10 DEC 2004 METHOD OF MAKI NG METALLI ZATI ON AND CONTACT STRUCTURES | N AN

| NTEGRATED CI RCUI T BACKGROUND OF THE | NVENTI ON Fi el d of the Invention: The
present invention relates to a nmethod of formng netalIization1aEququﬂgt
structures in an integrated circuit, using a "dual damascene"-Iike
procedure. Di scussion of the Background: During the preparation of
integrated circuits, electrical connections between active regions of a
sem conductor device are necessary. One nethod of preparation involves the
use of self-aligned contact (SAC) technol ogy, which nay conprise formng
an opening through a dielectric material to an active region. of a

sem conduct or device, wherein a gate structure adjacent to the active
region may be protected during the contact opening etching step by
encapsul ation with a material which nay have a |ower etching rate than

that of the surroungi i I j this fashion, one may
reduce the total a?gg%ggﬁ%@h@ghgy&?ﬁﬁéin;iﬁAjég r GOWIAE i ni ni zi ng
| : .

damage to the gate strgtrar HWhﬁWN#?dgﬁTﬁﬁ%ﬂﬁé t fromsnmall errors
in aligning the contact hole with the wunderlying conductive region. After
such an opening has been forned, it nmay be filled with a conductive
material and planarized tq fa g seli-%jioneg contact. Two or nore SACs

. X 4
may be electrically conne&Add A

Py NLE K RGENWIN D may be forned by
patterni ngeR JIeinvk@gr . such that the netal |layer electrically connects
the SACs, followed by depositing and optionally planarizing a dielectric
material . A "déwguesset inmattohlrélatad ioamdthytest, foinGin@metli AN IMSnl: t he
pattered netal layer described above. A "damacene" netal |ayer is one
where a tSTERURPS AR ap pieggpted sirqudly wing 4 Tual damasteaetkkecpredderd al | ayer, then
the trench is filled wth a conductive nmetal. Damascene -1 1 0 DEC 2004
processes are becom ng nore wi dely used in sem conductor processing.

Pr obl ens [ibsessivedf the Babhlegromider f ace bet ween the SAC and the interconnect
fornmed by danmscene netal | ization have produced "dual damascene”
processes, in Dusingthe preparatinn ofjiregrated circuits, electrical connections between active

regions of a semiconductor device are necessary.

One method of preparation involves the use of self—ali'g'ned contact (SAC) technology,
which may comprise forming an opening through a dielectric material to an active region of a
semiconductor device, wherein a gate structure adjacent to the active region may be protected
during the contact opening etching step by encapsulation with a material which may have a
lower etching rate than that of the surrounding dielectric material. In this fashion, one may
reduce the total area consumed by functional circuitry while minimizing damage to the gate
structure that might otherwise result from small errors in‘aligning the contact hole with the
underlying conductive region.

After such an opening has been formed, it may be filled with a conductive material
and planarized to form a self-aligned contact. Two or more SACs may be electrically
connected by a local trench which may be formed by pattemning a metal layer, such that the
metal layer clectrically connects the SACs, followed by depositing and optionally planarizing
a dielectric material. '

A “damacene” metallization layer, is an alternative to the pattered metal layer
described above. A “damacene” metal layer is one where a trench or trough is formed in a

dielectric material layer, then the trench is filled with a conductive metal. Damascene



formed in a trench dielectric and an opening is formed in an underlying
contact dielectric, both of which are then filled with a netal. This
technol ogy -of fers the advantages of simultaneously forming the dohtlHcl 250
i nterconnect, which can result in reduced processing steps and a nore

hi ghly conductive interface between the contact and interconnect
structures. Yen U S. 5,6 861,676, reports a nethod of forming interconnects
and contacts between elenents in a sem conductor or integrated circuit.
Avanzi no et ale b Secomif @BoRAa g RS sériBod@bbE 5:3tdsgRgOf conductive Iines
and connecting vias using dual damascene with only on% mask pattern. This
i s al so repor tRedbleyns ohwanai indheahteefhce ietwddn $ie TA® dxl thE MterBainetd. fGmdl, 1B/77, 076
reports a dual damascene process using opposite type two-layered

phot or esidamasesie ngtalijzatigndavepragused) diial d4giseeac TIPSR TeS 18 TARCprhaned ie
patterns i L.ngl F;ali]-io r.esi St : I i scl oses
a net hod t?%{?g%ig?at%éﬂr%?r?gdc ua &gélﬁrr%é(%ﬁe?ﬁgig?ﬁﬁggﬁnc%gglﬁgﬁgorﬁgﬁg&?% eével oper

sol ubl e AfReh bini/Rich taird thah filledith a hidaNOTIES teahnoldgy Dffels, th8RivAR@gdsegort s a
modi fi ed dual damascene process in which an initial opening in a trench
di el ect r istmitéanepmsdy feraningihe eondaqtand iesesnsec) véicheseairesyltan idacedmepiepdng

h h : . a. Vi i el ' ] d I LS. i al
No. 396, s o0 p B A en A0y Binli Pef bt ) e Bopuit AR ARl by~

naki ng sel f - aly Gnes. @61 398, Fepors Qethollof @rmilgHhtercbB8&td AMdRbmatts 9hidleen
I nt erconnect Technol ogy Conference, p 215-217 reports a conparison between

count er bolemahisin adwraeendndorgdntsgipied sirguined dual damascene in forming

al um num i nt ergconnect s_usi I n ite.af kno techni.ques for formng
contacts and NGRS TMECDS JnePabieaey e Fylre s endb O Bhanas 1 or

I ncr easeqoRfREAS ¥ia8 Bsiap dustidenasend iR olp Yhé RdsiRiedf fRid s aks® repafib®By i vel y
produce sem conductor I nterconnections. SUMVARY OF THE I NVENTION -2 1 0 DEC

2004 One Axreboinp skl ind?-5t h&1p7@sent invention involves a nmethod of preparing
I nterconnects ;an flj.§.e§,§77%f6%1%crjts CAUAEnaShYSULS Ssile bR QudtndRfaggene

process.
photoresist.

Dai et al U.S. 5,876,075 reports forming dual damascene patterns using a single
photoresist process.

Dai U.S. 5,882,996 discloses a method for patterning dual damascene
interconnections using a developer soluble ARC interstitial layer. -

Huang et al. U.S. 5,635,423 reports a modified dual damaséene process in which an
initial opcﬁing in a trench dielectric is enlarged while simultaneously extending a via opening
through an etch stop layer and a via dielectric.

Qiao and Nulty U.S. Serial No. 326,432, filed on June 4, 1999 report a fnethod and
structure for making self-aligned contacts.

Blosse et al. JEEE 1999 International Interconnect Technology Conference, p 215-217
reports a comparison between counterbore dual damascene and self-aligned dual damascene
in forming aluminum interconnects using PVD.

In spite of known techniques for forming contacts and interconnects, increases in
device density' and demands for increased processing efficiency, have spurred new efforts to

effectively produce semiconductor interconnections.

SUMMARY OF THE INVENTION
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Anot her enbodi nent of the present invention, involves a dual damacene

nmet hod of formng netallization and self-aligned contact structure to
active regions of a sem conductor device controlled by a gate S{JI&J@E r%'mli
Anot her enbodi nent of the present invention involves a dual damacene net hod
of forming nmetallization and contact structures to an active region of a
sem conduct or device, controlled by a gate structure, in which the gate is
protected during etching of the contact hole. Another enbodi ment of the

present i nvenpineBmbolifinyeSthép@stat indaiRaeneveet ithodfof pfephmigng
metal lizati on and contact structures to an active region of a sem conduct or

devi ce mdmtomiebisdngpelfaligned centaal sinintures wingty &l dameasepae ra9eSs- be pr ot ect ed

frometching during etchin f the contact .hole and;i,n which etching of
the trench di g‘P@@F?F@E’?‘Emfﬁr?vgﬁ'eé{ﬁ%fe’{}\t)ﬁ?‘éﬁ’i’g%?vﬁbcs %9‘6%8%@?%%? S]reglo(sau stanti al
etching gf  the,cQNiARL affl BlFRGEAddICoRGEU BeuD & 426Ve RERAS b SHmiQIndubler
present 1nverition, involves a dual danacene nethod o form ng

nmet al | i zagsiencomndlicdhy agste strechotures to an active regi on of a sem conduct or
device controlled by a_ gate _structure in which th te may b rotected
from et ching ABPIRGEEbRIIRAR of Dic RrssentdBYkeR IKOIVeS S S FRCRCBORAl ng of
the contact QI BR G R AGEes 6 & £6VE teBion!o®Y SEmiTBdRRr EORGKICt ed i n
t he abse Oé_}éllljf%‘oﬁ]gtaggaterne(f%pﬁotoreslltegt. These eglr?(lj] ot henﬁ1 enbodirmants’ of the
present ggnt@iicd 61 agrae: smactarepimselibh thelppteas plugtted denmpstdneg ofghdhathtadhat
simul-taneously forns a netal interconnect structure and one or nore

sel f-al i beied contacts. BRI EF DESCRI PTI ON OF THE DRAW NGS A nore conpl ete

apprect at i on abohech AN AP IRMER iy fol BRIt £008 mALMEkAGR L her oof

will be readi as the sanme becones better understood by reference
to the {@hisywmegllietia nddotiasGigties o nhetiverg®nadé r eginicondwndeticon wth

t he acconpanyin drawi ngs, wherein: Figure 1 il]ystrates a, seni cqnductor
struct ur@ol_éf?ilﬁ@ g& iarﬂ_@teétrE%H‘ichFVhﬂihé“%%att? ey g%@/rQFf’_,Ctea Oﬂgﬁl‘ﬂg ﬂi'fr&gee_t'i‘(f)rl’?% | ayer
and an agfl,'rh[cj;c?rlf}]tla&%'le"z%dgl‘?@hicﬂth'hﬁ%é?ff?the':&éﬁ@ﬁ Gieibctric iVihé AhRSwics@ay senduct or

structureé er conprising a patterned trench -3 10 DEC 2004 nmask and an
et ched t gopgedd i@t edtistantalletohérg of the contact dielectric occurs. - ,

Another embodiment of the present invention, involves a dual damacene method of
forming metallization and contact structures to an active region of a semiconductor device
controlled by a gate structure in which the gate may be protected from etching during etching
of the contact hole and in which etching of the contact hole through the contact dielectric
Jayer may be conducted in the absence of a patterned photoresist.

These and other embodiments of the prcéent invention are made possible by a dual
damascene method that simultaneously forms a metal interconnect structure and one or more

self-aligned contacts.

