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A VMETHOD OF FORM NG A LAYER OVER A SURFACE OF A FI RST
MATERI AL EMBEDDED I N A SECOND MATERI AL | N A STRUCTURE
WO-3R7A663EM CONDUCTOR DEVI CE The present i nvent PONIB2006/054584
relates to a nethod of forming a | ayer over a surface
of a first material enbedded in a second material in a
A METHOD WEFORMING ANLAYARUOYVBR ASURFACE OFPAMRSTMNMATERIAL
but exclusivelé the invention relates to a nethod of

EMBEPRERY A AP FE QXM A0k Adr N Gt TRUGEVRE FORe enbedded
SENHQIﬂgﬁUSﬁkﬁ@b@Nﬁ En an interconnect structure. In
copper

stan I'nterconnect integration schenes for
integrated circuit dies, a dlelectrlc barrler i's

deposi t full sheet. on top of t | eve

di el ect &g%PYﬁP?_%)mV&HHO%E%ﬁ toj3 1q O%\P mfr}%ea laygpvgt a surface of

a fir6tER A lenfFRENANH GaLc Rl th &R 19 & WMdture FBLa Bahibb&IuchR@Yevice. In
two roles, 1) to prevent copper diffusion into a

partigivlal b@ttetprlsanky tRy mtvontam rekagesdo wingeteedcdr fotroiglai dinsionbarrier

ovefelEt lindi eG4 decl R B oRh stk | °

overlying barrier. This weak interface causes early
reliability failures because of decreased
el ect r ol gjprdardepppesingareginect iMsgwboR scheales Eerriptegrated circuit

dies,z % %Bfe(j-:gg%:’})%gg \rlﬁaééﬁ)rs]ltécﬁfu 1%596%%% t(g[fegf thg hrﬁer 18961 %1etléctr?c QLQ) and

coppid 1i@8sSaften GheCeeh ofathdinixgl m'Ehlﬁhnaﬂl bd)lisiﬁlrtg(X(IM!]B)O STHe barrier has two
materials on sel ected | ocations onlé during the
rolesyd )t RIEY§IH §ORHer é#qurﬁnéawaat dglegiric@pd ) r%acaa%maafg@oiﬁ%p liner.

because ai J.pela E} fer %‘%OQgepOSH& SRXBRRREVS weak interface

pat t erni steps Itiron areas.
betwens tlenmgper ltne's anétivicvagg@dg bhaier.sthic atdake dntslé:hcfe-cahseg redy

s (SAB) wi.l | ce dielectric barrjer fi
reha%@?-yﬁaé L§s Her e@éﬂ?ﬁr??ﬁﬁli ClERPAER PR ETPIRRRAS- ﬁ?é’&%gﬁecmcal

flelﬂﬁgﬁﬁﬁkleﬂ is 19t eaf HE YD offh€ LofHeR MR Whi¥h @ﬁ’r@nb@s"'ioéﬂ copper
| npr ove electro m grati on resistance and reduce

nug@apa@miaﬁﬁveﬁogub%nﬁ@gbetmeen adjacent metal |ines.

Cu t.int h f f d.b
ke s ThE SRR FORSER s bR R et IR p By dbe

manbiP@tne@bedryintcgraed ¢ivaldio fdwitdeBousiiebalsk ittlipthitac e hbad for
is to be capped. The catal yst, typically palladium is

expamisive pafieraidgriiana iR fisfingelspasitieniarsns. thres imiangt. if issaxisaged that so
callesd %ﬁea% Q& Félmelk%gﬁA?ﬁ il gég@?%cgecﬁﬁgétﬁg Ez«llr? gre fllnlls { n‘}epa(:f %né capping

ess um Ca

in addaﬁce&ie@@dmal \damasﬂeﬁe piolcgsrsﬁfg PABs IOCOWPL be) b)larmalﬁlrysapphﬁr to
the |ines. pal | adium that is deposited between the
imprpxe glectrp Hé%raﬁﬂ% fe%éanﬁ% 9%@6%%%1@%9 eQrRlige Hgbysgn adjacent

metal lines.

Current integration schemes for self-aligned barriers make use of a selective,
electroless process based on the catalytic activation of the metallic surface that is to be
capped. The catalyst, typically palladium, is first predominantly deposited on the metal lines
and subsequently, barriers are deposited over the lines in an electroless-plating bath. The
palladium catalyses the selective self aligned growth of the barriers over the lines. Any
palladium that is deposited between the metal lines must be meticulously removed to avoid
excessive current leakage from the lines when in use. As the palladium activation is never
100% selective towards copper, the activation and cleaning step is very critical in

integration. In this approach, selectivity is achieved by making the metallic part of the
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excessive current | eakage fromthe lines when in use.
As the palladiumactivation is never 100% sel ecti ve
W0 oaanaR7Topper, the activation and cl eani ng SPEPIB2906/054584
very critical in integration. In this approach,
selectivity is achieved by making the netallic part of
surfideeatalyftReRy fat@ey tTiealidadviraet if\kis app@ach 8 altht antyagealic films
this approach is that only nmetallic filnms can be

can B pRAosHetbiPob estliGEEACPs-¢ surfaces. Known
el ectrokes n WEOQQ e5Wp 03[1819 gﬁ)%gs%eg 1%§1lﬂ|t h ihBreased line heights
i ncrease Iné nelg tS th cause any galns i1 n

that capaany amnoein epbeatapes td e pa®t$§t lost. Mnadditibh ofiectroless grown films

el ectrol ess wn . filns ten m1|n a latera].
tendGp Bt Mo GBIy LU e R e Bl PicPaag Tiis leads to an
1ncréra!§éc§calp%@1@a?w% Qo@Ridg et haate Eﬁ&aa%ﬂtsatrédﬁ%e&%ﬁﬁi)ﬂh These
between the lines and so reduced reliability. These
proqgssos: e@s abomayscahetallic alapesitmet kxitvean mepblsiesiresulthetindegraded
leak B }nes Qesultlng in degraded | eakage current
CAXRE< %%?? RQPEIIESi 5 al so known in the art to use

