: cde3eol \ x6HTDH 23 DEC 2002 METHOD FOR FORM NG A SEM CONDUCTOR DEVI CE Fi el d
. of the Invent| nt invention relates generally to a process for
' formng a sen’i“ﬁ%@ﬁ“‘\%‘%ﬁw ce, and nore particularly, to a process for
formng an in n structure in a,sem conductor and its method of
formation. Backgr &8 of the Invention'Sem conduct or devi £asgarg £ONt i nui ng
to being scaled to snaller dinensions. As the size of interconnects naking
“up the various levels of the seniconductor devices continue to decrease, so
to does the spacing between them The conbination of smaller |inew dths and
- spaci ng i ntroduceMEEMOD BORFORMING AcSEMICONDYGFORDEIGENect s
resi stance and capacitance. The snaller |inew dth di nensions increases the
resi stance (R) of the conductive |ines. The reduction in spacing between
conductive lines increases the capacitance (C) between them The associ ated
resi stance-capaci tance (RQC) coup]éwg”#mggﬁm problens with respect to
propagati on del ay, crosstalk no ; i ssi pation of the device
circuitry. Copper interconnect technology and | ow dielectric constant
(1 ow k) mat er Thé prédentinverdionasltes Henélally Bs aosessetop ieehiRy asenm conduct or
devi ce manufacturers in an effort t civ%’gtorre t he $§o | ens _associated with
| ner easi FYTICQEPUED dgvitedand mote narielatdO g wiogest fof TOBRLEAN of a
mat er i al intErpana¢ctrgjructuredo mosarhicogd@ctbmandiits enethpdioffermnatidnne i nt er connect
capaci tance of a sem conductor device. To address these problens, new
material s having | ower dielectric constants are being investigated to
repl ace dielectric filns comBagkgraunsyofthedaygndioiduct or devi ce fabricati on.

. Air has a dielectric constant, or k value equal to one, and is consi dered
to be the perfect insulator. Commonly used silicon dioxide (Si02), by

conpari son, ha8MHCRRACE devices,are: catingingtoheing serledyo smallegqr  he

" pur posesdipherisioris. SRE thé 'slzetdfﬁrmtercﬁ)dr@otémﬁktnﬁgrli;ﬁthdwridt%ﬁleeélsa)f:‘eﬁéﬁ conduct or
ant ess,than

i | i al havi di el '

appr oxi nepBicpgugtdt d3victs JIE 18 gstaats, o fo GRS M Spadiid sebien

schene, theualherdaantination of smalleslirfesvidis. antf spaciigintiodgcas nemsproblems

| nt er confitreb¥to 1R iBIRNMEUR rdlidth RS bh chbhllarlcdY fndi@ifialg: @ dual
s forned, e tec th

i nlaid openin ; i nique 1 n e prior art uses three

rel at i velReWdghdimensiens increases: tharesigtancadR) of Fh?ecwqq?t'b’é\kmﬁsdi'réleect ric
filns | agrfuetoheh epasingRtivedh eofldattiveirisdnsieaees tie chpaditingedd)y openi ng
a via ang %ftre %h |§hthe géekn’%ﬁ”"% fcl:l_ms us%n%eg "\5|a f .ﬁst trench |l ast”
or "trenBf™M§¥s ,ani PSS '6 'éesséﬁﬂ@ %83%%?{ 4 gﬁ(ﬁﬂuﬁ Qﬁg L@ngs, an
i nt er conprtiemswith tespeckta propadation Helayt brosstatinnbisendnd pewer dissigationy. One

probl em ¥t iy %é\ﬁcé’(:ir&’&it rt includes its use of chemcally vapor deposited
silicon nitride materials, including plasma enhanced silicon nitride or

