METHOD OF FORM NG HI GH K DI ELECTRI C STOP LAYER FOR CONTACT HOLE OPENI NG
FI ELD OF THE | NVENTI ON [ 0001] The present invention relates generally to
integrated circuits, and nore particularly to a nmethod for foianing

borderl ess contacts in integrated circuits, BACKGROUND OF THE | NVENTI ON

[ 0002) The fabrication of inteqrated circuits (1Cs) involv he formation
of features OM%TE%QFaFQW&GW% f TRE%F?E&%M?E@@F as

transi stors, resistors and capacitors. Typically, at |east sone of these
devi ces are fbined on acti veCONBAGTWHHOIL OHEYMNbe. The active areas are
electrically isolated fromone another by isolation regions forned of, for
exanpl e, shallow trench i sol &IELD OBTME INEESTION ench is typically filled
with silicon oxide. The devices are interconnected, enabling the I1Cs to

per for midg deshs pldsdd Miiech@tSreldidd &mEANHELE trtRsted BRLUACand RbrePsATRILYy to
contact holes in an interlevel dielectric |layer to provide contact to an

active _ar . [ . can be formed using
darrascélr%&ﬁ%‘g °ﬁ&§§%‘§g B?@ﬁﬁ%Icﬁ;[%rgtégﬁﬂb%gtgﬁ?le@gmhi gher packi ng density,
borderl ess contacts have heen intr o i ss contact schenes,
the contact: hole ext endsw}fﬁgbéﬁgﬁ @gT@mﬁ@ rea. In such case,
alignnent margi n between the contact hole and the active area is greatly
r educed0002)cr eBh¢ fgricstionpstintagiatad dirsuits €I66) iaxelvpy e fersrtign of fegtwer @ &hor t .
The problemis exacerbated by the continued shrinkage of feature sizes in

| Cs. Fuubstarathaemalesudeaniugtesmpoaerts,aetd adioausistays,66sistors and chprsitagy node and
beyond, the process wi ndow for contact etching shrinks considerably. For

exanpl eyptdafy arPsiRt sodte FHRh%ERIevidePAS Ifoind FHUcling aRhS 1 thE suBightebahe ac@feul | y
controll'ed to avoid, on the one hand, contact open due to excessive polyner

deposi %}e(?ig a%@%%cgﬁfélmscﬁgt@a %h‘l {)S}Rﬁl Shofid I’oyg%l&]’fg% 6%}@?{) fo%ﬁ(‘go?, B! G ﬁi'ﬂgi ng in

the ST1 area 0 “poor etc el ectiv m t or egol ng

glof ggf Isslgagov% h‘ﬁg@?ﬁ(ﬂ%ﬁ(‘)ﬂ &t}l If ”h?e §f10t¥én% i$ {)'ipicgﬁ}rl it wriTtTﬁtsm)c({1)nfo())urde!c qAﬁIie idg ces
are interconnected, enabling the ICs to perform the desired functions. Interconnections include,
for example, contact holes in an interlevel dielectric layer to provide contact to an active area of
the substrate. The contact holes can be formed using damascene techniques.
[0003] In order to achieve higher packing density, borderless contacts have been introduced.
In borderless contact schemes, the contact hole extends to the edge of the active area. In such
case, alignment margin between the contact hole and the active area is greatly reduced,
increasing the potential for, for example, contact to gate short. The problem is exacerbated by
the continued shrinkage of feature sizes in ICs. Furthermore, as devices are scaled down to 65
nm technology node and beyond, the process window for contact etching shrinks considerably.
For example, the amount of polymer deposition during etching must be carefully controlled to
avoid, on the one hand, contact open due to excessive polymer deposition inside the contact hole
and, on the other hand, oxide gauging in the STI area due to poor etch selectivity.

[0004] From the foregoing discussion, it is desirable to provide an improved method for

forming borderless contacts in ICs.



SUMVARY OF THE | NVENTI ON [ 0005] The present invention relates to ICs. In one
aspect of the invention, a. nethod for formng interconnections in an ICis
di scl osed. The nmethod conprises providing a substrate having circuit
conponents with contact regions. A conposite etch stop layer is Conned over
the substrate to cover the circuit conponents and the substrate. The
conposite etch stop |ayer cSUPINMARY QFTHE INUBNTE@Nondary stop | ayers where
the secondary stop | ayer is disposed beneath the primary stop | ayer and

over t jIT CUirhe 5RURRARRESon Alatbd B 1Y B orleSashédk BRMhcaMRNtibH @ MaiRDRIrt e et ch
stop IQ@%@] The fI’EDQ%Hgtyer i%n patterned vvithhi%h selectivity to the

second stop |ayer. .to f Vi I 0.t : i ons.
The. sedBimBEmF R inA T B ed 12 p IR e ey R A e o
al is achjeved with high selectivity to materials, below. 100061 er
aspect hgfllngrféfc}l\ﬁ%tﬁP?l‘&%fS W’?h Fatagt é%g\{?’l?' 4hcqepo ﬁgtcﬁéloc?\c,)yﬁ’berr ilssgf\’gm ‘L’a(i]%%glﬁér]at e
with a contact region. An doh stop layer includes a high-k dielectric