Physi calt iyaRe Whowe Rk bita8 uldMR)sichPVERRR PposTBER PV D) to deposit

TaN Ta barriers over copper lines. Two different
met%b@?@ﬁé%é@rrafrré okgreRAParding&t ewo Biffesentyappepaghasgre known to date.
Brwf{l&{J % f) Fs? r(gz\}/c(rﬂ: ﬁé r@v%snﬁtg : % e}lfﬁP ? Bgtte%q 'ilg 3F ﬁ{er}g?t?lfhctbgleners in order to

remdve hehMedaridien bappert theicopser lihies eAaaebndppp@actinvolves recess
i.nvol ves recess creation in the copper. lines and
creafipn i1y the copRes dney wddillipg Hhese yary vidh : ] pigief-nk the figgt approach an

extr%gﬁglgﬁg isHee&t W Ric &)sﬁ%tep/lo’recbvgfe %Hg %Mgﬁﬂlehtser@?%slu}‘cs in

, any m sa gnne error n co
combhterbmlerrrenmvdl onameaite ofitlteligf Thhilee decoved appnodch eh&m;maldhnes are

appro the c Ilne ar.e recess over .
receb‘gﬁ iy WP OHF WVE‘?EBHB%W&\? egticalie mgTﬁ@ %ﬁ?cggli“ref Lythenydeposited
oveltcﬁ@lectﬁ@ BRS hegd hﬁé’se ' & sBERRLENP S%Qh%ﬁlﬁler bi BRield R rBmoved

second CVWP step the barrier on the field is renoved

leaVirgaavTﬁyTa bTalt Tap datheiresessedpoppertlines.r Ehedisatyagopgsert this

oo L0 GRS Bah ARBRIF R Fpblnt B, 2 e
Cu didH bRk @BhAsumRCuMpdEdimcredding B reistBlGN3PR6 ICPOPREPIBS nebded

space increasing the resistivity, 3)two CPM steps are
Whlqhelé dedlynandH the cichdarlystepmay g)ffspidestraynhp ok kerensriigsof the

1n&é¥d%%§?&9§§troy the I owk properties of the internetal
TriC is desirable to provide new sel ective

deposition processes to grow selectively netallic or

non-netallic filns on_dielectrics or netals and which
al | evi altds g¢sifaBledp PEQYRE W SeRetiNG GGROSHIORATORSESS to grow

sele&{\%gj ﬁgﬁllg%ngﬁﬁ d%&& it ?ﬂﬁlp Bn @fe?e%ﬁ{gs dr Peedd hlﬁf‘wfﬂt&ﬁ aﬁe\h fe at least

pro orn1ng a ayer over a surtace o
somea of thesbovmmentialed endideided i n a second material in a

struct urA%cgrglrngaco the present invention there is provided a method of forming a
layer over a surface of a first material embedded in a second material in a structure for a
semiconductor device, in which method the layer is selectively deposited over the surface of
the first material by a vapour deposition step and wherein a surface of the second material is
treated prior to the vapour deposition step to inhibit deposition of the layer there on during
the vapour deposition step.

In a preferred embodiment the vapour deposition step comprises an atomic

layer deposition step.
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sem conduct or device, in which nethod the |ayer is
sel ectively deposited over the surface of the first
worios@lr7 by a vapour deposition step and wher BCTIR2006/054584
surface of the second materdal is treated prior to the
vapour deposition step to inhibit deposition of the
| ayer tiTae @cmedtistepghal Benveairhel surtRp 08 ttel sedorit i@eridlfrain a
preferred enbodi nent the vapour deposition step
hy r@eh%lmsglégceaﬁt%laﬁmh@veﬁur d€hosi tion step. The

treat me

ot or 1 ol R R TEA Edurk A6, @b shiffecRPEReond
mategial fveldieh isl arthe)lnetrlenﬁnmdlarm/dto;ﬂlﬁe: durfaed meni hﬁdreph(ﬂnmsmfats

the surface of the second material,. which

di el ect FI'ET t%tfl%ﬁ?%{nﬁgbqtgbﬁp sigace of thecssoonsd @atgnal substantially
ternﬁ‘ﬂa@é’s‘m IE?@ﬂoQEzlsng{lﬁscﬁld fgfld)\gfngttﬁe @r@a@m&ﬁt%@éﬁ?ﬁ@ LurgdcBRf tt&econd

surface”of the second material substantially
lnmmﬁmﬁﬂmamesﬂyhxmymﬁﬁxwhwgnblmmpand follomnng t he

treat ne ste ace of mat eri a

t oot ardhisthe iRl bE e et i PR OD T e hatsrigldo
hexa6dihya \dedlabaheEXDIDS Nehpolie surface of the second

material to hexamethyl disilazane (HVDS) vapour. In an

al t er nafn yeale@mysivie @m’@pdtrmﬁélt Serstefees offthe preoséawirgial is treated with
an a%{_c] léa%l for%x&r{lﬁl%ta (t,]legt{] OI%CH y gll%rec%gh t£ pendgl:ﬁt%ggur?ace

