2l

illustr iqe ofmeem. - Althgughythis mslsuwgy i adsquatac itUekods mbxﬂfcﬁﬂﬂip%%diéﬁi or

waf er ( nRéc SHf r ma ys) silicon

car bi de, or&‘gggﬁ ﬁm ansg‘?\g%uIab‘%qg *“’3‘8% rﬁf‘ 0?#%’53 Fenducting kyprtoed
by i becas dewrag prasticalt er | evel dielectric 2 such as silicon dioxide (Si02),
phosphosi |l i cat e-gl ass (PSG, boron doped PSG ( BDPSG or

tetraethyl prthoeilicate (TECS)_ In addition, the dielectric can include |ow
dielectric constant materials sugnds a{’J L Si Oz, organic polyners
arid porous dielectrics. According 1 he ‘present invention, a barrier

| ayer 3 of the al pha-phase tant al um of the present invention is enpl oyed

al ong the bot surfaces, of the cqopper wiring 1 between the
copper Wri ng;It h%%@%ﬂ} ﬁé’gﬁ% ?[bﬁ'e ajes 19 actapialise laygr having sigpificantly r%éﬂpuhtdsystmmmut
7. 000 t dn addition, the, lﬁﬂl@lmltlhy&kacc'gmn%alt@h%ﬁ?@%t 1?10&?:{0'1’1”]185 t present

i nvent i %Hehtatsl?llh X}/{?r esistivity of abou cron-ohm cm ofr g\?‘ﬁf

{ e

used ba I Psiculptly cthe m;emeam:amrelws tean alpha-nphafegahtam havmg a

Furt her mmwn;'laﬂc@bﬂﬁﬂ‘ll@hﬁéf‘of) &hum layer, according to the present
invention, preferably is are atlvely highly oriented filmand has a < 7. 20

> diffracti oﬂhpdggseat la‘{mmn %dsq( Pelathe tta)anaitetesmiestion kRdcture Fdrgsen%coxm@tor

x-ray-d .0 i s_.measur ed by depositing a |
t he~al pLAté%ﬁtgge ant a xgpgsets Bygrof §XEH""‘QT P‘H?Deh @uy?ahgﬂpr lagrer ofalgiia- as

about 4ﬁhasA1armaAamthapufg$1t¢bi@tw,@5t@f1@§sth§,p?] b&jle usi ng the process
.conditions tRﬁbe di scussed below. A 2-theta sty e X-raydi ffraction (XRD)

scan is t hen®5eamentoy atvethas aspestuef ithe rinvengion Zherehis prosidet i A0 ir@e6thdedtion

cont ai Ngmanye X _an.XRD set yp using
nonochr omat i c T?&régﬁﬁécgwlugﬂﬁ on téé%’e(%%gg&ggsgf’ lg&ﬁ’ Forparises arlpyer &g EPRRET ﬁg coppeg glloy

ki | ovol 8 & hecries lajer | of cadpte-pleess: tahtdum Iebividde aeéslmnpetﬁkab%at 5 Mikro 8}m—c or
(2-thetg)s hﬁ%%‘%@? Th|s f|rrrsthe hi oriented natureo the
al pha- phase tanF PIF]ﬁ'I‘ce?ES iCRBPSrds abput B&%@eﬂhow he9Ai on.

2Q0 6 According to a further aspect of the invention there is provided Aa interconnection

structure for semiconductor integrated circuits which comprises a layer of copper or copper alloy
and a barrier layer of alpha-phase tantalum having a resistivity of about 15 micro-ohm-cm or
less, and wherein the thickness of the alpha-phase tantalum layer is about 50 to about 300 A.



