;’e3euu, j | 68Tv<WD 00/ 67304 5 METHOD FOR REMOVAL OF SIC Field of the
i nventi oan(g:a'ﬁolggp 00045 10 [0001] The present invention isﬁéﬁhﬁ&ﬂ%Oﬁo a
nmet hod for renoval of silicon carbide |layers and in particular anorphous
Si C of a substrate. [0002] The present invention is also related to an
integrated circuit inplenmenting said nethod. 15 Background of the invention
(0003] SiC (Silicon Carbide), particularly anmorphous SiC, is known as a
chem cally very stable conponent. In sem conduct or processing, many
nodul es, defined as a set of 20 subsequent basic steps,
presence of a thin layer which remains substantially unaf mmwuw@w
operation being perforned, i.e. so-called sem-inert Iaye arly,
such a semi-inert |ayer can be used ( as a hard nmask | ayer dJdf®®y dry etch,
or as aB etch stop 25 layer during wet/dry etch, or as stopping |layer for a
Chem cal - Mechani cal polishing process (CWP) or for many other applications.
For instance, these sem-inert |layers can also be used as diffusion barrier
layers . Due to it' s high ghemosalrort ¥Mdviat, desuse of a SiC layer as a
30 sem -inert |ayer may havetenefTts over otter meterials such as silicon
dioxide and silicon nitride, especially for those applications where
selectivit¥.t th eration belng performed is of high inportance for
successfuI—#ﬁgﬂeﬁgﬁggﬁkéﬁ——ﬂﬁ—gﬂdlt|on Si C layers may be superior in 35
terms @b bapbber propertTrs. presWRL0G/BE304 on PCIBERQLRGR4AS 2 4 0R8¢hoq
Docunment US-A-5,818,071 is related to interconnect structures incorporating
a silicon EaFbiTRNGVRler Ods %l b FPsICEFBAS | eRYRAFeralfhr finc UPAFT yCBbRtieen a
dielectric g ndu al layer with a 5 resistivity |ess
t han about gggpﬁgg%oﬁg¥c§%t?n%%?égr%%%bunent US- A-5, 818, 071 does not
di scl ose tljeoage of a SITheO@IEﬂ%%KHElmE@RtlaB dm edldo srepakagerctcanana

di ffusion barrier a Ere nﬁtal dlelectrlc structures, particularly
between a 3PFPEFEES a?éFC&ﬁ EMsaing, 3gd metho

15

Background of the invention

[(0003] SiC (Silicon Carbide), particularly amorphous
SiC, 1is known as a chemically very stable component. In
semiconductor processing, many modules, defined as a set of
20 subsequent basic steps, require the presence of a thin
layer which remains substantially unaffected by the
operation being performed, i.e. so-called semi-inert
layers. Particularly, such a semi-inert layer can be used
as a hard mask layer during dry etch, or as an etch stop
25 layer during wet/dry etch, or as stopping layer for a
Chemical-Mechanical polishing process (CMP) or for many
other applications. For instance, these semi-inert layers
can also be used as diffusion barrier layers. Due to it’s
high chemical stability, the use of a 8iC layer as a
30 semi-inert layer may have benefits over other materials
such as silicon dioxide and silicon nitride, especially for
those applications where selectivity to the operation being
performed is of high importance for successful
implementation. In addition, SiC layers may be superior in

35 terms of barrier properties.
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10 5818071 does not disclose howto pattern or to renove the silicon

car bi de | ayersossdogecti vely to the underlying |ayer, in casu pcivekad/ocossyer .

[ 0005] Although a silicon carbide layer 2s a very attractive |ayer to use
i n sem conduct or processing and 15 parti cularly in interconnect structures
and di el ectr

bi ggest di s[zgg&ﬁﬁ: ;;gt " eébglﬁhseggls %%tm e'adf Cﬁf]lh!a!t t%/?clagr% ?E/e‘g?f :‘ I %ul t

(i f not |npnsslrlcloelrmctalﬂzruatmmawemn@rpart’ajtamlgar kay Bmlnermvecarblde

sel ecti vel X 0 e

required a?[g %}ﬂ%s‘gt%mﬁ%gu aoér s&l{rolcjt%g %:%/IQ’ g%atl ons %?1?339%“ ni t| on of
field areadsedsicty icheashal &ovhw]@lmh chbimtlb\re apEtoakch;layed t Wetbseaas
etch stgp k@%ﬁrs%lwtfoni@gé ang .y a Qsémel tiom, whereohhecPheERsSrELOW

requires the selective 25 renoval of the etch stop_layer at the bottom of
t he cant acPpgugens obBfalnSi 8\9\/808Ht1ac‘i19’%$a ntsi ditgrdeseAnbhfieruskarpl e2i s

al so rel at ed 1@ drh@ a4ga Jof 13}@@%@aﬁi%mgs&@exay@r@ﬁda@pdn@ﬁ&smﬁ The
cl eaning after CWP %uall relies on under-etc

I n
particl es/ PBLFdGes. TRYER0 rdqui M 12t he Ju‘??%%ter:f? om T ehEPETEi el es
and/or r espdmméectlt}o Heerwempvads chinchbéeel alyed issal ropiteldgtrica Very

controlled @g% ’ngyedﬁgc&g hﬁgﬁsqgfngggé shafil ity of SHC rpe

partic es an reS| ues on top o er can not e under - ét ched
and t heref @nélma:mm}dﬁs bereonesetachévedyf fcpcmfte. Jrodes) y e uhane r,

EP- A- 0645803 diss¢i %s%tt he rgmmval of a surface portion of a crystalline
SSCfilm glirsta% defects areintroduced in the top_|ayer, thereafter, the
VO 00/ 67304 000BETBE00/ 0084513UEH 3 apérl Lic®Tc orReht &4 |1ﬁ’tY§ra % | PcoreBXi de

| ayer by aathenmlivexi dayien dd eakeenint Wintaddnadit & t prpekakuhg 04nd 100C.
Thi s renders thl S ,Arqcess unsuited for use in int erconnec{\g} %ru tures and

pre- mettdl &PEEEHAE LPPVEP 5 M TTFEWES becHUSE G- T Ve W 8T et ht T eady
defi ned andttdverefrerse onty [High edhthérsdl dvLatIvent s caan desapplel edtsi .

typically e I ver h i ayers )
structur es%qg;ge%al ?%S VX}V con‘gil it | b%lé S‘flﬁk%}é%pgr?gknu)régls a aorg:\}:e%@ l?e
nost met al veeat Wlekfieuihe (1F i meler domesstibdter uzt ursdd) ar’éonme"@mmaﬂl@ e
Wi th tenpeb%txl&rl%mtam'fatby AR aheut 54006 1 A% ofsddhe ienuaphiean $£007]

It is an aimof the |nvent|on to renove 15 exposed | ayers of a SiC |ayer by
conver E0ngPaCIesEst LAOKE] oV RpEPt %‘fcgal%ﬁ‘@?‘@ll ayer FRBEFEEoN2FET ) oxitle or
silicon oxisgeppdsed layers. ifartheul@id yobbirateonser sbon des ipationness at

| ow t enper at.ur. referabl 6 in a ax contal ni.n Iasrra
Ther eafter%tll% conve%teduﬁb a(r%?‘eof Sgﬂdo%l EFAY |%0%r AR LPR Y %%1?

a further arng oftheheusavensi oertCtha Eton dé ayemst h(idm‘ oroh&britcagndg R

I nter Conneﬁtefgﬁxfl‘éfi%'ﬁr eSyhd AL Hﬂén%xpd@ssé rflf&kr” ‘Eéqu%!e@g AL s &Ly stop

| ayer and/ or fusi on arrier layer by using t af ore-ment 1 oned
net hod 2for YERYietdu &1 eBBfvest ipval okt ]é}bfﬁ)"se@tl ayaeS BPttRE SPE IEyRr. -

[0009] It icon%aidt/vaaf uEd habtam\ afovk heohByepy 8 tr(ésﬁ.rs@élrﬁ:% AMnother
i nt erconnect structure, artl larly, a Pll\le struct v(\tpereln a Sl C | ayer
a%EBpre ated “to the Si stoppin

can be use§RIPHT etth LS C ot &

layer in CMP applications. The cleaning after CMP usually
relies on under-etching of the particles/residues. This
30 reguires that the surface from which particles and/or
residues need to be removed can be etched isotropically in
a very controlled way. However, due to the high chemical
stability of SiC, particles and/or residues on top of the
SiC layer can not be under-etched and therefore, cleaning

35 becomes rather difficult.
[0006] Document EP-A-0845803 discloses the removal

of a surface portion of a crystalline SiC film. First,

defects are introduced in the top layer, thereafter, the



30 layer between a conductive layer and the surrounding dielectric. Summary
of the i nweole®sbal 0010] This invention is about the sel ectip¢g/dmopoas of 35
exposed | ayers of SiC |layers which allogs the use of this highly chemcally
stable material for a w de range of WO 00/ 67304 PCTBEOO/ 00045 4

appli catl g@é’?ns% eerasgsf o U Pese of 5 t Ry 'gitO%]d 8;?98%' arc?gé'pl gg silicon

| ayer ating |layer belng corrposed 0 east , but

not |i m te?dhdmnael 0px3idEtion dtremasentSi LyGiandlQ =t ga $|elmpetrratmm:y5caﬁbl de,

or at Ieas 5 SI, and N, e rided silicon carhide (SiNC) or at |east
Si, N Oa ho% Ce %hjrﬁtr#ed%&ﬁ oRy C&FHiSde 81 gPratuF%as’cn Si, C

and H e.g. 1ﬁ@@£@8ﬁﬂécbydéegeeeh%@58l bihgon pEar Rled1( Sl&éd)ectﬁc at gl»mﬁt St
C, Nand H e.g. hydrogenated SiNC, or at least S, 0, C H e.g.

hydr ogehat edrgr toces F@lec{ahl@emepm‘ee oflevhicesdiastd osllreadan d@ﬁld]@dsl amadon

| ayer is a_|ayer co ed .of east and O (d| X

of Si, O ahd® éeéﬁﬁ?lngfﬁfyr a]cjtr?%\he%f g%eﬁﬂ‘al/ &Feﬁl@ﬁﬁi%rcwa %](f) eNgj'and/or
a smaller fractiepdéatlyf osoexanpbe Sh1eeN Mokt )ox] decw@er@méf@e
fraction of C and/or N and/or Hsmaller is than the fraction of O [0011]

In an aspet@Y®¥fst kB tHEedMorf t B HBL TR f%ﬂfe r@hB0i A tatCcImRRt i tyythan
exposed pag Lyl acGALD! dBBLL! &aD IBYln AL TSk ONnd: SUPELLALS S I splgsed

conpri si ng e steps o - “converti ng at east partly said exposed part
of saitocaihteeesnhecon | areudniesan oxrde- siddtcon tewpeathplexposiigh sai d
carbide-silicon layer to an o§ggen cont ai nlng pl asma, 25 - renoving said

oxi de- si | | EBRPEEGEFT RFRoRYBAFELLdbaPPY e 2 f’@@lé]oo§§| d exposed part can be,

but is not Iimted hereto, an exposed part in an opening or can be at |east
an exposed part of a layer. 30 [0013] This nmethod can be applied in-situ.
The substrAt®scafi bhe buvepsipdt |inmted hereto, a partly processed or a
pristine wafer or slice of a sem -conductive material, like Si or Ga As or
Ge, or an iP8QTAting mat®kials emy. aamyl ads §heceinvenaiepnduet i xamove

materigb. 33,58k JURRIFAt§FCaN @QPI SfeA B?ftt@éH@QrEOHQUCéd veehayery
Particularly, in case said substrate is a paftly processed_wafer or sllce

at | east a"paP¥ H3Xhe Uct iSPehndAGr pa¥sFvelBevFEesCeRn Hit b2y d®e F%or ned
and/ or at keastoA oxVEe0D46£304aRETBEORE2004512 031 trinfs tdhwd Fdicdur £

interConnegékggr%ggs%td%X5gegegggrgguiggve%feferably 600°C or below,
in an oxygen-containing plasma. Thereafter the converted
20 part of said SiC layer is removed.
[0008] It is a further aim of the invention to
provide a method for fabricating an interconnect
structures, including PMD structures, using SiC as etch
stop layer and/or diffusion barrier layer by using the
25 afore-mentioned method for in-situ selective removal of
exposed layers of the SiC layer.
[0009] It is still a further aim of the invention to
provide an interconnect structure, particularly a PMD
structure wherein a SiC layer can be used as an etch stop
30 layer between a conductive 1layer and the surrounding

dielectric.