I"'ean* or a vapour~ ¢
hymﬁph&ﬁ@e hydrophoblc In an alternatlve enbodi nent, the

treatment step conprl Ses, gOSI ti ng a | ayer of resist
mat er i af #HEsgRAGVE @H?Gﬂll‘%f‘@é the tr@aﬁ@em TR C%&r@fs$ Sepeying a layer

of re@ﬁ[ Qﬂaﬁrltah&r slértfléaﬁﬁfagg of ﬁ]l% fﬁft I t | n¢ E&I%Ls thh rsﬁl"f’%e%tf ti%econd

er of resist nmateria ogra
matalaﬂ:,hrrhdhaﬁng gt llget bbresisf mbkeaalf Witk hhyogtdphlcfﬂw&tuchrﬂtaerafhbtlon of

ause ion._of the resi mat eri al t ant.i
the fi‘B‘ou?/Y &F%é“ﬂgart‘%‘i‘al ratse? Péﬁ‘gl?rboé‘éﬁ} 555%H Hlﬁ‘éq‘”&r%u éﬁ‘éuﬁfy ?-HVSPP’ g the first
matérd t&&,svep{p Heh§e bRS blsltnofweglbh@bf pubhsiR B{alte'atiah yu@{%ﬁm Bove the
second erial, renoving the region of the resist

second netérial, remosingrthd @lop (ﬁb@ﬂ@smmatﬁnamubmt@ﬂl[yabove the first

i th th f it
masglal Spibn SRRE VR O § e et P LR maleeb S Sty above
the deB¥RNbA@Aal s particularly useful for depositing
di ffusion barrier |ayers above netal l[ines in

i nt er coARe&rvestien s partisylarlyusefabior deprpiftnectiffudon basier lagers
abox%qggtgjrl%s in ﬂ{ter&g}ﬁ}ect &vré)srlT }Néelnlu c%ﬁiiv Cki’(? c%%i%%g' bed by

Perénce e 'actonpanyi ng
dr aw ngani dﬂnbMdirﬁéht of the invention will now be described by way of example

only with reference to the accompanying drawings in which:

Figures la to 1f are schematic diagrams illustrating the fabrication of a
structure for a semi conductor device;

Figure 2 illustrates HMDS vapour being deposited on a surface;

Figure 3 illustrates a graph of the amount of Ta as a function of number of
cycles deposited by ALD on various surface types;

Figure 4 illustrates a graph showing surface coverage of an ALD film as a
function of different surface treatments;

Figures 5a to 5k are schematic diagrams illustrating the fabrication of a

structure for a semi conductor device.
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Figures la to If are schematic diagrans illustrating

the fabrication of a structure for a sem conductor
walew7oes27Fi gure 2 illustrates HVDS vapour bei nBCT/IB2006/054584

deposited on a surface; Figure 3 illustrates a graph

of the ampbunt of Ta as a function of nunber of cycles

deposi t &fla Pyefdkdd @fbodantus it &einvyies), Akbrgidrierydr Deposition
illustrates a gllyégh showi ng surface coverage of an ALD
(ALPy isysad toyseiqrtively sisposit dparfigh laygar ogirnelekbintereonnpgiding in a

semftc::ﬁg&“f'cﬁﬁ sﬁ@stlta,?e. SKL?rlga ﬁg}];:b%ﬂﬁ)tn' tgc}@%cfngrtms {VEH Eﬁ&&/ffi‘%rqg uniform,

abrication of a structure a sem conductor
confdavalcad varyacoprreflarle deboerrimndjehﬁnbr OFhet AleD pﬂfcémemt 1nvolves
I NV Atom c Layer Fosn ti

ALD
Seqllggﬁlé@p’%?gpﬁ,gaag%gpe}ct 1HEQF PFeSPrsp éqag Qlth@t\’&éﬂ ers surface one ata

tlme' RS 16 ABEBliod dNBadtdht@of SHIRRRAUALQY re%ﬁﬁtsﬁéé fhe oPNIo? a layer
a deposition technique that is well known f i t's

is selfnlithvmgduciog f prevalsoapd sa eAyDoctmt:mctsl heabllseordélpcd@nmyo availability

and g Bl o R b b€ Sl et RS R ERET W e B ecianes

waf er' s SgedacRiopfieLafer DdpbiiBon UBadeRABRIYIbOIMyHassivating
reactants on avail able surface reaction sites the

the apserptipn syrfage] igyosherjwordempking s¢le¢ted pats ¢frie absprréionsadace un-
u . d [ on the density,
reacg\v/%%letg %BglgggﬁeguI%gg‘g%ﬁl%}l}{}i'i ty of ligands on the wafer

surfac eMBdih@* AlBiprecusaptary véry ridctiRe tdverrd Iy dreggliagioaps like
Sel ective Atom c Layer Deposition is nmade possible by
hydqoesxlaamdwﬁﬁa%E@%ﬂlgﬁ@ystthaé aéPo%acS‘ﬂrﬁl Y 8FFse Ppaiéféectnﬁ sy, Prior (o