The al pha-phase tantalum |l ayer of the present invention can be produced by
enpl oyi ng sputter machi nes such as that avail abl e under the trade

desi gnati on Endura 5500 from Applied Materials Corporation or spont er

machi nes avail abl e from Novel | us Corporation. Such are well knovvn QE&?UUS
not be described herein in any detail. Typically, the sputter apparat

pur poses of the present invention use a DC nagnecron source configuration

and use as the source of tantalum tantalumhaving a purity of about 99.9p

or greater. In carrying out the process)4 an inert gas such as argon at a
flaw rate of about SO to about 130 standard cubic centineters per mnute

(sccm) is injected Anfortier prerss o(fawhbyp!\BB@ht COoRvahfsoh h)?eié"r!él,etté' ong
wi th the waferzypgea. I at osite process
cavity prior t5 IBI’lj eéﬁ%gé% %%Wt[%‘l:@?% %’]eol# gﬁs %l?%\.’ﬁl ed to a

vacuum | evel aFP&PCPRAst 1.0 x 10 E6 torr usr ng far exanpl e a cryogeni c
punp. Sinmul caneous to rovm ng the inert sputter gas, an additional gas flow
of nitrogen is al so aré ow rat e ,of .about 20 to about 6p standard
cubic centimeters per nut e - eﬁrtdcé"é‘g RAVRRL29LS 1 oF | e WPXRFYBE h gases
to achi eve an ERvegtigne willshecomef rabdilylappandoutby Ot e | 410711 Skhel pover
;typically enpl eyedst® £f&Rttha o] r e present .

i nvention is bet en abou cge ﬂgrtlg%gqgé éeEQ‘ElQ&' (E@ggéaﬁédl&b' f";e}r Ibeljsp At
about 2 to abthﬁ Rt AL 122 SKHPecoRB; MaFP%nPB?’fQJa‘F%teWQJa@%‘tt%ﬁthﬁ:mheent

to achieve thiisn‘pmteronexmlmplqarbybaay eﬁpibyﬁdtra'n“lﬁxﬁméﬁrd}ai ge~stpq,§j&eed is

the highly origatesns ]_.t]g,@ he ese i,nvention.

The deposition rate |s p| caI y ab gt H%”gﬁ% YP{ é‘b Jr'nkhirte and

nore typical | y*&b J&V&@G&Pnlsaocwe@ew%m@er and rﬂlafﬁqurxral

i nt erconnecti oa:mlscbdimetmrse,, drite ittlyi eknessl ofiet He1al pha- é&lﬁa%?l gy al um

barrier |ayer 3.4 o 0 3 n typ| out 100 to
gt yr%o il ARk g%’i&g 9??%5 Trat et 'ﬁﬁ’"&t epaxting

about 200 A di t| ona and optiona as |

second barri ert Ty e f1gstdsmnt Bét?ﬂlééhnghé atiphalesemintmdraris eo leyer 3
and insul at or Zegaivied secand aaraiceie! afehaduis APindd |3 LanialwpRid ri de,
tantalumsilicon tantalumsilicon nitride, titaniumnitride, tungsten or
tungsten nitride The thickness of barrier layer 4 is typically about 25 to
about Q00 A and nore typically abdwwean ¢faPeawitg® A , The fol |l ow ng

non-limting exanples axe presented to Further illustrate the present
i nvention_ The forefgtl ng deSCI’IS%%I on,_ of %he invention illustrates and
. describes the present® i nvent icon- Adart? oRst¥SA" (e i SFHFEARR S Bus and

descri bes onl &% e Yy g cemBaaraeni sh ofthe herd serentitomrediitan .as nenti oned
above, it is to be understood that the invention is Capable of use 1n

various ot her conbigi ?’ta' ong, npdi fk—% t 9P§rac§{]:g?r??§\$ rqotrr}r\rrfgrg %\/g:q’%ol S capabl e

of changes or nodi f| tions wt he“'scope
expressed her diFtorets et é’rﬁﬁﬁhtth@‘f@b@@t eachi ngs and/or the Skl II or
know edge of the ;rel evant art) The enbodl rrents desCZ- descri bed her ei nabave

are further |ntendeg % |n bestueg wn of practicing t he
,invention and to enablé o’t1 ""’3%‘91 &FFYT‘BQUP}‘H§%V?’i’1%1?‘?1vent| on
i n such, or other, enbodi rrents and vvlth the var| ous nodificati ons requr red

by the particul ar a;ppldxmtrr Q@,ngE; usescOfad r |n he
description, i Slt | nt ende lﬁélirg ?n\%%%ﬁﬂoﬁw%?grt% di S'Es“ed
t

herein. Al so S kndE etrﬁgf:e Hspeieded cl a| ms be
construed to include alternative enbodi nents.