BRIEF DESCRIPTION OF THE DRAWINGS

A more ecomplete appreciation of the invention and many of the attendant advantages
thereof will be readily obtained as the same becomes better understood by reference to the
following detailed description when considered in connection with the accompanying
drawings, wherein:

Figure 1 illustrates a semiconductor structure comprising a contact dielectric layer, a
trench dielectric layer and an anti-reflective coating layer;

Figure 2 illustrates a semiconductor structure further comprising a patterned trench
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Figure 3 illustrates a sem conductor structure conprising an etched trench
dielectric layer; Figure 3(B) illustrates a sem conductor structure
conprising an etched trench dielectric layer, anti-reflective ¢ aﬂiﬂf& 2004
| ayer and an etch stop |layer overlying the gate structure; Figure 4
illustrates a sem conductor structure conprising an etched trench
dielectric layer, and a patterned contact opening mask; Figure 4(A)
illustrates a sem conductor structure conprising an etched trench

di el ect rigadka@ran ocidhe@BtachiBEILRSGE [ay6; coating |ayer and a patterned contact
openi ng mask; Figure 4(B) illustrates a sem conductor structure conprising
an etched tr endpundieillugtates@ semjoonductor stmdtire cefipriniitg ancetded tiench dialgetricand a
patterned contact opening mask, in which the contact nmask opening is not
perfect!| y2&figned with the etched trench; Figure 5 illustrates a top view
of the sem condaLorBAHLHFISchldoTIAA R FhAif: 4 ciofelidiihe, ©
illustrates a sém conductor structure conprising at encf‘n and contact hol e
openi ng efielbadc layet, hetitefEntve diathehiyen and bayeh stoplagersovieging tlengde di el ectric
| ayer functions as a hard mask for etching the contact dielectric |ayer;
Figure 7 $IFY&rates a sem conductor structure conprising a trench etched
in the trench g;di el i t L0t nt act
dielectric | ayFelg’l;lrgIé—]?g%#r'g&gg??ﬁ%gﬁgpgg&%msrgﬁ%ﬁgﬁﬁc gg&gﬁﬁﬁc hqulglegtﬁFt her
conpri si ngyed, had@pattedyedrcomact openigghtasijuous sel f-al i gned contact and

i nterconnect structure; Figure 9 illustrates a sem conductor structure
conprising a &sgﬂrpﬂﬁ"&ugu%@ B AFPMEFRBANCIQr SHEAWE CORpFiSingG &y delitddrencist ruct ur e

2t r ot or Ay EE an BBHIEAR onTRIRARE e il BpelihEraBET, DOCUT 21,
of the sem cormigiet o(B)dtustrates b @ernicbiudictoakt@ethirt chrhrisirg: anSstchied tishiélch t he

cont act %E}IF?N ng is not perfectly aligned with the trench. DETAI LED
DESCRI PTIdeslpctyc tnivgr BREGERAREH VERREVRNeT &1d/y PHicHcd fentad opeing Brsk i pr esent

| nventi ony;a, fMEkbihad @k opethss & 2bepdr EEW&@HH BPwhf fe\hened f2AGNS and
dielectric. ayers 1s et cﬁgc tolS?oiral?n %ot h tr‘gncL eaenorllecont att hole in which
-4 | a DEC 20@4gure 5 illustrates a top view of the semiconductor structure illustrated in Figure 4;

Figure 6 illustrates a semiconductor structure comprising a trench and contact hole
opening etched in the trench dielectric layer, where the trench dielectric layer functions as a
hard mask for etching the contact dielectric layer;

Figure 7 illustrates a semiconductor structure comprising a trench etched in the trench
dielectric layer and a contact hole etched in the contact dielectric layer;

Figure 8 1llustrates a semiconductor structure further comprising a liner layer and a
continuous self-aligned contact and interconnect structure;

Figure 9 illustrates a semiconductor structure comprising a continuous self—alignéd
contact and interconnect structure afier planarization;

Figure 10 iliustrates a top view of the semiconductor structure illustrated in Figure 9;
and

Figure 10(B) iHustrates a top view of the semiconductor structure illustrated in Figure

9, in which the contact opening is not perfecily aligned with the trench.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Within one context of the present invention, a multi-level substrate comprising active

regions and dielectric layers is etched to form both a trench and contact hole in which

4.



alignment of the contact hole mask is given processing |latitudes using SAC
techniques. A nmulti-level substrate to be processed according t‘ﬁ BE
present invention nay be prepared according to conventional neth @s HOZW

to those of ordinary skill in the art. Suitable substrates conprising
active regions, gate structures and dielectric |ayers may be prepared by
conventional nethods known to those of ordinary skill in the art.

Non-limting exanples of active regions to which an opening may be forned
i ncl ude - algowesteofdhe aordacahulemaagk Grgih procsisirigdatitydeg @EAR SIACMeElni §3AS

substrate (whi i,ght | heavi | y and/or very heavily doped with
convent i onal ‘gﬂﬁﬁﬁt‘@’ef wg‘ﬁat%té B RS EREA 30005’{%‘}9%@( Iam@nt avemivngnayabut i mony,

B AL o, ALl B oS R o ffe bt Bling BRI o ons.

met al | i zatSmbbrsuhmrmmbmpﬁmﬁ@'@dtﬁh}egldlis,egat?ecuﬂﬂ@t@fes%ﬁd GielebtiRIayetd B d)dbé"X' de
regions, gate and/or word |line structures (which may conpri'se oped]

pol ysi | i cd¥eReFd) b conveliopakinetherds knpwn & thossidf oedinpey bl it td artn the first

f ti [ 1 t b th bst t
Sui bl e gat o SR EAANEL TP SEloR: 10 BRN S oneBick T Bolbrtid Poitis 11 i o
the art, axdurcelr &drddiy repeon o¥fa sﬁ?ﬁ:@ﬁr@eﬁnzﬁﬁl{n 6O0RAS S®stEardbdhist fn'df;t)é' gh f tor),

nsi1 st or

floating gate/control gate structure (e.g. for a non-volatile tr
a SONCS t ?1‘§ lysandfor verycheaBbf daped d/etbegm‘tenwglat Nelopanit Both #histreganr i ¢, one may

formspac event or ibit efching of the gate or
metal | i za \é\ﬁug’gatr g?%c IT%]yeFIEWFWg pﬁ%“%ﬁ et eéthe&tﬁ’éetxﬂ'%ﬁ may
pr ot ect C@Byﬁiﬁi ls@étaas B ANGhYIndRpedeshbesetERkilicRb eaﬁté&rﬁ%rstg %@Qns
(source/drain) well inpl ant Ss. Suitable spaCers may be forne

convent i omgtalligatiny @s caiyahiver (@letahbgerooﬁnecbstummsyf it pkide regidsegac ind/quch as

depositin cer mat er i PECVD, f.oll owed by

ani sot roplgvc?a ﬁ}fleeietf&h{ ng t el et Y @iog%ﬁggg%ﬁ?leﬂdéﬂr atCBHYWIHP‘tlﬁ%e‘%[pacer

A sui t abkigicide ébcatddrih dle&bﬂ%ﬁctfdﬁﬁhlﬂﬁ)ieﬁbf BN ABRIvE P Abde ﬁl@%trgtfe) Qfdi nary
skill in the art . and may provide a |lower rate of et chi ng relative to the

sur r oundi ng contiighle %t%Fté@FFF%: inghrde toge knamgyto élmprpf erdingneskalliint thb ke, sigacer

mat eri al has on nitr
contact die ecﬁ@%ﬁm&ﬁfgg@a@‘é nl‘v"ﬂ“olesadéS WG gf(?ﬁmt%ﬁa C‘(“ér\,\ggatﬁhen t he

cont act stn&h&e(erg cfox:mﬂmf velgile Grandidts), dtescmosltraﬂﬁ@cﬁldetGOWDOSI tionally
di stinct oxi de cal ly the spacer |ayer wl| have a width, neasured at

the base, of f etlt%@etcenta%@tﬁlecmﬂseuﬁ may fogasprcers, yvhecthouay 1B6%nAot 0 800
A Wt hi t desjrabl e f
I'n; nﬁqhﬁt &?ﬁﬁ?ﬁiteﬂlg gatE BPmQ{ ﬂﬁ,itn(;nt étt%&%&: \A{I%[(L, Thu%r%% ?I?tg(f,t e‘j:f %rrddv%ﬁ]e Iey or

the etch rate o nt act mat eri
f r om t hat ma§ ptotest gtamnEdnahhg}uerioﬁ)@tﬂidut&Mrﬁﬁ ktyuctures during (source/drain) well

implants. Suitable spacers may be formed by conventional methods known to those of

ordinary skill in the art, such as depositing a dielectric spacer material by LPCVD or PECVD,
followed by anisotropically etching the dielectric spacer material to form the spacer. A
suitable dielectric spacer material may be selected by those of ordinary skill in the art and
may provide a lower rate of etching relative to the surrounding contact dielectric material.
For example, one suitable spacer material comprises a nitride such as silicon nitride (e.g.
when the contact dielectric comprises an oxide) or a silicon oxide (e.g. when the contact
dielectric comprises a nitride or a second compositionally distinct oxide). Typically the
spacer layer will have a width, measured at the base, of from about 100 to about 1,500 A,
generally about 500 A to 800 A.

Within the context of the present invention it may also be desirable for the etch rate of

the contact dielectric material to differ sufficiently from that of the pate structure (particularly

5.



