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The present invention relates to a nmethod for etching sen conductof § JUN guuz
substrates in etching chanbers) and of cleaning the etching 5 chanbers

the manufacture of integrated circuits, silicon dioxide, silicon nitride,
pol ysi | |\mmmm‘mﬂmml l'icide) and mongeryst alline silicon on a substrate,

are etc ined patterns to formgates, vias, contact holes)
trenches, 10ie@nad/ or interconnect lines. In the et chi ng process, a patterned
rrask Iayer conposed of oxide or nitride hard mask or photoresist, is forned
on the substrate using conveSELFCIBANNGEEHCH PROCES®O0sed portions of the
substrzﬂ“lﬂ“ﬂ‘hﬁlmmwm he patterned mask are etched by capacitive or

i nduct i pl asmas of etchant gases. During the etching processes,
a thin pol yemewi*c etch 15 residue dgpgXiGROWNDt he wal I's and ot her conponent
surfaces inside the etching chanber. The conposition of the etch residue
depends upon the conposition of vaporized species of etchant process gas,
the substrate mater| Jhelsbdi $hveeen rBRsUB% ARBPlo@diRg | ayer applied
on the substrate. For exanple, when tungsten silicide) polysilicon or other
si | i con- corseaiicondpctensubstrates ietetefieg chambersnand of seaaingi thg egelieous speci es
are vap_j)rl Zc%%n% §puttered fromthe substrate, and etching of netal |ayers
results in vaporlzatlon of netal species. In addition, the resist or nask

| ayer on the substrate is also partially vaporized by the etchant gas to

f orm gaseous hydrocarb or o ecies. . The vapori qr seous
speci gs in theychanb ?E%HFQHE% '8?3?%?%?9%??'&3p cfg%’f' 'g"d ed of 25

hydr ocar bomifrRRs ipd#ystiicen) inéeal srisids} ancgmmus/seénmamams Uah substratirardie,
chl orine, oxygen, or nitrogen; and. el enental silicon or netal species

dependi ng cheginpradstined B?I“‘Uf‘s ¢ forgy gatesaviaspePMgcehelredtrengiespol yneri c

bypr odygt s éiﬁﬂe.sin&eresnﬁé& rlnbs”WQ{ theXtcifihg bré€stlis dH @ avRridiemidat layepnd
conponents in the 2 chanber. The conposition of the etch

resi due | ay@mpwdccaﬂ ¢>yda/arr n»éfsdec'@aféuram phateresiss. isHerrpedianahe sur f ace
dependi ng upon, f0e..¢ HERER §b&.at§yaapinem%s' Oﬁwweggﬁg& Sk pry 3 the

| ocati on of gas | hi' orts geone The
conposi t i ontadtwweseni mlatnammadhmadgmenglsm by chpacenvejuelddayevew cpumddon t he
.etchi ng chanper surf élefi' has to b cl eane event

Cont oot ORSERS st RSk, ol Bl EhRG A SSsERca Tub DeReritish 25

waf er sysan idsidiiel degdisis on thewalle Iaaamth@rm&ﬁmans spefatey imeideithe 2Ecremgpt v
etching 10 chanber to cl ean the wever he en%ﬁgetl c plasm

anber. Hg
Speci es rapFRpben olise crmpesitionaf hesica rasidus daps domposition o |

expensi ve t Qagdi28 species of etchant process gas, the substrate material being etched,

and the mask or resist layer applied on the substrate. For example, when
tungsten silicide, polysilicon or other silicon-containing layers are etched, silicon-

20 containing gaseous species are vaporized or sputtered from the substrate, and
etching of metal layers results in vaporization of metal species. In addition, the
resist or mask layer on the substrate is also partially vaporized by the etchant
gas to form gaseous hydrocarbon or oxygen species. The vaporized or gaseous
species in the chamber condense to form polymeric byproducts composed of

25 hydrocarbon species from the resist; gaseous elements such as fluorine,
chiorine, oxygen, or nitrogen; and elemental silicon or metal species depending
an the composition of the substrate being etched. The polymeric byproducts

depasit as thin layers of etch residue on the walls and components in the



repl ace such parts and conponents. Al so) erosion of the chanber sg.rgam 3002
can result in instability of the etching process fromone wafer t

The thin conpositional variant etch residue can also make it difficult to
stop the in-situ 15 plasnma cl ean process upon renoval of all the residue,
resulting in erosion of the underlying chanber surfaces, and nmeking it
difficult to clean the hard residue off all the chanber surfaces. For
exanpl e, the etch residue formed near the chanber inlet or exhaust often
has a high concentration of etchant gas species than that forned near the
subst r at e atiretert yitieceampositien af iie etchirgsidue dayee dyrieditv variesn of resi st,

hard mask)_or . of the mat eri al ul t t form a
Ceant ng. et el Gels e g PREL Rudbéedtpondrd Saob 4 Fombrt Oap RIS

etch resi dlueanzﬁh?saémeénmmmgtm logdesH ofl§8s nﬂet&ﬂm weduss poltbLarf chl ng
chanber is opened to the atnosphere and cleaned in a 25 "wet-cl eani ng"
process, ithenhambesPedMatat or uses an acid or solvent to scrub off and

di ssol ye accumul ated etch residue on the chanber walls. To provide

consi stent chanber surface properties) after the wet cleaning step, the
chanber surfaces areThegcamonsitiongyvasanhineg-himpegenesug hatebaesidoe laver ext ended
period of f he etch

Pt ocess. on!SggufHhind ARLAG Sriplod? SLLBER RE;  BE pefaBan] bB5ndd 14, "h Ve

consi st ent pedvent Cad\tamlﬂﬂlQ}‘lN QﬁO@bStrawfﬁwmsallm. after pswe‘samsofmhuungm ittle
or no variations _in t unctl onal Itl%/tMOf surface

cheni cal gly‘Eﬂfﬁ'ss aBt'ﬁé?WpaéS"%eﬂ‘i %am rﬂj%% 55"5&?"3391"%?%&" SERUS hanber

produge W dahyb¥afd/tiagn eme:bmgbar oRewelves the energatic pldsmid spetid<Orapi®i her. In
43e punp-down process t he chanber i.s maintained ia 5 a hi 3h vacuym

envi r onmen€’qds the ghambes yyalls ang CRBIPONGPES . 3R ihisrxPepsive P 0kteBpeci es
trapped in %ﬂﬁc&?\?ﬂﬁbﬁért%ﬁd REmpbReNB! AIbE2EkoBIACTIRe chARIRAELREces iR et Ch
process to be per he chanber, 1s run for 10 to 15 m nutes an
durmmy waf emulvonn instapllity pbthehetehing mpmwgmmwsteérw anothere prheditin bl e

et chi ng prop it @ﬁi‘gg t; t he

i ncreased cos osgﬁmglu%% rngte}aafhe%m?saal étlgs/& rom tﬁ o%/vﬁ{ Féﬁ@%; {‘%gu et chi ng
chanmbers dlmasmga tleen grgcess upen remossli afcgll dees@asmtsngmpnoceesssorsbéne is

hi ghly undesir bIe Lt  LVYRI . 0

cl eani ng pr "&985 ngtcgﬁf"baeﬁguég%%s\'lfkﬁgﬁ%sé 0 m_Lé'cumtguct‘ Irh haerwgff e%ﬁlé%ﬂtlfng
processes. affl e, cr\hhe:embrfad:aanFmgp)antbls,aaa(mchngespmmctmmedfrteentrp! ovi de

i nconsi stent a d riable etch Erg\gertl es. artl ch q because t he wet
cl eani ng prg@ et anexhalst pltpe Beradrigly °8ﬂ° ﬁ't“o? etehant;qas SREGEF os f r om
one sessi onhkA tamﬁohaeci rie@6tHd sulgtrate %Edlﬁiylpmwcﬂangh&W face

properties and | ow reproducibility of etc sses. Thus it is
desira#f e tEPEENHANRN aﬁ'ﬁ’ﬁhh?fﬁ 'B ﬂ‘cé’és“ttﬂ%lf’gaég’hgcbéfﬂﬂlﬁmmdel i m nate

deposition of etch residue on the chanber surfaces. |n sem conductor
fabrication, yet another type of problemarises in the etching of nmultiple
@yers of materials thigdiiauk toi fermar clegniae plaser thas ugiferfaliteschesorwikanyl e,

silicon-confg 'éunﬁ@osg%rﬁar k,afl.amwfatawsrefsmgstmssafkér%éﬂ&.nggm ¥Sbut Rﬂf‘or

silicon nitride [icon dioxid reference to ur es a and 1
b, a typi caBOﬂmafatsaym ephingcehrmbarig epemned inthe %tmﬁsebﬁmctw'esrmsmraat e 20

gg[@’;: 285 MRLEL-cRbhihGH Roded¥.ShwRiEn GRRAHAEBH LOYLbn 48RS RiiveMdBRERD
off and dissolve accumulated etch residue on the chamber walls. To provide
consistent chamber surface properties, after the wet cleaning step, the chamber
surfaces are "seasoned” by pumping down the chamber for an extended period
of time, and thereafter, performing a series of runs of the etch process on

30 dummy wafers. The internal chamber surfaces should have consistent chemical



| ayers 24. The polycide |ayers are formed over silicon dioxide |ayers 26,
and 30 etched to formthe etched features 30. In these nultilaye
structures, it is 1 S JUN 2002 4 difficult to obtain a high etiﬁ AQN 2002
selectivity ratio for etching the netal silicide |ayer relative to the
overlying resist layer 28, or the underlying polysilicon layer 24. It is
especi ally desirable have high .etching selectivity ratios for polycide
structures that have a non-planar and3hi ghly convol uted t opography, where
the 5 portion of the conformal netal silicide |ayer 22 between the etched
f eat ur es siidatdy, ¢leersurhumes tHaeingaittle on nofvatibgomeinathesidncendstidratpbe,22 on top
of the etched features snot shown). At a certain time during the etching
process) of hengtigngllyro n%‘i'éﬂces‘mei”i‘,‘Fﬂeg’P‘éﬁﬁeP“i‘%'V‘é’i%HBEI etH{yRa, grPcaseset chi ng of
t he under , r al

i1 oi dePPLoRRedS! V¥ Gher pron U bakBp VB Ind Nelfo HEpb it i BFRE

pol ysi | i csohsﬂratyealo ambtltw elr\cthedﬂmm ﬂownmomﬁssmn/\t!}amMras imantbimedhie rate of
etchkf of .t netal sil |C|n§f th?ttthetentlretg éalllcon | ayer 24
bel oW t hé Rif HﬁgP”'Heet"é’fr°gme i e %§7’e'}°“ 3 ' 8PteEr Nt R A ‘before

conpl et i Gidfle epédieNgapped retHenddaeter PAFihg QRS walt cldaa p'l"B&é’ds silicide layer
22. Thus,_it is desirable to etch the netal silicide |ayer 22 at a_faster

rate rel Ainejeafies. thecetchnsogesss b B‘T’f?‘?fﬁ"eé‘f'"ttﬁé champes. |is (:‘Uhfq'a%FO 33. The
same probheéy & 8amnty Wated! 6hUAGH Wb caamakp#@ws QnsihddiGag nitride 32)
on a very thin silicon dioxide layer 34, prior to formng trenches in a
subst r at geptycibig pighing prEP_MBEE. as for exanple shown in Figures 1 ¢ and 1
d. The etched trenches 38 are used to isotate active MOSFET devi ces forned
¢n the substrate. The etching selectivity ratio for etching silicon 20
nitride relative tdnshe bomwedtiwisemit:haeucttor belusgy ythei ighrebsedstap pen t he

Sel eotiviipeals B Hhalls FEHE Grithd 8 BHCRehid8 i@, durk SR hat "2t cn

the diff egrentt suehmagnamaéaamrrggpmewstabs iathighlg Dhdegiabld. yit 2gpidaifyf er ent

et ching rat es)s_ whi ch depend upon chem cal reactivity of the particular
process d&keg oty m'eﬁewf%e Q'I’/t‘? faning Progess stepoapd &rto 2hewist§ et al
siliggde laypkte WetNehbG9n§?|ﬁSEé§éb§YAﬁéb RRk mtldlera%g aMq §daBhig silicon
nitride layers wth hi ectivity to silicon dioxid | ayers, i s

parti cul apfogess bftPe@FQV'éﬁedmﬁ’@é'sEﬁﬂ‘H“ﬁa’?éP‘P‘al%wamD&rthel larRenticullars | i con and
nost conv hadUni t [ yers to
form gasegg‘]';sa{u%gg{hI %‘E)éri SI FXI@B?#g%%%&% d%ﬁ)f(gwnle%gﬁgb Thu r,Qt'oP 'E‘%e ifficult
for the et/emmsnftrorplmsmncmmmrt yestitingi inguarig tionmic qjtaeﬂmrewtfaeely et ch

t he net al f Lysi 0 4. and the
silicon nP? de I%Je@)égéep?gd %E'Fﬁ{]afn thgﬁg‘??%ggﬁssd#%% 3 s ?Xs"ab PBEP Thi s

pr obReOm i ba@malt\ Ieewhum(a(;mebalﬂeai Fecanore tOh@lleirtalnaldepcummrdUEetfcbrraadue)n the 5
chanber si de}éva L ? ok ocrétsal ns silicon dioxide) and attenpts to remove the
et chant r&8{'dB& AN ?'% € pol yci de etching process, result in
dubstantially |owering the rate of etchl ng selectivity ratio of these

| ayers. Thus it is desir.abl an etch grocess t hat reduces fornmation

10 of etch residue U’e?ftS%'Fng‘Mof "&?t&?ﬂ 'YG' BRAREEFYPe| 9f Rroblemsafisgsdf r abl e

that the eh&bicMinCbemiitite BISASoUMattablisithaChalCsitiNer oideshisur faces in the
chamber. It is further desirable to have an _etch or cleaning, process that

rest Afes EHENYME glon sxamRleysticpnicontaining Materils such ag nasien pliside. gr oups of

t he chambgyoiyaiichAC8ificor hitdide,fdhd iRdondRStid@bMatl AifedeRBe €6 RIGYAIs T4 BRI NY
process to renove chem cally adhered 15 etch residue layers having variable

t hi ckness Hhd® 'sYPtﬁameHHé\(%PmW"i’%B'LJ'HC‘BWC%%§ﬁ@’%"r’lﬁ’é‘ﬁ?ﬁ sypsyistaQ yi ng

charber Sg&f Res nidtal én@bé%yd?ssm%eb@sl@ee myeoasu 8 GRadPeRGRNsilfdh ' emovi ng
etch resi dues generated etching nultiple layers of materials, for

exanpl e) slwarséM dr Mpqlec@ed@\eﬂrmamgfoemeﬁ oves silicens digyiderlgyeass @ﬁ» ngd of
LUNOSAEN Sdibhéd Pttt ' stEhdd FeMRuleB BB Sin REseSiulefiRfor Brictfigs, S ! T CON