mat er | @ubsitage tor dewerstihb sirewit eonaronents agd thesubBrta cthe wgngatte HCRSEP LYET i ¢ | ayer
is over the etch. stop layer. A contact. opening in th.e dielectric |ayer
and et GonBiridps prayany, andbenaiarytstop leyarhwhtmsphd sependasy stopdayssisalispesadbesesh f or
formng the contact opening. [0007] A nmethod. for form ng interconnections

in an life hSmfPibsiRger 40l (RBOMBRIrc@Ss pafborRhts! P ILIVRRED iofornEd@veresthaod
conprises providing a substrate having circuit conponents with contact

region sc-m@;gsﬁgtteg %@ ?ar,Jeﬁyfﬁe GRS ?)Qtt&n_&i aitn kigh RlR6Vity © tH@Ed%bhcﬁiéy ktp

formed ov ate, coverrng the circuit conponents and. t

substrate. An ILD |ayer |.s foitued over t.h . | LD

| ayer i8Y$B4P fEFHERAHVIEY e&%h’[ tglgtcogtf“gtsreél Igsr' gfh%%te g&?ﬁ‘j %ﬁﬁ{l%gét&%rvtgg?oons. The
| LD | ayer can be patterned with high selectjvjty.to the etch stop |ayer.
The et cg¥paseibe caniast rpgonseApghHaQIrSRQVA ﬁif‘@]%*ie@ Wi %&Lﬁfe{; Vlﬁh‘f’é‘i‘*ﬁ%ﬁa@s ‘bei Yw to
expose the contact regions. [0008]In yet another aspect of the invention, a
net hod [0006]abr il andtixy aspect ¢ the inienddn deglatepie apEE hdhe ik epmprasss gsBRs@ig a
substrate having a silieided sem conductor sttucture, A high-k dielectric
filmisypiepeshta@degdn.t Aa esdhbsdy ayer induda\drigh-kelideatric matesial dyer gid subsgrate
nitride (S N) etch stop layer is fornmed over the high-k dielectric filmA

di el ectcgiveﬁhgﬁﬁrcohﬁ_cmgieﬁd AQYiBlectii@ayi N dvay Bie-etch si@Slaybye toritsct bperimglinand
pattered over the dielectric layer to forma pattern nmask |ayer. Portions

of the dielectri r L Ch, hevR ALl B¢ Redh dESdop Ryer to
t he hi gtﬁ9§w cg‘?ce%?'%r%gfe f%koj)ﬁgy‘?éﬁg%&\?g?gwlﬁé%vgy. Exposed port(i)l%)ns of the
hi gh-k di el ecilri c filmare renoved, to formcontact opening and a contact
st r uct UPETNE e FPRAFLORIBE cont act openi ng. [00091These and ot her objects,

along wi th advantages and features of the present inyention herein h

di scl 0si807Mwi | 1A methedifor fompinariaigrconnecsignhin-ass6yis REQYI{es 1p RROtE aspegt Afthe

description and the acconpany drawi ngs. Furthernore, it 3ti to be

under st inoehtidnatThe mecthahtommsenprovhbng asubstrate dabiogdicirewit orapenenisiyath ¢oatast n

are not nutually exclusive and can exist in various conbi nati ons and

per nut afelRMS. An etch stop layer comprising a high-k dielectric material is formed over the substrate,
covering the circuit components and the substrate. An ILD layer is formed over the etch stop
layer and the ILD layer is patterned to form contact vias therein to the contact regions. The ILD
layer can be patterned with high selectivity to the etch stop layer. The etch stop layer is removed
with high selectivity to materials below to expose the contact regions.
[0008] In yet another aspect of the invention, a method of fabricating an IC is disclosed. The

method includes providing a substrate having a silicided semiconductor structure. A high-k

dielectric film is deposited on the substrate to cover the structure. A silicon nitride (SiN) etch



BRI EF DESCRI PTI ON OF TI E DRAW NGS [0010]In the drawi ngs, |ike reference
characters generally refer to the sane parts throughout the different
views. Also, the drawings are not necessarily to scale, enphasis instead
general ly being placed upon illustrating the principles of the invention.
In the follow ng description, various enbodi nents of the present invention
ar e destop ldyetlisvibtred @fee therigh-k didlensri¢ Sl owi digedriaey s, formediies fre Sidol
1]Figs. 1-8 show a process for formng an interconnection in accordance

Wi th omge@rmcusﬁwr Rffotohe dnavitierovBEhAUlR-atRRSCHR! B Toda GFtcTrmabiNAENT| ON
[0012] The present invention relates to ICs. Mre particularly, the present

i nvent h0on: . : i i ! i i
PQI?Ing ?l’ ik %?eléc%i&fﬁp%]lf\g%l%h Gfe é@h%d%ﬁ??%;&ﬂ&i #BsK 16Fer tEit@Shighlk8 Show a

process armng an. rated cCircuit in accordance with one

o SRl T e SN PR 88, EBoi8 BoRBnd0 P Rlididorid B ST @

rre st gnal processors, or system on

chip devices. Referring to Fig,, 1, a portion.of a substrate 101 of an IC
100 i sTgHWRA o fien %qa%g pRenEng fd 2 ?fﬁltftqg plEuctyg hi){o‘e'mie‘i 1 ﬁ’&éﬂ’i‘té‘?}r?é’ﬁ‘&lf‘%r
substrate. Typically, the sem conductor substrate conprises a light]y
doped [009pe sThese aml sthersabjents aladgtveith adygategest angd fbaftirestoé die PseRent ig¥eniion