Summary of the invention

[0010] This invention is about the selective removal of
35 exposed layers of SiC layers which allows the use of this

highly chemically stable material for a wide range of



[0014] For the purpose of this disclosure, plasm should be understood as a’
conventi orwbogk?sggra such as a 5 reactive ion etch (R E) pl asfRpRbo/dboss
chemi cal vapour deposition (CVD) plasma,qor a plasnma afterglow. By exposing
said carbide-silicon |layer to an oxygen-containing plasma, energy is given
to the oxygen containing species, such that carbide-silicon is at |east
partly coneppfledaititnsoxipde 1@ s [fanthahereperss gyf chmi Hedbsgloshee nal
energy or Kki 4G I, . Vi f.ordmat 0 fql bé H015)
enbodi ment E%?%:lﬁ% %E\?é%é’nog,ag’éa%%g% as recéit%hoé)ijfné)fo%: t?eigrs?1 a%‘%%'%?g%f
this Invenpfonrti degissciSdsemd wherseidh sk cinty ek snbred tharefa s @ reroval
15 E't gp ar F;SQQ%%QUQJI[,! mr@fg@?cbse?gf. r %i(ilifé%%(rj dse{yét(ﬁﬁg@]qﬁémtdﬂ S geastt f
car bi de-silicon_layer is substantia renpyed. ]. 1 n an _epbodi ment o
t he i nvént £dn, th@%gor]ﬂ/'erg'ran ﬂl&ﬁ]é’{%%r{sggf'c?ﬁe %%-é??ygggqray%? to
an oxi de-siikiagen $ayem,cao henderct,oraed. byhiexpokedigstinecdd catptateb Sdéi con
| ayer to an_o n-containpng.reactive.ion etch (RIE,) plasna,
Parti cul ar R§lﬁ¥)%g 'subosﬁra?é i r}(ﬁa\f nggfhe ar baf‘hcge- SFI| i (?grg'l ayaelpo%%l—r\o%%
i nt r oducedhiydragenessdr issdd chandmerbode a (i @sHh, ebech atodleastheSipr €8sufe can
be | ower t Torr, a en,.l._nrerr .ang .1 Mg .
tenperaturgﬁlgnﬁéa%;’ %ha &egégceg{nﬂtb)%dﬁg%&grBgefig]W?egrS%pr%éf'er%gb@ bl\gal%l{l/]vglooc.
Thi s t @fpeFat uee Joan haldgedsaaitied héMNige fRum -PUT tRIIRTE Mef dilabty,
sai d tenpepakigshsab sRoMt 8IPEEBhUNRyethe £Ngr gYyel thedddepl asma
can be between 1 eV and 500 eV, such that |on|,$ 30 speci es can be forned.
[0017] In &hRotK&sSteroditeril, Eh@: cBAVEFSTon iy SfidSpart & the © and
car bi de- si ki camlyer ftacanoaxidte- si larebn/dayar ewdl he perbotied by N
exposi ng the .carbide-silicon | ayer .t.o _an oxygen-containing C/D plasma. The
substrate PREYQding 35™FHe Ear ?éc?ec-tsliqul coontxl gg’er JLf(?%trn beexal‘rﬁglr%dusgje T a
pressudbseddihanxbee oVharehenitad \apouridepodi t Cormndolr TFheapdéssur®e can
be, but is t 1 LLm. r , Al r ® Torr, e.g. 10 Torr. The
t enper aturgﬁlgér%egelitsn(gtl’%g\l ?gl%ggya%od—%r}gf;%ﬁ PCTBEOO/ 00045 6 between 250C
and 550C, pgPéfddably in The darEP et weén WEOCARNSHOT, ROOESh
anot her embadicnBRY ofct heddivephireny tde eapwdledl Opaftomma Rardaafidde
carblde-S|IL&Qn | ayer to 5 an oxi de-sil.icon Iayerdﬁfn be rfornmed b
exposi ng t Ré1d5PPi d8Y&r fOsMraydt & SWHFPafdent %ﬁlrﬁﬁéquod%%’al“ el
af t er gekow. tRar iceglsaclty,: t he substrate including the carbide-silicon |ayer
can be introduced in a pres i . cha r qf p to Sal ma
afterglow can be 10 char act%ﬁ%%%?l%gtn% nlgetaslq‘l U#D?ng%ﬁerg 'J(L)C,1 géy).gpaéoépef%ssure
in the rangertr onf 0s62dTorarhidls- Tokicomnd ayert hentanga betigsers OLixawrr
and 1.5 Tofhand gy ef858b] ¥g bghvaen L/ielyin @uh 11 £pe J0EL, 28 Bx t
0.8S Torr or “about’ 1.1 Torr-. The flow of the oxygen contai ning substance
can be | owePPE5irHEA PAGGT3Scecm and preferably, but not Iinited hereto,
about 42600 Sccm [0019] Theemerpagalsdriel iokishi -G idhiaydier] dye P riafet afdyd 600C
or bel ow. Tﬁ%s t%rg*ger ature can also be in the range from 100 to 600C and
also in th8 gﬁﬁe rom 200 to 400C 20 and also in the range from 200 to
300C. Thi s [08A@ar at ur e | Bapfefepaisied Hart ncan|beit buthdsetrot abiowitt280C.
[0020] In gpother p t inventj.on . an jhtggrafed £ifcui
substrate vvigt %b'gt’ I%Zlagt%bg%fgdcg}%él&cﬁi ve r10a);3er g]r?g:gpart I yecex‘-'|tC)t)is(:'teadiqz:qsiﬂ’1
di scl osed, exrrgedsparitc@ift acd@yisirsi ng:

30 [0013] This method can be applied in-situ. The

substrate can be, but is not 1limited hereto, a partly
processed or a pristine wafer or slice of a semi-conductive
material, like 8i or Ga As or Ge, or an insulating
material, e.g. a glass slice, or a conductive material.
35 BSaid substrate can comprise a patterned conductive layer.
Particularly, in case said substrate is a partly processed
wafer or slice; at least a part of the active and/or

passive devices can already be formed and/or at least a



-~ a conductive layer deposited on a , semiconducting |ayer, - at |east one
dielectric |laver having at |east one opening extending through said

di el ectri ewqg&}gpogo to expose at | east part of said condul &’9 %
carbide-silicon |ayer being formed at | east on said conductive | ayer and
bei ng positioned between said dielectric |ayer and said conductive | ayer
adj acent t pasai dfexpesead mpatirefs saite reordieitd ey | Alyese 36vi0821Fabaibe
conductlve I%¥E can be a pure netal or a netal alloy of the group of
metal s conSI's Hg of Al, Cu, W Pt, Ag, Ni, Au, Co, Ti, Ta; or a

Si - cont ai nilA§14d ot her sEpiccdrtikicterrems aPhi Mthiayed ssucswss, bplasoe
limted VD0Q/67%3 4uB§£§'§Q%/o&004§ B NELRLOn: Eofla1 2 4l d8uch
polysilicon or a silicon Sai d sem conducting l"ayer can ge a si fi con
cont ai nBngreagéivea GRAs Ieéyzélr RIG | Blarsr LSt |@.§1@m1c5&| dvapbensctric
llayer has pegberalln actios! eataldnta, CAStaN1 Lind dessrghan. a§9UExﬂosE9@22]
In an enbodi ment the invention an integrated circuit Conprising a

i nt er conneSR &t R it 1d Cibst 3%t havitmy AERT o Wi 1 HLRY Péé§@aone
exposed Si eﬁ@&b@l Risngihayero pafe Icﬁd;!}gﬁrl wcaqd%{\@l_sﬁg U§1§Jéléﬁesl ssditackased.
This 10 inter nect, .structure _furiher conpri 1S g ormal silicide

| ayer on s&afdé 60?&& 1§PR: ot aPfi Nyt TRy ePAES éi ?%ﬁg?rBﬁ diti®cPFiderayer
on sai d0susfiddeocaf. Saiic suEstaateamabeng. gt lté@stmadnesropeyy ngr Bandtib
openi ng exteggrlh g thr oug)tg, $ df@r%{a%cltcm G4 aygl to thereby define an
exposed part 19 daitdsi [ fcide I"ayer; "and - a carbide-silicon |ayer being
formed at 1l88361on sai d 3Pl iadl devpagerenhd HBei Hee podsivensaed ber waeahsdi d

diel ectricjlayer-andqgsakd Sthéc'ﬂﬁrgéyeésﬁébéceak tpn2Q sahdepxpesedipart
of said si I icide layer. [0023] A silicide |ayer can be a conmpound

conpri si ngddisci 8§ﬁdand”%?r¢b%stsa&ﬁe %?nY‘F\’éSb?Buﬁté‘(ﬂm@Pgl rﬁf‘@) reMnovEs, Co,
Mo, N 15Pt caeg Wrd GdHeduenely ardpesbed aspeet r@j‘mﬂéle o NVenhéONunadi25
nmet hod for fa rlcaggg an |ntegrated CIrCUIt19n ﬁstrate h V|ng

surface wi A&t P& e LAGRRUCENTE 15 T4 R5H ad“tsje&ﬁ HntTtBeYRY | ayer is

di scl osed. [1JI®il§]conduct| We | @yer serpdisnentpur efnettéle orimveret adnal | oeof

t he group I qﬂ%i tin Al Al ;o or
a 30 Sl-co%tQ?%%%l% r@ré gﬁ?gon uctor-%%ﬁ?%?ﬁl%élﬁaynr%gﬁgﬁf 23 8§t not
limted hep&dge- élélcé?nsu lligyiede, G@rpolBssi IRSWPBReR SPYi c@:np@ay@g ' tbe2s)
Thi s meihod ¢P1RkI-2aS ilR® SHBRSr Of6 an oxygen-containing reactive ion

etch (RIE) plasma. Particularly, the substrate including

the carbide-sgilicon layer can be introduced in a
pressurised chamber of a plasma-etch tool. The pressure can
be lower than 3 Torr and preferably between 1 mTorr and 1
25 Torr. The temperature in said chamber can be 300°C or
below; or preferably below 100°C. This temperature can also
be in the range from -20°C to 100°C. Preferably, said
temperature is about room temperature. The energy of the
RIE plasma can be between 1 eV and 500 eV, such that ionic
30 species can be formed.
[0017] In another embodiment, the conversion from a
part of the carbide-silicon layer to an oxide-silicon layer
can be performed by exposing the carbide-silicon layer to
an oxygen-containing CVD plasma. The substrate including
35 the <carbide-silicon layer can be introduced in a
pressurised chamber of a chemical vapour deposition tool.
The pressure can be, but is not limited hereto, higher than

