DAMASCENE CONTACT STRUCTURE FOR | NTEGRATED CI RCU TS FI ELD OF THE | NVENTI ON
VWAN'! The present invention relates generally to integrated circuits, and
nore particularly danmascene contacts in integrated circuits, BACKGROUND OF
THE | NVENTI ON 100021The fabrication of integrated circuits (1Cs) involves
the thin :anon of features on a substrate that make up circuit conponents,

such as transistors, resiSipnisSOENE FAeFSTRUCG i8I ces are
i nterconnected, enabling the Fgging PEHCGIRE ired finictions.

I nterconnections are forned by formng contacts and conductive lines in an

i nterconnecting dielectric |ayane(hePTHsiNVENTION exanpl e, danmascene
techni ques. A damascene structure, fix-exanple, includes a via or contact

bole in a | qut] POThé fHoscaNdvadtibd @REH M0 J iStegEREERNIY ¥ H&E than the
contact hole in an upper portion. The via serves as a contact to a device

whil e the t pemfedlabaRinidase dhect anseghiey Sirduite for connecting the device to,
for exanple, other devices. powi To formthe features and interconnections,

| ayers arc repeatedly deposiBAZKGROWNE OFStips iNwateriand patterned as desired
sing |lithogaphi c techni ques. Such techni ques generally use an exposure

source to pr@joect ahe fabmd@agen §fliMearedBSKit:ONLs) inFoPBALOOARIISH of @MEes §rof med on
he surface of the substrate. The exposure source illum nates the resist

| ayer, expositagaté thatvhika up hicuitesinp@@ntpatithes franddeee k@RioRGnt BHatisd. Ihe eXposes
portions of the underlying |ayer, which are renoved by etching while the
unexposed pdetiGeoas igtereorpreatd etablingahdl(s enpdrformh tHededired LA However ;
designers are faced with nunerous chal |l enges regarding

Interconnections are formed by forming contacts and conductive lines in an interconnecting

dielectric layer (ICD) using, for example, damascene techniques. A damascene structure, for

example, includes a via or contact hole in a lower portion and a trench which is generally

wider than the contact hole in an upper portion. The via serves as a contact to a device while

the trench contains the conductive line for connecting the device to, for example, other

devices.

[0003] To form the features and interconnections, laycrs are repeatedly deposited on the

substrate and pattcrned as desired using lithographic techniques. Such techniques generally

use an exposure source to project an image from a mask onto a photoresist layer formed on

the surface of the substrate. The exposure source illuminates the resist layer, exposing it with

the desired pattern. Developing the resist exposes portions of the underlying layer, which are

removed by etching while the unexposed portions are protected and remain intact.

[0004] However, designers are faced with numerous challenges regarding

interconnections as technology progresses beyond deep ultraviolet (DUV) lithography (< 193

nm). For example, striations in contact holes are a common phenomenon due to softness of

resist used in such type of lithography. Striations can result in shorts as well as other

problems. Additionally, due to the softer photoresist being used, a larger photoresist budget

l



i nt erconnections as technol ogy progesses beyond deep ultraviolet (D LIsl)
i thography et 193 nu). For exanple, striations in contact holes are a
comon phenonenon due to softness of resist used in such type of
litliegaphy. Striations can result in shorts as well as other problens.
Additionally, due to the softer photorcsist being used, a |arger

phot or esi st obugtgter pho@fesikt bk Blreted. OM@Stdiced tRY &Ipthl oF fdc@fidfitieatihoglBhy I educes
the depth of focus of the |ithography, which can result in shorts or opens

due to ini saltiguaertulGh skd8 of Sithdie th@ls@HnmENST eheRbR): RITE:. daGE gRSRmE! i ti cal
di nrension (CD) control which reduces the process w ndow for formng

i nt er connectde@tse crithblSlih@bRhi(0h) dhedl Shich RelubReraRedNIviRRRUbABIhinE Ng COSt ,

[ 00051From t he foregoing discussion,it is desirable to provide inproved
etions in | Goerc&dMVBRY tHok loWaingd HMENDL (Nrda OB LPIgsSNt | Nnvention rel ates
to interconnections in ICs. In one aspect of the invention, a nmethod for
form ng i nt ge0®SNNe oD for&othgdttwsied it idheirstdd togebvidedhprded provi ding a
substrate having a contact region and formng a dielectric Layer over the
substrate. Anthrasmeqimsdinll@yer i s deposited over the dielectric |ayer and
patterned. The patterned hard mask is used to etch the dielectric layer to
forma contact opening. |n ongUMNMMY OBAMHE INNENGIQ@K | eaves a dielectric
phi _ remaining at the bottomof the dielectric |ayer, covering the contact
regi on, ' M [0 niEbkpr8seBt inephdrt reltesitoantdiconmsgnas 165 leoohaspaséd tho f or m
trenches in an upper portion of the dielectric layer. The dielectric plug
is renoved twyertioposeethérefor rmiag intereghestionsThdisdessd| Themepthod bskdes f orns a
damascene structure. In another aspect of the invention, the hard mask used
to form i nt eravsinaectbsihigdanghi gintactregiosaiddemiing 4 dieleeriq laer dyesfhect ri c. | ayer
whi ch reduces thickness of mask |ayer for form ng interconnect structure to
produce an isHsiéasa hird mapk Bttt dspositpboerthe dicleetric aven e patgegéctheof t he
invention, a nmethod for fos is disclosed. The nmethod conprises formng an

i nt er connec PRFH AHSskisvegd t piplete dicleattr tayerdp Spseantas opengb it st e. A
liner layer is then fornmed on the substrate over the interconnecting
barrier fol FEOReHNER: the 9i¢h lagyet meiclegus plye rmpiing a Be et fdhafiglestricdpyen The
substrate is anneal ed, causing a reaction between the conductive materi al
and |iner | &)&Fng (e Fosttact LoB0R e F(mesl( frdppatterned and used as an etch mask to form

trenches in an upper portion of the dielectric layer. The dielectric plug is removed to expose
the contact region. The resulting process forms a damascene structure. In another aspect of
the invention, the hard mask used to form interconnects has a high etch selectivity to the
dielectric layer which reduces thickness of mask layer for forming interconnect structure to
produce an increase in CD control.