-5 1 0 DEC 2004 the cap dielectric) under the conditions for etching the
contact opening to avoid substantial etching of the gate structure and/or
cap dielectric. Thus, it is within the scope of the present invention to
forma protective cap dielectric |ayer over the gate froma nater ng@ﬁ%M
as silicon nitride to increase the difference in etch rates between the
contact dielectric layer and the gate structure. The formation of a cap
dielectric and the selection of a suitable material is wthin the |evel
of or di nat§e @pidislegtgic) ydenihe congditipnady chrbinzabecontnt goning o aﬂ_fiabl(lij%tial o
i S| di,el ect.ric_materials are deposited over e
Lochn duesioritl 4L BB QAR L SISENTI 0o TheYL 25 Bl fcpost Led ouer the
to those ddveatich fefoymsigrbtbetiv chi@eRéEitic Iay§H6\te?ﬁle?ﬁféq{&r?§ﬁxta%n%i Ggh r%:sJC
materials nay be sel ected by those of ordinary N e art ch that
t he et chi AdicPRREride to ingresse theatifferdicelimctch rates t&mﬁfthemoﬁﬂa&tl die]gétﬂ?la?fl’eli id¥an
I L Cv Spacer terial surrounding the gate structure
inder *t he e SN S TuSRRE iopaR s o Betsriaand thgiselFeien of & su@bgfem_meﬂal is
| at i vel y; 1 6t 6B ; i i ter wi t hout
Subst ant | Al o Ching, of "t nad Rl o #R ARGy B BLBEb L PRI LEAGH | o
reliably {chaigaesing the gate 12 fromthe contact hole etch proc?ass). Fo][
tact dielectric layer may conprise one or nore layers o
Slxglme)l:te [ tchremtC gg’&ﬁ%“’é’f?&%ﬁ‘&%"@r: Ffiaé%lﬁ{scﬁf%iﬁpe@tedrovar tb@g%@lstsugtlimm gl ass
f v bi : , ilicat | ass,.(BSG).,, .
Shosphosi |} oorey bl et aes e m R I nb R ol ARRUNEY SR iy sy . e
cont act dbwilabla eantachdieksriria mataialshsay hwdajeetgﬂ bl hode Bﬁfrhi?Wy%gchg[nftﬁcfr] art such
i fi i /or plaparization after deposition. In addition,
332? Ltlet Cg‘?‘léﬁotg‘é ?&HE‘%&‘?@?HL&@%? digdectrigy i mficisntn septpithian thet c;]f_ekadqolgﬁ/gmy )
i i hAdeH I 1 .cal pol.ishi , by
br ocesses ot o ¢ poameing i Of: fiaeltplacPRE SRR RS o indle fatichry ant
di el ect r i delpgitie fe péroif mlelivele cooplvie rtchingalf tiexdodast, diﬂi:dtﬂic:,j ﬁ‘ﬂﬁ:aial \_Q?ﬂf{d’ﬁtt ri d'63é
' ' . .spin-on gl ass (SOG, P-doped silicon oxi
o o e T Lo P R S5 b g el s b
general  fiorfh eheSoaliholSsehplopat) Mé@%ﬂe (tﬁé’é?‘él%agfdiél)e¢tﬁ@}e?y%§ma§mt al
nitrides such as aluminumnitride (e.g. N), 5, _ o
t et r aet hyPPBIPHRDSRY rdaere layarsed disidctizanateridlanich as sibahaliodleni NadPe@%yihik! | des

h that (2x/3) + vy = b),
b un nos s SRS Rgros BTl (RPN FUAE 0167 BRE. phbsnbrilicnstines a
[ Si aAl bOMy(s) wkisreborophogdosilidhé ga@NBPYGT. #8¢ dntacPdicle@Rd n%%r%?ﬁla)a/ %g/ or

subject to a reflow step for densification and/or planarization after deposition. In addition,

the contact dielectric material may be further planarized, for example by isotropic etching,
annealing or chemical mechanical polishing (CMP), by processes known to those skilled in
the art.

Further examples of contact dielectric materials include conventional oxides, nitrides,
oxynitrides, and other dielectrics, such as spin-on glass (SOG), P-doped silicon oxide (P-
glass), silicon nitride (SiN,), silicon oxynitride (e.g., of the general formula Si,0,N, such that
(x/2) + (3y/4) = a), Al,0,, metal nitrides such as aluminum nitride (e.g. AIN), V,0;,
tetracthylorthosilicate-based oxides, titanium oxide, aluminum oxynitrides (e.g. of the general
formula Al,O,N, such that (2x/3) + y = b), aluminosilicates and nitrides thereof (e.g. of the
general formula [S1,Al,O,N,] where x = 2a + 3b/2 and y = 4a/3 + b), and boron- and/or
phosphorous-doped aluminates and aluminosilicates. Preferably, the contact dielectric

matenial comprises a layer of PSG containing an atomic % of P (relative to the sum of P
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phosphor ous- doped al um nates and al um nosilicates. Preferably, the contact
dielectric material conprises a |layer of PSG containing an atoniiﬁ ‘i Ef P
(relative to the sumof P -6 1 0 DEC 2004 atons and Si atons) of! %- %QZUM
preferably 3-12% nore preferably 5-11% The final thickness of the contact
dielectric layer is not particularly limted, but preferably is within the
range of about 0.3 to 3.0 m nore preferably 0.4 to 2.0 m even nore
preferably 0.5 to 1.0 p.m A typical value for a 0.18 p.mgate width

t echnol ogytaresarseSt Qogs)mf 1THes, peftady 3di2ed, ents prefetablyed-118y conpri se a
single dielectrjc

rial or multiple |ayers of the sanme or different
dielectric mat eﬁr@aﬁ ﬁ'ﬁy@?sﬁ‘?fﬁﬁ coHert dishachic laysr &y nog parfieulaty Bmiteds hoh

di el ectri ¢ dratel i@hvitn P BnS & r j gkness as the
i nt er conn&ct struct ur entoﬁglg ?%rbprgtrcp'% E%fgﬁﬁp%?@%%%éﬁwwg% MOy &Vettri c
mat er i al s nay peefbriablyt0. tohi.@jner Artgpiealofhetfeld 0108 fhgatctwigthubsablogl AtyGRNt act
dielectric material, under the conditions used to etch the trench

di el ect ri £:6 #Rarkhesaniast diglesirolayr slay cprpgsttiesl dickctin eattal comultipld onal
oxi des, nifri i td . angd. o . .dielectrics, such as
bor ophospkygslqlﬁ?é% g%?%sdgﬁe?%ﬁ%%c Co'%léc:[gri“}l?'cat e glass (BSG, fluorosilicate

gl ass, phosphoSiveilgaizehglonmst ditlBHMPRE thdnbh 81c6tri8 hRial SRhHz LR, 8l ass  (SOG),
P- doped silicon oxide &]g-gl ass), silicon nitride (SixNy), silicon dioxide,
silicon BseysTRblyicgRalTethikness as the injeeenmatt stroetmeltab¢ Birmek tyteis udtitablat  ( x/ 2)

+ (3y/4) g . tal  nitrides .suc Lum numnitrjde [e.g. ALN],
Si 3N4, VZ&],?L)htdéé%égl? ?m?%raﬁ%% xhib gk é%e aoq chieg thaiy e PP‘%%I%’F%OBWH&
al um num @iydiric atefial endgr the tordditeong QBT B letch Ahdtngh bdlep@ENY] such t hat
(2x/3) +y =Db), alumnosilicates and nitrides thereof (e.g. of the general

formul a [Si aAl BEkRgIes ofkraele digleeitip materiily includeicopventiondl dxidely nitrides, on-  and/ or

phosphor ous;. o 1 .and ;alumnosilicates., P aply,.the trench
i of ot i AOAAPRED ot HERALER A thon ts KRR bR Bl PV 530 Brdificetor  recs
(al so knoglassaBS); flambdilidats gl gitobstabilicRE glaed, LARTPBOXNYSIt: RS spilfdh sy apor
may further_include trinethyl borate _g_TIVB)_ as a boron source and/ or

phosphi nelS20G)aP-4apsd sliernaxidedBredass). sidicen pitreded kM, ) ofilidonghoxadosidicén 3 t o about

1 torr a . t -oxismat el ¥y 640 .. The thickness of
Crench ar Bl LEMROUR' MG Bbim PR NS a2 § o TBF bl s
Wi t hin t hetridesn gechods abinduitm QitAe [e@. 319), S1,NIOV,©, RE@dcaly@hihbsile A0 bh@d bRl

even nore preferably 0.15 to 1.0 m For a process having a 0.18 mgate
width, t rRdititary Ctxﬁ%cﬂﬁ’@glé‘m oxymitrides (e.g. of the general formula [A[,O,N,] such that

(2x/3) + y = b}, aluminosilicates and nitrides thereof (e.g. of the general formula [Si,ALO,N,]
where x = 2a + 3b/2 and y = 4a/3 + b), boron- and/or phosphorous-doped aluminates and
aluminosilicates. Preferably, the trench dielectric material is formed by plasma assisted vapor
pyrolysis of TEOS (also known as tetraethylorthosilicate or tetraethoxysilane), which vapor
may further include trimethylborate (TMB) as a boron source and/or phosphine as a
phosphorus source, at a pressure of from about 0.3 to about 1 torr and at a temperature of
approximately 640-660°C.

The thickness of trench dielectric layer is not particularly limited, but preferably is
within the range of about 0.06 to 3.0 pm, more preferably 0.10 to 1.5 um, even more
preferably 0.15 to 1.0 um. For a process having a 0.18 um gate width, the trench thickness
may be about 0.20 pm. The trench dielectric layer may comprise a single dielectric material,
however, it may also comprise multiple layers of the same or different dielectric materials.

In Figure 1, a semiconductor structure is illustrated, comprising (i) a contact dielectric

layer 1 surrounding a gate structure 3 which includes gate 12, “cap” dielectric 13, and
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‘may be about 0.20 m The trench dielectric |ayer may conprise a single
dielectric material, however, it nmay also conprise nultiple | ay?r@ B)éﬁtfﬂﬁlf
sanme or different dielectric materials. In Figure 1, a sem conductor
structure is illustrated, conprising (i) a contact dielectric |layer 1
surrounding a gate structure 3 which includes gate 12, "cap" dielectric 13,
and -7 1 0 DEC 2004 (optionally) spacers 2, (ii) an overlying trench
dielectric layer 4 and (iii) an anti-reflective coating |layer 14. An
active regorionghotspatarsid(inpareayeriyimy tieneh dieletthelageristnd ¢iiie ab iti-pdjeag@nt t o

the gate structure 3., A french be formed in the trench dielectric

| ayer of Pﬂ%tlrbg;[m’%@ﬁ‘ddbﬂ’taﬁbv%’[egﬁeméﬁusﬂﬁte@dﬁ?ﬁelﬁﬁ‘PW“bﬁT@éﬁlaﬂtiafijlﬂ@@lﬁ tpthiec and
et chi ng t gefanhaMgs 3.However, to obtain greater resolution during

phot ol i t hogr aphi ¢ processing, an anti-reflective coating (ARC) |ayer 14

may be deposi t édrawhinhey texpaseddn shertfeacediefectib daytr sMbdsetii@nasdib SrudRker i al
prior to gepositi.n resist layer 5 for formng a trench mask (see

a, photo
Figure 2)! y%veggpxgaégp%to ‘%@:’J c apdyipling echigss.t Bawvenst.ito petingredtere coat i ng

