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A STRUCTURE FOR A SEM CONDUCTOR DEVI CE AND A METHOD OF
MANUFACTURI NG THE SAME. The present invention rel ates
WO eoog/03toezct ure, in particular but not excl usiret/yB20em053184
i nterconnect structure for & sem conductor device, and
a nmethod of fabricating the structure. The density of
A STR@ﬂHiIH{E)FQRON SENJIC@ReD DO MO OE VICECANBL R METHOW OF
(lcs) is steadily increasing. The integration of many
MARJNHHALT @R BV i tPEEé AMecessitated that such ICs feature
mul tiple | ayers of high density netal interconnects.
Recently, the sem conductor industry has noved away
from using al um num i nterconnect net aI with Silicon
Di oxi de dielectric between the netal ljnes, to usi

Coppe ﬂor%e@taweélﬁlan FICk Lot Erushire 1@ Pﬁ%&ce#ar Byignot %%%quy, an
mtel\rlﬁﬁ#?&ﬁ s%hﬁ‘&ﬁﬁu&gr HJWC @5 nieﬂ{o%rocf %U}Fcﬁﬁné Jrh'%%ﬁ‘ucture
e ectrics reduce the parasit
capacit ance bet ween the netal | | nes. These new
rlalshve been e in a fabricat.ion cess ..
CalE g RunRc e tarhats, ol ralls BIepE SRadiy
incréad] IThleeﬂtegmum ehmagNSdiivg el'@ﬁe’ﬁ'ts RRNBEGHMKLThhORRh ICs feature
needed for advanced, hi gh performance | Cs. For devices
mul@lﬁletlfr‘}’@rSfohngh @m@tbeymhmtgfeﬁ@reatm on, the deposition of
o R T o e Soh Qo B S BRIEF b RS s R st
convenl} Ponal physi car vapour 8epos £1Voh f’w econes
intefeboidcemetal 6/ithr$ilkedn hioUNNVdesriabslweeeihe esal lines, to using Copper
Non- conformal PVD barrier deposition creates un-wanted
met?&\?‘éﬂ hetrddiglectfipaaiesidlsof vi as and trenches. As the
i ﬁgf)ﬁw%{: rrécélg%se h?ﬁe%%t%é:e%&?l%eeﬁéﬁl ggﬁrédn@g%thlgftag @‘i’lg g&wrﬁ%electncs
redudel dletpmram'rc- aapaﬁimncmﬂaetweetemag&:tajﬂmas bﬁhtese eewa]nzeeria)ls hdve been

rati.gn. of voids d el ectrqpl atjng,
erpYEA i AT RIRFSS gﬁ[ﬂd”?}ﬂgf’ Bamﬁ%cspg Wiieh s ispd %@%tﬁ the multi-
levef ?%H ddagity ﬁfé’[aqj nﬁiéru)rH%bt%hsCHee@ﬂ fof‘ﬁ@vah@&i ﬁig‘fq gﬁ%fﬁl{ﬁlce ICs.

her scaling could eventually result
d| Soodeviensod $ha‘ 63 mmand bendi gdecrandi, thor mtosmgn ehsyiform barriers

opper penetration pathways,inside the dielectric ,and
for G PR o el SRR ed PO RSP T UL IV ) B8mes
protfI@N&tR iBLb 100 v QHS trefdhds.t Kb cb@fofhrPV D lbaEic® t€position creates
needed for conplete Cu filling of vias and trenches.

un-varigedarsnrrngeating tppeolsifsteapltisnehes. depasdipmaigraadithe vias decrease in

nf or LS .l onmi ¢ Layer Deposition (ALD).
Slze’liﬁe O)&?fgg%ge? Vﬁh mcugasgﬁms/\%é ‘excel  ent step coverage in

VeDthdripgbblasp eet niagtatise dﬁ@lﬁﬁi@ﬁé‘coﬁfdﬁm‘dﬂ @Serage of a barrier are 1) the
gené?gt(ij(int (i)fovrg)?(%,sl (Klrlngngu elecl%ra(l)lpllattl)rllg,c eglrclidﬁ (‘Eltle limited thickness of the barrier on the
side wall enabling rapid diffusion of Cu into the dielectric. Further scaling could eventually
result in a discontinuous film on the side wall creating easy copper penetration pathways
inside the dielectric and Cu diffusion into the active areas.

Therefore, conformal, continuous, and thin barrier films are needed for complete Cu
filling of vias and trenches. One known technique suitable for depositing very conformal
barriers is Atomic Layer Deposition (ALD). The ALD technique shows excellent step
coverage in very high aspect ratio trenches and vias. Additionally, high quality conductive

films can be deposited at low temperature with a low defect density, good thickness

uniformity and accurate thickness control. Therefore, ALD is a potentially an ideal method
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films can be deposited at |ow tenperature with a | ow
defect density, good thickness uniformty and accurate
wao biocksmwss control. Therefore, ALD is a potentPei/iB2oein53184
i deal methodto prepare thim and conformal diffusion
barriers or nucleation layers for future IC
to pl\%ﬁﬂ% Itigth 1288 Son folaME \deffusi @bl ehis o @hidbat AR @HToRThtERSIC
en the ALD technique is integrated with porous ultra
genqrghyerk. (ULK) materials. For instance, diffusion of
de%%btsv\%? %%ﬁh ?&s(ﬂgal&:fr%' or clgﬁﬁgeeﬁﬁ%ﬂe#glééj%ng%? ocess” fllstegg%ﬁeg with
pordus utteview-k (el MhoherialBn&or sistahes difidsich dffrasdtans inekés ULK
. .place. . Two_approaches have been proposed in literature
dlel?%“‘b&‘@%@i‘gpﬁ%‘il%ls 18 T pr QEOHad M dkir) R el able apover the
ho¥YEi¥er! St HcdiF tdngkS JlarleCrwBappidathet Aatl Bek ok d in literat
v Opolr e%. Se%olngl}fy%s int ha bgenwprgtg%sea3 tﬁat po?e(giﬁ)ks)% i e
to preveord eldTipyoraFipit ais hes teee atopentd thsi dey tam PECVD liners (SiC) be used to