[0007] In yet another aspect of the invention, a method for forming interconnections is
disclosed. The method comprises forming an interconnecting barrier which lines a cavity
disposed on a substrate. A liner layer is then formed on the substrate over the interconnecting
barrier followed by filling the cavity with a conductive material. The substrate is annealed,

causing a reaction between the conductive material and liner layer to form a secondary liner



| ayer therebetween. Providing a secondary |iner |ayer advantageously |owers
i nterconnect resistance inproves barrier properties and reduces corrosion
of the conductive material. [00081These and ot her objects, along with
advant ages and features of the present invention herein disclosed, wll
becorme apparent through reference to the follow ng description and the

acconpanyi ng, Fﬁl‘é‘feﬂ&‘%een':i#otvhg{ ner%]zt%gda §é g%e? I1an/9r (j)ﬁﬁanﬁg}qﬁlglztl&%% 1Bt‘81%$nn%&e

Features of the various re not nutual y

excl usive a A BRI EF
DESCR! PTI ON sq%a%%[)‘:’m‘t'es Ib%gg‘a%%‘%g% ; %@ﬁ%ﬁ rdaovgm&?fbs Ieﬁgl‘éﬁ%‘fgﬁﬁ@e

characters ggpgjal Imesre%a@sthér%}eae RATRiR A aSial ALALERONE oftdiS-difif er ent

views. Also, the drawi ngs are hot necCessarily to scale, enphasis instead

gener al |y behpdei REEFiMERRR, Wil Ue%t)ﬁl@!lﬂp%ntttﬂ%u@rrbi@féh&lt@&e@éllo@vﬁ% i nvention.
In the foll owm ng description, various enbodi ments of the present invention

are descri bQQsdﬂ‘EﬁJ}x iﬁl@ﬁﬁra%ﬁ@aﬁﬂn%d?ﬁ)vmé&l IrQMf RBord MiBMA NS i ddrdlo o ThaE e
[ 00101Fi gs 11 show a process form ng an interconnection accordance w

enmbodi nent qgat&r@%ﬂtﬁ%%ﬂ&ds@&bo&ﬂl@ntg 8R4 h@8n ar%%bﬂaﬁutﬁzh@‘@xcluswe and can
i nt ereonneettoccorda cc with various enbodi nents of he invention. DETAI LED

DESCRI PTI ON &t ,];Hﬁlduw(ﬁﬁﬁﬁ@hﬁ{ga%&ﬁﬁ&ﬁo@r esent invention relates to | es.
More particularly, the present invention
BRIEF DESCRIPTION OF THE DRAWINGS
{0009] In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the present invention are described with
reference to the following drawings, in which:
[0010]  Figs. 1-11 show a process for forming an interconnection in accordance with one
embodiment of the invention; and
[0011] Figs. 12-15 show interconnections in accordance with various embodiments of the
invention.
DETAILED DESCRIPTION OF THE INVENTION
[0012]  The present invention relates to ICs. More particularly, the present invention
relates to interconnections and processes for forming such in ICs. The ICs can be any type of
IC, for example dynamic or static random access memories, signal processors, or system on
chip devices. In one embodiment, a damascene structure is formed using a hard mask layer.
In one embodiment, the hard mask layer is used to form the lower and upper portions of the

damascene structure. Alternatively, the hard mask layer can be used to form vias for contact

plugs. The use of a hard mask layer reduces the photoresist budget, avoiding problems



relates to interconnections and processes for formng such in ICs. The [Cs
can be any type of IC, for exanple dynam c or static random access
menories, signal processors, or systemon chip devices. In one enbodinent,
a damascene structure is formed using a hard nmask layer. In one enbodi nent,
the hard mask layer is used to formthe | ower and upper portions of the
damascene sty . Al.ternativel e.hard sk |ayer,c e .used to form
vias for conaf%gta%%ﬁ/ﬁ%@l; _hg‘%ﬁeglgte%% rsaLlﬂng(lfreﬁasaeg Iglaelpé Cgs_rsx’f"éd l‘jv_iprsgf%gg _

phot or esi St idaGkcRY R)th RuRTAEL ST 1RRSPEL BhE U L1 Ck photaresi st

| ayers. This 1 ncreases e process W ndow for farmng-interconnections
which in tung,hai Ses,.Yi ¢f 3 %P turi cost 00 |:I((Fi gs, 1-11
show a er oss[secfi onal v?es\?lv%g?r&gos%)gr (lgngln 0 Waaﬁjcolﬂntneogrgréﬁnge aéﬁdr%gfu]ﬁtet )I C 100

depi cti 9. 2 1B B8RS lockORTHGNNELAARDGEL QDS AGROLSBRER M [y One

enbodi nent of the i nt1 on. rrin ., a substr shown.

The  Subst r ak, ihvenfltid i AEH M il 2la RS 1018 SERAL AGh SlSEAOR ploblioa FRAGM a1 1Y,

the substrate includes numerous contact regions. e contact reglion can

i ncl ude any 14¥Rge Qordiact RPAT s TGBEAMY, 1EQLbsEXE R es dullRrmOhBEtrefiG@l ON coul d
be a contact to the gate, sodrain of a transistor, a dooped region on a

substrate, angBilct lbidB carBhcl@fR a8 Bpt 5REARaQkep@nd BYi SE&mpR UL AR cEefGPACI LOT.
The contact region can be |located at different interconnect |evels,

i ncl udi ng t Bu1s YE & asiacOb theMateS @Mk Bor Qfainsdm%ﬁs%tt&;adoﬁed ReidRGes shapd, §hat the
Lena substrate can refer to different surfaces of the integrated circuit,

for exanpl emeiDlifid, Bfan IR RVTABELS, fudk ash JapRIUANThIBS R ct Fe8ME b be R4 1 The

| C, as shown, is proc ssed to include transistors |I | OCon the surface of the
substrate. Théffsumishtedbdectildvels ThGudipaiPdueface oF th s&BIFbERBILRbARtS uhst r at e.
Typical ly, the sem conductor substrate conprises a lightly doped p-'!, e

sil'i con subshdeadténd thdt FererinypRsate tarSiefeslordifeast airRcalos te igekfidd cirdgpairdi ng on
the application, The substrate can be, for exanple:, a germani um based,

gal | i um ar sexingids, failingdatercamettnoulidi@nt méal dsvelsapphi re substrate. A

transi stor includes a gate [14, and el ectrodes 115. Adjacent transistors
can be arr afigfdd] t o TehHY, es shownimncesded o inciak. trafdigorg &t Corctatisubacf b kiged as gat e
conductors, serving, for exanple, as word |lines. Funning individual gates

i s al so usefulistratf¥hEheshienthicod @ss camplesip @ mghitaadstusasfrate alypidcagitiens. Sil i ci de
contacts 116 can be provided on the electrodes to | ower contact resistance.
Di el ectric sinicombitorspbetrete sothdrisecalghtie dgred pitytediliomn substratd. dBhap tyjpes dfe

transi stor gates. A barrier |layer 119 which can al so serve as an etch stop
i s provi dedsubdirggsenr lep usifel, tlepamingsdenghe aplication Stheattstiraypi teafol sxampleea barri er
| ayer conprises silicon nitride. other types of banter materials are also
useful to sé¢rpanigm-happd, gpdifuni asenidgysilicon-TyinsgabuiSODdensaphire sibstodtatd on r egi ons

transistor includes a gate 114, and electrodes 115. Adjacent transistors can be arranged to
share a common electrode. The gate can be formed as gate conductors, serving, for example,
as word lines. Forming individual gates is also useful. The electrodes correspond to
source/drain regions. Silicide contacts 116 can be provided on the electrodes to lower contact
resistance. Dielectric sidewall spacers 117 can be provided on the side of the transistor gates.
A barrier layer 119 which can also serve as an etch stop is provided, covering the transistor
and substrate. Typically, the barrier layer comprises silicon nitride. Other types of barrier

materials are also useful to serve as the barrier layer. To isolate devices, isolation regions



not shown) conprising, for exanple, silicon oxidebe provided. Preferably,
the isolation regions conprise shallow trench isolations (STlis) Oher
types of isolation regions or nmaterials can al so be useful. 100151In fig.