( BARC) , | : |G Il h -t hose ¢ r.ci ally
avai l abl e fS ?%%Hgygﬁg% ﬁ%é@gﬁ%géphﬁgﬁb(%&h%.?%ﬁ%ﬁaﬁé‘ﬁtﬁoa%ﬁ i ,1336? 1‘fokyo
Chka ( seenfagibeebeposited on Sicregpised Hatice ONGe tefidh didlt@ANRbIcANFHoMY &odifiPa VO! -

22 (3), pp, 55-. 59, the relevant portions of which are hereby incorporated
by ref er ePgresis) ey for {ppipg adrench maslyises Bigere@).cOne suitablaykC sugh as a

di el ectri e (L L, Ox Ny t. vai |l able fram Applied
Mat eri al s?o anteaaq%%gpa&tl%%‘?(ﬁge g%%}] Eﬁlg é??ﬁ%ﬁ{@ rf"%t’g/a%cra"(oé.gadmrme“@rsu Ras

mul ti | ayerhese cammerctally avainbRrficih Besvid Scieh@(ROIS Mo JTeMranl 86t AR ol PIEDH
material s, may be enployed. The dielectric ARC | ayer may he of a thickness

of from aBBkR (Sopfer £Xamplednger, Segumnaictengpiesrarioyal Ngoh 2999 val0R2 (8), ph. 55-

phot or esi ‘ i t rench diel ectric be formed on the
trench d|§§e’ ltlgﬁ¥fe?/gﬁtg{on%%%5f%§fé;ﬁgﬁyﬂgeg ven |°6%%qebyn1§¥eﬁ%ﬁ§)%wt‘tv81yt fibse of
ordi nary iskigahicidieltdide ayérsuctsaseidialsctily AR Ry&at B NIe DA St 1yRk6r! al

may then pbe conyentionally patterned. Negatlve resist materials may contain
- chemi cal | §op ’%MWFS’ é%@ﬁé%@)sﬁwﬂﬁélaf ARG e GergiTidh ophotwtilepatd ve
agents t £AG MM i : ross~kinks, e.g. with the .rybber.
When pl ace leun an ﬁ(ﬁs&%&%ﬁ%&\?gﬁ%%{éﬁ He)srgeld\fé?l(g ?a&?rhrgatﬁrﬁaelg%ageb& qpipyed. e

unpol ymerdiglecric A8XT byerdh®siod ofaghickeay biigora apalt R0®AI t6 abai § ©00 A, iydifigiyexposed
regi ons. Tr&e &gﬁﬁ@;ati on and deposition of negative resist materi alys i's
vvithintl"?éjl‘&é “skill of one of ordinary skill in the

A photoresist layer for patterning the trench dielectric may be formed on the trench

dielectric or ARC layer by conventional methods known to those of ordinary skill in the art,
such as by spin coating. The resist material may then be conventionally patterned.

Negative resist materials may contain chemically inert polymer components such as
rubber and/or photoreactive agents that react with light to form cross-links, e.g. with the
rubber. When iJlaced in an organic developer solvent, the unexposed and unpolymerized
resist dissolves, leaving a polymieric pattern in the exposed regions. The preparation and
deposition of negative resist materials is within the level of skill of one of ordinary skill in the
art and can be performed without undue experimentation. Specific non-limiting examples of
negative resist systems include cresol epoxy novolac-based negative resists, as well as
negative resists containing one or more photoreactive polymers as described in Kirk-Othmer
Encyclopedia of Chemical Technology, 3rd Edition, vol 17, entitled "Photoreactive
Polymers", pages 680-708, the relevant portions of which are hereby incorporated by

references.



art and can be perforned w thout undue experinentation. Specific
non-limting exanples of negative resist systems include cresol epoxy

novol ac- based negative resists, as well as negative resists cont ail MCO@Q[]I,
or nore photoreactive polynmers as described in Kirk-OQ hmer Encycl opedi a of
Chem cal Technol ogy, 3rd Edition, vol 17, entitled "Photoreactive

Pol ynmers", pages 680-708, the rel evant portions of which are hereby
incorporated by references. -8 1 0 DEC 2004 Positive resists have

phot or eact i ve aitpormesisis ha\haihomeactdmdorr@yﬁﬁtsi thatt dheddsRgyedris theg¥g@osed to

l'ight. Typically %ﬂ is renoved in an aqueous al kaline sol ution,

wher e t hExPesefde d Fe@ﬂlﬂ éilthﬁéf’rlﬁié’sremw inpRaqpgop alkalinesalutine vdispothiet i on of

positive qV of ane rdi nary
ki1 1 n opFEel el B b v M Pelyhi and EbosiiendThasipe efi dendis
Speci fi ¢ witin tHeTet¢ing skiXlafphest @dinstyiskillah theR@Sirtdickebeé f&itorned Wath&NEmntRc! ude
Shi pl ey XP9402, JSR KRK-K2G and JSR KRF-L7 positive resists, as well as

positive expasimeniation, neRECHICAgN diFmdting examples pﬁw@bb@esmv@rep@u ayﬁtems irdnde

vor . 17, S KSR EERA BRSRIRIL7 PR E R 65 VRS Wt e "

por ti ons cftaiiiCon Ao EmbR PEBMroatfR PBBMREAL de¥crbel Bl BRE €hmE PSS of €Si St
materials are EiCdﬂr(I) descrlpged by Bgyer et al, I1BM Tech. Disci. Bgll%'i ?USA)

Vol . 22, thmz@l Deehnolezyo 3rddplitigsgol. IrlalgemtledUP@otozea@m PolyerTapdgos 680- al , J.
Vac SCI chnol 1995 3081 Argitis et aI
vac. &5 i TR porgom\ﬂ)flehléhl%e h?\lgby ’@COIR@@%H bﬁf %?,?F53034 Itani et al,

J: Vac. Sci. ERempRs.of BsisMdhteridid areMio &scn%@@gy BQ er%pa'-)IGIB?IQQI%ch gggdlu pyft al
J. Vac. Sci. Technol. B. Vol. 13, No-6, 1995-pp 30 ﬁlchkov

et al, J(USALVob&R, Nvetfabll97%pp V8S5; _aee, WS, 4,613 &@‘EM&GVE@%;

ggggdizggl'f e*?ﬁﬁﬁgé’ °<J)‘f13a?‘F ﬁ%ﬁﬂ’ﬁ@??%g%mﬂ; N1 50115‘3‘:&7\?35 P8y 05, op

2957- 29623, 6. 801895, 3p,3030-3Y8% JtaSiGk o], TOERNSEi. TEInMOB. VB3, rlN% ﬁ995 S, pp
2897-2903; Tan et al J. Vac. Sci. Technol. B. Vol. 13, No. 199 pp

2539- 253026-3K9; Maa&%ﬂ Xpe. $ci. Yachnobd. VordahNel6, 1984 pp 3@22 85; 6, 1995, pp

dasor bR EL A oY £ RELBSG BORo P Vo s e PRl b E e B GRS

i ncor por atvagd. b T&ﬂﬁbEBCE’ol 38| 9616, 290N bp 206 E IV, zumgaetr 419, vhersct. he
parti cul ar etchl ng conditions is within the | evel of skill of one of

or di nar yTeahrpl B. VeltlReNar¢. 18A% o> be 9%k diex el Iwl et Sat- Tastaak B. Vol. 13,
experi meglat i 1995, pp 2897-2903; Tan et al J. Vac. Sci. Technol. B. Vol. 13, No. 6, 1995, pp 2539-

2544; and Mayone et al J. Vac. Sci. Technol. Vol. 12, No. 6, 1995, pp 1382-1382. The.

relevant portions of the above-identified references that describe the preparation and
deposition of resist materials is hereby incorporated by reference. Selection of a resist
material for the particular etching conditions is within the level of skill of one of ordin@
skill in the art and can be performed without undue experimentation.

The photoresist layer may be patterned by conventional lithography steps known to
those of ordinary skill in the art, such as by exposing the photoresist Iayer to radiation passed
through a photolithography mask. Such selective exposure, followed by conventional
developing, can produce a trench pattem, corresponding to the wiring pattern of a
metallization structure. Depending on the type of photoresist material (i.e., positive or
negative), selected portions of the photoresist material can be removed by developing with a
suitable developer/solvent, and the resulting pattern may be heated (e.g., by baking in a

furnace) prior to subsequent etching,.



The photoresist |ayer may be patterned by conventional |ithography steps
known to those of ordinary skill in the art, such as by exposing the
photoresi st layer to radi ati on passed through a photolithograpHhy DidsRi)4
Such sel ective exposure, followed by conventional devel oping, can produce
a trench pattern, corresponding to the wiring pattern of a netallization
structure. Depending on the type of photoresist material (i.e., positive or

negative), selecte ortiaons of the photoresist material can be renoved by
devel opi ng wi t H*Bhf’qg F‘Fb‘ﬁﬂépoalé?ﬁe@é@éﬁ?@% ipdpim a gprehordogad enereommgetp atasler n

may be heat vin Y [ ' f A I 9. subsequent et chi ng.
T8 10 DEd Sa0d ATt Y REK TR, gl (0 IGECYS BT Bloch R RE SRR 15T dnch
(or | ocal maytteretcirdentiyr cvndikonsSvigeh feldows tHeakpsbed Berfch il &tri madBGaloposed ARC

| ayer 14 and trench dielectric material |layer 4 may be etched under
condi t i on¥IMRPCHRDFERYRIY sehensdhp Badedymesaethctdiid¢csia miteriatdt Spefic donditidrsut

b , . Lvi ol . ol 1
Speci ric. BuheRbelieaBy e UPOTHR) B IR A ind ) e dsiraia fe ammind ar
and may diHefteinchl ep@tidinagir©sr dobposiapt bf € treddhatd (ﬁiﬁ@ﬁl?f'}ge &Jﬁ%CB%HE&HQ r

conposition of the trench (and optionally the contact) dielectric
| ayer (s). laygesk rldgdrengh diclsetricineateriad  miaglbe 4ffndtivelyetabtd withoutsliystantiahed

The backeb aumgo RungEh Rk RSt gkStdiyer. b ek Hhoveibumebefootedo
Torr, pretehaly a aghesstre’d SDOTorr, brei@stily hbd 14 FHirt ﬁPAd%Iitﬁ;hFMi%glf 558 | tions

are as described in co-pending application U S. Serial No. 2 by
Q ao and couditigns afams destrbed in cqpandingrapplidetion Udch Sarid Nee 69/836,#31lor Qibaingd by

f h hj be t t.ypi cal l d by th f di
oD R SO RS, e
hal ocar bons ‘suthe ashiia mefeuoATEclfy kaby tBsdcHdineS T fie 5, ST

y Z y = 2n

Cl2, HF, HC, CO4, CnHxFy (where n z I, 1, and x + 2) (see,
for exanpt@venyional agtivg|iongchiog/ GR8cAlehaderdftons ticEas CHFeLFS CA68F342, t he

I t [ f Lch [ t ed f d
i xt uros TRERLGH S NS R RS e B, PR B sy i SHEF £ 5 201 abl y
a m xt ur e2)qbecCHir3xanple 41528 érst BloloBe6 83 AP 238 994, ﬁaieh@ﬂﬁ%@meyé‘l'éyargz’

1999). Carbaon nonoxi de may al so be incorporated into the etching gas as an
opti onal RGHpRSAEFEhichgre hergby meorpersted)by roferenpr) and mixintes theveofitpraferablyne t er m

or oduce. sair v < koL S AR i G PR e el T ow
rates of @VEriNmg fJebesFelasay2berd99). Carbon monoxide may also be incorporated into the
etching gas as an optional component. Within the context of the present invention, the term
“etching gas” refers to the components of the gas or gas mixture which produce active
components of the plasma which etches the dieleciric. Flow rates of etching gases described
herein do not include oxygen or carrier gases, unless otherwise indicated.