20 layers, without sacrificing their etching selectivity ratio. SUMVARY The
present invention provides a nethod of etching a substrate in 25 an gtmrmuz
chanber, that reduces or entirely elimnates the etch residues on the
chanber surfaces and provides highly consistent and reproduci bl e etching
performance. In the nethod a substrate is etched and sinultaneously, the,
et ching chanber is cleaned off etch residue. A substrate is placed in the
chanber, and a plasma is fornmed from préocess gas introduced into the
chanber 30 to sinultaneously etch the substrate, and cl ean etch residue
deposi t ed gffidultato obthin-a Bighl etehing selechiaithestis torfacing tHdmepdl @Rde 0as
conprises (i) etchant gas for etching the substrate thereby form ng etch
resi due oHa%ﬁdﬁ{i’é‘f"es‘Grtg&@é‘Sf'V'QEdef'ﬁ Bveq 8nemiheginderiyng pobysiicag 1awee et ch

residue fajjreg i?%stEaﬁyhggQF%fblfHE\‘;@gﬁﬁaetEllﬂﬁ? \stehu{raw Laqigélrsgesﬂ?cgglghgsof

cl eaning gas to etchant gas selected so tha e etc

subst ant i adtrycterssi thet haveamwedp!émasmndHugllh avbeolusad fopogespbpowheahleet i on of
the etgch process., .The thod is useful for chin tal, sjlicide, silicon
e o, RAonaraBf coBfoahaelal ey welag el o e dhndd lefuretin | o

si mul t aneowsdRer 1Rarc kivapomigntdiane insdtanglicibaryer 22f orsidpi sfaRe @téhedde
containing etch residue. In this nethod, a plasm is generated from one or
more pr ocel@atygs daot sRIYYucRbaichEgin me dvingdhe F&r@%ﬁ’%ﬁﬁ'é%gfm%‘ﬂe and

clean the glethl diIRMGeOR dibReLiibLEY aRB MMM SH IHAGRI YR HONNRBRS Jas
conprises (1) etchant qases for etc |nﬁ metal silicide, polysilicon, or
t

si | i con enlayRebeginst whtle thehHriekss metahsiigjde javies @7 is stilbeinpdschad: hThissi due on
the etghin A r | 4 i : i t

@i o o el f e AGATorfer 24 be SR g Soi kI phel S

vol unet ri crdte @/ etctiing ob the ineasli siicidmlayen tbatctherentigmpolysiliewt get 24r enove

substantially all the sil] AL oxi . e resjdue fram,t he chanber

sur f aces ubﬁ%wck}ﬁ)ﬁ‘é?ﬁ’%rﬁ%tfg P%}Hgdgﬁéﬁ?fﬁ %%tgestg ;Rggﬁg"?ﬁg%ﬁ’ee f%’)?acr?gfp enn ?fhe
present pretatusg ohttstisdkeapeortiospofi the nyetaksilicideteyeo@RaiThuggitnat eri al (et al
silicide, nocrystal line silican,, pol stalline silicon, sjlicon . nitride
or sili conggi‘f%’églt? gtely @ﬁéﬂeﬁlfﬁﬁ'dﬁ%‘f% 3Lt farylatasrelptivetg de rateff o 2,

- N2, amg CFdychiify 8f W poRsiicen fdyen2aatTHe sovhepiodibrh @risedAMRe dchemdpst antial |y
all the etch residue forned on the chanber surfaces upon conpletion of the
et ching pr Gtﬁé‘s‘?vq’r‘gf%'ﬂ%lw”d@h%zv%'ﬁﬁ’@f\f fhin siligan digw '_BYe'é P toand CF,,
I's sel ect e(il?:trtchn?qm?\\éﬂe§'im§fsﬁﬂgﬂr§t|e|%n%rtsiﬁ glragaerfbe,nss [oR xIMBledRRiRIed by

etching at [east 2000 substrates in the cha ) without performng a

separ at e clFégurendcandpl 4.0l he leggheidrigendhes Aaargarsed Thésolate jaotivd MORFEID

‘IP'Z(U)ngr | C JeVRWssBirha 8h th substhdrk 2 TheNabnihg sTRCAVIR) R RPLYhidLMiARout

20 nitride relative to silicon dioxide has to be very high to stop on the silicon

dioxide layer without etching through the layer.
®
High etching selectivity ratios are obtained by using process gas

compositions that etch the different silicon-containing materials at significantly

25 different etching rates, which depend upon the chemical reactivity of the
particular process gas compaosition with a particular layer. However, etching
metal silicide layers with high selectivity to polysilicon, or etching silicon nitride
layers with high selectivity to silicon dioxide layers, is particularly difficult
because both materials contain elemental silicon and most conventional etchant

30 plasmas etch the silicon containing layers to form gaseous SiCl, or SiF, species.



1$ JI~tV 202 about t :1 . In another exanple) the process uses a process

gas conprising G2, N2) and SF6, preferably, the volunetric fIOM/rag* oh

SF6 : (C12 + N2) being fromabout 1 :20 to about 7:1. In yet another % JUN 2002
exanple) a suitable process gas conprises Cl2, N2) and NF3, preferably, the
volunetric flowratio of NFL : (G2 + 5 N2) being from about 1:20 to about

1:1. The nethod is particularly useful for etching substrates conprising
multiple | ayers, for exanple, for etcging pol yci de structures conposed of
tungsten silicide and polysilicon layers, or for etching silicon nitride

| ayers 19@%99%&%%:81\‘%: é'ézEn?%z%é%ﬁk% dé%éﬁny'aaswdi& ghqiul taneously
cl eani ng the'etching chanber of si'l1con dioxide contalning etch residue.
The mul t igpkferératiatiy etah ehetnebet dilicidedayan |22 falseer shamg eheppolgsiticon lagera2d,i r st

etching stage, a first. stcha as is introduced intq the chgnber and a

bl s gener Secqaoniiridrearsria Peleian He Rt dorbhing Ik Thest | ayer. in
a second RbeRIE GHRGP exdcested BesdutBaRE etikant Pesldud fokmedepatliei Nto the
chanber and a plasma is generated fromthe second stchanf gas for etching

t he secorfhamiessidawallsriisoeottaing silifes dioxideyand attesents A remsve theadded to the
stehant - gagnkit MSRGE A fin e BRHRA &ém&ab&%gg fSORYES Bhanddlg 51 11 con

di oxi de etch residue tor etchin anber sur'faces I'n both of the
et chi ng sibageing the rate elneschisg sateptivty, ratibeofribedmbhyefs. t he present invention
is useful for fabricating a sem conductor substrate. In this nethod) a
process gas conprising stchanf gases for etching the substrate, is

i ntroduced into theTiwitihedesiab} to Havaaneett!s posdess ahadeloeyd fohRasdrchanf gas

to etch the substrate. 25 A burst of cleanin as is added to the process
das Wi | of pENSaRiSts Seposits o the PIaRghaRaTedt 4 F50 HesiPtia et Mafber

sur f aces. gtbRCorCdigHivd§adiasdd Aor@dddd e exppidbdl isGi8Bds inl B chambel. N
volunetric flow ratio of cleaning gas to stchanf gases is sufficiently

high, to iscivther degisabita hayeampichigiclaaning presesribat srstergs she aégiali t ed
during thg,ghehi @gcf?&iawgg& surtce fu]‘:%}it;n lér&!:p%ocg‘ e ERANLNCR TGS 1pRD Ot her

f eat ur es, aspect S, an vant ages o t pr esent
further desirable for the chamber cleaning process to remove chemically adhered

15 etch residue layers having variable thickness and stoichiometry, without
aexcessive erosion of underlying chamber surfaces. It is also desirable to have
an etch process for removing etch residues generated by etching multiple layers
of materials, for example, silicon dioxide containing etch residues during etching
of tungsten silicide on polysilicon layers, or silicon nitride on silicon dioxide

20 layers, without sacrificing their etching selectivity ratio.

) SUMMARY

The present invention provides a method of etching a substrate in
25 an etching chamber, that reduces or entirely eliminates the etch residues on the
chamber surfaces and provides highly consistent and reproducible etching
pérformance. In the method a substrate is etched and simultaneously, the,
etching chamber is cleaned off etch residue. A substrate is placed in the
chamber, and a plasma is formed from process gas introduced into the chamber

30 to simultaneously etch the substrate, and clean etch residue deposited on the



i nvention wll be better understood fromthe follow ng draw ngs,

description and 5 appended clains) which illustrate exanples of the

i nvention. Wile the description and drawi ngs below illustrate exe aJUN sz
features of the invention, it is to be understood that each of the features
can be used in the invention in general) not nerely in the context of the
particul ar drawi ngs) and the invention includes any conbination of these
features. 10 Figure 1 a is a schemati cgcross-section of a substrate having
silicon dioxide, polysilicon, netal silicide and resist layers; Figure 1 b

i s a schegRimBercsRfaresedheGtotdéssidit dumsisedtis ethhaht gbs %rléc&n§ tRbt er
etching of the netal silicide and polysilicon |ayers; ure cis a

schenat i csé?ﬁé@e sberepy foraring essh festiyenn %“W'Ispﬁéﬁﬁ%lﬂﬁét(ﬁ)aﬂeamam ng a mask
| ayer of %'fﬁ'. é;eaﬂ{ rt\dl'tr%eet RQeEHQé“?&rrﬁedd?ﬁ et @%ﬁh}fﬁﬁ&f Qfg-section of the

substrate ure ter et chi es int i con or
pol ysi | i contumdtiigdiow @tlp@faﬂ@ammg omto strhanagascsedéated soehaton‘heamcbt chi ng

appar 3 us Sl REERRTb BNARL Alodd FAARE cRedel UETBRR O e

process st use substrates and si i ace%l”@&ﬂ t he surfaces
of the et @;bmm;etaimaatme ea¢tdprdcess.onponent s; 1 g Jl~~ 2002 9 Figures 4a and
4b are graphs show ng the WS x and polysilicon etch rate, and Wsi x, to

pol ysilicon etching selectivity ratio) respectively, for processing a batch

of 3000 wafers withqyg nﬁ?étﬁ@@'ld“()setfblefo?'& mePal Fu.gwree%mé@n afflgeb are graphs
showi ng the polysilicon and silicon dioxide etch rate, and polysilicon

over et ch rretusilisoabpt mopocrystainet sikconon 8 GHbyrsecwsiingiraultzmeotsiyf 3000
val o1 fo W (diedtind R bHAg LAEHIABPEficol UM Bontdina BaP ResRILRY G

rlatlons In tical lrren3|ons the etc atures on
f ers; armdethod, a plasma is generated from one or more process gases introduced into

the chamber to etch the substrate and clean the etch residue on the etching
chamber surfaces. The process gas comprises (i) etchant gases for etching
metal silicide, polysilicon, or silicon on the substrate thereby forming silicon
15 dioxide etch residue on the etching chamber surfaces, and (ii) cleaning gas for
removing the silicon dioxide etch residue on the etching chamber surfaces. The
volumetric flow ratio of cleaning gas to etchant gas selected to remove
substantially all the silicon dioxide etch residue from the chamber surfaces upon
completion of the etch process.
20
in one example of the present process, a substrate comprising
@ silicon-containing material (metal silicide, monocrystaliine silicon, poiycrystaliine
silicon, silicon nitride or silicon oxide) is etched using a plasma of process gas
comprising Cl,, N,, and CF,, in a volumetric flow ratio selected to remove
25 substantially all the etch residue formed on the chamber surfaces upon
completion of the etching process. Preferably, the volumetric flow ratio of Cl,,
N,; and CF,, is selected to remove substantially all the etchant residue
generated by etching at least 2000 substrates in the chamber, without
performing a separate cleaning step for cleaning the chamber. The ratio of the

30 volumetric flow ratio of CF, : (Cl, + N,) is more preferably from about 1:20 to



Figures 7a and 7b are graphs show ng the average Adder particle Iev‘f%s DW
processi ng a batch of 3000 wafers w thout cleaning the chanber. 15 JUN 2802
DESCRI PTI ON An apparatus 20 suitable for etching a substrate 25 according

to the present invention, as schematically illustrated in Figure 2,

conprises an encl osed process chanmber 30 defining a process zone for
processing the 20 substrate. A |oad-lock transfer area not shown) is

mai nt ai ned at | ow pressure for holding_a cassette of substrates 25. The
particul ar enbodi nent of the apparatus 0 shown herein is sui table for
processi ng_of sen conductor substrates 25) is provided only to illustrate

the i nvent PEAH 'aﬁ]d 'Q%ﬁﬁﬁ' ﬁéi’mBé' Lt}%eeﬂmfzﬁsﬁ) P?ﬁst‘E)Pff@eéﬁﬁﬁéc?)‘%pf'ﬂégiqventi on.

The encl osRg, &liREPEprardbas RS veiuafitAt hiswiatidngl Sk Rt oMNRbhingGrdmbr i cat ed
fromany one of a variety of materials including netal's, ceramcs, glasses,
pol ymers, abRHtcbAPOS; "‘tbé’“grétbrl“a\feé.a”PHéefm*éwé% 9H@blgedroness 93s t he et ching
chanmber 30.} I I Vige a : n onprises a
Vol e of 0 PSS CabAEc To o0 e o3 neh B L AR BE AREIIEE 00 o
about 50, 00R keiBg frdme aBautchidRteraboutpri.ses a ceiling 55 that is flat or

rect angul ar shaped, arcuate, ~ ~ ~~~ %0~z 10 conical, done-shaped, or

mul tiradi us donme shaped. Preferably, the ceiling 55 is done-shaped to

provi de a uni form di The methddis paktigllad/masef 0ot @ tgrne sutitia®ssScohprising i r e

vol une of the . plasma process zope. The dope-shaped ceiling 55 is further
fromthe sﬂﬁgi'&ﬁﬁ@yeéﬁnftoéf’x%ﬁp'?h&ﬁ eéc'?'f‘%tmgglqziﬂ etuney CBQW%F%IBEe 5

di ssoci at equiagiten erioRibianatpod3ilicos SBRréla fol BENHPSEEH Mitrdfe thPerB! OVi de nore
uni form plasma ion density across the substrate surface than a fl at

3@ i g THEPBRjHRY ewrisilicgn stpxidenlapersy- While simulteneonsly deaningathe atebingat ed

nical) cyhhR@El 6fkilica diskidg corfiimhhatdPfsRiues UtHe MRRRSIayd ke Provi des a
done shaped surface above the substrate 25. 10 Process gas Is I ntroduced

into the clesghedrinFomulintaustiage piresesali dn pifissh ¢tohing\staganaciyst etghanhgauises a
Ly, . . i
process gag, SURDIY 46 ﬁagdcthgm%%argép g‘;&;&%ﬁ%ﬁg&ﬁ%ﬁ?f mtzﬂé‘h{&%t ra'n%@ésgo_ The

conventi onal  conputer system I ow contr ol “val
gas di stri ot exhirgystedivstoby@anncosgrond @tcfasg ttage, osetaidetBbamtogat isd

perip all.y around the substrate 25 (as shown r. a shower head ,nounted on
t he cgﬁi ndX‘(S?d‘H?é’ '8%1°aﬁﬁe°?‘a§é?e\'ma% ao"déﬁ"%? § ?W@%éetf’ﬁ f?ﬁb?hes?%\ﬂﬂ .et‘fﬂt‘qé"gcond
gas supply gasSoestcity prececdes lagkeam ote gamotottidie staypgpeleadifg \giag i€in

el ectroni caaléj(?y operated val ve 205. Spent gr.oce SH%:% and etch ns1 bypr oduct s
are exhaust¥efrigrile KEEIPLART L SHRIBE 2 96 '?'H?Bfﬁj b EPRPS A "8y st em
90(typi cal | 3iidonchiyRide @teh bRMde lfbintdd 6@ end BLtBIHg chambER sufadaliheodh ochi evi ng
a mnimum pressure of about 10'" mforr in the chanber 30. A throttle valve

95 i s provi'@eeteMing§tageihaust 90 to control the flow of spent process gas
and thggpressure of process gas in the chanber 30. Preferably, an
asymmetric punping channel i 00 is used to punp gases out of the chanber 30
25 to provide a nore |8pApdEr PIRACL NG MethPd ofthie stasepuinventiasfisgestuddar

RECLCS 2 HBMohliy 34ERAERAA00: OldiRe SUDBIE Ridfhod! PHASIR ¢ generated from

process gas roduced into t chanber™ 30) using a plasma generator
110 that coegrherising etdhaot gasesffpepighing: thetsnbsBatepisootroducedrintaothet he chanber .

