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 NLHR S 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, i nWEingHDEPTERd R ofjiiearated pisenitsrelectiqabersineations bawescacting an
openi Nng 1,80 s I ontact dielectric, both of which are
t hen filfg%gégiq?%ﬁnﬁgﬁgFg ?%gbggﬁ%%$%ﬁy of fers the advant ages of

One method of preparation involves the use of self-aligned 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



simul taneously formng the contact and interconnect, which can result in
reduced processing steps and a nore highly conductive interface between
the contact and interconnect structures. Yen U S. 5,861,676, rdpdrRil 2004
met hod of forming interconnects and contacts between elenents in a

sem conductor or integrated circuit. Avanzino et al. U S. 5,795,823 reports
the fabrication of conductive lines and connecting vias using dual
damascene with only one mask pattern. This is also reported by Avanzino et
al . in U.gocedsdd he B&2mikRinold widely ultl in SefficsRROKE Sro sgiﬁg.l damascene process
usi ng opposite type two-Tayered “photoresist. Dal et al U S. 5,876,075
reports form rigobleals diserastierie ipatfoertetvass iheds AC sidiht enterphrokecrfosnaitby
process. Dai U S. 5,882,6996 discloses a_nethod for patterning dual

damas cenelamagtede @ninlbEnhave P iseq el damsseme sypessics iapdich dhagpglis )
| ayer. H . . 639, - I '{”Bﬁ-ﬁlf- ne
process ﬁﬁﬂgvx%dﬁ%haatg%myid%@c% ggﬁééﬁ?%ﬁaoﬁ f%rﬁltc?énc é‘ Fﬁe‘ﬂggg %t%cq?g%ﬁﬁar ged
whi | e si rgd aneridh laye @i GNeli Wigh ameéiad Dhietech@logyhvfRiighe advastagds oft op | ayer
and a via dielectric. Qao and Nulty U S. Serial No. 326,432, filed on June
4, 1999 rsépwuiiancgushe foraungihg conjaat ard iteeconnect, yaisinegn sesuit imradyerdprespiingt s.

Bl osse et _ al. | EEE | nt er nati onal conne Technol o nference, p
215217 apard ST B PedieRt pi e babRROREER AR iR e RS

sel f-aligned dup USRBEEEENE refdits b QioModD S Frihiig e Brdofh @ALAARERiSs HsivaEn PVD.

In spite of known techniques for form ng contacts and interconnects,

i ncr eas eslémentsiand seaueiadutesorapidgrdiedamest. f or i ncreased processing

ef ficiency, have spurred ts to fectivel roduce sem conduct or
i nt er connect i ?hV@%Bﬁﬁ&RQ%@EE%WG%%” gtf“(??%éouﬁ%& 58" enbodi ment
of the pr@agiing H4eMEINGAuilidAhN S RitBIINOHe MhskF@BR! ITHE is kRS peRBIBEL S and
sel f-aligned contact structures using a dual damascene process. Anot her
enmbodi nertvaptine gealpdd &nd.01hV&Ent i on, invol ves a dual danmacene nethod of -
formng netal [{zat Aheseldnald.an n : [ tive regions
of a sem condtI]ch g}r'g'%ggevi’cé\,5 d cg’rrlasrac?#e a§0%5é %%%eg?é{d#%éé’pﬁ% @yﬁ?,%?%ieay Erel
enbodi rrerp,qmgfesish-e present invention'involves a dual damacene net hod of

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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formng netallization and contact structures to an active region of a

sem conduct or device, controlled by a gate structure, in which _{rﬂg gﬁt@ IS
protected during etching of the contact hole. Another enbodi nmen B 04
present invention, involves a dual damacene nethod of form ng

nmetal lization and contact structures to an active region of a seni‘conductor
device controlled by a gate structure in which the gate may be protected
frometching during etching of the contact hole and in which etching of

the trench di ghgehibodinkdat bf tAEFrcRMRMinvitA i@vebe mesiodpPpetphbeigor e substanti al
etching of the contact' dielectric occurs. Another enbodi nent of the

present inmaresrrieots anid selbrNgnsd sordens Snirdiraceng arfvphdranasgene PEICAISng
metallization an con%a t st rfgftures .to an act Lve rezgi on of a ﬁlerari nduct or
ve, gug od o

devi ce cont r SPPRT FYRoadingEit of BE RS iRvanfion,iivelyey g U damacne metliod of o o e
from etchy blaNga8be MdN8IE AAfnddNenGentasireb @) Rtidogions Whi hiedraitig of

the contac ol e through the contact dielectric |ayer may be conducted in
t he absea@gcodondrofiad ber gad siolvdirer esi st. These and ot her enbodi nents of the
present invention are

d i ble h dual . d h h
si mul t aneous| {nplhergmbe g‘ﬁﬁ’%ﬁ%@%&fﬁ%@%ﬁ“ﬁ%ﬁﬂé’ﬁ% %gﬁﬁg%ﬁngé Iagtﬂﬂ‘&)f’gt
self-ali q—%;gn%@@{aﬂ&taﬁon ﬁﬁlcﬁﬁta%%u%yt $hive B RRAYE M o AeRF BB UIP! et e

appr eci at'l e ITnvention and nmany of the attendant advantages thereof
w il be gaaghiley behtgaiasadctas, inhehisaiie phedoprosciod tibrng acidey sftbocbnbact r ef er ence
to the followi ng detailed description when considered in connection with
t he accohplanyi ng drawi ngs, wherein: Figure 1 illustrates a sem conduct or

SUruCt Ur e COMRL b MG iRl 8¢ ne R AGhtdnfof, 8¥Bhves A dulicalindhhivetdri C | aver

it
and an anti - ctive coating layer; Figure 2 illustrates a sem conductor
st ruct ur yrinitid fetallzatigr amglicogtaet spattiues edh dctieencgion 3 4 Gerdiechdi0B4desssk and an
etched trench dielectric layer; Figure 3 i]Jlustrates a sen‘igonductor

. F
St Lot Ur eonteaes P¥ RréglesEiteN i hich ke ateimay e ppiecien dpat g frmesisyne
| I1Tustr a&F&a@ﬁ%ﬁﬁ%ﬁ% fhich il e 1RUHR HisicBic WL S RROVEEIEREY be

dielectric yer, anti-reflective coating |layer and an etch stop | ayer
over | yi ngopfed i@fire sutstantigltetnhéng ditiguroatatt diklecist petues a seni conduct or
structure COWRLLt%ieI[I mbaort]iir;elén(%rc]) gletpg*eeé\gtﬁrfmgeinﬁérf %Evro.iv%s 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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| ayer, and a patterned contact opening mask; Figure 4(A) illustrates a
sem conduct or structure conprising an etched trench dielectric | iﬁ/(ﬁr Eﬂ
anti-reflective coating |ayer and a patterned contact opening na EFG? be
4(B) illustrates a sem conductor structure conprising an etched trench
dielectric layer, an anti-reflective coating |ayer and a patterned contact
openi ng mask, in which the contact mask opening is not perfectly aligned
with the etched trench; Figure 5 illustrates a top view of the

sem condughd anSitanetdhdd Gendhl di@ikdiAt BYerd N Figure 4; Figure 6 illustrates a
sem conductor structure conprising a trench and contact hole opening

et ched in t he Higemgchillustetes @tseingcohdyotar strigtere eomprising amrtthed reh@dodielectricay er
functi onsl as a hard mask for etching the contact dielectric |ayer; Figure
7 illustr'#®¥¥s a sem conductor structure conprising a trench etched in the
trench diel SHibune 3BYi80stAR BcmPhdthor IR GuE toEG i et Aehed AT
dielectric layer; Figure 8 illustrates a sem conductor structure further
conpri si niielactht heyer, laaty-esilcatick @atinphiyerrand as etskebtbp blyeigvedymg mieagatte and

i nterconnect structure; Figure 9 illustrates a sem conductor structure
conpri si UEMESNt i nuous sel f-aligned contact and interconnect structure

after pl anar! 444kt e sl LR GRLRS. b S48 bsaT GRRduct o
9

structure illustrate I gure I'gure es a top view
of the sasjeeonslspatensdrcuttattriopenin uskk;ated in Figure 9, in which the
contact opening is nat_perfectly aligned with the trench. DETAI LED