,
oo ST OR AR R U, Bbitbe bt apaiage
hyddpEbtpe ecups dasa@na-reatiye te tetAMe prawessods Hynde oqmlimrﬂ ALD is

roups |ike hydroxyl and am ne based | ndsthat e
aPPl?Fth fﬂ‘%ﬂi grgwg} %’!@’ﬁtdl%‘??t%‘? %Hrga&? IgPecS PP %1 lt‘frm?%lasurface that
is toRRhypdag ALD, these hydrophilic groups on a dielectric

surface are transforned into hydrophobi c groups that
ar e un- Reteating/@ Higuehéa m_lj ppat orged slualdenwesengtsenctited

comp Ut B el e 0Pl Rt e FekE® R Pf agnen

diffileonCrpiad) thﬁiesfeﬁﬁlﬁte@ ¢hel DelbbtEdNB%r Q@n& thelrhetaldviPa! tThe structure 1
formed dual danmscene structure 1 conprises a

maydiedpered in@ceagence dvithestangiard progticed formed in the
di el ect rAft‘i‘ér th%%ﬁ{t% Q § % LI(E% sqlted ah@ c@%@?]ﬁﬁele(%{léfﬂ polishing

that separates aye

(CMR) Eha§bee'ﬁhﬁrfShﬁ&&ﬁlcheorﬂiaﬁmymﬁﬁstﬁrﬁfafﬁeﬁrabﬂibeac(ﬁrﬁcﬁsihiﬁﬁﬁibitors 5 are
with standard practice

removed by plasma treatment, for example, a hydrogen based plasma treatment.

The plasma treatment exposes hydrophobic groups, for example hydroxyl or
amine based ligands, which terminate the dielectric layer 2. In a preferred embodiment,
exposed hydroxyl groups are passivated / de-activated by exposing the dielectric layer 2 to
hexamethyl disilazane (HMDS) vapour. As is illustrated in Figure 2, the HMDS vapour 20
replaces hydroxyl groups 21 at the dielectric surface with Si- methyl ligands 23, which are
un-reactive towards various ALD precursors at temperatures typically used during ALD.

Atomic Layer Deposition is then preferably carried out in a temperature
window of between 200 and 275 degrees Celsius, using pentakis-dimethyl amido tantalum

(PDMAT) and NHj as precursors. Precursor exposure times are typically longer than 0.5 sec

per pulse to allow full saturation of all reactive sites. After around 40 cycles of exposure a
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After the nmetal via 3 has been deposited and
chem cal - nrechani cal polishing (CW) has been perforned
w0 pooaoe2rtdance Wit h standard practice, corrosiPCI/IB2006/054584
inhibitors 5 are renoved bys pl asma treatnent, for
exanpl e, a hydrogen based plasma treatnent. The plasma
Ta;NJ iRatierenst RXROSe 1 hystit Qpidb bbtahie@ W She Metal e avieis sufficient for
hydroxyl or_ am ne based |igands, which ternm nate the

cappipePwepses c Dugye thedarge ﬁelsctaﬁféfft@waréa therpefal therinetakelisoidlgbe
substt]a}ﬁgiﬁﬂf X(l)veg‘{]cpwg }ﬁrtﬁrﬂ?ﬁ%s ' dﬂg Q/gré/ mﬁﬁ(gdn‘(sa(?ﬁ%n?éf 6a are deposited

exposi ng t ectric |layer exanet
betv&d:ieﬁlrﬂeaﬂalmes Qﬂ-%ﬁ)elm&p@@ﬂel%/chﬁﬂ I lustrated in Figure

Che d of BE EFEh BEp i SR Pigier SRRTIRg NPpd Jfesiacs! Eactve

grouplbf fheuBrabd) - A SARKY B hPF‘l%ﬁfi% \(x?ErHaQ/H%b&H%d%QtCtHé f@bent of Ta
at tenperatures typical used during ALD. Atom c

that L&z&e@psmeépmsa Cu onfacs iy iﬁaw Breher latgey thea ronlaerdetbuhatedm aCvDh

) ur.e W 200 .and 275 degrees

siof IR RS 26 Bl Bl Ry PR ST AR AP R
( PDIVAT) Tao ce1dd v f@fr;ﬁ@&fr&ﬁraasorﬁﬁ@pmgﬁiteﬁﬁm&m Rw AifiBsnt of
are tégl cally longer than 0.5 sec per pulse to allow

reacfiyg surkige groapp on thef SiQ( surlage taresened @fasre ompinaitlyyrgeasd ve gnethyl

grou gluliés gfa serfﬁﬁf)%r#gunt %-trsl%cu{gﬁrr ﬁl Ieé{r:ulgs will B%ﬁe‘ﬁﬂgorﬁeé) gn a

nm1's obtalne
metigldttd eureft coMpaea ppediPpepdii@shs 1n1ﬁMEst2Ig6s bherolvatr ges explalmng
selectivity towards the netal, the netal line wll

the selpglyiineh the AL BiASesd L laree anbss of Fyglesgre mlvd@@r%}oc the
depocSﬂﬁJn] w@@%n%tﬁbﬁ%é %%e &?mﬂfeﬁ Fﬁlﬁ%ﬂt b@%?@oﬁ&f‘almady and an

I'nes on t ectrlc
1slarglrldwttypdaﬁ*@uwdubehafqouhmlbmauf elf tlﬁtemﬁmﬂ dengp@ f tdtéve surface groups

s sep i ot g FecerigiheR 0B el TRAVE e diaunt e pffr. Infgure

4, th@@ﬁHﬁUe c%fver-gge Isrbﬁt)wh%f dRPOSh e a@rzh fﬁnc(ﬂbnsdf rciﬁf?é}@nt' sﬁrfﬁ& re
times [arger than on a nethylated e.g.