A suitable &ka@ﬁﬂa, gﬁ@%rp%s%a i%]g%ngmci ifr%ﬁﬂh%netchant gas to etgh the substrate.

25 A burst of cleaning gas is added to the process gas while the substrate is still
being etched, to clean the chamber surfaces. The cleaning gas is added for a
sufficient time, and the volumetric fiow ratio of cleaning gas to etchant gases is
sufficiently high, to remove substantially all the etch residue formed or
deposited during the etching process.

30



1 ~ JUN 2002 -.. 11 inductor antenna 115 consisting of one or nore 'g?mﬁomnz
coils having a circular symmetry with a central axis coincident wth

| ongi tudi nal vertical axis that extends through the center of the process
chanber 30 and perpendicular to the plane of the substrate 25. Preferably,
t he i nductor antenna 115 conprises 5 solenoid coils having from1 to 10
turns) and nore typically from2 to 6 turns. The arrangenent and nunber of
sol enoid coils are selected to provide_the desired product of current and
antenna turns (dldtf(N) near the ceil Png 55 to provide a strong inductive
flux linkage with close coupling tj igg E! gsma and therefore gieater plasm
ton density in the plasna zone adj t he 10 substrate 25, as
described in U S. patent application no. 08l 648,254, which is incorporated
herein by reference._ \Wen the inductor antenna 115 is positioned near the
dome ceili ng 55, t helhese land@tidr feptairesn asbests3and edyaritagss df tiecwresent

mat eri al i ed
silicon di 'ﬂ'eono‘fv ﬁg&%’f%q &&g){br?f%rr# rqﬁslf%%g&g? ?i"’l%a%oa%%&p ngﬂ@

anot heg tcanweaueaielaan§5wol¢hwmdstmapeam&mefoertabhrwentube iWHlety coil 115
wr apped around the sidewal | lt rocess chanmber 30 is a nultiradius

done- shapetPscHatie? rd d5yings eH’d" Hlusirate gxamplaryqisatures 2h &he inyentiemt des

i ncreased ipligHEBuAd¥Istd88 ThityeddhlIChb YeAUASs ddeps Ubst Idhe iRGaHtRIn R0 because
ion density is affected by |ocal ionization near the inductor coil 115, and

a mul tiraddenereinagtmsrelg b the contpyisel the partieulaydrammingse apd thenrvantigo t han a
hem spher iigglude®iahy dofhiifioRest tResd RiatGdsenbodi ment, the ceiling 55
conprises a nultiradius dome having at |east a center radius R and a corner
gdl ud0r) whereinr is less than the center radius Rand Rir is from about
to about 10. 25 ThAaRleRIR d UrBthiictrbiRs ARG £O05GAR ARG dif gnhanced
usi ng magnetically enfanced reactors, magneti c field ‘generator
| not shovmr)upxsiecbobysnhaorp)enmhemcudamgdeeswlrlaehect romagnetic coils, are used
to apply a magnetic field in the plasm zone to increase the density and
uniformty of the plasma. Preferably) the nagnetic field conprises a

rotating nmagnetic fimghdreit i3 §9cﬁéi&t®<dr83é1fseéthﬁ\ b mbcgub@traﬁé agF.gafeal lel to
the plane of the substrate, as described . 12 in U S

Pat enfl5No. 12 aftep esghing P&S'U’e‘ae%ﬁé‘c'??)a"ﬂgE%‘}s'Wﬂ"c‘ﬁV?'§ |ncor por ated herein by
reference. The magnetic field in the chanber should be sufficiently strong
to increase the density of the ions formed in the plasma, and sufficiently
uniformto reduce chbigye Upisdasekpmats ¢rea§-a¢@tsorsmsagomotyath@gn 5
General ly, C emesy RQL the surface of the substrate
is |less tha%ggﬁ%g?{égw@ %é{ﬁg!é%%groe ty%? cgf ?y fromabout 10 to about 100
Gauss) and nost typically from about 10 Gauss to about 30 Gauss.
addltl n to the indugt e r re roc ectrodes can
be useg to accel erat ggg& g%liesrgqgh%%ic gljlaggrrgcl Ihef i saa&%ﬁﬁkﬂgu% The
process el ectarfmieacmnglomdenahés unsmeesilleonmqb@ly:bﬂmoﬁprm ng a wall of the
ocess chanber 30, such as the ceiling 55 and/or sidewalls 45 of the
“Hanber .

Figure 2 is a sectional schematic side view of an etching apparatus
of the present invention;
25
Figure 3 is a flowchart of the process steps used to etch
substrates and simultaneously clean the surfaces of the etching chamber and its

components;



The first electrode 120 is capacitively coupled to a second el ectrode 125
bel ow t he substrate 25. An el ectrode voltage supply 155 supplies anglf JUN 2002
potential that 15 naintains the first and second el ectrodes 120, 125 at
different electrical potentials relative to one another. The frequency of
the RF voltage applied to the inductor antenna 115 is typically about 50
KHz to about 60 MHZ, and nore typically about 13.56 MHZ; and the power
| evel of RF voltage applied to the antgnna is about 100 to about 5000
Watts. 20 The encl osed chanber 30 conprises one or nore ceram.c surfaces
that serve differenkigusdichhQRa 4Pt RAHPERowWihG tRESVEN ah8 doRdiigBROdI ment )
the walls 45, 50, 55 of the process chanber arée coated wth a ceramc
mat eri al , escitratasamrbMb¥i, tapbivddicohetabinmseledtiity retipi taspectivdly.don oxi de,
silicon carbide, or,25,si4 ni.trid to,protect th [l's from
cheni cal | P'8FBENG° P?\égaérft?gﬁ(?]évrafée?c 'g'?ﬁmgcégs)anén &c?s'lg'%a?%er‘l%f For exanpl e)
boron carbide is useful for protecting sidewalls 45 of chanbers from
erosion in fluorinated gaseous environnents. As another. exanple, sapphire
|l umi um oxi de) galiQHTEY PRGN Bhars| GiFeRs 8aowise e @PYYiSoR W SPocess gas
into the chagheet@rat¥Nait pH9siGbeHTBOsre P Vadd By 8kpectiVesitbaces, the
etch residues are difficult to renove) because they can react with  ~~~w
13 some ofPropessing apatchsol BARRAwalerstwRhewslpnathg ehambsfanpl e, the surface
of the nmonolithic ceram c nmenber 135 which has highly reactive surface
functional groups) such as alum num oxi de, alum numnitride, silicon, and
silicon oxide ceranifigward iscegraphmhomsingrpihe varidtioms noeritigaldBmensiong farde
surfacgs en .5 e t A Qr. isture formAIl-OH surface

nctiq namﬁreotﬁ%%a(F%Z?rggﬁg‘m%a‘%@rsr‘eagg? with the etch residue to forma

d adherent coating on the chanber surfaces or conponents. Another
ceram c surface usefyl in_he ocess chanper . 30 is that of a.nmonolithic
coram ¢ menber 135 HHRE] 72 Dl KRG SiahBr PA AR BRAREH HRLRvi g
substrate RYelst8F prItessig aabdteh 6€BOODGH AL WithbEt LIBEhiHE]hERBaMberOr € Of
al um num oxi de, alum numnitride, boron carbide, boron nitride, silicon,
silicon oxide, silicon carbide, silicon nitride, and titanium oxide. The
secondgel ectrode 125 is enbedded i pekguSAbNT ¢ menber 135 so that ceranic
"material 15 , conpletely surrounds e second el ectrode to forma unitary
nmonolithic ceram c nmenber. The second el ectrode 125 is fabricated from an
el ectrical conductor . : r The
enbedded second el ec?%&ggiaggglagas?‘ Hégggﬁégﬁhﬁga?tg%#%ﬁ zaﬂ'%%’? ﬂﬁ%ﬁ&n
pot enti al itise pfEskheidyentidr) dshechetriadcaly idostrarde sn Figutdr2, chaphises 80
mai nt ai ned at  different go'gngnt P@'d? including 20 e} ectrical géound or
floating pSPERFPLPLOCEsR LHRTDE" Haing 2.R195e% 298, (9587985 8d0% use it is
errbeﬁcml irsugheatluniA &i’ayi-llﬁleli amuefleﬂarﬂga:woiasovﬁhhehraer:gmmcehﬁmw gges&aS floes
not have tq be electrically . isolate rom the chanmber 30 itiona
i nsul at or <97 Beldiop & FRASEHS qfe‘d'gﬁfr?l‘ﬁstzﬁe ﬁ&? B?i"FF@'EH’t?Q&’i"P%% Pepedance
Legds in tflaggsmurmo sROWINRdreinal Isdits816 @6 Vbragessisg bt séificoRaactbne 25 second

ctrode and the grounded chamber walls 45, 50. The second el ectrode

125 al so sé-pekaigs i iepridesseniy ite ilRtiate thegnyentiongdngsheuld noy be

el ect r ost at,jsegGBHHEIHOfcop R the HvahtisR! MhePlcHisBd chBRbar38iHagt € 25 to the
recei ving surface 140 of the ceram c nenber 135 using a DC chucking voltage

appl i e@5 t hraidgymalsnt & ped arbattam voRR {adriceBd frevanyerne ok dyatety9é cerani c
member 135 %Qtefngns‘%ﬂaﬂ%b rﬁ&a‘é}%eﬁa@rﬁ@@%lﬂs@g,’[ ES\Qﬁ\eﬂsggnd co'rﬁﬁ'osﬁe‘lum' ~0D2 14

materials. The process zone defined in the etching chamber 30 is directly above
and surrounds the substrate 25 and comprises a volume of at least about
10,000 cm?, and more preferably about 10,000 to about 50,000 cm®. The

30 chamber comprises a ceiling 55 that is flat or rectangular shaped, arcuate,



The first and second el ectrodes 120) 125 are electrically biased relative

to one another by the el ectrode voltage supply 155 that incl udes anﬁg

vol tage 160 supply for providing a plasm generating RF voltage to t JUN 2002
second el ectrode 125, and a DC voltage supply 165 for providing a chucking
voltage to 5 the el ectrode 125. The AC voltage supply 160 provides an RF
generating voltage having one or nore frequencies from7 3.56 MHZ to 400

KHz to forma capacitively coupl ed pl as in the chanber 30. The power

| evel of the RF bias current applied to'Qhe electrode 125 is typically from
about 50 to about, 3000 Watts. separ at e voltage is applied to the
el ectrode %2CqlodpPEIEATNIREd.PTINLRIrE E?%W%W&P@e%?ﬂﬁ'@%%“g%c?'HQQ B8t rat e

25 to the ad Fnl distriBUR [ ' nd an
el ectrical g??"l%t(seh?aﬂt o] tg?gov\{affea %"E@h’ﬂck? nlgup{))'\igﬁ B{%gﬁtaﬁghgzlgg%ﬂ%%rfaszﬁ

Et chi ng & Checentirag/ayme of thel glasparprocess yinet hEheedarhé-aigapedagdiling 89ig o et ch
one or nor the | t t and si,nul t aneously cl ean the
et chi ng Chgwgrtéerr,frc\%nltﬁgﬁg%tg%eégéémﬁﬁﬁ%ggéﬁ%@ﬁ aaﬁgr%g 'F%‘i"cm |y

conpri §es disseciatahidaatcomisinbdon ddssesmelr te subsirhiecZBitoproyédd b ar seni de

wafer) with lurality of layers 20 conprising,, for exanple, an ynderlayer
of sili con“&ﬁB%‘ @éameé”f‘{?ﬁé'tty(?ﬁ?sésthﬁ sg’ﬁ?‘éa‘(?)ﬁ%dféc? Hagy a ?‘gY CHifirg- the

transi st or ghndgkiiy 6% &ahayed flaftened Womefednivhli Glinésed c6MmBR BAMdRRa0S
tungsten silicide and under]ying polysilicon |ayers. The netal silicide

| ayer on t 198 o$RAs<qaapinaton ofy ghapesy Hhat Pravifesca domp goored svrigteal um
titani um QholRPkddeHstratsi2El Cides. A polysilicon |layer is below the netal
silicide 25 | ayer and over a silicon dioxide |ayer. A patterned mask | ayer,
m:h af photoresist, or a silicon dioxide or silicon nitride hard mask, is

med on the substr AI-rdoTok-Y=Tr ENeTa] A Y rat.e between
the mask | ayer are eﬁ:ﬁggépglllj%'rn% fea?ggﬁg)thgggamggsr ?63?"@9@%92‘% cont act
hol es for fdidtribctdn ngstgmt @b dhatdtciodes afppocdsPas sapsly Stoarsd a gak fiomde

i nterconnecting, features, that .are 30 typically used a el ectrodes; and
Uias whi oh SaREOhAYRETLG R SHBPLRECe Aot oMl cdmp et ante Mol € obrtan iy
connect twgagrflowicenttbeddlvd 86l | ThecoawldigtribitioRayetem 68 ean abapriey gassul at i ng
silicon oxidelnitride I&\F\gers. anotnggtLFexanpl e, . the SF‘UbS rate conprises

, I
si | i colP ni t34tigés Payjerye e%‘?'ﬁ'é@ha% 2yBPYatgP54a8isNPWah Ydbped or

undoped) suhiweth€ad Mmoliftededr EHdk4iley B BteLsfanMter (J0OWIR RBEBIs thaledNiAdtn, a
substrate 25 is transferred using a robot arm 170 froma | oad-|ock transfer

chanber thhr#gynla Alsecond@asesyYRply SHStE™M RA0 PrevidRs cleaningagas 1 the nger
assenbly ( W%N%EQ% viddh diddttorditdIgesperhftdtvaiel 268 5PERYSIBCdds dasidruger
openings in the chuck 145 to receive or
etchant byproducts are exhausted from the process chamber 30 through an
20 exhaust system 90(typically including a 1000 liter/sec roughing pump) capable
of achieving a minimum pressure of abaut 10°* mTorr in the chamber 30. A
@ throttle valve 95 is provided in the exhaust 90 to control the flow of spent
process gas and the pressure of process gas in the chamber 30. Preferably, an
asymmetric pumping channel 100 is used to pump gases out of the chamber 30

25 to provide a more symmetrical and uniform distribution of gaseous species

around the surface 105 of the substrate.

