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OF THE | NVENTI ON PCT/ GB02/ 01858 The present invention relates to the fi

of sem conductor interconnect M HJm)re specifically, it relates to
a barri er for inter connillmlll Wlﬂmﬂl y and net &q&ﬁf/ f%brl cating the
| ayer. b oF THE | NVENTI ON.pglyanced sem cond _f?s'é nol ogy
utili zes copper interconnect netallurgy for wiring of active devices into

i ntegrated ci rcuits Typically interconnect netallurgy is fornmed by a

damascene or dual gg@wﬁﬁgggéncmqgﬁ€§ﬂ&@{ ocesses allow for very
an

narrow, high -(greater ratro (herght divided by w dth)

hi gh-density wring features. In a damascene process, a trench is etched
into a dielectric layer. A layer of conductor of sufficient thickness to
fill the trench is depositetfEandF tWEEENTR@hi cal - mechani cal - pol i sh ( CVP)
process performed to renove the conductor deposited on the surface of the
di el ectric | ayerprestht efhvddvBin Bdllayed be thayesis &4 bédibghahb@ t rench renain,

the surf ageréhnddiendihliues); tmoe@ca;semuml;l usRe Wb chhe sl facg of the

di el ectr nol vart,ous ter connec_t | evels are
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I n dual damascene technology, the vias are integrally forned in the sane
dielectric as the conductiVESHOP¥ CCIPpEFViEa¥econe t he conduct or
metal | urgy of choice because its high conductivity allows for higher
currents in thewnqed peweendnstor g chic@edyunes i tddatbppau it eBenagdhi eved with

ol der, aharailutgy Basedringlcer2ONREEvicd bl 14 Gyatdhid g 0Qpper provides

i mpr Ovede@ll&Qﬁ.f Qnmrg&aau@me@@ﬂugmgh&%&aky %téa%§ssce£eelo;:al%agi ity, copper is

usual I 'y o o ed . duct e VG_.as tanta um in the formof a
thin Iayﬁfieﬁiign%ﬁg bﬁ}g&% é’ggc Lde OlrlIDT' : PhE* T Penet™ or i nproved

reliabilit as?acﬁt zfltlﬁ?n(hf’sghhcﬁlt“”cféf)é’gl "tlébh)di"rgéc‘ielnﬁt@fn such
di el ect r FE&"RESAEPTIoC 0 f" X PHBECHEREALRSS 2 ThERFY if GEehedetnao phase t ant al um
Bet a- phadi@leAnialwier had laverest seidpctor of suifboient 200:kneor oo ohis per
centi met &, taepehit depdsigil 4@ Genof chsecasnahatiesiipstast @enducting |ayer.

Furt her , prooppeperasithed aBt@hatid) gRNEMALIYr defSiidCordtnaAdasloRs ROt on | ayer
when Useﬂeu&hicshigjegpnAﬁ)éL‘dﬂP, only the layers filling the trench remain,

the surface of the filled trench being flush with the surface of the

dielectric layer. In damascene technology, various interconnect levels

are connected by vias independently formed in intervening dielectric

layers. In dual damascene technology, the vias are integrally formed in
the same dielectric as the conductive wire.

Copper has become the conductor metallurgy of.choice because its

high conductivity allows for higher currents in the narrower wiring

: features than could be achieved with older, aluminum based interconnect
metallurgy. While copper provides improved electro-migration and
méchanical stress reliability, copper is usually used with a redundant
conductor, such as tantalum in the form of a thin layer lining the bottom
and sidewalls of the trench for improved reliability., However, tantalum
is not deposited directly on such dielectrics as silicon oxides because it
will form beta-phase tantalum. Beta-phase tantalum hasg a resistivity of
about 200 micro-ohms per centimeter, much too high to be of use as a
redundant conducting layer. Further, copper and tantalum generally
require an adhesion promotion layer when used with silicon oxide
dielectrics. One material used with tantalum and copper as an adhesion
promoter is tantalum nitride. When tantalum is deposited on top of
tantalum nitride, alpha-phase tantalum is formed. Alpha-phase tantalum

has a resistivity of about 12 to 20 micro-ohms per centimeter.
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pronoter is tantalumnitride. Wien tantalumis deposited on top of
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copper diffusion barrier. Copper canm change the characteristics of active
silicon devices and its mgration through the dielectric layers into the
silicon nust be prevented. This is not only a concern with silicon oxide
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A first aspect of the present invention is an interconnect for a
semiconductor device, comprising: a conductive core having sidewalls and a
bottom; and an ultra-thin layer disposed on the sidewalls and the bottom
of said conductive core.

A second aspect of the present invention is a method of forming an
ultra-thin tantalum nitride layer comprising: providing a tantalum target;

l", initiating an inert gas plasma and flowing nitrogen into the plasma for a
o predetermined period of time to sputter tantalum nitride onto a substrate;

and after expiration of the fixed period of time, stopping the flow of
nitrogen.

A third aspect of the present invention is a method of forming an
ultra-cthin tantalum nitride layer comprising: providing a tantalum target;
precharging the tantalum target with nitrogen by flowing nitrogen over the
tantalum target; and initiating an inert gas plasma to sputter tantalum
nitride onto a substrate.