As illustrated in Fig. 1, copper wiring 1 is included
on a gsemiconductor wafer (not shown) such as silicon,
silicon-germanium alloys, silicon carbide, or gallium
arsenide. The copper wiring 1 is electrically isolated by



-9 "What is clainmed is: Al pha-phase tantalum having a resistivity of |ess
than 15 mcro-ohrn-cm 2. The al pha-phase tantalum of claim 1 having a

<110> diffraction peak at about 49 (2-theta) as nmeasured by x-ray

diffraction using nonochromatic iron radiation froma seal ed tUbedSquﬁ]E 2003
operating at 35 kilovolts and 35 mllianps. 3. The al pha-phase tantal (0]
claim2 having the x-ray diffraction spectra as shown in FIG 2. 4. An

i nterconnection structure ;for sem conductor integrated circuits which
conprises a |ayer of copper or copper alloy and a barrier |ayer of

al pha- phase tantal um having a resistivi t5y of less than x 5 m cro-ohmCm 5.
The interconnecliq$¥§tructute wherei n t he Iphaéphase tant al um

of .clajm4 1 At al
has a <110 dif frac c}ﬁ‘gpé‘é‘kla{:e‘éb%n‘?i ?éle{’zefffﬁfe’tca)z SHCR AEd SBy- 15AK i gyide
di ffraction scaffifs) ngphoaplds Cristate -iglawsr d@iSat | ohofoondapsdabed tRibEsG)

source operati ng i r fhEdd ) ANPST: i.nt er.connecti on
structure of cl iqﬁiﬁaﬁgﬁgﬁﬁgkﬁgegggﬂgg%hgggk?anparh%idggqgh'xﬁﬁgy

diffraction sc ok Lich CRpGLngu TG UTte QANGH 28 Er HBEEEaadF cl ai m
4 whi ch furt hersuaiclasd&l velrénttedasid.sobatianicapdlviherei and hgobangi er | ayer
separates the copp&lffiyn the isolation. 8. The interconnection structure o
claim4 wherein the thickness of the copper is about 200 to about 150Q A 9.
The interconnection structure of claim4 wherein the thickness of the

al pha- phase tant al urhdoayreringstabohie Bfedenmhiiter¥i®n,aa barZierDECy2803 -
10 10. The int echion _ t f claim,’ ' further includes a ,
second barrierQﬁggg% %&fﬁﬁbﬁkﬁﬁé ?%gﬂ df?é%ggﬁﬁ*3%%%%F6héP5ﬁ£§é°PaﬁFa|um .
11. The i nt er cSHEEMEsh adonacthe ebot temn aamd 190l déhevadiln stivd asesord baer i er

I a?/_er is sel ecltaeﬂap‘erxlomitrhexggnoygtﬁ@@@i@ié Nebert m(}txadn@;mlniahai %sgtla%?}' gm
silicon, tanta silicon nitri itaniumnitride, tun n_and, t ungst en
nitride. 12. Tﬁgg%ﬁFgﬂE%hﬁ%EEPgnf%¥%Ecﬁi”%¥Qﬁ°3%%ﬁI%bﬁﬁ%mﬁ§&§iﬁotﬁecgécond

barrier layer i%0404% & Gpigke ri Goe orleha-phass Mantidam of the present

invention has low resistivity of about 15 micron-ohm-cm or
lower and is used both as the barrier layer and redundant
cuxrent carrying layer. Furthermore, the alpha-phase
tantalum layer, according to the present invention,
preferably is a relatively highly oriented film and has a <
110 » diffraction peak at about 49°¢ (2-theta) as
demonstrated in Fig. 2. The x-ray-diffraction spectra is
measured by depositing a layer of the-alpha-phase tantalum
to a thickness of a few hundred angstroms, such as about 400
A, overtop a substrate of tantalum nitride using the process
conditions to be discussed below. A 2-theta style x-ray-

‘ diffraction (XRD) scan is then performed and as shown in

: Fig. 2, the resulting spectra contains a very naxrrow
diffraction peak. Fox an XRD set up using monochromatic
iron radiation from a sealed tube source cperating at 35
kilovelts and 35 milliamps, a < 110 » diffraction peak at
about 49° (2-theta) is generated. This confirms the highly
oriented nature of the alpha-phase tantalum film accoxding
to the present invention.