DESCRI PTI ON O iy 4Re Hustiates aspBonEcker SIgHyiR compan g gntteied tsich he pr esent

i nventi ony L- ; r Ll Si i regi- d

i of oot  icifeiEldyts s AR MR BB £) R oo BRRRRRE: | 1 i ci
-4 | a DEC 20(Hgwat H@)ibuirart atsheicomdicas stnivdlre commksingSangdtaten tighelicessi ng

| atitudes_using SAC techniques. A multi-|evel substrate to be processed

accor di ngidesteinBYe st Ry reflgsiascoaeayer pad ppatisHicd ot spemipgmagk, in
convent i .0 I [ j e art. Suitable
substr at gi}ﬂ%:hoﬂrﬁgtrc?@igﬁgnﬁgg\tﬁ&vr%%lt(gg?gﬁe;,ﬁEtgg{I g‘?&ﬁ%?ﬁreysh egﬁgﬁ ‘%I el ectric |l ayers
may be prepaféghrdy ilbematend iopnadw ntthh odsickmiovor ttmctuno Emswdtedindfipareyt; ski | |
in the art. Non-ligi}i n% exampl es. of active regjons to which an openi ng may
be formed i ncl e HusERiPTESHIcPAYFIAr HricRy: ARBIINg 2dranFk 8l copictBivie um or
GaAs s Ub%g&ﬁfxfetem ifi e TR R Giclde B 1hYor, Wik ML hitnd@NfdIOG Y 85 % Aif@¥Hs¥s doped
wi th conventional N-dopants |[such as nitrogen,

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 iljustrates 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
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phosphorous, arsenic, antinony, bisnuth, tellurium sulfur, mxtures
thereof etc.] or P- dopants [such as B, Al, Ga, in, mxtures the{jﬁog
etc.]), silicide source and drain regions, netallization or conddc [‘:CeZﬂﬂlr
(metal) interconnect structures, field oxide regions, gate and/or word
line structures (which rmay conprise [doped] polysilicon and/or a
conventional netal silicide located in the first functional |ayer of a
conductive material, above the substrate), etc. Suitable gate structures,

i ncl ude  t rrdigemieniovfithe oorttind hele afasbisdjivearpyocsising latitadds heing SLC RBhiquddi ch by
way of exanpl epﬂvﬂlcjn‘})!)i %g a structure, a floating gate/control gate
structure (e.g. i eNeo TS Begregesssd pesorting toghagmpgest mventvngnaibe et c.

Bef d L i i . rs, Wwhich
orevent - ot o BRbARk Gl hRELA fio S IR of SR AR SheE w1
et chi ng t IBnitabletsalttrabslcompeisidy whive FegidTBYpapy Blubtes aANNBRENRNAerd thg'hd Y doped

source/drain structures duri th?é source/drain) well inplants. Suitable
spacers ndyensEd by ARy CHipnalgngBersi koawn toibiesesd ordisaoekill in thhese of ordinary

skill in the ar§... SuWe Lti-ng_a. diglectric spacer terial. by LPCVD
or PEQD, 1 of i EheARaERL ST Biof Bty eershinE Pt aipehac

mat eri al  taGofu@e Or & ieais RALRIof aAilicBhli deAtdrfurkl beGELL SbStrAPBAREN FBY BE 1 y be
sel ected by those of ordinar lsllfl I_Ig‘éi n the art and m@ﬁgrovi%géggﬂng}\gr
rate of ethemilypndér yeinheayily daped sithconnsdiiony] Helvpads [sditedsadtrogen, mat eri al .

For exanpl n I fable spacer. materi,al conprises a nitride_such as
silicon nPPPiP %81%61 g’%%e%m etH'H?WeEIEISH{haHI“IHF%ISnEPrr xtussereodsted 9 8xi de) or a
silicon oxbgty[Buch asMBEAl, GASInCAN S therdbCEB Y, Killiide 9REd AfiSurdin Mdibhde or a

second conposi tionally distinct oxide). Typical Iy the spacer [ayef will
have a wi SaellizREas OF eepdietitemetilintercofindet mcaibesuticld 08ide cegaraugatd aliler A,

general ly 0. A Wthip the context of the present invention
it may al g%p%gﬁ%gggpgﬁt @’h?%'rm?yh%)m&néﬁpdro ?cgp 8@8’5?% tae?é’f‘g‘ﬂi“@? detalc

mat eri al sibicide idcatedsn e firstefahdtionbingfer bhadon@hctive MaBRHae aBSTABE Wiktrate), otc.
(particularly -5 1 0 DEC 2004 the cap dielectric) under the conditions for

et chi ng the contifdle gpesnsyres inglhdr thoselsmarto ithse obordimangskil intthe ag aind

truct / ' ' Th id i ithin.the. s f th
oresont TR EAR SLELEG ErpEPMds sttt b folind QGRS Ge (e gate

from a nasierchat (sgdbr @son-esélhiile @ansitd), i adONOS tassigasact he difference in etch
rates between the c(gqr;t act dielectric layer and the gate structure. The
formati on of aBERF ¢fiPepileg theconiag dielerics encmay Bumepacerss whichbhay pravet pal i s

a0 oS e Y RO i

deposi t edmay prot¢cheorgabigorat ligiatyuoped Si€te/drain structures 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.



optionally planarized) by conventional nethods known to those of ordinary
skill in the art. Suitable contact dielectric materials may be sel ected by
those of ordinary skill in the art such that the etching rate of the
contact dielectric is sufficiently greater than that of the diel efcgrlj]@[;dzﬂ%
spacer material surrounding the gate structure under the conditions use
etch the contact dielectric to permt relatively conplete etching of the
contact diel ectc{,i c material w thout substantial etching of the dielectric
spacer mati¥ §4R diglsegichindgnthe gonditiana nyetobingt the cantagt offeringad evoid Bulfst@tut he
contact h . of, exanple, .t contact. dielectric |layer may
conpri se g#\%‘%&qﬁlﬁ?gﬁﬁg@%@e g‘?dy%ﬁcéi? herchg. E@f‘%r“i léwgkd%s%ﬁe 8f the peasendi oxi de
or a dopethwhliog af @rmgl Rsisciieehy dslebiib Myeshver GAt Qrosilicate
gl ass (BSG, phosphosi I?itate ngass (PSCY;a %‘lr?ﬁ?‘%rgg‘ﬁ?r°§§%€(§§ﬁ?sw58%te gl ass

]g Bpsg;) . THEIcew RitEde tﬂ;’@?@@}‘hﬁ dferancerin efch ;ﬂi@s Ha:gfv'eeﬁlﬂ’_ido_eﬁﬁacﬁ dlle]@ctgg_idy_emt eph
or densi f;jcati.qn anari zation after deposition. In addition, the
cont act dlmee1 g%&:% %u((:; ﬁﬁg‘t géel @P“?E}W 0[7% cERfEiGetric 3nd s seloctign of 8 suigablmphteriblyis
i sot r opi cwehEhihBgevel 8618A '%ﬁjlﬂhtﬁm}ﬁ y Sl ooli shi og (CVWP), by
processes known to those ?Ei Il'ed in "the gftﬁgaggéﬁ %’rng%'}fﬁ)ﬁﬁﬁggcof cont act
di el ect ri techaigiegsi al s i ncl ude conventional oxides, nitrides, oxynitrides,
and other dielgctrics, such as spin-on glass (SOG, P-doped silicon oxide
(P- glass), si ﬁniac? eﬁ‘?"ﬁﬁré‘éleftgw%wagm fdepopited:oypi the Eatestfuchuye (andf t he
gener al f @sipahBy Slat AN Shvi + = _.a),. A1203,. t al
nitrides {g‘ﬁ_ch a)éﬁz;ll um n)u%uni Fr?%&alé%é&&nw&y{ééﬁdOkdmaryS i ('
t et r aet hySwitablrowintict dielscivia sederiasimieshe selett by o3 bfdinab WH INATHOXY Bidy | des
b

(e.g. of the general  faormula AlbOxNy such that (2x/3) +y = ,

al uni nosi i”‘tc‘B%J 5@551.%3‘8?? W&B%taftﬂée%m‘i ip uificiently gugater thamimbef thodislecaic