tructuring). .Wth the firgt, approach. a | atjve
block oy SerdPhy it b Reistiiabessd chd BBr3BF chad o7 elasha treatment
(Sidé@g@pénmctﬁﬂh%) in turn, wll increase the overall
k-val ue of the stack and increase the line resistivity

dudVitlhtheHustrapgitnael a Ir¢latev ook PIC Tt ssarsodel! lambrse abitihg gores

BRI P ST G PP RSB v

resisti®ig daotsthe sedikeckedwidbor material s that have a | arge
porosity and a Ia'rg)g pore di aneter the anount of
natlde isedongaprirasieis dasadpnyesidenaall dpasidicatinn RIgesss 8y dwoncs plasma
: . dicti .
ey A0 R OP SIS 5 AR SREL R e
pordsite atdre tirge fdre dehonte the mavud b noaesial vhichrmesdsbéd her e

that i s based on the deposition of. a dielectri.c .
restrwaﬁufqdéfﬁd%ma%eddaﬁwb@qualeEqa%ea &Py fars Pﬁ@%tlanﬂ@f%hlms the

incrORE bf 8k KNVald & thaR! Radheatdmeh, for exanple plasm
treatnment. According to the present invention there is

provi ded a nethod of manufacturing a structure for a

semd conduct or device, the hod, canpri si ng; form.n

or TS S PRAFR P gRR Tovas® pree g eioRyiof of'a
diclddie@bdrfier thiecal ®31&eneigidrined bas hindtalliap@irict By h 5@l O &atment,

an upper portion thereof into a conductive layer while
for exampioenlages r¢admenther eof that underlies the upper

portion remai ns non - conductive. According to the '

i neretidgg ks presont givestiqy ihoiedegroyided mynethedof manyfacturing a
SGONAUCL Ot deY ket LRERELHELIE 8 BOMBER 3% 0 onductive
arrrer-1ayer O red B At PstUmat ertal, Tt RE Barrrer
barrle@¥tE€r over a first material; treating the non-conductive barrier layer to transform an

stru(b

upper portion thereof into a conductive layer while a lower portion thereof that underlies the

upper portion remains non - conductive.

According to the invention there is also provided a structure for a semiconductor
device, the structure comprising: a barrier layer formed on a first material, the barrier layer
comprising a lower region comprising an insulating material and an upper region overlying

the lower region and comprising a conducting material derived from the insulating material

In a preferred embodiment, the structure is a damascene interconnect for a
semiconductor device. A non-conductive diffusion barrier is formed over the wall(s) of a

passage defined by a porous low K di-electric material and over the surface of a copper
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conprising a | ower region conprising an insulating
mat eri al and an upper region overlying the | ower
WO e@iosi9and conpri sing a conducting materi al deeT/1B2006/053184
fromthe insulating material In a preferred
enbodi nent, the structure is a damascene interconnect

reguﬁrﬁihaﬁclﬁ@@oﬁ@ BAUGT @E paRYES The Aomandmadelsamvﬁlagleﬂ if WEk®A treated
barrier is forned over the wall(s) of a passag

to traRsforHbEN WRPCHPYHOB tRETPAUAIR aoﬁonéwéw Agyer, ﬁrﬂtll@rq laweamrﬂon thereof
o S BYLAPER R PBREL AT, O LR i
non{jobadcave.r €hd pﬂ;sztga it thendilled mithra sep@et cappeit iegiont fd)eﬂh&@fan electrical

into e layer, while a | ower. portion thereof :
intercgpRsict Fith @h%fi%?quﬁr oD e PeHeOnAY Sy JRBCrsaLp! the barrier

pores of the di-electric material remains

non-conductive. The passage is then filled with a

second copper region, formi ng an el ectrica
i ntsr Bhdeaent gl il nkentiongl n@afplp?e(#eswé@ddw WYzofrramplgypnly with

refefe?@éj%ql.é X@co%ﬁ%ngﬂﬁ e{v}lﬂ%b 1ﬂfwl{1 barrier. An embodi nent

e I nve escri bed by way of

@%ﬂr@s P{(l)l 4 ar\é”s{:l}li;bn{a‘él grﬁs Bloa LARHAE ‘f& Hﬂédﬁguctor device;
ES

ngs I n whic are sc
d| c
Fi SHATT i oBn MY ﬁ%&%ﬁnﬁonfsdg oy i e%%@%ﬂé@f dpgosition

cydasmaukmnmnompnméwdepos|t|on cycles in a deposition

process. Referring to Figure 1 of the acconpanying

draw ngs there is illustrated a part forned danascene

structure 1. The structure 1 conprises a first

di Re@eting o Figwerl & the amdlpaﬁylug draavih@whienailResiréibd a part formed

adjacent to a first netal layer 3, for exanple cop

damasceRs HISHHE i ol e Alfestuze 1 ?%@pr@ﬁ%\ﬁﬁr% delgctpsager 2 forned of ultra
i | aye
o OB MLl RS0 G L LT s ¢
for esmmlpw fermédoinmed dbctom TENChEmoatey the tihvdectrna layerdi aidabe first metal
) gyer 2 and partly covers the first netal |ayer 3. A
4¥Y5dcond dielectric layer 6 conpr|S|ng the ultra low K
naterlﬁa§|s forped on the etc

seCUdCIysap Bet 2.dof gyaple i %aélﬁggg% @eﬁ}ﬁ%}?lﬁ@tﬂc layer

2anﬁ%aﬁ@%v%@%gﬁrsﬁﬂl‘éta@la?lap§ed end 7b closed by the first
tal” layer 3. The (s) 7c of the passage define a

fi 1asic BRS &RIEURAAdr 8 oRMprikin g@@ulzlg IBRK RdtchiBEis B8R dRAdhe etch
7a and a second passage por ion or via 7e having the

stopdiyes éd Tdn deand dicdedie tagen &/ ontdihea passage b@m@m @mntdndrya and a
7 wi.der, .t han .t he ond, p n 7e. A USG
closgion TR AR B SFEiREt e lpnar oLl raSeedieliina firs
passa@Cpdttlofl belr&fehidhal @ghe open-end 7a and a second passage portion or via 7e
having the closed end or via bottom 7b. The first passage portion 7d is wider than the second

passage portion 7e.

