;yme3e_\| (6T>D& 1 15 January 2003 PROCESS FOR ETCHI NG AN | NSULATI NG LAYER
AND FORM NG A SEM CONDUCTCOR DEVI CE FI ELD OF THE | NVENTI ON 5 The pr esent
invention relates generally to processes for form ng sen conductor devices,
and nore particularly, to etch processes used in form ng sem conduct or
devi ces. 10 RELATED ART Modern sem conductor devices are nore likely to use
|l ow-k dielectric materials for interlevel dielectrics to reduce problens,
such as cross tal k, unintended capacitance between conductors, and inproved
15 performance. Materials used for lowk dielectrics typic inc
polymer filns or silica-based filnms. As used in this spe0|3%8§?*%%&&ﬂ%MFk
dielectrics are dielectrics having a dielectric constant no higher than

el oot i c. mit or PROGESSIRAR ETghuNeL AN RIS} ATING LAVER AR FRRNe 4 o

Typi cal ly when etching 20 silicogpPRtCONMUCTOR BEVICE €t chi ng process stops
on an etch-stop layer such as silicon nitride, silicon-rich silicon nitride

or other simlar materials. Newer |owk dielectrics that are silica-based

i ncl ude fluorine-doped oxi des an E'ﬁ:ST carbon and hydrogen.
Et ching these silicabased, |ow kelﬁ‘ﬁ ect rﬂg% erléﬁg becones particularly
difficult 5vhen the 25 hydrogen or both carbon and hydrogen are present in
the silica-based fil gh When et chi nl%g{ hesg mat er | @ t he neeg fo be etched
sel ectively to silicoRemesertenVeptis} fplates ganerplly tp; reresscsy fori floraing

sel f-al i gned COBé%on@UctbPQief\/%gahh@ﬁ‘n&fe ﬁﬁlé‘ulbﬂf t6Cetch drﬁ@@é%%“s Wed in

al um num may occur. anuary 2003 Traditional 'silicon dioxide
etch processes fmrmrmg semrqondm:tpr dewees.cul arly for the organic silica-based
films (OSG. Cenerally, octofluorobutene (C4Fs) and carbon nonoxi de (CO
have been used for etching silicon dioxide filns selective to silicon
nitride. #owever, this etch 5 cheni stRELATED ART effectively etch the
carbon and hydrogen that is present within the OSG filns. Ml ecul ar
nitrogen (N2) has been added to trifluoronmethane (CHF3) and carbon
tetrafluoride (CF4) pRuRMm dserhitBnduicteXi dbidIsC are | mdr@alikdhir fd AUdedNow-k
enbodi ment, the ratio of nitrogen to the total fluorocarbon conpounds is
bel i eved to be gjgpase rmter@lswrz Intefieel 1ielepiins Jorrpduge taphigmsd such as
specifically fo g r radi I

(hydrogen or caE: i f}]' ﬁend@P Qﬁﬁghg%?\)ﬁ%%'ﬁn%%dg?@gﬁt ?Ha(f‘ﬂ‘§§?vcaedel of
ni trogen & esenperfau_;manrte bidlagarials usmfortlm-lkeuheleetrtclsetymyaltyugelmderpdalwaelbon
seen with typic INe SI|I basgd diel.ectrics | PTI ON OF
THE DR NG Thalmst 8 SMedtsef iR AS Lbed it Tp Ho AR dPWk TIHAHIEnd. not
linmitation in thafe aNaedmed Walig 4 me@tncldbn\é&an@md higRef gt appRxirhadiycat e

simlar elenments, and in which;
3.5. Tradltlonally, silicon dioxide has been used as a dielectric material

and has a dielectric constant of approximately 3.9. Typically when etching
20 silica-based materials, the etching process stops on an etch-stop layer
such as silicon nitride, silicon-rich silicon nitride or other similar materials.
Newer low-k dielectrics that are silica-based include fluorine-doped
oxides and oxides that include carbon and hydrogen. Etching these silica-
based, low-k dielectric materials becomes particularly difficult when the
25 hydrogen or both carbon and hydrogen are present in the silica-based film.
When etching these materials, they need to be etched selectively to silicon
nitride. Otherwise, an electrical short in a self-aligned contact or the
formation of metallic veils (copper or aluminum) may occur.
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20 FIkG 1 includes an illustration of a cross-sectional view of a portion
of a sem conductor device after form ng gate el ectrodes and a | ow k
dielectric material; FIG 2 includes an illustration of a cross-sectional
view of the substrate of FIG 1 after etching a contact opening; 25 FIG 3
includes an illustration of a cross-sectional view of the substrate of FIG
2 after formng a conductive plug within the opening; FIG 4 includes an
illustration of a cross-sectional view of the substrate of FIG 3 after
form ng an interconnect and another set of interlevel dielegtric | S;