A fourth aspect of the present invention is a method for fabricating
an interconnect for a semiconductor device, comprising: forming a
dielectric layer on a semiconductor substrate; forming a trench in the



ul'tra-thin tantalumnitride | ayer conprising: providing a tantalum arget
precharging the tantalumtarget with nitrogen by flow ng nitrogen
tantalumtarget; and initiating an inert gas plasma to sputter tantalum

nitride ogiQ, @9 soigbstrate. A fourth aspect of the presgaf, ﬁdmg@pon is a
method for fabricating an interconnect for a sem condu evi ce,

conprising: formng a dielectric |agyer on a sem conductor substrate;
forming a trench in the 1 WD 02/093648 3 PCT/ GB02/ 01858 di el ectric |ayer;
pl aci ng the sem conductor substrate in a plasma deposition chanber having
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t ant al um and en i NGS

Enbodi meit $°0f °F‘1 3 tr°\?8‘ht1f’ot§’ i PP nGRPHE T AP B a3 0 FPREAF 188 3™ exanpl e
only, wi tHFef¥retfeer ot "acesmunyrhgitras Ayshe Erash.- 1 A through ID are
partial cross-sectional views illustrating fabrication of a tantalum

ni tride/tantal un copper i mrreexcopneciri@copmiingest o an enbodi nent of the
present invention; FIG 2 is a schematic cross-sectional view of a first

ool for  depasihingAs Wh iedbld) 4ADLALUD ALLLLJE L A%er gocording to an

enbodi nent q i nvent | on; C cross-sectional
exam e O

| e
view of a s con(’:?? Q{t%f o?ereé‘%ep('):gltthf nagcc%i“ﬁari}'lf‘? gr?“ﬁf’?f tantalumnitride |ayer
according to an enbodi nent of the present invention; FIG 4 is a flowhart

i llustrating &% ridt thietdhotP fesr Prispois Frdsagpeariond| vieas tiAlwettaripal um nitri de

| ayer acdebdicatiot @fan tembbdi nigmtidedfanthiom/@pese itersoneadti &prang FIG 5 is a
f 1 owchar troi &d efdotiddeht @£ ahs @aeswlt MRVORLLS, 0r depositing an ultra-thin
tantalumnitride | ayer according to an alternative enbodi nent of the

present I nvention, ;DETALLER, DESCR mgix L5 THE LIVENTLON FLGS. 1 A through

1D are pgy, %(% al; eross- SEG Igrgganta e ews | stratin Fapricati on of a
tantal um i de/ Faht" a?u per ST CoNMEE T B9 2n SRPOU™itel ectri ¢

| ayer 100 ’é}‘eflifreﬁ?é‘(ﬁ ’d‘l’fe%f“t”bp surface 105 of a substrate

FIG. 3 is a schematic cross-sectional view of a second tool for
depositing an ultra-thin tantalum nitride layer according to an embodiment

of the present invention;

FIG. 4 is a flowchart illustrating a first method for depositing an
ultra-thin tantalum nitride layer according to an embodiment of the
present invention; and

FIG. 5 is a flowchart illustrating a second method for depositing an
ultra-thin tantalum nitride layer according to an alternative embodiment
; } of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGs. 1A through 1D are partial cross-gectional views illustrating
fabrication of a tantalum nitride/tantalum/copper interconnect. In FIG.
1A, a dielectric layer 100 is formed on a top surface 105 of a substrate
110. In one example, substrate 110 is a semiconductor substrate. Formed
in dielectric layer 100 is a trench 115 having sidewalls 120 extending
from a top surface 125 of dielectric layer 100 to top surface 105 of
substrate 110. Trench 115 further has a bottom 130. Dielectric layer 100
may be silicon oxide or a low-K dielectric material. In one example, the
low-K dielectric material is SILK™ (Dow Corning, Midland, MI). Trench 115

may be formed by a reactive ion etch (RIE) process.



-110. In one exanple, substrate 110 is a semiconductor substrate. Forned in
dielectric layer 100 is a trench 115 having sidewal s 120 extendi ngg 5E{C%35a
top surface 125 of dielectric |layer 100 to top surface 105 of substr

110. TrengpoddosssbUrt her has a bottom 130. Diel ectric p@yggodfss My be
silicon oxide or a lowK dielectric material. In one exanple, the lowK
dielectric material is SILKT" (Dow Cbrning, Mdland, M). Trench 115 may
be formed by a reactive ion etch (RIE) process. WO 02/ 093648 PCT/ GB02/ 01858
4 In FIG 1B, an ultra-thin layer of tantalumnitride 135 is deposited by a
pl asma deposi id et P8,060%8eraliBn 13D 6ALEQARILOR] -0 B8y i} %@f&l il nitride
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t ant al umP#ioreticge. Fayretum 35 ride trvet dAf alownised bre de sthepowileyaan. | n one
exanple, tantalumlayer 140 is about 5 to 30 nanoneters thick. Tantal um
| ayer 140 formsrs. confonap &fayeelrcamﬁeﬁotﬁanhéyoblfﬂealicinréogeofl a¥Rb1k35. In FIG

1D A conlQuinh.apARr S8Rt AVEL, M0 LSl OLRE OURL Lantal Ul | aver 140

Copper seed Ia er, 2.45 i S sputter deposit evapor o a thickness of

about 10° angnairart t1°’C8f)ﬁ§?ta§‘é‘%8“‘]1§‘§/é?yeﬁa’5?5 bt LR 5B WY or

evapor at ébFrll?F eRostionl: cHanbeexgPla Faadlumokairer 26dlis abhet Fitosto chanber used
to form panvtetementhidkr | denfadyrenayke3Slaantbrmd andcakatial ayenr d40. Copper core
conduct okank®{un sitkh@N1dy@F . over copper seed | ayer 145 by el ectro-plating
to a thickness suffici ent to fill in trench 115 completely. A CWP step is