5 Torr, e.g. 10 Torr. The temperature can be in the range



- formng a carbide-silicon |ayer at |east on 35 said conductive |ayer; -
deposi ti nq’yat | east one dielectric |ayer on said surface and on_sai g

car bi de-si'VP&APhyer; WD 00/ 67304 8 PCTBE00/ 00045 - for b AYBEEY%Est one
opening in said dielectric |ayer extending through said dielectric |ayer to-
t hereby expose a part of said carbide-silicon |ayer forned on said

conduct i vepkeawelen 5250¢0- ahidu £DNVES t pirg f2aiath 19X pDsed heartamie SBetween

car bi de- si éi %gg: |_a erSOiOry, aid opening into a oxidesilicon | ayer by exposing
sai d expos d par £ sal d ‘carbide-silicon layer in said opening to an
oxygencont di00i18d pl asma; Iand/<) anpgimevi ensed dnext defsitheoanivapeionn said
openi ng. [ AR20k PRI LAUY S AURN ShER-ARE S LLMONAL S PRGAM syRBegUent |y
be repeate or a nunber of tinmes until at least a part of said tonductive
| ayer i § erposedidassShbeendestrept FoR dre t Perdeamatysby0GxRPHiIng the

depi cts el LipsQpRirdiq iMRasur egpats pey f osAed R damn diddereitg anprRbRYS
hydr ogenat ed silicon carbide |layers being a |layer of 20 nm(2), and a_ | ayer
of 20 50 nALCEFICYdi f FRAEN St AEL ¥er | bePHGShERGFe (Jﬁéﬁjﬂér‘)n%onGEFsi on
to a oxi decsirbicen diayejor( 3) ageeorgimgbeo ian withotidenh of pbeskavepedon,

fromthe on'ﬁet of this conyersion 53%] ti%?:.d%he renoval .of the converéed
part (4), SRE"RFfer°thé rBXS\ﬂ‘F of°Phe odkfe- BAEESEn FhYRFItSY. & [ 8628
Fi g. 21ldepchbsatchertiltiecknéss: of s ancar bidesiedi bemrdtayerbwha chressypaet iy
converted i_pto i ilico a di t odj of..the ent
i nvention, It\%fr s%%ngéedéts%h ?l?éo‘ ugug% aQ%F %a?gg%g)c%hgg%?i c1):rl;lte 369{%%29]
Fig. 3 depibetwegnscherafeerr apdeserit af¢vh anda pprefaratly dvetwesnrie. 75

structure geeer digg L. @sarAbodi .r?._nta&gué he. 8 VSt 08y £8830] 1 Fi Orodr.
depicts sone processing steps applied to obtain a pre-netal dielectric

structure a8€oriiqly P& &PSI5OXVBBAI FERTC B e FrvehtoR. can be lower
15 than 10000 Sccm and preferably, but not limited hereto,

about 4000 Sccm.

[0019] The temperature in said chamber is preferably

600°C or below. This temperature can also be in the range

from 100 to 600°C and also in the range from 200 to 400°C
20 and also in the range from 200 to 300°C. This temperature

is preferably, but not limited hereto, about 230°C.

[0020) In another aspect of the invention, an

integrated circuit on a substrate with at 1least one

conductive layer being partly exposed is disclosed, said
25 circuit comprising:

- a conductive layer deposited on a
semiconducting layer,

- at least one dielectric layer having at
least one opening extending through said dielectric layer

30 to expose at least a part of said conductive layer,

- a carbide-silicon layer being formed at
least on said conductive layer and being positioned between
said dielectric layer and said conductive layer adjacent to
said exposed part of said conductive layer.

35 [0021] Said conductive layer can be a pure metal or
a metal alloy of the group of metals consisting of Al, Cu,
W, Pt, Ag, Ni, Au, Co, Ti, Ta; or a Si-containing or other

semiconductor-containing layer such as, but not limited



WD 00/ 67304 PCTBE0O/ 00045 9 Detail ed description of the invention [0031] In
rel ation &9 h&&g pended drawi ngs the present invention is described in
details in'Q 3Rbuel . 1t is appar ent hgwever that a personPEWFP%?i’of% t he
art can 5 i magi ne several other equival ent enbodi nents or other ways of
executing the present invention, the spirit and scope of the present

i nvention betragol i &l ged aordiyl ihyi dehe 4 epabyoflibenapperded ol @inslayd932] At
| east for pu is disclosure a 10 carbide-silicon layer,is an

i nsul at i ngégg?/erégrgfﬁar?%%%@%d LveF |%%1%t]%? ahd TS, BREFOE M i ted
hereto, Silayver, ata| a8t Say€rana 0Gee.lpysst | beona 0X8jicar bildgeror @aideast
Si, Cand A ALt i si,LLC | (Si o) .| e i, N, and
C, e.g. ni%?gggt&mfi cl(?(rglﬁe%xyjééfg’b%e 1% }%ﬁ/ )F@)erl%?gltle%s'?‘%gs}s‘a tan‘:(’jPH
e.g. andbrphoes ByaRogkAdEed-silicon carbide (SiCH), or at least Si, C, N

and H, e.grobyglyogenat edr:$i My, eRbRline@ASicrd , iPreftiBnanth Hnedrated
hydr ogenat ed Si NOC. For ,the purpose of this disclosure, an oxide-silicon

layer is aCth§ettconpBELaing 28 ARCtEEASRNSCafFrOCRIRE @t 13 cOPTEFI BRI de,
or of Si, Khandgaasnahtfacéradtihonaof 16a88d Jry  axpaBkhers fr@sid Hm oig N
and/or a s aIIer fraq_,t.icori orf H, fgg ﬁxa | e silicon (di iox' de wherein the
fraction of ¥ hnd/SH N AhdI o H3snBlP erS T GHHT 1 hé Sf r AeFFORSEH - 0 Tt d
oxi de-301| i tonetagene@b somprises dhrktéast comprafsetshe group consi sting of
silicon dioxide, silicon_dioxi | smaller fraction of .G silico
dioxide with a smaller fra%t ?8%%8%%%&%@15% ii:% = di OXi 0 Wi tHECLTAI | er
fracti on ofihNcony@rogedalerdesilicon dioxi de, hydrogenated silicon dioxide
with a smaller 30 fraction of Gefwdragenated.sidi i oxlde w t :
smaller fraction of N and C and hydrogenat eﬁl%s%%%%ﬁ@dﬁo%dlg ,\/\/léﬁ‘t1 hrga%drral | er
fracti on of“R-2fB035]S¢h aﬁugﬁﬁ66¥ﬁeﬁta"6flgt RE iLRPSHt B qFTHB)Pctsdid to
renoveldn expased paceknding caiuiudgr ddidCofidByetri 83Daghlru Ry pawasy i ng
at |east partly sg}ldegxgoggd %g%t gf sai.d cgr.bi.%e- zi licon | ayer into an

oxi de- si | i Con " FhE" dFERTES2dPREFNSY 88/Pr Pded CEHE XS ic rting at |east
partly said exposed part- ofa sgkrdbdaebisdé-isidn cbaykayebeingo fomfxd0I£H7304 ~
PCTBE00! 000456 d00RN pidlesel | 1£00 haYEL hPXROSLR0, 530 CALH el con

| ayer to an pxygen contai ni.ng plasma“and renovin s&rd oxrde-si i'con 't ayer
from sai d S%bdt FacéecSiilg daat sk@ skép anid isHide rbayenl asiepenan the
subseqpent sy aepRabedafpare 8rnyabar «9f itk Hes lggteirl_ sai d carbide-silicon

| ayer is Sr@?%ﬁﬁtl ally rem).v]gd. .%OOiﬂ, Sai d eéposed part can be, but is not
limted he *lan expofedPpatt17h aRYBpeRfRigPer 2c5RMPOURC |GORRY i Nk posed
part of a s$ayeeonl@nh0QG35]1dhss weichast cahe berappl i @shprr Sihd. cbhe T3,
substrate n , t s N pmted hereto, a partly processed or a
pristine V\g éregf S lclg§bf9% ég% {Néonducti ve material, like Si or Ga As or
Ge, or an (®Q2thting matEri ¥k} & furthgassssertecfortlze condeotive, a
materi gk, decigh de SHLBAEAL €a€ 8AgCAAPE hEBgRaPak! 6 38d 1 ¢ORIUCE NG, d AYaTe
Particularly, in case said subs?r ate is a partly processed wafer or sei i ce;
at | east a'PuEtRIof tHELEAs vELIBRdAST 1Rash vengevosdsicEdivenl Yy Ba foor ned

and/ or at se@astoddPetingf LR St LHCtANAs ddHEr CoRIBCt éHgatbesee davkas can
be 20 forned. %0036 Pr ef er agl éFt hi s coTv%_rLil on is Eerfor nmed
i

t | ow
t enper at ur 83" PF ef e AHF Y80 BelP6WA i ALdRY oRY gEREO AN ﬁ’% Flesses
[ 0037] Forcoheipuipgsefoflt, hit,divcl Bsurkg, pNasnmawls Ghoul'dl, beaynder st ood

chem o vaponpita BB oR SR ORI S ottt P ah,
exposing as, but not limited hereto, e.g. a silicide, a polysilicon
or a silicon layer.
[0025] This method comprises the steps of:
- forming a carbide-silicon layer at least on
35 said conductive layer;
- depositing at least one dielectric layer on

said surface and on said carbide-silicon lavyer;



said carbide-silicon |ayer to an oxygen-containing plasma, energy is given
to the oxy@§bogRb4 @l Ni ng species, such that 30 carbide-sili kov/dbas! €ast
partly converted I nto oxide silicon. Thigs energy can be e.g. thernal energy
or kinetic energy, e.g. by the formation of ions. [0038] In an enbodi nent
of the invention the conversion froma part of the carbide-silicon |ayer to
an 35 oxide-silicon | ayer cherhengerfbrniddaby expesi mpariaacariti desasid i con
ayer 1O &l Oxygep: CONhILRI BULLRACHLY ErlBloA! S iRl UASTR: BRI i arly,

t he substrate I ncluding the carbide-silicon | ayer can be introduced In a
WO 00/ 673041 er Py BESBPB6045 PRE Hhrfs st 12 eBlaEhafBeF 1o RN 149 ditiadbol .
The pressuse sandbeoheuwetit-Banadeferr and preferably between 1 nforr and 1
Torr. T%e tenmperature in said chanber can bhe 300C.ar bel ow, .or referfably
bel ow 1D0C. This tenper at urd ¢ ‘bl SST8FEIY t RELFangEPPFEH -%‘%ﬁtté’ 100C.
Pr ef er abl ysasdi datrbriper-atilriedrs hbpet rnoonsd edpepandine. ke enerapidef- t he
RIE plasma, can_ be b n eV eV, .suc t Jonic.spec es _can be

f or med. LO%§31C$% aﬁ%%%gr %ﬁboalﬁﬁrsrsi?ggt h\eéaé%nvle%rxg&%r?dfr Ay 16 par 25f the
car bi de- si¢axhbnd¢ ageticonanleyide- sil i conid ayepenangbetper for netkytgen -
exposi ng t$@h§§%gig§-giggﬁ9n éﬁaer to an oxygen-containing CVD plasma. The
substrate including the carbide-silicon_ layer can _be introduced in a
pressu¥? sed chamber of a chEBRP¥YaNIyvapord @EpESIEileh COHollavsr The Fadssur e
can be, bupésifngt limted hereto, higher than 5 Torr) a . g . 10 Torr