The total flow rate of ctching gas step is typically 5 to 500 SCCM, more preferably 15
to 300 SCCM and even more preferably 25 to 250 SCCM. Of this flow, up to 450 SCCM,
preferably from 4 to 200 SCCM, may comprise a carrier gas such as Ne, Kr, Xe, CO, CO,,
S0,, He, Ar, N, and mixtures thereof. Typically, the total flow rate of etching gas before
striking the plasina is about the same or slightly more than the total flow rate of etching gas
that may be used during an optional flash strike step or subsequent etch phase(s) or step(s) of
the process. Suitable conditions are disclosed in U.S. Serial Nos. 08/683,407, 08/577,751,
and/or 08/935,705 and U.S. Patent Nos. 5,468,342 and/or 5,562,801, the relevant portions of

which are hereby incorporated by reference.
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herein do not include oxygen or carrier gases, unless otherw se indicated.

The total flow rate of etching gas step is typically 5 to 500 S@;b g)&éa
preferably 15 to 300 SCCM and even nore preferably 25 to 250.S E B4 s

flow, up to 450 SCCM preferably from4 to 200 SCCM may conprise a
carrier gas such as Ne, Kr, Xe, CO CO2. SO2, He, Ar, N2 and m xtures
thereof. Typically, the total flowrate of etching gas before striking the
pl asma i s about the same or slightly nore than the total flow rate of
etching gas tYaderrihysdbstadstad cdnditipns fanthe peicbriadledicmptegtly irkeiclingmtor

.l ScleEh Arpec s PaPPREBIS i elssoA BT SR Rps Y bE SR fora O

08/ 935, 70 ; £ ; lrgpant
por 1 oha. QT R e A e e R Y Do

Under t heatdedsewitkahitetahimgabachtticodisiebior: njdteiat etk ddiemhiestion o theadonditmins an
etching rate, nay, be determ ned, and, etching. u e sel ected set. of
condi ti on@drﬂi?‘f@y hERIRELStchsp elgh lwwnéfeﬁlﬂgeépgﬁﬁ ?%Bgﬁ? £ Iﬂ%ﬁlﬁﬁ Fenove
trench di tr] ol j 4 I I hout
et oni ng. t g SRS R BuoXentah et HE RGeS Bnd Mibpodflon oF B rolch
condi t i ongicleatfid Idyicreidihe phameersofitieplsdned Saitatde efohdns gasi iy contprae IgMgl,, of
skill of those of ordinary skill in th typically take into

t d wll
consi der atHBa Gheandfiakeieling Q?Rﬂo’@@ﬁﬁb’s%&?‘ﬁﬁ obt g’B%mﬂﬁiéh@ﬁmbcﬂi@F@Et’ ric |ayer
dth [ . J: C2H2F4,
s, | CaP BN Ehd Rl ecBin g Pro e Ry EIE P aP R CATRINAE T oneh

di el ect ri g134ame CHI,RCM@pax@iliing opgbieily igtha pRSGice oNARGE a ditallppsturc of Layer

wi th an et chant conPri sing F134 and CHF3, (CAF8 %gi onal ). and optionally in
the preseHWenberr fprelegblypabioyt 3 mipwy aupagngifc Agd oB Gerdiss (PrgdprablaalpitsOabout

55 mforr), a i i of r f ss),
and at & R kG Gog bl B S B op SEHETY
for a | elgith opfimtioffebai 3 akioutts, hayibeshieiennayrethevesiufnl Bo0@mS 9,000 Aetfokee from
8,000 to 9,000 A of the trench dielectric layer at a rate of 3 ,000A/ m n.
The r esul trench digleciisnayer gt 2 Bini DPO Afrainy The st i adfcaeh pifermedyn fheqrengh ¢ of
the trenc i ic material has been etched in a pattern enabling
formati oné}(gfgétggﬁa%{#'erconnect structure 6, the trench photoresist mask 5
may be renovedafyyr tieomareh dietstaic maretidibdsbden ewhed in atphtsme eobblodomaatipnii | | i n
the art (Figure 3 and 3B)

e o B ) 00, RE L BRSTL BB, yTESks LBl B2 G
methods known to those of ordinary skill in the art (Figure 3 and 3B), and a contact opening
mask 7 may be formed thereon (see Figures 4, 4(A), 4B) and 5). In Figure 3B, an optional
etch stop layer 15 of silicon nitride is illustrated. Formation of such an etch stop layer is
within the level of skill of those of ordinary skill in the art, without undue experimentation.
Suitable photoresist materials for, and methods of forming, the contact opening mask are as
described above for the trench mask. The pattern formed in the contact opening mask is
typically a circular pattern, corresponding to the desired shape of the contact. Patterning of
the contact opening mask may be performed under suitable conditions known to those of
ordinary skill in the art. A BARC layer as described above may also be used to enhance the
patterning resolution of the contact hole mask.

Afier forming the contact opening mask, the exposed portions of the trench dielectric
layer and the BARC or inorganic anti-reflective coating layer are remove, typically by
etching. The trench dielectric material may be etched in the manner described above, and

optionally, in a manner that is selective or non-selective with regard to the ARC and/or
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etch stop layer 15 of silicon nitride is illustrated. Formation of such an
etch stop layer is wthin the level of skill of those of ordin ré ﬁétll in
the art, w thout undue experinentation. Suitable photoresist 200
for, and nethods of form ng, the contact opening mask are as descri bed
above for the trench mask. The pattern fornmed in the contact openi ng mask
is typically a circular pattern, correspondi ng to the desired shape of the

SOt Bl & o it BORAL Sl ARGy LA Ry o6 Rnder o1t M ans WACBARC
layer as des ranh grﬁcareggfe' ﬁpa%%alxﬁgme%fmraaﬁwe r@&f{ ﬂgg

resolution o t act er formn contac
nmask, themexphse dtchmgtcmatmomsffot rmobingnieiB AR €l Bet dsdnﬁpnsb ay®isiritbe f)d&ﬁoBﬁRC or
inorganic anti-reflective coating |ayer are rennvgrév E ically by etching.

The trencH the BABL layer thbe siched torpeijaspia cemprgag CHFy eoptivaalty inghel above,
P ol Pl o 1R TEARRL SRt BeREhSPE SRl BN BENIGS Al T 0021 ¢

to the ARC A cont ric lmayer froval of

the ARC ek offBY0-DO0ORARSE insthéhBsafice P Ad] Bhék@iﬂe u&ﬂﬁhg with 126 & I\%kessufbctmed
silicate glass, for a total etch tinme of about 10 seconds. n-limting

exenpl ar yB(qumeeebﬁ%rq@f@n@a@@hc ﬁdmﬂrcfgrr@dqe BARC | ayer conprise exposing

t he portl ons BA tche ri SI g CHF3
and/ or rﬁ? togh] n‘gﬂv ot ﬁcst é”rcporfgé%lﬁe ’Sdlllusga'fgﬂﬁf g\‘rgge}na‘ﬁﬁ‘ﬁ ure

t her eof ) \aélls%flﬂ{ee@&lldﬁ € fmeAhR tle tRnAPGREAE ray@mare shRVRroRdh t%@@lol%,;{?% watts
in the absence of Ar. Backside cooling with at a pressure of 2- 30 Torr

in the alvosiciemask - nagnetic field is preferred A top vi ew of the
structure of Figure 4 is illustrat n re..5 nwhl the side walls
of the trench L%éﬂ}%tﬁ %macﬁof)?feng?’&ﬂfﬂﬂl?eéf’ ’@0{‘853‘?“&“ gﬁw Mhr ough
the hol e HeRehbfed BaBt @aHitIBAS K previblily@stiiRd @&nﬁ@&hoeﬂ%rlnegcm@iéﬂéct?m the
exposed portion of the trench dielectric 4 may be renoved under conditions

as previ mrryald&@m%éwcrrdr!thqués%m%htcbmgpf@n@hntdfrtelrcé@m whemthit érenal

ne-t 1 onéfrt ipa e E A EHERY B s LGP BiheConl b B BRHE Infiiri e

contact . afliegdt@6int bEthetRnandicRoEOMARA belowdthel tRASH 6 S@iEnAvet IR cbhgAch
dielectric material bhelow the trench 6 remains over the contact dielectric

| ayer 1. diglectis by@hdaitiepmbodimente hercariact djckackictlnyes un@grbmnaﬁhel@cmqh Gig t he
trench 6 réégons o%r?f% tf?&sg?éﬁﬁﬂ%mgm?c%%d fs%%tggéd ggrh "enit ntgcb@etge over yliﬁ) fected

from et chi
trench dlelcctnc layer 4 during etching of the contact opening (the so-called “hard mask”

embodiment).

In this embodiment, the trench dielectric layer 4 may be used as a “hard mask” for
forming the contact opening in the contact dielectric, after removing (i.e., in the absence of)
the patterned contact photoresist mask. In this embodiment, the contact mask 7 is used to
pattern an opening in the trench dielectric layer 4 to expose the region(s) of the contact
dielectric layer overlying the active region of the substrate to which the contact opening will
be formed, then the contact mask 7 is removed prior to etching the contact opening through
fhe contact dielectric layer 1. After removal of the contact mask layer 7, as illustrated in
Figure 6, the semiconductor structure comprises a trench dielectric layer, patterned with a
trench 6 and an opening 8 to form a contact opening in the contact dielectric layer 1.