performed to veltantglf%mnanlctor s daly 32 tantal um | ayer 140, copper
seed | ayer and copp ore B%ndue(?torayi%d 5fr“f)rﬁc’ﬁ'\‘/““’gr°"t‘36p surface 125 of

di el ectri %"ch‘V‘e}ayif)d“Fea@‘fpﬁ@‘ §eedc AT AP V8 SMFter1958°i4%4 8y a top surface
160 esseAYdpardtgd topt Ahpkngsiiectt aput arfoae® winondversdi edoppdr beedl ayer. Wil e
copper séegr|mydre depbsitgd or| dvasdirkeddeth ansekdr@. chbhberf 6ff aaldadfact i cal
pur posestédie whepfiest SRfBed AYEN to form tantalum nitride layer 135 and

tantalum layer 140. Copper core conductor 150 is then formed over copper

seed layer 145 by electro-plating to a thickness sufficient to £ill in

trench 115 completely. A CMP step is performed to remove tantalum nitride

layer 135, tantalum layer 140, copper seed layer 145 and copper core

conductor 150 from over top surface 125 of dielectric layer 100 leaving a
@>”} conductive wire 155 having a top surface 160 essentially coplanar the top
- surface of the dielectric layer. While copper seed layer 145 is

illustrated in FIG. 1D, for all practical purposes the copper seed layer

becomes part of copper core conductor 150 and is indistinguishable from

the copper core conductor.

FIG. 2 is a schematic cross-sectional view of a first tool for
depesiting an ultra-thin tantalum nitride layer. Chamber 165 is an ion
metal plasma chamber such as the IMP Vectra™ chamber available from
Applied Materials Inc. of Santa Clara, Calif. Chamber 165 includes
sidewalls 170, a 1lid 175 and a bottom 180. A target 185 comprising
tantalum is disposed in chamber 165 on 1lid 175. A substrate support
member 130 is movably disposed in chamber 165 and provides an upper

support surface 185 for supporting a substrate 200. 1In one example,



‘becones part of copper core conductor 150 and is indistinguishable from
the copper core conductor. FIG 2 is a schematic cross-sectional vi e\r/gog
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165 is a tal plasma chanber such as the | WP \ﬁcrzé 2/01858 chanber
avai | abl rw#)r om plied Materials Inc. of Santa C ara @ MBS chanber 165

includes sidewalls 170, alid 175 and a botton1180..A target 185
conprising tantalumis disposed in chamber 165 on lid 175. A substrate
support rmenber 190 is novably di sposed in chanber 165 and prOV|des an
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230 through élettdoss andtiabdens: BRY WeHske 266 Bhe b@asﬁnﬁ‘%‘&?&ﬁ%ﬁt thendensity of the
plasma. Afagecand R 99%&«35514’“&&9531@@&'1119 efficiency. A first RF power

source supplies RF power to ‘coil 230 through a first matching network 255B

to increase the density of the plasma. A second RF power source 2604,

biases substrate support member 190 with respect to the plasma through a

second matching network 260B and provides directional attraction of the

ionized sputtered material toward the substrate 200. Two plasma gases are
_f“] supplied to chamber 165 through a gas inlet 265 from gas sources 270, 275

' as metered by respective mass flow controllers 280 and 285. In the

present example, the first gas is nitrogen and the second gas is an inert

gas such as argon, helium, neon or krypton or a combination thereof. One

or more vacuum pumps 2350 are connected to chamber 165 at an exhaust port

295 to exhaust the chamber and maintain the desired pressure in the

chamber. In one example vacuum pump 290 is a cryopump or any pump capable

of sustaining a low pressure of about 10? Torr. A controller 300 controls

the functions of the power supplies 250, 255A and 2604, matching networks

255B and 260B, 1lift motors 205 and 220, mass flow controllers 280 and 285,

vacuum pump 290 and other associated chamber components and functions.

Controller 300 executes system control software stored in a memory, which

in the in one example is a hard disk drive, and can include analo.g and

digital input/output boards, interface boards and stepper motor controller
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includes sidewalls 170, lid 175 and bottom 180. Target 185 comprising

tantalum is disposed in chamber 305 on lid 175. Substrate support member

190 is movably disposed in chamber 305 and provides upper support surface

195 for supporting substrate 200. Substrate support member 190 may
g"} comprise an electro-static wafer chuck. Substrate support member 190 is
' mounted on a stem connected to lift motor 205 that raises and lowers

substrate support member 190 between a lowered loading/unloading position

and a raised processing position. Opening 210 in chamber 305 provides

access for a robot (not shown) to deliver and retrieve substrates 200 to

and from the chamber while substrate support member 190 is in the lowered

loading/unloading position. Lift plate 215 connected to lift motor 220 is

mounted in chamber 305, raises, and lowers pins 225 mounted in substrate

support member 190. Pins 225 raise and lower substrate 200 to and from

upper support surface 185 of substrate support member 190. Shield 235 is

disposed in chamber 305 to shield sidewalls 170 from sputtered material.

Two power supplies are used in chamber 305. DC power source 250 delivers

DC power to target 185 to cause the processing gas to form a plasma.