The tenper can be in,the range between 250C and 550C, preferably in
the range Eé#éi%n 350C anitf 500E°YE6Z6PT Py 3H§tﬁ5P12n58§Pﬁﬁﬁts he

i nvention,caf shiesegueetsyohef repeatpdr foaf at hembarbiodetdirleiscamtlidyert t 0 an
oxi de-si | i aye n_be f X ing.th rbide-silicon | ayer
to an yQQ%Q%%n%a§%?ﬁg°§|%§§§ g?ﬁé?ﬁ?%ﬁ? Eggfgcﬁﬁa%ﬁé,s?ﬁé Substrate

i ncluding the carbide-silicon |ayer can be introduced in a pressurised 25
chanber ofskopt ageBcLipbibnobf BAeddphasagsaftergl ow can be characteri sed,
but is not Timied hereto, by a pressure in_' the range fromO0.02 Torr to 3
Torr) and [¥92he range HetSeent 0. 3eRbFESangli1iBSPREEraRd PFieaEerraHey tset ween
0.75 Torr 5. for ag; o] T [l ~~The 30
flow of t h@%ﬁ%@%gcgﬁt atﬁﬁ n%lggﬁgfggclegmc%rp%%% o%érgﬁgﬁaiséogqéé&%nand

pr ef er abl ycaboidaol ayemst deingr et olagbou 40D Svcri)[ G0dl]a Theyeenmpdr at ur e

in saig c er i,s,prefe 600C _or bel ow. Thi.s tenperature can al so be
in theéjor an%fe 3B f(??)ma%odijta’%El ahd™sl S5 thPFHge ?ESEeZd@atr(ﬁXBOC and
al so in theofiaagei dnomc208 toxiFVG 1 THicn t eaperat e bscprafiagabty, akut not
limted hereto, about 230C. WO 00/ 67304 PCT/ BEOO/ 00045 12 (0042] Said
renmoval st¥PPPSIPRRE orfed By expBEPREIPRe ofFEB stREcoRTSEfer 9fo &Nist or
dry etch. i t cangoRpL I Sgn | L r izhut ed
M a1 Ut S BIE of et bt SRARt S oy T e rp Er gt te 1

and after the removal of the oxide-silicon layer (5).

25 [0028] Fig. 2 depicts the thickness of a carbide-
silicon layer which 1is partly converted into an oxide-
silicon, according to an embodiment of the present
invention, wversus the etch time using a HF based etch

solution.

30 [00209] Fig. 3 depicts a schematic representation of
a pre-metal dielectric structure according to an embodiment
of the invention.

[0030] Fig. 4 depicts some processing steps applied
to obtain a pre-metal dielectric structure according to an

35 embodiment of the invention.



5 etch can be a dry etch chem stry conprising a fluorine source. [0043] In
a preferrggy g4 ment, this conversion is performed at |°VY>(§'ﬁﬁﬂﬁ)r0%15r es,
preferably 6 or below, in an oxygen-@gontaining plasna, parti cu(ar y in a
pl asma 10 afterglow. The carbide-silicon layer is exposed to an

oxygen- congali ni pl aftergl qw at rature of 600C or bel ow
Particul ar Stdifda dgachy ft&%n .O ehe Invilik OC to 400C can be used. In
this temerghung range, ganversipnogl {he exeosedoPaLLqOfqBaGRRBLIez LI i con
| ayer 15 can DE&" obtai ned”through i nteraction of Fon G OXygén or an oxygen
radi cal orpaaseohi ¢nyrpgernor sadeskeribedy gen dedraidini ity Uxe dbsdugl spéti es

w th the C%b'a%ga%éﬂ&% &L cHaRerAt honsOf L899 JLarh | ¥aeSRAG! egafian be
obt ai ned by generating a _plasma in appropriate gas mxtures. As an 20
exanpl ed t hBagknaateyR o LD YEILTRiedh PEPEAIMEALE QX RfYBLANRBROUS
hydr ogenat gd ékébge@nﬁartwedg,re@lé&@ nedrdnt itdie afHersd om ofand &¥ogeseharge
i s discussed bel ow. The, K exanpl e |§> referred to as'ngx%‘rig)l e %1 (see also_Fig.
1 and Fi g. tBf. PASSBRfgeh"EBREAPRI R§ 1H%shH™ 53 PPadmeP Y5 86 KishgPht

| east oxygeRe APppexyeenctentai.ni ng plasma can conprise, but is not linmted

heret o, at oxygen d,one, of. th ro consi sting. of Nz, . CXFy, SFZ,
or anot her [hggggen sourcg&l gﬁaﬁg(AI@BEE%P%Afptégﬁlpﬁséawooéitg‘gﬁ o%l%?l%%1¥%h%us
hydr ogénat edrbiibeconldarh deyje@044] athe rcarlBitdersildycon baymg scétipoé@y wer e
35 forned rQug S gpl?ia e POSi i on ~$1i1-e/@{ Ther te t he
car bi de- si F?cgg }Iﬂgglg’?sg?l) 2;&0% '%ﬁése_wa 6r's are su %{%t’ee%l ‘[oggé\’ Cér/ N2
pl asma af t 8Eglewstofidi {4 exehtOti fred- aflaippassuveagoirer Tor rat Theagk-f | ow
is WD 00567304 RRAIBEOO/H0945 013 ARRY seem c¥hi | theid\-15haw | £:20Qcscem
The wafer tenperature was nai ntained at about 230C. Different sanples were
submitted £6RS8i fTereft pPodd¥s £imed:;Jal MiHFIARE r Shgé CPPoneSY Eor lde

m nut egs Af(Eeroagxi, datdon, asanpleassts wer g etchethd n 8 2%.lKF i xhorehdas 5

m nutes (4). .Ellips tri.c .measurenent s re perfornme fter positign of
the film (%‘)‘/,‘irSPFElF‘QS i&éﬁilézr?“an%araq?e‘t et ﬁ ‘?'el't?ghi Ry (ag) %ier?st% i l'uted HF
sol ution. p0O04%], Er.gm tthebegmashiaden®ii€, oheafollkewtn§il0 bser Vit apds can
be made: ay Expogurepofy cakhi-desi 46 t o @yl oxygen- L hi nge anbiepgt in
t he medi umHtfe eélgétupg/ rrg’%ge,a [ .dZ: tlhe range fr.o)r,%ge:eio C tOC%GOOC(,gf cgﬁl\éggts

t he carbi dédiscilesiree #eetrdar sEhbtPRglavrireridht2 opeeal crosngsissiserefes b.

The change zef 1hateldii pgREd i €. par sl ess dapenssdan Hhe SXpPsure hhae. c.
The convert ed n‘al erial can. be Eq%:oved in 2% HF sol ut.i on go d. .The unt of
0 Sen

removed maferiilgE eI FRRELPRi s 30 tARF cBnvBREET afERCcTigny Ri ng
on the expasdyerti ge. sMaléerat driaalt iios r erfoved, f adfod ongesmpl @snai xposur e
times. e. After.r \Y; .t h n t yer, id i i,cal
properti engé?Pgﬁgtgﬁe%%??é%#ngtkg%r \Bé%rggetgﬁc{r?cgﬁ aér:ee%}s)dﬁc?fl & WH/EE =
smaller is than the fraction of 0. Said oxide-silicon layer

25 comprises at least one of the group consisting of silicon
dioxide, silicon dioxide with a smaller fraction of C,
gilicon dioxide with a smaller fraction of N and C, silicon
dioxide with a smaller fraction of N, hydrogenated silicon
dioxide, hydrogenated silicon dioxide with a smaller

30 fraction of C, hydrogenated silicon dioxide with a smaller
fraction of N and C and hydrogenated silicon dioxide with a
smaller fraction of N.

[0033] In an embodiment of the invention, an object
is to remove an exposed part of a carbide-silicon layer in-

35 situ by converting at least partly said exposed part of
said carbide-silicon layer into an oxide-silicon. The
disclosed method comprises the steps converting at least

partly said exposed part of said carbide-silicon layer into



f. Carbide-silicon remains substantially unaffected when subjected to a 2%
HF sol uti (i 2). Fig.2 (21) clearly shows that the con rt of

t he car bi ggoﬁ}G%of‘i con layer is renmovedqign the first twent y\ﬁgg@?ﬁ(g{g@“%\hi | e
the etch process has no effect on the unconverted part of the
carbide-silicon layer. [0046] This exanple clearly shows the possibility of
converti ngacar bkdéesshiildgpn] ayaysert doyxiakpaiingosdiayersrb3gebspéndent on
the exposune,Liteso he &Roskr Lakeniofi-d cA1BLAS" ShhdCarddavely can be
converted partly o,arD conpl et'el y. Thl)llsaéor?\?%rtgg Fayer can be relm)gveg,é. g. in
a HF based o¥didgt-isgr 1crie &8HeEr sk sFep dangubRerprERovaiaid efONVRDSHOR67304
PCT/ BEOO/ 0@@4%, kI isihsaguat | & epeah ele f 8ibacquahel yokebbAREURL
said carbide-Siljcon | ayer. is substa.Ptl al ,IC?/ remi%/_e . Tn case the conyersion
i s conplPet & BEMEFTet Chi ngtTRe Wt urtferd yi oHigiTRiE tayer 1s

car bi de- si lsueeit drayierl Iivs qeset. |n the 5 latter case the renoval process
is selecte that it selgectively.remves_the oxide-sjli ayve t
| east with roz)g%gct to saiSS lli‘fl &t cilsl' n% ﬁ’%ﬁ%r?af‘og’&a l?un aln%)tﬁgg grl%%éleﬁent
of the invéetregr, @n leegsised Attt ofn eaxarbhenderngi brcoanl byenti $eexgposed to

an 10 oxygen- 4 I . Using an RIE plasma instead of a plasna
af t er gl ow %%ﬁ%%%%dsyo% (#en%eﬁaﬁzé?'ncl uding the possibility to performthe