3 15 January 2003 FIG 5 includes an illuStration of a cro§§-dgglga[r¥g%§ Vi ew
of the substrate of FIG 4 after form ng via opening portions for a dual
inlaid opening; FIG _6 jncludes an illustration of a cross-sectional view
of the 5 substrate ofadUena sHedl diBKAPnSIED CRIGPCISHEade JIEnVRE WA FI G
7 includes an i bh#illaily! G8r Ofhed &paﬁ@- SEifdalAked VAIRY qogdE suBshedlig, of
FIG 6 after form ng a'substantially conpleted device. Skilled artisans
appr eci at e t hat oelofperpbutene (CuEsj mgdrassben enonaxids (GO haverbesmpsedifory and
clarity and hav ilVvehee t Q. £ Fqn I t he
di nensi ons of sg%@m& Qiﬁ %‘%?éﬁélrcrljeeynft"@%i %I%@wlogsﬁ'rcggqlrjr@?ebg_l%\&%é@?g}f)ggch
relative tho ot hehemistryewillndt effeetively etohothe danisoniadd hytieognniadfs priesent

variations of etuRich e, OBk MER: ndplesuRe TEROSE Bebdhas Heshe S0aRd o
embodi ment's, antifRipHbraéihatie! @HF;) I andCEAMRA tetalldordt PBFegad&diiang an

conponent, a fluori ne-scaven(%l ng conponent, and an organi C etching
conponent. | n aR¥dRetcReln Yat papinularesmbodimest,ithe iatia Phpitroggerto ithe tatdles  at
20 least one at Qi 6 MGG, o%ﬁ{]& Rf peRL Ry tcgrbé‘ygpﬁﬁ’r%%%at&'ga%é.”.s%?st' ng
| ayer is etched using an oxide etching gas and a nitrogen-contai'ni ng gas.
In still Hnot hechemistyf i®nfaddiede specifieallyi foul Fgh ngspext eratios dpaningd darer

' d devi c. bs. havi dj f I ' I
300 m 111 met er s 9H@TECHRGS | (RPTPLGRr bR fete! UBHef a5 DRNoRhaEIOT I ng”

gas and a nitropefepONtRidlels &&ﬁtro&élﬁprlé”s@ﬁﬁ'ﬂb¥in@VBétshﬁﬂ:iérﬁ télpdrhowsiHay the
clains and is better understood after reading the descriptions of the

embodi ment s bel Hydrogec.and Ganeon,geen with tynical oraanie pilisa-based digleddes. i onal
view of a sem conductor device at an internediate portion of processing.

Ref erring
15 BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of example and not
limitation in the accompanying figures, in which like references indicate
similar elements, and in which:

20 FIG. 1 includes an illustration of a cross-sectional view of a portion
of a semiconductor device after forming gate electrodes and a low-k
dielectric matenial;

FIG. 2 includes an illustration of a cross-sectional view of the
substrate of FIG. 1 after etching a contact opening;

25 FIG. 3 includes an illustration of a cross-sectional view of the

substrate of FIG. 2 after forming a conductive plug within the opening;
FIG. 4 includes an illustration of a cross-sectional view of the
substrate of FIG. 3 after forming an interconnect and another set of

interlevel dielectric layers;



4 15.January 2003 to FIG 1, a sem conductor device substrate 100 incl udes
doped regions 102 that are source, drain or source/drain regions. As used
In this specification, a sem conductor device substrate includes a
nonocrystal li ne sem conductor wafer, a sem conductor-on-insul ator wafer, or
any other 5 substrate used in form ng sem conductor devices. The

sem conduct or device substrate has a dianeter of approximtely 200
mllimeters (nm, although other sizes, such as 300 mm or even |arger, can
be used. A gate dielectric |ayer 104 over]ies portions of g?g sengg@ duct or
devi ce substrate 100 and regions 102. A gate el ectrode |ay Ae"™ lies
the gate 10 dielectric |layer 104 and a capping |ayer 108 overlies the gate

el ectrode 106. Typically, the cappin Iqa%er 108 includes silicon nitride or
other sinilar nateriBC 2fineiidesran ifustieen @f ansiass-seslionalevienapethero s
then fornmed oveg,ddygtd Ppeq’ & fGRHnG Vi idgiéﬁ' 9%bF £4asl irslg
stacks. The Ii néeur Iay%ﬁllg'iqgagsf)i cal ?€ zla% X1 ggf pgﬁﬁgwal | spacers 112 are
formed 15 al ongopéningierti cal sidewall portions of the gate el ectrode

structures inmedi at I to t. i.ner y r thi i ment,
t he sidewal | spacer gﬁlﬁggdﬂéﬁﬁéaeg%f'mgﬁtﬁ“@ﬁnO'Jn%t ?foééf]s%&t'ériq?lsp'ela'n?gﬁﬁgveI

di el ectri g | ayesublstrbte of FIG 5 afterifednioyardudtinldidopeningyend 110 and spacers
112. The first inter’]f veJé dielectric layer 114 tyg#callﬁ 20 is a
silica-based materid ' h tinclydea s lystialien ok o GEIssHiechgr oyew fhdMear bon.
Typically, the f\.gb%‘?ﬂa?e SEE@ e é’ﬁ‘érff@ﬂlgingza éd%t%ﬁﬂfl%@@@a%e%ﬁ@vi&ér bon and

hydr ogen i s at ast _approximately 5 atomc % and J be as high as
approxi mately 20 at opkidedartiaans appreciate thatetementsiie thepfigures are iustratads

significantly djff f tradit] i1 i OXi fil Alt hough
25 tetraethyl ortoﬁgﬁﬁ!%itgtaéag!ia?gﬁaﬁ&@&gﬁggE%A%%ﬁ&ebgée?]ndcrgﬁlaetb5’%’8’0 0glmd
hydr ogenji0a sil examplé| the dinéndions of smtiefsfahve Teiéhentd in thepliguaks yndnabbe nmuch
| ess than one atonm c percent. carbon and hydrogen conposition wthin the
1 Tm  Ther of or coxAI0ErSPEARIAEVE 10 ORI FASBENTS Orie R dvBr Y erbeENSSHERoPyel of
hydrogen and capfip embdimehtiNthé BFesr@bAtiorRPPr oxi mately 5-20 atom c S
15 January 2003 percent hydrogen or conbi ned hydrogen and carbon. The
dielectric constant of this filmis typically in a range of approxinately
2.7-3.5, when only hydrogen is a m and hydrogen are added
HE D PP RPN