Spinning magnets 252 disposed behind target 185 form magnetic field lines



FI'G 3'is a schematic cross-sectional view of a second deposition tool for
depositing an ultra-thin tantalumnitride layer. FIG 3 represents A DE
generic DC magnetron plasna deposition tool. Chamber 305 includes C 2005

sidewal | s d 175 and bottom 180. Target 185 co i Sin antalumis
di sposed YV# cﬁg:’(rt’wgoer 305 on Iid 175. Substrate suppor@%@@é@ms'{lgo IS

novabl y di sposed in chanber 305 and provi des upper support surface 195 for
supporting substrate 200. Substrate support nenber 190 may conprise an
el ectro-static wafer chuck. Substrate support nenber 190 is nounted on a

stem conraecgheckawecl L-thfacrgomleh %Q§p Lha%ErJnQ'a% Sm@&% éQYé’erd%nu%,ﬁ dét rate support

menber "c‘iﬁ’acen %d un pa g ositron Fai sed
processi os n efl PH (r:ha?nﬂ’éfeaﬁ rBVFEESY access for a
robot ( nc?? EICATRM) £D Pa%ﬁr. ?Fé‘rrceaﬁﬁf“r HipfesvBLEHIsE rsam@gt Feter gl90and from t he
chanmber WwhH gespadiste ahe P3rgTp Orousb Mobshid®@eiwork B6¢shend pywt&a

| oadi ng/ unteatinny aposi-tiodm: thef tonplat @uldde€ ABNREL 10 orta@d lslif e oMt OF 220 i's
mount ed 280 Cheyti&la1 8950 B?ASS%Sapgﬁrﬂéh L&‘é@;s%rpéen& pod? FIRBLY g&h Lfy substrate

support nemher DS Ié)vver sub trate 200 to and from
upper su%Forgr%t rsuggé?:é & ?atcgbng TribS at'e support “erBet° 1961 SAi % d 235 i s

di sposed PP RhShtyer: 3655 thc’ ?ﬁaé'l‘adg‘%ﬁeﬂé\mm“gplﬁ@ tP 1 OATRSB LAF eheselshat er i al .
Two power’ F§piileePeafeon ged spurcehatthed? s 305 netBepoxeesmeotive ma2b0 del i vers
DC powver flov targetledssd encatse mheepiras@ssixagp9asnt oty papl asna.

Spi NNi ng nBBGeR! Sn25% SisROSEs 1Deh Nd.d aLOeker185 Lohmmanet s, fiel d 1ines -

9 DEC 20950, 02/ 09564 RETLER0Z/ 04804 1L LDg,Larget, SUFdce Which trap
el ectrons and_increase t densit as a jacenf to the target in

orbHer to THEFELSE flhe 4 u?”t &% Ay ex'@f‘f"l EPENRY. CREMYRe £ 6tBer 260A, bi ases
subst r at E°S BRIFEPIR Bt radgpresgizenin Bsperbero tTheons| @emeiettcough mat chi ng
net wor k PBOB2¥nés preovePries ordinyemtnp gRpdblatofraetdiamqob bherianized sputtered
mat eri al abomarot satbst taiteo1120G00 GpidroNAkhe fulROiddl 3% peARRLI180s 0 Substrate

sSupport RITRI 240 @AchinERDUELROUIGE 000 AT IRLAN NG, NighoTk are not

used or a art of ch asnt gases are supplied
to chanbéqgg%ﬁ)]g%r ng‘@' dszgp FEUTHPER 8557 oe ﬁs?dﬁeée‘g‘a‘g’)*@, 275 as PP
met er ed Bﬁf“pf’%eélﬁé(?f‘?\fé“"rfﬁg’? fq°b‘W°b‘Gﬁt3r°6lﬁl"é?%“?@@“&nclcoz%.l dofitwalre present
exanpl e, stdred fiprasmenpay, whichnpint rlepgenoandxdvhe $€GOMGdGHESk id8i &N ddaert gas such
as ar gongcatheéhdludg amgon apd dijatyptidput@sutauc oeramnatiRRrdBeieafs. afdie or nore
vacuum petgppe? B6cor @nt 20Nd1e6da@sh .t Qopt 81 Chafiiefagd0a . lenfothalist port 295 to
exhaust §£H%r£ﬂ1§rd%%é to move and determine the position of movable mechanical

assemblies,

In operation, a robot delivers a substrate 200 to chamber 305
through opening 210. Pins 225 are extended upward to lift substrate 200
oy from the robot. The robot then retracts from chamber 305 and opening 210
is sealed. Pins 225 lower substrate 200 to upper surface 195 of substrate
support member 190. Substrate support member 190 raises substrate 200
into processing position under target 185. One or more plasma gases are
then introduced into chamber 305 to stabilize the chamber at process
pressure. A plasma is generated between target 185 and substrate support
© member 190 with power from DC power source 250 and RF perr source 260A to
create a plasma sufficiently dense to ionize the flux of sputtered target
material from the target 185. The ions are accelerated toward substrate.
Additionally, non- ionized metal species dislodged from target 185 will
deposit n the substrate. After deposition, substrate support member 190
is lowered, pins 225 are raised to 1lift substrate 200, the robot enters
chamber 305 to retrieve substrate 200, and if desired, delivers another

substrate for processing.



and maintain the desired pressure in the chanber. In one exanpl e vacuum
punp 290 is a cryopunp or any punp capable of sustaining a |ow pres ure of
about 10.8 Torr. Controller 300 controls the functions of power suj DE© 2005