si licon oxyni COPger kiafsonnast teshnelegy anddpwidielertrici qanstantiloyelhmaterials he
| owk di gieetlid hfeds turfentiiitesifg delelopal by svmicand@dtor dedcs mMatlifagiveeéRahr i C
const ant él @'ﬁg gqr_eat er ttnan ||v[e%s t hat . |tnﬁ?r etﬁsesr t he tot aIt dielectric
const ant 28OS EAPEthg pioblgMsAssogiated WININGTEARINGISSBIANGE- A t hi n t he
devi ce. dapacitamcal I Hhe dietediiecofstant ¢f p ratéral depskating two ¢enduoting films
conplica i : ikl ,ﬁﬂ@t | @Ak firhm
deposi ti gﬁé#ﬁ@“@%@%%@?@&?%o e ftg%:{%é gﬂ?&%’}ég&? nt o (étlhe predcys)s flowin
order t oagdrassdbese @@M@"@e ﬂﬁWdﬁatP_éHﬁr hang lewerglielectrisecanstants e deinthe
Drawi ngs inl/agtigaeiairepricerdislebtricfilins! corirhahigdised inaenftoRaaiitr Gevagsl not
I|mtat|?r})|n. . . . . .
abrication. Air has a dielectric constant, or k value equal to one, and is considered
to be the perfect insulator. Commonly used silicon dioxide (SiO2), by comparison,

has a dielectric constant of approximately 4.2. For the purposes of this
specification, a low-k material for use as a semiconductor insulator is any material
having a dielectric constant less than approximately 3.5.
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t he acconpanyi ng figures, in which like references indicate simlar

el ements, and in which: FIG 1 includes an illustration of a
cross-sectional view of a portion of a sem conductor device substrate after
formng a first interconnect |ayer; FI 2 includes an illustration of a

cross-sectional view of the substrate of FIG 1 after fojqyipg-agpdnterlevel
~dielectric (ILD) layer overlying the first interconnect Tayer in accordance

W th an enbodi ﬁ%We C&Jm&uhﬁr P\E&%SHﬁeét%\éﬁBHP Edéﬂl@lau tétP&#&l@% fatthed,.

illustration o sect i onal orm ng
- openi ng iAftes feeringta firgy interspanegtlavel: ae intetevel dielectricdLD) Iawmm:sg an

vin éﬁfdr?%m'ﬂ?'f’ﬁ’ﬁ”%frgﬁgﬁ*‘%@n?r”fvﬂe%m’etm“éHﬁ‘?}’t 8r818e8thrbls rolatively 1! &
1 & OB it ialedic coNHRNT Rardasls MEbsck ks claIaqtEE TUMe aXsred BEDKGR! & ot o

IofL DFII G 4hent €EThd aual mmucﬁsttru@mrénscfsﬁﬁe@%yldpeaurfgeé RS aﬂacamfer@hahltue ng the
ayer;

tr oss. sodieleaticTmaWsHid £ nuadtats MehPE 45 gr Ao et R 1BRE edSsinr 11 on of
t he ha][ qukxehcénfoﬂb\ﬁnfgﬁheae Is(tsebsfs aanni:celrd:omwca_ sirocture iscformed sv|3m|the>nal

t after formng a via opening in a | ower
\é: 2}Negt rﬁ%ﬁ#‘%@a@%%&ﬁhﬁé with an enbodi ?rent of tﬁe prgsent i nventi on;
FI G 8 i ncl uddgneproblenswittthepriarf arhinolustas- itsegse ohehemically vapomdepasitedr at e
of FIG %ul&fo?weﬁugdérrﬁhf&a?s %@bd:hp Cgﬁ’és‘i‘g?%ﬂﬂgﬁaed Fuln@&ﬁﬂftﬁ&é‘%ﬁs%&n‘? an

enbodi nent resent I nvent ustration of a
Cr OSS- Se@qyaﬁgqje\gpgmogp 8 ke fayma hasdrmagk film that separates the low-k dielectric

films. These materials have a relatively high dielectric constant (i.e., greater than
five) that increases the total dielectric constant of the ILD layer and raises the line-
to-line capacitance within the device. Additionally, the use of multiple hardmask
films further complicates the manufacturing process by requiring additional film
depositions and etch processes to be incorporated into the process flow in order to
manufacture the semiconductor device.