13. The interconnection structure of claim 10 wherein the second barrier

|l ayer is tantalumnitride. 14. The interconnection structure of claim 10
wherein the thickness of the second barrier |ayer is about 25 to about 300
A 15. An interconnection structure for sem conductor integrated Bi tts .
whi ch conprises a | ayer of copper or copper alloy and a barrier étaﬂ d32003
al pha- phase tantal um having a resistivity of about 15 m cro-ohmcrn or

| ess, and wherein the thickness of the copper is about 200 to about 1500
.~. 16. An. interconnection structure for sem conductor integrated circuits
whi ch conprises a | ayer of copper of copper alloy and a barrier |ayer of

al pha- phase tantal um having a resistivit§y of about 15 micro-ohmcmor |ess,
arid wherein the thickness of the al pha-phase tantalumlayer is about 50 to
about 300 A 17. TheTh%t@:mlmmsmmmualmaaym otfatnelﬁrab@ﬁeu pm;g@tl

) 2: : /I;Sgs ,SAn OTA@E;I%?% g%@lﬁ??jcg;nh% ﬁ%%@b% t"] c afc af‘ égf CQI]BEQ] !%%] ék;;rﬁtc a]YCQ

]ca]ca]ca]ca]c &9Fé&@P@aE$da¥aR§§@0afrom

37TNXYqy $96?Z] blypwikied M\érﬂml]iadmﬂaaa]tqauhcaﬂrca}@akga] ﬁél:ﬁ@z]:@é‘] Lalgal cal

ca] ca] ca] ca] cat gl Gl w2l ]ca]c ]ca a'z OT} xsni ] ca
ccgﬂ} Oze}} cal ¢4l c%}“ca] 8a}acaf %i] %5?’8%]%% A ca

.]Jca]ca]ca]calc ¢ % ‘:Ze} ca] cal ca]

]ca]ca]ca]ca] wein g smys detgil Typically, the sputter

{vgkfa\ W ca] caa}maa}mqacaqm]majpwm]o@a]cm] 9@&@%0@1&@}{{ £ah cgdea] Gad cal cal

Ca]Ca]Ca]Ca]Cﬁ&&ﬁﬂéﬁﬂéﬁﬂéﬁﬂéﬁﬂ(ﬁﬂd¥%guratlon and use as the source of
tantalum, tantalum having a purity of about 99.9% or
greater. In carrying out the process, an inert gas such as
argon at a flow rate of about 50 to about 130 standard cubic
centimeters per minute (scem) is injected into the process
cavity which contains the target along with the wafer upon
which the tantalum is to be deposited. The procegs cavity
prior te injection of the inert gas was previously evacuated
to a vacuum level of at least 1.0 x 10 E6 torr using for
example a cryogenic pump. Simultaneous to flowing the inert
spulter gas, an additional gas flow of nitrogen is also
begun at a flow rate of about 20 to about 60 standard cubic
centimeters pexr minute. The process cavity is filled with
both gases to achieve an effective pressure of about 1 to

* about 10 millitorx. The power typically employed to create
& plasma for the purposes of the present invention is
betwaen about 0.5 and about 6 kilowatts, and preferably
about 2 to about 3 kilowatts. Any combination of target
voltage and cuxrent to achieve thig power level can be
employed. The material ¢ -wposited is the highly oriented
alpha-phase tantalum materizl of the present invention. The
deposition rate is typically about 1000 to about 2000 A per

minute and more typically about 1200 to about 1500 A per
minute. '



ORz | gb a ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]caV]ca]c
i%ca]gg?cg]Lg%L;]La]ca]ca]ca]ca]ca]ca]cal "Xy ~
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In a typical interconnection structure, the thickness
of the alpha-phase tantalum barrier layexr 3 is about 50 to
about 300 A and more typically about 100 to about 200 A.