250 and 2 ching network 260B, lift notors 205 ss flow
controll egg%yggwgnd 285, vacuum punp 290 and ot her as&@?é’%’ggsggﬁamer
conponents and functions. Controll erg300 executes system control software

stored in a nenory, which in the in one exanple is a hard disk drive, and
can include analog and digital input/output boards, interface boards and

st epper notor Lol el wRkical and/or 0 nretlc sensors are
o hoets QQEECEI mgr;:g the faog"lf‘thngqu’ Fovabl €2 nchani cal

general | ¥11tl:'lrsae8un tan \{Lum nitri 8, t & i

assenbl i es. Operat i on, a%f dBeY - débs \féYé 1w LB BT Bt #5908 o chanber 305

t hr ough Gpﬁﬁrnﬁ‘eszest F??Jr511225tra?9€ B F¥ndedr uperedondotdot fifl leasbsttedat e 200
from t he Irdi36t .3 Fidedesobided tahere. r an rsget $16,r @mubdtantzer0305 1am@dopeni ng 210

i s seal edntPims ddidbidionehadabshd ahe cRBed @s YARRE SMATRCH19300f substrate
support merherml9Qp ﬁugshrla,g& §%gp€@jita5n§:{g3§r h;ﬂgmr%&esk%po%t&a te 20'([)h into
processi i R i o183 I hor a ases are en

i nt roduced | nio hanber dte¥s pressure.
A pl asma P geﬁ‘@?"ét 2d° 2@?\/%8’?1 t%egféilng?? §HPes MBS 1A 38% SGort  nenber 190
Wi th powEt™REFRPEEY poleFteodit P850 BhdoRE powenesourioecid60A 40 create a

pl asma suhéitcgamnplaymadems earttolunOstiazies thepdehketx rodn sf1gtd @sed Wiahget materi al

from t he chatbget169,8moul R0 lt@nﬁooarwet@c;pﬂphegdaise@o tgmrtdlﬁt&gﬁsé LGe
Addi ti Onfall%pxy mnabé,ufenéo%eﬁo 053l 8P§S1.ES odged | %rg[‘ggt ar et 185 wil |

dep05| t n €posi tf%hedsubst r at “member 190 is

bst Af fer
| ower ed, “Pi5 § %gﬁ ‘58 ki Yol £8° MY ’s"ub%"“‘%i’t Ee Z%trettﬁe*’“?mfét enters
chanber 3Ot 9P & Fehves (fyBRLy 23683 200ith savdmiiefr WS siboed soadebisver s anot her
subst r at eatftgr iperrprd sk Engarddd 102/09 ARG B sBfphy GB024nA 1858 kb Go #boi S a

f | owchar wattls| sstgratéago auﬁdt['a‘ﬂe 18510 drefut ﬁﬁpﬂs 3 'p@geragbpﬁw ngé}\ thin

tant al umgpiyt £igle. Icg%gg an S [ be el ther the first
tool ill gsthr at ed G %rraOE htgu%g%aétﬁcdizogay f‘fam t& & in FIG 3 and

descri be ature llif’e °°§1"(? 2% sﬁ't?sf}}eaf%‘t?’o’@ ?Pé‘t‘ie(ﬁé!@eﬂatel o the
deposi ti B?f‘téﬁ]dﬁﬁét" %Fﬁﬂeef‘lfé’%"nén”(?eW AsiOptiFpemt @wn seerrdlfontald0. 8 Torr. In
st ep 3155uREATiepbrogas stersh do wegdRj, hedrbgam inelppek EyFlonadr a
conmbi nat kom éheseefun spuatdraupdedias f | MWrddah 0 st i@ oGlRPQSELdLOR chanber at a
rate of about 5 to 200 scem for about 1 to 15 seconds while tantalum
sputtering continues. During step 325, two processes take place. 1In the
first process, tantalum atoms react with nitrogen ions in the plasma to
form tantalum nitride, which deposits on substrate 200. In the second
process, a tantalum nitride layer is formed on target 185, which is then
sputtered off to deposit on substrate 200. In step 330, nitrogen flow is
o ’ turned off and tantalum continues to be sputtered. Tantalum sputtering is
allowed to continue until a pre-determined thickness of tantalum is
deposited on top of the tantalum layer deposited in step 325. 1In step
335, the RF and DC power is turned off, the plasma collapses, tantalum
sputtering and deposition stop. Finally, in step 340, the inert gas flow

is turned off and substrate 200 is removed from the deposition chamber,

FIG. 5 is a flowchart illustrating a second method for depositing an
ultra-thin tantalum nitride layer. The second method may be used with
either the first tool illustrated in FIG. 2 or the second tool illustrated
in FIG. 3 and described above. 1In step 345, a substrate 200 it loaded
into the deposition chamber and the chamber is pumped down to about 10°°
Torr. In step 350, nitrogen is turned on and allowed to flow at a rate of

about 50 to 200 scom. After a predetermined amount of time, in step 355,



rate of about 5 to 200 sccm The fol | ow ng steps, 320 and 325 occur
simul taneously. In step 320, DC and RF power is turned on initiati ng
inert gas plasma and tantalumstarts to sputter fromtarget 185. WWVhDEC 2005

chanber 500 to 3000 watts applied is to t by DC power
supply 2]5‘850%{@3&3 500 to 5000 watts is applied to coi I&%%@@S%F power

supply 255A and about 10 to 500 watts is applied to substrate support
menber 190 by RF power supply 260A. Wth chanber 305 about 500 to 3000
watts is applied to target 185 by DC power supply 250 and about 10 to 500

vatts i snanbldnethd o SRsheAl 5,5UROLL FRARST. 190, B, FE payer, supply 260

Wth eit her bepanber

t enper at V6" 0 S'Cféa‘fe °§dﬁ’ﬁ?eér?dst%et°c APACAl TR stbﬁutbtaé"fallﬁb of fthe s

cont r ol | E9F0 "BetViRen B dart-Lut ¢+ 5UIA Lpgrr2on hSrmfapert sbeondsdtor al |
subsequeiddipiwetlys Htesn mhy) bgtapporB2% by Mol @@@Rnd Spadckoaseeh-dnorel OW as  soon
as tant abeim &puénerdess 3bEGEfTrii§ HOGRR:Jes @bkl Qued .t £l.w atsthe rate of
cbout © van2-sGim toghoud, b L0155 <uopdy Wil el sout teri ng
cont i nueg, E%Jnr mgpnaglon t ereofp sOC vy f §? iy the' first
process, AR af’um atons react wth f °P’%dg§?1 F%‘h 5% ”teh%epﬁflééﬁ‘h to form