A USG hard mask layer 8 is formed on an upper surface of the second diclectric layer

6. A Tin hard mask layer is 9 is formed on the USG hard mask layer 8.

The structure 1 is fabricated using known standard techniques. Briefly, the low k
layers are deposited with or without intermediate and top hard masks. Resists are spun and

lithographically exposed. The resists are patterned, the hard masks etched and then the
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6. ATin hard mask layer is 9 is fornmed on the USG
hard mask | ayer 8. The structure 1 is fabricated using
whp@misweandard techni ques. Briefly, the | ow kPCHIBE066/053184
are deposited with or without intermediate and top
hard masks. Resists are spun and |ithographically
resis®X0 $@fovedN The @otdik Sovd KempRtihledndan laybes hdribn@sted to form the
etched and then theresists are renoved. The porous | ow
PassgEeyYel-i al and the layer 5 are then etched to formthe

passageway 7. Advantageously, in this enbodi nent of

t hé%cﬁvmtégﬂquglm intthis cprheineant of thedemtigedbe problsm of mpiah
dep sli’[ﬁ)n%f'ﬂ% o%&ﬂ;dst g&ﬁf (ﬁ? %th? 1%%¥§%h%n%‘r%ﬂn%8{?%ﬂ:g la§7er on the
arrier y on e ma S he "passag i'S

wallésy off techassh@e Ulis svoddid, lroetherernﬂn@fdmmg how b Bigues 22anarBdof3he
of the drawings, in order to forma conductive barr
dravrla% gn qriley @efermﬁger@ceye BHriehEY Gl | (689 Fl@flret%%@nﬁgeyaa@ of the

passz%I e@ MDnlt @ e ?ds ﬁﬁfa%ia‘ bf Bl 15}13‘? 3%&%'11 tfl@é’tﬁ‘faz:g’ oPfd 188r, first, a

sur ayer, tirst, a layer
layeFil Q@ (sce F@ur@?.) wfawnexondlmu:ttvre\rmtu&ﬂ & de@bsuesl cnhebmlregdnxn nlhe

matgry Bt s HoBrRpideige T e o Bhmbrict i Sieararas g s

dep @RS h biifible ReabbitdPdRsd ERALIBIMRAMARES Dafta0b bF #HRIARE NV into
an outer part 10b of the layer 10 into the conductive

the ¢ymdngtive bmlervlm Whtlsta IOWWemrtpH]atcomalsme ptereAl ﬁg (See Figure 2) from
mat eri.al ure2 fromth oncn N
the Ifon-cond&ﬁmlgh a}% ei§ %hapgeneP ratgd Bgreé % cﬁ 8ct8c gayer 6 remains
dlelajtled ectric layer 6 remains diel ectrl C. I n a preferred
enbodi ment the non-conductive |ayer 10 conprises

di eh egtdfeeecdl@ddbdiemape Ryn-ceiastivd 1agert 1@dosd peiResditleteie Ta;Ns
chem cal I% for exan‘pl e, usi ng’ ALD or chem cal vapour
formgd feysdeppiing @utajum nitgde ehearigadly. firazampier estgr@hD, or chemical

- C@’{Eﬂ:b i ons 300WAC bias for 120s) is used to
vap u??%g&g%nh a?g%NS non-conductive layer 9 with Ar+ ions
¢ .
SR G PELAEAY | RGabb TORLAL S o vt

to belakBgd nigd T4 Inﬁﬂ-cﬁﬁﬁi&ﬁvé hgtr hasthpahednsas eéhvi@ﬁrtﬁé d1@fectrf¢€T a3N;s
second djelectric 6. because of the |im
into mpetaltie AN do [erepion crﬂr%r%eabqrv%lérevr 15 yis fératmﬁ@ Hoes not modify

Taﬂﬁset"ﬁgtt Ha.\é %eﬁ&%‘f&ﬁgré% H@s&bﬁ@ E%led: R IEW)?E%C&E@ of It'r e 11m1ted

formati con uctrve rrier e part
pendtatine dethfgprelie belbwisim)rod the iesctoersptatsad t]aeSplﬁmhd ows.

First, as illustrated in Figure 4, a netal seed | ayer

12 Fopoeingrthd foym@ion o6thd epodictieclbavier laydre 1¢ tregactforneed

damlaa sﬁ%st\#}wg H ?ﬁ g@;}&ﬁtﬁﬁ as fq}&i\xﬁ%%s g%o& (ti}eggﬁlgureah a metal seed
layer 12, preferably Cu, is deposited over the conductive layer 11. The seed layer 12 may be
deposited in a known way, for example, using PVD, CVD or ALD.

Then, as illustrated in Figure 5, the passage 7 is entirely filled with a second metal

layer 13, preferably Cu, using electro chemical plating.

Next, as illustrated in Figure 6, upper layers are removed using Chemical Mechanical

Polishing (CMP) to form a completed structure.

In a preferred embodiment, the non-conductive layer 10 comprises dielectric TazNs
and is formed by depositing tantalum nitride using ALD. This process will now be discussed

in more detail.
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Then, as illustrated in Figure 5, the passage 7 is
entirely filled with a second netal |ayer 13,
woe@esmkl y Cu, using el ectro chem cal plati ngPCTEBD6/053184
as illustrated in Figure 6,5 upper |ayers are renoved
usi ng Chem cal Mechanical Polishing (CW) to forma
conllpisshsed snigltdtiRinglpulsds Pf Bf Lo B6kcPitReioREtbaratcddrom each
non- conductive |l ayer 10 conprises dielectric Ta3N5 and
other By p PrFEEPUY CHBHYHIA NG 10etheast Ji¥ HeRetpieaesuBtioytoAhpsurface,
[ d
grovﬁﬂ O%%ng e?fh%n légjreﬁ g? %"g‘gﬁg*ezg@g?‘ Iblﬂll‘g)éagh ?Slts@{ﬂe fﬂw@nh is self-
hmmngbyj mﬁplsteﬁe:papmbﬁdf fctomsaac Mhotheeqisness pongeoflillsa very
cons of an jnert . gas. By reactive ad orption to
wnifRpaatfe danal gwaﬁk Belyidli & oinchrand b Fpaplay 9rpby monolayer
groWRnd AN allb &3 MiPLonuldY bl InEREN sREk ﬁﬁcﬁﬂ%@s gEtoc?‘ futlr$ the amount
selflimting by conplete occupancy of activ ites.
of ciidles. consequences are twofold: 1) A very uniform and
conf ar . gr behavi.our is aqbtaine Th
o ayaying M DerRya g Roardy Po SR sigky can be
depd%ﬁ@& Eé&hly%@ﬁosﬁfbﬁ dceﬁxglalrééc@% 14w t&'@%@a‘iﬁ’rek u&é totMe S&L dfivRgy
he anmpbunt of cycles. By installing a third precursor
reactlvmremerswa iy COTHRAEY & the tricthodyeteselless makisveggactds are
intr %dism tﬁgreggt%dll éﬁa{n%gf %ﬁluit%t%?)u %Cﬁééce%'ddf?%ﬁéﬁ a%tvarltgé/gs arc 1) a low
nperatures due to use o reac