In the embodiment where the trench dielectric layer 4 comprises a pattern or “hard
mask” for the contact opening, conditions should include (a) a trench dielectric thickness

which is greater than the trench thickness (preferably by > 100 A, more preferably by > 200
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‘trench dielectric layer 4 during etching of the contact opening (the
so-called "hard nmask" enbodinent). In this enbodi nent, the tregc@ Dﬁﬁ CZ(U[H‘
dielectric layer 4 may be used as a "hard mask"” for formng th

opening in the contact dielectric, after renoving (i.e., in the absence of)
t he patterned contact photoresist mask. In this enbodi nent, the contact
mask 7 is used to pattern an opening in the trench dielectric layer 4 to

expose the region(s) of .t on di el ectric er.overlying the active
regi on off’taﬁ@%gﬂbéio}%?rgfef%ﬁ %hgf%éty@&ﬁlﬂ%’& E_‘bBBIeLﬁ%gg‘maP@ (b)idke ¢astased, then
the. cont Sag Tap Buetiel Bai MR B i L RO e SRR RS A o, 7"
as i | | ustwisheithermaetigis eiched. th ehisenitaxgaoech ane fot v fied: daterzDEPEILSES AN § ench

dielectric |ayer, pﬁqterned wth a trench 6 and an opening 8 to forma
contact BEFHFHg oA theEicdapie 4t saramd aratenat (figypalvely, thergtehpayharpasidersd wher e
the treng LeleCGEsd C i h..—hard mask" for the
cont act  opdne 9t e The S RRAlS R, 190 ity 100 i

t hi cknesgrefedablgh- iS:1greater than the trench thickness (preferably by> 1001
, nmore preferably by 200 -12 1 0 DEC 2004 A, and even nore preferably by>
300 A (typi calPrgr gyctgliag the rogag opgningsnthe tishchtlpyer 6 dandaptionaliyaipening i8Sy

mat eri al _hayi iall. ifferent etch rate th he trench

el ect P et ibaed U Bl Ll 84 b Pllionf oS Dpdtiinda i G st ot an

et ch rat gpfigall chbhtaiii CRRtiRhbRla chsvenGoaS bkt atill Yasediwel Slegfihg. from the etch
rate for a second material (alternatively, the etch may be consi dered

"sel ective") [Conditiens for self-alignef sontagh elchinh mayircdudesns opmore ofthecqpditioss abl y >
10: 1, even [ f bly > 15:1. Prior to etching the contact openings,
t he tren?ﬁte?gnye?blgﬁ?gﬁggopti onally opening 8) may be cleaned by plasm

cl eani ng by a conventional oxygen plgsga etch (which may optionally
contain CF4) then by a conventional st dric acid based wet cl eani ng.

Conditions for sel f-aligned contact etching my include one or nore of the
conditions |istedlin TAMRgitenpe| o GreaselRenech Paelemreshiaresy fl
RangePr ef erred Range REFpower (W)W 100- 1,0800400- 600 po@68ur e
(mTorr) 10- 30030-80]  pressure (mTorm) 10-300 . 30-80
He cooling pressure (T) 2-30 5-10
C,H,F, (sccm) 1-50 3-10
CHF, (sccm) 0-200 20-50
Ar (sccm) 0-200 50-150
C,F; (scem) 0-50 0-5
Magnetic field (Gauss) 0-50 10-30

Carbon monoxide may optionally be present.

Referring to Figure 7, the contact dielectric layer 1 is etched to form a contact opening
9 to an underlying active region of the semiconductor substrate adjacent to gate structure 3.
During etching of the contact opening 9, the patterned trench dielectric layer 4 may function
as a “hard mask” for the contact dielectric layer 1. Greater tolerance to mask alignment errors
during the patieming of opening 8 in trench dielectric layer 4 is afforded by self-aligned
contact (SAC) techniques.

Etching the contact dielectric 1 using the trench dieléctric 4 as a hard mask may be
accomplished under conditions known to those of ordinary skill in the art. Suitable etching
conditions are described in co-pending application U.S. Serial No. 09/326,432, filed on June
4, 1999 by Qiao and Nulty. The etching gas(a?s), which may be the same as or different from
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He cooling pressure (T)2-305-10 C2H2F4 (sccm 1-503-10 CHF3 (sccm 0-20020- 50
Ar (seem 0-20050- 150 C4F8 (sccm 0-500-5 Magnetic field. (Gauss)Ox,SQ)#gLS%U
Car bon nonoxi de nmay optionally be present. Referring to Figure 7 4
contact dielectric layer | is etched to forma contact opening 9 to an
underlying active region of the sem conductor substrate adjacent to gate
structure 3. During etching of the contact opening 9, the patterned trench

dielectric |ayer 4 rra function as a "hard mask"” for the contact
di el ectritBee @S( fonthe trepcdy eécﬂmﬁ@e(bpbwhﬂdskre@rqumwe@edt@rpsovidmi ng the

atternin t.rench . diel.ectr,c fforded b
Dot Sal clivE BER, Ay e ot ERER s HSEL fncke KN e Rich btePepndre 1 ¢ 1
usi ng t heseldcRiacfordl it@dse aiaf iré uéefiSn BoM@hGbnAPRKcHVBYorREchigc cOMpl i shed under

conditions known to those of ordinary skill in the art. Suitable etching
condi ti ons ar elngesdicitbve ¢mbodongnéribié mench plpdléctrint layen 4 thaS. beStnhiedito avy.

ohi oh P rane et i Pbap 2 dpfon e Prbont U dipeboid s HisTa: %.S%SS)
gas(es) fﬂmtaia&utorm%sﬁtthxsafﬁ&e&byzhembms@aﬁh&;@gggﬁf@cbﬁa@ ?%ove L0 e

provide a selective etch), may be selected fromt ste

trench etdiningttepcondanticiah eep, sk @ataedofenmmridsbd eerhdint ovar theydefoak of the
conventional reactive.jon etching. In an al ternat i ve enbodj nent, the trench
di el ect r itEenF g coptagl die étr’é?tl"é‘?l‘fégdwf@léﬁﬁcmﬂr Uthep dherroplagt Qpsping i gched in

pr ef er abliye 18séhcH8PHA BhiadiloBEAPAY 5 & from
about 0. X {Josagout .C x,a1 V\Eernzé)% éskt e%n & E@géw@%ﬁggtﬂencﬁgc}yel ectric
| ayer), ahgedguordilanad dhiscaad mdﬁgl&e 6h Smep],e eteﬂimgmomlams Pkt BglebmBled Tn

remai ns over ortlon of t h_.and contact dielectric |layers not
o be. ot CHatTMRERPLHESLI Setel doe RORG0A S B QRednd Uity naltgmeiicho én B ¢ he

cont act QRARHRAKLHBRK selddifitF Ofidfile me%@halqilxr@ébt+c RGN IBndlddia e sl oped
profile (not illustrated in Figure 6). Suit e etching conditions my be
as descr idbgettiimmateoiajie ndi angicappldi canbi enlow, 5. 1: SeThealtchiNg gB@LI 2GyAd2hby Q ao
and Nulty. Alter diment, the selectjvity of etching
the trensimansPeBRreH s didemicasr doredbr ot e i ronch Sndd Contae

opening etch steps. Afier etching the opening in the contact dielectric layer 1, the contact

opening mask 7 may be removed by conventional methods known to those of ordinary skill in
the art, the result being illustrated in Figure 7. -

. Figure 8 illustrates the device after depositing a bulk conductive material 11 in the
contact opening and trench. Prior to deposition of the bulk conductive material 11, an
optional liner, wetiing and/or barrier layer 10 may be formed. The layer 10 may promote
adherence of the conductive material to the dielectric material(s), as well as to a material or
active region therebelow (e.g., a conductive material such as tungsten, WSi, or Al or doﬁed
polysilicon). The layer 10 may also act as a barrier to prevent or inhibit diffusion between the

_bulk conductive material and the underlying substrate. Layer 10 may also comprise a single
layer of material or multiple layers of the same or different materials with independently
selected chemical compositions and thicknesses.

Non-limiting examples of suitable liner/wetting/barrier layer materials include
titanium, zirconium, hafnium, tantalum, chromium, molybdenum, tungsten, copper, nickel,
cobalt, noble metals such as ruthenium, rhodium, palladium, osmium, iridium, platinum, gold
and silver, alloys thereof such as titanium-tungsten, aluminum-titanium or aluminum-silicon,

and conductive nitrides thereof, such as tantalum nitride and titanium nitride. Preferably the
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‘dielectric material is not critical, and can be as low as 1:1. The etching
gas(ses) may be the sane as or different fromthe etching gas( eﬁ) o
descri bed above for the trench and/or contact opening etch stegst %‘Peﬁﬂﬂlt
etching the opening in the contact dielectric layer 1, the contact opening
mask 7 may be renoved by conventional nethods known to those of ordinary
skill in the art, the result being illustrated in Figure 7. Figure 8
illustrates the device after depositing a bulk conductive material 11 in

t he contlast/vepidmg/berriankdydristteriumPa cawvettondepasuhitagsiof alliweotithdingonduct i ve
material 11, an__optiqnal liner, wetting. and/ or barrier |ayer 10 may be
formed. THEdeay¥pe @eﬂ’é‘ﬁrl‘ﬁ?% Rrierlayrs i auuys dppdtiigHdiet i ve material to

t he di el o s : g Lal . lye. region

t hor ebel Qs T BE ik e SRl fofay by B R B Phan B ERAXT i &) °0,
doped pdiiysipleeoo)mpridiez NayeNH,10 may al so act as a barrier to prevent or
inhibit diffusion between the bulk conductive material and the underlying
substrate. LayBie ligerigjting/bagics gt maw bedaposipddy cprgrations) methods kegwnto