gem ani ti mbased, gallium arsenide, silicon-on-insulator (S01), or sapphire
subst r B&rein @s@oldswilliseebhie appteddhidugh sefeshcatoethe $oljuvepadesdriplidrhandthe ui t

conponents with contact regions. Generally, the substrate includes
nuner oys3hisaGP ARRNERY SraMErkR! A& toRAIndBiEtood gt ShPBEIUAIS® the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] 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:
[0011] Figs. 1-8 show a process for forming an interconnection in accordance with one
embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION
[0012] The present invention relates to ICs. More particularly, the present invention relates
to contacts or interconnections in ICs. Figs. 1-8 show a process for forming an integrated circuit
(IC) in accordance with one embodiment of the invention. The ICs can be any type of IC, for
example dynamic or static random access memories, sighal processors, or system on chip

devices. Referring to Fig. 1, a portion of a substrate 101 of an IC 100 is shown. The substrate

101, in this example, is a semiconductor substrate. Typically, the semiconductor substrate



shown, is prepared with transistors 11.0a-c, .A transistor includes a gate
114 with source/drain diffusion regions 115. Adjacent transistors can be
arranged to share a common di ffusion region. The gate can be formai as gate
conductors, serving, for exanple, as word |lines. Foam ng individual gates
is also useful. Dielectric spacers 118 can be provided on the gate

si dewalkbmprisdia 1ghitle dapel poypectiicdnaubstdid. f Oheotypesdfisubststesesuck aas el ect r odes
for the transistors. Suicide contacts 116 can be provided on the el ectrodes
to | Owg_ém%uxﬁ%taséd?gﬂﬁhﬁ%&ﬁd@sﬂié&i-&i-ﬁls@lﬁqus@n, b Qlpphir Osubke4tt 6 alkd9
conpriSing, for exanple, silicon oxide can be provided. Preferably, the

i sol at iuger}ulr egi ons conprise shallow trench isolations (ST1ls). O her types of
i solation fegions or materials can al so be useful. Transistor 11.0e can be
formed _on_the jsolation.regions..|t.is .understood that transistors,are
shown {QprBSI lu er%@ﬁt&aée biRrgE?é%‘iwgh&“P‘H&?°‘P%°é‘e§ e AL KPS 6 eBg%}cl)Y’epar ed
with other types or arrangenments of circuit conponents. QO0OL41The process of
f or mi nihersubstrate inshiden pemerons FTepit mpoRenis 3B AAHRE 16H91F- (118 SP Adn, an
etch stop layer 120 is formed. over the substrate. The etch stop |ayer
cover s shdven,ds prepared sothptoasistoss aHi-6 ub dtansister inThelesa gite 1 pprithappurceslmives as
an etch stop in the process of formng contact holes or vias for

i nt er c@MAEdrSregions 018 K¢t MRAsistorstdag betagingddap shay e comamprdiffesomaregion.
conposite etch stop layer. The conposite etch stop | ayer conprises at |east

a primgiy ggeic':aﬁq))‘: 5&&1% Js%%iﬁrcoﬁ&?:t&@,dse?viﬁg%%iblé, 26 GRRMing! ¥BrhAyer 130.

[ 0015] I'n Gne enbodi nent, e primary stop |layer conprises a conventional
contact hol.e .et ch.st.o t.eri.al .. .Th t el pri yer is
cel cot g Tefedi® 488 pRRRUF kBl Gl (s AhoBprinifin BBRAa SRl EVEL 1
over the etch stop | ayer .can be etched sel ecti vel thereto. The pgrimary
stop | dyeeateragf seysp/pTaan d{f&wirgggnssqﬂq;w??ﬁtrpﬁii%r W‘ﬁqfaémls??és' IF@?er
conprises silicon oxide. Typically, the thickness of the first stop |ayer

i s abowontda@®2ké cirbpPYided oo tlameledtspdss owareqntacs regissgmeeedo polasadeiess,
primary stop layer. in one enbodi nent, the secondary stop |ayer conprises a
mat er i adoldtivatregians b3 @ngirthg; Erakamplet siliseri aiidecantt piEG8ed Piefaratdl, the ch
selectivity, for exanple, between about 10 and 100. In one enbodi nent, the

s eCondadoyatRinGBeishPBorhRkR shARWrbidSsclatidBISKIs)li etiee types offBblatibRtegionsor one
enbodi nent, thé secondary stop | ayer conprises hafniumor zirconium

contai i pg. 4l ' - BPBHRAB orh fifeistiion! 1BEI0BX R €.
hafiii %nﬁ%ﬁ%‘gdn?aﬁ%o;%%sgm?wgéwrﬁg?@nf%lm Si Wca?e cénpotﬂ?dsélloi ke flf,SivO
oo Ral sk GRS AR AT B RaRbs o e AR g b
conpound Iaiwlgie ,?ihaS{th" titani um oxi c%e TlOZ@P, Ti %h‘g}%{i&t anium silicate conpound
li ke TiPXSIAyQVILAREHEPET PIATRNEHTRFIT Sl FoBIP! N el ements such. as