treatmepa niEeappladatiah péan 2@¢on or 109dioged plgsiod caeqﬂnema thb number of
L Th I t ity f
i RO P g el Brne st e oBr Vo B chs ggowen

rate pei dy@feBw Ir @uPsmanN the Si OC surface (presence of
predom nantly unreactive nethyl grou%ﬂ)(Il Hence,
1p

smal | aRﬁfPﬁltm&)]Pacﬂirt@ Eigusesr Llerpd dén faral rgused to remOVe any
h e e
v G BTLRPERER 008 FADYLRLE S UL LS5 ORGSR ARShes
pathts hEmSHj/ &Cﬁu'rthéltc}l etdctit ﬂ’@/eﬂﬁﬂ {uposiesisovet thedirbtatigectriciyer 2 and the
cycl es are appl ied on SiOC, the deposition wll

barrﬁféé‘bfﬁl%@f%ﬁ °8ke place on naterial that has been
deposi 1t el fuifeRfN e 2Rfboffdn®! Aith bidshol MRRe Ble SRR, the

behavi our w occur. e initial density o ctive
dielentmcf hya Ysdypphebis mahdtyreittut had 4 hidaehibe wafage, aswrberdt for

exarfplg G & PRSP RSt 2D B URORURST P AP GRPEHoplghe barier
the diblefi@$ay@r b 4eddiQ@wRh aflbéiHRMBPExSHPId RE/ WERlean or vapour clean to
render the surface of the dielectric layer 2 hydrophobic. The barrier 6 may then be deposited
selectively, as described above, over the metal line.

There are several advantages to capping lines in this way with an ALD
barrier, in particular the good selectivity of ALD barriers on metallic surfaces compared to
hydrophobic surfaces. Additional advantages of ALD include its atomic scale control of

growth rate and the conformality of the deposition process. Furthermore, very thin barriers



10

15

20

25

30

treatnments. The application of an argon or a hydrogen
pl asma can enhance the nunber of initial adsorption
WG 2108866225 | ong as any plasma surface treat meneGI/EB2006/054584
avoi ded the gromh rate per6cycle will stay small
Referring back to Figures le and If, a final HF dip is
maytaged Sorhgrey & @sNPRadthe akaninhail tbgspraggasidiceghcance
the dielectric to avoid the formation of potentia
increasgk abferpigtake, mipi Ay queroyty ofrthpbarrigs. el ectic 1 ayer 7
IS depogl ftu?tﬁeloe\fﬁlg éﬁtﬁ%ﬂt ok tmgénﬁoﬁ%lﬁ n%va R8RS c@oeﬂngle&ﬁ]@cess of
barrier I n standard fashion n an alternative
whianile d)dseﬂmmtlocal\ﬁrﬂsﬂhddi@hﬁ)nmt atek ecflesavometdVDies tblrecate a self-

dlelectrlc | ayer i.c in natyre but has a
alighid ApER ATRiTRr ke QOSIB%X dfhﬂggefﬁb ligngd rf‘é;éaﬁia clopgpeng makes use of
the @h@@tmtytdﬁi?@&ﬁ@%@f ‘mdtd) Rt SnBHROStEARRI dfRldcRc Thfert Iﬁﬁlrmg a mask

deposi ti on of barrier 6 the dielectric layer 2 1§
less ilhmaineabnpit¢fhtha thraghiodtl ef deyelograntpls ecaghédrlopdty dlogathegnetal lines

to, render. the .surface of i el ect,ri
ane Y058 Mo s RO B P e 1R At RlsP i), The
ilurAi@R@sH dKd 1§zﬁi+@§t‘éd 3eethit th@sréBs kI ddRe df ahRIspmeaY Rlobtdiged over the
metal |ine here are several advantaqss to cappin
metglilinesandnis inmugficigny impetiyeemmatablipesr whase theilighp israbserbedr The
prefélji]edf %ggts 1s gﬁh&r& lgkn‘tﬁr}{ g%%ﬁ lé I?%stf% Irs{): Itlga{‘af g% etgghg Vi dp&pt(f\nent tITreshold is

reacheti/ aliﬁlageﬁcaﬁfbe/%érﬂo‘#fddc | Arete rédis rahovil a seleadve raeallic ok difectric
gromh rate and the conformalit t he deposition

bamﬁr Bowslestivaty, deppsiteh pectesphlnusing l‘tha{kPP%F%fh@‘y"thBés ublggremaining
res1s°f WCQQU\IGQOQQMP t}?anngfﬁE -z € sJTE { 1tl)ﬂQhelt r‘%}ﬁglﬁ{ &%HYS Iﬂﬂglﬁ/ above

capacli tance I ncreases reis a som out gr owt
them¢mlhmmbmbr|ers A further enbodi nent of the |nvent|on
wi || now be descri bed

ocess f which
on | ocal ?sgqcrassc}%%ﬁcab?éwtm &RV epse) o %&r TSEG sk, na

flrstls’teE}Qﬁ féihifg §1@Ir§er@or§fél:ﬂc s@ihlbgl?@q 19RE1Bf Q{Et?ﬁaﬂfthﬁnMEl'ébtﬁrc material
deposition. The self-aligned resist devel oprent nakes

101 isstepofitedivaer efayecefi d1¢1t<§tr1d|1f)® greerompdd, atewdf insulaey. dmdi
net al. Iectrlc

el TR AT OR Gt Ul Phe LR ELABTE B HaraRspRunE: (BRRT) are wel

knoWw g afiRerhld tﬁ@tadubMaﬁMM%bM‘rB ri¥Bé@han rofeS: e liiRdriiid lightlow. A
reflection at the netal-resin interface ("l ocal double

hardgngsslids shen Prosited avaribe layer faad refiechiap dislestricmateriak 01 in
smnﬁﬂﬁ %ﬁf@@hold dose of development is obtained over the
ne Ihes and is insufficient in between netal |ines

wher e t Remhdkght3 ib Gseallis arsh@dard Thgstpphaier & toeiepSdit d Sattern of
st andard 193nn1ng%ative resjst so that where the

resisy @eAtiyp et on thirhashaagk 1Q2 anshphoselithegiaphiegrropuisdncasged out.
r ermvedTh@‘Hsf‘sE 5t€e§1‘1 fsttrarng \é@ Ithr@*r%ne él@ %Efdvﬁaééﬁﬁl ih 5@n@frd fashion

dielectric bar ler is se ctive eposi t
toﬂpnﬁﬁemmbkyeM&Bﬁ@SéMiﬂﬂe@msmmﬁ@nlﬁ@ummdmvaiﬁer@emnﬂmmeana
etching.