A plasma is generated from the process gas introduced into the
chamber 30, using a plasma generator 110 that couples an electric field into the

30 process zone of the chamber. A suitable plasma generator 110 comprises an



- 10 lift the substrate 25 off the chuck 145. The robot arm 170 pl aces the
“substrate 25 on the tips of the lift fingers (not shown) that a?%gl&mlgnﬂj
by the pneumatic lift mechanism 180 to extend about 2 to 5 cent S
above the surface of the chuck 145. The pneumatic nmechani sm under the
control of a conputer system |owers thet substrate 25 onto the

el ectrostatic chuck 145) and heliumis 15 supplied through apertures 175 in
the chuck tfyurest stenhd @ 15ecmRIsANg 0f oAk of Atore ihdidtad €oidThaving’a BrQA&RSS Jas
conprising etchant gas for etching the substrate is introduced into the
chanber 30 syRroetgh YHEA §85tralaxis coigident yith Rke langitydina) wersigaliaxis that | y

mai nt ai ned S L r

Sui t abl e ete%%%'ﬁdtsp%\gses ?\g:éi}ggﬂ?'n‘g\afbg?%g%hﬁgp %reggu%lsa%?ﬁ%{mﬁ%g Ude for
exanpl e, H@ElanBfBie lrstraBy 5. (rederabdn.4he SidtictorSryenta 1 NEZomgriseCF3, CF4,

CH3F, F~, Ci HZF2, . CZHAFEG, E6, F8 S, F. O Cl z, CFC13.
Qz, N2,(g-|l—|e,s°g‘?{‘c9' cg?sﬁ%\gngﬁ@%&t’o ﬁzﬁgﬁg C gn oréggplésa “&(Io&gégl: %Wrﬁﬁ'ovi de

hi gh etch reteearrantdensstd dndgmbmbeadfesotdnodl edichiragelettdde gavideand ar | ayers
that are bein tched. VWen nultiple |ayers equential etched, first)
second, t hi §&gire t%?&”%t%rﬂﬂfe"éégdéaﬁ‘ﬁ&git‘r"inér{glrdg“é"ggﬁ?fe%i ﬁ'l"?_rhesn‘ﬂoduced
into the ch@r@fbfe{eatQusﬁgth_ncﬁmbem&tuh@sdeamha;y@re-co%@w ko Bb pl@shb@HEE 2, @
plasma i s energized fromthe etchant gas using the plasma generator 110 by
i nduct i vel ythefgipts oeafrid!aseign dnspy imEhespiagfe zgpe ddiagenth® bRanber 30. For
exanpl th C : Ry s =0== j N .

sour ceﬁ?:ur r%n%kﬁgg?ﬁéggggggé%m@nt gﬁﬁ%“’ﬁ%‘;‘gﬁg?'?@|"i°h8§{ Ee g%ﬁnﬁé‘r%ﬂég; and
appl yi ng ani:ﬁlﬁrdmirmfi\)gmiagy ne@em?@.le\é\é@nrt?@lwu;m,am@ma The et ml 'J’:c;::\e?ast ]
ionizes in the applied el ectki Lm.iQn nd. heutral s at etc
the | ayer o'?leal'htgg 5 ?%{"%9 §§ g‘be #eg'%" é/fgﬁhgﬁhg]@bgééggc@g“péﬁgéidéeéect"ﬁ%t are 5
exhaulsted fmmrtamwgharﬁaeanaﬁremhe Rﬁi&fmtsuphmelsﬂaalof mpmeﬁhilmlgnof one or
nore |layers on a substrate 25 angd si t aneous . cl eani ng . of the plasna

et chi ng’ chafiBaidea Wias aheiRos R “Weah A dp oced t SRR amPuiEt Pl B Lt

st oppi Ry t hg,kle@ihage PPPERFabIy, 1fe ifduel& il TIE &raipdd o thedsi@gowapast ages,
a cleaning gas is added to the etchant gas in a volunetric ratio sel ected
so that theobtishpiagerrshamber 3P iea multirafiys sieeesshansd induatergpilshayigs? or the
resi due for iRgebild! doih shiife Bibr SIS RBR354 piBUAR!IEN LbAUYaiRRbY By
renmoved during the etching process. Preterably, the etchant gas conprises
one or nor e thd s@Aratdblcent? 60-Because idrededBity anaffedted 1y local ierazdtiog ngas
conprises one. or re. qf 3 y . I : 1. SGQV. hat
conbi nat i on%h%fndtu%gcgecogals{e{! apnrdcc)%\jlm letﬂéﬂ?gﬁﬁed uggnod m%ﬁe'ggg’gf}g{? tg’? csr%?)%gatrgnd

cl eani 2 pr epeter i6Bsthahhehemisphetical coil.| bwanaberopreferaddeamborijmgas the et chant
gas is selected to_repov t S| due nerated fro r ocessi ng
at | east 20(?5%%% ?%TB"%géén"gﬁrﬁg%’g%%&eef%as'z %Igggl%gé;éte%%&srs%gg Fates,
wi t hout per fcofmarngdias s cpdeadie rdd Ranitan heapnfeoradile &namigR A hefrofmaatoar 30 i n
between processi&? of . the substrates. A suitable volunetric flow ratio of
cl eani ng gas2 tp2 hatit gas is fromabout 1:20 to about 1:1, and nore
preferably fromabout 1:10 to about 25 2:3, and nost preferably about 2:3,

It has been discovered that at these volunetric flow ratios of cleaning gas
to etchht gas, subst dieiipspadpimadde the plrsAe 3088 NSO EMANCAAHHER

surfaces 45)ma0netRanGeRhicdEVRcithd, ROWNi@H & Hdddetib GieNGeRdtoSINot aces. I'n
addition, it has been unexpectedly discovered that the chanber surfaces are

cl eaned and Heweih serieas Byparmanetichaghet £ ¢lestyoRagantin §oitfadre BIns PPN
step) wi thouf [ RAkERA R HEAAEMEL264BRErease the density and uniformity of the

plasma. Preferably, the magnetic field comprises a rotating magnetic field with

30 the axis of the field rotating parallel to the plane of the substrate, as described




~ 8 JUN 2@ conditioning or seasoning step. The synergi smof etching the
substrate 25 and sinultaneously renoving the etching residues fromthe
surfaces in the chamber 30 (without terninating the etching procesk@dUN 2002
requiring separate cleaning or conditioning steps) provides significantly

i nproved process stability from5 substrate to substrate, and increased
process throughput. In one exanple of the present process) a substrate 25
conprising nmetal silicide or silicon (j.e., polycrystalline or
nonocrystalline silicon), is etched us]%g a plasma of process gas
conprising Clz) NZ and CF4. and optional I); 0Z in 10 a volunetric flow
ratio sel aeihd Petepbioy 4. 84 6B3nissued yuag 27; N8B whichdsiinrasperateted on t he
chanber s i g ! R y, the
ol unet r; e 758, SRAENGETERE RBR (oM ThE haRpBY HEARG be sLAGAAY

subst ant i adttopgablin¢ieesethehdernsity eafitta donpefvemat ddtHeyplesrohj and adifficasiy 2000
substrates 25 in the chamber 30, wtho erformn arate cl eani ng
step 15 fo%n'f(%frggﬁirﬁgu?%gh%ﬂﬁ'r?ﬁedra.maﬂ?etoggf‘f)%e%Fuctrﬁn%sgg@\ﬁgﬂeﬁc flow ratio of
CF4 . § Cl Zeendii)y, itBe Mdgaefic dileRy @&bmeaidretoabBgtisudiadd of therisrale & lekd

anot her exanpl e, tag process uses  a erocess gas_conprising Cl2, NZ and
SF6) pr ef e'aBI2PPut RAO\RAUSREMOrE tHRicANY (R 3bgpt E@4o abpwy YOO Gamss.paichg f r om
about 1: 20mbet @%meylao% abButy 6 Gags ke hb&XeIP Gausf Suitabl e process gas
conprises Cl Z, ) and NF3, 20 preferably) the volunmetric flow ratio of NF3
> (Cl2 + NZ) being fromabout 7:20 to about 1:1. A burst of cleaning gas is
i ntroduced into the gtghi r t of tinge to treat
and condition the ck{grﬁgglrt%gutr%;}gggguc?f\%i %@E?ﬁaesgg' érb §{ %g{eep%els% still

421 ng1et cheldctrydeshearebe hsed tqgacceldPatecusaneggize denpasma ghsehaharhagdsr | S

"‘Pnt roduced_jn t he cha [ i an C 0S| t] of .the . prpcess gas is
adj ust ed t%bt ﬁeanégf?sesaeq%ﬁ%%%t'mg‘é&sie égﬁ%toegg%)tf% i%&&?’ ”%f‘]e"""ﬂfo e of the
di fferent payessciodmpbat3,isichas theebisgrEs end/BusidogalNes &f Ghé BBaPbEceSS, a

short burst of cleani ra% 1qﬁs is added to H}qe process gas while the 30
substrate rae &stialeqiidighe SranacitiyplySeummdato & sreopd elactigdecl ZRelaY gas can

be 1 -3 dddubetiade 28. Wﬁ»@ctrect:éh 28It 4Ry 99§|sU§@lﬂaste9\ gﬁgeteﬁtﬁpl ilicon

| ayer (during the main etch of pol ysilicon layer) and term nated before

t he pdPysi Maingaingvbe drgiindgsespag elerhedpu2p. AR5 at dif{asertcelestdanli ng gas
provi des apk%{g\%gfs. (BIAE0E 1o Bhe HndiHeY. r'l‘?\%%éq‘ﬁ%nﬁlégﬁme% %fgﬁ%eegp;}ligattor enoves

the freshly posited etch residues before t
the inductor antenna 115 is typically about 50 KHz to about 60 MHZ, and more

typically about 13.56 MHZ; and the power level of RF voltage applied to the
antenna is about 100 to about 5000 Watts.
20

The enclosed chamber 30 comprises one or more ceramic surfaces

@

that serve different functions. For example, in one preferred embodiment, the
walls 45, 50, 55 of the process chamber are coated with a ceramic material,
such as boron carbide, boron nitride, silicon, silicon oxide, silicon carbide, or
25 silicon nitride, to protect the walls from chemically erosion in particular etchant
gas compositions. For example, boron carbide is useful for protecting sidewalls
45 of chambers from erosion in fluorinated gaseous environments. As another
example, sapphire {aluminum oxide) gas distribution plates can be used to
release process gas into the chamber 30. When the chamber contains ceramic

30 surfaces, the etch residues are difficult to remove, because they can react with



5 can chemcally adhere to the chanber surfaces, Also, a first etchant gas
conposition can generate a first etch residue that is weakly adhered to the
chanber surfaces or that has a chemically soft and reactive conna$hﬂh9qﬁ&2
however, when second etchant gas is introduced into the chanber; € second
etchant gas can react with the first etch residue and nake it a chemcally
hard 10 sticking residue. In these processes, the short burst of cleaning
gas is introduced into the chanber dur{ g the first stage of the etch
process, to renove the freshly generated etch residue before i.t is

llow r at & BUNGPr o hegs 7 vl et or SRE D £ e Be, FBTRERRE e larmer 30

al so reduage réreliilfic gesmiibichérhlyerof3a vhic keashigblygasctvediirficaguhétidria m ot her

mechan; sm 1UPT B ss AYBOBY ORHE: FINBHAFT OWida Bscar SR ANGER St gas whi ch

ct vat e S B o A e e Flow

rate FR eqeXPPaEeme oxvaen erameisgpredorm d\iQid surfape functidnabgrabpsithat00 scem f or

an etching it v f | me period

of about SCt?%‘%g%gﬁé%o‘%ms‘écgﬁg%h ?gwg'lgégrgoﬁﬁgqﬁaaté%dﬁgrgpgl%?tgngj%'gtt%énti ally

wi t hout er otimbprtsuefaoes bscarponts.55 and conponents in the chanber 30. 25

After conpletion of processing, the substrate 25 is dechucked using

sui t abl e dechucki ng neans. A pneunatic |ifting apparatus 180 raises lift

pi ns through the el etatbert cdramicchurédcelbaidion tied pockbecisatibér 30 & that and a

robotkﬁ trapsport .armis i.nsertbed ﬁgg\een t he substrate 25 fand tge; chuck to
tHe sBbaPAUPLTES PERAUC MEOSS; 13D haMing 8 SPEayIC reRRiVIRg Aiirfaee,d 40 ter

Lekaf
Qtract ed igteidd® sabytrdte 251hedddnP-SAHREe d&atddmatdtthis inciudepeisr ar m
. transports the first substrate 25 out. of the etching chanber 30 and into a

transfer chosbaf alEinmioxide. phminyRRitidee ROTANFARIAE. basentnitide. sitied na
Stases S | ili?&&féhﬁé, afdirclarBide! Qiﬁ%cm RitcdY, aRG Ftﬁ’r?liﬁm b RhE satagps are used

to etch nult ayers on the substrate, and the cleaning gas is

i nt r oducedeleatrade N1354¢ eonheddéd inthegreaarpic membembIL sb tbatetarbmicemiathnial
deposit.ed qn surf i Ltiple chi ng
ot ope)'Sas FPTIae G S0BFha s 48T obstile 26 (LS Rl olBihlPigaBlCy 1E
for exanpl eyempmdry ditdesesbnd etestrode t112&tis dabrmateskiroml an pleetricalyenmsiucfort ungst en
silicide and polysilicon. |ayers or for etchin ilicon nitride |Jayers or
silicon di &?tg'es%ifértgngsnte& E’ln?:?)‘ﬁmv%f"é?lgggﬂ%"ﬁ'oﬁéﬁ The dg?és?g?ﬂndpr ocess i s

i |1 ustrat ekledirolibel 2508tk tosduadcta whichuc thdtaRermtential shappliddpevithntier st ood

that the process can be used to et ot her layers such as netal 15 |ayers
and i 11 coparraden e chartd maiabes Y B et Pousint dtede | o ¢ ed
t o t hea@xagddhcahgfbunk! arFidating \poertialy) delatverd drdsditon@iefectrbbe 128l t i - st age
process conprises a plurality of etching stages. In a first etching stage,

a first et GegAvseghls prabedaed R YRS HBICTFBRRES 1 3 PralfBeiecotd 30, and a
&asm& I's fddiRfdef 128 uddiendtiHavk 18lvehddttricdy itQa@bFrorh e Ehimbed 808LS on the

bstrate 25 (for exanple, a tungsten silicide layer. The first or tungsten

silicide | spsitiongl ingyptoaishiplds, dhrrabyisadvging the merasiceRARCIAAGSCess gas
conpri si Ng iY@l da8o s ihathB i RAmBes 86)thatl o BN ATRE Avide PskitWetwREn G OFi ne and
nitrogen, and optionally oxygen. Preferably) the volunetric flow ratio of
chl ori 32 t osesprné etgetiode 125 and the grounded chamber walls 45, 50. The second

electrode 129 also serves as an electrostatic chuck 145 that generates an

electrostatic charge for electrostatically holding the substrate 25 to the receiving

surface 140 of the ceramic member 135 using a DC chucking voltage applied

through an electrical conductor 150 inserted through the ceramic member 135

30 to connect to the second electrode 125.