to approximately 10 atom c perce ectric constant is in a range
of 5 apprtéximately 2.5-2.8. The first ILD layer 114 can be fornmed by a

i n- t hod by, .cheni cal. ition. Aft ized first
TPt or Dovel  di el oot 1) Mangyafatens BAeNeE R it lind GySle Carbb 13645 T one' ©
typically formegetosfesmpbditndnts, ahfstftitig N8yéroiestcHdd ubingt aiP bkile! stcRingi | 1 con

di oxide film however, other filns can be used if desired. A photoresi st
layer 120 is theeMmeongnr e dugrite-seavangingl cprwosent cend At asgME refchinel  be

formed. An et Chcérﬁp@@%rit?ﬁlﬁar%ﬂofh%r Eﬁ‘ﬁ‘ééjnlﬁ%i{/imeﬂﬁ 6?95{ @Eplgrtiﬁ?ﬁ’a?e?%éh?é’&rat.ll&

the first ILD | aye t he er contact opening 20
as shown20n FI Geagt omaeatemithwelghtiperegnt uafechrban er dtydrdgert | That insbidtiager 114
typically incl u%es at IEa t one sgeci es that incluyudes carbon and fluorine
15 (f1 uor ocar boRYEpSPIEEsd updsan, éﬁpneaclglﬁgcqaésaq a{THIEOgH-Gtgingg gas-

et chant conponeli sfilpranboltferssdti efaemboliinterits e ah onsilatihg!I8pdrr iscfomiear bvdr.
Additionally, the etch chem stry includes a fluorine scavengi ng conponent
to inprove sel eB@Migopguetar nidevicge sibstrate ohgwRgc @t dinmneter wiif cipti deadled to

etch the carbon he Tl L) | r hfic 20
enbodi nment , theac e?(ni?as{%ré@,ggggl%ﬂ@é&g% och“Ef ?E%lrbh&tlaegr Ifcgﬂég?@?sﬁﬁghsi l'ica
et chant, 29ar bonoxida®tithieg ga@sandsa nitfogenrdontsining gasn gihegpresapbingantjoraisd

nmol ecul ar ni trogef n_Qprgani_c_ et chi C t. h 0,1 Nprove
t he sel ecti vi tyggﬁh%ftsorfaggaﬁ%ﬁrﬁ?t PgaeLS IgBaé;%rreggE%g\%Q{dh a%{bgé?%iﬁi tt'?f/‘dr ogen
t o form hydr ogedesyriptipds of tHeNymbaodimehtebelbwes as a 25 gas. The first ILD

| ayer 114 has a capapjlity.o ein tched sel ective to the silicon nitride
in both the capping P%/e_ _ﬂ?&“f?ﬁda h@_"§¢ﬁ%qu @p%\ré’é?ssﬂcf'?nghdl'ﬁ“( t 8
relatively smal kemidoptdetof deaidt )at REY tétedfaté FRtlof HIRlcBSSihY] IR&TerPG
oxide:nitride renoval using this etch typically are at least 5:1



6 15.January 2003 and nore conmmonly are in a range of approximtely 6:1 to
25:1. In one particular enbodi ment, octofluorobutene flows at approxi mately
10 standard cubic centineters per M nut e (sccm, carbon nonoxide fl ows
approximately 400 sccm and nol ecular nitrogen gas flows at 5 approxi mately
100 sccm In this particular enbodi nent, the gas flow rates are used for a
200 mm di aneter wafer. |If different wafer sizes are used, generally the
flowrates will need to be adjusted. A sinple conversion would be to take
the size the diameter of the substrate U41rnlllneters) to Q %§h§®3
di vided by 200 then raised to a power in a range of apprOX|na e 1.5to
2.5. In this manner, the gas flom/rates can be adjusted for a var|ety of
waf er sizes. In o @gr enbodi.nent s e, car#gg& no adjusted
1

o appr ot mat el § 185 Lot SPMIRIGUEEr A8 /SR, 1001 HOERE HeRed 4B6ions

approxi mately 1062 srstMard sothdd,| driitPidiesortbRfkiReRigiorishe Ad Qedaireshief 15
car bon nonoxi de and nitrogen can be increased beyond those previously
listed. Wen t hepedfipation: 2 semicondpeior devieristbsiratedpgludes ﬁemengcrwelhgeandard
cubic centinete t 'Qﬁﬁ p | Rt el

standard cubic %%ﬂ@?h%@é?gﬁfgp?nar% '&HC{ '1 ?Iita\t/(?tﬁléggfas%?hl % as 25:1
may be achi evedsulistrate Iusgkiem deindingi semicenductyr WevivessiTilee smmd:nrﬁﬂcfanrt her

optim zation of  the ro rate S ratio. of en, ga

oct of | uor obut en@Yice gb’ﬁf‘ V¥§Fsa? cfg%)g?er %a ARRIPYIalely ét&ﬁm' PII? %ﬁ @%im‘mnl y
is in a range Oélttﬂjm@hcbth@ﬁél.@és’ sbch asB0ddh or é\/dnelé ro¢argBs ukad. IASgél@t ween
t he carbon m)nOX| de and nol ecul ar nitrogen, a ow ratio of one part