A diffusion barrier layer 106 is formed in a standard way over the side walls
of the vias 105 and over the hard mask 102. Next, a metal layer 107, in this example copper,
is deposited to fill the vias 105. This is achieved in a standard way by depositing an initial
copper seed layer and then filling the vias 105 with copper by electrochemical plating.

Any excess copper above the vias 105, the portion of the barrier layer 106

above the hard mask 102 and the hard mask 102 itself are then removed in a standard fashion

by chemical mechanical polishing (CMP).
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resist is un-reactive towards the ALD precursors so
that barrier growmh occurs mainly above the netal

wo evemeant y. The process is described in nore PE/EA006/054584
with respect to figures 5a 1o 5k. In a first step of
form ng an interconnect structure, a |layer of anti

r ef | ect Falowling ltigi€ td liagerroiicefiveatiodd) 1 9B§md1€§zﬂﬁfietr&ﬂst(1‘®8 lis @eposited
| ayer of dlelectrlc 100, for exanp

over; the [avst gantipigcting iceatiic maisrial Mk %ﬁddh%mer éﬁﬂs Nexgy the
nega@%?'?psksef’l \RA%PMSDQCQ %éeart e gt@glccl%%tt :ﬂﬂQSIO% W@lt tﬁé se ofa

rmterl at S t ant Iyasorb rat
mask.han ilhethedtin preotrobh, trofju-ais hhdddnt glhiistdnltlall\y pékphtai’ldﬂnras khe layer

10, BT SRISU 5 BLoLad I U oL pcen upon e

copped $iflELMD7 i rdfReted Hsk iBolphae 1dYeAl 6 NN IR (Bt has travelled
spinning step to deposit a paftern of resi'st negative

throdgtheme gdtiye iesid layms kO8LORI iametigrmo tpdri thheghi agdhictng dielectric

marGhR B KpGOERP Bl a1y oBEionS o ik dasayive resist layer
108 ts RfeQibitahta0l Miree®; MovBBicecopbasviddR7adre ekfiBed @Sinste flux than
pattern 104 is renoved, for exanple by plasma etching.

are 1AZighs pLIGE oASHIE oSt l4yay €98 thobare §ubs(§¢nrﬁﬂeuy divecilysabarielthednti
reﬂel\é@}x% gle?ec‘kr 1%%%1‘1%51 Vs I"[Ihg 119[f nﬁtltlgfl%ng Id%rsailég %f ﬁl%q{l(ﬁggl{t hgﬁ@ tlux 109 is

seleﬁ&aEmih&hammdﬁ’v,eldpﬁledem@@hbleﬁof thefnbgdtlvb hesistil@r 108is reached in
Thi s |s achieved in a standard way 11?% depositing an
thOSF RAUES B S@B%bfrd%eéﬁﬁ apexeehe gerpet Hegs K0/} bytagt tlhtéosﬁ PRagts

subhRalt WGOARSL B¢ Sl SSALARPAMI M hakbnay Ay excess

ortion the barrier
| ayer 10Bx@boyeatdued hay,dhnmrtl @2 thernrdsistieyen d 08 winkhkhave

02 itself are the enove rd fashi on by
deVﬁ‘i‘i’%‘h ASTCMAYER Sy ‘a*ﬁ ?‘?Pé’Fﬁ S(@R/%h ]%Wﬁ torﬁe?cg‘éely
depdsﬁ)ﬁq{arﬁér 15}%‘9‘1@@5&/&"1@& c@p%%f‘ﬁﬂlé"ﬁgﬁt'fﬁéeregl%ﬁé %re%@ﬁa&é 108 are not

deposited over the layer of anti reflecting dielectric

reacfrat @rthe IAmereaamdsqrh end: oppttie o107 grovethtoccuhevergheteirogons. The

I C e T -

refefeh 8 HoEFi Blves 1 4 fthwis toSsaly i@l aeMberatfS haiddvwadfl Between 200 and 275
per pendr cul ar to the | ayer 108. Flux that has

degree @Flluédlstflgrml}@lﬂstch@e%bmd&béamé@ﬁs(tpmé% p andNHagg presursors

and b f ook B0l B ORO Pl OBt S f perher Poct

tr avel I Edllé\hllhglﬂlgh thé eenmegiag kc\geoﬂseﬁflrsdistllmenoa&& ra:ﬁdvddeor
i ncident upon the anti reflecting dielectric mterial
examplg by § PABEEYHEHOLRY ¥ phemitebreals: leayng gt 140 localised over the

cop%egggé"i‘m % }J};ﬁ dfg%gé‘ﬁlg‘()ﬁgf £t} 1ot Qverdflo t hat are

tantii a I rect bove the copper %I as 107 are
expos edFimallypr frtheud- etldsuam layer (not shown) can be deposited over the first

dielectric layer 100 and the barriers 110 in standard fashion.