therﬁhﬁEl@deI B81Sing fin RAN§tFAS,\2) Iev bbﬁaﬁiﬂ@tlﬁﬁld%ﬁ b&(‘:‘t&fse rda€8én products
reactive reactants are introduced in the reaction
arc ameiely remayad Hore shastufaceidpwdrg eaghirulse Seduchefyant ages

ar % g:%re@eﬂr%tﬁ%ﬁ?tkt th a&]é)gl?l%ﬁ lid (Ekgl;l d tNIS gcn)égpr < d&ﬁ g ugl%lg pentakis

| ow cont am nati on eve ecause
di-nedm hetdzl tynnahumm (RRMATY) and hensouid @dé;) dsi prengrseracah a pa;bcsiiion

temlzsﬁr%ﬁ%ﬂq)cf%éo cﬁ?% pﬁiﬁ%gﬁj}g‘%clﬁg&%ls ge%tfié{{ln ¢ gyin qﬁ]lp}tfllﬁ? e gaseous

reacBllsdRed Al (FRIMR Lk ARde ANMRANAH ME@af&%uﬂﬁ@eCdﬁe%@ iR time.
at a deposition tenperature of 250-2750C. The A

The depdsiicgueqiamch ssedolbows. i spitdbhe agfasatyshizr pcﬁﬁangagémubposmon is
react in the CVD process are made to react

de“ﬁﬁ?%“?ﬂéﬁ%g%§g7Zurface one at the tine. The deposition
Sequemeg sicp, @fe dfahd RMBtantdiSiatrbdlled iRiHRatAaktids ch@hber. This
perform ng t he deposition is described in W02/ 063677.

precprsopreppts stithsthe purfasa sudf thatchearea danding svijhrihe shstralg afams takes
placg hﬁ}e c%ﬁ&ttlogg i} tﬁg?@gfr te -égtlaﬁlr gslgu Oétc a??%él%(ﬁé’& g‘ulah '{ﬂl{? only one

ace SsucC m Cca
mond® st sfaiety Ahensl it gkatn i aeeurﬁdee c@madst,ahbﬁ 108 dd:d@nipbmmisn of

addlg‘féﬂl%:} %gq%ggsgg glra‘férla (E(geess Sﬁlcj){ t%ke p}agé urzild[e(re thseecl:h%(s:énegonay[ﬁ)gs tT ¢ precursor
flow is maintained long enough such that the chemisorbed monolayer is present everywhere
on the surface, also in deep vias, around corners, etc. The chemisorbed monolayer results in
a new surface termination, characteristic for the specific precursor used. E.g. the surface
termination of a silicon dioxide surface consists of Si-OH groups. When this surface is
exposed to PDMAT wvapor, Si-O-Ta(N- (CH3),)x bonds will be formed and a dimethyl amine
group will be released.

In a second step, an inert purge gas is introduced that removes all gaseous precursor
molecules (i.e. PDMAT) used in the first step. The purge gas, e.g. N or Ar, is kept flowing

sufficiently long to ensure a complete removal of the first type of precursor. As the

monolayer grown in the first step is chemisorbed, the purge gas will not remove this layer.
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nonol ayer of new material is grown on the surface;

condensati on or deconposition of additional precursor
woraioes k2 does not take place under the chosenPCT/IB2006/053184

conditions. The precursor fdow is maintai ned | ong

enough such that the chem sorbed nonol ayer is present

ever Y 'Rl g9 sebhdeduasr is ialrd@uded. TIRARPY bBSrec@EIUNE NH; in
corners, etc. The chem sorbed nonol ayer results in a

this geampieris selectedsusnibatiioigacts wath dee wpnalgye erwn fmige first step to form
i rec r Cab :
o R 2 50 oS B VR 4] 1000 s
(CHYeNH] Wwhide giershiefae sy Baspos@dr - OVHBDMATInm&morAgain, the reaction will
i - O Ta( N X il f [ hy|

proc3y 1 GHIGRYBIANT 1 (e (o B BHLAERMS s S Qg oINS G s Brpurtice st
e GHBEL 15 RGANMGER A0 TS0 s senton o
enoughgp enstine thatially surfpaes sites. lgve Naced; Arthe sagndtepe, the oaditgpns are such

sufficiently long to ensure a conplete renoval of the
that pp Fg?&ef%]é’né?keﬁlpg‘&ﬁr sor. As the nonol ayer grown in the

f i iStousth@Rpii atIBH presceith idch&al Wad RondA%s Wil kkcdBPEas remaining
remove this layer.In a third step, a second precursor

fron giejthrd gepiced. The type of precursor (i.e. NH3 in this
l-e) i | ect h 1 i - '
o MRS 1k, B FRIEREAT Y LByl ApERTES PNIAT) MFhis precursor

ayer drown orman
reacBddith ihemadleduddsashemisoricdden MeDhita BlepxiagTplith, the hTs-Néagtdups. This
to . the formati gn of gaseous am nes (CH3)2-NH, while
resufth i 8 fqranaion gheasgusanipest aodsyriace teppaated it NgiaN— (CHs)a)x
grou%%(igr eaction will proceed until all available - (N
)2) ligands on the Si-O Ta(N (CH3)2) Xsurface
si the theamoatimeypba o€ thellepesidobtoZesy reachpst. thé\f@m basic sthpssis repeated

step, the f f reactant . .i.s kept going.l ong

mang {SiFs it aeﬁ?giﬁvf oy i g ﬁiesggﬁ? highbosy fos Lo FRi48act oo

In s@hmbfie tRAFEicpritBiplds AR @A WANR 1@ R sBH R Hahe BRcursors is
condénsati on takes pl ace. fourth step is another