[ Si aAl bOxdNyderWeéreal ¥urrord@ing HRD = + and. boron- and/ or
phosphoroqs-eéo_ped al 1lljrrrn0 naitngs aénage %I[Elgt#l)len%nsﬂéfi{hgac?nedz%d"ﬁru %%etf’ﬂﬁ i,le tHeaLont act
di el ect r i delegtre & pamitcglapydly esmplete alchingaff IRSGneoNdidbdighatnabk@hdg % of P

(relative th mof P -6 1.0 DEC 2004 atons and Si atons) of 1-15%
pr ef er ably Bgaﬁtf&? t%ﬁ%lﬁé’ r Bﬁﬁéjfeg‘?cgﬂﬁ Spacer pdgriaktradfor while relipldk pexectiof thevgrtec ont act

di el ectriiQ fray @e dontddOhol®AEH hiobésay IB6r bidhd: erably is within the
range of about 0.3 to 3.0 mbrmrggy prefera F’gh%%tmtao(ﬂél%mﬁ?ayé%@ﬁy nor e

pr ef er ablopmprise exs or morp layersaf dighictal matafialesifcb s 8iliEonlBoxid b Od HeWishiche
t echnol o b 6.,m, The ct dielectric |layer may conprise a
singl e di%éﬁsec cr'hiag ﬂr'flg{oés?hlcgtle ggafs ﬁﬁl(n“b’i r‘éml“f”éf‘y%i“s_é (BPGL Rosphiniliente glasst er ent
di el ect r i(BSOR&RVraoSopheMMOLiEAIhATRPYGS A¢he ﬂinﬂc?&ﬂautﬁc ntaéhial | %”@h
dielectric material of the same, or preferably greater, TAICKAESE as the
i nt er confBRjectde p geflay €en Br BensifortierdandfremiinatizBion addd 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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trench dielectric materials may exhibit a higher rate of etching than the
underlying contact dielectric material, under the conditions us ﬁ Qg eéﬁ
the trench dielectric. Exanples of trench dielectric materials in G 004
conventional oxides, nitrides, oxynitrides, and other dielectrics, such as
bor ophosphosi licate gl ass (BPSG), borosilicate glass (BSG, fluorosilicate
gl ass, phosphosilicate glass, undoped silicate glass, spin-on glass (SOG,
P- doped silicon oxide (P-glass), silicon nitride (SixNy), silicon dioxide,
silicon asom ad Sieat¢ms)gf 196% hefogeieBdl %, aroraiprafefablyedoki¥g] such that (x/2)
+ (3y/4) = a), nitrides, such as alumnumnitride [e.g. ALN,
Si 3N4, \V20%, ﬁPﬁ‘glaWn@f*?SHBQhF centaqt digleckr layar dsot partienlanly bmitednboki de,
al um num 0 uch t hat
9¥éf&‘a5f31 1g%th(1?thgr£\ng£ of BGuEERNR 3’:‘{) thfg{sw%,ﬁgire B%;.Lg“{,l L. BYED ekl L eneral

(2x/3) +y = al um nosi I "'cates and ni

forml a [&caé\pmmmwomar(epm A t¥pical vahleZod @19 A gd®/wAdth thohnolR@y aiky KRN/ or
phosphor ous- dop T%gal um nates and alum nosilicates. Preferably, the trench
erti

di el ectri &-GHp |coptactidulepirs Ipyer maamﬁlpag%a singleldiglgpioic mayriabbymitkipf TEOS
(al so knoygg, ASURL A8 Y #’{@%e’c a}%@  tetraet hoxysi | ane), which vapor
e e

may furth Include trine ora ‘as a boron source and/or

phosphi ne as aOv[&H@ﬁl@théﬁtaSlQﬂélé‘&mc Rla tPenBl 8SRUIHG nRiterfal AL oP. 3 to about
1 torr and at a tenmperature of approxi mately 640-660C. The thickness of

trench di Breégahl chwaéfgreﬁmoi%eswthgmrp@um@trswctmm b@ﬂ)rmbchthemref&nabley i's

within th 6 3.,0 re 0 to 1.
even nor eﬁ Ilé)r e %%C%pagéﬁfgq?gefh%“ahlﬁ%} agof)treé@]él&tg @F}r/l@‘?eéllﬁ‘glc@nﬁcbat e
w dth, t h&leleb&fwhaﬁehalﬁiﬁﬂﬁﬁﬁle ccﬁfﬁﬁ/tuﬂ@ u@é@ﬂﬁfetcﬂ ﬂ?@tréﬁ'ch a_i@%cltrircen(:h dielectric
| ayer may conprise a single dielectric material, however, it nmay also

conpri se mul ti Bramplageltengh dl@l‘?@t@mﬁéﬂwﬂs ig¢lndesoamentidnallogides, initrided, er i al s. | n

Figure 1, crure | ust r.at S

cont act dlgmitgt% %%H&ipglglg&fie@ téﬁsr ?uochn N Omp go g?séhc Frgtf@f a{"%@ hﬁgﬁlﬁi %‘ﬁcl udes
gate 12, glaap('BSd])eﬂmﬂbﬂh&te]@ass Qilldsphz:sﬂ{cﬁeg%% 2R@ped ORtdOPRLY, ¥)in SRFERES 2,

(i) an overlylgjg trench dielectric layer 4 and (iii) an anti -reflectlve

coating | @HG): T2dopag siieqn qxade Beplase). sitieen nitrided Sy ewdljcomaljoxide silinont he

substrate r h e formed in
the trench )82} ﬁgggg%@a ﬁ%‘%ﬁ? m?‘ﬁé FSlaemﬁgc gh @fﬁfgq?d r(a{/? _émﬁc‘@ﬁw nti onal
phot ol i t hagidepkidch @nrthneiah nhigdd [efghnﬂlqyS@MJ“Q@Vt@tfaetﬂyibr%&ﬁb&le—gﬁs%ﬁtoﬁfdes

resol ution durlng photollthographlc processing, an anti-reflective coating

(ARC) | ayadd ti luwld&ea HEpEE Puikdesipe. ehismeras frivedAbO N eudh baich

O] o .8 il B o B SR A0 ™
where x =2a + 3b/2 andy= 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

-7-



‘conprise a bottomanti-reflective coating (BARC), which may be an organic
mat erial such as those commercially available from Brewer Sci enoleﬂ(ff?ﬂ:lz’f][}l,
Mb.), Clariant, Htachi, or Tokyo Ohka (see for exanple, Singer,

Sem conductor International March 1999, vol. 22 (3), pp. 55- 59, the

rel evant portions of which are hereby incorporated by reference).
Alternatively, an inorganic dielectric |layer such as a dielectric ARC

| ayer (e.g., Si XNy, or DARC(tm), available from Applied Materials, Santa
dara, CAXOthngﬂlc)rﬂPﬂmﬁ Al(ll)ﬁmvleslymg tr(eﬂclg:ha]wﬂ)lc layerat amd (i) i@ yus- adlectsid UCE UT €
conpri sing the 10 Sl rrentjo er materials, may be enpl oyed.
The di el 88 gc‘g%‘ifaé M“mgm %QUAPSFF\‘F%@/S]@P igfihersubshaeaii edizomt % the
about 1, 0Q@eAruttiRizally 300 A to 700 A. A photoresist |ayer for
patterning the trench dielectric may be formed on the trench dielectric or
ARC | ayer by cénwenrhingydic foraiddan theltrenvindieetib dser affthodetiitaacisiithbnird t he
art, suc The resist material nmay then be

as co
convent i oEﬁPPV%H?"F@PH@SF%Rﬂ@%‘FW?‘%‘ﬁﬂ%fﬁchm‘i‘@ﬁ i Hp¥evenyio eblainggreaterheni cal |y
i nert pol hot or eac agents t hat
e o) OB RRAE. ABHES  BE BRE R CRETY L1

an or gani magéedeppéed Smthéeﬂﬁosetﬂ Bierfdd8 6R e BiefkhaliéleddiPRhAR e de%@ﬁhﬁé a
di ssol ves, | eavi ng ao‘;gfp f/marl c pattern in the exposed regions.
t

prepar at i Bhotanssist lagg OHRINgfa tfﬁélglamﬂ@‘e(s%@gw ZireDeg $uathlle AR GvaRi n t he

| evel of f I art and can be perforned
wi t hout un (ghuﬂ) rllsg%pbé)?t?ﬁle%h{tg flcl%lrt{o‘gl %aél?:' p% q'&rﬁlfl){ PRI BH ’é‘é‘teBF Isughagsiive
resi st sysioss@ommelciailg acznaslalﬁcﬁ};pm@weﬁldﬁh@qmﬂ@% Netalahy bt Sl fokyds Wel |
as negatl ve resists cont al ning one or nore photoreactive polymers as

descri bedOhn (ees for examp! régsediordiecrsndartiet 9okeigd? (. B t i on,
| 17, " 80- 708, th | t
borti ons- o UpEfearl ?J%ﬁ%l?gﬁwﬁ are T EmorBORPr oAl Al St 5004

portions of’ ich a eby 1’ ncor por

Posi ti ve ineggasicslidientsc tahertsadsleaﬁ diviectfio mpERMrge.£ NBIO, BT &r Bt ¢ 0y gehilplet he
regi ons xpos pgﬁéo | i ght, ically the resist is refroved in an aqueous