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:

FIG. 1 includes an illustration of a cross-sectional view of a portion of a
semiconductor device substrate after forming a first interconnect layer;

FIG. 2 includes an illustration of a cross-sectional view of the substrate of
FIG. 1 after forming an interlevel dielectric (ILD) layer overlying the first
interconnect layer in accordance with an embodiment of the present invention;

FIG. 3 includes an illustration of a cross-sectional view of FIG. 2 after
forming a via opening in a resist layer overlying the ILD layer;

FIG. 4 includes an illustration of a cross-sectional view of the substrate of
FIG. 3 with a via opening defined through a hardmask film and an upper dielectric
film;

FIG. 5 includes an illustration of a cross-sectional view of the substrate of
FIG. 4 after forming a trench opening in a resist layer overlying the ILD layer;



FIG 8 after fornming a substantially conpleted device; and FIG 10 incl udes

.an illustration of a cross-sectional view of the substrate of FIG 5 after

form ng an inorganic protective |ayer overlying the substrate in accordance
wi th an enbodi nent of the present inve%tion. Skilled artisans appreci ate
that elenents in the figures are illustrated for sinpliciywmhdgarity and
have not necessarily been drawn to scale. For exanple, the dinensions of
sonme of the e E Sl o . LV r
ol ement s 1o hEfe Duiudes I il sBUiGT of S pbiiobhitel ot ibfaf 0 o
. i nvent i ohlGCeefter ;xmoésg @ partion obthe hardpnaski filgs | n accordance with
embodi ment s Of|&1e i hn IRYRBHLPRT & cronshoRuPhicf 61 HEdubsbld 8 and a

[ overlyin o evi ce

via-level dielectric, m are forne y ~a_sem conductor d

subst r at EIG 26 @ftgr yeingg via opegiRgdn iadowaédteﬁ%cg&%flhn@%acrénréam With an | m wi t h

a first ehtddeRent 6ftthe présénthaverttiont gher etch selectivity to the

trench-1 evel gllél ctrii?fi I [Rt{]a{] to.the vi a-Ievel di elfe tri %shl lm_A

trench openi n§!$sS alydes,arp lustration of 8/CEQIssseqtiona V'@We?ltﬁ‘ler%' gte of

Lr ench- | BB 7 ditef fartiing afduatrindideonening isvsdcondarieoiith anfarhbodiment el wi t

a second_etc Stry to extend the via opening into the vialeve

di el ectrpﬁeﬁqrhtﬁ]\%]ah@kt rench-level dielectric filmis etched to forma

trench openi nffIGF? @cladésman illstration of Busossasédionaf viewsehtheaubstrate ofievi ce

that haschges R fdriih aubsERAGHy LBnfifdtEAGieticel i | nterconnect evel . The
evi ce conp em condu

sem conduct or : rrses a s ctor device substrate 10, field
i sol ation regiftds1@includes an Hiistyatien of 8 cressrsertionakvismugf thesubstate,of

: g! e: eCEer@G{ 8\fter idthind bANAbRYaic &b@e&nanéyeﬁﬂﬁ/eﬂxsm@dhée@ib@ﬂatel% a gate
lelectriC er

106, and.a gate, el.ectrode ,108. used in this
Cpeei 11 cBErRRERGRaMBLAS BoneTEnt Cibs FSSsINEntER 04 D3 Pee 2002
- conprises a mykilledystisahs appreeiate thatiet¢mentscihdhe figures are illustrated for

sem cond 20N | .at . t bstrat forma
e condgPej S 4] B hOGEesBhrif e B W ARAIG PobBRubib. OV T,
of pol ysthe disnensionsphsemeslfyhe ghenaends dr theoligures areeyxapgerated relativejer |
such as bingrilEments EHIB S THiBtove URletbtaRliing sterhBY@entisy of o pidsat um
nitride orf%@nﬂ;ten nitride, or a conbination thereof. Ih’addition, gate

el ect r od®VfMOHay be a pol ycide | ayer conprising a nmetal silicide) such as
tungsten silicide, titaniumsilicide, or cobalt silicide, overlying a
polysilicon layer. Followhg hga ntioni:g e a8 -éectrode 108, a first
interlevel dielectric (ILBFF f—ovef—t he substrate 10 and
patterned to forma contact opening. In one enbodinent, first ILD layer 110
is a layer of (pl ' ' | ' xysi | ane
(TECS) & IR aREHRIarBR WitH &%b@dingf‘nté Bﬂr}ésﬁré;s%%ﬂﬁ%Hﬁbr?% &Pﬁﬁa{/@%gﬁg ! ayer