25 is about 1:3 to about 1:1, and nore preferably about 2:3. The pressure
in the chanber 30 is maintained at 1 to 10 mTorr, the inductor qt}lz \RHP%
power |evel at 200 to 800 Watts, and the process electrodes R F. bias po
| evel at 20 to 120 watts. ~'~$% JUu~ ~"1 20 In the second etching stage,
a second etchant gas is introduced into the chanber 30, and a plasma is
formed to etch the second |ayers (for exanple a polysilicon |ayer bel ow the
tungsten silicide layer) after the firg{ layer has conpleted etching. The
second or polysilicon |ayer can be etched in nore 5 than one etching
process step, with C k L4l | : ri,ng each
etching step. Sui taglhg fggcgméeggﬁﬁgh%@ggggoﬁg?t%}gﬁg&g@%ﬁ?ibﬁ%e 1Z in a
fl ow rat e rethtit’e oonoB6 anothk? Bythe wiectiBde atoltabe slipPQ 156 habireicles aantlc He- OZ at
about 2 to 10 sc Th hanber pressure is from agbout 25 to 200 mlorr. The
power Ievé’l°"6‘9et1‘t\$(r§l %‘{ﬂﬁ’fyc@”@ﬂ?‘f'@ﬁg apptTafensrating Amritagsitodhe &85R040 115 is
f r om aboutel Z3bdeot 29 Gnéhd DE, valiade sBoiy 785 R p@vRing £¥Rkoidy ddifagkOlt age

is

applied to the process el ectrodes 120, romabout 20 to 120 Watts.
In ond or theetecstodenk2i Fag Abnvpltagecnarit 468 provides amAF ugneatings added to
the. et chanfoidgs Halird ol 4TRbId fediibhbfes YRAR {20 3 18140V LL (e s 19
residue fornmed in any one of the stages 1s substantially entirely renoved
duri ng t heagachivaly ¢auptedstasirhin dtecthamedrdd® Toe pedrer feviehef thierRR biand second
stages typical Ly I SEeSs I ). OJ gani,c .conpeun ont ai nj hal ogen)
car bon, hycd‘rrBeEér?,p%g%wo?(n;%}geégh)& e{ni&gfsl tlrv%bcr?-"wﬁcf%iaﬁ? 'gé(P g@/@#’%“tgr(gﬁbei ng

et ched, t h&/aetschanepsratd DQaoitagpis smsieprtectosiaisiiody 195 oc@Pm @inoxi de

conmpopynds forned 20 durin t chi of bath_the tungste iljcide and
@I ysf&i cdeFusiptc § a'tgﬁéﬁ%tﬁﬁé?‘? g%es%."alt—%\%gv'@r‘g“e ﬂBc'&gﬁ%oQJihPiﬂfn of etch

si due cagbwar ¥ doupleditba bridget citcittdi s eRBEHdaRYiIREr tol fr8vibe DR et ch resi due
conposed mare of Wand Si species, and the second etch residue conposed

nore of SichysHing RYwe| Wsthe eiaedrodie! 43 eani ng gas is added to the process gas
inthe first or second stage, in a 25 volunetric ratio suitable for
removing the first etch residue formed in the first etching stage in which

t he tungsten siktchingeX |ClaasinaBrocessched, as wel |l as the second etch residue
f'or meg.duri ng the second etching stage in whlch'the polysilicon |ayer was
etched” It has been discovered that a suitable volunetric flow ratio of

cl eani ng gas to et ch@péragarsof she etshingbdruimbler 3D tooetaboonk of indore lbdth&0

g)éggpl ef[ 9t %yg{silﬂ? r%&b%irg{e Eg,rgrgd giEnCurI]t%rr]\gogﬁ\S/ c?Janath%%ch%(\)g gt?a?n e?,l gviliind 40

now be described. The substrate 25 typically comprises a semiconductor
material, such as a silicon or gallium arsenide wafer, with a plurality of layers
20 comprising, for example, an underlayer of silicon dioxide that functions as a
gate oxide layer for MOS transistors, and an overlayer of polyicide, which is a
@ combination of tungsten silicide and underlying polysilicon layers. The metal
silicide layer on the substrate 25 comprises, for example, tungsten, tantalum,
titanium, or molybdenum silicides. A polysilicon layer is below the metal silicide
25 layer and over a silicon dioxide layer. A patterned mask layer, such as
photoresist, or a silicon dioxide or silicon nitride hard mask, is formed on the
substrate 25. The exposed portions of the substrate between the mask layer
are etched to form features, such as for example, contact holes for fabricating
gate electrodes for MOS transistors; polycide interconnecting features that are

30 typically used as gate electrodes; and vias which are multilayer metal structures



N~, was added a cleaning gas conprising CF, at a flow rate of 80?‘5&:\“3&@@
provide a volunetric ratio of cleaning gas to first etchant gas of about
2:3. It has been discovered that at these volunetric flow ratios of

cl eaning gas to etchant gas, substantially all the etchant residues on the
chanber surfaces 5 (which are formed during the different stages of the

et ching process) are renoved w thout eroding the chanber surfaces. In
addition, it has been unexpectedly di ggovered that the chanber surfaces are
cl eaned and conditioned by the etchant and cl eaning gas conbination,

wi t hout r 10 The
chanber | 0264 Id BRCAIHEPREA G REAPANNGR REcirOO LoRRIHGe RORSESRAHSE,

uni f or nl y by émaatiret siticaresxideupétride lavespelnt anceharfexaele, thei subsear or cheni cal
stoi chionetry). dur q(’gr} rfo nce of an G (g}rocg Prior art cleaning
processes”B‘é’f‘t"?%ﬁ”% 5' He% eﬁe?'fsdll‘cr?é‘o‘”%‘%ﬁ %p 33JicoNdHPREP Phi | to 15
uni form y yghgseH) Bstrggpve the etch residue deposits formed on chanber
surfaces. Build-up of etchant deposits on the chanber surfaces, result in
flakifg off the etchant deposits and contamination of the substrate 25
etched in the chambey. peBﬁbrMnl'hECHr%éésro@'mé’b%eﬁhﬁw@ﬁﬁ@n T £3LELRRe LErged
across substantially all of the chanber surfaces, such contam nation and
resul t ant trasgfatead v arrabet o 270\fram adgpa@@kgqumhambey thiomohiazed. The
cl eani ng I | e t

conpar ed t% ?(‘:’%kg%ﬁ‘g |(?'?)tlr‘i&atlth§ dh@gﬂ%& %"r aéﬁ:fateﬁ g‘ré]?%egﬁté\?%of &o‘&ﬁ)u@ salg? t he
reduced erfefgg;,s {r&vekeanﬂfthtdlmrpllifa&rmen dpetnhfgseh c¢he soucihadbab.reddiveomas

é”'ni@' udstnece tarat 2Bl i oisd 1, oThe R 26 14l the miilai Ve

osi on 0f2§3ﬁ'¥ﬁi’@hp§'éf kRCRA fﬂ@drﬁmgﬁmﬁﬁthaBﬁré 8idVsled Dy He pHetfhatie " epl ace
chanber . . onmponents, the cost of operating the chanber 30 and the cost

per subst riit @32'38%!?'@ 180t exiendabput %dﬁ@e@f"‘%ﬂ*?%@%ﬁéheﬁﬁéampf thet ed

cl eani N9 ga%ck A8 CridohsiflahOpflchbb@Nlderthe 28381 6N EBRIpuRR 1 N Si LU
during etching of subs rates 25, 002 22 rather than st oppi ng

pr ocessi ngvstemelowsre tre smtma#ﬁmntmmq sleanqstempbneht1§5 ahe heliyn is

i ncreasin t | S trate. The
cl ean?%g g%”&@ '2‘55“%3”@5( ct e%tstﬁf%j'ﬁctﬁégggékcLoegg&r&%%q?'tnﬁe%%%m quﬁ Gctor of
at | east ZsumsmdtealRS0. i ncrease substrate yields by reducing the 5 deposition
of flaked-off etchant byproducts ont.o the substrate. The cl eaning process
renoves chem cal | y-adhered etchant deposits fromthe surfaces in the

chanber 30, and rest%ﬁ&ersb@aerdoaidﬁaﬂng@h@rmrﬁ@lasrfsasttchmgtﬂﬁeadmsﬁak@f@Ce
functional groups of these surfaces, w thout requiring a 10 chanber

condi t i oni iNgOgHBRE O e eharmher 3¢ duALER the grseeutiet BR: %‘Idéﬁ'ﬁlcﬁ‘gméﬁﬂ'st r eat ment

procegs | Stcﬁchga‘Hy F?ﬁ&HaHQdaJtlé’pﬁéigufélratf@ﬁ? %ﬁaebm @fac&s dtfoek de® high, | S
strongly adhered to, or chem cal reacted wi th chanber surfaces. The
cl eani ng gBuitable efghept Daeesafior teﬁ@mq lagerard WecwiaireteoAbnigeiudeder cerani c

Nl f aces t I if ergyStdde dgpur, neki | ~gr©ups that
¢ e 3 B R R e B b e R M Toned

#7 e chem cal
ceramc suﬁf-'&e.e%zl"hfmﬁzd‘eﬁnﬁzée,r@ﬁmo@&m %i"tfseﬂehbn@f:ﬁmfé‘rct'i,e@z. N3, Hee

chamber 30und R hRtngPLRY FIRfe kel 100 U DTBSLe HARHAG,RE 00O e,

such as wef"¢ ani hg or cl eanin rocesses rcantly’ |nproved
repr odsci blahd highty soseciiuergcpmodstsgmpe:ufaoﬂmcb ihat tahe beingrdsetred3 OWhsen hi ghl y

desirabl e. e 1 Contipuo hi.n 3 0 fer hout Cl eani ng
Chanber Th& %‘fﬁxi?:g%ﬁﬁa'@x er‘f‘b’l"e 5’1 qﬁ%i?’ﬁét ecﬂqg g? Fe&fvé cé?QE 8#° the 25
--et.ehi Ing andogipleaiﬂionggrg m&aeau\amddtmgmtmmmmmtﬁentetcmraglt| OP I n these
exanples, a Silicon r ocess COMMEr Ci a vai | able from

ol ed VaPaRIE o Be e 28 45 FET o P M BENSCRtRd OB 1 PONYL de

| ayers on @as using the plasma generator 110 by inductively and/or capacitively coupling

30 energy into the chamber 30, For example, the plasma can be formed by



substrate. In these exanples, the substrates conprised a silicon wafer
conprising an underlayer of 1000 ~ of SiQz, covered by a polycide la}i%gﬁﬂ@ 2032
conprising 3000 A polysilicon and 3000 ~ Wsi,. Over 3000 wafers were

JI ~~ 2002 23 sequentially etched in the etching chanmber 30, and the etched
properties of the features, etching rates, and etching selectivity ratios
neasured fromtinme to tine. 5 The tungsten silicide etching process used a
flowrate of first etchant gas conprising 80 sccm Cl2 and 40 sccm|VZ. To
the first etchant gas was added a cl ed® ng gas conprising CF, at a flow
rate of 80 sccm which provides a volunmetric flow ratio of cléaning gas to
et chant gaBPlYNIART sourse crHeNnp @ tha indurter eRtensRalifeenciglingdhet ai ned at 4
mrorr, thegl r i ; ; I S d e process
el ectrodeg'ﬁ#@g&cg%s&%%e'%ﬁg\%&bﬁgts .agg)%?% Ey%ﬁg't’%‘g%éyﬁ%o}ﬁaﬁg s on the
subst r at ee@hanegas @inidesdn ite apweliesi ele@sic fiehttaithrmgoas amd neetrals thatage and an

"overetch" st in order to st 15 the etching process w thout etching
t hr ough tﬁgﬁbﬁ%ﬁé‘fﬁﬁ‘m iﬁ’é’sﬂﬁgeeggéﬁi?r%WF’h %‘lfgg?? sRectesrat L8 n et ch

st age swas esh AR fro e eHapdber!3f,ore the polysiiicon |ayer was conpletely
etched through) and the overetch stage is perfornmed to etch through the
resi dual portion of the polysilicon layer. Typically) the hal ogen content
of the etchant gas YR8 pk&QHEBbels bIlOWeCRERhS Bt &R B AQFe [ayePDERIaN SI Over

and nore controllable etch rates. For exanple, in the main etching stage,
t he pol ysistpesete| 28 and wigevlangndsiclganing afrthe mbasaa etghisg cbaprbies38Gn60 sccm

Cl2) 140 He- Q7. the . vel. of  t{.h current
appl i ed t%%ﬁﬁ?ﬁ@t rérgﬁtgée\srr?ﬁ?e i@éﬂﬁgé%ét{ﬂggﬁét%%gstpggﬁﬁ 'F%épqt)gegg' RF power
vellQof theneok reaye cdppe etah proceses|gescs sleahiogtgas ieaddedo @8 125 was at