2, an LCD stack 120 is formed over the substrate, covering the barrier

| ayer and transistors. In one enbodinent, the LCD stack conprises first and
second di el %ﬁ(ftrsh&m{) g&‘{?ﬂa‘r%in ,2t§r &grq}:l’l’,%ﬁlc]ég %)ﬁggcaﬁt%ggr%gitd%cg :_[%ré(fer%?iy%?egllso‘ck'i{%g? rate.

The first dielectr erI1s referre 0 as In eve ectric (M)

| ayer while t ' e L red.. t i ntramet al
i o1 ectri o (TND) TAgRE By BEh RIS, OR e bl
dielectric Ehals@hn a1SU% silicon dioxide. Other types of dielectric
materials i %uggsng Zgope S@?I i con oxide such as fluorinated silicon oxide

(FSG), undo r | {d e Sl icate
gl ass (BPSO)q&gﬁg pﬂg@g'ﬁlé?ﬁeidg Sﬁ%cgétgdégg asﬁ%glce;%?bsﬁﬁé%g‘éﬁﬂg?g%%%gﬁ% her mal |y

grown silicopd Rxds@8rs. YNERREH.AheAORERED KR A8ROS! EffangislbiPRe0 i de, and

other lowk or ultra lowk dielectric materlaPs can al so be used to form

the LLD | ay@dyers 1Dearkd 185 k8] scRbBialahl e S0MMRL T8S it diQWhdtc 18} lseat L ddC
material, such as organo-silicate glass (080), FSG or other lowk or ultra

lowk diel egd ﬁt%mte&QMielaaWLmlaﬁ hBEIhE k&ofBdi8Edud 19yeRlseftriQ MR hi to
serve as the MD layer, The thickness ofthe ILL) and I'MD | ayers shoul d be

about equal iftAnichediBedtghiiMOf labhe VbR abdditeRNGH LD RSRREhH¥E! Vdicl&irid he
damascene contact structure. in one enbodinment, the ILL) and DAD | ayers are
each about 20Q@8iaL &2h &DMicAn tidkiak . ORkNepesbhiickfiLsaasHAS BcladibOddpsedilidon f Or
exanpl e, depending on the desired height of the contact plug and

I Nt er connecbkidgsich Befuorikratéd dileson okille (FSGINGEHHE o0dbptdwilicatehisichbekness of the
| ayers can be the sane or different. 100161The [CD | ayers can be deposited
usi ng var i oberoh yh@ghatf silchte lassaBPs@pa ptiepbst tiliar dSNDSQradass eslopeich as

pl asma enhanced (PECVD), high density (FIDCVD), atnospheric pressure
(APCVD) as Welthalrepi silicomoyd«) csbpeisyr ddppiefRliSniyp@ited dikeoh pride, afid stiirer i al
used and application. A chem cal nechanical polish (CW) or etch back
process can ldyek peultrd lovdddicledirinmeg esdany alsobe eked trdfomothe A hyaf ThdIdD ayers to
provi de planar top surfaces. 1001.1in accordance wi th one enbodi nent of the
inverdi o a Maerbrefergldy tatprises of lowrkeiiklestroveaterind shdBDs stgamksilichlvezlda(O$ Gas k
conprises a material having sufficiently high selectivity to the materials
of the [CD §b&ck othsi lny-k dnalteappy-bgiclcgtrss.e Other thesmif dicleytric mategalearepbodi nent ,
the etch selectivity between the hard mask and |1 CD stack is about 20- 100,
and pr ef er abioful §r waear the YR lavioo Jkhe Hockngysfoé theilliR byd VD haerel shvaldioe pver i al i s
lost fromformng the upper and | ower portions of the damascene contact
structure. THiaktodidisigatofhseiapgd troqchsiegpertivebyapk thydamsbaenesoniraiskuctyhi th

i nproves CD control. The appropriate thickness of the hard nmask depends on
t he mat eri aP&® grhedimentyie Hap g layqryarg gechahy d009e170;008 dripick s@tera t hi ckness

rangi ng from about 100 - 5000.23. Preferably, the hard. mask conprises a
t hi ckness ofhickpessas assgdsa useful, for example, depending on the desired height of the contact plug

and interconnecting lines. Further, it is understood that the thickness of the layers can be the
same or different,

[0016] The ICD layers can be deposited using various types of chemical vapor deposition
(CVD) processes such as plasma enhanced (PECVD), high density (HDCVD), atmospheric

pressure (APCVD) as well as spin-on processes, depending on the type of material used and



100 1.81lin one enbodi nent, the hard mask conprises a high-k dielectric
material. The high-dc dielectric material conprises, for exanple, hafinurn
or zirconi um contai ni ng conmpounds. Such conpounds :include, for exanple,
haf ni um oxi de (H102), .hallli1191 silicate conmpounds like IffeSiyOz and
fif"SiyQzN silicate, zirconiumoxide (Zr02,), 7x,,Siy0l1, Al 203, Tixsiyoz,

AISIO Ti, TiN Ta, TaN, W or onbjinati on thereof |In one enbodi ment,
the hard nagw“€ﬁﬁﬂrgégenfﬂv¥§§m%?ﬂ%ﬁNﬁ%é@§é¥e% wﬁgpﬁW“ﬁgTﬂw Lymgdiiter i al s,
i ncl udi ng conducti vel.nad $q£-g n%rctive ngtérials, gﬁch as N+ or Pt doped
pol ysi | i con™8¥%%8Pt LB CArBd 8? YES O RIRYIST RANAETOP PEERSoxi de, silicon

itride, sill itride,. .t | s. ffi.l. The hard 1S f d
usi ng. conveMSighal TBRBEITT bt piGaBeiBe e s eRp Ry ke s
d iti | 'V ttering, t | i dat i 1 l.ik o
GeBOS LN o)LL TS G811 eSS B B

k. | di. ft. K i. hoi 1st. A
bot tom ant 1 Ko Bacr e PR it b SR PNRER BB APNer o masi
and 1CD st a% el sglgc%%rgbéwpe%ttﬁeg%qagi rBJésEffiL(?ﬁd Q{%:}(Ys abILQ%O B’%‘% gﬁ?@rg%ﬁa{ﬂ&r i se an

organi c or inorganic terral ormed by appropria ues, such

as spin-on, ; Pﬂg{&g{ 4608 50" Efvelly Bo RIE nRHLAGN:TR H{m‘rﬁgﬁ G0 tﬁé’{l}lﬁéﬂ ang> an

or gani ¢ mat ormed by a spfn-on process. e sort naskK'I's patterned

to COM open !d%? p(;réﬁls Pk ﬁ%&@gfe @&t&c@stﬁg&géelthisreﬁz%ilég @l%als%‘@%méaﬂﬁal
b t he soft