S.aq source gas. Alternpat|v ayer ;
of sili céfﬁaiﬁ?t{'Fifk?JE,a%é‘ 3 awelﬁvs?ﬁskﬁyﬁﬁim areciarmaed oyedyinggpgmicangyistorof
bor ophos pleeiiel substratell Asda OBBAIRD, is @tcHidd ibdhe Menshilevel &lielegkic. filt with yi m de

| ayer, a i j . j.nati ; enf . i ng. tl.erning,
2" ont actrarsh ShEMEhlingL 8 GRS bER sk AT i fhe wdfer-BlEM dihitehd

openi ng dimphar ¢ the viarddveltdielecicdiimi 1% trehel openingripatiesnetinam

adhesi on/, i i ; 1 i b U ikl LA die) )
tantal un't aﬁ?ﬁglgtsﬂdr%eﬁ%gyl?ﬁgﬁgrg%%ﬁ é‘%\\?ltd ﬂéétrlégnhéwg%a\h%én d?ﬁlégﬁl il

mat er i al filnds etghed wish ?lﬁ?&?ﬂgrﬁtcmph%m'%'éﬁtﬁémﬁﬁ ia onsaing ik the vigne
conduct i Vevdlidiéleswicdilinal THelpeéifl|averielastimofilfiRestched knfdrhes tldncm 114 are
renoved using a conventional etching or chem cal - mechani cal polishing

t echni qué@PeE™MSbrm t he conductive plug 112. Alternatively, the conductive
plug 112 may Wdd. drinelddesiangliusiptionsofld semicasdactoodesrice that hasrbeeni al with

or witho A L i f, i i 112, a
G ol et 1 arfily SiBEEL 4 {d 4o 4 i ‘%@éﬁ@{e@g%ﬁﬁgﬁgaﬁﬁgﬁe icd® |3
and t he qunmrlae@_rmaemlcp@dppmg device wb§éf@<tﬁ_ldl al d$$Qi&'ﬁQIhf¢9|@mSﬂ02na11$, a_nd
a second tFé?@i’é{SFW@, ddridiclive pﬂ!geﬂﬂréfﬁfja\ﬂ!élé‘étﬂclé}%rﬁqm "F’r!éﬁsfé’ccﬁ"ﬁ@ ric film
116 and el ectri caw%éonnect%t h gor Jons, of tma éond cti }/e @Ic&g 112. In
one embodiOISeS GRS eS8 eleckic lpyend 96.¢anda ogieg A&y Ta/ TaN
and the clp8luAsiveedfin khis sgecifisatian, ved semiicthducralevicd subsitae 10r the |ike.
The conbi nati on of the second adhesion/barrier film 118 and the second
conductive film 120 formthe first interconnect level 12. Up to this point

in the process, conventional nethods have been used to formthe device as
shown in FIG 1.
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After forming the first interconnect |evel 12, in accordance with an

. enbodi nrent of the present invention, an upper Il D layer 20 is then forned
as 5 23 DEC 2002 illustrated in FIG 2. ILD layer 20 conprises capping

| ayer 22, bottomdielectric film 24, upper dielectric film 26 and har dmask
film28. In one enbodiment, the capping |ayer 22 includeg;antayss,of plasna
~enhanced nitride (PEN) dep05| ted to a thickness in a range of approxi mately
40- 60 na ilicon
oxyni 1 QeHeE:a fGBERRAINE YemiceRdaeRpipl 3 mistndioE RSB0t 22 1o s
- bot t om ( \&Ulpstretesiop amt/eqtb@rtsutzstmm wsedito fqtin‘a%égﬁmwélcwf Vige. enbodi nent of
the present |nyeje boétfﬁérft t@@tédtfbdteltda ¥4 ta§et9rps@gsmt§dm9