Watts. Inth ver - [ t chant gas c rised 90 sccm
HBr and 58§%(':anqt fﬂég{ia vgaﬁtgﬂtgﬁﬁggt?%?g@éﬁ%‘%ﬁs%{h%géﬁemﬁxgﬁu{\? ‘gs'é%?g@"eﬁg\ﬂer | evel
) gf 400 V\Atahsv;orahmi taeglﬁcrhh%;gqgewor H'E}IKEISidﬂE f&#ﬁ)eBdc/)%thlcs?f the@teHigy Bejeed
1 scovery was, that the ¢ I nati o] { chant an eani ases
ovt ted manntieaia ET SR Teoked Buiing B aing wareg. Pretratis B60s 24
sel ecti Vi te¥chaHtig@s cohfpriseé 6Aé g nidre o S 1)) 51 HBE dlaHd-0L:3drd/ thet O

polysilicon, in the first stage of the process. Figure 4a shows the

t ungst®n SleaningigaspRMpBFepsInNeg oMok ehNEat%FSo PuEF¢-hik hapdeensiissoyered
consecut i Wﬁgvcm%saéﬁgof thelsB a8 Pl JWHELBARDE bnd BhéYecfid eRhlyi 4y Pr ocesses
requi red cleaning and conditioning of the chanber 5 after processing of 200
to 300 wafddeaninhptwesieseof the variation in etching rates and etching
selectivity ratio and the higher particle contam nation | evels that
resulted frometch residue deposits on the chanber surfaces, after

processi ng such a | dtgevaumereic fifw watiep§ clebning@as tastchanhgapisessertedt chi ng

and shgultan ' S i i S i and uniform
fungstdn 16 En1iveRng B PLOSE" Gy B Wi E02s g % Lok LR CTen T ot e
of about I1sub&¥atd 28luand gqoco ptafenablysataeasti IQP D EutBD@Cswafigrout wetfbauingc| eani ng
#e chanmber 25. Simlarl Yee tfh?c%olw%lsgi Ihi con E)t cg r.ahe was maintai ned at a
gh rate dFERABGCISARAG Steg; fQF cifaning the Lamber 7@/ geWesn RIRSeNGhht and
cl eani ng gaw albsfaes0vA dadable ivbhumeteo fiow FatioSsfaidanfigCdis® é@hast d4ar et chi ng
the tungsten silicide and polysilicon for Processin of over 3000 wafers.
The tungst "D PEYYA:ZHhte &ﬂ“%}lsﬁ'ﬂi 2h mare Rrefgialliviifeh gbat v Ut ARured for
a 3000swaf 83, pIn@GRSst priferdbly AB6ut RIS &as Yekh GisdBvabE hdtdtanysd | ed by | ess
than 8% and the polysilicon etch 20 rate varied by less than 2% In
addi tion, velumetigifiawratireaf cleapingraasdeiahint 838 tubstadtialy ghsher ovi ded an
et chi ng Seb%{’!ersbﬁu'éétanhgfchln\%ef Qhrffdi B 06 d, WS GImaléd Widput el ative to
pol ysi |l i con) Ich was at |east 50% hi gher than etching selectivity ratios
of prior aetoding thei ghambes isHFaces- olteaddiiomiit bas bean ungxpectedly diseavereds t o
0.8. For eyalm ' r : o to 25
pol ysilicon et hﬁFHgﬂ“gg{ g‘é’ﬁ%\??‘?’g&@ae%ﬁgd ?éﬁé’gg&f'g”ﬂﬁ%tﬁﬁlagkﬁﬂ%@ t he 3000
waf er 30at cleteahimgaridi danubinatidmestep cwithgut edauirtnigvd sgparate cbambei ed by only
about 0.02 fromwafer to wafer for etching of all 3000 wafers. It was
further discovered that very high polysilicon to silicon 30 dioxide etch
rates and etching selectivity ratio were obtai ned, and al so that the 1 &d
JUN 2D02



25 polysilicon etch rate was relatively uniformfor etching of 3000 wafers,
during the second stage of the process. As shown in Figure 5a, a

polysilicon etch rate of 2204 A/m n was obtai ned, and an extrenely lq@dﬂw 2002
silicon dioxide etch rate of 168 /m n was obtained. These results provlde

a very high average polysilicon 5 to silicon oxide etching selectivity

ratio of 13:1, which neant that the underlying silicon dioxide |ayer was

not at all etched during etching of the pverlying polysilicon layer. This

hi gh etching selectivity rati o was high]y desirable to prevent overetching

and breakt hr ough of | ying ically jnsul ating siligon dioxide
| ayer. Fi glflngngn% F éﬂ%ﬁggﬁﬁé%ﬁ?at’. gé%§ héegggﬁ%ﬂmwgaﬁa sfgsﬁﬁﬁef%fﬂ?‘?y of

t he et chi ngimatsndousiyetetdtvirgy el atshingoesidley bm e durRcesiStheah@mbet Was
seen that the p_olglsi | icon overetch rate of 1855 /m nute was obtai ned, and

the uni f or MQ {VEROYtHEPERYAS the BICNIRAPOCERS PLteduiing JeRakte AISANIBIAur i ng t he
entire 300QqpaftRinidkAb@bsPhrRIRRS sighetickhelyidbr AlddPtecdst thbifityGfdmdi Mensi ons
for the etched features on the wafers was al so neasured, as shown in Figure
6. Conveent | Bipalrate EheyRptisted Andsagredfe & Aracgrss threugiutt ain the criti cal

di mensi ons which are predefined and desirabl e di nensions of the etched
features used to determne the electrical properties of the etched features
in the design of intdgromeedanipteal the presenteprecesd aisvbeyatat 25dcanpdsing S) t he

in the design o recac ] aisobs
pecom ng | nEPihMEE SRR et R R BAF Bl Bl el 2t

circuit dengsihg apladiesatipmcebe ges eotnprisiah Clgsi 5taaB GF,0bnd besehalig@,uies i s
proporihonal to the rcqlross-secii on(gl area of the etched features) it is
i rtaft ¢ VARMALHE flovpitioielsnted A "URP YO PR RHANE B0 e RIAPHEEEYUSari ati ons

from f eat ur gyrin@d 2 fHREHAber 50B8E4GPET B6HPREBH 0P MR Bitfing MBSessect i onal
profiles that var!y as a function of the spacing of the features are no

| onger accepresespblyi the Melgmetnin BowaFata ofiGlo Vs and fife iz pelestedito ®@mevsi ons are
typically i I héd Kheath W of the
resist feaﬁ@é@%&@ﬁ@h&%&%kﬁn&e%&ufPlée &5%'&5&\]&%5?&3%6&2:@;8‘0&6 ched

f eat ures. Thabsttavse R5tihehevchitrhberf 3@ heithoetheatfdradngia separatencleanidg stee resi st
feature the nore predictable a rel.i all re the el ectrical.pr rties of
the. ot dRed TTRTPIRE e bRINSers okhel Aib 3 sRe S6Rdis FoRTefioif rlc TBE e
densel y packgrisfrasieusrefepably ifarm aboth &: 20utasatvaait & : { wih ahothadexdnisie! thes paced
etched 5 features), exhibited a critijcal cdi nensi op_ of ‘ngogt 0. 4 mcrons)
and a criti @XcesF SRS AROHSIDCOMMIIH D b N o' PEIEASY- B&indar d

devi ation | ggRImeific v Edtiol d1CSH, : ATIERASN Pbeirlyg PEMVEboaE 112D WUt 1WAS Imbout
0.009 mecr onséﬁv\,hl ch was al so ext rerreI%/sal ow and j ndicative of uniform and

consi st ent dEEANPNEREXITRYE. 3 sHitale Aracesy pas comprised) Chy Nen@PElEni ng of over
3000 Wa(Pr S pirételdbty, Ah@ TeRImall Hober NSRRI NI, RAKD) KHRStbhaltions 1036 rom
the etch residue formed on the chanber surtfaces, were neasured at

predet er ni nd@ 3kpus htlerval s of tinme, for exanple) after each |ot of

t ty-five substrates 25 had conpl eted etching. The particle 15

contam nation | evel s when nmeasured using a TENCOR Surfscan 6200 with a 3 mMm
edge excl usion. Figur® Berstpboleaning gaeds injedsioedhintd dhe etshingrihamber 30
particles, n .prqce I.Si . Cl 2. 40
Secm Nz was P BaBan Spe: PRamERENtdsr s R ThEamE ARRRLE R o
aver agezb abouubsBatk, 264 still beisg Btdtedbyt theestchavwagast Paocdshagaprcoowrising Adder
20 counts of about 60 partjcles ai ned i n,conventional et chi processes.
Flgure 7o srptbhassiaaarousat Ind bl aeel 2Peot el Eenstioniian of s
process gas probgds gasig atfusset m tieddested etchantigas camgodifios ¢a etdNzgnefarr whi ch
an average count of 5.7 was,obtained ich s.ten tinpes |ower. than the
prior art pr'6‘8é°s%fgg‘.e ‘i"ﬁe%led‘éi"'iyieb%°{]3‘af?{§@3\8c?ey\f',\‘ﬁ’ﬁgla{ercq)‘é"%{?ﬁt%?h'[‘?le et chi ng
chanber 25 spidkasgsa yWorebuist ofiblednivyajasneddied tethehnbéessapisdusileddposi ts. |t
was di scovered that even after etching 3000 vvafers% Lhe chanber surfaces
vere prP9ti neubstase isplhbsipg gichrd, &or Gravpieathe Byrst AECIEANRS 8PS §8F Plces. It
was further discovered that substantially no dry or wet cleaning process
was needed to clean, seasoning or condition the chanber walls, even after
et ching of 3000 wafers, 1$ ,1U~ ~~~1 27 which is about 3 to 10 tinmes as
many wafers as that etched in prior art processes wthout cleaning of the
chanber. Exanples 2 to 7 5 Conparative Exanples Wth H ah Etching
Selectivity Ratios and Etching Rates In these exanples, silicon wafers

havi ng successive |ayers of Si02) polysilicon) W5 x, and resist were etched
using gas m xtures of ClZ-He-02, and with or without addition of a cleaning
gas of CF4. Table |I shows the process



10 conditions used in the baseline processes and the CF4 addition
processes, along with the results nmeasured for etching selectivi tly@riN 2002
and WSi x and polysilicon etching rates. In all of the exanples, the etchant
gas conprised 100 sccm Cl 2. The additional etchant and cl eani ng gases, as
listed in Table I, include He-QZ, and optionally CF4. The pressure in the
chanber was maintained at 4 or 9 15 mflorr, the source power |evel at 300 or
500 watts, the process electrode R F. Yas power |level at 60 watts) and the
tenperature of the substrate at 50C. The properties of the etched features,
et chi ng r adde} tarttie eteidngas abet td eichya palysiisowtayer (thaingrtbe mesn etch

ti [, SEM net .20 TABLE | i St Wi . ,
Polysi | canmaR e TIBRIgyeEfnd il anton Boiohg Wi¥ pebBleen eusretshing #98ni for ity
i ~61Et chi npheRBlidse oRattivateliicfeanimigtgas(provides a larger number of highly reactive

~15095000. 901. 093. 093. 022552095001. 171. 252. 872. 2054093001. 081. 193. 192. 59520
45001. 081.cleaning speged raidemnguas thefresty denepedsuch resiuesdefqetheg 30 13

JUN 2092 %qTabérgian@sgpagmﬂeeaa&rn@ér mcegm.%ﬁg%gcm éae -2, and

CF4 i n Exanpl es and rovi ded unexpectedly I'ng ectivity
rati os forcavedsitign ckn igenerateen fisitlgtch desiduel tiat veeweekly @dhetel tofthgr eat er t han

about 1.1 ., This etghin lLectivity .ratio s 20% higher than the ratio
provi ded b hatrﬂ%er§u(§gar?\?%% ?@aﬁg]ase %meEﬁHazﬂtyr%oégggéée%cftw%fgﬁmo&uog. and 6 that
used only K3Rever, Gkn savdntlethannhac s inabduadbinto ChdBcliamiBerd thelsdjoad |

further shows that the copbi.pnatiqn of Clz, He-Q7Z, and CF4 in es 3, 5
and 7, al s®CpPBYPYREUFEY évd{?‘e%‘ﬁﬁ" ﬁ‘g’ﬁ&?@ﬂ\‘ﬁ@%m%&weiq‘ﬁmi‘@ﬁ@ﬁn?%s for :
et chi mg of stickmgs tedidusd. | incthdse pricassese thedsit Waidtiot @banlg gisaat er than about

2. These etching selectivity ratios were 50% hi gher t han the etching
focesses Gtradusadintg the shamber guping thedirshsipoe s tae etshpraness#®2, and t hat

provi ded_efehaidunelegily Ybhotatedldidrs @fial Borbfle R-iS chdmicBly Bharffels e/ ©Ni N

processes al so result tn significant variations in etching ratés of W5~
and pol ysi expasurete @psthehehemichbgas edmpdritiub#X high dlow rate batst astd) t he

present etchi and _cleanin oces rovi i.stent, hi and uni form
Pungst en' s Pick AR oAb R ArMaCioToR Y B8hebf BN Betbeheire. “As' chown
in Tahbe t posdibilinani tid ceariimg gas Eambining wf foeincdtheatiesnitalrspebies \tlatx | ayer

was 20 as low a 2%%@%a | e t?5;') i p_contrast gr .ethigan varj ati ons, qf
greater th&fP4s Esrl? o) oeég_BEfBﬁ em‘r‘b‘?{ﬁ?mlﬁ"é_%‘e g‘@s’f‘e%\ "gsé?rﬁn{é‘l’w&f élﬁ’eﬁn
Exanpl es 2 pgnthethigh Aswkdsaéfi @ Hulstldti dagrwihick fRishbuk adRsioh WypldiRicts
polysilicon |ayer was as_|ow as 2.2% ) ) )
from the chamber 30. Preferably, the burst of activated cleaning gas is
introduced into the etching chamber at a flow rate F equivalent to a rate of at
20 teast about 40 to about 200 sccm for an etching chamber 30 having a volume
of about 40,000 cm? for a time period of about 5 to about 100 seconds to
@, clean the etch residue, substantially without eroding the walls 45, 50, 55 and

components in the chamber 30.