- al kal i ne EoPdpbing Mateis, @Wé E@X"f)@s"éda rastifieial ARG dwlevtess Elﬁayiraﬁhétllayered

preparat i r materi,al s i.s within
Pever of SufieerRRRTs O BoudSleblishea ¢ Hye BAGRAS st B
wi t hout uhclnenc mtayﬁam)diacma thﬁh&@& 61 feorn @Bout 200 AitagbR% DL ES ¢ ic i tabl e

positive i@?ﬁ tens include Shipley XP9402, JSR KRK- K2G an KRF- L7
positive s well as positive resists containing one or nDre

phot or eact | ve;p a/tgg%g@“ qﬁ%%élgglg t“lé"tréﬂfﬁlﬁle Ih{gleij;ld)E‘?e(I;%)cI opedia Ofgch

Chenmi cal Technol ogy, d| tion or eac
Pol yner s"dielpdgesr ARG-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.



708, the relevant portions of which are hereby incorporated by references.
Exanpl es of resist materials are al so descri bed by Bayer et al, |BM Tech.
Disci. Bull (USA) Vol. 22, No. 5 Cct. 1979, pp 1855; Tabei, U S. 10 DEC 20p4
4,613,404; Taylor et al, J. Vac. Sci. Technol. B. Vol. 13, No. 6, 1995, pp
3078-3081; Argitis et al, J. Vac. Sci. Technol. B. Vol. 13, No. 6, 1995,

pp 3030-3034; Itani et al, J. Vac. Sci. Technol. B. Vol. 13, No. 6, 1995 pp
3026-3029; Onfuji et al, J. Vac. Sci. Technol. B. Vol. 13, No-6, 1995-pp
1995. pp 3022- FaRGjveTesict have rdibtoadactivk. cokfponenicthat afedddtoyed iBtheYogions!3, No. 6,
1995, pp 2986-2993,; podieci et al, J. Vac. Sci. Technol. B. Vol. 13, No.
6, 1995, sposeddaliglt7[yrxaly dhe revistay rempved jgan agusous alrglingrsolution wheet the13, No.

6, 1995, = el t C i..dechnal.. B. .Vol. 13,. No.
o, 1095, BRoS3E0Hc Rk RG" Tt prodyal Heagebo P8l et g,
1995, pp vAiE9 thedbddl ofakill dfbi©sRoréharglskill in RGart Sican TesdiPed Wathout adudNo. 6,
1995, pp 13 82-1382. The, relevant portions of the above-identified

r ef er enc&sparimpentyéQie r Passificmen himitng etamples ghshitabllepositive waisofystems irsfude

terial .15 _h i d . Sel ecti f I.esi st
mat or i al P R B R R UG LY P T B PR ORI ki 1)
of one okoRaRINEsNE oskorelphbidreabifrePolyniidascRErded REK FR OB M PAbbedihsue

experimentation. The photoresist [ayer may be patterned by conventi onal
| i t hogr affgmécabpschambegy, 8 Editiays eolot 7, entitiaddPhoteteattiveiRolymes"apdges 68Gh as by

exposi ng hot or esi st | r..to radi ation ed _through a

photol i t H@gﬁg‘gﬁ@evﬁswagﬁcﬁxﬁﬁ}bﬁ&? Fvgbyeg?ﬁﬁg?}gg,ﬁip’&fﬁm- by conventi onal
devel opi ng, C@aRaRpRAWEEesit hRASIS aRkAMdoUeloribe@bY BARQRANNBN LN DI MBNP
pattern of a netallization structure. Depending on the type of photoresist

mat eri al (USARVol. 38sNei §6cbl97% epa855 Apbei JéiSed 62349 Mjlonsl 2if). Vhe Sci.

hot i st i gl |.opi i th i tapl
Glevel opel PeRD & Stk A a8 T it e AR o etibed o, Yoty baki ng
ina fuinaeels, Pe9NHp3036BLSE AN aBY NcNGei. TEhAIOBDES. 29040 B, PRBLHY esi st

is deposited and patterned to forma trench (or |ocal interconnect) mask 5
as i || usBO2t-202% Rhfwigelad JpVaqiSei. dxgmebd. XRE 1Balers, 129 appi38226302h; di el ectric

materi al . l.ayer 4 be et.ched, unde diti j myve the exposed
trench d%&é%’t‘ir@tr_acl’ rr'nwaecr'l ar Irﬁ‘g‘\?\?lt ﬁog'f’{éﬁ’g@%n{‘%s?ﬁ%&%g%@ﬁgg . 'l yi ng
contact givalcesdir Techial. & Val. 13; NS935, pp 096812960 BanigiBYa1 e vaglseet ed by
those of ordinary skill in the art and may differ depending on the depth of

the tren€erhankiBt Nolnid Npeb.dPo%pmp8sT£Peh Xato elsb Ji VenShi. Tasfdob Bt VohdBl y t he
coniect) i, S1958 o HAS Bl e U8 ek P VA IR b St
di el ect r 24t ayeMaydieet B R&cdSei Of echind. VISl €2, N, DBSCHOI B8P-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,.



with He at a pressure of 5-20 Torr, preferably about 14 Torr. In addition,
suitable etching conditions are as described in co-pending application

U S. Serial No. 09/326,432 by Qao and Nulty, the relevant poft(] Q&f 0804
whi ch are hereby incorporated by reference. The etching gas may be those
typically used by those of ordinary skill in the art in conventional
reactive ion etching. Typically, hal ocarbons such as CHF3, C4Fa, CAFE,
F-134, F-134a, %4 SF6, NF3_§E% Cl2, HF HC, CA4, CnHxFy (where n z 1,
y z 1, and x +APRotoresistis depositedandpaterasdindpran a ipmsh (®dpgahintetoonned) 688k 407
and/or U & %@gﬁﬂ 2 I [ f ich are. hereby
i ncor por at§ od ys(%lr%eefd glr]ence%é]r'a};}cliﬁt %?Q%egr‘bgés@%gr eo%n?j tgér}lg}f gll;]e?ﬁ%m ,layéﬁga

and/ or F- id4deancheimmdernoadidombliciaremiort tHeexpéseChibdh Antectdaaksae U. S.
09/ 253,991 filed on February 22, 1999). Carbon nonoxide may al so be
i ncor por atddophgsipdallysteniahe yaderlying santagididessic maampd de Specifié toriditidrtse

context o i 1,0n . ter "etchi. as" .refers to.the
conmponent gna 1&) %ts eeg%gg&éﬂr)&égg&ﬁ%nx usﬁﬂtelﬁ\f\lﬁﬁ%éa W@HWC%H%CCP&PWIH% sderih ot of
t he pl asnmehevhineh agd dleamnidier da,hg)bgﬁbﬁ blGthe bYW (bt @?ioﬂillﬁﬁ&&ﬂn‘i‘z[ﬂggﬁég

u

described herein do not include oxygen or carrier gases, unleéess ot erwi se
i ndi cat edfaysd- tidedrench digleeic anagdriabd ohiy g cfectivelyefehed withpit cabstantial t o 500