I'ithographic and patterning processes can be enployed to patter

mask. For examel Qaskt BEicR S 8DShntol. SHPPPRPIOMARNEXDARLUERI SQYr Ce Wi th
the desired pattern and devel oped to renove desired portions to formthe

openi ngs. Paédeh@s 1 mditiBARC 19X RAA 8D Yn HRLHSBNAY, hgisehinid@sk are al so
removed. Depending on the type of BARC used, the exposed portions can ht,

runoved in tAgink 85Sbod YE! WOORNPreREDGEBR hOMd nSHSIPRki8ds ) thidiBRlEAsous hown 1 n
Fig. 4, the hard mask is patterned, renoving portions 155 exposed by the
patterned sefdA.maskTHARC. I n one enbodi nent, the hard mask is patterned
selective to the 1CD stack. The hard mask is patterned using, for exanple,
an ani sot r omioesjet Ch,on b@bodaser@lte 10 h@RChhy@ed ORiglek aRico@ic @Rtdhl. Wht h
appropriate etch chem stry, for exanple. chlorine

high-k dielectric material comprises, for example, hafnium or zirconium containing

compounds. Such compounds include, for example, hafnium oxide (HfO;), hafnium silicate
compounds like Hf,Si,0, and Hf,Si,0,N silicate, zirconium oxide (ZrO,), Zr,Si,O,, Al,O3,
Ti,S1,0,, AlSiyO;, Ti, TiN, TiO,, Ta, TaN, W, WN or a combination thereof. In one
embodiment, the hard mask comprises HfO; or TiN. Other types of hard mask materials,
including conductive and non-conductive materials, such as N+ or P+ doped polysilicon or
silicon carbide (SiC), metals, silicon oxide, silicon nitride, silicon oxynitride, are also useful.
The hard mask is formed using conventional deposition processes, such as CVD, physical
vapor deposition (PVD), sputtering, thermal oxidation, and the like.

[0019]  Referring to Fig. 3, soft mask layer 150 is formed over the hard mask. In one
embodiment, the soft mask layer comprises photoresist. A bottom antireflective coating

(BARC) 148 can be formed above the hard mask and ICD stack to reduce substrate



- based ((12) chem stry. High etch selectivity between the hard nmask and
LCD stack, for exanple greater than about 50, can be obtained. O her types
of etch chem stry can al so be enployed to selectively etch the hard mask.
The etch chem stry enpl oyed nay depend on the hard mask and 1CD materi al s.
For exanpl e, fluorocarbons such as CF4, CsiFy. or C."HyF,. may be added to
t he etching s .when the hard mask conprises siljcon njtride. In one
embodi ment . ARCCHVEr %Eﬁ&%cabmww Gines S nepBierRaL 9 b of the
LCD stack is exposed. This results in the ti tion of nqQtche on the
Surface of (HERDEES SR A 81 SR MRS Vs 1B ars erdens e B3BEL mmsk
and BARC are renoved bx.co verf%i Oncgllg technipgues, such as plasma ash or wet
et chi ng_ 10092214 & Y 8amC MR [EBCSPtR T Y Pt ched, tvith the hard nmask
| ayer servi t et.ch sk. The etch sel ectively renoves exposed
portions of 0WAT [ e felfrRedacrbraeta iy rimtia Fih PR R iR ss. A
fl uorocarbo e.q. . F6) .etch chem stry i s enployed for elati the |.CD
tack. o1 her T Rna fihpkel T il b OETU hieare® el TR o by ey o

materials Seflo %I m\f)?er fhg pﬂoren%eski]s%sde ]rr)?%g(l( to%ﬁlg)g%lmﬁg S({%l?ce%t%g?e c{e 1re9rlg)%?nsn%1§di ment,

the etch substantra renoves e expos portions e ck,

| eaving a | ti U esi i t = . j nt act
regi on 115. %%ﬁ{eloﬂé%og&@gv r?p({ref Fs)eléiég g%%ﬁsgtlo S‘Iﬁ“ tﬁe()p eﬁngsﬁl%%@ﬁgﬁaﬁ%ﬁn%é Qﬁoé%g equal
to about th | r Iy n gg?tlh i about
1000 - -- SOSHQ%\&&%L%@% S(E/é;ﬁ%ﬁ%s??%g{r §l|é_|n9%v§% Ig s?o(ﬂﬁ e u?t.yp %%)%%%‘f‘%gs? ’rd_éeion_g, to
Pict 6, a S%Qﬁdsltad Sirfdns LANE rerk§Rd sﬁhgﬁaa%'e&eg&g%ﬁt gﬁgbr%as%abaﬁ.fa@iﬁ, filling the

visa and COVerillg the substrate surface ( mask). "The sacrificial

l'ayer, for quy@ip! e.AsGRSW ih¥ES 4 andHNERRk debarBabd PREdvn i8hd Bk expddditQus
types of polqyrreri C r?at eri a?ggscan be usedg,aﬁaf or exan’p‘;l gwéXPOSOZ)épfro% Ni ssan

Chem cal . OQthSfaub KRR tMasIBART! &l SncWhib6mERNhD B GG SRMBEid¥@lcto 1 O the
hard mask and |1 CD stack can al so be used. A CVWP or et cﬁ hack process can be

nerfirmed, ithdTECOSRRS Yhe Hall RERYY FARBXCEES, t%ﬁ&:(ain%ie?a.lnaahisbt@%ﬂfettﬁb@kﬂ?ast he hard
mask. wth a planar surface. Alternatively, excess sacrificial |ayer above
the hard masky érScdcevaiyelchih@@IFNGHEapPlopias ctetisiemcy def ixaaple Ryiotihe top of

t he hard mask. BARC and photoresist [ayers 168 and 170, in one enbodi nent,
are sequent ibaded YCIb)ashemidtry. ONigh et &l ity etvademthe hay &fask 4020 kthbie fBARE ar i d
photoresi st |ayers are patterned, creating openings 152 as shown in Fig. 7.
The openi ngexanlé gspatbhntaboit 38, cp@ibd @itdinedf Otleetypbias cich camidh@iciedso WV t h t he
phot oresi st serving as a mask, the hard. mask layer is retatti-ored. Fig. 8
shows r enov atlupfedtx paseisiclp otch tho hard @fasit. HEhelrah dhemsistky eapthbysdmny ddpeidadn
material. in one enbodinent, the hard mask is iwer-etched to ensure
exposur e of tidierd @ik stdE) mdedds. Focéianglef Duonscarvobcnesas187, @R, dritgHFur f ace of
the LCD stack. Lifter the hard mask is patterned, the photoresist and BARC
as wel |l as eaybssddsdorthé etchind gas arer th€har mesemimprigs eilicemitvidd . In one
100251Referring to Fim9, a dry etch is perforned to formtrenches 176 in
t he LCD | ayembodiment, an over etch is performed to ensure that the surface of the ICD stack is exposed.