25 After completion of processing, the substrate 25 is dechucked
using suitable dechucking means. A pneumatic lifting apparatus 180 raises lift
pins through the electrostatic chuck 145 to raise the substrate 25 and a robotic
transport arm is inserted between the substrate 25 and the chuck to lift the

substrate off the lift pins. Thereafter, the lift pins are retracted into the chuck



(Exanmple 3) in contrast to etching variations of greater than 2.6 to 3% of
conventional processes, as denonstrated in Exanples 2 and 6. In these 25
exanples, the uniformty of the WSi x and polysilicon etch rates was
determned from (MaxinmmEtch Rate - Mninmum Etch Rate)/ (2 x AVS:f%ER}FIZﬁ
Rate) x 100% The etch rates were neasured fromnmnultiple points
cross-sectional mcrographs of etched features of WS x and polysilicon. 30
1 ~ JUPa 2002 29 Examle in this exanghe, a silicon nitride |layer 32 on a
silicon dioxide |ayer 34, was etched to forma nmask (prior to _a shallow
trench 38,i,80 ' : 5, YA i | 0 In Figures 1 c
and 1 d. Ahg’l g@n%'%gﬁ‘ogéflg;L(?'azt,ryrzgkg’gh§lfhg\%\é§ sgisngtgé}te oeﬂé?‘gﬁofﬂﬁee SFH?'gon nitride
| ayer 32, chérnber 30 auod irstoemtrahyfec teambergnéihmimddantzevacuainh eaviGirahéraw t rench
isolation involves formng a shallow trench 3% in the silicon substrate 36
and then filling it wwth silicon oxide or polysilicon to isolates two or
nmore adj acent grMiglegtdHmdStaded t he sane silicon substrate 10 (not shown).
In form ng these trenches a layer of silicon nitride 32 is deposited over a
silicén dioxide layer 34 on the silicon substrate 36, patterned using
conventional phot ol il ieghaPhidect 6F B GreEs: ABChsLIRIGHE EdheDhrd [iGer OCESS
of the present invention to forma silicon nitride mask. e silicon

subst r at e tp eteht olultible YRy an the subritateandriba cleaninigodasi is inteduded|ibad si | i con

id EN . E ' f d [
Ctandar o CREben ot b€ BboeR 1B ERLL tho bR 0o RS B el o s

02 : SF6 issrfackeitt @w ¢romproof the mulipleettchinggtesl esbilusittayed at Figeref Br et chi ng

silic nitride to sili L OXi.de to,.remove substantially all the
cha regl'sblB'eocﬁﬁgruasteg@qlgsgte&é Hg' %l’fa%Fpg%(s'fo'%%sgﬁﬁ%Y?sa%@g in the
anmber, wdniise mdtipleriayerg ofapadaee sititidannd obiskipen figyers be ddri gtghinge
chanmber. 1t _has further beeq, di scovered that hi %h siliconnitride etch rates
wer e obt ajSHis@n nithidedayars ehstlispp idﬂﬂfi-%'?‘i’?'ﬁ(?é‘ scon waless-wAdthpeghithe, e y
uni for m f qfre SGHHeods8lis fiustrafidl iRfthe 3bARXDBIMBRARgYuchahdrs; it TRSuBiKEh 25
silicon-nitride to silicon oxide etching selectivity ratio neans that the
under | yi ngirsierstoerh thtit sRe deocesgcanibe yigd ta @helt athel laivers suathesdmé@tati ng et chi ng
of theggov i b L cop- Nl kd I Thi i chi tivity ratio
s doty ranriie aRgMicbRRSRUL ThAR, UG ind PleBall HcE LNl BELEE (o1 1 Vi ng
el ect ri cal lipitechsutretexagndes podilludirativeleethwdeprodded herein.~ur ~ 2a02 30 The
present invention has been described with reference to certain preferred
versi ons thereof; however, other versions are possible. For exanple, the
treat nent and cl eaniTihg pubcstage pfodelse cpmeassst a plovaditg iobetakdmg bagas.edh f or

treating chanbers .for, other.a ications, .as, woul apparent _to one of 5
or di narg sR?ﬁth.etﬁ'BPg 5§?§r$plaef,"sf)ﬁé§h§$‘o%aess'§ "?:té%duﬁ‘égéfgﬁlqﬁg(ﬁ{? g%és\ﬁbﬂ'lngebe

appar @ot t 80pa%d 8fplaghh i8Foymed ifdom tHe firseetehiint a3 toretah th@titstedyeng onhanber s,
ion inplantation changer S, or deposition ,g,h_arrber S, or in conbination wth
ot her cl eaHlend)'bsiatecd dlor expmpley 3 WnostRR siligideilavesl g The Hp Yrtupgtedppended
%ai s ShOHiiQd@@Jye?% dyipmailﬁ%tﬁ&dtz%bg\zgjgf%tidﬁﬂaﬂﬂ pRiceb§QablcBhiprising ver sions

nt ai ned herein. o _ . _
chlorine-containing gases, for example a mixture of chlorine and nitrogen, and

optionally oxygen. Preferably, the volumetric flow ratio of chlorine to nitrogen

25 is about 1:3 to about 1:1, and more preferably about 2:3. The pressure in the
chamber 30 is maintained at 1 to 10 mTorr, the inductor coil source power level
at 200 to 800 Watts, and the process electrodes R.F. bias power level at 20 to
120 watts. ‘



What is claimed is: 1. A method of sinultaneously etching a substrate and
cl eaning a chanber, the nethod conprising the steps of: 5 (al placing a
substrate in the chanber; (b) formng a plasma from process gas i ﬁoﬂﬂﬂeﬂlﬂz
into the chanber to sinultaneously etch the substrate and clean e

resi due formed on the chanber surfaces, the process gas conprising (i)
etchant gas for etching the substrate thereby depositing etch residue on
the chanber surfaces, and 10 (iil cleagyng gas for cleaning the etch

resi due deposited on the chanber surfaces, the volunetric flow ratio of

cl eaning gas to etcn.faun,t‘3 - esi -
substantially entirely r%ﬁ%@%%kﬁ%ﬁggaﬁg %%gﬁ%@:g%cﬁ%ﬁg%gess@lﬂ%gcﬁddg%f‘rpl etion of
t he etch prtoakeshafbhel 30Aamba hpbakrax ofodmed to @t thiensetomdh tayetsnifome et chant

as conpri ses one of nore of O~ 2, O2, HBr.) .or, He-OZ: and _wherein the
O T exempling plyaben1aVe: Srigi M tinBscencamoifd 1o & gften B ek el
accor di Ng 48 cohfildted etditidi Thé Recysd H:‘fﬁbﬂ’yhiﬁc&ﬁ fiye”Bar Bd bEhed it ki@l Ng gas

to etchant gas is selected to renove the etchant residue generated from
procedsi nghan onegiehinpp@ceshsEPatith the ¢trbantgasheampasitiondigingehdngedi ng a

separat e, dAagidin $haid dept! AN <Ll LNRAR gas bordhoIRIGNELoRRFREC 1O 1O

claim1l wherern the vol ow 25 ratio of  clea et chant gas
is from afdyin dflRev tate abfram 2010 B0 searet HBuatighamt Oy 240 s¢amnand wher ei n

the volu [ e LI j ean| LS 10 bout 1:10
to about  3140% ot s8Rl 2 do%el, °3Bk AatBEe bsR 1M on Aol 2 {8 T ther ei n
t he cl eanimfomasTthespavaérriedal of dhe sborcehmureinaapplied w@r thalimductdr dmpeddout 100
seconds. 7 t hod a i aim,1 wherein the cleani sis b
introﬂ@ce&1ﬁsgﬁ?'ﬁe&wg%@égogéq)dawq(i&/vapggtgeI'—’I?s(ea%'ﬂf’e‘gf“e f’e't‘g tﬁgﬁ’gﬁég"of at

@ st abouipphibd k6 tROPrEceROeoRoaRS 02072125 asTIRM BFOLIZD © VID WE)f about
40,000 cnB. 8. A nethod of etching netal silicide) silicon nitride, 10

pol ysilicon, or nonocrystalline silicon on a substrate in an etching

chanber, while sinmli;apgersiore Jrapsiing ddesciondisishesaeR8hingidas iget hod
conprising the steps of: (a) placing the substrate in the etching chanber;

and (b) f oaddedgodhpleschant Ba®IN arveluspetfigratioseleeted sgabetthezetehingoduced in

the etghin h c iol d\ B4 : Ll -

rmnoclri §st a’qu@ng}Eﬁ’?% %n%n%%gegﬁ%t?#%fg %Lf#ég@nrarﬂf% é‘?{g{fu%ﬁg}\'g{?ggﬁn? he etch
resi due onthehetchkinglurocesshdimeeatch uesidase fgrmedpndbe disstgad seconpt stagasy (i)

et chant gases for etchin lt he substr.ate ther bg deposi ;[\i ngeéﬁi li.con di oxide
ot ch r esi dOBVHY(REREERPAYMERSHEPVE SPMESEETs SAaES MUPEMIAP s f or
renovi ng t hedroghh CaHY a%ygdh OWHEN ehiebnlcohtaiifg Idyiees arelbemgtdteked,|thw rati o of
cl eaning gas to etchant gas sel ected t‘g r,lfrmve. al] of the silicon dioxide
etch resi dBEhERLIASIANE GAMATISAS) PESAAMARNYY, pificen dioX|ds FomAoMNds fBMed: the etch

procesd. 9dudhdBldhRiy SCERA I Burdhten 8iliBid8 aMad slicoRFayatELbahe gas 25
conprises one or nmore of C1Z, N2, Oz, HBr, or He-O2; and wherein the

cl eani ng gAYPLERP25s HOWREr otherppBPesitinfrel etgtyresigue gpm vary from the first

@ to the second layer, the first etch residue composed more of W and Si species,
and the second etch residue composed more of Si and O species. Thus the
cleaning gas is added to the process gas in the first or second stage, in a

25 volumetric ratio suitable for remaving the first etch residue formed in the first

etching stage in which the tungsten silicide layer was etched, as well as the
second etch residue formed during the second etching stage in which the
polysilicon layer was etched. It has been discovered that a suitable volumetric
flow ratio of cleaning gas to etchant'gas is from about 1:10 to about 2:3. For

30 example, to a flow rate of first etchant gas of about 80 scem Cl, and 40 sccm



1 ~J Ut~ ~00~ 33 10. A nethod according to claim8 wherein the volunetric
flowratio of cleaning gas to etchant gas is selected to rennvexﬂhS.JHN
resi due generated from processing at | east 2000 substrates in the chanber,
wi t hout perform ng a separate cleaning step for cleaning the chanber. 5 1 1
A nmet hod according to claimB wherein the volunetric flowratio of

cleaning gas to etchant gas is fromabout 1:20 to about 1:1. 12. A nethod
according to claim8 wherein the clearding gas is 10 introduced into the

et ching chanber for about 5 to about 100 seconds. 13. A nethod, of etching

substr at ey, iva sdveatecieanify Iges somphsnageccmsdm tudbwaategf 8hecahamber, the
nmet hod corrprl sing the steps of %1 a substrate havi ng first and
second | aypspwde javojametic 'EH%I%@P’"“ l)gqsrfoat"ﬂ piehapt ga§ AGRRYU 3. it r oduci ng

a first etelalndfscdvated ﬂhaeaetr@abR}enuﬁmﬂ@erovam.ciscmremuﬁg pasdme from the
first etchant gas tor etching the first layer; (c) Iin a second etching

st age, |nte¢oluiam|gag aulsssantiady 20 té@@mﬂtg@sduwwthﬁecmrﬁgrfgmmer and
form n(ev(mcgq me? %ﬁruﬁ&%@glfﬁ;&ngsreéq%gczfstfh%éadg&ﬁg pggc ibe,gecond |ayer;

and ( and secon eanlng gas to the
first or &e&md&bwmwgﬂsgftm chanerrsyriaces edmiadditiph ais ivas bhert r enoves al !

the silicon dIOXI i due, on the etc chamber , 25, surf aces forned
nChoth § Henaneestedty, A Cavekeih At St Rt bercaiachd s SEaRe e S iRY 1 o
claim 13 whekd BichBft hd Sleaing gaseomBiritiBRANItheas Psquieis segarm@e or nore of
Clz, NZ, 2, HBr, or He-O; and wherein the cleaning gas conprises one or

nmor e of NFgeasgpwg Qsrcogdigioning ProgessisteP.A et hod accor di ng to claimi13

whereiyg the volunetric flow ratio of cleaning gas to etchant gas is

g%lected to renove the etchant residue generated from processin | east
00 substrates in tTee ehrmirsrtjeaiinemoRnocess ebthe mgswtsewmné\ag%@am ng step

for cl eani pg 1\G GHATMR fembvbSotch dERIARTIARBAEM I8 rRirthRkRiskDrner ein the

vol unetric
chemical stoichiometry, during performance of an etching process. Prior art

cleaning processes, particularly those performed by an operator, often fail to

15 uniformly clean and remove the etch residue deposits formed on chamber
surfaces. Build-up of etchant deposits on the chamber surfaces, result in flaking
off the etchant deposits and contamination of the substrate 25 etched in the
chamber. By uniformly removing the etch residues formed across substantially
all of the chamber surfaces, such contamination and resultant reduced substrate

20 25 yields, are substantially minimized.

@ The cleaning gas also results in much less erosive damage to the
chamber compared to conventional in-situ plasma cleaning steps, because of the
reduced energy levels of the plasma in the etching chamber. This was difficult

25 to accomplish in prior art processes, in which high powered plasmas used to
remove the residue deposits also resulted in extensive erosion of chamber
surfaces and components. By reducing the need to replace chamber
components, the cost of operating the chamber 30 and the cost per substrate
25 are significantly reduced. Furthermore, the activated cleaning gas can be

30 used to efficiently clean an chamber 30 in-situ during etching of substrates 25,



flow ratio of cleaning gas to etchant gas is fromabout 1 :20 to about 1:1.
17. A nethod according to claim 13 wherein the cleaning gas is 10 ‘1 {%N 02
i ntroduced into the etching chanber for about 5 to about 100 seconds. gg
met hod of fabricating a sem conductor substrate, the nethod conprising the
steps of: (a) placing a substrate in a process zone of a process 15

chanber; 1Ib) introducing into the process zone one or nore process gas
conprising etchant gas for etching thgysubstrate, and generating a plasma
fromthe process gas to etch the substrate; and (c) adding a burst of

cleani ng QAf%er!ah BeoRAifG BAotedding 10 WHiiclean'thE cRUREF {lals afigSt! | | Pei ng

et ched, the cleaning gas provided a sufticrent tine, and the volunetric
flow rati mmbomreammgetgamcmaseg(mdmg thaeughmeiang fauthei cadestrigycdstgh, to

react with an stantia tch resi due deposited by the
process ¢8¥.s Lg’@'fgeo i"ﬁé"%8&‘%’88?%.‘%5"?%&81’3?%‘ W{‘g\ag?%'?eé"é?schant gas
conpr i sesbp@&abior W9rat I€dst @l 2nd ko iRFreasdBsubstratéigields; byarsdusher @en the
cl eani ng gas corrprlses one or nore of NF3, CF4, or SFs. 20. A nethod
accor 8i ngderpsition ff Hakeshelf stehant bypwdysisignte the SP‘P%WEatl o of cleaning gas
to etchant gas is fromabout 1:20 to about 1:1. ~~8% ,ll~t~ ~Q(~~ 35 21.
A nmet hod according to claim 18 wherein the cl eaning gas is i ntroduced into
t he process chanber Thecleabmgtpracess ramoves ¢iognicelty adiere@ 2tchantdebaosits

accordi r]gft a %eajs ’I}]Jc%s"}ﬁ%f cRar#‘nPOW ) aaﬁ'ntd g%ées % l ik g:?igm calI ntroduced

into the process chanber euva 190 a tate of at |east
about 40 t@c&bﬁutanﬁ@s@:réaa:erfuchclronahgrmuos:esmefslaaambtacehamtmrgnaeqodnugm of about
40,0