This approach results in well-aligned and well-defined barriers having little
lateral outgrowth. The resists and any residues can be easily removed after the selective
barrier deposition to avoid the formation of potential leakage paths. In addition, capacitance
between metal vias is reduced because there is no use of SiC or SiCN capping and/or an etch
stop layer and a USG hard-mask as in known approaches. Moreover, this approach results in
a significant improvement in dielectric reliability and electromigration lifetime because of

the full metallic encapsulation of the lines.
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15

are regions of the negative resist layer 108 that are

substantially directly above the anti reflecting
wal@rmed2ri ¢ material 101. The intensity and duPEr/IB206f54584

the incident light flux 10®8is selected such that the

devel opment threshold for the negative resist |ayer

108 i s resititedppreclabeisBatpalidrsapotarpagitioptebhnigudsatdyl be used in

above the copper lines 107, but not in _those parts

embediengrtiths InyerfianeathenghamdlB, faiexample Q‘é‘PI é%é‘#lph@h the
embgg %lle%?stc{es&iﬂmta%[) eallela]tgt]o th ?:a(ﬁy s1tio§? 3 er&@i'n interconnect
ose parts of t e resi st ave

strucdeme ﬁtomﬁd)eaapprebmtﬁdvthmt ehthodawenad oft the 1mzrap1pmf mhy be sselid@ deposit
A%l is.used to selectively dggosi a barrier
OtheF ESP&“‘ 1HYETS e YAty SEBEEs ferispaicrd VI%€gi ons  of
resi st {@ygk tﬁi%&ie%@oeﬁ%e pRagk iM@ntidh lS}hl%fe%iQe to a preferred
pre-cursors, and so little or no growh occurs over
embpipmat rtesguomsvelrﬁhﬁiemmm thatchs embedisyept Yiqugstiainds regmijery only

he s as t enbodi nent descri bed above wt )
and P et B yEPRET Thel o W iksser € GRRERy el of appropriat
knowROPEARL 4Kilds WhyBOWa0E wbtﬁbumpar&ﬁ@ frRdthd §pirld a6 &&%e of the
Cel sius, using pentakis-di nethyl am do tantal um

mve(lmmaet Emeh N 2ppepdasicalzisragd aae velenth theread ulis e claims, any
refm%ﬁ? o?lgﬁs’:%l%nl[eﬁeﬁ Raﬁéﬁil]ﬁ%lslsy%l 1%}9)% ohlﬁﬁ%d?% glfl%tﬁlgg tglg rc}aénslls.s"tfhe word

coh@mahgiaﬁd alcemparsveand the nlke)«:aﬁp hét dxylude peasBRned 6thel@hents or
wet chem cal neans, |eaving barriers 110 | ocali sed
stepm@fsr thae thosp Beled 1 4w clgm orithe swaﬁwam%a%\th@ dheyingular
referl%H@é bt dnBi&h&ls dBY ﬁ&%&!&gdé: %}f@ I referd e LB chdéflerﬁélﬁé:t I C
ayer not shown) can osited over the
di eI ect Al periomysiilledi G0 theenalt & Hrebdity apprecidtd that narstua Ipdambters

. Thi.s . .a ch results in well-ali ned a

disc ? mcIE? fi‘?ﬁéﬁp%‘%{f‘%@ég eﬁ nglithatvaripuycapby HB%R%;E’&%PFFd and/or

c1a1&5@m5§ $b %B&bﬁ&@&i “amsutr&@h%g%&@ theReogast thy invermed

ter"the selective barrier deposition to avoid the

fornatlon of potential |eakage paths. In addition,
capaci tance between netal vias is reduced because
there is no use of SiC or SiCN capping and/or an etch
stop layer and a USG hard-mask as in known approaches.
Mor eover, this approach results in a significant
i mprovenent in dielectric reliability and
el ectrom gration lifetinme because of the full netallic
encapsul ation of the lines.It will be appreciated that
ot her vapor deposition techniques nay be used in
enbodi nents of the invention other than ALD, for
exanpl e CVD. Al though, the enbodi ments described above
relate to the deposition of diffusion barriers in
i nterconnect structures it will be appreciated that
enbodi ments of the invention nay be used to deposit
ot her types of layers in various structures for
sem conduct or devi ces.
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Havi ng thus described the present invention by

reference to a preferred enbodinent it is to be well
waereeied200d t hat the enbodi ment in question i SPCT/IB2006/054584

exenplary only and that nodifications and variations

such as will occur to those possessed of appropriate
CLAIMSM edge and skills nmay be nade w t hout departure

fromthe spirit and scope of the invention as set

forth in the appended clai ns and equival ents thereof.

I Nyt .

parcne ey 3t AR bl (NP RS Ry M ARG mbegied in a second
materlahims strutinere mmhehnmmuctsr deyicaandwhich mprthskhe ,1a3and; stleetively

doges ? %cﬁ de the @resence f elenents

depos*tt‘é%gveatthrerur e 1oL MHSHLAY oV ARy PPSHIRR SieP AR Wherein a
surfa?b@%'tﬁé LRbAPRRFaBs WORLE pridh® tBd (f‘éﬁ& BEpdsBioar&pas 119{1b1@n

el enent does not exclude the plural reference of such
depasitemeritthe lagengbers on dsiking thedvaipoutt deposition wiepl readi |y

appreci ate that various paranmeters disclosed in the

description may be nodified and that various
2. enbogieiBabscolding kO SaHn AREHeRin qlea}afradddpaxﬁubﬁ s@PEBMPALEs an