Si xOyN, and a conbi nation thereof Qher high-k dielectric materials which
are red0@rint The piveesatof fwkning thellGeontieuesyipEig s &s a¢paydaare with éhejgzention, | n
one enbodi nent, the secondary stop |ayer conprises Hf 02. The thickness of
t he secaré@yorslagdr 128)eforingd ob@rthexuvsphe, Tabetth sidp laf@@Ovés the atenitQr her

thi cknesses may al so be useful. [00171In an alternative enthodiinent, the
et ch st 8RhANRE akPABErESTRe BB Btok 18ep5&GES dsnBidtEdtdn the BroeB® sfTbesdhgent

the etch stop |ayer conprises hafnidmor zirconiumcontaining dielectric

conmpounds, cQn Lhelude ] , i i ),
nat ni Rt ISR e batie e i (oo 1R A AR R Pt
zi rconi um oxi de (Zr02). z0y, zirconju ilicate.co und. like ZreSiyOre,
21 Ui nicamPORIEch Hombayr AR SRk PRRIEYE SHFBUNG F 8 4 ety y 65D b
titani um oxi de éHCD Ti xoy, titaniumsilicate compound |like Tly, Siy0,, and
mat er i dkyer ddppnd 8 sedspdary Srecord skopdpggrddls such as Si", 02/ Nz and a
conbi nati on thereof O her high-k dielectric materials which are resistant
to the [@015ck dh oht embodiment) e mrirmay strpylapdrsomipeisessedamventionabenmtastrheldi ment |
t he secondary stop | ayer conprises I1f02.

etch stop material. The material of the primary stop layer is selected such that an interlevel

=
o

dielectric (ILD) layer formed subsequently over the etch stop layer can be etched selectively



[ 00181Conventi onal processes can be enployed to formthe conposite etch
stop layer. For exanple, the secondary stop |ayer is deposited over the
substrate, covering the circuit conponents and substrate. The primary stop
| ayer is then deposited on the substrate over the secondary stop |layer. The
| ayers can be deposited by, for exanple, chem cal vapor deposition (CVD),
physi céhergtapdihe pepusy stop layeMiD) exagple, cemprises sillronmetride wibdathedh.D lasier t he
like. [00191lIn Fig, 3, an interlev-el dielectric (ILD) layer 160 is forned,
cover i rgmipkieescsiliqasixide. lyplcalls) thp thieless of the fine sephicr isexbont 3004.1 LD | ayer
conprises a dielectric material, such as silicon dioxide. Oher types of

di el ectipars) mat ehé %ééﬁndd?? kiag 11%5% dongshssd bélsRMhOXiAarySHs ads. fih ugs i nat ed

silicon oxide (l:SG, unhdoped or doped silicate glasses such as boron

e SR SR
i o ectR Ey S o dit iyl SetermRios Wadphl T ot g ror e

t han one 1LD layer is also useful. The thickness of the ILD |ayer should be
equal tebeduentithe serendaiy eish stopelapeirasmsises aligh kcticledtrgsatarial. Irprene

enbodi nent, the 11,D layer is about 2000 - 20,000 A thick. Preferably, the
t hi cknesmodimértighé kddohdare stopdayen comprisarigindh calzoueni@RAOntaiBOHdeketrit her

t hi cknesses are al so useful, for exanple, depending on the desired height

of the cepipbagds. BRCE canfoiddk ehidedu) esitdxhipld Refiuni 600 UT{@?,IH@oL,amﬁu@an be
deposited using various types of CVD processes such as plasma enhanced

( PECVD) ;1; hi i HP&V . (&ﬁ% Il as

spi n- o)ﬁﬂbcira{oeggggg)gﬁ &sta%‘lfoe(endl ﬁgl 8%&%{%%’{@{%@;&1%1‘8 &rr’rgtﬁgdr{{ug? use %?\%’SZ&I%\%Y’i cation.
In a preferred. odinment ...l LD | r such as sili di.oxi de is. X' own by
PECYD OeR e Fo TRt SR ke 2o e et Pt R b elidigae A
chem cal mechani cal polish (CWP), or etch back process can be perforned, if
necess &P{Popis BkedixdeOpl A aipdesiPalc B0y titrmum Allicals cepprund s Taip0Ops
formed over the ILD layer. In one enbodi nent, the soft mask |ayer conprises
phot or esd staterfalpampinedoth Siefnddl eleventscath agSiiBARGINd 6®damtive theyeofed

above the LLD stack to reduce substrate reflectivity. The BARC can conpri se
an or gamtheér lph-kridlgaritc earaiaty which ardrebigtahinioRelathyck i Pluopid-gipe ghes Mmiyiies
such. as spin-on, sputtering or CVD. O her techniques ma.y al so be useful.

I n one 2RROKH. "Bine nftRdBARE ©0 %oh&ﬁ-z&%d% 19428 pridBd 1810, 2 THe AhiRREsD ¥ f e

spi n-on process. Alternatively, the can conprise inhorganic nateri al

o e B 5 2 LS5 TSk SRR e 16
useful.
[0017] In an alternative embodiment, the etch stop layer comprises a high k dielectric
material. In one embodiment, the etch stop layer comprises hafnium or zirconium containing
dielectric compounds. Such compounds include, for example, hafnium oxide (HfO,), Hf;Oy,
hafnium silicate compounds like Hf,Si,O, and Hf,Si,O,N silicate, zirconium oxide (ZrO,),
Zr,0y, zirconium silicate compound like Zr,Si,O;, aluminium oxide (Al,O;3), aluminium silicate
compound like Al,Si,O,, titanium oxide (TiO,), TixOy, titanium silicate compound like TixSi,O,,
and materials comprise both Si and N elements such as SiOyN, and a combination thereof.