B

sui t abl e Jiasned, sy@tdringgéihaDeépositioh a4§Talsabe ®F ladbBinlatial|prstss. tTHeARILkiBss of the
zirconium hafnium tantalum chrom um nolybdenum tungsten, copper,

ni ckel , lostuctinglie It sitwiellyHras aboyt Hes abayt 10AGAi thiek, praferabl trom
osm um II[O'Q&% é{;%ut %Ioatﬂ D o %!ptgcfer%ﬂ& f]$0|1'l|1 Y t’o.a%lnlltgﬁa ﬁxlttE%keP )];pécrs,? h,as

t! ta_ni um en, al um nuny ani-urh'or al'um num-sr ' . . th(SlﬁdUCti ve
nitrides hiBRAets 700Uk s Asasiatath AAN Sdikfaéd Sl@si@ e bdria0i TIB tidchésd@: ther ef er ably
the -14 1 0 DEC 2004 |iner/wetting/barrier layer is titanium a

convent i sitteivalliis tipicaHy Oungibe 8pt sarfaes thiskness.tand therthickness atdke bawantatthe

liner/wetting/. Y| I } I deposition of the
i ner/metcf)llltﬁgélg%%ag[& (]:'%glre filagsutﬁ#aé?@r'%sﬁ' foll owed by rapid thernmal

anneal i ng ( RTA¥hilethanineclhye sfakh &k @epdited inSdnighogt MFfidNNS to ddver the entire
liner/wetting/barrier |ayer m_a?l/, be deposited by conventional nethods known
to thosexprsedsuilacs af thewrafer, withingle spope el fin Preacnt HupRtoa) 1t yprpfeeabla vapor

depost | o BRI SELEL b p BTy SN P AR PR o0 b
i's typi caldeywdllsand abioan obe bpenado Uburli}Qfe depiokitiok of the Bhetvadline fapairit i00 to
about 600 A thick, nore preferably from 150 to about 500 A thick. .
Typi cal | prefergile thas iﬂ&é?eg%“%bwedwt%nﬁég@&tﬂ%l menngr-f Phectionaldepesiden si de
the cont %&'be&ﬁdﬁc@%ﬁ%nﬁmﬁ Bfethods known to those of ordinary skill in the art, for
example by collimated sputtering or by Ion Metal Plasma (IMP) methods. In one
embodiment, the collimation filter may have cells with a 1:1 aspect ratio (height:diameter) or
greater.,
A separate barrier layer may be formed in addition to a liner/adhesive layer. When the
liner layer is Ti, a separate barrier layer of TiN or TiW is preferred. Such a barrier layer may
be formed by methods known to those of ordinary skill in the art without undue
experimentation.
The structures are now prepared for metal deposition with a conductive material,
which is not particularly limited and which may include, for example aluminum, tungsten,
copper, titanium, alloys and silicides thereof, etc., prefe;ably aluminum, copper and/or
tungsten, more preferably tungsten. Non limiting examples include an Al-0.5% Cu alloy, an

Al-8i-0.5% Cu alloy, Al®, Al-Ge, Al-Si-Ge, W, Cu and Cu alloys. In a preferred

embodiment, the conductive material is W.
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sidewall is typically 0.1 x the flat surface thickness, and the thickness
at the bottomto the contact is typically 0.5 x the fl at surfakc@ DEC 2004
t hi ckness. Wiile the liner |ayer may be deposited in an anobunt sufficient
to cover the entire exposed surface of the wafer, within the scope of the
present invention, it is preferably deposited in an amount sufficient to
cover the uppernost surface of the dielectric layer, the side walls and

bottom of the %gﬁn'l Duri ng [ihe deposition of the liner/wetting |ayer, it
i's preferabl e tHaplCdfROsHigssERdi ‘?}ﬁ PHethessiwawn deithiose of omlinasy skinim thervahavelr .

Direction | n thods known to
t hose of %Iﬁaal nariy Sg 'EIQﬁBbsxt[ﬁg)é Sﬁgl art ér%chridél?rtp e %%/nagoﬁﬂ? WRECBIGRR t eri ng
or by | onchxtmtedRisamvm dthdi@)se omivieniimal ;LHys@ﬂa/apﬁrﬂépﬁbltm%parﬁthQ su6h hd yation

filter may have cills with a 1:1 aspect ratio (helght:di amater) or
greater. ﬁ\o@@’ﬁé‘rﬁ a‘H&P‘PF&?“fqe‘a%ﬁ'PPﬁﬁWb%mhé? utterong Stvetem by

l'i ner/adh WS%BI I des Ti e rr| er |ayer
of TiN OI‘%?WI igﬂ%?[a erre tcg& ’éal{}%arar %cnl k}%sﬂth@ayeﬁg?%@% t§§rg1’r€'t1 hods
known to bhugea obnventdombryo-sk (cbidl theh he) amlréé&sté@qwld WREMBwEmRE hbREH at i on.
The structures are now prepared for netal emtI)OSltlon with a conductlve

mat eri al , POg@Tsanay ke wst, Whaere jceld’ 511, yhetf Bnd WA, pejerabip Ty det, -f or

eXapl e SR T SRR RORREE. 1 SHATE B gm0 8L g oo
pr ef er abl yudleunigstof the dNﬁdetllvéﬁnfateHQl &%@ﬁpbﬁi&bw@l{rlﬂgﬁ d}?’rﬂeﬁtksﬂ%rﬁcéh%ﬁoﬂg LRy, an
Al -Si-0.5%Cu alloy, Al, A -G, A-Si-GCe, | oys

pr ef er r eddeserbgstinFerRending aprlisalénicy: ISv&ﬂrther (Df’dﬁ93| %78WIC relévait Rro&EGE 67004

Sui t abl e 14 t ho o those of ordinary skill
in the arﬁ’fi Réké fle%byc ‘ﬂPérat%g% m?ce 3[%5553?%6?% BRSPS taecpARl i ve
mat eri al . to@B@@&fdrBﬂlﬁhca’E&/gdﬂerallﬁﬁBﬂ%b@ldl Wsdbage 20 ot herwi se conventi onal
physi cal vapor_deposition apparatus, such as a comercially avai |l abl e

sputtering appd P&]tﬁigces§ﬁ%wah§°@w%m@gmls@ﬁ@mndmgveslystbmhlbymd Appbriadd
Mat eri al s of bul k net al
(e.q. 1119efr/ % el agron\a/b nr?é(i%&r’fgsﬁ&tg wo e teE ?tdo(gﬁlaarytskilﬁ ﬁ&a?lyf)‘f‘:htaﬁrbée step

(col d, hodheﬁilaza\lvmd:]mmaﬂlp&hshﬁ:gt the r@LRGEES nm&atb@lmgﬁes @:8d 16@)dwhad: .
"hot" =T2, and Tl < C, preferably T, s T2 - 60C. In the first st age

deposi t i OHEUIGH Ma?%l%ﬁbéhlswe ¢ fop ‘d@beéihp isByctae Wispied i Figueg 9, Figure 10(B)

specifically illustrating misalignment of the contact opening with the underlying conductive
region, which none the less demonstrates effective formation of SAC metallization. Effective
SAC metallization may also aﬁse from the semiconductor device illustrated in Figure 4(B).
The conductive material is preferably planarized until its uppermost surface is substantially
coplanar with an uppermost surface of the trench dielectric layer. Thereafter, the method may
further comprise depositing an interlayer dielectric layer over the (coplanar) conductive
material and trench dielectric layer by methods known to those skilled in the art. An
interlayer dielectric comprising silicon nitride may be used as an interface between layers of a
stacked structure (multilayered structure) comprising borderless contacts. Although the
preferred interlayer dielectric layer comprises a TEOS layer, any suitable dielectric material
from those described above for the trench dielectric layer may be selected. A low k dielectric
may be used, as well as silicon nitride (or etch stop material) for border less contacts. In
addition a plurality of layers (e.g. BARC, low k, protective) may be used in a multilayer
structure. The interlayer dielectric layer, which may be from 1000 to 5000 A thick, may then

be planarized by methods known to those skilled in the art prior to further processing, for

-16-



‘nucl eation of the conductive material occurs. Suitable "three-step"
deposition conditions are described in co-pending application _tJ S ﬁeédﬂgl
No. 08/693,978, the relevant portions of which are hereby inco rgopg e y
reference. The distance fromthe sputtering target naterial to the wafer
surface is generally fromabout 1' to about 2". Final processing may
conprise planarizing the conductive material 11 and optional |iner/wetting
| ayer 10, by methods known to those of ordinary skill in the art, such as
by cheni catmpiedivanflewingporchesti¢alechdneal pdighingbei ng il lustrated in Figures
9, 10 and 10(B),, where . Figures 10 and 10@8 illustrate a top view of the
structure il ustF&LEE RV EIGHFE Blatgs;iggn eﬁ%?tﬁ?k circly cppipingng thgahovpy st r at i ng
m sal i gnngpdcrdbq thsteepyact opening with the underlying conductive region,
whi ch none the | ess denbnstrates effective formation of SAC netal lization.
Ef fecti ve SACTiimet apiplicaanidesrivesyz atthod of simeltdncousiyt foemime mctatichtioh and devi ce
illustrated in Figure 4(B). The conductive nmaterial is preferably

pl anari ze&O‘Efﬁ‘EtiSFr“ig‘PEeSd’bé‘ébﬁ‘iﬂ&tedﬁ?ﬂ‘éegw 3 timga el procsiiurg. Agweeai@F with an
upper nost . ok LEhLESHS L . s t t hod
may further nf(l:%ﬁrrl%??lfgghglgﬁ%ds%? %Etgsqugn m%llciar ‘35%?‘3%? céﬁgglﬁ 'r%?ﬁrtlsl% aé]rqul%/sé Pthe
(copl anar )ayeoisdiesdribed in ot % Pheht Appliciticarfiled cireleaitly] entitiay eViethyd FEMARGS
known to those skilled in the art. An interlayer dielectric

conpri si nlaallizatien and Gontaet Stpwtuis i 3w integsatath CirpuibEprapresinganiéteh Stomleysr’of  a
stacked s e, | r [T erl ess_contacts.
Al t hough M]Igﬁ}cg{rite% ﬁé&#&é’% ﬁ%"?rl\?%)yoglrs’ %ﬁ%ﬁé@??@%ﬁy@g%g%?ﬂs glf eganFEOS | ayer,
any suit abbmerls ef ehichiace epdbgrinm@ipordiédby tehparedescri bed above for the trench