gas
car bon nonoxi dedigtecHicdayer Hg PVQTI'eﬁPPI*'@Qéer @I&swmada@tor dagee &UQStéﬁt@
desired. In gen I Vi iy, r

nonoxi de i ncr eaisa(ﬁe(";1 aqg{)\?\gd)éﬁ% eﬁz t hAe gétﬁp%@égédégﬁtaf%ﬁ@ HV rlr|§§ etﬁél @é{r educed
too much1Gi t h raieEetric tayer 408 oandrancappiieg Iawnreﬂlaf overbeshylde (gradae letectredehi ng

that is seen by [ nitro a dec Therefore | t hough no
Lover Timt of 106 1Ev0calyarle sppinghlaver 108 dicludes silpey fiitidR 27 Q&
nitrogen is knogimilat hedterificcAfBs fdt‘nmﬁ{.* o elfighis,e4 GiRen thylehel 1oyidr thear bon
will be too slow Oher than the lows and ratjos, all other et chi ng

paraneters are ©XPEdQErthe S@P?‘I‘n(ﬁ%@o% a@@rﬁ%ﬁ‘ﬁﬁ%ﬁ“aﬁ%@f@eﬁiewqdﬁ stacke
i ndustr 5 Oh o I

silica )et ching s ?ﬁeeglhgls@gﬁ wﬁh%el&lng Cddﬁegeglaae%#s%%gers {ifzelé E?/fr%htl%
car bon t dbrafl u@lphgetf(eCWA)'tICahedeeWalbrmftlomeaf( M@ate electrode structures

hexaf | uor opr ope F6). .ar t.of l, uor.ope i silica
et chi ng speci es%@%@ﬁ%’( tf@@éj%eg‘?re@h{}‘%r B@%npag'gﬂcﬁ Iﬁs F‘?“% L?(S‘?S%#érbﬁg{ﬁqﬁf
(CHF3) . In ot hesidewhlhepacEars I 12ard PadESTEHicda nmytenot be required to etch
the ILD layer 114, if the nitride |layers 108 and 112 are substantlally

thi ck enough. |In theddirghintenayel didladtgilayat t14 is thesufamed eyerl: thenlinera

fl uorocarbon et i I n 15
this case, the fa H‘?%P R s@écf’r@?ﬂo@éa?%ﬁég Bﬁﬁﬁﬂ‘%@ge%ﬁﬁ%ﬁ@gpggﬁﬂ'&t 1:1
and typi 28l | y wisl & stﬂ@arbasedrrmgmabftha ipeludes @fther hydrpeen gershydsogenp and

fl b i.nat i

o oot bon by P P G R A BB S, .,
monoxi de ang ni am@ggcérogeae&anmsttwpmnhmg 5va'tb?1||m?/& aredisould ibeeas g0 as : f 20
nitrous oxide is use ote a fluorine scavenger sinilar
to carbon nonox?B%mX%ﬁ'le e}ﬁ SH)E(P' ﬂﬁ%elpnte%éﬂga\ﬁ?éﬁdl\ﬁg‘ %‘&E

down, it is p05§|ghif|@aﬁt||3ﬁtdlfférbﬁ99@m'é‘ tFétﬁtldIIaﬂisémccﬁ\a'dld)@@rﬁlrﬂr gaAItHbL@hCha”t
to react with the carbon and hydrogen_w t hi he silica-based naterial.

Al t hough 280t di atna@mﬂlwdnatﬂ“b@s@séwp&bm exidpe singlugen carbony gindal | v
I al I

e o0 bl A BaBh S 8ffon BUBRCANPHRBA O TS BAPpicly haFe e

controlling chaldserthqm esewt«mmocpmpemisearbmg ahdrhydeogeﬂ\ecmepmltm avittini tmer ovi ng

etch rate unifopm Januar ng_| ayer 6 and the

oxi de li ner IayéI {-Berc,ea?feb@ ?rcgﬁgtfy ?Jé aqerggfll V&%H‘%&Wé‘tf lfvﬁls‘gd in
etching the firBydrbgbn lanvedarBdrtwithincthBrm fored edn®sle Uapproximitelyts-2diateraieal

oxi de etched chem stries. In still another enbodinment, nultiple steps can
be performed to 5 create the contact opening 20. In one enbodi nent, an
appropriate fluorocarbon species can be used in conbination with nitrogen
for etching nost of the capping |ayer 116 and the first ILD |layer 114 and
then towards the end of the etch, the process is swtched to a selective
chem stry that would include the low fluorine to carbon ratio gas, nitrogen
and carbon 10 nonoxide. A contact plug 30 is then formed within the contact
opening as shown in FIG 3. The contact plug is formed using a barrier film
32 and a conductl ve f| | mat er| aI 34 In one part| cuI ar enbodl ment , the