SCCM nor f to.30Q. SCCM.and even e eferably 25 to 250
S O EfLEeP i Unten e LRl PSRRI o v EeBme boaq ey
conpri se withdld itQIpreRereDIS20AD\Bredfbbly Mout PPToE O addRidR,; sdiﬁble%fcgirgz and
m xtures thereof. Typically, the total flow rate of etching gas before

striking eenlityinggreeasi deseibed in edpendmgapplicaibn Y. SyriatdNoe 09/826143 gy Qivoaindf | ow

rate of e i hal. na e ring an tignal flash strike ste
or subseq&ém{’qg? g%;svﬁﬂtt soé‘%%rﬁs %W?‘é(ihg%(elge)m ufllnc %atﬁﬁ?gg@'g%‘?ncgui t:tbl Z clondi f i oP\s
are di scl osed TRe &lcifing B8 ha bd\Bsse (0SEABIsEOBy 1HO& %f%gcggégéﬁm in? 2 i

08/ 935,705 and U.S. Patent Nos. 5,468,342 and/or e Televant
portions emveriiinghreasivenat eéplying nCxpigdly shadetaibpns sk neGHE;, G,Ef) CIF 0FDBE, 2004

Under the t ndj t r.t rench dielectric material, an
et chi ng rFaflghae?andsn% @Jg’c glﬂme%e%?qiﬁéggtl“cﬁlﬁﬁév ﬁﬁlfé‘?nfﬁeysfell’ 8 B Ysetn gt

condi t i ong) (say he eganplacUSASEm Nov. 08/68B4FM I 08 BN Paler $UEEE AN IHe3LYadt€MOVE
trench dielectric layer 4 to a predeterm ned depth (but "at |east wthout

et chi ng tRrstiens i Fdictare hergby ingorparatedibairefeyencefland thixtarepthesof, prefetiblyhe

conditio a tJ ) rov] ch _an et is wthint | evel of
skill of n?ﬁgg glglf)“fdng}r:o(%?n%%gaéiﬁo% I}r%t%mﬁ & gjature gﬁg}% ﬂvg (Il:‘? b&gﬁﬂ%’ take into
consi der aad/m3, 9N dilehore Ketesay andi 90y MO MBndXidd gy A§EmCifcorflbBle8 Ghtbinge | ayer

and the paraneters of the plasma. Suitable etchant gas nmay conprise C2H2F4,
CHF3, C4Peiclupgisases an apuefiaherrapayenix i Withia the cpneaaf the prasest m@entiant thie ¢drmt r ench

di el ect rigching pas” 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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| ayer. In one exanple, etching a PSG contact dielectric layer with an

et chant conprising F134 and CHF3 (C4F8 optional) and optionall D'aﬁ thg
presence of Ar, at a total pressure of 10- 300 nmTorr (preferabli gt U
mrorr), a magnetic field of 10-50 gauss (preferably about 30 gauss), and
at a power of 100-2,500 W (preferably from about 500 to about 1,500 W for
a length of tinme of about 3 mnutes, may be sufficient to renove from
8,000 to 9,000 A of the trench dielectric layer at a rate of 3 , 000A/ m n.
The result is Hndaréhesel@tedstamednditionstfer the &edh didéctlicmaterial, ingidnng raté\f t er
the trench djelectric . materjal has been etched in.a pattern enabli.n
Format | oraY bé I SiTnGH EB Feie 4P et S Abearisheb R Bt rElr et sk 5
may be r ANE Ak AASdiKBAME 1l 4 BASReRierRiidl @ i1l in
the art ?@}égﬁkggézﬂgnd 3%%%&2%58%&%2% act openi %g rra?ﬁ 7 may beeifg%r(grrlztd

t her eon (stdeasFwihomestchingdhdyqntat( Bpleaimd nipfenal ). Hihg deterndiBatiarpidiot ¢omdaions et ch

stop layer 15 of_ silicon nitride_is i]Jlustrated. .Fo tigon of such .an etch
st op |a§e¢ndit§ne(w (B oY j%sqcévagpfcefs wihip e sl ght B CERYP X REIN D 0t he
art, wt htg.gagf %ﬁqu,gegqmné fild Qsiderstitid B KRR LR BsthysdsifHRloet @&&cﬁor :

and net ho orm he contact opening nmask are as escri bed above

for the tdierehic sk andihe ppaineersoiftios piedhna. rbuithide eiolinagis mpecungisa@sK, b,

typically a circular pattern, corresponding to the.desired shape of the
b

cont act . PHF &nb #Y (s ctehiag apmpdmate a3 R00Ayhisk trsachrdislgtEc under
i tabl dipti i i i . BARC
1351 G0 s R AR LB

resol ut i o 3afantl M EACR GhtibiNeantepkonall iethe baseicagl Ahat s endlacissapenitg

mask, the exposed portions of the trench dielectric |ayer and the BARC or
i nor gani c3maTor GrpkEably boyubat mAg). ayeaenglicdigldabli0 gapst @asiepblypbowiihi ng.
The trench die i b3 <oFB i 91T i above,
and opt i%arllwéﬁ)1 %??l%lk%'pgw%fﬁgpéf%at i(gr%gee%b@gtﬁ%gﬂ%ﬁt@ﬁ%n-selﬁ{e%sﬁs/?)va&ff regard
to the ARen@hef fineofibdut 8 nbkies 04 beanffaiht Wirahectfrine 8J089 &r ¢,800 ARgnlval of

the ARC | ayer nmay be under simlar %ngditi ons used to etch an undoped
silicat e tinghdieldclic layer gt arateelch 009 Admpr Thp it e wweh Adermedan theitraoeh ng

exenpl ary,. i pnditions for renoving the BARC | ayer conprise exposing
t he porti%%é&ngwfﬁe BARC | ayer to be etched to a plasma conprising CHF3

and/ or CF4, opifianied trench dicldvaic pstesahaebah efehdBid a(jpriemenaliiing farmmtion wi e

e o0 e RLe SO R 3200 THorL opd o, pover o 100,500 et

., 0 2RERGE 1t R b . g 033 o ol i
mask 7 may be formed thereon (see Figures 4, 4(A), 4(B) 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

11-



wal I's of the trench 6 fornmed in the trench dielectric |ayer 4 are shown,
through the hole in the contact mask 7. Using the contact openingeﬁggk 7,
t he exposed portion of the trench dielectric 4 may be renoved un 2004
conditions as previously described for the renoval of trench dielectric
material. This may occur w thout substantial etching of the contact
dielectric when the trench etch is selective for the trench dielectric

relative to the contact. dielectri | n one enbodi nent, _ at |east sone of
the tr enc‘f?“éﬁcéﬁ‘@ﬁefmc aﬁ@érﬁ%“‘@é?%@? ARE leyce RN be updsraimn i gouditiansatsednt act

the tren fie _ ‘ Bl g
under | yi rg A ReerrHepp AR B0 TR b R AR s R U % e

i s prot ecéxethplarpmchingondjtibys fohenmovigliyd BARClayenedingtise kesdstrigahd porgongd
during etching of the contact opening (the so-called "hard mask"

embodi mertf)the PARhlayerdme gichehio 2 Masmacempesingit HF etndlar CHasgpsionailyviaythde used
as a "hard " \ t agt ening 4.n t nt.act

di el ectr ipcr?gggi?%(%frﬁ-?%‘l \f%&%\){g’?& ﬁé&%ﬂ?ﬁ{%{eﬁg aégglgﬁsgéeq%f:‘a?wtt%ﬁze@oplgﬁ?léraﬂga cont act

phot or esigdwes®$ k00-1)000 hiatis Bthe thsemilof ArhBadkemt a&ilingﬁﬁ{h He hiSa ptegdrel ot 2-
pattern an opening in the trench dielectric |ayer to expose the region(s)

of the colftBat in thf absseeq ¢f@ thagpetic Beldid yefaged he active region of the
substrate to ich.the.contact opening w.ll be. fornmed,.then the. contact
mask 7 is ren\é\@éoé’ WY oF ec#%&@ﬁidﬁglgtuﬁeg‘l @dlrlullsgﬁtfagﬂb]g‘ﬁ\“ﬁ ’F‘rﬁ’(@ﬁ]@ﬂ‘e S9%e cont act
di el ect r iatlsa¥ee thenchNGti6inddqnteatens ditB&riE YEAFire SRS, AYESh the h8R in the
illustrated in Figure 6, the sem conductor structure conprises a trench

di el ect r icontaghyroask patterned with a trench 6 and an opening 8 to forma

contact opening.in.the contact dielectric |layer. 1. I n the enpodi ment where
Che trench i arutd b 5y abate G £ o fospd¥Siipm op e el oleek A on 't ne
contact QReAhHed waBtiontiRibgs S 126ViSusly \ddstitiRa (thSrehlo@NUT 1dh&l &6lekiie

thickness which is greater than the trench thickness (preferably by> 1001

., nore predtefakblispyayagourishopt gnbpawial eGhing of thagorted Wialentic whet e ashgh by >