dielectric layer may be selected. Alow k dielectric naybe used, as well
as silicon nithgResgH application deperibgs &t plahing procediss HE makiag sortartoaenings | n
addi tion Alsl hdmRk tﬂrglyg%rr:ﬁ]] : : i e used
in a nul tlg?d;@ée”rc Sst ructure. el(@ﬁ?dgr?{ég?g]rdég% Iﬁ%t%rﬁ)ﬁﬁ%ﬁlﬁgyéa\ré%ﬁgcﬁg%y be
f r om 1000dé¢soribB0h efchiny pricednmyfot hatng bttt apumings end byncheirbaass e t o
those skilled. in the ar} E’réi or to further processing, for -16 1 0 DEC 2004
exanpl e bypulels B¥em gf Selecticmatenalsndion aathinthe seape Shihe gresqa dnysptiens e use
i nventi on, 2l 50,0068 HeARd t@sitit b E9Y iicH] L 9 bove-
described stru 0ur e(gs%. Tﬁ?@ appﬁﬂ%g{rﬁgﬁ& égééioﬁgggggﬁncgtﬂg’éﬁsggaﬁ
si mul t anemdeHyinfonetalhgatimptsahdtivzat i on and contact structures in an
integrated cirguit using a ti -etch procedure. A process for formng
netal | i zation éﬁ o‘ésghtné’ CTQUS 9 &l??‘é%“siaﬁd ¥a3tiopa at e BigsE RYERHOnN@s%pri si ng an
et ch St OPpogsible in light of the above teachings. It is therefore to be understood that within the scope

of the appended claims, the invention may be practiced otherwise than as specifically

described herein.
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| ayer is described in a U S. Patent Application filed concurrently,
entitled "Method of Making Metallization and Contact Structures ip_an
Integrated Grcuit Conprising an Etch Stop Layer” (Applicant'ﬂ ﬁe@éﬁeﬂﬂé
No. PMD9026; Attorney Docket No. 7575-0066-77), the entire contents of

whi ch are hereby incorporated by reference. The present application

descri bes an etching procedure for nmaking contact openings and trench
structures through nultiple layers of dielectric materials. The present
application describes an etching procedure for making contact openings and
trench structures through multiple layers of dielectric materials- It is

wthin t QR L‘HH\)I present invention, to use an anal ogous nethod to
si mul taan i zation and contacts or vias to an underlying
metal li zation structure. Cbviously, nunmerous nodifications and variations
of the present invention are possible in |light of the above teachings. It

i s therefore 1.dABethodder oo métallizatdnhing cbﬂﬁct%ﬁ@@ﬁres%aﬂﬁ?eg?sﬁ%%ﬂ
cl ai s, {he i pvention %ge practiced otherw se than as specifically
descr i bed NEFHEI S3T§NPEOr9%IH4 WHAT |'S CLAIMED 1. A method for forning

met al | i zat i ong)agghinPA4ReLL & j n integrated circuit conprjsing
in sequenti al )ordelrfg a) et %‘tﬁlfeggﬁgéﬁS%QE&BP%SP‘&E&‘WBFB%FSI% IpegRbaki t e
struct ur‘éfd@énpri sing in sequential order: i) a sem conductor substrate

conprising anygctive redion, a gate structure thereover, and dielectric
spacer s adj agg%seb%cogg}l%"bﬂ‘?é“@??mrm at] 4cfive regidys & gateisthittyreghernaver,andt act
dielectric | aépstric kpdcbrsdfat q@stﬂlag;gggﬁ.ﬁgﬁ%ﬁl ayer; and iv) a patterned

Fe

photoresist; to forma trench in sa *dielectric |ayer under etch
condi ti ons whilchsubstantallgplbstrantthatldiglectisd Bigesai d substantial ly pl anar

cont act di el ‘?ﬁ}é{rgnéhaéfﬁéé i?y&é’ﬁ{;%&, ving said patterned photoresist; a")

form ng a contact openin etching said substantially planar
contact di el éptapaitchmyehotedsdet: condi tions which do not substantially

damage sai.d te structure to forma first contact opening that exposes a
r egi on g? %ormga,atrencﬁ in sa15 trench d?e:lcctno layer vuider etch conditions which do not substantially

etch said substantially planar contact dielectric layer;

&’) removing said patterned photoresist;

&”) forming a contact opening mask;

| b) etching said substantially planar contact dielectric layer under conditions which do not

substantially damage said gate structure to form g first contact opening that exposes a region of
said semiconductor substrate and a portion of at least one of said dielectric gpacers; and

¢) depositing a conductive material jnto gaid first contact opening and said trench
forming 3 contact structure in said first contact opening and a metallization in said trench,

2. The method of claim 1, further comprising forming a second contact opening in said
trench dielectric layer cotresponding to said first contact opening,

3. The method of claim 2, whetein said trench dielecitic layer has & thickness at least
100 A greater than that of said trench,

4. The method of claim 1, wherein ctching said contact dielectric layer is conducted
under conditions providing an etch rate of at least 5:1 relative to that of said gate structure,

5. The method of claim 1, further comprising forming a liner, wetting and/or barrier
layer in said first contact opening and said trench,

6, The method of claim 5, whetein said liner, wetiing and/or barrier layer has a thickness
of from 50 A to 1000 A,
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sai d sem conductor substrate and a portion of at |east one of said
dielectric spacers; and c) depositing a conductive material into said first
contact opening and said trench fornming a contact structure it B&8EQ PYpist
contact opening and a netallization in said trench. 2. The nethod of claim
1, further conprising form ng a second contact opening in said trench
dielectric layer corresponding to said first contact opening, 3. The nethod
of claim2, wherein said trench dielectric |ayer has a thickness at |east
100 A greater than that of said trench. 4. The nethod of claim1, wherein
etching said contact dielectric |layer is conducted under conditions
provi di ng an r frgt, least 5.1 relative to that of said gate
structure, sﬁ'?ﬁ‘e" rﬁe&ﬁ ?l(gaf%f‘mhﬁ errFir%{1 s3id lipge el gmnilior hayrieokpirngmarikdsner |
wet ting ametenidl sblatted &om tha ¥&Sup BdnSal WSt contact opening and said
trench. 6, The nethod of c?ai s, mﬁ‘%ﬁé}“ﬁ@é‘é@ﬂ%ﬁgp{, B@@f"ﬁ"gﬁ?jjﬁ W/ or
barrier |4§Upilfia g0l hdmuRiusssten borfpen midkel, Sobd, A0 A, it funOpdia@uPEC 2004
7. The ”%H]‘?ﬂn idf a|{n5 vvhérel. said lifer, wetting and/or barrier |ayer
conpri ses & "frat evita P oliBhme 8dd, silverfitaniingtungsten.dastakini mitridefand kitaahinunitride,

zi rconi um hafsnimiemetidd & dblin 1. WHeRy ﬂﬁ'n&? enum. .t.ungsten, cqpper,

ni ckel , cobalt, ruthenium rhodi uﬁ]%%g | uX i %E{%ﬂﬁ?s ?ﬁt%ﬁwa%lgé?upnum
gol d, si IWW%“%iofﬁmgﬂﬁﬂ,tﬂlwgm;opmnmalmyﬁbféﬁdiﬁ“saﬂqn?tgﬁ;.ani umnitride. 8.
The net hod of gciﬁé'[lgl%b V\/Pelrﬁeii ajd conductive material I's selected from
the group conststPREOHPT elaiy !t@ﬁ!‘%ﬂ“ﬂ@ﬁﬁm&rﬁm@m@salénmthlbﬁwaatexﬁalamﬁlivef
sai d net appern@st shiRcd 16 bR Bhi¢ L& . her conprising renovjng,sajd
conductiye material until its fu 6@%@%@&PP%%5@%%§%§¢%‘1glel%-m%nar
with an tHfernost surface of said trench dielectric layer. 10. The nethod

of claim9, fuysther } Sl: epositing .an interlayer dielectric |ayer
over said cop ar'lIglrg r%cg%é(}}dtéif[ci%ﬁ% efgi‘l’m&‘gﬂn%ﬁ?f’d’s%‘ﬂéﬁ%Hltﬂﬂﬂédﬁeélpkbmkliwer. I

|. The nevdiseidebplehmioonducting afaeira] & sidOMRA Ad fusd Bygture further
n sal renc

conprises an - reflective coating disposed betwe
dielectric | aﬁféﬁ"hamf '%%@tbwﬁ@@%msﬁe struchite fifitter cmbfrdds of agi-ai m

11 wheretbeia g Lor e P : ‘ .

ant i 1o o] el diktd Ao B A GRIRE e saldam o abeoresis

anti -refl ect i e Bavithey! oboixini B whareih Qlidgititelective coating comprises an organic
anti-reflective coating.

| 13. The method of claim 11, wherein said anti-reflective coating comprises a dielectric
anti-reflective coating,

14. The method of claim 1, wherein said trench dislectric layer comprises an undoped
silicate glass layer.

| 15, The method of claim 1, wherein said contact dielectric layer comprises a doped
silicate glass,

16. The method of claim 15, wherejn said doped silicate glass contact dielectric layer
comprises g member sclected from the group consisting of a phosphosilicate glass, a
borophosphosilicate glass and a fluorosilicate glass,

-19- ¢



anti-reflective coating. 14. The nethod of claim 1, wherein said trench
dielectric |layer conprises an undoped silicate. glass layer. 1§, RQ?

met hod of claim 1, wherein said contact dielectric |ayer conpri eg %&wgﬁ
silicate glass. 16, The nethod of claim15, wherein said doped silicate

gl ass contact dielectric |ayer conprises a nenber selected fromthe group
consi sting of a phosphosilicate glass, a borophosphosilicate glass and a
fluorosilicate glass. ABSTRACT VEFRS TS TMAKI NG VETALLI ZATI ON AND CONTACT

STRUCTURES | Nefhliob WERERINE b Lridie alh (@iira@? siRRabRBs I RT hod T or
formng -nmetalTization and contgeecrhrEpidikeGiI N an integrated circuit.
The nmet hod i nvol oves the steps of etching a trench in the trench

di el ectric | aygfe ifvdioRebnddiR!6hdihd ol RYSMe Mot AliLAIPON Rt StthiteSin
containing a sem conductor substrate conprising an active region, a gate
st r uct ur entihegeedeircudn Thdirethed imickovspthe eteps of gtthimgerttently irt the trgadhe
structure, a contact dielectric layer; and.the trench dielectric. |ayer;
etching diflectas yaks “ﬁicg'ldé‘?!?‘?t‘i‘%l.ap’%{fg R CORBIte STHFHTE FYNENIDS M o amage

the gate SLIUGT UG fsthd O &Lhide rego'h,sfi gﬁ@&%&tre fﬂ%@@é?,%nﬁ%le&?f@%@&s a region

of the sem conduct’or strate; and depositing a <conductive material into
t he cont agfjacemedn itegzatngnictuge, tarcomadt dielectric layer; and the trench dielectric layer; etching

the contact dielectric layer under conditions which do not damage the gate structure to form a
first contact opening that exposes a region of the semiconductor substrate; and depositing a

conductive material into the contact opening and the trench.

FIGURE : NONE
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