N y" " Y Y



9 15.January 2003 A second set of filns is forned for making a dual-inlaid
opening that will be fornmed. A nitride capping |layer 420 is fornmed to keep
t he copper 414 within the interconnect 410. Athird ILD | ayer 422 and an
etch-stop layer 424, a fourth ILD | ayer 426, and a capping |ayer 428 are
sequentially 5 formed. The capping layer 428 is simlar to the capping

| ayer 116 as described in conjunction wwth FIG 1. The interleve

dielectric layers 422 and 426 are simlar to those described with respect
to the first interlevel dielectric layer 114. Typically, the, layer 20 and
424 are insulating |ayers. The etch-stop Yayer 424 is typiagHW"aPH? d of a
nitride |layer, such as silicon 10 nitride, and the capping |layer 420 is

also fornmed of silicon nitride or the |like, Qﬁghotoresist Iﬁ/er 430 js then
0]

formed and pat t Beis€At fiydregane OporrINkined Haydig ad gathop. pot e Aielesiica dual
i nl ai d openi ng. b - | d3 150 ate
the via 52 port?@ﬁgttgﬁt;?ﬂgﬁfgﬁgissqml?gmﬁl ?gﬁgiaﬁgg&?ﬁﬁ%ﬁ’rﬁf%ﬂﬁe@t ch
stops on 15 t heoolgpbydrggenyieraddsdl. t df drodlv esarb@o sasidb hgdrogenvare afidedetoi on

fromoccurring. _Th ' ej I f £, .etc e str
used in 1l‘J orlm' %gaPW Xwﬂei&o{lé%6%%289\%%%?@%?%&%3% n?{@? rf;t"?tcao%n‘ggtg f hey
conductive fill appiorimately?d.8-2.8hahetfirst ICDelayert 1148ambeformied by despinioped
regardi ng fi rst I'LD | ayer 114 can be used in ekfhl ng. |l a ,erg ,4th and 426.
The etch cheni sf&hathohpyche YaRARACRISIYAMN g LR B riged first intgdevel

et ch- stop | ayer g0 thyBRNBNSUMICIHRER! & CARAY Rejcf NG 6ISRPBIRENY fffect!20.

After renoving the photoresist |ayer 430, a r ‘phot oresf st I"ayer S

formed over theowerfyingdt.| als capgingntaysat tdr iredypiealyoer stipemdliexide Him
it erconnect oppker 88 o BT T 2

i nterconni@ct tr fortedoad patterc@d awherd deountaat ppetingwilbBe forpadcal |y the etch
the fourth | | ayer

will be performed to,renove the capping |ayer 428 a
426, Stoppi ng. on t heABLGRN 53 BRTPITG K mAVS pELCdsan NBGRPPEY BYet A& oh
uses a nitride ﬂiéhrs@'ﬂ.@‘lé}él’rw1t49ahGWF)é(SﬂnQPFa’9te$]2¢0%@Mbéﬁtaﬁgbﬁérﬁﬁé 2and the

10 15 January 2003 cappin ayer 420 within dual inlaid eni ng.

Because the et cBBS§OWN in EGcapphagichaghemistry usad teetoh-thedisstiiaDdayeridar e
performed at a F@‘f@llyﬁﬂ%ﬁegéﬂgﬁ@éﬁ%ﬁ&sB@ciQ%"tﬁi& flkcfifdes &fibdh Kld' fRsHheOT

formng via vei I's”decreas
15 (fluorocarbon species). This etching species is the primary oxide etchant

component for the silica within the low-k dielectric material. Additionally,
the etch chemistry includes a fluorine scavenging component to improve
selectivity to nitride and an organic etchant, which is used to etch the
carbon and hydrogen within the first ILD layer. In one specific
20 embodiment, the chemistry can include octofluorobutene (CsFg) as the
silica etchant, carbon monoxide (CO) as a fluorine- scavenging
component, and molecular nitrogen gas as an organic etching component.
CO helps to improve the selectivity to nitride and nitrogen gas reacts with
carbon and hydrogen to form hydrogen cyanide (HCN), which evolves as a

25 gas.
The first ILD layer 114 has a capability of being etched selective to
the silicon nitride in both the capping layer 108 and the sidewall spacers
112 such that a relatively small (insignificant) portion is removed.

Selectivities of oxide:nitride removal using this etch typically are at least 5:1



5 Processing is continued to forma substantially conpl ete device as shown
in FIG 7. Abarrier film72 is first formed followi ng by a conductive fill
material 74. The materials listed for use with respect to interconnect 410
can be used at this level. A polishing step is used to renove the portions
of film72 and material 74 |lying outside of the dual inlaid opening. This
10 forns the interconnect 70 as illustrated in FIG 7. A passivation |ayer
76 is then forned over the uppernost |evel of interconnects to forma
substantially conpl eted device. The various enbodi nents of [ t

i nvention include many benefits. One of the biggest benefi gét]g%l’%éf?% ng a
reasonabl e etch rate for 15 silica-based, organic-containing material for

| ow-k dielectrics. A conbinatjon of the flagrocarbons aé"!g _

ni t r ogen- cont ai AN NYEEAMPORNRRESIN ) A9 Ak aRRTOKIMAel:0:hde st ilk £n8nd
hydr ocarbons. Aggitigular N@nfdosRheme bERALbIBUINCIREA bANSaiehfméle 18 |1 con