conver $i%n [B0353w t enper ddtes MaEhpd atcabon?e enpePai @fe. 1WbEébver , TBesi des
the potentigldheneld t cah the, | onwar tenpgrat Ul emithg GUWSIS] ony C?Qr@@y]-S
performed ani sotro%ecal Iﬁy in an R E‘%E_g%asrra V\:hiCh. is a huge benefit for
in-situ coRFECSSHTeHed HTVST I 4Tt ng  t nEePEofnEE aRa arEF&¥Eri ¢
struct ur es matelrias e. Qike da@mseanecar dsal odtamaecenernetal | inatil anisghene.
[0048] Alter rtl:atJ.\éelly, insteaad gf expg li(pg c%rrbi gleZC% sulog con ta gg ial
oxygen- contGiT g pl aSnd; oheIE8R al S0 €xpoSEé car BiUE i 14 on ate

ni t r ogé’- cSrtia rguwiep prasencen cragrr ise canpeartt erinedc ardridiestsive coayeo. a
nitri de- Sl lP!a%rl'CLﬁtarll%Stirﬁ Of 5 LbesRYRPeS sQfFa hi s digc fo:"ig ﬁlrocessed
nitride-silicon layer i's a | ayer conposed of at least SI and N, e.g.
silicon 25vgifEr deTorsbicsi, N ad@a®Smal | BRTFraefi dhof activg cé@g/éf- this

nitridati opasiieeCconyested Ganbi dershbi,ce | ayemedamnd her r gOVIRA ST AY
e.g. Phosphoric acid. By doing so,, the obtained Si3N4 can be renpved
selective Bt £ S5 QT 58 de e ST Comd THRES et RBECEancrBr b

i nstane® be&oused.30 in integration schenmes where the carbide-silicon |ayers

needs to bggz?é%‘}Ved sel egh ‘f%ﬁa%#%} | L9Q (gait)l)l?ﬁjrgfogreisﬁen?e%o%%dmggr

surface. [ ] 'In yet another e dinment o e 1 nvention, an integrated
circuit isl@WwsdesRaratieres n BrebebrBEeB5680 Fcer IRl i siysay axsyaanet ch
stop layer 2pd aanidqdidifision barrier |ayer between a conductive |ayer and
t he surroundi gglldi el'ectric. The conductive | ayer ca%ﬁbe deposited. on a

seni conducti®g Nayer. ThEFonklet iIRFASfRr ©F Vi b9/ 67864 SE00RHBBAS 15

25 should be understood as a conventional plasma such as a
reactive ion etch (RIE) plasma or a chemical vapour
deposition (CVD) plasma, or a plasma afterglow. By exposing
said carbide-silicon layer to an oxygen-containing plasma,
energy is given to the oxygen containing species, such that

30 carbide-silicon is at least partly converted into oxide-
silicon. This energy can be e.g. thermal energy or kinetic
enexrgy, e€.9. by the formation of ions.

[0038] In an embodiment of the invention the
conversion from a part of the carbide-silicon layer to an

35 oxide-silicon layer can be performed by exposing the
carbide-silicon layer to an oxygen-containing reactive ion
etch (RIE) plasma. Particularly, the substrate including

the carbide-silicon layer can be introduced in a



{43) can be a pure netal or a netal alloy of the group of metals consisting
of Al, CuwoWo/éTso4 Ag, Ni, Au, Co, Ti, Ta, or a Si-contai ni rCTIBE®I00E4S

sem conductor-containing | ayer such as ¥Lg. a silicide, a polysilicon or a
silicon layer. 5 This conductive | ayer can al so be a stack of a barrier

| ayer, conductive, or é Fg rreta | ayer . 00{590] an enbodi nent of the
|nvent|on3pﬁﬁs?ﬂfé?§8nﬁ g §Fr8@tﬁr8 ™8 -84 & ‘havind = STHFRce™ Wi t h
at | east dpe Enwesedhﬂn:donrarnlagdl@yemenmhﬂy(hﬂmwéqnallﬁTBwB strrduct ur e,
i s discl os,%i wher,ﬁjl% rel}ladcqlra I | onséfger asmlj_,l%ed 83 ageetQP §{._,0pO]I:ayer
and as a diTTusion barri |"ayer ween a silicide layer "and P1e
surroundlhgeh®ete@rrpcefF@651y heﬁawoﬂopfﬁbl@#ﬂﬁntHM@Sﬁ&QRﬂQMQﬁn(@b@oaIso
15in Rg.pd) fﬂ‘dt %”kﬁHbé”f’rbrﬁ the ef ini thgpoef C@PéﬁéEaEP#/

openings in the (rmulti-layer) dielectric, extending to the C|dse3fayer
zs the sel B@TPEFRYLEBWESdS2PRRE s HIO0F] decRRER Fare - Slﬂh%l%l’ée¥%¥ero§ a¥et hin
| ayers having gthWar@ahsudewHé/c@mu@. | oW £04at 86b £€SI Statca s aordc

adj acent silicon-conta Eg éer as e.g. a Si substrate or a pol ysi licon
or anor phoﬁ}geg%??cﬁﬂnlb 'M6852] A silicide layer conprises a conpound
conprisingisosdron and a:tnl aasthemeanﬁaddiaxegrtqupclc@rrpbhsbmglm fiom Ta, Co,
M, N, . Pt_and V% A si| c bdge ayer, can beerZ%O ut 18 e_ iydted hereto, a
si | icid® cBBart® ayers berng dé | Aed XSiy, X a bseji rilg pos]i%’%
nunbers, ecgn @@Sl}@rmrnmd|bxanexppamngmﬂfayecrsrbedﬂgsdéicnedlayeﬁ XDY, X
and y beln nP e nuher Ti n ve chgies, for

i nstance |% tg%&sgh I cl des aI?lengﬁngD spsle%% A qg{éopgﬁ&ggg%t u:]ll ng t%ﬁg

for mati on BRecorfta®@idRiTsliqpny SéeFes 9@@ bikg evédntgesimass oin a

mufti-1evepregphagked @hta‘iﬁkﬁ'é& ecyﬁnahlcmerrlcraqqu\bél@@@m Sepblq clike sedgrtivity
of the %ont act etch process rds .the sil.i.cide. nt act %Paﬁt}éi)rocesses

may shdw aspBcPTFEER edEB’é‘nB@nt Bt c St BPEs 3B ESoNEE Bth than
decr easi ngscantract esigze)l@nbothusThepeenpeatitardependebé sel etd wdnge
Control of e sel t Qth shallo d dee contact s Qnes_very
critical. ?ﬁpaﬁﬁl tlgcq)stnOI dt Xn%ol IS(%vmt(‘J]ng re%ndlé ar}é oBserved 3@0%
PCTBEOO/ 003388°T6andwadays-whi ch puts even sone nore errpha5| s on this

sel ectivityooag) |Ntrodughi gacofafhd NAUGLAA;NAAINIOTBHEY OfyddiSion,
dielectric and hence requiring |ncreased over-etch tine. b) Reduction of

the si PPci Beet RPEKARESS CReddom Ry RAKY ?%c\aéaspﬁgbséﬁe@tlnlmcw lgyer to

I ntroductign Qixﬁ@léloyiddmcuaga& b@mgb@r@ﬁﬁ@ﬁméavcyf okxfgegt agatd i
effects and gﬁhééng IJ[O strl ui renents on r’rgx mum al | awabl e
S

silicide thP 6683] Yeol? t 8se enﬂ§y988uF? BeltErP sdletiTvity
towar ds si bEtedg3oand |Haﬁtaciqlafxolry,soneh9ecmtdda:tgnaesa seéhettidinby betones

the |1 mt!pg-b3aboLs 100/ Hax e adtesa.hbe Sl ect iiddol saliey 1o

t he use of SO-Ca yer Suc ch st op ayer 1S
deposi 2Bd ahambast ofnat néa§mar@|t@é é@@tlacﬁalléy@ﬂ@sme{ efteralinw d@goshe i on

of the pr ecﬁﬁkél:tgk@%@atrbﬁtStl%Cl‘hotA 1R cad nateebal phebngsedias ap etch
stop layer s 20 siiicon nitride. The contact etch process is set up to

stop on or TPR tFRPI%hi L6 i BoR%ni 9T 8e Hayér . %’fer\ﬁé’rdds 1nantBYdiFaF Rl
etch step betweent nal2l erbrenana@l 106 tieext himd nptefdeabayebeitweent rodieed.

Advant agesof this apRroagh, are the L ted gpopure of 1he sidioi dgs.
30 flow of the oxygen containing substance can be lower than
10000 Sccm and preferably, but not limited hereto, about
4000 Sccm.
[0041] The temperature in said chamber is preferably
600°C or below. This temperature can also be in the range
35 from 100 to 600°C and alsoc in the range from 200 to 400°C
and also in the range from 200 to 300°C. This temperature

is preferably, but not limited hereto, about 230°C.