Additionally, and optionally, as illustrated in Fig. 1,
a4 second barrier layer 4 is present between the alpha-
tantalum barrier layex 3 and insulator 2. This second
barrier layer 4 is typically tantalum nitride, tantalum
silicon, tantalum silicon nitride, titanium nitride,
tungsten or tungsten nitride. The thickness of barrier
layer 4 is typically about 25 to about 300 A and more

Lypically about 50 to about 100 A.

The following non-limiting examples are presented to
further illustrate the Present invention.

The foregoing description of the invention illustrates
and describes the present invention. Additionally, the
disclosure shows and describes only the preferred
embodiments of the invemtion but, as mentioned above, it is
to be understood that the .invention is capable of use in
various other combinations, modifications, and environments
and is capable of changes or modifications within the scope
of the inventive concept as expressed herein, commensurate
with the above teachings and/or the skill or knowledge of
the relevant art. The embodiments described hereinabove are
further intended to explain best modes known of practicing
the invention and to enable others skilled in the art to
utilize the invention in such,. or other, embodiments and
with the various modifications requixed by the particular
applications or uses of the invention. Accordingly, the
description is not intended to limit the invention to the
form disclosed herein. Algo, it is intended that the
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aJca]calcalcalcalcalcalcalcalcalcalcajca!/3r~qgz ! $ ADy
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What is claimed is:

1. Alpha-phase tantalum having a resistivity of less than 15 micro-ohm-cm.

2. The alpha-phase tantalum of claim 1 having a <110> diffraction peak at about 49°
(2-theta) as measured by x-ray diffraction using rnonochromatic iron radiation from a
sealed tube source operating at 35 kilovolts and 35 milliamps.

3. The alpha-phase tantalum of claim 2 having the x-ray diffraction spectra as shown
in FIG. 2.

4. An interconnection structure for semiconductor integrated circuits which
comprises a layer of copper or copper alloy and a barrier layer of alpha-phase tantalum

having a resistivity of less than 15 micro-ohm-cm.

5. The interconnection structure of claim 4 wherein the alpha-phase tantalum has a
<110> diffraction peak at about 45° (2-theta) obtained by an x-ray diffraction scan using
monochromatic iron radiation from a sealed tube source operating at 35 kilovolts and 35

milliamps.

6. The interconnection structure of claim 4 wherein the alpha-phase tantalum has an
x-ray diffraction scan shown in FIG. 2.

7. The interconnection structure of clajm 4 which further includes electrical isolation

and wherein the barrier layer Separates the copper from the isolation.

8. The interconnection structure of claim 4 wherein the thickness of the copper is
about 200 to about 1500 A.

9. The interconnection structure of claim 4 wherein the thickness of the alpha-phase
tantalum layer is about 50 to about 300 A.
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layer between the insulation and the alpha-phase tantalum.

11. The interconnection structure of claim 10 wherein the second barrier layer is
selected from the group consisting of tantalum nitride, tantalum silicon, tantalum silicon

nitride, titanjum nitride, tungsten and tungsten nitride.

12.  The interconnection structure of claim 10 wherein the second barrier layer is
tantalum nitride or titanium nitride.

13.  The interconnection structure of claim 10 wherein the second barrier layer is
tantalum nitride.

14. The interconnection structure of claim 10 wherejn the thickness of the second
barrier layer is about 25 to about 300 A.

15 An interconnection structure for semiconductor integrated circuits which
comprises a layer of copper or copper alloy and a barrier layer of alpha-phase tantalum
having a resistivity of about 15 micro-ohm-cm or less, and wherein the thickness of the
copper is about 200 to about 1500 A.

16.  Aninterconnection structure for semiconductor integrated circuits which
comprises a layer of copper or copper alloy and a barrier layer of alpha-phase tantalum
having a resistivity of about 15 micro-ohtn-cm or less, and wherein the thickness of the
alpha-phase tantalum layer is about 50 to about 300 A.

17. The interconnection structure of claim 16 wherein the thickness of the copper is
about 200 to about 1500 A.