t ant al unfH"bFi B YF S epoSi %z%Pns%ﬁTbstIPaﬁttéP 209. Of 40 [R€ moweAE  process,
a tant al tHFPed orildétiaaingran gnefrprave cblesrat adgeint 186, ninhide hsthstst hen  sputt er ed
of f to deposit ton subst tat.e 200 idgdrsheprnddQne Pridm@oRNsdbow i s turned of f
and t ant adewsanC @tut NUES Ztélcbteiss&up.&z%[r%don E@.%@J JHg}ts A Ef?ol;ﬂl ﬂgoré al | owed to

conti nue.yintil, & pre; ds thC nes aptalumis 0Sited on top
of, the tt tahum R gé&%g&l Pg Y r{ace %2?“’ S é n°§§%ushfﬁe RF and DC -

poler i s%tur FEH-"8f tepfﬁ% |5Fef§ﬁ'e?1&'bla1‘%ﬁ§§§9e“t am aﬂ"i&ﬁ?reérﬁjﬂf@mﬁg and
deposi ti bH- sttaabalumnﬁazrlriy isj fpruqdeprig Glerqsiits iopeubstgase Réoow wiks t urned of f
and substhegber PG fbsuy epDwedohr emts heptieposi té earebanbay. pdhb&aerd IS a

f | owchar supbly usd,r @cufGos 5eReHdarEt hpdpmgd d@maﬁ tzhmy% %&Li ra-thin

tant al Urf&d};bi{ bgjﬁt !\r%y%out -Elaet ?&O&th% apgl{r%ytd) ubs[:rat‘al gxfolrételefjher nt EleG. 3

first togl. i w@%r%e I n
and descr a N 3?5’1%3@“ a 'BohShrpes 38pary PYalRrd% nto t he
deposi tl‘ﬁﬁt%ﬁérf@é’rleénfd’ Weerchmwcwwmmmay @50ent @babout tdG08 Torr. In
st ep 350vath# tie cpphiefdstot enbnedtonupnd: akheweroty ki g¥weat sugplyab&@a0f about 50
to 200 swiemeiffdreénafoddl £58€4:668, QML Bbo A r&a-l%uné-dnatsgep 355, WO
02/ 09364809 RCHGROZLALE8 (DI b RgeR, TloW,) 5 stopped, Ntrogen is alloved to
flow | On& gnou{g‘g tantablum sputtering be
gins. Tantalum sputtering is allowed to

continue until a pre- determined thickness of tantalum is deposited on top

of the tantalum layer deposited in step 360. 1In step 375, the RF and DC

power is turned off, the plasma collapses, tantalum sputtering and

deposition stop. Finally, in step 380, the inert gas flow is turned off
D and substrate 200 is removed from the deposition chamber.

A requirement of an ultra-thin tantalum nitride film is that it be
continuous to avoid format of beta-phase tantalum when tantalum is used a
redundant conductor. As was noted above, beta-phase tantalum has a much
higher resistivity than alpha phase tantalum. If the tantalum nitride
layer is not continuocus in a via formed in silicon oxide, beta-phase
tantalum will be formed when a tantalum liner is formed. The presence of
beta-phase tantalum can be determined by a simple resistivity measurement

and forms the basis for determining if the ultra-thin tantalum layer is
continuous.

EXAMPLE
Two pairs of copper via chain structures were fabricated. One via

chain in the pair comprised 68,000 vias in series and the second via chain



absorbed on the surface of target 185 or to react with the tantal um of the
target to forma thin tantalumnitride |layer on the surface of the-ga_]qug%
Additionally, nitrogen nay be absorbed by coil 230 and sputtered fromthe
coil as | 1. %tﬁp 350 effectively precharges the surface of target 185
with nitrO§FH step 360, an inert gas such as ar gofCTV&RPOBR neon,
krypton or a conbination thereof is allowed to flowinto the deposition
chanber at a rate of about 5 to 200 sccm In step 365, DC and RF power is
turned on initiating an inert gas plasma and tantalumnitride starts to
sputter fcgwge%r%tv §5i'n LérlLBS 'éEEQrvEQ% éa!gﬁtchgimewﬁl @r&nﬁicbgn %EJ ck between
about 0 tbo 024se1%10r1]1d§n gfamtetlfzjerrmn%gfg:rnl cPfin tahg' lliner:gxiggsdiflleowil na e er that the
ni trogen absorbed on fhe surface of target 185718 Mot Frished"® of f. During
st ep 3655HE PHACGP UTPEIFATH PHOGEN U LEPUL IR PET I fineaigEirg 485, tantal um
nitride ithidkpesreef wWhingtrrdbgrosindse oartsilystimar apipn. a Wichnesghafnb®r 165, about
500 t o 308bmaadrss appbeeddipit @ad dnlgetatd8msing HCupGwethin SEMElym 250, about
500 to 50@6ivatatSorisngdpPlhe @résent @hdene3Q, tyie REnd20NEng S UWHRERHe2H5A and about