25 othex substrate material to the etch plasma which, in principle allows
better coRrRy®@beRbs SUbstrate material | oss. The introducti onp@i/pasydbsh St op
| ayer can overcone the etch problens rehated to the topography of the
dielectric layers to be etched and the effect of nmulti-Ilevel schemes, 30
particularly the sinultanequs definition of shall ow and deep contact hol es.
The set up [)é1°412He cont ac3dchr SRAVAL t rFtdRP r difovRFY pPEEEYs howsvrersiad
conpl i cat fedhﬁDemd_ raﬁéerﬁilqrtdrhelaig@ atd ra gﬁetus@ﬂ, dfi}leese}gelcfsiai'dt yeef etha elt Ich
process of the dielectric towards nitri .can be tog im.ted, .especially
when silicSAY dFFBRFAES's F8%&d 48 alffel &f“rlit@% N@F&S@é’r’, Eﬁé“&g%v P of
nitride seldddiitee tRHRAras weti et deahssevempa ilsiggeHprabl BHY . S¥0100+67304
~ PCTBEQO/QQ045 14! eg5L Bc?f}bd%scctﬂ‘ecﬁgln%%&y tc¥or'n§§5:'§ixé€e £t %‘i‘uéﬁr%e' ayer
al so has to be a goo arrier’ | ayer  anongSt others To reduce the
i n-di f fusi e@ugfcecont am nation e.g. netal particles. In case silicon nitride
I's used as 1@lghjstop S | ayen) dhan s dRysdihesds €risl dbnoBtETbaakLoN
towards better barrier properties and it can be expected that inprovenent
in terms ofsTRodiUstonlel dsmPaRatatieh wreipeshly i@?%qro?%ngﬁipwmt
etch and ther efQr expeeat-ictelnk iidigieptasmhhe setecdiMitly i sauea 0aERAS6]
Furt her, accqrdi 333 to this enbo%i.ment .Qf. the i.nventian a carbi %S-? l'icon
| ayer X | AEFEFFCEY ‘as 1&F efER sltd(%sll;;}@rorha\}iaﬁ'gerex&@ | ERPBEYief -
properti es.oxpger-ecdritsimirrg ngiladtagh adthemgdalw staabi lai t gemperstakeostf
| mpossi bl e dq Jcempye iy P! epbivelyatonar ds siddhds. doverer glie, LegdS the
conver si on ‘et hicd~of the present convention it (Par_ € cofverted in-ertu at
suf fi ci ent firow 20056T dturdd 4 9¢ aroxbelersed i cbn, thhscreMpArRtyreurangan be
easi |y remyed selieqt i vel ynbowaldsddig it i 6kde, Forp fud VI £8EcRXi @68t Ch
process (e.g. CF,,/CHF3) the Selectivity of oxide etch 20 towards SiC is
bet t er ¥haFrhd s Pled 1959 yERERRPHS 1AFEFREE 10P010T OBt Aoy IR heRi 8Fr i es,
the sane behgyeaur Masdgen gemist radiete | oxpgeht i 68, &hetRekecbikygby of
oxide etch towards silicide is better than the selectivity, of. nitride etch
towar ds si 158159 [Oﬁgﬁl?W% g°P8CAf%i nt"erCbnnedt s??%?i‘ﬂ?ésb +gon
substrat e (3Yerhaderpmtsint acfe thdde atedeaste oppeexposednSbecoht ainedg
| ayer (32), i ruct u i Lscl d..- se
Si - cont ai ni ﬁgﬁ%@%ﬂfﬁ%@bg E'Ygs@tgn;ig% n%ﬁ%régﬁg%?gt g%%afe%r 32), sjﬁschags
e.g. a%bureerrde30 dehaPn axigatoldrct OF redi of2 B A FHIGAT cohdBRT
anor phous drtGRM 841N, SdTPhauL. JhyArddfed Jt@E 0N san i;BreXt EAPBE ge,
emtter or bhase region. The substrate can be a partly roc,essgd or a
ori stine S| TRetBF A REHBRIUSE] P8 e SERe % e B doFoesRedor
Ge, or an ibetuvat i Tige makempak, i35 eeflerfedl @ass =4 | erambhed 1ISsubsde ahksocan
conprise a fter i.el ectri d . e pho jLicon
or polysil iFgL ] Flayrgg{rzi. qzlI5'<'§Jr't ;‘ztc)u'l a%}ri ?&%&Eaés%ﬁ%%}lgﬁé%bé?gg %n?é f %%@%67304
PCT/ BERH 00C4®riigs ingpatt | hegsrtocosnash wakeroxygel i centainirgasplaspar eanf the
active and/Qmfas vepdevijeesaan) ahkeady he-dity,megde 1@838] HbgeMha
structure further conprises . a silicide |layer (33) on said exposed 5
Si - cont ai NI | Afetheat9¥aRt CORS ifiteiLt PF c Neay &y 845 an LQF d2BeFR8Ee of
sai d subst natledeyidgirade | east one opening (36), said opening extending
through said dielectric layer to thereby define an exposed part of said
silicide layer; and

30 EXAMPLE 1

Afterglow oxidation of amorphous hydrogenated silicon

carbide

[0044] The carbide-silicon layers (1) (2) were
35 formed through plasma enhanced deposition on Si wafers.
Thereafter, the carbide-silicon layers (1) (2) on these
wafers are submitted to an 0: / N, plasma afterglow for

different times at a pressure of 1.1 Torr. The Oz;-flow is



10 a carbide-silicon layer (35) being fornmed at |east on said silicide

| ayer andyB@u@msoposi ti oned between said dielectric | ayer apgrasmiotosski ci de
| ayer adjacent to said exposed part of 1@aid silicide |ayer. [0059] A
dielectric layer can be a ceramc silicon 15 oxide, nitride or oxynitride
| ayer, fluorinated or not, or an organic polyner |ayer selected fromthe
group condi0§0i n§CEM it hatidez odynd oBlar&ReMes 1Si . @00hergerycl b6t eie FEBCR)

CONMET Ci a't'e)h waithahd e wss Q’ﬁé@ﬁ@ﬁ@né@ZlEM RO Juar yﬂz@@ecet hef £ flexr@nt
FLARET"' rorratl C h%d{)ocar gn %d | LKT"", 20 and{) |mdgi .Such an
organi c p(?l 3 ARre cENPBRE FRSi €67 Addr fﬂatd PR Hor bHES (i Rorgafi c)

di el ectri eHeayeasgearf o used cassf atinutdsanchfeeg. dhigixeiagel sampl@s0]
Typlcal exa | es ,of, s I|C|des ICI e of a.refractaor t al ch as
Ti, Ta’ &<, %Jhan%l 8%66% é 5% ak2drdPng tlé IE-‘naFurt gr'

enmbodi nentEldilgdwatrnﬁeIltm@al$usemenbs WI&eeplme"ssrerEpsft@roﬂE@pmanon

i nt erconn es- i nc J r e yet al
structuree%q% I% uﬂ#@ 8%5 %Egé? % §5|¥Ql ?’LI ;ég%&]pa?fo@eéergsw% ét?ﬁtlhg a)) a 30
car bi de- sidlii ¢dwe Iday]e#te{dl?}F wiekutalemi ckness of typically about 50nmis

deposi t ed @paxjsubstrat exshl) , the@e at refastrerrithe exppsed gendugtinge
| ayers (42) Pref erably however, a bl anket deposi tion of this insulati ng

car bi dé&- sﬂhis(,e(fﬁ""l%fﬁé“r |%arbet?"°r Jf3R%: This carbide-silicon | ayer which is at
35 the same timxmyswichost opatayee-anliaohartd erand ayeygpheventaihiag

i n-di ffusion of Sont ar mnatlﬁ The condﬁétlve | ayer (43 gan be ap

metal or a met A eorBEpLen et W ETHORET st DT AL QL P,
Ag, N, Au, MR rG 67ﬁ3:an IROPBEO®/00@4% °T9 Coeniiert¥a, toe acSirbgdet-ai ni ng
or ot her seni condug UG coplal Bi ngolayer UG A% &, 9 afr BLELAL deopl s can
polysilicon or a silicon [ayer. hIS conducti v ayer can a so be ‘8%t ack
of a Bdrrier | drIpeorRfucti ve or not, and a netal layer. 5 The substrate
can be a partl yrjy ocessed QE eher leitll Nafteri OrpStd &8 Of s agegahasopduct i ve
material, |ike S| or Ga As Ce, ite or anlnsulatlngrraerlal e.g. a
gl ass slice, orthf c‘?ﬁ%ﬁ%’l’f%e“rfﬁeferl aI . Said substrate conprises a
(patterned. cormhect ienteyesd Rastécidhnrl yani nbeaseegairddl0iaubgtraid is a
partly processeSdO\A/ag or slice; at least a part of the active and/or

passi ve devi ces Can = ready be formed and/or at |east a part of the

st ructdff edd.i nt itepmarecuinngof heemonedi ows egdamlbe f or nethe byhfkeaesshet
deposition of thig caldidekassihbopy | ayer adbeheanl e digl e%s{poeu%eyer
(44) is formed thereon. Then, at least one opening or med

the diel ectric %djRer s)Mesg emtﬁgﬂtaﬁr oddh fFEFies eéeuru c lpageis) Ptlésf“ﬁer eby
expose a part odxgdwneardigessilicon layer formed on the conductive |ayer.
Thi s opening i O forned preferably,using a dr seqguence usi.ng.at

| east a pa?ter?f\eé:“?’e5|§?m?§§7§r 82 S hé eefré%"atcf P‘?%?/’grs é§e§%ﬁr§gl%.
Becauszb t he cardzpt[heeasl | proope wict ss ass afioet the spopst ayer carhéde-iss laclar ge
process w ndow%/ é’ﬂ)r} for this contact etch process; 25 c) The exposed
part of the carbide-silTicon |ayer in the opening can now be at |east partly
converted % n- siGarbide- oil deoni revaansy sesqsdantd ald variwxd/fentedt aheing
plasma; and d) Jhereafd®r cot he oxi CiPFSbthﬁQ'iohaY@P‘lg?” 39 S@*fb openkAg (and
simul taneously the resist) can be renoved selectiv he sequence of
steps c) and d)tedrbe ehetat BBk epbst &AL t%%rﬁi‘%r???nﬁaEBHéﬁctl ve

| ayer 3G exposeshlj(&%ZiajfeereSa&em&er\é@r dln aliernptdtyesweassi Beeohds,35
this sequence of eps gé . The invention is_in ngf\gaﬁé restri% ed to

this particul ar MRTGCEFPst BAS erhati ¥ caoptfor a
conpl ete convermmmoérttéré pzarﬂalcdﬁ shé i conb{déepitiFonl| hayer.

[{0046] This example clearly shows the possibility of
converting carbide-silicon layers to oxide-silicon layers.
35 Dependent on the exposure times, the exposed layer of a
carbide-silicon layer can be converted partly or
completely. This converted layer can be removed e.g. in a

HF based solution. The conversion step and the removal step



WO 00/ 67304 PCTBEOO/ 00045 20 this case, the oxide-silicon |ayer can be

renoved say@@bk8sy to said conductive |ayer to thereby eX PREEBBOOARDAS of
sai d conductive layer. [0064] As a furtter alternative, prior to the 5

conversion of the carbide-silicon (step c)), a barri er | ayer can be forned
at least on the side wa of the_openings in hed| lectric |l ayers(s

D ot et t nVH oFERT SENCRE Rk T PR BB e 2 HNRREB AT cEAUBRS MR e

t he car bi de:aaihb1cb@{slbl<e<x1echagelrbys neahstahteaﬂ)d)yun:enblveﬁo am amrissottepi C
Caver as bR, 18 BRMBLek e e At Akt e ey R Rt e 15
An exenpl aryhepr qosissinal s@m@dwsiﬂelrcmcdr%r@g tis t Fexpmsdtbd din t Hdwe
present 4 nventdon Eggéﬂtg@ [ SLmdvl C &@e%rss' Qeegi&%@dorg@cﬁl enater ¢

conpri sing patterned oxi | ayers an expose conductive | ayers of T| Si 2
directly orfRIRCISIVORY eF CBANCE! tHesi PxbRe pat i &FARd 15019513 coRAPRY &tiEh Then

oxi de Iayer&safg@ctde@esﬁ_e@ @edé Pl pong dhpkectric stack A resist is forned
waf er i s introduced

and pattern op this el ectric_stack. .Next

in an oxi deﬁquh chamber for aPﬁé"@%t%@?"%%‘EﬁnES CEifef Hanlrf‘ﬁ% ob&hi ngs in

t he oxi de sieack: é\'h@ae:ttcrbStaps:ammltdees‘ﬂlﬁdo&yelaya'he1exmmb¢mrtoofant he
Si C | ay. ISInSI 0 e I oxi_de n w rature
oxygen- @)nt arr g r(lslés:‘—’r‘na 1115% g‘ILIEO\tf\?qL \ﬁn 9{1ﬁeaglane ﬁegﬁﬁ'g rlgé%l%g{%da
rermved Thef sanpl@smdeaéttewdh»azm@n |l'@\us@bm80b€nﬁéhty inhé udonyerted