This results in the formation of notches 157 on the surface of the ICD stack. After the hard
mask is patterned, the soft mask and BARC are removed by conventional techniques, such as
plasma ash or wet etching.

[0022] In Fig. 5, the ICD stack is dry etched, with the hard mask layer serving as the etch
mask. The etch selectively removes exposed portions of the ICD stack unprotected by the

hard mask to form via 158. A fluorocarbon (e.g., C4Fs) etch chemistry is employed for



Whil e | eaving sacrificial maietial covering the plug in the via. In one
enbodi nent, the sacrificial material and the [CD | ayer are etched together
to formthe trenches. The etch chem stry, in one enbodinment, isinprises
fluorocarbons (e.g., CAF6). Qther types of etch chem stry which can etch
the sacrificial material and the tell layers selective to the hard mask are
al so useful. The process continues by renoving the sacrificial. material,

pl ug and surd&e teFICDack| Riber tyeps ek pefsdemisey & Wbé@tefk@gfﬁldﬁmhﬁ?@l@om in

Fig. 10. At this point, the damascene structure is {brined. [0026] The
conposi t i on BHEFSSCEEIE & the hardh magkcam plpgbegised. ¢ Brpnp gmbagimest. ds efch adj ust the
etch select|V|ty at different stages of the dry etch, for exanipie, to

avoi d fenci iy Stﬁ“ﬁ”&’ﬁé‘“‘é‘fﬁ”ﬁ&'@leiﬁ%ﬁ? poftipas el (&t tf‘f‘?kclﬁ‘é’#ﬁgsatl?“jﬁfip%m&%%fc?hf&) renove
the sacrificjal | ug and Ilner Gas conposition is adjusted to

optim ze et clr%Sgéih&XQl? Vi O‘é“tmgél“t’?t"Pm%"ctéféé’“ 1A}t Eherphig compyjses Elhﬁf%héﬁeﬁ’t’o@t ch
chem stries can _he used tq r spective |l ayers, 10027] Not e t hat

t he bottom o?“%f)ijl‘éle’[‘trlé'hstﬁ‘i“ﬂé%eqogt ‘ﬁ%‘&%@é%ﬁ hy fansKigrsy Facaamp 6fH’€I°@z’%§1l fong the via
due to the | ctivit odi nent, the etch process
for formng (\E %@8&(&%§”ﬂl“é§f§‘&6‘iﬁﬁ 0{‘??2“ secondary etching by forning
2 tSPZLLﬁmﬁ;JB%P e e a”‘i’éb‘u%d%qﬁifehﬁhhsgw%%? B G hor
initial depths fuI ndj f the | ug.
Addi 11 onal |y e RO A RO Ry 1 U e P B Ak aFl 1T Apr & S

combi ned | ntcg %ns%é Q&ln?m{}g‘al 6PS hfmeggmage I%(I)L{SS V\@%Q ot%olyarﬁfer}}é I%Xt%d‘}ls %/aﬁef or

exarrpl e, using an I n-si rocess |n BARC and

resist |aye NRed [‘ogg:gaﬁ-%ﬁ)ﬁeﬁﬁf’ ﬂﬁ)ﬁgfr&g I\Fésgl cﬂe&&? Btrhgr(i?;;seg szrgﬂgnaﬁ]su {)I I'1ing

t he damascene $tructuré WI 've nmat rrent t he

darmscene st e idherd MLk IhRBRELL LU0 ADRY AlckRES, i apduct've

mat eri al s, suc as ab tungsten, are a

appl i cat i on%c@ss%sm%meﬁ%d%& {ﬁargfia *o%a@@xae& Hepeal hid a&w@fhethm%

substrate, covering the hard nas ining the 1 nner” surfaces of ihe
dankaSeel | e skk Wath HR@narItﬂ@acpaAﬁérﬂweﬂ/ Q8% AP al la@&négﬁ estﬁeshaw haRium

tantalumnitrides thereof, or conbination thereof barrier material s

such as nit riA88d,davinka ﬁhﬁr'sgﬂﬁjedémfe@l)vﬁk%pacjf%h%%déi{ BA_@@ aRBttier |ayer
is foiled by, for exanple, CAD or PAD.” Once the barrier is formed, a Cu

seed | ayer ipBotoresist layers 168 and 170, in one embodiment, are sequentially formed over the
sacrificial layer.
[0024]  The BARC and photoresist layers are patterned, creating openings 152 as shown
in Fig. 7. The openings correspond to the pattern of trenches to be formed. With the
photoresist serving as a mask, the hard mask layer is re-patterned. Fig. 8 shows removal of
exposed portions of the bard mask and sacrificial material. In one embodiment, the hard
mask is over-etched to ensure exposure of the ICD stack. Over-etching forms notches 167 on
the surface of the ICD stack. After the hard mask is patterned, the photoresist and BARC as
well as excess sacrificial layer (if present) are removed.
[0025]  Referring to Fig. 9, a dry etch is performed to forn trenches 176 in the ICD layer

while leaving sacrificial material covering the plug in the via. In one embodiment, the



deposited, lining the barrier. The Cu seed | ayer is |oaned by, for exanple,
sputtering. A Cu layer 185 is then deposited on the substrate by, for
exanpl e, electroplating or other el ectronechanical techniques. The Cu | ayer
Fills the damascene structure, with excess material covering the substrate
surface. In Fig. 12, the substrate is )(dished by CN1P to renpove excess
material on the r.f , ing t formatiopn of the.interconnects. The
hard mask iséaﬁ‘g%‘%#é“&%ﬁéﬁ N %@%ﬁf}’e 6?&%‘8%8’8%&%% Wéhetggfw esr‘ra@ﬁgt,c{Pt he hard
mask may rengin. part of .the structure. 100291Fi 1 ho

alternati ven}'e}le o "ﬁgﬁ?ee&%ofhhig%pgogj ess tor. }?qnflcr'%’ (?‘Eg g‘%’%@%\,\%ﬁg&% ructure
wi th a condugtiv ri L her | I L Shig anpl e,

Til 4 or other trsgrﬁglﬁ%cﬁgrﬁt%&%%ﬁgﬁlﬁagég a?%ﬁgé%gs %Ijégééolnvqtt g{esl}u strate.