brought géo euntaet ivabrthe spakice hatg anengly és gadrintexe esisorgagrowth of one

remaining fromthe .third step. |l.n a fifth st t he
monp AR} isPisreah A SutsfeleS aTrel ik foctar SCecpiFRYe EMages
reacRMGCHAFS@Patin@ag (e dMeiniical RACHEN £6Wbas pediend if didRactiod dhi@ber at
third step, i.e. with the -Ta-NH 2 groups. This

the saggiiiee in the formation of gaseous anines, and a
Sur egl Wi . URS, :
t heTf ag%n nlIl ﬁ%g%élg%tﬁe %‘%"W'ﬁ% %%%‘%é&?%%%% é)él%e(g(g {lgtac Woflf) H?;ﬁtéon of
intefnugallib @aiconPoepds makingement egoodahyickiofdmterlahtrom adif@asibn barrier
filmwith the desired thi,ckcgess has been realjzed. In

PCrsBefitiYar {/POR HEPATH SIS AR AL IFIASS TR & YARP W BhASE- W Qi gpnductive
Taﬂtls' ﬁlﬁagé )é’ah?%%'})b@c{inédh eI oAt RA of thiS dielectric phase is independent of the

Ta precursor choice (metal-organic or halide). It is very difficult to reduce by chemical
means the Ta>" oxidation state in the precursor molecules into the Ta*" oxidation state. The
reducing power of ammonia (NH3) is simply too small. However, the isolating TazNs phase
can be transformed by a soft argon plasma treatment into the conductive TaN phase. This is
important when a low resistive connection has to be made to the metal level above.

The effect of the argon plasma on the TasNs film composition has been studied using
X-ray Fluorescence. The Ta/N ratio was reduced from 1.6 to 1.1 by applying a 120 sec Ar
plasma at 300W AC bias. The resistivity of the barrier film was significantly reduced as was

evidenced by parametrical test results on via chains.
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brought into contact with the surface | ong enough, to
guarantee a uniform growth of one nonol ayer everywhere
woroodioB19gubstrat es present in the reactor. SechPeiB2006/053184
t he gaseous reactants partitipating in the chem cal
reaction are never present in the reaction chanber at

t hghgap@ofd TBN; bameaptuidustotlicd @8v i eK NP, B8 ALD TasNs films are
refractory materials that do not show formatjon of
nanqsysia e A ppBoevitisfrporip@sredake eghe relmaagaus eridiicase normally

obseg%d“aﬁfi IR b %}[ﬁ%‘éh{ﬂ% Erffégﬁ& I%Eﬁélgg LIV %F aXFor AP]?”IHN)

epositPng tanta e fromt apour ase
Seccmdty clonfluetdry eitbadiNGciphaid impralewsigsi fobitithi the dhffﬁEitﬁl barrier
formation of this dielectric phase is independent of
Proﬂeﬁ@sﬁgalﬁté:@lﬂl’%ror choice (netal-organic or halide). It

| S THel¥pdlitidn FUILD tﬂﬁﬁseﬂ&ﬁ%aéﬂ &Eﬁ‘% gfél: 9618 TiRe tPhﬁ\/IXﬁé* much

oxidation state in the precur sor l'es into the
mord a@actove thar hairdes:hemsmefhmt rae&jozmmmgnlpm\mk inghe aAfaoRiNaor ALD

NH3) is si ly to the i sol.ati
WG eSSt d e Bl B RS FHEHE BoP 4o BT mzPon b lsighento the
low-'krrﬁéﬂn”ﬁ rifth\lla\ﬁ?bfb gaieeofqre@@md di¥RciFidhs Rhas®lardiMokedver, it is known
nport ant en a |low resistive connection has to be

that ﬂ‘@d@e b halide aemasiri¢senppses apiaous pratiemefif iategrayfont hiels 4ngjun that the

smgHa u%g %?;é%} alg Pn?_qble at 1£ anWb OS 5‘[;’1 Q%;a{]u?%cm ut% é:)g)gmble

uorescence.

etchfrfgCUfltHe $ih Gc.§. Hardiyiasky. phyadalgufn tetraem o‘frvol)itlﬁﬂﬁ reatbtlon products
300W AC bias. The resistivi t¥ of the barrier filmwas
doesgliQ QE§Ur dien GO B N PnAC e Tasei derBsyaBy! cplip afeer fhigne

causb§ SdvelBEY l:&ﬁatﬁﬂlaﬁ OB RIS ﬁné@ﬁhﬁfﬁ%}i@&%&@ srier

provi des ot her adva ta es. rst films
ar @refemablyr thetlmet t'hlit&dnasmrspmwxﬂosmhh@ pones i;pateléast hdd thelbarecter of

t he col.u rains which are ed durin
the peypyoRFNing. r@?@ rwea?traalpﬁémomﬁmael %P %n?% fhg
becd?ﬁes’/‘&‘ﬂallérll Nthe S8 8PHk Ymolbdige. der'Eﬁn@ﬁﬁJEKtrﬁeQ&‘?ﬂs fhle ©hximum in the
which inproves significantly the diffusion barrier

m@pﬁﬂtlb@tgaralgm astund Gppe wvlthﬁmax.iamoqure onc @mam_rmlaﬁa% m&

t al i |
Heﬂ&? L 2 b hiof R AL RIS TRy wiSE ity e e e RlsS
us €hel disatiight£e(df ThiNaproddhls M@dﬁf&ﬁﬁ—ﬁﬁ&ﬁe préb@sd ki still take

metal organic |igands helcg to avoi d massive diffusion
plact itte therporouswdiedeqtre.dylpssivei p@&h@orp@ﬁ@a@r@len@de thedJIU ghould be

avmﬂh(g %Set%l% r?m'ttig'wtgioohftlﬁ ogIé ?ﬁ%ﬁ Oth: 1?603/ arEhzéc? fﬁntﬁg\@ase of ALD

use O eS Seri ous
and pVab ligdralepdsitict g détiisun cahtbel Iﬁmkﬂ@w 1ﬂd&@t bilkenitahgtg@nic

use of WF is problematic i nmbi na |onW|thS
precwms&aé%u%e;dﬁ%@e@&%a faég%észg.t@qnetﬁépem Cf\@}n%}fsr thlgo & ecljzactmty ofthe
innef angoutglagugﬂ@é 59t IUlléggllyg h P8le aBERRNRE HORiIHed R 5! \JJ% that

reaction pro UC
chemlsorptlon does not occur 1n51de Low permittivity materials should contain as many as

possible Si-H or Si-CH3 bonds and almost no dangling Si-OH bonds. as chemisorption will
not occur on Si-H or Si-CHj3 bonds.