SIC S il pan, dioxbde bo empvetb ARl actdycly toiaRdndhe TiS2 In

etc Sone advant ages usi ng tea
silicon nit¥idle Rhcro®® FRMPETHWTE y ﬁpeéé?g@rng,b%se]di%%dtéﬁl ipeteetn@sls

good cont a%eﬁ@ﬁit_st@mceu@@d 1weld §érﬂl§§r§5u§éandﬁ{éi ebeme&ts&bnca@arbebesed
and i nproved I‘I‘Iecﬁ grogertles fl[LC can be S, processi ng schene
as alt ethatiSr i AP EQWAPRECAT LY 4B, an j@ﬁfﬁl 06f08045 951
CLAIMS 1. Aaredthicd for riemmditng adbnifeasloparetslpﬁcamlebwoﬁed }falbtrmfatang
car bi de-siljco or Si he, step

converting At %] (ﬁ%lr?%o%ért I{/F?Cgald&eglxegot?e&dis #Ql%% car l]ll’dg‘El sil ?on Faayer
into an omiﬂa“ﬂ@wrlr,@rplra@ﬂeﬁilb@are&%m%mfhgmgeaﬁleaabme schemen | ayer to an

oxygen contgigydg pl asrra,maagm&wéﬁmvmet%@dd OXi d8eshd 46PN chayghelr om
said substrate. 2. A nethod as recited i:-i claiml, wherein Sald

conver st®n %’t]e‘pi:%ot%ai“él ?’éYr%%TC%“t‘%%l%%’égs%%%‘aaenPW Fépeatsq F£EPose
nunber of tddmsideddll Seddl cardi geeBodétoBontaining plasma in order to

convert the carbide-silicon to a nitride-silicon. At least
for the purpose of this disclosure a nitride-silicon layer
is a layer composed of at least Si and N, e.g. silicon
25 nitride or of Si, N and a smaller fraction of C. In case of
this nitridation, the converted carbide-silicon layer can
be removed using e.g. Phosphoric acid. By doing so, the
obtained Si3;N; can be removed selective both to silicon
(di)oxide and silicon. This method can for instance be used
30 in integration schemes where the carbide-silicon layers
needs to be removed selective to silicon (di)oxide present
on the wafer surface.
[(0049] In yet another embodiment of the invention,
an integrated circuit is disclosed wherein a carbide-
35 silicon layer is used as an etch stop layer and as a
diffusion barrier layer between a conductive layer and the
surrounding dielectric. The conductive layer can be
deposited on a semiconducting layer. The conductive layer



15 layer is substantially renmoved. 3. A nethod as recited in claim1 or 2,
wher ei n sv@lowemts de-silicon | ayer conprises at | east on of p¢TBEGVIMYS
consisting of silicon carbide, silicon d&ycarbide, nitrided silicon
carbide, nitrided silicon 20 oxycarbi de, hydrogenated silicon carbi de,

hydr ogenat ilicon oxycarbide, hydrogenated nitrided silicon carbide and
hydr ogenat g%3ii EAPIES s%ll?télf)en ‘8§§8ir Bilgéa. et n‘é“‘u%ﬁ 83 8 (P %ﬁy one
of the prewetdabg cbasisfingerdi Alsaith,od,detsi [Agc,o0mi ayrar, 250 cohjr i Ses at

| east one he, .gr .Qnsi st ing il i0xi.de, silJ.can di oxi W th
a smal |l er (?]Ea%t ?’&n c%#Ré%q{s}ﬂ$c%ﬁ 8?%)‘??%5 ev%]nq{&ﬁjq‘éﬁ scrtr:%%i ecfér#eraalgﬁrg% ic()%)g%rand
C, siliconsdtbxiade ewict-h aa il ¢ iede f racpomsol iNonhpdr ggehiatietbsi 1 ayen.

di oxi deg hydr g iJdC I, OXl j,th, a I fracti :

ydr ogenat i S KT aon dr bid da e th S e 1% TEacti noet N and Chng.

hydr ogenat €8YSF) i EBRABEERVEe OFi T¥Pta $Fdl IPemefhadctliaffof N WO 001 67304

PCTBEOOI 0046582 5. A netAodags resbbedmbAranyronecigé thevelraiidn,l ten4,
wherein said oxygen cont al ni ng‘ p| asm | sS_an Oa)é?/ga}r‘}aec,ont alning_react|ive |Ion
¢ £

etch pl asmaEBTCRNRECRoF FEECFESE OF B B th P & 2 LTONYEFE on
step i s peatorledtat ofaet eyerssddur gik-ponhainange betewenpaz@CcandriQ0G 7. A

met hod, as ited in claimp5, . .wherein said conversign step. is perforned at
a rooml en%lgfrsa grrél.cc “CA et ﬁ&gcagsree%ci%ee S aanycaorﬁbel%?_?ohieli ci%?’?r% lto
4, wher ei nisaiugeogkygrenaportaini sipPpl aswari srah axygentiddmsdian ngacheear cal
vapour deposiLtion flduh % AsTELRIAAS LoAlL edahd Clfld By whorgh paal d
conversion step is performed at a tenperature In the range FBetween 350C and
500C. 15 19ieAerEtR6d as recited in any one of the clains 1 to 4, wherein

sai d oxygemopgenyai ni ng phasiy drS FFoPXYPEnnCEMMi Bt Agcphasea @fdergl ow. 11.
A method as reci ted%gn cl.aim 10, erein sai %onv rsion is perforned at a
0

t enper &Pur &21 F e 7 an§ELPVet vhociand et 123t ACReHoCAR_EFEEI t ed
i n any onehofiekhe dl. ai.nmsobehdndgk, \ilter ate sainthlstefl Dfex oyl eige sat e,

consi st i ngoBF BT rdor Enb hasad laryi oren S 25 i aphatt eran pritbdade” "

wet etch ahbdeHRHHECcbdsednattrealh t9iltiwidribdtavats are thin layers

having a low resistivity and a low contact resistance to an

20 adjacent silicon-containing layer as e.g. a Si substrate or
a polysilicon or amorphous silicon layer.

[0052] A silicide layer comprises a compound

comprising silicon and at least one of the group comprising

Co, Ti, Ta, Co, Mb, Ni, Pt and W. A gilicide layer can be,

25 but is not limited hereto, a silicide-cobalt layers being

defined as CoxSiy, X and y being positive numbers, e.g.

CoS8i,;, or silicon-titanium layers being defined as TixSi,, x

and y being positive numbers, e.g. TiSi,. In conventional

schemes, as for instance in the silicides are used as etch

30 stop layers during the formation of contact holes. Many

schemes use bi-level contacts or multi-level contacts,

putting even higher requirements onto the selectivity of

the contact etch process towards the silicide. Contact etch

processes may show aspect ratio dependent etch rates

35 (slower etch rate with decreasing contact size) and thus

aspect ratio dependent selectivity. Control of the

selectivity for both shallow and deep contacts becomes very

critical. In addition, the following trends are observed



13. A nethod for fabricating an integrated circuit on a substrate having a
surface wwooet73beast one conductive |ayer on a sem conduct POTYBEeD/s04s
conprising the 30 steps of - form ng a A#rbide-silicon |ayer on top of at

| east said conductive |ayer, WO 00/ 67304 ' PCT/ BEOO/ 00045 23 - depositing
at | east one dielectric layer on at |east said carbide-silicon |ayer, -
formng at "PY¥RSEYSne P& ndPHrF s i eTRRE r i‘Boﬁfeolye?mBE?Eﬁai ng®t hltg‘&éh
sai d di el egleliectliapery t:0 5 expose a part of said carbide-silicon |ayer
formed on said conducti vgel ayer, JeQuerting at Lgast E%ﬁhlc.)iln%ai d_exposed
part of said carbide-silicon rayérin sard opéning into an SiTicon-'0Xygen

| ayer by expdgionmmpigai dexposedipiertoficsaind o brekgusiingonnkapgasedn
sai d opgni RY.LQ AR ORYgRNcont ai ning plasma, and - renoving said

oxi de-silicon layer in said opening. 14. A nethod as recited in claim 13,
wherein 15 sai d conducti ¥e | ugsignsij [9fci deheay@ilside o shicknges| ayer
as reciteddeuGlaingneldr Mhereidi spisksddipie,i s a conpound conpri sing
silicon and at | east one ?f t he groug,conpr'sing , Ti., Ta,. Co, . Ni,
and W 20 16. A nethod a§’retPtEdIPAtLPTi 43,5 W n ISHF BHduCEr e

| ayer is oneref tiengtioipecortsirsti aggebdatpehysid¢ffoattayeindndpanting
anor phqus si li.con layer. 17. A pethod recited in Yy .0 of the cl.ains
T3 to 1 ey Srastrerertn oty v W e AL efidrg ae
subsequent Ity ircgmestsed for a nunber of times until at |east a part of said
conducti ve floayan is expoged. 18 A nmefhod as Lecided in.any-one gt the
clainse 13 to 17, wherein said carbide-silicon |ayer 30 conprises at |east
on of the GE3@Ftaonsivst itRyandsi | sebhcédedi dandsi lircorf Xy car BPHe, sAMeri ded
silicon carRic@e1RdifdsdedeSliddtGon tox addndle, Ky df pgenahgdrsbkbeon car bi de,

hydrog%%gt%%o%4H|con OXV%?%%Qd%b E@%}éﬁgu%ﬁgiggféégfgity issue is the

Pt

use of a so-called etch stop layer. Such a thin etch-stop
layer is deposited at least on the silicide contact layers
prior to the deposition of the pre-metal dielectric stack.
A typical material being used as an etch stop layer is
20 silicon nitride. The contact etch process is set up to stop
on or in the this silicon nitride layer. Afterwards, an
additional etch step for controlled removal of the thin
nitride layer 1is introduced. Advantages of this approach
are the limited exposure of the silicides and/or silicon or
25 other substrate material to the etch plasma which, in
principle allows better control of substrate material loss.
The introduction of an etch stop layer can overcome the
etch problems related to the topography of the dielectric
layers to be etched and the effect of multi-level schemes,
30 particularly the simultaneous definition of shallow and
deep contact holes. The set up of the contact etch and
nitride removal process however is complicated. Dependent
on the dielectrics used, the selectivity of the etch
process of the dielectric towards nitride can be too
35 limited, especially when silicon (di)oxide is used as a
dielectric. Moreover, the removal of nitride selective

towards silicide is even a bigger problem.