QO her types xﬂgskgﬁer%éo%e AL fn@!:egs &ﬂﬂn&% Wregg?Hgﬁgwgnﬁaﬁ%é?@{a & t)lrﬁ% aAd. nes the

surface of the har sk and i nner surface o anascene cture. A

conductive |4 ’ | ] | r. . one
cbodi ment ,  Tae drBShort b HOLARN OUSL ol SEwRR{IE Y, pRpoink etk

materials, SP&aRs@s: dMAgStER UL ride (W) "tantalum (Tit) and tantal um
nitride (TaN), nmay al so be used. The liner layer fornms a dithision barrier

| ayer for th@ofey | NiQLGRNARGH andfii@atlolr HERRRIR: %Ib kB il BET (o h@UL helcRhabout
200 A. O her thicknesses may al so be useful. I00301A conductive |ayer | Si

i's then depogictigty@nditthient SRSl B Ary didh, P xafipROGI BB FenchPemGpOduct i ve | ayer
conprises Cu and is deposited, as previously described, filling the
damascene Stembbiiitent, B8 GantON @I dhBFist B usdals fehdlEth8 et AGE laytH) Blug RSIikAt € 1S
annealed to farma. secondary liner |ayer 188. The secondary liner |ayer is
formed by a G&acipeiiohedpeRd tdwptilnizd@ich kaytavityadd dach @G CAltevRtivayer . For
copper liner applications, the second liner |aver conprises

dcopper - t unggff@ent N enli By canl @SuscdMaléraiis tHeyppsctiof laggineal s, such as
thermal, rapid thermal (RTA) mcrowave, or |aser, can he used. In one 3

odi nent, thg003] nedate thanisbottem sete neahy 63 is ietsstdiyialic PceaOtitarn@ 3@ A. The
secondary liner layer |lowers interconnect resistance and acts as a

di ffi 3S1101dubar the bck dfetovadectivhe Inioneémifddmeat) theeah ghuetds Ve f¢ring thayer s. The
presence of the CuWlayer, which is ma | ow energy or stable state, also

el i mi nat es ttireclpekemite adcountlilie feoaduceetcttingtHydor@uag\W shallevek then ddviraireney

ot herwi se accelerate corrosion of the Cu |layer. The secondary |iner |ayer
may al so be Hesefanipld, the otitivé frere pich dentns @ trench saraiy adspthadk@ndabofit-80i%% (FBECOL)
trench etch or non-eopper interconnects or contacts. After formation of the
CuW | ayer, tthedgsralolests. Othaniniiebdeaths deg elsd bradefih dfpiegding oh thd i@OB1dffhgs. 14- 15
show the |1 C enploying |ICD stacks in accordance with different enbodi nents
of the i nverrligoriddifiseallyChe patiguikngiof edard meskrnd [€P layessi oagbecodibekéittad ¢ | ayer,
as shown in Fig. 14. The I CD stack can be forned fromvarious types of

di el ectric riigkeragigmning gfeth s aah bg edipveldivd@r exioliedudne agneeipedh Blofestiat e
glass, or lowk or ultra lowk dielectrics. Preferably, the |ICD stack
conpri ses sibetweshtogsipddt the BABGjapd esigl lestersy i cs. 100321Retelling to Fig. 15,

an alternative ICD stack 120 having an etch st O[i) 131
[0028] Referring to Fig. 11, the process continues by filling the damascene structure with

a conductive material. In one embodiment, the damascene structure is filled with copper
(Cu). Other types of conductive materials, such as aluminum and tungsten, are also useful.
For Cu applications, a conductive barrier 182 layer is deposited over the substrate, covering
the hard mask and lining the inner surfaces of the damascene structure. The barrier, for

example, comprises titanium, tantalum, nitrides thereof, or combination thereof. Other



separating the 1LD 125 and DAD 135 is shown, Thy etch stop can c prise
various insulating material which can serve as an etch stop for 1MD etch
For exanple, materials such as Si02, SIC, SIN, SRO, SiON, or the like can
be used. As for the LLD and I NED, they can be forned from various
dielectric materials already di scussed. In one enbodi nent, the LLD and I MD

i di f.f f . di I i al t hel LD |
compr i ses. FLATERATE FE bR wBiE e Cae Gnfl St ar Bt gseﬁxﬁ B aPe e S rorm g
he LLD and J MD h | P di the HA
| ayer wi ¢h 80 gk B opnPEReT D el BeRtpdRTEY 4G r°“'a>@t{§?h =
100331The i Ql\é OQ%t?_ldo Pmng% e Bamern%dbedeeld aygrt 19 %'i'ms(ﬂ)ecl' f Im?amfp? S utter*ng %Lgél

departing fro or essent c¢harac I'cs reo
f or egoi ng e 0 conS| red.in all respects
iIIustrative ra g%mﬁﬁﬁmg &£§m$%§e£P3£§¥l gg:opﬂ%n rﬁ%?% in. Scope of

the | nvent | qn. s i 9&  ARDR g o Ao ALNSL han bY the
e R LY N5

foregoing clains are In race ereln. IS clained is:

CLAI M5 A netr&?é#lapéovérﬁ&rtﬁecsﬂﬂgtrgg c!e n qgé (ﬁ %ﬁle s%bgtr%féllst pocfigl{m b? ER/HJ tgl ng a

sem conduct or substrat'e prepare a tranS| stor; ormng an

| nt er connect{ g, dk &b&hltldafor @Y ﬁfrfaéé %pl&tﬂﬁ;' :'?;ﬁ 1&{ 61% nifebd

dielectric layers on the substrate, erein |rst ectric ayer is

an interl evehadhgk %Q&rﬁév@d{o a@@wheaﬁ&p&qd&h@é tﬁﬁirﬁésﬁs l@ﬁ%{d f=RKRL) S€s an
intemetal dielectric. I\b

remain as part of the structure.

[0029] Fig. 13 shows an alternative embodiment of the process for filling the damascene
structure with a conductive material. A barrier layer 182 comprising, for example, TiN or
other transitional metal nitrides is deposited on the substrate. Other types of barrier materials
may also be useful. The barrier lines the surface of the hard mask and inner surface of the
damascene structure. A conductive liner layer 184 is formed over the barrier layer. In one
embodiment, the liner layer comprises tungsten (W). Other types of materials, such as
tungsten nitride (WN), Ti, tantalum (Ta) and tantalum nitride (TaN), may also be used. The
liner layer forms a diffusion barrier layer for the Cu interconnect. The thickness of the liner
layer is about 200 A. Other thicknesses may also be useful.