fl uori nat ed tetraet OXYyS ernatively

| ane as a source
bot t om difdiespatively.igat ﬁteiQF hoske 'F@Vrﬁ?da LG E éga&taé RGHEA S ¢ rrat erials

such as aﬁolytsdéﬁuﬁwérmétaumtm EE,@S sughsdd tRaAuwm nxmomtqaetelai m%rmdoqr@rs 04
| &l,e rc Irm

d t I t I t
e e et hisdanidh, 35t SRR a7 LA A SLB A 1
2Oéer IUyl ngopgsrishng dirnétad silicidef slch asltt;mgsmgemcs_der titaniunh eilieide, ?_r eblegitric film
erg ormed using spin-on coating or
chem (F:)gl \)%ﬂ)(% Oﬁ}gﬁlgi’\gﬁ hﬁvygwyaa}%gcesses The gppgr dielectri Cgfl I m26 is
formed at a t Hiallowisg farmationaidke ghteaplpctiadend 08/  fisddntsdevelalielestrior s. The
upper di 3]@5) szér 16 @%@m@ﬁ%v@?tﬁ@é&%‘i é'm@argﬁpétt&ﬁ@ato t‘d?‘r’ﬁgcgﬁtéi{g' al such

as a pol uor ocar et her - based
mat er i al 0PNy nrbﬂn@pmdlraeabtbﬂéuattm T} isd layers oqta%@aatetp@@ edor

xerogel , @(m@fhdt@gtﬁ)m@dmlnygtétmymﬂéI(BEOS:;aSId mﬁqulg@gametemwetw af
I aatl on O

b
{he 1o cqbriibCHaver 110 B4R allveril <ieBn 16 eon Rt HhRRRn RIS 7
- 26. Over |({PiS@), apayaercnf t&jrepmmsphdsmbateZ@ass (BBRSGYea kilitoh oxg@itriddalagensk fil m

28 is for ely 40-60 nanoneters.
In one er#omﬂl rren WQ%"?@F ?ﬁgﬁ{bcfgé; a EF%O& of plasma enhanced
nitride (PEN), Fqltwdmg pgttetwmmaa q@mtagt @RANIBG 1S tfmedwn ihmdielrgbis layesd 10.
t echni CIUthe &ﬁ@bﬂéﬁéh’ﬁ léontd?%eg%réﬁmﬁiétlffé gngﬁmrwt ReforpedRintgaAY silicon

oxynitrid njtr nillustration of
oY ose. tesmpagie D 1 ctvas tasiumitaning SOHTITN ng 54 1 noa ros st
| ayer 32 tanmidlmltagtaltha ri|tt|DeI(ﬁaE'raNaOand ltee tikey avyalean comdwative fillenateeial 1 d5def i ne

i | . .
F1 G e cisClunsfaif, A fiflg SpBLEAT AR ok SURE KBl pted s =0

i ncl udes %nd wméeﬂwgg adhesjon@@rmer fam lbpare mwvaﬁwzﬂmg aieonventiongl@tctiog The
openi ng Ao?r&PétIﬁBQISmbBHQMGQI ;sdtrghma%bhhrauertas&rﬁ tHdecituctié pua141de upper

dielectrigc fil ter or in a rtlon of tomdi el ectric
fiTmros, Akgmalvenngonduciva pluse! BamBlseionss quged%q%cﬁﬁlhgorb%@ess to
defi ne t heontaetrfilipatdriad withtdravithedit thebbamier §lmd14| | ustrated in FIG 3 can be

exposed por Ui S IPARG S conddpind BLBOER @R 15 BRRE et ons
of the havenlying portiong ®f thenlb Detaylr pi 0 aadshe dinstieonduelivpeplugd 12. ph secandant | y

o6 xposan e B e o N e 42
25 11§ s touioes Bieates T 17 and SRCEieAy EomARd SkPTicTng! e Gancgre
feanOOl2 Zt gslugtidai. nnqmesanbodmtmntth@mmdtadhemmtbazﬁer filfn o8 tsatttandieel eﬁt ric
ilm 0 | use