di oxi de, the nitrogen-containing material allows for etching of

hydr ocar bon nat &tangdardaicuhicncentimeters: ediringta ($ecn?0 casben inmdnoxite: flowsi t i on
of carbon nonoxi h el i Vi t rol LA paLtj.cular
silicon nitri de?gﬁrﬁgﬁﬁ%@%nﬁgngﬁg & iag'&be'ﬁpfe%(g%rt ﬁ}slggda%enégsf ?Igg}sf I Jt’thri ne
wi t hin thé pl asapptoxinhately t100scomh.edn this pgrticar enimodimend, #hd gas flbwrates
conmpound such as oct of | uor tene s used, the, plas can generate both
reb Tluorine adte Boehidch B0 B amststtrater. T DMOBe aidler Sen ok H8Sfe ps
scavenge the frggnélalprth8Sion rats akill AYddudtd Be AdjusteaCanbamphoIcyRBérsidnt hi n
the plasnma to be agfasm vating agent. In general, the oxygen rel eased

during etching would be tntakethesizeitbe dianeteaef theispbsiratel (rbmilimetess)ite b
f1uor e equi efig RN MNE®S fahaiseA bhar fRhahgh BEFARRRRARY,

the film However, 'since oxydgen I's no anuar as a
separ at e 1¥peci ed,5 toh2z 5orhthisxyaarerpthesgad flow rales cahebepadjastedvibl b vagietyxygen
rel eased during }he etching of the silica-containing conmponent of the
material . Wien 2 WPETiSIRESt ayer is etched, oxygen will not evol ve.

Therefore, the carbom swepEnifdHRaNBNERS chtb®nfheRotile dlowmalyhsd abftisted
present and oxygen is no |longer present to allow the further breakup of the

oct of | uor obut en i 3RPFOXNAERY | VR0 asastht andf ther @érgdeno fiowe hejch aanstandr algoi ng
speci fication, i J e I 1 t pecific
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scope of the present inhventjon as segt forth in the. clains below,
Accordingly. | niS8hec e hEMa a3 ghatson nemede T Fhpaerimpiply 00
illustrative ragtfdafdaibid cERihbicts b¥EmHRRE @ndaRE nittdgenUs fat BB?tofxlrﬁétblyons
are intended to _be included within the scope of present invention.

Benefits, other 288viARQATE Cubim geatynatara Rer rinpies ntehselestetieeas high as
Civontooss.ous 20 eS8 Sl cRRe R BBs FMPHE poskls i
benefit, 2dvant fyther optigitaiionef theogas flow ratesbecone nore
The gas ratio of the nitrogen gas to octofluorobutene is typically at
least approximately 1:1, and more commonly is in a range of approximately
5:1 to 20:1. In terms of gas ratios between the carbon monoxide and
molecular nitrogen, a gas flow ratio of one part carbon monoxide to one
25 part of nitrogen gas up to at least 4:1 are desired. In general, the
selectivity improves as the amount of carbon monoxide increases.
However, if the relative portion of nitrogen is reduced too much with
respect to carbon monoxide, some of the hydrocarbon etching that is seen

by using nitrogen gas may decrease. Therefore, although no lower limit of



proneunced are not to be construed as a critical, required, or essential
feature or elenment of any or all the clains. As used herein, the terns 20
“conprises,"” "conprising," or any other variation thereof, are intended to
cover a non-exclusive inclusion, such that a process, nethod, article, or
apparatus that conprises a list of elenents does not include only those

el ements but may include other elenents not expressly listed or inherent to
such process, nethod, article, or apparatus. 25 12 15 January 2003 CLAI M5
1. A process for formng an insulating I%yer (114, 400, 42?55é&8§, 03
characterised by: 5 formng an insulating |ayer (114, 400, 422, f%s over a
sem conduct or device substrate (100), wherein the insulating |ayer has a

dielectric constant |ess than approxi mately 3.5 and conprises hydrogen; and
Ctohrmg e T nethRratin Pt o drarpals BIONISIS 1P Biogs) 1o KOG AT oo Bt £ g

gas, a fluori ne,GRENQMSICA 1ty N dPEeRbORWICLE 6188, Wher than tAE gasOCesS
of claim1, wherein the oxide ‘etchi nﬁ_ gas includes carbon and oxygen. 15 3.
)

The process of ftows and raiigse@diathen elehiogipasaretans mbe gxpected do bedbesr asbon
material; the f i L ; - rbon nonoxi de; and the organic
KA 2R B W35

etching gas is nole rogen. ‘process for formng an
insul ating | ayer (113thetOsllicat2dntadring spesiesctan iteedsby. fdwatyntheasilica

i nsulating layer, (114, 4Q0 22 16), havi a dielectric constant |ess
{han appr oxi mat DTS, Bogoes el Havbnan i Oadh | #6mSer EEARIES IOUES: o
substrate (100)carhBRT € N thhgAddIRIe! at | NECR,RYEr CraRfusRetRahes! emet,FRp! ect ed
fromthe group consisting of hydrogen and carbon; and 13 15 January 2003

etching the i nshexafiuaprrapene(Gsielgand eatofluompentagiene €)sFak il dbe silighi ng
0o o e SRARERER Son R 0RO 200 il gl oo
form ng do i nsu(GHifF3)g | ayer (114, 400, 422, 416) over a sem conductor
device substrate (100)q, uhergla the. LOSUhbRSdENEy dokbd reddfea f95n*10)
the ILD layer 114, if the nitride layers 108 and 112 are substantially thick
enough. In these particular embodiments, it could be that only a
fluorocarbon etching species and molecular nitrogen are being used. In
15 this case, the ratio of the fluorocarbon to nitrogen should be at least 1:1
and typically will be in a range of 5 parts of nitrogen gas to 1 part
fluorocarbon up to approximately 20 parts nitrogen gas to one part
fluorocarbon. In yet another embodiment, either one or both of the carbon
monoxide and nitrogen gases may be replaced with nitrous oxide (N20). If
20 nitrous oxide is used, it can potentially be a fluorine scavenger similar to
carbon monoxide. Because nitrogen should be present when N20 breaks
down, it is possible that nitrogen in the plasma can be an organic etchant
to react with the carbon and hydrogen within the silica-based material.
Although not disclosed, each of these etch chemistries given
25 typically will also include noble gas, such as argon, helium, neon, or the
like. Depending on the process chamber dynamics, the inert gas helps in
controlling chamber pressure, compensating for residence time and

improving etch rate uniformity.