W t hout departing fromthe scope of the
atonjipleyAt denesiGoAsvB. 1. A nethod of forming a layer over a

surface of a first material enbedded in a second

material in a structure for a sem conductor device, in
3. whixchenst hosbrdifg td elyiif 1iveheseth &&ttireaﬁhcyht dap@sﬂdeadhemrface of the

t he surface of the first materi al é% a. vap
secopd el svPsinEplla e AREY RiorRt dFasipeaaemiR] e QB b in the

&qﬁ treated prior to the vapor deposition step
vap ? %ﬁﬁlta%eposition of the layer there on during the

vapour deposi tion step 2. A nethod according to claim

1 erein the, vapor i.0 ste conpri ses an

at 241@&3]93%@ dapd ?11"1% @F&%ﬂ the tr e/@\ E%B cQRYBSdrigrtage of the
scco%h AdRrial WORT £hyurba1ié SaadcaBRnb a%fy@ﬂ)ph@l‘ﬂ@ Ql:Fadehe surface

of the second naterial substantiall'y un-reactive to at

| east one chem cal conponent used in the vapor

de 0Si n st od. accord to c
o R Bt T upO R Er I Rsb ey Bl surtage of he
secop@ mldﬂ&ﬁlﬁwnﬁhll}t fePiiiir teR Y&l h QRBk Y1l Fowpslaha€Sl1dwih tR treatment step
hydr ophobi ¢ surface. 5. A nethod according to claiml,

the sppfaeepithp sgcond mmterisé sylisatipbnterginales ihmediyl gepwes.of t he
second material substantially term nates in hydroxyl
groups and following the treatnent step the surface of
6. t h eA ﬁl@ﬂil@ﬂ dccrmdhﬁg it@lab b stterdin el tyeatreemiseptcemplilesrapbythg the
thod accaording to claim1l wherein the

surf%@@érwora@bteeéﬁaﬁ@% @RPosi ng the surface of the

second material to HVDS vapor.

7. A method according to claim 1 wherein the treatment step comprises cleaning the

surface of the second material.

8. A method according to claim 7 wherein the cleaning step comprises an acidic wet

clean or an acidic vapor clean.

0. A method according to claim 8 comprising a HF wet clean or a HF vapor clean.
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7. A nmethod according to claim1 wherein the treatnent
step conprises cleaning the surface of the second
wordoee@lrz 8. A nmethod according to clai m7 whPCEIBROOAES4584
cl eaning step conprises anlacidic wet clean or an
aci dic vapor clean. 9. A nethod according to claim3$8
10. conpkthbddccordihg (@tlaibh € areddin theHtfeauagosteplcompriddd. dePositing a
nmet hod according to claim1l wherein the treatnment step.

thirdyaisripksr hepygpts ofghasachnd matpsiabthe shirgpaieriphleing p-gragtive to
at 1eRt oh@@oﬁ?&%gu&'aﬁﬂﬂead bgpolitibf gt eri al - bei ng
Un-reactive 1o at |east ong conponént used in the
vapor deposition step. 11. A nmethod according to claim

in the treatnen ri ses, depositing a ..
I a% @PH Perding fytlapn EIW%&EEB%E?TIP NS 3R COMBFiSgshdepositing a
layef | bf RbistRhefihalcr R0 thed@HasSoft A€ fisW 2GR Md 4d¥6ssIRE Qﬁ?’ace of the

material, irradiating the layer of resist naterial
seconil timteriad hagdlapmg theflayex obesist lnhanalr ‘efth btogopheftluxhsach that

caus r.egi on of th )
refteelith o e T o b b Bl f 8 S5 3 e R RPsChaiiflappagputially
abovehél By hﬁ&rﬁ@f@d@ew?%emre BR¢ 6r B 18FISNObf thh Eesis® Hlakdrial
materi al substantially above the second material,
substasiglly pepvetiee sasgndmatstial, iemewng e rpgive of Hie resist material

subs?alflkt)gfl nl!)év%ldlé/ fnasl?gn ?enapwuflé)ut%gmg%'ﬁg %ﬂe nevgrtnl?o(%g %eglons of the resist

matdﬁitll aibs&Jntlsllllﬁslicarﬁttheﬂsielcyncallnaﬁéﬁal he second mat erl al . 12.
A met hod according to claim1l, wherein a |ayer of
anti reflective material is |ocated between the second
matye f t i
%&g@g% %gt%ééhﬂg e @M 1?, n\ylieqal}qzlrlzé@to? Ellét?%eiﬂreét?ve nlé%tgrrlal 1F located
betwesn ghenetald malénalﬁhndehdwlaglelarfcmlmm@eﬂab. claim 13 wherein
the nmetal is copper. 15. A nethod according to any
precedi ng clai mwherein the second naterial is a
13. di @lﬁ@ihbti%cco%@ing@o BIﬁinli'@Q:vh%Pé}Qﬂ{é'ﬁ}Qt th@efihial PpdepaiWher ei n
the second material is an ultra low k material. 17. A
nmet hod according to claim1 wherein the layer is a
di ffusjon barr.ier accaor.ding to claim2
14. o &y BESR @2iiog i cin ) alFiol ParE i BT and N-o.
19 A nethod according to claim1l wherein the structure

IS an interconnect structure. ' o
15. A method according to any preceding claim wherein the second material is a

dielectric.

16. A method according to claim 15 wherein the second material is an ultra low k

material.
17. A method according to claim 1 wherein the layer is a diffusion barrier.

18. A method according to claim 2 wherein precursors used during ALD are PDMAT
and NHs.

19 A method according to claim 1 wherein the structure is an interconnect structure.