300 hcally.. 0 d h di el ectrj
at or i ol KAV relest¥E R APt Rl P b s e EPRRTRG T HE Ftien

di el ect r ia€lea@iseit af thewfath dielebiei mERI badbw e tRhENE Comdifs St he@ORbEXt , an
etch rate for a first material is "substantially different” fromthe etch

rate for dilesdiolageriatlB thinpmpediment, theicoripgs diclasisicdaids undgflybeg bo frenahed iand
"selective®) if ratd t t ch. r iS.» 5:.1,.nmore, preferably >
10: 1, ev\é%l%r%sroéh&g%gftgésgg?@gng d%ﬁ':glc\.‘glﬁ(f?l}sg:;m ‘%‘E"gﬁ%‘jﬁi%‘é“@h" ﬂcl% Y%y?ngopeni ngs,

t he trenglendtadielectfic (a4 optingonetihy ofthetint@t SpeningayhelRe-callepmad Ayskpl asma

cl eaning by a conventional oxygen plasma etch (which may
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 thé 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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‘optionally contain CF4) then by a conventional sulfuric acid based wet
cleaning. Conditions for self-aligned contact etching may i ncl uc'e &Eﬁﬁ? 4
nore of the conditions Ilisted in Table 1 below Table 1 Conditi o“ e QP
RangePr ef erred Range RF power (W 100-1, 500400-600 pressure .
(mTorr) 10- 30030-80 He cooling pressure (T)2-305-10 C2H2F4 (sccn) 1-503-10
CHF3 (sccm 0-20020-50 Ar (seem 0-20050- 150 C4F8 (sccnm) 0-500-5 Magnetic

field. (Gaussg)0-5010-30 bon i de ptional be present.

Referrin ’ta(’}a ﬁ?ﬁ’h?’é’reﬂ,’m@%ﬁ%‘g’@ g@@ﬁéfy@%ﬁwx %W’a&@@ ‘4\)\5 i2gd @) dhrespntast f orm a
cont act I 4:9h | | | f 2110 C ctor
cubst 1 at o ag A matert A T Ul I P Bk R B B o PR SR,

openi ng Syhehhithpantieriaied etchahdh this @inext, kh etch ayefor 4 firmynataad fsi*ombstadgaley " har d
mask" for the ¢ ntaﬁ% dielectric layer 1. Geater tolerance to nmask

al i gnmentdidsTegr omyiheickg oA dorgaeend matgiabfligpaiichy e cioh maehreensideredct ri c

| ayer 4 i £ or : -ali nt. t i,qgues. Etching the
cont act d%% g%???ﬁgfgﬁgﬁﬁgﬂ%ﬁ%”%ﬁﬁﬂ%ﬁﬁg}%fﬁ%?ﬁ?@ﬁ%ﬂgggg%ﬁaﬁgmwggﬁ may be
acconpl i ghsferablydets:¢ondi ti ons known to those of ordinary skill in the art.
Suitable etching conditions are described in co-pending agﬁjication u. S
Serial No. 09FPgoptugohing fhesgnias openings, the tregbdayey 6 Grdeptinehliudpeying Bhe

et chi ng gas(es { e.the sane as or different from-13 1 0 DEC
2004 1 e TEy R leantEbE BBy SRSy £ AR Y MR PRy or ef o abi y
sel ect ed opGorl9 \CbiireCF 3 A bl la\e8m@hfal sulRYic REd Bele@ WleBleidifgn t hose i sted
above for the trench etch step, and are selected fromthose that are

useful in contenditignafor sdfeligngd condact eiching myy inaludgene bt mereatfitheconditiods ment |
the trench di i yer 4 may be etched to any predeterm ned depth
(but preﬁgfglftﬁgéﬁgﬁﬁégth of from about 0.5x to about 1.3x, preferably
fromabout 0.7x to about 1.1x, Wnerea_x%ls the thickness of the trench
dielectric layer), and during the coft gdt etch step, the contact opening

mask 7 remains ovep—the-portions of the
ondition General Range | Preferred Range
RF power (W) 100-1,500 | 400-600
pressure (mTorr) 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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trench and contact dielectric |ayers not to be etched. When the contact
opening is etched in the presence of the contact opening nmask, i(kpa[ﬁcﬁwbﬁﬂ:t
opening wall may be forned with a sloped profile (not illustrat i 4
Figure 6). Suitable etching conditions may be as described in co-pending
application U S. Serial No. 09/326,432 by Qao and Nulty. Alternatively, in
this enbodinment, the selectivity of etching the trench dielectric materi al
relative to the contact dielectric material is not critical, and can be as

| ow as 1:the etphigegastishigr the desdisotchniigp (bat whieh ars araferaldly orledéd fogravitde fir om t he
et chi ng gas(ses i.he bove for the trench and/ or contact . opening
etch steps fe(:ﬁy? étrc H’Z?’%’h’ibﬁ égf %%‘P%%Ig Ahas ailgﬁd fhoxe g%rlfea%qnc% F@ﬁ S&prand o ‘gy er 1,
the cont aglectedRith fighsBBEKard ufERY iR SorfveARMRALrcRYIvE RiV@itidONal  net hods known to
those of ordinary skill in the art, the result being illustrated in Figure

7. Figure 8 illInastaltgmatve ¢vebadenintdhafrereh didqstsi leyand neaythel ekched todarst | ve
material 11.in the, ,cqntact ing an rench. Prior to deposition of the
bul k condliEdsteraingd %qpﬁaa(fbuth‘?f%%ﬁf} tBthe tﬁ‘é’&ﬁP put ‘Piahﬁutdr%‘ Brefasahly i er
| ayer 10 fc €«

18 aBSutfoo B dbok el AK&E x%@th@%cﬂe&iﬁ%?&gﬁﬁfeﬁ?ﬁﬁé@e{% Q.Igd raterial

conductive material to the dielectric materi as we
or acti wmringghoeonidvectebstephd @ngct ofeningmehisk Uireteainsdver thalpogtiohl ofthet ungst en,
WS x or Al ollg dqoﬁqed ol%sj licon). The layer 10 may al so act as a barrier
to preverfengh aph iR digiseirigdavse nobiaRasiicherle Whet the coBtashrpening ingishadiial  and
t he underd, yij i i -ayer of
g eri oy bieret BpcBhftact LBfite TR BhR0 HAMRE LA ufhy N Kiufed iRV
i ndependetipey prafidé éott @biscétedindigure 6pRisiableengirgrdnditioeknesses.dedieivel invi t i ng
exanpl es of "syjtable |.i nﬁr{]v\etti nglbarrier yer naterials include

i

I
i tani umCORPERERBRCHE Hitarerial ¥ QAT “EHoRiogand Nl Aksma vl sy gien,
copper, RhftkAlment GROSMILcrivilPbE RcHIgS ml:%eﬁa.lcd(]eiéan-é M a'ﬂemivﬂaqﬂé Hffact
I 0 oys thereof such

pal I adium osmum iridium platinum g and silver, a
as tit anidisledtungstesnl is abiomitinaipartdi dan b asoor asdl: LinTheuatebéngd gas@as) mayrie the

conductive nitri t hereaof, such a ntalumnitride and titaniumnitride.
Pr ef er abFy™f ﬁ%‘f’r-‘%gt.se HQE‘BE%%%EIQ W@Fﬁ@iﬁ?@%‘m? f‘irgli‘e‘tf"é&‘?%?‘“ e ¢optaghi um  a
convent i QPéﬁin% EdcRRIcHE ANGIRRHER (AL bW} in Ttl’aetcﬁﬂiab'trﬁicl&hti(]g la?ﬁr-el, Yelntoe

liner/wetting/barrier layer is titanium deposition o
| i ner / webpémng iask 7 aray bayarovied bp cestwentidriay miecthiolokwesvnidy thaap b Hortimerynsdill in