This won’t prevent diffusion into the ULK but it will prevent massive deposition
inside the ULK.

Figure 6 illustrates the total deposited amount of tantalum as a function of applied
number of cycles on a dense CVD SiOC film. Large differences in growth per cycle are
observed during the initial stages of growth depending on the actual number of “bonding

surface states”. In the case of Taz;Ns deposition on a porous low-k (e.g. JSR 5109, a spin-on
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does not occur when growing TiN on a Cu surface. As an
exanpl e, the use of chlorine causes severe Cu

W@ o asiorat i on probl ens reactants in the ALD TPQU/IB2006/053184
process. Preferably, the lither thickness used to cl ose
the pores, is at least half the dianmeter of the pore

SiOO REAEHY wift eﬁﬁbg"e%ﬂﬁe Piedefotatimedas Mhch mberikliKdepdsiteSthan on a

when the neck openi n%‘ebecorres smal |l er as the size of
den&eﬁé\’larﬁl@&fun@erlqiéme suthe apgreaspisyriace areal dlawsyerndlia amennt gf Ta that

is d@gﬁteﬁg{% ap%érnég g?jzée tsgtlrféa:llétlé P@t 2m§@esa§m&éiﬁence%ﬁ\£ﬁg ﬁeatreatment of
the wefaosistpedorméd. 2 nm ALD barrl er filmwll be sufficient

to close the pores. One di sadvantage of this approach
' s Alfbabeiyihe pyafa %lfffaf%remsefgawaer%,s 180 &M es igeecompared to a

dend%'sﬁﬁ?ce‘ %ﬂeb@&te@%f&ﬂﬁt S k8 ihGde NBRAIY ?en‘i’eﬁﬂsol%hhtdé MThis is due

mat érial 1 nside the ULK should be avol ded as
to thpeclmwet $myalt yurobertoth él-ULKgnmays wmtthestmctiechbén fheopamgiezibd JSR spin-

f AL d ition th

on Utk barb T Genp S p R el YIOg o G B R P b g 1 the

surfRicQRHI 368, B8 grd:&ﬁﬁ Pet a@le S8 ALK &g %Ec&h@s%qhﬁ‘l&ﬁ th&owth per
pore dianmeter. Al sO the reactivity of the inner an

cyclpgn erdesserfilge eFighrettrrbiows ihay Iaﬁ9r550acwlﬂs éheanwdfaghisutog clescd yet
becalugés |h§ gfo%ﬁéo (r)v]vf %g%?nv%%u}v%ggre rP)? n&t ifiertc ﬁlg(ﬂf qs?ﬁlsso A &&H s

Vit contain-as
depawitey idkiepossi bl e Si-H or Si -CHS bonds and al nost no
dangling Si-OH bonds as chem sorption w |l not occur

on ngandmgrthsﬂese]eé liggidppositran geagdhe euipy ijiass ofdihe pauy diclectric,
the 6Lﬂér ce%slﬂloafi&%t é&e ﬁ%lle e;R:rt G¥ %‘h tﬂ@ﬁlﬁbﬁgﬁrﬂsg ofllug ' fgpmstance can
t IE gure é I ]1

ustrates t
be adhapmll h‘y&dprammpiﬂsnmf trdadmeérdlpuior sABDfdepodiiionlnefeasipp ltheedactivity

b | es . | :
of ﬂ%uswfg?ee@efé%ev @ﬁﬁév%@ .@5%&}@{ é?VIEF%“SGB %@ﬁ%g% Higk and bond
1mmtehﬁtél}';” @bt?sleqﬁénﬁg eisqbad3o PrdicdpRe 'agl'_)dlﬁl&lrhetap@le AGIHQ In

nber of "bonding surface states In the case
add@blT dBNBudepios ibehpnownwid i 1mprcrya sluk ema karg s dgﬂSlt}fSﬁ agtigogroaps

n- onSi material wth r pa
rosufl o 88 oty e pL e s Be o dPRBRHRLFGH of Sl gurtace
groupVlid sthAACaA e Aidl e tdpEot gombélﬁﬁfofz‘ asiedeamr T 6IEtaRE @arge number
wever, the anount of that is deposited on a dense

of cyjlexbedere flacislands tpach ench@therndhe gprdicriéon ofanasge ersipydrogen
f i d. Al though
oy RS B R AP BB or el A houan

as Thakageantapepaf esing ® nén-denketisgidif@sieon bafreer dﬁarlh&lef(ﬂdi First, the
mount of nmaterial inside the ULK remains limte

insuleig Prapegiss of dhe Rlsr et el ieles igaF oh g %ﬁnssma@ﬂal deposition
occllds HHRI% thd oW nitdrt® bt Fenck Tbakggescu%ﬁf%la?e(f ﬁ}gblétﬁg are avoided.

Secosnrzillyr,] the copper volume in the trenches is maximised due to a minimal consumption of
space resulting in lower copper resistance. For instance, the combination of a dielectric liner
and a PVD copper diffusion barrier will reduce the effective copper line width by about 10%-
20% for the 45nm node. The transformable liner need only have a thickness necessary for
pore sealing which is typically 2-5 nm. Below 100nm line widths the reduction of barrier
thickness becomes an important parameter, as a line width increase of 10-20% improves the
Cu resistance by about 50%. Thirdly, a barrier that can be transformed into a conductive

material is preferred above a dielectric barrier that has to be removed afterwards for the

fabrication of low resistive vias and via-chains. With conventional dielectric liner deposition
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ULK has an interconnected pore structure with an

average pore-size of 3.4 nm |f the surface gets
web@smsio2t he growt h per cycle on the ULK fil m PETBRE6s5/053184