UpPly 2O h R B P e &3 Vi ed Fotar get
supply , r. abou 0 s is applied to targe
185 by DRTRTRE o B Fata Sahot 10 20 ghdre ratEbifrad o

subst r at é‘egﬁ.’]‘ﬁf)%r tTaﬁg‘?T%e}ls'i@éh%i?eﬁ‘l‘reﬁloﬁ\?ﬁs%‘ﬁb%'l P BBAPeT WhA™Ei t her chanber
165 or 3@5andatfhéeviatien2p0edcd Vai fiedt Aedibath ghe tispepditie elofe-abiout 0C to
200C. | n tent@puBidrighéigdsorbedims.t rogen is used up and tantal um
sputtering begins. Tantalum sputtering is allowed to continue until a pre-
determ ned thi ckness of tantal um i gggeposited on top of the tantaluml ayer

deposited in step 360. In step 375, the RF and DC power is turned off, the

pl asma col | apses,_ra_nr_aTum_stTFeTTﬁg—devaﬂ‘WTp. Finally, in
step 380, the inert gas flowis turned of **and sU&¢TAtE 200 is renoved
fromthe deposition chamber. A requirenmef of an @ ra-thin tantal um
nitride filmis tHiafsy vipehaipgreistlions t ®-6a%oi d f Br5&kt of bet a- phase

t ant al um when t ant al unttagdagetdviacipredundausia conductoor. As was noted above,
bet a- phase t ant al werdnasvia ¢Rdeh rbdigheticy e6iesti Vi t yolsean | ayer is not
continuous tantalum widdhahia dQEdme, bet ga-phase tanbal umcan and forns the
basis for continuous. EXAMPLE

Since the resistivity of the ultra-thin tantalum nitride cells are
virtually the same as the resistivity of the thick tantalum nitride cells,
no beta phase tantalum was formed and it can be concluded that the

ultra-thin tantalum nitride layer was continuous.

Thus, the use of a very thin tantalum nitride layer as a liner in
tantalum and tantalum/copper interconnect metallurgy has been described
] along with methods for fabricating such a layer.



al pha phase tantalum If the tantalumnitride in a via fornmed in silicon
oxi de, beta-phase when a tantalumlineklis forned. The presence of = IpREC 2005
determ ned by a sinple resistivity nmeasurenment determning if the
ultra-thin tantalumlayer is Two pairs of copper via chain structures were
fabricated, One via chain in the pair conprised 68,000 vias in series and
the secondCA®Sthai n WO 02/ 093648 PCT/ GBO2/ 01858 10 conprised 100 vias in
series. Each via in each chain was one mcron deep by 0.4 mcron in
dianeter and fornmed in a silicon oxide dielectric. The first pair was

f abri cat edl.udhmgferonirct kortasmemadomducetot dévikee, tompnisingvi ng a  t hi ckness of 10
nanoneters and a tantalumliner having a thickness of 40 nanoneters. The

second pai 4 comlactiveiore Rivisly Hiabwallsimdu Botent; ah@ tantal um nitride according
to the present invention, the |iner having a thickness of 1 to 3

nanomet er s, a-@l?ih e@h}épbge'd%?lrsaﬂas\f&%llga @'sz?iﬁ'%ﬁém%ff s4d cgﬁﬁ\&rﬁg/%%rx%' Forty
chains on gagiyQlph é}t’e¥b %é%tg NP naddniefers inV\@lc hasgr ol € Measur ec. able |
lists the maasurelé’r ST St ity 1'nohns  per T1nk and standard devi ation of
each via chain for both the thick and the ultra-thin tantalumnitride
lined via chains. TABLE I Thick U tra-Thin TaNTaN First via chain

resi stivi t$0! gersteregmediof slpmd  ddgres sathoomhieivoerre SemBHEPSWPRPE B n

resi stivi S0l @gadhindsyescamgeses tendeluae nitis: 0130. 001 Since the resistivity of
the ultra-thin tantalumnitride cells are virtually the same as the
resistivity of the thick tantalumnitride cells, no beta phase tantalum
was for med.anitk interecamettefeiunal 1y d@ereimadid Lit@-thifl layé-dohiphisésdiieab ysani tri de

| ayer was mendlaydedsStanthiisnitdidte use of a very thin tantalumnitride |ayer
as a liner in tantalum and tantal um copper interconnect netallurgy has

been described along wth nethods for fabricating such a |ayer. 11

4. The interconnect of claim 1, further comprising an alpha-tantalum layer between
said core conductor and said ultra-thin layer.

5. The interconnect of claim 4, wherein said alpha-tantalum layer is about 5 to 30
nanometers thick.

6. The interconnect of claim 2, further comprising an alpha-tantalum layer between
said core conductor and said ultra-thin layer.

7. A method of forming an ultra-thin tantalum nitride layer comprising:

providing a tantalum target;

initiating an inert gas plasma and flowing nitrogen into the plasma for a

predetermined period of time sufficient to sputter 0.5 to 3 nanometers of tantalum
nitride onto a substrate; and

after expiration of said predetermined period of time, stopping the flow of nitrogen.