Other high-k dielectric materials which are resistant to the attack of fluorine-type gases may also

be useful. In one embodiment, the secondary stop layer comprises HfO,.



regi ons. Conventional |ithographic and patterning processes can be enpl oyed
to pattern the soft nmask. For exanple, the photoresist i3 exposed to an
exposure source with the desired pattern and devel oped to renove desired
portions to formthe openings. Portions of the BARC exposed by patterning
the soft mask are al so renoved. Depending on the type of BARC used, the
exposeqo@d]t i ogsnwationst picsEsses dar be éiployabiosform ewadonpueind etphi stop sayyent For
separately. [0023]Referring to Fig 5, the ILD layer is patterned using the
phot or %%;BIea&e%Q&nﬁﬁﬁ@tdﬁlﬁyertiQdéﬁb‘é‘ted?&r&ﬂiétsubﬁlré%é, coP&ingeROBk@h Y., the

BARG and 1UD layers are patterned with separate etch processes. The etch

proces C .| SHIB | PEBM:e &9 jtu)
usi ng %?%Pg{léeg{tﬁ C emLtg t?'i 2@? Bﬁ:ﬁlgsfli&%gg%dh pfhlalggyer soggjf]él 5Ele pa% é‘léér?;tllzéd usi ng
an ani sotrqnic etch, ch as reactjve.j etch (RLE) .or.d etgh. 100241in
e cor A SHEBIRDTORAEte G drRE Fan  eHES{eF ot SR s iR a0t AR ng
the ILD | ayer enploys an etch chem stry which etches the |LD material wth
hi gh séCé@%i psical vpon deppsitiondBVIP) stoyening drermphoxidatioandnddhedike, t he etch
selectivity is between 10 and 100. Preferably, the etch enploys a | ean
chemi sf0§19] Us elndfiga3,lae amted braaridsd acyri ol B tayge bafkis formed chseping themompositadup i n
the via. Polyner buildup acts as an etch nask, preventing etching of the

ELD matefshistdp layé dh oi@BmBadERN BRTS.DOlayérohfises £olleagic masidlaokes hi one
enbodi ment, the ELD |l ayer is patterned using a fluorocarbon chem stry

e.g., : . co1d : of about
(e.g fgg;:g:)?%i%oxyr;ég cg&lg.gﬁgés oﬁd?é1e&ﬁgﬁ1%'te%a1§ 1§clﬂﬁfn Qo gsgsdgéén%;@&mﬂ L

30to erature o ess than abou O her etch

chem styies .0r paranete (0] oduce ;hi gh.€tch .sel ectivi n.the ILD
and se Hg?tﬁé S@‘P%Ibopgﬁﬁssé)aﬁg‘ﬁo re%f OL4oRs Sle‘ﬁaye 15“ T &%)Bérrog%g glattfsef ul .
Due to the high etch selectivity between t | LD and. ndar, top | ayer,
the et cHicaledssi(BPP) aadgphosphate ﬁléc%\é%ﬁ%@’ﬁ?ssf%'op F.?Se@‘gbys@%eﬁpéﬁw% to
Fig, 6, the exposed portions of the secondary stop |ayer is renoved to
expose thérmalpgravet silieay enide, watlened or dopeeTRAE sléperitad silicoreoxideland othes v ke
the secondary stop layer is highly selective to the suicide contact and

oxi de (o ulira lospladelestrivndat&ials rarbalbobe uskdeao édrahthsdLBdayeri Fyrming monethan
enbodi ment, is between 10 and 50. in one enbodinent, the stop layer is

r endvednBYL BaLyes LA et ThY dfi idesos  the AGD thyerEouldbdedlial totaBoRHE Reight
solution. Etching of hight-k dielectric materials using HP solutions is

descri i ) eng , O i L § i ergy
refer e%ggle:‘(%gn agﬁ%eggﬁ%oses%‘?e 26?13%&1}? di?%en?’:}ﬁ:&s%%'?f %%%?%t%gjgp f izc?i’debr?? y
dilute t.o sel ective etch the s | ayer. with m nj t
anded gk SEeTaamanY shecieed oo B 1oyt K b nBbet AR SREI000d, Mgt
0.0001 to 0,01 weight% (W% of HE, Preferably, about 0.0049 wt %aof H; is
used. dhiskressesmERHse Biefdntor grgmplesdeprading en the desyrechheighta the goniact bolgapdie i s
about 50. Preferably, wet clean is carried out at an el evated tenperature
t o fur tilterconmestiegdeeet ch sel ectivity to oxide. Etch selectivity can also be
i ncreased by reducing the pH of the wet cleaning solution, for exanple, by
addi ng [@eR04Ci dThd ILI hEeecdddt depoditedwsingolaias iypeCalf CVDrotsssed sudhmilastnd 0
c.5C and pHin the range of about 0.01 to 5. Preferably, wet clean is caned
out at fcan dGRAYIHBCYD), BnfdipherfcRBasuftl (P CBIS asSPeILA dpyi-by  Of
about fgﬂﬂggd depeng}i}ﬁ%{ on t%gz hi gh-)l’< di e?ectri cssﬁnt(g?lj)i al ussed, caérI]) be
obt ai ned . t 5T ' .S t fr e
roecfe_gs h({eeggﬁdéﬁé Isng fhee éﬁ% %/til{{;&o ;i us& !uq{e aéﬁlc%;lt?(ﬁl. J.Fl eaﬂﬁ%f%ﬁ@&’ glﬁ{)?cﬁfneh{,]

stoplé’y i vari ous™i gt ectric nmaterrals as
SECTRAE ST EREE CCENER TN CRS

the main precursor gas. A chemical mechanical polish (CMP) or etch back process can be

performed, if necessary, to provide planar top surfaces.
[0021] A soft mask layer 170 is formed over the ILD layer. In one embodiment, the soft

mask layer comprises photoresist. A bottom antireflective coating (BARC) 168 can be formed