equal to the growth per cycte on a dense film Figure

6 shows that after 50 cycles the surface is not closed

(e. gySiC) B@@@H—%&pﬂﬁ@ t(Sﬂ)é)l&Qﬁ)r@lEd NS Pthé viovem @ideemote the
identical (i.e. still _sonme material is deposited

dlelff%rsq ey, Th @geé%ﬁtﬁgwtnﬁ@esa%ﬁy pgk-lgsp 8t thiserssiin thsrintegegtion. Hence,

it is VO LRl 15 H{%@g&nﬁ%‘[ t&a‘ll é&etlﬁé hﬁéreén Erﬁ'eﬁi 1|§ M%ewg H5¢8m has to
surface sho e e nore reactive t e 1 nner

be opetclaoeplcttl $if pbssible tgtaB@aly €asryBmatphvceyewindygwa If the etch is

pl asma treatnent prio ALD d p sition
not W&rpﬁ%f&Wﬁ ltwnﬁléfé?c@mﬁn§19n%w41 @ragmlf%lﬁv q@iPratpgesulting in lower

yieldsd bpaeglcglegthgﬁﬁgs) wi || cause the nolecules to

stic i mredi ately. Consequently, this |eads
t o pR gl etfn%" és@tllbe‘aecHQ?feEétﬁ 'ﬁn’%ﬁﬁén by ?efecijéﬁéeatﬁ G- rpréf@rred embodlment it
addi t i e nucl eation behaviour w | ove due

is todbel wlgmdem that tbé¢ crmbodiengngupsgionas aidmpigryl anlyaand that

ure.of the grgw n [ If the initial.

mod ey e gk o AL ﬁﬁsﬁpiw%esp%ﬁeéﬁd Ot gbicBriate knowledge
and blﬁll@ﬂﬁy b Keadb Y08 dPailer i BRVIpREL A lsboRCF e inléntion as set

w |l take a | arge nunber of cycles before the islands
forth wube appeodedelpigts. anttreguinplenisdharpen I@ﬁhemialalsg@w rgference signs
plac%% énr oag?nt%ér%lesg n%@g%enh né:c[s Sgg“g%p uq‘oe clalms Iﬁletvgzoarld ’comprising’’
and rf@ﬁmpﬁMU;:&nmtge tiké,fasss am d&aluﬂe efc Iﬁés%n&efwt&ﬁérﬁérds oFdtéitother than

the |nsulat|ng propertles of the inter-netal
thosgjligled & ameclaipeoribe spacilicationas § whplp tdesingalar sdpsasa ¢fow clement

does‘%‘&ﬁ%&(ﬁuﬁ@ %ﬂ% e%fmeeﬁétﬁéntsand hence | eakage

current enB are avol ded. Secondly, the
€O 9@&{1 Be %ﬁ%n{ ?)r tdE)%l’S%)ﬁ @ﬁﬁ@(? th ﬂhg a t)l(elt %escqglln% Wenkl %e&nbed
m ni na unptt o space resu

embbéidicatsandebe EodnbineEvithe dep:rreng ﬁmm uhatsd:cq:e aff[heanventlon
dielectric liner and a PVD copper diffusion barrier
will reduce the effective copper |line width by about
10% 20% for the 45nm node. The transformable |iner
need only have a thickness necessary for pore sealing
which is typically 2-5 nm Below |OOnmline widths the
reducti on of barrier thickness becones an inportant
paraneter, as a line width increase of 10-20% i nproves
the Cu resistance by about 50% Thirdly, a barrier
that can be transfornmed into a conductive material is
preferred above a dielectric barrier that has to be
renoved afterwards for the fabrication of |ow
resistive vias and via-chains. Wth conventiona
dielectric liner deposition(e.g. SiC) an etch-step has
to be perfornmed to open up the via bottom and renove
the dielectric liner. This etch step is necessarily
mask-less at this stage in the integration. Hence,
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it is very difficult to avoid conplete etching of the
liner on the field if the via bottomhas to be opened
weoosploatoety (if possible there is only a very BOEIB2006/053184
process window). If the etdh is not controlled well,
line and via dinmensions could dramatically deteriorate
CLA®SII ting in |lower yields and poor electrica
per formance. Having thus described the present
invention by reference to a preferred enbodinent it is
to be well understood that the enbodi ment in question
is exenplary only and that nodifications and
variations such as will occur to those possessed of
appr opr ixamgthd rhRdeRcRRHg aktrlubiErd Y a BémFBAGIWridaeE, the
departure fromthe spirit and scope of the i nventi on
metlzpsl eomprsgdgt h i n t he appended clai ns and equi val ents
thereof. In the clainms, any reference signs placed in
parf@rmlhgs egn@hlaiuctm@barber ]@EWSIVﬁU@ﬁT%QlaIt@TIﬂLt ing the
clainms. The word conpr|3|ng and "conprises", and the

li ke, .does not the res nce. of elenents or

st &8% i tﬁ‘% Po?ﬁ%ﬁ("t‘:}h‘ arFIP% ?f tp ﬁraﬁ?ﬁ}m& PG URPS POFtpR thereof into a
condii%ﬁ% fa {y@@bhﬂ%"a foved p@ﬂﬁ)h@her&l}ﬁhﬁ' ot 1Sl tHlepﬁéteﬂlﬁﬁorpfenﬁtﬂls non -

el ement does not exclude the plural reference of such

condicipbnts. It will be apparent for a person skilled in
the art that the clained and described enbodi nents nay

be .conbi ned wi. t hou ron1t scope af th
i ngent i ohMethaf ﬁﬁcoi‘tim&?‘ﬁgf‘ E%HW Héttll}?l}u‘g%l 134 PO“’“S material.
structure for a sem conduct or deV|ce, t he net hod

conpri si ng: forning.a non-conductive barrier |ayer ‘
ovér a A methodatenrdiap to clewali w@er@menﬁenaldmﬂ@tﬂomesonductwe

to transform an u rti,on there

barr{fdyoEPers S G b B B R PLerP R st i gh @Rl oo
remiil@horl feiRlutii@swhdietht RPSr poeidn (Mhd BaFEENBy ¢ transformed into a

conductive. 2. A nethod according to claim1 wherein
condustivg |ayet nmterial is a porous material. 3. A nethod

according to claim2, wherein material fromthe

non- conductive barrier |ayer penetrates pores of the

porous maiethodlacaundinged clams 1 twierdinvder finpomitcodl it haiclectric.

remai ns non-conducti ve when the upper portion of the

barrier layer is transforned into a conductive | ayer.