8. The method of claim 7, further including sputtering a tantalum layer on top of said
ultra-thin layer.

9. The method of claim 7, wherein said tantalum nitride layer comprises one to seven
monolayers.

[RALIBW]51169.doc:RMM |



Clains: 9 DEC 2005 1. An interconnect for a sem conductor devi ce, -9
conprising: a conductive core having sidewal |s and a bottom and an * DEC 2005
ultra-thin | ayer disposed on said sidewalls and said bottom of said
conductive core, said ultra-thin |ayer being 0.5 to 3 nanoneters in

t hi ckness. 2. The interconnect of claim11, wherein said conductive core
conprises copper and said ultra-thin layer conprises tantalumnitride. 3.
The i ntercthg(methﬁd eff farming anwiss-tiim tantalemmitrida laysr eompiysing:.conpri ses one to
seven nonol ayers of tantalumnitride. 4. The interconnect of claim1,
further coppvidaigwtaaalwh plrgetf ant al um | ayer between said core conductor and
said ultra-thin layer. 5. The interconnect of claim4, wherein said

al pha- t ant@Je@tmréiﬁg%dlta%tam%rgét #fh %qug@ﬁ@?%ﬁ?nftxf&'ggllfové-sai-ﬁhgntalum

i nterconnegt,.pfy,gfaim 2, further conprising an af pha-tantalum | ayer between
sai d core cdnhductor and said ultra-thin | ayer. 7. A nmethod of form ng an
ultra-thin tantalumnitride | ayer conprising:. providi tantal um target;
i 1 at | ng RO EP P HAsIRdd SRt (BN HirdBsglas i sdene bl asma for a
predeterm ned period of time sufficient to sputter 0.5 to 3 nanoneters of
tantalum nitride onto a substrate; and after expiration of said

pr edet er ni Hedlisanpibed of claimnd0, fyrtbgrgnelydingsprttasingsftanfatumljear orgtopPie net hod
of cl ai m 7said wirafkin layee! udi ng sputtering a tantalumlayer on top of said
ultra-thin layer. 9. The nethod of claim7, wherein said tantalumnitride

| ayer conprises one to seven nonolayers. [R\LB W51169, doc: RwW 12 10. A
nmet hod of fNrThegetdd bt élhidn § O whdraiftsalduiitrdnlPréthal i€ bn SN di&it G

provi di ng gofwlahitdluihth@ede laPiGionficbiga® 8indndR&tER! UM target wi th nitrogen
by flowi ng nitrogen over said tantalum target; and initiating an inert gas

plasma to sputter tantalumnitride onto a substrate. 11. The net hod of

claim 10, rt.her incl pdin puttering a tantalum]layer, on.top of said
ul tra-thi nHJ ’ggrmedf%&o#ﬂ@. ‘?’h o S.?:‘ﬂd\“ﬁ?%,pr?ﬁi@g@ilgoglé'isﬁﬁtf‘ﬁ‘&}%%en
pr echar ge RrQdussiafantahm piftids laygl coppEisiigons 19 SHYER MARCMYERS: de | ayer no

t hi cker than 3 nanoneters.

14. A method for fabricating an interconnect for a semiconductor device, comprising:
forming a dielectric layer on a semiconductor substrate;
forming a trench in said dielectric layer;

placing said semiconductor substrate in a plasma deposition chamber having a
tantalum target;

initiating a plasma in the presence of nitrogen in said plasma deposition chamber; and
depositing an ultra-thin layer comprising tantalum and nitrogen in said trench, said

ultra-thin layer having a thickness of 0.5 to 3 nanometers.

15. The method of claim 14, wherein said nitrogen is introduced into said plasma
deposition chamber as nitrogen gas after plasma initiation.

16. The method of claim 14, wherein nitrogen is introduced into said plasma
deposition chamber to precharge the surface of said tantalum target before plasma
initiation.

17. The method of claim 14, wherein said ultra-thin layer comprising tantalum and

[RALIBW]51169.doc:RMM



13. The nethod of claim 10, wherein said nitrogen precharge is only
sufficient to produce a tantalumnitrige |ayer conprising one to sgv@EfZUOS
nonol ayers. 14. A nethod for fabricating an interconnect for a

sem conduct or device, conprising: formng a dielectric |layer on a

sem conductor substrate; formng a trench in said dielectric |layer; placing
sai d seni cOHEEY SHMEFiRSS PRGOSV e mopelavsraoflapabym pahnidtogdber havi ng a
tantalumtarget; initiating a plasnma in the presence of nitrogen in said

pl asma deposition chanber; and depositing an ultra-thin |ayer conprising
tant al um argl Thd me@es of N4 SaitHertincloding spdtieding ntalphattBihtalunflager dbtobogd a

t hi ckness @iid Qufa-thiy 1dydranonmeters. 15. The nethod of claim 14, wherein said
nitrogen is introduced into said plasnma deposition chanber as nitrogen gas
after plasma initiation. 16. The nethod of claim 14, wherein nitrogen is

i ntroduced,{ j 1t on.. .t he surface of
said tant a*d'ﬁ‘ e%@fg d%ﬁ@%ﬂgm,ﬁggﬁgln gﬁﬁﬂ@%@ﬁ%ﬁa{ye &ﬁﬁﬁ%@%ﬁ%ﬁ olt claim 14,
wher el n s aFECtG I Ehy SRR SlSISgE S PR X i la gl tries and ST M
[R\L.1BW51169. doc: RWM 13 9 DEC2005 nitrogen conprises one to seven

nmonol ayers of tantalum and nitrogen. 18. The nethod of 14, further

i ncl udi ng 2puThemethgd ahclaimha viheraimFaidplagype depesitiapchombes siadDGl t ra- t hi n

| ayer. 19.migeetmoatchadbaf cl aim 14, wherein said dielectric |ayer conprises
materials selected fromthe group consisting of silicon oxide, |owK
dielectrics and SILK. TM. 20. The nethod of claim 14 wherein said plasma
deposi ti om chpidREthbE ofclfen 1 ARGREASNR §41d pia8imRAeposiion cAgbRELshRdoR fnetdial m 14
wher ei n s?lgsﬁgmeqepom tion chanber is an 1on nmetal plasma chanber. 22.
The met hod of claim 14, wherein said trench is a high aspect ratio trench.
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22. The method of claim 14, wherein said trench is a high aspect ratio trench.
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