Table 1 Etch Selectivity of Various H gh-k D electric Layer as a Function
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above the ILD stack to reduce substrate reflectivity. The BARC can comprise an organic or
inorganic material and be formed by appropriate techniques, such as spin-on, sputtering or CVD.
Other techniques may also be useful. In one embodiment, the BARC comprises an organic
material formed by a spin-on process. Alternatively, the BARC can comprise inorganic material
formed by, for example, CVD or PVD techniques.

[0022] In Fig. 4, the soft mask is patterned to form openings 173 corresponding to contact
regions. Conventional lithographic and patterning processes can be employed to pattern the soft
mask. For example, the photoresist is exposed to an exposure source with the desired pattern
and developed to remove desired portions to form the openings. Portions of the BARC exposed
by patterning the soft mask are also removed. Depending on the type of BARC used, the
exposed portions can be removed in the resist development process or separately.

[0023] Referring to Fig 5, the ILD layer is patterned using the photoresist as the etch mask to
form contact holes 188. Generally, the BARC and ILD layers are patterned with separate etch
processes. The etch processes, for example, can be performed in the same equipment (in-situ)
using different chemistries. The BARC and ILD layers can be patterned using an anisotropic
etch, such as reactive ion etch (RIE) or dry etch.

[0024] In accordance with one embodiment of the invention, the etch for patterning the ILD
layer employs an etch chemistry which etches the ILD material with high selectivity to the
secondary stop layer. In one embodiment, the etch selectivity is between 10 and 100.
Preferably, the etch employs a lean chemistry. Use of a lean chemistry advantageously avoids
polymer buildup in the via. Polymer buildup acts as an etch mask, preventing etching of the ILD
material, which can cause opens or increase contact resistance. In one embodiment, the ILD
layer is patterned using a fluorocarbon chemistry (e.g., C4Fs). The process, for example, is
performed at a pressure of about 30 to 200mT and a temperature of less than about 200°C. Other

etch chemistries or parameters to produce high etch selectivity between the ILD and secondary
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stop layers and/or reduce polymer buildup are also useful. Due to the high etch selectivity
between the ILD and secondary stop layer, the etch essentially stops at the secondary stop layer.
[0025] Referring to Fig. 6, the exposed portions of the secondary stop layer is removed to
expose the contact regions below. In one embodiment, the etch to remove the secondary stop
layer is highly selective to the silicide contact and oxide (e.g., spacers and STIs) below. The etch
selectivity, in one embodiment, is between 10 and 50. In one embodiment, the stop layer is
removed by wet clean using hydrofluoric acid (HF) in a dilute aqueous solution. Etching of
high-k dielectric materials using HF solutions is described in U.S. Patent No. 6,835,667, which is
incorporated herein by reference for all purposes. Preferably, the HF solution is sufficiently
dilute to selectively etch the stop layer with minimum damage to the underlying STI oxide. The
dilute HF, in one embodiment, comprises about 0.0001 to 0.01 weight% (wt%) of HF.
Preferably, about 0.0049 wt % of HF is used. Other concentrations may also be useful. Etch
selectivity to oxide is about 50. Preferably, wet clean is carried out at an elevated temperature to
further increase etch selectivity to oxide. Etch selectivity can also be increased by reducing the
pH of the wet cleaning solution, for example, by adding an acid. In one embodiment, wet clean
is carried out at about 4 to 95°C and pH in the range of about 0.01 to 5. Preferably, wet clean is
carried out at about 80°C and a pH of about 0.1. In such case, high etch selectivity of about 10-
50, depending on the high-k dielectric material used, can be obtained such that effectively no STI
oxide is lost from removal of the stop layer. The etch selectivity of various high-k dielectric
materials as a function of HF concentration and temperature is shown in Table 1 below. Table 1

is taken from U.S. Patent No. 6,835,667.
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[0026] Alternatively, the stop layer is removed using dry etching. In one embodiment, dry
etch based on bromine chemistry is used. The use of dry etch using bromine gas plasma is
described in, for example, U.S. Patent Application Publication No. 2006/0019451, which is
incorporated herein by reference for all purposes. As described, the substrate is preheated to a
temperature of about 200°C or greater before a gas plasma comprising Br,, HBr, or a mixture
thereof, is used to etch the dielectric layer in a plasma etcher. In another embodiment, chlorine-
based chemistry is used. Plasma etching of HfO, using chlorine-based chemistry is described in
J. Vac. Sci. Technology, A 24(1) (Jan/Feb, 2006), pp. 30-40, which is incorporated herein by
reference for all purposes. As described, HfO, is etched using chlorocarbon gas chemistries,
such as CCly or CL,-CO, in an inductively coupled plasma (ICP) reactor at high temperatures of
about 218 — 330°C. During etching, a chlorine-rich carbon layer is formed on top of the STI
oxide surface, improving etch selectivity.