[0030] A conductive layer 185 is then deposited on the substrate. In one embodiment, the
conductive layer comprises Cu and is deposited, as previously described, filling the
damascene structure and covering the substrate surface. The substrate is annealed to form a
secondary liner layer 188. The secondary liner layer is formed by a reaction between the
liner layer and conductive layer. For copper liner applications, the second liner layer
comprises a copper-tungsten (CuW) layer 188. Various types of anneals, such as thermal,

rapid thermal (RTA) microwave, or laser, can be used. In one embodiment, the anneal forms
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formng a hard mask over the second dielectric |ayer; patterning the hard
mask to fonrn a contact opening; etching the LCD | ayer using the hard
mask as an etch mask to forma via of a dual damascene contact opening,
wherein the first dielectric layer is partially etched to | eave a
dielectric plug in the via to cover a contact region of the transistor;
formng a sacr|f|C| ayer. over the substrate which fills the via and

covers a surfgwadagy l ?‘Eeﬁ SYHH Qbapha 340p attesriondpry et aprdowsis latr@nasst m a

trench openin atternin the | CE) yer to nn a trench of the
dual darrgscé g“a(‘?ﬁerﬁ’ﬁéftg ‘ﬁf aet Bet%’??ﬁ&eémf“r@v)c?ﬂgo%t‘“ﬁ“’é rBIEYEF- t he

ransiotor: Ay ae%a%@eﬁb LS RISl R S SaSETE

EHOEEE Wt et e e

TraN, W or d{l\'}layer. The secondary liner layer may also be useful in other applications, such as back-
end-of-line (BEOL) trench etch or non-copper interconnects or contacts. After formation of
the CuW layer, the process continues as described in Fig. 12.
[0031] Figs. 14-15 show the IC employing ICD stacks in accordance with different
embodiments of the invention. The ICD stack 120 can comprise a single dielectric layer, as
shown in Fig. 14. The ICD stack can be formed from vatious types of dielectric material,
such as silicon oxide, doped or undoped silicate glass, or low-k or ultra low-k dielectrics.
Preferably, the ICD stack comprises silicon oxide or low-k dielectrics.
[0032] Referring to Fig. 15, an alternative ICD stack 120 having an etch stop 131
separating the ILD 125 and IMD 135 is shown. The etch stop can comprise various
insulating material which can serve as an etch stop for IMD etch. For example, materials
such as Si0,, SiC, SiN, SRO, SiON, or the like can be used. As for the ILD and IMD, they
can be formed from various dielectric materials already discussed. In one embodiment, the
[LD and IMD comprise different types of dielectric materials. For example, the ILD layer
comprises FSG while the IMD comprises a low-k dielectric material. Forming the ILD and
IMD from the same material is also useful. Providing the ILD layer with an etch stop results
in better control of trench depth.
[0033] The invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein.

Scope of the invention is thus indicated by the appended claims, rather than by the foregoing
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4. The nmethod of claim| wherein patterning the hard mask and etching the
ICE) layer to formthe via can be conbined into one dry etch using in-situ
ash step in between to strip off polyners. The nethod of claim1
wherein repatterning the hard mask and patterning the 1CD layer to ferm
the trench can be conbined into one dry etch using in- situ ash step in
between to strip.off | yner s struc ure b cal osition. 7.
The met hod o#esc 3?%”?‘10%%?'&%&1“6?% nY ‘t“ﬁlée ’Pr%’t“g'ﬁ ap 'i“%%eé)éﬁ Y?fen? oM copper

i nt erconnect COHE7 2 dm% E@ thg er barrier on the inner walls of the
dual darmasceREME £ FEedFete of Fp ﬁ% 4 2%qual damascene structure with copper:
and pol i shi ng to renove excess copper to forma planar top surface
with surface of the LCD by chem cal nechani cal polishing. 8. The method of
claiml1 wherein formng the netal interconnect conprises: formng a barrier
| ayer lining the sidewal k of the dual damascene structure; formng a |iner
| ayer lining the barrier layer, the liner |ayer conprising tungsten;
filling the dual danmascene structure with copper; annealing the substrate
to formcopper tungsten barrier between the liner |ayer and the copper, 9.
The nethod of claim8, wherein the er layer thither conprises a secondary
material including nitride, Ti, TiN, Ta, or TaN. 10. The nethod of claim8

wherein the annealing conprises high tenperature anneal, |aser anneal or
m crowave anneal .



. A nethod for formng interconnectionsC com providing a substrate having
a contact region of a transistor; formng a dielectric |ayer over the
substrate; depositing and patterning a hard mask | ayer on the dielectric

| ayer; partially etching the dielectric |ayer using the patterned
hard mask, wherein partially etching forns a via of dual damascene opening
bile | eXVWiyclam§l & ectric plug formed ii40itl the dielectric |ayer at a

| oner portioncovering the contacthe dielectric plug conprises the sane
materialas the dielectric |ayer; f ot a sacrificial |ayer over the

substr a{.e t c)Afn{elthlod Eﬁgbn%ét%gggﬁ?ééa?eﬁghpﬁ cgrplgris n%t terned hard mask; and

providing a semiconductor substrate prepared with a transistor;

forming an interconnecting dielectric layer (ICD) including first and second dielectric layers on
the substrate, wherein the first dielectric layer is an interlevel dielectric (ILD) and the second dielectric
layer comprises an intermetal dielectric (IMD);

forming a hard mask over the second dielectric layer;

patterning the hard mask to form a contact opening;

etching the ICD layer using the hard mask as an etch mask to form a via of a dual damascene
contact opening, wherein the first dielectric layer is partially etched to leave a dielectric plug in the via to
cover a contact region of the transistor;

forming a sacrificial layer over the substrate which fills the via and covers a surface of the hard
mask;

repatterning the hard mask to form a trench opening;

patterning the ICD layer to form a trench of the dual damascene contact opening and to expose the
contact region of the transistor; and

forming a metal interconnect in the dual damascene structure.
2. The method of claim 1 wherein the hard mask is deposited using chemical vapor deposition.

3. The method of claim 1 wherein the hard mask comprises HfO,, ZrO,, TiO,, Al,Os, HfSiO,

ZrSi0y, TiSiOy, AlSiOy, Ti, TiN, Ta, TaN, W, or WN.

4. The method of claim 1 wherein patterning the hard mask and etching the ICD layer to form the via

can be combined into one dry etch using in-situ ash step in between to strip off polymers.