WO 00/ 6?7304 PCTBEOO/ 00045 24 silicon carbide and hydrogenat ed oxycarbide. 5
10 nitri oeoosstioson -19. A nethod as recited in any one of toad/BEH08/000@513 t O
18, wherein said oxide-silicon |layer cdprises at |east one of the group
consi sting of silicon dioxide, silicon dioxide with a snaller fraction of

C, silico l.@xi de with |l e cli 0 and I|c |0X|de W th
a snallerqPﬁggﬁlon of NB%ﬁ§ eﬁbe%%% l 4¥€§H—&*OX|8eé dﬁogeﬁg °8ilicon
di oxi de wiltlyear simd dérad ractbeonm gfodd] lhcy.’drogenha}zdrsaﬂnongﬂtdD@hede wict h a

smal | er fi. gﬁk\c%” Oéhé\' and._G1af g%ﬁ’{ 098f‘at %@n%' 'rr{%%%'&l%' OXi deg i t g gmal | er

fraction 0 An integrated circuit o trate having a surface
with at I@é@ﬁhﬁ#@&mn@ﬂcﬁ%ﬁ?IéyéFCQB dohpride ngs. PPEP5a80 et@h co/Qwct i ve

layer depagited Ofhén SeRksondyed nﬂeé@ééerc’areﬁxtl |?‘«‘§£m9§§t%ﬁl eelvhirgdl ayer
havi ng at | éast one opening extending through said dielectric layer to

expose at PEEAST abpiriiest BAPRECSAGSCt ARE I‘a&erca%.ndDEE &XP&icde- $hritcon
Ibayer bei Rg fr@vf&del rad il@fiﬁérnﬁﬁ agl drpmd Cﬂﬂ{jsll\&|@ﬁ/?éoﬂﬁ&ngﬁhﬂgoﬁowﬂﬂongd
et ween sai ielectric sai d conductive la adj acent .t o_sai
exposed pgﬁs@f SERd PRI PG LRGYar, 100 ARYFn( Wi 5 EOF T PEGPE 16 Weci t ed
in Clalﬁ]Zﬁjbmﬁﬁdﬂs1Ehﬂ(b&lﬁmhmﬂlwﬁ layee.is a silicide layer. 22. An

I nt egrat e I n121 wh | S st_pn.af the

o Tart I 2 A EE, ST hT R ated- S eros et o okhs

erein sai
conductlvérmerfttmqnaas Ferbied-Fhlison demgauUnd chrﬁpW@Cﬁgd ®BpatoRsicHt i ng

of Co, Ti)seRid CUifeAShEEhlCxEB1NANE" Hasr0n8 O rd e GfOdIP Due to its

intrinsic high chemical stability it is almost impossible
to remove 1t selectively towards silicide. However due tc

15 the conversion methcd of the present convention it can be
converted in-situ at sufficient low temperature in an
oxide-silicon, which on 1ts turn can be easily removed
selectively towards the silicide. For a typical oxide etch
process (e.g. CF4/CHF;), the selectivity of oxide etch

20 towards SiC is better than the selectivity towards nitride.
For less standard chemistries, the same behaviour has been
demonstrated. In addition, the selectivity of oxide etch
towards silicide is better than the selectivity of nitride
etch towards silicide.

25 [0057] In Fig. 3 an interconnect structure on a
substrate (31) having a surface with at least one exposed
Si-containing layer (32), particularly a PMD structure, is
disclosed. An exposed Si-containing layer can be a 8Si-
containing substrate layer (32), such as e.g. a source, a

30 drain or a collector region, or a polysilicon or amorphous
silicon region, such as e.g. a gate region or an extrinsic
emitter or base region. The substrate can be a partly
processed or a pristine wafer or slice of a semiconductive
material, like Si or GaAs or Ge, or an insulating material,

35 e.g. a glass slice. Said substrate can comprise a patterned
dielectric layer and/or a patterned amorphous silicon or

polysilicon layer. Particularly, in case said substrate is
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N, *#10@@"8§%§s§¢@te is a partly processed wafer or slice; at least a
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b) After the deposition of the carbide-

15 silicon layer, at least one dielectric layer (44) is formed
thereon. Then, at least one opening is formed (step b)) in
the dielectric layer(s) extending through the dielectric
layer(s) to thereby expose a part of the carbide-silicon
layer formed on the conductive layer. This opening is

20 formed preferably using a dry etch sequence using at least
a patterned resist layer on top the dielectric layers as a
mask. Because the carbide-silicon acts as an etch-stop
layer, there is a large process window available for this
contact etch process;

25 c) The exposed part of the carbide-silicon
layer in the opening can now be at least partly converted
in-situ into oxide-silicon by exposure to an oxygen-
containing plasma; and

d) Thereafter, the oxide-silicon layer in

30 said opening (and simultaneously the resist) can be removed
selectively. The sequence of steps ¢) and d) can be
executed repeatedly till the underlying conductive layer is
exposed.

[0062] There are several alternatives possible for

35 this sequence of steps a) to d). The invention is in no way
restricted to this particular sequence.

[0063] As a first alternative one can opt for a

complete conversion of the carbide-silicon (step ¢)). 1In
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the side walls of the openings.

EXAMPLE 2

15 An exemplary processing scheme further according to the

method of the present invention

[0065] First a SiC layer is deposited on a Si-wafer
comprising patterned oxide layers and exposed conductive
20 layers of TiSi, directly on the Si wafer and of TiSi, on
patterned polysilicon layers. Then oxide layers are
deposited defining a dielectric stack. A resist is formed
and patterned atop this dielectric stack. Next the Si-wafer
is introduced in an oxide etch chamber for the contact etch
25 defining the openings in the oxide stack. The etch stops on
the SiC layer. The exposed part of the SiC layer is in-situ
converted into silicon dioxide wusing a low temperature
oxygen-containing plasma afterglow, while at the same time
the resist is removed. The same oxide etch chamber is used.
30 Finally, the converted SiC, i.e. the silicon dioxide is
removed selectively towards the TiSi, in the same oxide
etch chamber. Some advantages of using SiC instead of e.g.
silicon nitride include: full in-situ processing, reduced
silicide loss, good contact resistance and yield since
35 standard chemistry can be used, and improved barrier
properties. SiC can be used in this processing scheme as

alternative material towards nitride.
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10 - removing said oxide-silicon layer from said
substrate.

2. A method as recited in claim 1, wherein
said conversion step and said removal step are subsequently
repeated for a number of times until said carbide-silicon

15 layer is substantially removed.
3. A method as recited in claim 1 or 2,

wherein said carbide-silicon layer comprises at least on of

the group consisting of silicon carbide, silicon
oxycarbide, nitrided silicon carbide, nitrided silicon
20 oxycarbide, hydrogenated silicon carbide, hydrogenated

silicon oxycarbide, hydrogenated nitrided silicon carbide
and hydrogenated nitrided silicon oxycarbide.

4., A method as recited in any one of the

preceding claims, wherein said oxide-silicon layer

25 comprises at least one of the group consisting of silicon

dioxide, silicon dioxide with a smaller fraction of C,

silicon dioxide with a smaller fraction of N and C, silicon

dioxide with a smaller fraction of N, hydrogenated silicon

dioxide, hydrogenated silicon dioxide with a smaller

30 fraction of C, hydrogenated silicon dioxide with a smaller

fraction of N and C and hydrogenated silicon dioxide with a

smaller fraction of N.
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5 said conversion step is performed at a temperature in the
range between -20°C and 100°C.

7. A method as recited in claim 5, wherein
said conversion step is performed at a room temperature.

8. A method as recited in any one of the

10 claims 1 to 4, wherein said oxygen containing plasma is an
oxygen-containing chemical vapour deposition plasma.

9. A method as recited in claim 8, wherein
said conversion step 1is performed at a temperature 1in the
range between 350°C and 500°C.

15 10. A method as recited in any one of the
claims 1 to 4, wherein said oxygen containing plasma is an
oxygen containing plasma afterglow.

11. A method as recited in claim 10, wherein
said conversion is performed at a temperature in the range

20 between 200°C and 400°C.

12. A method as recited in any one of the
claims 1 to 11, wherein said step of removing said oxide-
silicon layer from said substrate is done by applying one
of the group consisting of a fluorine based dry etch, HF

25 based wet etch, BHF based wet etch and HF/BHF based wet
etch to the substrate.

13. A method for fabricating an integrated
circuit on a substrate having a surface with at least one
conductive layer on a semiconducting layer comprising the

30 steps of

- forming a carbide-silicon layer on top of

at least said conductive layer,
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dielectric layer extending through said dielectric layer to

5 expose a part of said carbide-silicon layer formed on said
conductive layer,

- converting at least partly said exposed
part of said carbide-silicon layer in said opening into an
silicon-oxygen layer by exposing said exposed part of said

10 carbide-silicon layer in said opening to an oxygen-
containing plasma, and

- removing said oxide-silicon layer in said
opening.

14. A method as recited in claim 13, wherein

15 said conductive layer is a silicide layer.

15. A silicide layer as recited in claim 14,
wherein said silicide is a compound comprising silicon and
at least one of the group comprising Co, Ti, Ta, Co, Mb,
Ni, Pt and W.

20 16. A method as recited in claim 13, wherein
sald conductive layer is one of the group consisting of a
polysilicon layer and an amorphous silicon layer.

17. A method as recited in any one of the
claims 13 to 16, wherein said conversion step and said

25 removal step are subsequently repeated for a number of
times until at 1least a part of said conductive layer 1is
exposed.

18. A method as recited in any one of the
claims 13 to 17, wherein said carbide-silicon layexr

30 comprises at least on of the group consisting of silicon
carbide, silicon oxycarbide, nitrided silicon carbide,
nitrided silicon oxycarbide, hydrogenated silicon carbide,

hydrogenated silicon oxycarbide, hydrogenated nitrided
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silicon dioxide with a smaller fraction of C, silicon
dioxide with a smaller fraction of N and C, silicon dioxide
with a smaller fraction of N, hydrogenated silicon dioxide,
hydrogenated silicon dioxide with a smaller fraction of C,

10 hydrogenated silicon dioxide with a smaller fraction of N
and C and hydrogenated silicon dioxide with a smaller
fraction of N.

20. An integrated circuit on a substrate
having a surface with at least one conductive layer

15 comprising

- a conductive layer deposited on a
semiconducting layer,

- at least one dielectric layer having at
least one opening extending through said dielectric layer

20 to expose at least a part of said conductive layer, and

- a carbide-silicon layer being formed at
least on said conductive layer and being positioned between
said dielectric layer and said conductive layer adjacent to
said exposed part of said conductive layer.

25 21. An integrated circuit as recited in
claim 20, wherein said conductive 1layer 1is a silicide
layer.

22, An integrated circuit as recited in
claim 21, wherein said silicide is a compound comprising

30 silicon and at least on of the group consisting of Co, Ti,
Ta, Co, Mb, Ni, Pt and W.

23. An integrated «circuit as recited in

claim 20, wherein said conductive layer is one of the group
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Ga As layer, a Ge layer and a SiGe layer.

25. An integrated circuit as recited in any
one of the claims 20 to 24, wherein said carbide-silicon
layer comprises at least one of the group consisting of

10 silicon carbide, gilicon oxycarbide, nitrided silicon
carbide, nitrided silicon oxycarbide, hydrogenated silicon
carbide, hydrogenated silicon oxycarbide, hydrogenated
nitrided silicon carbide and hydrogenated nitrided silicon
oxycarbide.

15 26. An integrated circuit as recited in any
one of the claims 20 to 25, wherein said oxide-silicon
layer comprises at least one of the group consisting of
silicon dioxide, silicon dioxide with a smaller fraction of
C, silicon dioxide with a smaller fraction of N and C,

20 silicon dioxide with a smaller fraction of N, hydrogenated
silicon dioxide, hydrogenated silicon dioxide with a
smaller fraction of C, hydrogenated silicon dioxide with a
smaller fraction of N and C and hydrogenated silicon

dioxide with a smaller fraction of N.