[0027] HfO,, in accordance with one embodiment of the invention, is removed using
chlorine-based gases such as CCly, Cl,/CO or CCly/Ar/O,, with a low pressure range of 1 to
200mT and a slightly elevated temperature range of about 5 and 500°C. Preferably, the dry etch
is conducted at a pressure of about SmT and a temperature of about 250°C. In such case, high
etch selectivity of about 10-20 is achieved, depending on the types of high-k dielectric materials

being used.
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[0029] The process continues to complete fabricating the IC. For example, the process
continues to form interconnects, additional interconnect levels, passivation layer, dicing,
assembly and packaging. In alternative embodiments, interconnects and contact can be formed
using dual damascene techniques. With the use of a composite etch stop layer according to the
invention, polymerization in the contact opening can be avoided. Additionally, the contacts can
be formed with minimal erosion of silicide contact and isolation material, increasing process
window and yields.

[0030] 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
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What is clained is: CLAIM5S 1. A nethod for formng interconnections in an
integrated circuit (1C conprising: providing a substrate having circuit:
conmponents w th contact regions; form ng a conposite etch stop | ayer
over the substrate, covering the circuit conponents and the substrate, the
conposite etch stop layer conprises primary and secondary stop |ayers, the
secondaf theShvptibajahudindpasdbylibe egichdédidaiprsi ragrey tisindyy thaferegamgl over the
circuit conponents; forming an interlayer dielectric (ILD) |ayer over the

Xi rrposH Dﬁ&h andl 9 chéﬁ%%ﬁ that come RathiEhB nt@ntnBnd NEB@Y 8huit ed@rdntEONt act
vias there n to the contact regions, whereinthe l'ayer can he patterned

wi th high sele it ary stop |ayer; and renmovi ng the
secondglgﬁns "Sp %%%egrtxg)%%g%p%ggﬁﬁgagcont act regions, wherein renoving the
secondary stop | ayer can be achieved with high selectivity to materials

bel ow. 2. The nethod of claim 1. wherein the primary stop |layer 1..onprises
silicon nitride. 3. The nethod of claim| wherein the MD | ayer conprises
silicon oxide. 4. The nethod of claiml| wherein the secondary stop |ayer
conprises high k dielectric material. 5. The nethod of claim4 wherein the
Math k dielectric material conprises |ifx0y, Zrx0y, TxO0y, Al x0y, H ASi YOZ,

Zr ASi yOz, ThSipz, AkSiyO0, or Six0ylS.
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6. The nethod of claim| wherein the selectivity of the fLD |ayer to the
secondary stop layer is about 10 to WO The nmethod of claim®6
wherein the step of patterning the HD | ayer conprises a dry etch using

fl uorocarbon gases. 8, The nmethod of claim7 wherein the dry etch is canied
out at a pressure of about 30 to 200 Ira and a tenperature |ess than about
200C.  What is theéné®ishod of claim 1l wherein the selectivity of the secondary
stop laver to the materials belowis about 10 to 50. 10. The method of
claim9 wherein the step of renmovingcfhgyfecondary stop | ayer conprises a
wet clean. using IT.F in a dilute aqueous solution. 11. The nethod of

claim10 wherein t i lute HF aqueous .sol utio Qnpr.j about 0.0001 to
0.01 wt % of éﬁ.‘e?h%gt%r %ﬂ“é"gfé]lf_"?ﬁﬁ%’%(g?twasé’? AT FHe ntgﬁ girl!ﬁu{ (ﬁgf?ﬂql}fﬁsén%% aqueous
sol ution conprises about 0,00E19 w % of 1-1F.  13. 'The nethod of claim1l
wher ei n t he RPEFIngra SUBREAI? Rgy g BIrQBCHRRANGNIS E1 JORIAST TS8R | ses a wet cl ean
with a. pH adjustor. The nmethod of claim 13 wherein the wet clean is
cani ed out dbrmimgpematpesite etth atop ldyedove B Mibatmate pidvertingithe girc@t cmpanests

and the substrate, the composite etch stop layer comprises primary and secondary stop layers, the
secondary stop layer disposed beneath the primary stop layer and over the circuit components;

forming an interlayer dielectric (ILD) layer over the composite etch stop layer;

patterning the ILD layer to form contact vias therein to the contact regions, wherein the
ILD layer can be patterned with high selectivity to the secondary stop layer; and

removing the secondary stop layer to expose the contact regions, wherein removing the

secondary stop layer can be achieved with high selectivity to materials below.

P The method of claim 1 wherein the primary stop layer comprises silicon nitride.

3. The method of claim 1 wherein the ILD layer comprises silicon oxide.

4, The method of claim 1 wherein the secondary stop layer comprises high k dielectric
material.

5. The method of claim 4 wherein the high k dielectric material comprises Hf;Oy, Z1;O,,

T,Oy, ALLO,, Hf,8i,0;, Zr,8i,0,, Ti,Si,0,, AL,Siy0, or Si,O,N,.