10 one atom c wei ght percent of an el ement selected froma group consisting
of carbon and hydrogen; and etching the insulating |ayer(114, 400, 422,
416), wherein etching is perforned using an oxide etching gas, fluorine
scavengi ng gas, and a nitrogen-containing 15 gas. 6. The process of claim4
or 5, wherein a nolecular ratio of the nitrogen-containing gas to the oxide
etching gas is in a range of approximately 5:1 to 20:1. 20 7. The process
of claiml1, 2, 3, 4, or 5 wherein a total atom c percent concentration of

hydrogen and carbon in the insulating laygr is in a range EEJ%PL%W%M?SMGW

5-20% 25 8. The process of claiml1, 2, 37 4, or 5, wherei

ni trogen-containing layer (420) underlies the insulating | ayer (422);

et ching defi nes anoenln within e |nsulat|n erf ned
until the nitride | i/g"é? cappivy '?)ée’ei ardy the oxige B‘eﬂiﬁi’@éa‘lag

process of clai [ifg tH@esra‘?hé‘etcﬂH Eﬁérﬁistr?QPsfe@' |H'él€h|ﬁ§ttﬁé'fﬁ‘§t ﬂ_‘bl@yeklﬁ%rdri es

the nitrogen- contalnln ayer (420); and etching the nitrogén-containing
| ayer (420) untFanbpaet sm@moaetradglonak@«qi%letwequhemsté&q)osed wher ei n

no significant porti s a%%ﬂ*é?eélﬂbo&’mﬁtn | Pdunt Iémstt é(géa(éelﬁ% rFo?r[h t%l ong

an exposed si dewal | UL R e I ns atlng ayer I ng |s act.
10 10. Thé procemt@fthelemnitact4opeh|age20 t he emnemmumtent davap@ropnate

sem conduct or Vi ce bstrate has a di gneter of at It hmeters.
15 . A3Y. A3% As ﬁ‘urpr(%:g\r RNEPECIGP Cah ;ggm i combination WI ni rogen for etc ing

most of the capping layer 116 and the first ILD layer 114 and then towards
the end of the etch, the process is switched to a selective chemistry that
would include the low fluorine to carbon ratio gas, nitrogen and carbon
10 monoxide.
A contact plug 30 is then formed within the contact opening as
shown in FIG. 3. The contact plug is formed using a barrier film 32 and a
conductive fill material 34. In one particular embodiment, the barrier film
32 includes titanium, titanium nitride, tantalum, tantalum nitride, other
15 refractory metals, their corresponding nitrides, or combinations thereof.
The conductive fill material 34 is typically tungsten, however, in some
embodiments, aluminum or possibly copper could also be used.
A first interconnect level is formed by forming a second ILD layer
400 and forming an interconnect trench that contacts the conductive plug
20 as shown in FIG. 4. The second ILD layer 400 typically is formed of a
similar material as a first ILD layer 114. After etching the second ILD layer
400 using any of the etching conditions that were described for etching the
first ILD layer 114, the interconnected trench is then filled with a barrier film
412 and a conductive fill material 414. After polishing, the interconnect 410
25 is formed as shown in FIG. 4. The barrier film 412 can be any one or more
of the materials listed with respect to barrier film 32. In this particular
embodiment, the conductive fill material 414 is typically copper, aluminum,
tungsten or the like.
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+s10% ()-y) 3" 180e/§ér|(8e_d in conjunction with FIG. 1. The interlevel dielectric layers 422
and 426 are similar to those described with respect to the first interlevel
dielectric layer 114. Typically, the layers 420 and 424 are insulating layers.
The etch-stop layer 424 is typically formed of a nitride layer, such as silicon
10 nitride, and the capping layer 420 is also formed of silicon nitride or the
like. A photoresist layer 430 is then formed and patterned to correspond to

the shape of a via portion for a dual inlaid opening.
Referring to FIG. 5, an etch is then performed to create the via 52
portion that extends through layers 422 through 428. The etch stops on
15 the capping layer 420 to prevent possible via veil formation from occurring.
The via veils could be formed if the plasma etch chemistry used in forming
the via portion 52 would extend such that it contacts the conductive fill
material 414. The etch chemistries previously described regarding first ILD
layer 114 can be used in etching layers 422 and 426. The etch chemistry
20 will change when etching through the nitride etch-stop layer 424 and may

change before reaching the capping layer 420.