anneal i ng ( in.an. a sphere.conprising N2 or NH3. The -
| i ner/vve??ﬁ %%{qulgkelq%@ﬁm%gyn&guﬁ% osited by conventional methods known
to those of gidird@ilhsEhibd the HEviddBieRbposiinh a BIKREM L midferiRl ASHEHY APOT

deposition, ionized netal plasm, sputtering, etc. Deposition may al so be
by a col pﬁmtaqt@@erpng)g@gtgqncmhgnqmp dieprsgonef thethalk 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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‘l'iner/wetting/barrier layer is typically fromabout 50 to about 1000 A
thick, preferably from 100 to about 600 A thick, nore preferably.from 150
to about 500 A thick. Typically, the thickness is 700 A as nea up at2084
flat surface outside the contact. The thickness at the sidewall is
typically 0.1 x the flat surface thickness, and the thickness at the bottom
to the contact is typically 0.5 x the flat surface thickness. Wile the
liner |ayer may be deposited in an amount sufficient to cover the entire
exposed Slinef/sedting/baner lapdrey titamiinha portvhtichielatienioh-tirgstep nBseattitamvent i on, it
is preferabl anount sufficient to cover the uppernost

osited in.a
surface dfm”t(%"e V%Fgff a]ftlwp%w?tggé}?gmfﬂéyergq Yaniygy feposiver ¢dhs om of t he openi ng.

During t | b AR Ohvd b i i ; Wt IS Rr abl e that
t he depogﬁ#@%@%onﬁc¥%ﬁrﬁﬁ%ﬁif\r&g%‘ﬁdﬁaﬂﬁ&}rﬁrgﬁrleﬁg?. éarhg pls’g%;fn a(‘.“Peposi tion
may be cangldepiege ymprisivel] orditdl net hods known to those of ordinary skill
inthe art, for exanple by collimated sputtering or by lon Metal Pl asna

(1 MP) net hods. Theliggievetingamiontayer mey,be deposiicddyicorventionabmethags kagven el | s
ith A . } . j - di . X - at i
ayer iy i@ REFdinkd! 4t 6 Bk LRI o anel AR ope AT BREAMERGIA || 0

| ayer is plisma) sp@fing! @c.bREFokiEibn iy @iso®k bY iaNolimatdd\Brdcessp rakeRitRbss SHGH a
barrier layer may be forned by nethods known to those of ordinary skill in
the art inerwisttingfauacrdsysesityriealytfiasm aboutptosbeuid009 Ashigkepratsvably Bpar ed f or
metal de iLtion w .econduct | eri i i.S. articularly
limted Fal& AP t\gﬁg? t?1}1(%[ ﬁg%,pr?%ﬁb%@ppid "é’ﬁﬁﬁ%ﬂéﬁﬁf‘ ‘ﬁl?ﬁgtﬁfpg?ﬁ“y’ tg‘(?pper,

titani umehidkhay s 20004 2t csunfta st & Ner Rethee Qithide thOE&TARE. aPho/thithHEss AtiRe Ccopper
and/or tungsten, nore preferably tungsten. Non |imting exanples include

an Al - 0. Bidegallds ypycalluf. 1 xthe 8ptsgrfgog thickagsk.pd thehickyesg thepotgm @the W  Cu

and Cu all oys.- . r [ A , the conductive material is W
~15 1 D R ‘é‘dﬁh’q’éﬁﬁ"?éﬁ%fhéglg%%“ﬁg?gﬁ‘gc%ﬁ%i tions are those known to those of"

ordi nary ski | Iwhife thedinar lhye ithy beRi¢p@tepin Sentepoaitfididg tacsbngk entael k | ayer
of conductive material. Deposition may be conducted using an ot herw se
convent i GKpesepEYERcEAL theayaser. withindhe scope alfhaPrsent Inveriion, Was prefesbbter ci al | y

avai l abl ¢_s i AS, r{ st by

hopl i od EEabd FLADA ARRBIRHR 1o SR BB AR e BHENR T ALY o

bul k met gldeeallg and Bbttonobf E ppenigD ety the adpokivion sf tp lifedidtiing hea, hoei ) or

three-step (cold, hot-slqw, then hot-fast)  process may be used, where
©

"col d" =preferaplsithat thexdepagitonrbe condyeted ip@dir pirebmamiey; Riretionsl deposition

may be conducted by conventional methods 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-81-0.5% 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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60C. In the first stage deposition, SiH4 is added to the deposition

at mosphere, and nucleation of the conductive material occurs. @i BBBI 2004
"three-step"” deposition conditions are described in co-pending application
U.S. Serial No. 08/693,978, the relevant portions of which are hereby

i ncorporated by reference. The distance fromthe sputtering target materi al
to the wafer surface is generally fromabout 1' to about 2". Final

processing may conprise planarj.zing the conductive material 11 and optional
liner/wetting |S§‘§}gﬁef%£’°sﬂg?nr?8? BRSNS ke wp o thasqf ogtinary akiyl is Kid drt and t he

art, such ! - [ 1. S hy .result.bein

11 ustr at S5 et e TR Sl ¥t DB Sl B g g

i |1 ustrat eomditcogd usirgsanofthdrivie scbxrvuﬁﬁdﬂaepﬁylsilcu&tap@tfﬁﬁosiit[bnlﬂpFM&@S,%uchhz%'r €
10(B) specifically illustrating msalignment of the contact opening with
t he under FPAGFARHGRE AR sPutleaRdrpPatfitsciich anen ENBURAsspudaingsystemttos

ffective f armRii.a0; | hjizati on Effective SAC netal lizati
2l co ari SATPLOEM R o SRl TR AR e kR oL P b et (g Al e

conduct i ver MBf #tordleniicnaptvaf aepibid, ARt bZ@Ebeliftpl (boll,tidi-MBREHER bt Bidhf ace i's
substantially coplanar wth an u]_cf)per nost surface of the trench dielectric
| ayer. TheFasgssteay be predigiorodolddy T ot HEs awbhips Tse4W€ppeiaritiy Tar T, -

interl aye he oyer Jhe. |.anar) conductiv mat eri al and
trench di é?gt%'t'irnﬁglg ﬁayé¢a§%§J? %ﬁﬂ%&éﬁ«ﬁ%ﬁﬁeﬂﬁzﬂ}? B@Itﬁ?ialtrp%stﬁﬁf’rﬁ e art. An

i nt er | ayepudléRiof @i tecofOnElE faltdiaSdckhis OBuithble itBe-S8Y dafositiithoRditdls are
interface between |ayers of a stacked structure (nultilayered structure)
conpr i si néessabein|cegsnding ppplicationdlV Sh3eriph Noh@s/69% BBethe edeviant gortiansast
dielectri i TE | ayer ny suptable dielectric materi al
fromt hosglhl g}sé% ?E‘g‘g{gﬁég%g%a gy ﬁ%re?érée r}@ﬁ%{f?/aé‘f’%h?l?’i ke UM tarpetpatetitlect ed.
A | ow k dicaheefafdr surfiaydeentia By fromSabvld I thdhosi 4 con nitride (or etch stop
material) for border |ess contacts. In_ addition a plurality of |ayers
(e.g. BARC, | oWnglprpfestivg iy eymprisg plananizegitheconduetive iitagarl 1 asd opdonai e.  The

interl ayef._ di ' [ be from 1000..t.0.5000 A thick, may

t hen beelg?eg@tﬁ%ggif%}b%ggémlﬁngmﬁqgmﬁ%éoéd@?ﬁs iW4n fhy alrthéucgratglbkfri or to
further pleaessighadicl pelifing, Be BGl BAA4 iikxaapd i Myurees | 10Whag0@d), hegi cal
mechani cal. polishing. The present invention also relates to an i'ntegrated

circuit ciostss HP ARl ? #B) dhstate 2 psew BEthe strvgive iHusiraled imhigsrep lguoat (B

descri besa.:REl Qfaish ot f 1 Lli.zati.on .and cont act
struct ur esgg?lﬁgaﬁgﬂlrllt eag]r%'Eﬂg%hgrlﬁfﬁ%ﬁi%k%ﬁgﬁ%tg&tggfﬁgn%g’-ldeltﬂ%chun}g?r&@%&?@.ucwepr ocess
for for niegignmehiah homeathé kess dentbnstonéedlechitd BEhARDFISA (Afleta i QWnAtIFthcfid CUi t
conpri si Mn etch stop layer is described in a U S. Patent Application