6. The method of claim 1 wherein the selectivity of the ILD layer to the secondary stop

layer is about 10 to 100.
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80C and pH of about 0.1. 16. The nethod of claim1l wherein the step of
renmovi ng the secondary stop | ayer conprises a dry etch using chlorine based
uses at |ow pressure and high tenperature. 17. The nmethod of claim 16
wherein the chlorine based gases conprise a gas selected fromthe group
consi sting of CCl4, Cl12/ CO and CE14/Ar10. |IS. The nethod of claim 16

wher ei 1. t he Tieynethahof daioeé whedtimihe stp o ppitesmgtiee BiD kyoutonprises 2dondtcland a
tenperature of about 5 to 500C. 19.The nethod of claim 16 wherein the dry
et ch i Qb fRbrctaioRSbdse of about 5inT and a tenperature of about 250C.

20, An integrated circuit conprising: a substrate with a contact an
etch stop layer over the substrate covert ng the contact region, the etch
stop layer conprising a high-k dielectricmaterial;

8. The method of claim 7 wherein the dry etch is carried out at a pressure of about 30 to 200

mT and a temperature less than about 200°C.

9. The method of claim 1 wherein the selectivity of the secondary stop layer to the materials

below is about 10 to 50.

10.  The method of claim 9 wherein the step of removing the secondary stop layer comprises

a wet clean using HF in a dilute aqueous solution.

11.  The method of claim 10 wherein the dilute HF aqueous solution comprises about 0.0001

to 0.01 wt% of HF.

12.  The method of claim 10 wherein the dilute HF aqueous solution comprises about 0.0049

wt% of HF.

13.  The method of claim 1 wherein the step of removing the secondary stop layer comprises

a wet clean with a pH adjustor.

14.  The method of claim 13 wherein the wet clean is carried out at temperature of about 4 to

95°C and pH of about 0.01 to 5.
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a dielectric layer over the etch stop l|ayer; and a contact opening in
the dielectric layer and etch stop |ayer, the etch stop |ayer serving as an
etch stop for form ng the contact opening. A nethod for formng

i nterconnections in an integrated circuit (1C conprising: providing a
substrate having circuit conponent 4th contact re form ng an etch

stop | ayer oyRS mkihed D¢ eRmih ab vierd € HeWetidinGs EfHED o @UMRARUSedRbSNIE
substrate, the etch stop | ayer conprises a high-k dielectric material;

form ngaap abﬁé%%i‘sgﬁt(ﬁ'el ectric (ILD) 'layer over the etch stop |ayer;

patterning ayer to fotin contact visa therein to the contact
regions, wherein the nD | ayer can be patterned with high selectivity to the
etch stop |l ayer; and removing the etch stop |ayer to expose the
contact regions wherein renoving the etch stop | ayer can be achieved with
hi gh selifect iRhetpethed phelaim hpdierss Big ster afaeewng thersgppndant storylayer GoRmEest ed
circuit conprising the steps of : providing a substrate having a silicided
seni cordirgetwh usinguebiarne;baskelgased 4t hgw arassuh-akd Highlteoperpturd.i | m on t he
substrate covering the structure; formng a silicon nitride (SiN) etch.
stop layer over he high-k dielectric film formng a dielectric |ayer over
the SiN | ayer;

17.  The method of claim 16 wherein the chlorine based gases comprise a gas selected from

the group consisting of CCly, Cl,/CO and CCly/Ar/Os.

18.  The method of claim 16 wherein the dry etch is carried out at a pressure of about 1 to

200mT and a temperature of about 5 to 500°C.

19.  The method of claim 16 wherein the dry etch is carried out at a pressure of about SmT

and a temperature of about 250°C.

20.  Anintegrated circuit comprising:

a substrate with a contact region;

an etch stop layer over the substrate covering the contact region, the etch stop layer
comprising a high-k dielectric material;

a dielectric layer over the etch stop layer; and

a contact opening in the dielectric layer and etch stop layer, the etch stop layer serving as

an etch stop for forming the contact opening.

21. A method for forming interconnections in an integrated circuit (IC) comprising:

providing a substrate having circuit components with contact regions;
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formng and patterning a mask |ayer over the dielectric layer to forma
patterned nmask | ayer; sel ectively renoving portions of the dielectric
| ayer exposed by the patterned nask |ayer to the high-lc dielectric film
removi ng exposed portions of the high-k dielectric filmto foun contact

opening; and formng a contact structure in the contact opening.
forming an etch stop layer over the substrate, covering the circuit components and the

substrate, the etch stop layer comprises a high-k dielectric material;

forming an interlayer dielectric (ILD) layer over the etch stop layer;

patterning the ILD layer to form contact vias therein to the contact regions, wherein the
ILD layer can be patterned with high selectivity to the etch stop layer; and

removing the etch stop layer to expose the contact regions, wherein removing the etch

stop layer can be achieved with high selectivity to materials below.

22. A method of fabricating an integrated circuit comprising the steps of :

providing a substrate having a silicided semiconductor structure;

depositing a high-k dielectric film on the substrate covering the structure;

forming a silicon nitride (SiN) etch stop layer over the high-k dielectric film;

forming a dielectric layer over the SiN layer;

forming and patterning a mask layer over the dielectric layer to form a patterned mask
layer;

selectively removing portions of the dielectric layer exposed by the patterned mask layer
to the high-k dielectric film;

removing exposed portions of the high-k dielectric film to form contact opening; and

forming a contact structure in the contact opening.
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