After removing the photoresist layer 430, another photoresist layer
64 is formed over the capping layer 428 and patterned to correspond to the
interconnect opening. Referring to FIG. 6, an etch is then performed to
25 form the dual inlaid interconnect opening 60, which includes an
interconnect trench portion 62 and the via portion 52. Typically the etch will
be performed to remove the capping layer 428 and the fourth ILD layer
426, stopping on the etch-stop film 424. A subsequent portion of the etch
uses a nitride etch chemistry to remove both the etch-stop film 424 and the
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capping layer 420 within the dual inlaid opening. Because the etching of
the capping layer 420 and etch-stop layer 424 are performed at a lower
power compared to an oxide etch, the likelihood of forming via veils is
decreased.
5 Processing is continued to form a substantially complete device as
shown in FIG. 7. A barrier film 72 is first formed following by a conductive
fill material 74. The materials listed for use with respect to interconnect 410
can be used at this level. A polishing step is used to remove the portions
of film 72 and material 74 lying outside of the dual inlaid opening. This
10 forms the interconnect 70 as illustrated in FIG. 7. A passivation layer 76 is
then formed over the uppermost level of interconnects to form a
substantially completed device.
The various embodiments of the present invention include many
benefits. One of the biggest benéefits is allowing a reasonable etch rate for
15 silica-based, organic-containing material for low-k dielectrics. A
combination of the fluorocarbons and nitrogen-containing etching chemistry
allows etching of both silica and hydrocarbons. Again, the fluorine from the
fluorocarbons etches the silicon dioxide, the nitrogen-containing material
allows for etching of the hydrocarbon material within the low-k dielectric
20 material. The addition of carbon monoxide helps the selectivity to other
layers, in particular silicon nitride. The carbon monoxide is believed to
scavenge free fluorine within the plasma to help the selectivity. More
particularly, when a compound such as octofluorobutene is used, the
plasma can generate both free fluorine and a carbon-fluorine polymer. The
25 carbon monoxide helps scavenge the free fluorine while allowing the
fluorocarbon polymer within the plasma to be a passivating agent.
In general, the oxygen released during etching of silica-containing
material helps in liberating free fluorine required to continue etching the

silica-containing component of the film. However, since oxygen is not
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introduced as a separate species, the onIy oxygen ‘present within the

plasma will be oxygen released during the etching of the silica-containing
component of the material. When a nitride layer is etched, oxygen will not
evolve. Therefore, the carbon monoxide scavenges the free fluorine that is

5 present and oxygen is no longer present to allow the further breakup of the
octofluorobutene into excessive amounts of free fluorine.

In the foregoing specification, the invention has been described with
reference to specific embodiments. However, one of ordinary skill in the
art appreciates that various modifications and changes can be made

10 without departing from the scope of the present invention as set forth in the
claims below. Accordingly, the specification and figures are to be regarded
in an illustrative rather than a restrictive sense, and all such modifications
are intended to be included within the scope of present invention.

Benefits, other advantages, and solutions to problems have been

15 described above with regard to specific embodiments. However, the
benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential
feature or element of any or all the claims. As used herein, the terms

20 "comprises," "comprising,” or any other variation thereof, are intended to
cover a non-exclusive inclusion, such that a process, method, article, or
apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to
such process, method, article, or apparatus.

25
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CLAIMS

1. A process for forming an insulating layer (114, 400, 422, 416)
characterised by:

5 forming an insulating layer (114, 400, 422, 416) over a
semiconductor device substrate (100), wherein the
insulating layer has a dielectric constant less than
approximately 3.5 and comprises hydrogen; and

etching the insulating layer (114, 400, 422, 416) using an
10 oxide etching gas, a fluorine scavenging gas, and an
organic etching gas.

2. The process of claim 1, wherein the oxide etching gas includes
carbon and oxygen.
15
3. The process of claim 1, wherein:
the oxide etching gas is a fluorocarbon material;
the fluorine scavenging gas is carbon monoxide; and
the organic etching gas is molecular nitrogen.
20
4, A process for forming an insulating layer (114, 400, 422, 416)
characterised by:
forming an insulating layer (114, 400, 422, 416), having a
dielectric constant less than approximately 3.5 over
25 semiconductor device semiconductor device substrate
(100), wherein the insulating layer comprises an
element selected from the group consisting of

hydrogen and carbon; and
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oxide etching gas, fluorine scavenging gas, and a

nitrogen-containing gas.

5 5. A process for etching an insulating layer (114, 400, 422, 416)
characterised by:
forming an insulating layer (114, 400, 422, 416) over a
semiconductor device substrate (100), wherein the
insulating layer (114, 400, 422, 416) includes at least
10 one atomic weight percent of an element selected from
a group consisting of carbon and hydrogen; and
etching the insulating layer(114, 400, 422, 416), wherein
etching is performed using an oxide etching gas,
fluorine scavenging gas, and a nitrogen-containing
15 gas.

6. The process of claim 4 or 5, wherein a molecular ratio of the
nitrogen-containing gas to the oxide etching gas is in a range of
approximately 5:1 to 20:1.

20
7. The process of claim 1, 2, 3, 4, or 5, wherein a total atomic percent
concentration of hydrogen and carbon in the insulating layer is in a
range of approximately 5-20%.
25 8. The process of claim 1, 2, 3, 4, or 5, wherein:

a nitrogen-containing layer (420) underies the insulating
layer (422);
etching defines an opening within the insulating layer and is

performed until the nitride layer (420) is exposed.
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layer (420); and
5 etching the nitrogen-containing layer (420) until the metal-containing

material (414) is exposed, wherein no significant portion of
the metal-containing material (414) forms along an exposed
sidewall surface of the insulating layer (422) during this act.

10 10.  The process of claims 4, wherein the semiconductor device

semiconductor device substrate has a diameter of at least 300
millimeters.

15