chem str?"ﬁ@%ﬁ?@aﬁ\iﬁgh ‘E‘%?’Dﬁﬂé V‘:"d g i%kﬁ @ Paﬁts!@ %cgfﬁei,l %E"B@B hF t he
phot or esithe likay dhes@mbinatien olﬁﬁlmgecccn'rd)adiubmn/bamewhn 11 Brand the sqmndng 42
i s being I f; 24 is

t of nod usédrﬁd“éﬂv?ﬁrﬂﬂﬁb%ﬁh the fn&@%ﬁftﬁanh‘é‘ét %9 ffngp%‘fﬁlﬁgiot?n\}elté 'rt]ﬁ'% he upper
diel ectr |woces$n@@vgnuoma1en©tbpdarhadeéte@@tusad tojfprm the d§v1§eas shesn nl y a

m ni mal gyt of the bottomdielectric film24 is renoved during this etch
processing ste In FLG 5, 1in accordance with an enbodi nent of the present
rvent on o PRERHPESING thesiet nBrooanea sl 1y FSORGTER GRRER 1 1'm Do A
portion oémbbeinmrtiafties psdsdnyrtfentidn| an RpbeelLTeryep20 i thetrforpediasy 54 t hat
W ll be used to define a trench portion of a dual inlaid interconnect
opening as will be explained further in FIGs. 6-7. FIG 6 includes an
illustration of a cross-sectional view of the substrate of FIG 5 after
removing a portion of the hardmask film28. The hardmask film28 is etch
using a conventional fluorine-based plasna etch process. The etch is
typically a timed etch and targets to conpletely renove the entire

t hi ckness of exposed portions of the hardmask film 28. The portions of the
hardmask f| I m 28 that are rermved are subsequently used to def| ne the

Y



7 23 DEC 2002 selectivity to the upper dielectric film26. This ensures the
.vertical sidewall integrity of the via is maintained during the etch
processing step. In one enbodiment, the etch uses a fluorine-based reactive
ion etch (RIE) process chem stry perfornmed at pressure in a range of
approximately 1-10 mllitorr and u5|ng5an applied radio fregy 8”%30%

_power in a range of approximately 8001200 watts, depending on-t ype of

h h h
Conventi iaTACH R T, 2, 1R T 2 SnPERY SAPung L 22 el ontbBleepic e an
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Al t er nat lik®l y, the conductive film96 may be formed using other techniques
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capping layer 98 is then formed overlying the conductive |nterconnects 96.
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7. The nethod of claim1, wherein the trench-level dielectric film

. conprises a low k nmaterial, said low k material having a dielectric
constant not greater than approximately 3.5. 11 23 DEC 2002 8. The n®et hod
of claim?7, wherein the low k material _conprises a material froma group
consi sting of organics, inorganics, and or gani ci nor gani g yd dg025 9. The
nmet hod of claim8, wherein the low k material conprises an inorganic
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e nmethod of claim 16, wherein the protective | ayer conprises .

si | i con- eblheAyal waiﬁatﬁaﬂm@eqtﬂp@mrﬁ 80. After samplstonaraha yia eich RstioRd of
- claim 1, ofitier didl bR interedbneéctiopehety a4 Hivstrategdrbys EEG.0X \the procasdirigie second
etch Che%éﬂs‘frﬁg@l%aga tcf> Iallr%oéxiyggh-containing plasma. In one embodiment the

etch process is performed at pressure in a range of approximately 1-10 millitorr and

at an applied (RF) power in a range of approximately 100-300 watts, depending on

the type of etching reactor used. The other etch processing parameters are

conventional. Fluorine-containing and carbon-containing gasses may be added to

improve the profile control and film selectivities. An etch processing chemistry

having a etch selectivity of greater than approximately 50:1 between the upper

dielectric film 26 and the hardmask film 28 will adequately reproduce the trench

opening in the upper dielectric film 26.

The presence of oxygen, during the etch processing step, removes the
photoresist layer 52 while the upper dielectric film 26 is being etched. The etch
selectivity to the bottom dielectric film 24 is such that the bottom dielectric film 24 is
not substantially etched and the via sidewall profile is relatively unchanged.