4. sA methodiag %96&'&1&1? ¢ aaﬁﬁ @'v&ﬁe}elﬂ\’ﬁ{%rfﬁ*sﬂnatgﬁalﬁb Eu§ hltra low k
material 1s a dielectric. 5. A nmethod according t

matgriahi m 4 wherein the first naterlal is an ultra Iow k

6. A method according to claim 1 wherein the non-conductive barrier layer

comprises TaszNs.

7. A method according to claim 1 wherein the upper portion transformed into a

conductive layer comprises TaN.

8. A method according to claim 1 wherein the non-conductive barrier layer is

deposited using ALD and/or CVD.
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material. 6. A nmethod according to claim1 wherein the
non-conductive barrier |layer conprises Ta3BN. 7. A
woredoiosivarcordi ng to claim1l wherein the upperP@DIB2@I053184
transfornmed into a conductilve | ayer conprises TaN. 8.
A nmet hod according to claim1l wherein the
noo:- condugikihve ab@irdingtio tiayen witrde pRsippeepdtabns abformed into a
and/or CVD.9. A nethod according to claim1l wherein
condueve lape bypplasmaieatsient ansf or ned i nto a conducti ve
| ayer by plasma treatnent. 10. A nethod according to
claim9 wherein the upper portion is transformed into
a donduct meghol ayerrdiny tAclaind @ iendiatidnmper pkfion A traasfoadled into a
(gécorﬁingjto claim1 erein a second material is
conque v [y eiPYoveion E b3t conduct i ve | ayer. 12. A
nmet hod according to claim 11l wherein the second
material is nmetallic. 13. A nmethod according to claim
12 lwher & method as@cding tovelien il avheren e spgad malerial & dapokited over
th accordin?ftqrclain11, wherein the first material is a
© YRPST EMIHFLYS RS defines a passage and t he
non- conductive layer is forned on a wall(s) of the
passage, the method further conprising also formng
t hd2nonAcoadod apscedingyeelamy &t wAeroin the speongimatesggl ghmetallic.
that closes an end of the passage, and after
transform ng the upper portion into a conductive
| ayigr, from@ihog asccsdiagnsclakh ap whegiitheisdcdnldenfasdagéeopper.
such that the first and second netal regions are in
el ectrical contact via the conductive layer. 15. A
metihod ackerdliAfd:@ng bt 4, whOEHShE G ol RS dibetric that
first material I's porous and material fromthe
defimsrr-pesago ahd the noarconéductivaygrer pebaheddres wabfsgsf e phssege, the

orous materjal and. remains non-conducti ve whep the .
meﬂfpﬁlpﬁrtﬁsoqompgsﬁm@fa?wgﬂﬁ% ARpOTY SRRGRCE Ty R tich sk greion
that tR8esCANBIT it Ny s BT andlefter RalibHGhIHR JpBEr Brtion into a conductive

sem conduct or ‘device, the structure conprising: a
layehdomiieg alsegomd nigdzlmegionm thefpassege swh éhat slie fitshandosgeordanctal
.l ayer.c r.isin l.ower regi.on, conprising an
regiofelis I SHg FRL ATl VA CSRTTEEISFEgGi on overlying t he
| ower region and conprising a conducting nmateri al
derived fromthe insulating nmateri al .

15. A method according to claim 14, wherein the dielectric first material is porous
and material from the non-conductive barrier layer penetrates pores of the porous material
and remains non-conductive when the upper portion of the barrier layer is transformed into

the conductive layer.

16. A structure for a semiconductor device, the structure comprising: a barrier
layer formed on a first material, the barrier layer comprising a lower region comprising an
insulating material and an upper region overlying the lower region and comprising a

conducting material derived from the insulating material.

17. A structure according to claim 16 wherein the first material is a porous
material and the lower region comprises matter from the barrier layer that has penetrated

pores of the porous material.



10

15

20

25

30

17. A structure according to claim 16 wherein the

first material is a porous material and the | ower
WO e@iosioennpri ses matter fromthe barrier | ayePCT/mE006/053184

has penetrated pores of thd2porous naterial.18. A

structure according to claim17 wherein the first

matigri alA itfucdireh@@kbdih€ to dfim 7 ShEtad WE Eira eeaEhl ROdiblectric.

clai m 16 wherein the non-conducting regi on conprises

Ta3N . 20. A structure according to claim16 wherein

t hggcondugt ' ' A

acasr di g ristEp EekgRe EPHREY FERGA uithonLoRbloHfE Hgfon,
comptiesalahlyw k material. 22. A structure according to

claim 16 wherein a second material is deposited over

the upper region. 23. A structure according to claim

22 er e T | .1y : :

ot Pror uf o SietBe SRERNF T R yhEie TP Kbl istigresfon comprise
TaNmaterial is copper. 25. A structure according to claim

16, wherein the first material is a dielectric that

defines a passage and the barrier is forned on a

vabl (s) AofirichBe R&SSEBE 0 1kt B¢ WHBIeHT Be fivdt @& rial is an ultra low k

conprising a |ayer of conducting material derived from
matqrk@d i nsul ating material forned over a first neta

region that closes an end of the passage, and a second

netal region forned in the passage and wherein the

fi 08t Aaudctaecrostdmgttalclaimdiconseréin@ secondl regittidl ¢adleposited over the

contact via the |layer of conducting material. 26. A
uppdtregie-ure according to claim25, wherein the

dielectric first material is porous and wherein the

| ower region conprises insulating material that has

pendt r atregnporescotdinfeo gdanol® whedear thalsecond material is metallic.

24, A structure according to claim 23 wherein the second material is copper.

25. A structure according to claim 16, wherein the first material is a dielectric that
defines a passage and the barrier is formed on a wall(s) of the passage, the
structure further comprising a layer of conducting material derived from the
insulating material formed over a first metal region that closes an end of the
passage, and a second metal region formed in the passage and wherein the first
and second metal regions are in electrical contact via the layer of conducting

material.

26. A structure according to claim 25, wherein the dielectric first material is
porous and wherein the lower region comprises insulating material that has penetrated pores

of the porous material.