filed co mstallization fiay alsa grisq\Eern def ssmiqorfngier 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
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‘Metallization and Contact Structures in an Integrated Circuit Conprising an
Etch Stop Layer" (Applicant's Reference No. PMB9026; Attorney _ngﬁgh m
7575-0066-77), the entire contents of which are hereby incorpo b 4
reference. The present application describes an etching procedure for

maki ng contact openings and trench structures through nultiple |ayers of
dielectric materials. The present application describes an etching
procedure for maki ng contact openings and trench structures through

mul tipl e leagraple bdfregﬂ‘éiremlrphaﬂ@mcha@i@lpdlishﬁlg. within the scope of the
present invent i;[%ln, to use .an ana o‘%ous met hod, t.o si nmul t aneously form

met al | i zation and PESREHRYRUGY algq relatas jo am nteprated pigpup gontainte the ahoven

st ruct ur e g.Lp@YShotureltmer ous nodi fi cations and variati ons of the present
invention are possible’ in light of the above teachings. It is therefore to
be under st ood flhatapplitdtion defveibescapethodéf ditheltappehdenng aidulizadibe ahdvent i on

may be practiced ot herw se than as speci fi_cal‘lﬁ%{h descri bed herein. 1 D DEC
2004 WHAT CPREaghSEPRAEESS 10 aNDiREratsriionif usipg AdimgdirisbRrocedue Hrpreqses fobnt act
structureg,i F it i i olyy STy i L. al _or.der,;. a)

et chi ng a%?ﬁnnéﬁlegﬁﬂg%gg?rhﬁgmﬁ%&%&%weg corr%l?)éﬁ‘({J eed dgﬂcrﬁﬁg(%}ﬁﬁﬁeél arlr]p?tgls?t in
sequent i alayer @ekescribed an 8 8IS, PawsUCipdIcatilnféd adreucanip/ dnsitleg “Mbthad bf MRking@di on,
a gate structure thereover, and dielectric spacers adjacent to said gate
st r uct ur e Mgtglhizagiog apd Contacbtrugtusisam an Indegratad CrremicCemprsing makieh Stopiliaypra
trench di |6 : i t hst 74 Q forma trench
i sai d t e e AP baoa. RAHEIBGSENS, RIEI G Th e R,

subst ant i abdtynts ef which atrechesebySticdrioratd by pledgtze. cont act dielectric |ayer; a')
removi ng said %atter ned photoresist; a") formng a contact opening mask;
b) etchi ng sai dhEPSEEAPRIGRIIGN dopeitbss an¢jphing Progrdletor praking soriact gperings

condi ti ong, i 0f) ARk ﬁhréﬁht?\%lﬂ{?%lk ﬂge% o‘#ﬂfé?&ﬁ?csrﬂétgrieg?.tlﬁﬁ]ﬁ}ersé’n Lyne kg, forma
first contact opening that “exposes region o sai 0 sentcondact o

subst r at edaéodba apatdhimgprotedate fbeasitinotat ogmings dhelrathsiractépagesnsgh and c)
depositing a. colnducti g,e material into said first contact gQpening and said
trench fBRHPiglaxers ghtiglectrsmalentals dUis pidun e peaps of thsprosent IBisEHIME Bifd a

met al 1'i zag{ aidedus flefhol 1€ Behitaneously form metallization and contacts or vias to an

underlying metailization structure.

Obviously, numerous modifications and variations of the present invention are
possible 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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2. . The nethod of claim11, further conprising form ng a second contact
opening in said trench dielectric |ayer corresponding to said first
contact opening, 3. The nethod of claim2, wherein said trench hiﬂeﬁEEtZUﬂé
| ayer has a thickness at |least 100 A greater than that of said trench. 4.
The met hod of claim 1, wherein etching said contact dielectric layer is
conducted under conditions providing an etch rate of at least 5:1 relative
to that of said gate structure, S. The nmethod of claim1, further
conprising formng a liner, wetting and/or barrier layer in said first
contact opening and said trench. 6, The method of claim5, wherein said
l'iner, mm%%%%ﬂarrier | ayer has a thickness of from50 A to 1000
A -18- 7. The method of claimb5, wherein said lifer,
wetting and/or barrier |layer conprises a material selected fromthe group
consisting of titanium zi rponi um hafnium tantalum chrom um

mol ybdenum  t Uy sieded foofipring mételkiedtionomBabhiact bR Wi AR Yirouit

pal | adi um. . osmum i I‘I.gll ugl pl ati num gold, silver, titaniumtungsten,

t ant al unt AR e ERE PP m nitri de. 8. The method of claim!, wherein

sai d conduct i g)eetblhek! | & t he group consi.sting of |
tungsten, al uar?‘i tcrjlum g%é%%%%&g% aﬁ%@ygf%%%]ﬁ 1t88{1'g%ﬁ?facﬁ§lp§f1§gugs_cqqq§@ahet hod

of cl ai mRTder:f ur t her conprising renoving said conductive nmaterial until its
upper nost sur.ﬁ e i.soingu stant i e%ll copl anar with an uppernost surface of
said trench df & EEPNFUCPLIHLatrale pomntisng an ansive sigia, aigateSirudturetthercover, and

‘conpri si ng dqﬁg&i;tﬁb@ﬁhcgﬁ &Hﬁb&{tltéyﬁﬁlgﬁkgﬁcﬁ:{zﬁei c layer over said coplanar

conductive material ‘and said trenc tc layer. | 1. The met hod of
claim 1, wheriBi hsubgiagtighnplawirventsttdistécuielafyes t her conprises an anti -
reflective cqggf |l i sposed, bet ween said trench dielectric |ayer and said
patterned phgﬁ%érg%fcgtiae%? la’?’ﬁ‘éaﬂ‘it hod of claim 11, wherein said

anti-refl ect iivie patlatried phoegist:ses an organic anti-reflective coating, 13.
The net hé)go of clajm 11, %r@i n said anti-reflective coating conprises a
di el ect Y LOTAFFICH 48 patd i #aetrindpyenunder bigh wenditichsofhicl @b Mot SubsthigiaRy n

6 The et ha o o Bl SR 8Bt act di el ectr i | ayer comti ses
a doped si| RO&¢mojhasaid 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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16, The method of claim 15, wherein said doped silicate glass contact

dielectric layer conprises a nenber selected fromthe group consisting of
a phosphosilicate glass, a borophosphosilicate glass and a fl{4idf §$i0 Pt e
gl ass. ABSTRACT METHOD OF MAKI NG METALLI ZATI ON AND CONTACT STRUCTURES I N

AN | NTEGRATED CI RCUI T The invention concerns a nethod for formng
-nmetallization and contact structures in an integrated circuit. The nethod
i nvol oves the steps of etching a trench in the trench dielectric |ayer a
trench dielectric layer of a conposite structure containing a sem conductor
substrate conprising an active region, a gate structure thereover, and

dielectric sp j acent, to the gate structure, a contact dielectric
| ayer; and t h?ﬁ%ﬁ%ﬁ%‘?@f@% g'cw eé?»"gﬁ?gélﬁéﬂa MY Ingtaneé/ot barriackydicemedtesiac

| ayer undmaterddnelottc® 8o mMhe R GoRgLi AL S Stipeture Lo forma
first contact, opening that %ex oses. %%ﬁ&gfm&ﬂ@%hﬁgmw%Vmsubst rate;
and deposiEHY e mobthdeusn, tuegsten, espipet, nickel cbhigt, BARdAGh, (A0S0 Gl RARNL he
trench.  oemivm. i idi lati : - ,

um, iridium, platinum, gold, silver, titanjum-tungsten, tantalum nitride and titaniurg nitride.

8. The method of claim [, wherein said conductive material is selected from the group
consisting of tungsten, aluminum, copper and alloys of one of said metals.

9. The method of claim 1, further camprising removing said conductive material until its
uppermost surface is substantially coplanar with an uppermost surface of said trench dielectric
layer, |

10. The method of claim 9, further comprising depositing an interlayer dislectric layer
over said coplanar conductive material and said french dielectric layer.

11. The method of claim 1, wherein said composite structute firther comprises an anti-
reflective coating disposed between said trench dielectric layer and said patterned photoresist,

12. The method of claim 11, wherein sajd anti-reflective 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,
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