Therefore, the sidewall profile of the via is maintained during this processing step.
At this point, in accordance with an embodiment of the present invention, a
substantially completed dual inlaid opening 80 has been formed.

In FIG. 9, an adhesion/barrier layer 92 is formed within the dual inlaid
opening 80 and overlying ILD layer 20. In one embodiment adhesion/barrier layer
92 is a layer of tantalum nitride. Alternatively, adhesion/barrier layer 92 may be a
layer of titanium nitride, a layer of tungsten nitride, a layer of tantalum silicon
nitride, a layer of tantalum, a titanium tungsten layer or the like. Adhesion/barrier
layer 92 may be deposited using conventional sputtering or chemical vapor



5 19. A nethod for form ng a sem conductor device, conprising the
sequential steps of: formng via-level dielectric filmoverlying a

sem conduct or device substrate, said via-level dielectric filmconprising
an oxide of silicon; 10 form ng a tren%h | evel dielectric filmdirectly on
and in contact with the via-level dielectric film said 37 efgh-dgvel
~dielectric fllmcorrprlsmg a lowk dielectric material, said | ow k
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y 109 (suBh Ja@"/(&n b)eaﬂyﬁm(ﬁg (reactiVd ion beam etching, and plasma etching, or using

a combination of etching and polishing techniques.

A capping layer 98 is then formed overlying the conductive interconnects 96.
In one embodiment, capping layer 98 is a layer of plasma deposited silicon nitride.
Alternatively, capping layer 98 may be a layer of plasma deposited silicon
oxynitride, a layer of boron nitride or the like. The capping layer 98 is used to
reduce the likelihood of metal atoms within conductive interconnect 90 from
diffusing into dielectric layers which are subsequently deposited over the
conductive interconnect 90. A passivation layer 99 is then formed overlying the
capping layer 98. At this point, a substantially completed device 901 has been
formed. Other electrical connections are made but not shown in FIG. 9. Also,
other ILD layers and interconnect levels may be used as needed, if a more
complicated device is formed.

Embodiments of the present invention may be changed as necessary in
order to properly apply the concepts discussed above in order to accommodate
variations of the present invention. For example, after defining the via pattern in
the hardmask film 28 and the upper dielectric film 26 as illustrated in FIG. 4, an
alternative processing scheme may be incorporated in order to facilitate reworking
of the substrate in the event problems are encountered during photoresist
patterning to define the trench opening as is illustrated in FIG 5.
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: containing inorganic layer 101 is formed overlying the hardmask Iayer and within
the opening 42 as illustrated in FIG 10. The thin inorganic layer 101 serves to
protect the upper dielectric film 26 if the photoresist layer 52 illustrated in FIG. 5
requires removal using a solvent, an acid, or an oxygen-containing plasma
chemistry that would also remove exposed portions of upper dielectric film 26. In
one embodiment, the silicon-containing inorganic layer 101 is a layer of plasma
deposited silicon nitride. Alternatively, layer 101 may be a layer of plasma
deposited silicon oxynitride, a layer of boron nitride, a layer of silicon dioxide, or the
like. The layer 101 is formed sufficiently thin, in a range of approximately 40-60
nanometers, so as not to significantly impact the critical dimensions of the opening.
Subsequent processing steps to form the dual inlaid opening 90 are essentially the
same as those previously described in FIGs. 5-8.

Embodiments of the present invention include many benefits. First,
embodiments of the present invention reduce the need to use a high dielectric
constant etch stop film between the bottom dielectric film 24 and the upper
dielectric film 26. Because the etch stop film is eliminated, there is a corresponding
lower overall dielectric constant for ILD layer 20 as compared to an ILD layer that
uses an intermediate etch stop, such as a PEN or silicon oxynitride etch stop layer.
Additionally, this process can be easily integrated into a process flow without
significantly deviating from current conventional manufacturing methods. Further,
the process can be used without having to develop marginal processing steps or
creating exotic materials that are not currently available.