31 The method of claim 1 wherein repatterning the hard mask and patterning the ICD layer to form

the trench can be combined into one dry etch using in-situ ash step in between to strip off polymers.
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etching the dielectric |ayer using the repatierned hard mask to forma
trench of the dual damascene upper portion of the dielectric |ayer and
removing the dielectric plug to expose the contact region. 12. A nethod for
form ng interconnections in an I C conprising: providing a substrate having
a contact region of a transistor and a dielectric |layer over the substrate
in which an interconnection is forned to the contact region;

deposi t§ ng arﬁ%%e%ﬁl%ﬁﬁaim R oK 4 \éi%eggrﬁ f’htngl{\%{gs %ﬁé"du?ledgﬁgrstgéq\éi ty to the

t
di el ectric |ayer e%a es a reductl ness o | ayer
used fq&u&gggyggmkgg@&fgﬂggg&Lstructure to produce an increase in CD
an for

control; m ng a dual damascene structure in the dielectric
| ayer with the hard nask as an etch mask, wherein form ng the dua
damascene structure conprises partially patterning the dielectric layer to

forma wia WHehnethold bdi8mINHereR BihihLBY A ikiBrcSRAYER Forhh@pp@ Mi@€dnndcegi ON, the
dielectric plug conprises the sane material as the dleFectrlc | ayer,

form ngompsaeri ficial |ayer over the substrate to fill the via, and
patterning the dielectric layer to forma trench in an upper portion of the
di el ectric |fayetg adogpdr ®ardet onghetitier phlls@f the dexX pramecehd@uctaai act regi on, 13. A
nmet hod for form ng interconnectionsconprising:

filling the dual damascene structure with copper; and

polishing to remove excess copper to form a planar top surface with surface of the ICD by

chemical mechanical polishing.

8. The method of claim 1 wherein forming the metal interconnect comprises:
forming a barrier layer lining the sidewalls of the dual damascene structure;
forming a liner layer lining the barrier layer, the liner layer comprising tungsten;
filling the dual damascene structure with copper;

annealing the substrate to form copper tungsten barrier between the liner layer and the copper.

9. The method of claim 8, wherein the liner layer further comprises a secondary material including

nitride, Ti, TiN, Ta, or TaN.

10. The method of claim 8 wherein the annealing comprises high temperature anneal, laser anneal or

microwave anneal.

11. A method for forming interconnections in an IC comprising:
providing a substrate having a contact region of a transistor;
forming a dielectric layer over the substrate;
depositing and patterning a hard mask layer on the dielectric layer;
partially etching the dielectric layer using the pattemed hard mask, wherein partially etching forms

a via of a dual damascene opening while leaving a dielectric plug formed from the dielectric layer at a
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providing a substrate having a contact region of a transistor d a
dielectric layer over the substrate in which an interconnection is formd to
t he contact region; depositing a hard mask, the hard mask having a
high etch selectivity to the dielectric |layer which enables a reduction in

br oduc R ey BLEeh e Eigiep o drf Mol Sl SRRy oF i ki Bene
structq&qﬂ%ﬂﬂggg dielectric layer with the hard mask as an etch nask,
wher ei n ?ornlﬁb’the dual damascene structure conprises partially

patterning tHg,;fi g%?gr%cﬁajl Eg%?jwrthe.ts{?bsfr&’émffh Hd @M th a dielectric plug

(caving to cover  the cont region, ormng a sacrificial layer on the

substrate toebildink AR pMhknedNtta §ibd ae of the hard mask, and patterning the
dielectric layer t6 forma trench in all upper portion of the dielectric

llayer and ref@ygshd digecilcis et QingXRASR AR HERMaYEH f6rRiH tRAch of It -dual BEnd¥BhHOd Of
claim 13 wherein the hard nmask conprises |ilo2, Zr0,,Ti02, Al 203, 1-11810"

Zr S! OX, ophih iQ'éu_n uﬁeﬁio@ﬁm of ihe di-Ei_eNric 1her aﬂ_(ﬁxjélmoWg taé dimu_ic 8 to ThRsd s dvadctof
claim 13 wherein the dielectric plug conprises a height (H equal to about
a hei ghtgiaf. the transistor. 16. The nethod of claim1l:1 wherein the hard
mask conprises EIf02, Zr02, Ti02, AI203 HSI O ZrSiO Til310" AISIO Ti,
Titc, Ta, TaN, W or WN. The nmethod of claimll wherein the dielectric plug
conprises a heightequal to about a height of the transistor.
12. A method for forming interconnections in an IC comprising:
providing a substrate having a contact region of a transistor and a dielectric layer over the
substrate in which an interconnection is formed to the contact region;
depositing a hard mask, the hard mask having a high etch selectivity to the dielectric layer which
enables a reduction in thickness of a mask layer used for forming interconnect structure to produce an
increase in CD control; and
forming a dual damascene structure in the dielectric layer with the hard mask as an etch mask,
wherein forming the dual damascene structure comprises
partially patterning the dielectric layer to form a via with a dielectric plug leaving to
cover the contact region, the dielectric plug comprises the same material as the dielectric layer,
forming a sacrificial layer over the substrate to fill the via, and

patterning the dielectric layer to form a trench in an upper portion of the dielectric layer

and removing the plug to expose the contact region.

13. A method for forming interconnections comprising:

providing a substrate having a contact region of a transistor and a dielectric layer over the
substrate in which an interconnection is formed to the contact region;

depositing a hard mask, the hard mask having a high etch selectivity to the dielectric layer which
enables a reduction in thickness of a mask layer used for forming interconnect structure to produce an

increase in CD control; and
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18. The method of claim 12 wherein the hard mask conprises HO , Zra, TiOn
Al203 fSi0, zZrSIO" TiSiQ" AISIO Ti, TiN Ta, TaN, W or WM 19. The

met hod of claim2 wherein he dielectric plug conprises a height (14) equal
to about a height of the transistor. 20. The nethod ofelaim 12 wherein

formng the Fual cene structur rthe rmn
Loeri 1 0ct oe [t S AR BRERS S tdEt M e beoei Ty SR I B el alBoBnasty & o

mask. wherein forming the dual damascene structure comprises

partially patterning the dielectric layer to form a via with a dielectric plug leaving to

cover the contact region,

forming a sacrificial layer on the substrate to fill the via and surface of the hard mask, and
patterning the dielectric layer to form a trench in an upper portion of the dielectric layer

and removes the plug to expose the contact region.

14. The method of claim 13 wherein the hard mask comprises HfO,, ZrO,, TiO,, Al,O3, HfSiO,,

ZrSiOy, TiSiOy, AlSiOy, Ti, TiN, Ta, TaN, W, or WN.

15. The method of claim 13 wherein the dielectric plug comprises a height (H) equal to about a height

of the transistor.

16. The method of claim 11 wherein the hard mask comprises HfO,, ZrO,, TiO,, Al,O3, HfSiO,,

ZrSiOy, TiSiOy, AlSiOy, Ti, TiN, Ta, TaN, W, or WN.

17. The method of claim 11 wherein the dielectric plug comprises a height (H) equal to about a height

of the transistor.

18. The method of claim 12 wherein the hard mask comprises HfO,, ZrO,, TiO,, Al,0s, HfSiO,,

Z1Si0y, TiSi0y, AlSiOy, Tti, TiN, Ta, TaN, W, or WN.

19. The method of claim 12 wherein the dielectric plug comprises a height (H) equal to about a height

of the transistor.

20. The method of claim 12 wherein forming the dual damascene structure further

comprises forming a sacrificial layer on the substrate to fill the via and surface of the hard

mask.
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