In the foregoing specification, the invention has been described with
reference to specific embodiments. However, one or ordinary skill in the art
appreciates that various modifications and changes can be made without departing
from the skill 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 the present invention. In the claims, means plus function clauses if any
cover the structures described herein that perform the recited functions. The
means plus function clauses also cover structural equivalents and equivalent
structures that perform the recited functions.
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A method for forming a semiconductor device, comprising:

forming via-level dielectric film overlying a semiconductor
device substrate;

forming a trench-level dielectric film directly on and in
contact with the via-level dielectric film;

etching a via opening in the trench-level dielectric film with
a first etch chemistry, wherein the first etch chemistry has a
higher etch selectivity to the trench-level dielectric film than to the
via-level dielectric film;

providing a photoresist layer overlying the trench-level
dielectric film, the photoresist layer having a photoresist opening
overlying the via opening in the trench-level dielectric film;

etching the via-level dielectric film with a second etch
chemistry to extend the via opening into the via-level dielectric
film; and

etching into the trench-level dielectric film through the
photoresist opening to form a trench opening.

2. The method of claim 1, wherein etching the trench-level dielectric
film is carried out with the first etch chemistry.

3. The method of claim 1, wherein the steps are carried out
sequentially, in the order of description.

4, The method of claim 1, wherein the via-level dielectric film
comprises an inorganic material.

5. The method of claim 4, wherein the inorganic material comprises
an oxide of silicon.

6. The method of claim 5, wherein the inorganic material comprises
fluorinated silicon dioxide, formed by reacting TEOS gas with a fluorine-
containing gas.

7. The method of claim 1, wherein the trench-level dielectric film
comprises a low k material, said low k material having a dielectric
constant not greater than approximately 3.5.
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5
9.

The method of claim 8, wherein the low k material comprises an

inorganic material, the inorganic material comprising a material from a
group consisting of porous oxides, silsesquioxanes, and polysiloxanes.

10 10.

The method of claim 1, further comprising forming a hardmask

on the trench-level dielectric film, prior to etching the via opening into
the trench-level dielectric film.

11.

The method of claim 1, further comprising: simultaneously filling

15 the trench opening and the via opening with a conductive material; and
forming a dual inlaid interconnect.

12.

The method of claim 11, wherein the dual inlaid interconnect

overlies and contacts with a first layer of metallization.

20
13.

The method of claim 11, wherein the semiconductor device

substrate has an active device including an active region, wherein the
dual inlaid interconnect overlies and contacts said active region.

25 14,

The method of claim 11, wherein the conductive material is

selected from a group consisting of copper, aluminum, silver, and
tungsten.

15.

The method of claim 14, wherein the conductive material

30 comprises copper.

16.

The method of claim 1, further comprising depositing a protective

layer in the via opening in the trench-level dielectric film, prior to
providing the photoresist.

35
17.

The method of claim 16, wherein the protective layer comprises a

silicon-containing inorganic material.
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<=>? @\BCREFGHI J@NNCEQRM/\?&\FZ{OW\ng absemiconductor device, comprising the

sequential steps of:
forming via-level dielectric film overlying a semiconductor
device substrate, said via-level dielectric film comprising an oxide
of silicon;

10 forming a trench-level dielectric film directly on and in
contact with the via-level dielectric film, said trench-level
dielectric film comprising a low k dielectric material, said low k
dielectric material having a dielectric constant not greater than
3.5;

15 etching a via opening in the trench-level dielectric film with
a first etch chemistry, wherein the first etch chemistry has a
higher selectivity to the trench-level dielectric film than to the via-
level dielectric film;

providing a photoresist layer overlying the trench-level

20 dielectric film, the photoresist layer having a photoresist opening

over the via opening in the trench-level dielectric film,;

etching the via-level dielectric film with a second etch
chemistry to extend the via opening into the via-level dielectric
film; and

25 etching into the trench-level dielectric film through the
photoresist opening to form a trench opening.

20. The method of claim 19 further comprising:
simultaneously filling the trench opening and the via
30 opening with a conductive material; and
removing portions of the conductive material, thereby
forming a dual inlaid interconnect.