?’ r’gaé \d roces ter Hea etchin 3.3 strate d’;md 10

cl ea Bng ShPEPEH G LT AnB O R A S ROt S URD IRy ¢ RE Ehe 810 (o)

pI ?m ng at@ubﬁémtaybrecefs tsrmTcebarlngnlgrlszlu?ahefqr &mu@mhrr?ineu@ﬂﬁmns si ng
silicon- conta|n|n mat eri a an 0 g.a as ro rocess gas

i nt r oducedt"PREYY & *’é{%mgf;hEWé}?Bér'e%CéeJeWé%‘ ‘ir}?gﬁﬁeuﬁg% m&ﬁ cleaning

si nul t aneqyslyeGb&@s atﬁ@aﬁ@sam@ca&.t.mﬁ@@héya ddrgmichauriRes 8t AREs. the
process gas conprising Cl1Z. Nz, and CF,, in a volunetric flowratio

sel ect ed wsurfpegrebemisyties and puiface ynFtiensk gequpl thakargurbermieatycasmpatite chanber
S0) ARES APETROBRRRR fRchls ! o SHRARAUPRRRSu Bes BRI AR GoCOT I N0 L0
sel ect ed trepnoencible etghisgapropeiitiey imtHe ¢Haeber S@anian that provided by

alternative chamber cleaning processes, such as wet cleaning or RIE cleaning

processes. The significantly improved reproducibility of etching processes

performed in the chamber 30 is highly desirable.
20

Example 1

Continuous Etching of 3000 Wafers Without Cleaning Chamber

The following examples demonstrate the effectiveness of the
25 etching and cleaning processes according to the present invention. In these
examples, a Silicon DPS process chamber, commercially available from Applied
Materiais, Santa Clara, California, was used to etch polycide layers on a
substrate. In these examples, the substrates comprised a silicon wafer
comprising an underlayer of 1000 A of Si0,, covered by a polycide layer
30 comprising 3000 A polysilicon and 3000 A WSi,. Over 3000 wafers were



resi due generated by etching at |east 2000 substrates in the chanber,

w t hout perform ng a separate cleaning step for cleaning the chanﬁkg.JUthmp
nmet hod according to claim23 wherein the ratio of the 25 volunetric fl ow
ratio of CF4 : (CZ + N2) is fromabout 1:20 to about 1:1. 26. A nethod of
si mul t aneously etching a substrate and cl eaning an etchi ng chanber, the

nmet hod conprising the steps of: (a? placing a substrate in the etching
chanber, the 30 substrate conprising ﬁblicon-containing mat eri al ; and ey
,~U ~ 200 36 (b) formng a plasma frofprocess gas introduced into the
etching chanber to etch the supstrate anggiingltaneously cl ean etch residue
formed ons&MENUHY HEPed if} thecrieningrenamise A0, agd dhe giches sToppries of 1t and
SF6, in aseuplsTBitbhing rh@Y, bAd el 86EMit\OratiBI ML sSreaSt SRt tyy @l | the
etch residue 5 forned on the chanber surf aces upon conpletion of the

et chi ng ptimeess. 27. A nethod according to claim26 wherein the volunetric
flowratio of C1Z) N2, and SF6) is selected to renove substantially all the
etchant residue generated by etching at | east 2000 substrates in the

chanmbér, wi thout 10ThEeningstenngjlicide epdnirag prockenusedge Howpateoof titseani ng t he
chanber. 2

8. net hod according to, cla m26 retn the ratio of the
vol umet ri E9PY ?Saf?'BpB?m%lgg) s?&('d%ﬁz EUE V) SF%“%oﬁ%H&'ﬁfsiP%ang%out 1: 1.
15 29. A peishedeofs Gédanihg goe@usipyisigoll ,ng aflew hater 80 ad¥in Cweahi Ng an
et chi ng chanb‘fr) t he net hod conprising. the steps of: (a) placing a
subst r at e P[9YI{a5e? velumetys HAYMSEe ot deaninmary i atchentassfapout 2:3.

si | i con- caRkq)rd¥sOEk MBdherdnamberNaslMhint RS B04an T8 ASHB iddRBPEQCESS gas
introduced into 20 the etching chanber to etch the substrate and

si nullPanesadicy pomesnevel @h 6PE\Vaits angrtie Pregess iptectadenifel. bies pawes, t he

ptocess g 5isitng C12, N2, and NF3, in a volunetric flow ratio
sel ected f%eir:g%ve Asu stantially all the etch residue forned on the chanber

surfaces upon conpletion of the etching process. 25 30. A nethod according
to claim?29 wherein.the vol.unme nd NF3, is

selected to renove g‘&%g{’%{ﬁ\!iFgﬁ‘}i{)’eg? Ekgﬁv%ga%sé%é??%s%g &Xhed A twid

stages, including a main etch stage and an "overetch” stage, in order to stop

156 the etching process without etching through the silicon dioxide underlayer on
the substrate. The main etch stage was stopped immediately before the
polysilicon layer was completely etched through, and the overetch stage is
performed to etch through the residual portion of the polysilicon layer.
Typically, the halogen content of the etchant gas was reduced in the overetch

20 stage to obtain slower and more controllable etch rates. For example, in the
main etching stage, the polysilicon layer was etched using an etchant gas
comprising 60 sccm Cl,, 140 sccm HBr, and 5 sccm He-0,; the power level of
the source current applied to the inductor antenna 115 was at 480 Watts, and
the bias RF power level of the voltage applied to the process electrodes 120,

25 125 was at 64 Watts. In the over-etch process stage, the etchant gas
comprised 90 sccm HBr and 5 sccm He-0,; a chamber pressure of 50 mTorr; a

source power level of 400 Watts; and a RF bias power level of 140 Watts.

One unexpected discovery was that the combination of etchant

30 and cleaning gases provided unexpectedly high etching rates and etching



resi due generated by etching at | east 2000 substrates in the chanber,

W t hout perform ng a separate cleaning step for cleaning the chanber. ~$
~uN Zo~2 37 31. A nmethod according to claim29 wherein the ratio qf%t‘h@] 3002
volunetric flowratio of NF3 : (Cl2 + N2) is fromabout 1:20 to abolt 1. I

1 g, UN 2002 38 32. A nethod of fabricating a sem conductor substrate, the
nmet hod conprising the steps of: (a) placing a substrate in a process zone

of a process chanber; (b) introduci ng#to the process zone a process gas
conprising a hal ogen-containing gas arfd one or nore of N2, HBr, Oz or

and (&) adargeniseiy TofERBR e ngeae’ oot do oySuapi narene.

substrat e fir§t stagkloftRi PEcREENERurd B8 shbRANhETulgteM iliBide RA\HolRMiIdoRr a
sufficient tinme, and the volumetric flow ratio of cleaning gas to etchant

gases bei mjckatesdpeHta 0G0 wialers sopgasstivgiv: proseesed dmtheetchingeshambeassi due

deposi ted t iref nw L ' wher ei n
t he et chanﬁyoégnggﬁpgﬁegégg%%r%@"ﬁorcg@af) ﬁ&%ﬁég‘hggﬁn& &é?*eaé'ﬁgrﬁé?roz and
wher eif t hedtes| pacessingeas2@d npBD8 evafers becansy ef e VdrdtioCirdetchingSabes 34. A
met hod accordin

.to claim32. wherein the volupetric flow ratjo, of cleaning
gas to et cHhgequs ?egecft?vgmélbooﬁ?é ﬁ?e‘ZB'QF'Sr 85’(555[33 Tni?m@@?“’%li%lsh%‘ﬂt accor di ng
to clai m 3R3suhéed Glom bith ratieaniaghsitason thel cHandshi Garkabey, fleh prdte@sings chanber
for about 5 to about 100 seconds. 36. A nmethod according to claim 32

wher ei n t hea5ud BrogNuRbELAl Walegss |7 Sontaste Mk BEESPM: YChiRg 39Focess chamber at

a flow rat §nRBdh¥&l£BkatiRg Brdcat€ pRividdsdntehty a@ﬂ%dmo%qtsh&%nan
process chanber having a vol U{I;S of about 40,000 cnB. 37. A nethod of
&

si,mul #@neotitige etemraigs af 309 fymineanchd variaten Hyetgh rate of about 1. 7%,
during continuous etching of 3000 wafers without cleaning the chamber 25.
Similarly, the polysilicon etch rate was maintained at a high rate of about
2350 A/min.

15 It was discovered that the etchant and cleaning gas also provided
uniform anu consistent etching rates for etching the tungsten silicide and
polysilicon for processing of over 3000 wafers. The tungsten silicide and
polysilicon etch rate uniformity was measured for a 3000 wafer process cycle.
The tungsten silicide etch rate varied by less than 8% and the polysilicon etch

20 rate varied by less than 2%. In addition, it was discovered that the etchant and
cleaning gas provided an etching selectivity ratio of 1.2 for etching tungsten
silicide relative to polysilicon, which was at least 50% higher than etching
selectivity ratios of prior art polycide etching processes which are typically from
0.6 to 0.8. For example, Figure 4b shows the average tungsten silicide to

25 polysilicon etching selectivity ratio ranges is about 1.3:1 for the 3000 wafer
batch. In addition, the etching selectivity ratio varied by only about 0.02 from

wafer to wafer for etching of all 3000 wafers.

It was further discovered that very high polysilicon to silicon

30 dioxide etch rates and etching selectivity ratio were obtained, and also that the



et ching chanber, the method conprising the steps of: (a) placing a

substrate in the etching chanber, the substrate conprising 19 JUN 2002
silicon-containing material; and (b) formng a plasma from process gas

i ntroduced into the etching chanber to etch the substrate and

si mul t aneously clean etch residue fornmed on the chanber surfaces, the
process gas conprising a first hal ogen-containing gas and a cl eani ng gas,

the cl eaning gas conprising a second g ogen-cont ai ni ng gas ~ ~ JUN 200z
39 conprising CF4, in a volunetric flowratio selected to renbve the etch

residue f%ﬁ)ﬁﬁ#ﬂic@ﬁ dtbie rldanberel fivelyagaformon eEehify 6f BOD0GLafehe datifgi ng
process. 38. A nethod according to claim37 wherein the volunetric flow

ratio of tthe sprerd s1RAPSjdRe eereas nFhgue iarfdoawr iarp!yailiconsetgeratet ed to
remove substayd alhi v@;%ﬁg%gréefnt, %\B\nd {aﬁ?&(?r‘ég\eﬂﬂ?ﬁ; §ﬁi§6’n o xrdeCRich Ja@dlof! €aST

2000 substrates 1 n the erformng a separate cleaning step
for cl eanit@p Aheincivasiobtaingl. Theseoehdts proeidediangery digh avetagd pulyeificdm t he
proce

gas conprises N ar =4 ( erein the_ ratio of the
vol ume ri3°f‘i"b‘§m“o‘?"'§%ﬁ‘%:q’fr@1?%%{&?‘9i’g‘f P{)?nagb%?'cﬁ:"g?fnttgh%%bﬁt 1:1. 40. A
met hod of widedyingneitaosl dioeitie hdyeg wasdy st fathteecHaaidd wrirgaetchiggai tRé chi ng
chamber, the t hod c rising_the steps of (a). placing a substrate in the
etching cHARSINS R és'&;}%blltai"%'ten&'f)ﬁ’fﬂi] %‘Fﬁ'@gssiefelci%ﬁ?éﬁfﬂ |aﬁit}‘@‘l?\hmeri al; and
(b) form ngesirablea® el éMirBVRFS16RIAG apaDrédkikradyR A theLAdeMBn& krebBirgnE hanber
to etch the substrate and sinultaneously clean etch residue forned on the

chamber supPpelatiag stligan siaxidasiayefasFigwioptt kirkgr demeangyatesdbastabilitngndas and a
cl eanj§g 16 & G@NtEKIng 2te G8NMPchitlg ibIyifbon 1By érs o L&adel qw ratio

sel eczgd ?%%£0éme substtan??al Iey all tﬁgm)eyt%?h Te an\éﬂf‘lgrg%rgéhgantfet ﬁg chamber
surfaces upen seemphattthepobisilicRe ovetEtichtptp pbd 8885, Alminuta wes hbdinedcendli ng t o

claim 40 V\ﬁ\%r@rli{brg{i'\gcc%@ghgr&w’shﬁoa loQWe%éH Ja?e Wﬂsh@é«a‘)%ﬂ;%%@%\ﬁitﬂg gas and

cleaning gas 1s' s to renove substantially a resi due
gener at ed énptiret300Mwaddr Hazats pra@@89 substrates in the chanmber, w thout
perform ng a separate cleaning step for cleaning the chanber. 42. A method
according to claim40 wherein the process gas conprises Cl2, N2, and SF6,

and whgrein the ratiph@baddtRneah dretd idimdrsivms @k ithe efch8FGeatlifebZontiNe)
wafers was also measured, as shown in Figure 6. Conventional etching
processes often fail to maintain the critical dimensions which are predefined and
desirable dimensions of the etched features used to determine the electrical
properties of the etched features in the design of integrated circuits. In newer
20 integrated circuits, the line widths of interconnect lines and diameters of contact
plugs are becoming increasingly smaller than 0.25 microns, to accommodate
5 higier circuit densities. Because the electrical resistance of these features is
proportional to the cross-sectional area of the etched features, it is important to
maintain consistent and uniform dimensions without variations from feature to
25 feature. Tapering cross-sections and cross-sectional profiles that vary as a
function of the spacing of the features are no longer acceptable in these

integrated circuits.

The critical dimensions are typically measured as a ratio or

30 difference between the width W, of the resist features and the width W, of the



is fromabout 1:20 to about 1:1. 1 ~ JUN 2Q02 40 43. A nethod o

simul taneously etching a substrate and cleaning an etching chanber‘| Bt HUN 2002
met hod conprising the steps of: (a) placing a substrate in the etching
chanmber, the substrate conprising silicon-containing material; (b) formng

a plasna from process gas introduced into the etching chanber to etch the
substrate and sinmultaneously clean etch residue fornmed on the chanber
surfaces, the process gas conprising asfirst hal ogen-containing gas and a

cl eani ng gas, the cleaning gas conprising a second hal ogen-cont ai ni ng gas

conpri si ngchkd featard. (The sebachb vgdth ¥OtHEBRERLE (dah @ tbahaPoPihel fagist i T St
hal ogen-contai ning gas and the cleaning gas to at |east partially renove

the etch feasyragae famidedptaplreanchisipble asethaelestrigplnfopertisisefitbe of the
etching p ét%ﬁgé?%atf}de rﬁ {hB a;{?&’&n@%% Ie@93£9h8wﬁ'.ﬁk§%{?‘q’§,gle eésey vol umetric

flowratio o ogen-contal hin as an gas is
sel ect ed panlaedrfemrespbatommﬂ MElwbwratet(hm'm nhnd bbseldlseaqaﬂefcmbed by etching

at le st 00 substr anber, erform ng a, separate

cl ean étaé f’or’”‘é'lbat ﬁl n‘é{qtcl"?gg'ﬂ?é'ﬁ’r?é‘rm %’o"“tg #éf‘ B S @RErFHFA 0 ¢l ai m 43
wher ei n tblﬁ\dﬂSWﬁﬁSs 983b6ENPIOAs@iRrdHA, TR 30 RAKHNE deRBoN R EbNtHNE Tati o
of the volunetric flow of CF4 £C12 +N2) is fromabout 1:20 to about 1:1.

46. A net Fddcadireensigq. efh%‘BJ%‘l’fﬁr B3 H Wpssahout OHQ9 grierors ewhichgvasm et chi ng

chanber, hise exelehtly BATBARY SAdIgatiVBRISIrRRIMOInd(nsRiéHtichth Broehsdy ate in the
etching chanber, the substrate conprising silicon-containing material; and

(b) form ﬁ@f%sﬁl‘%%‘%ﬁtTQ%m process gas introduced into the etching chanber
to eygh the substrate and sinultaneously clean etch residue fornmed on the
chanmber surfaces, the process gas conprising a hal ogen-containing gas and a
cl’'eani ng gas, the cDetng ng:hg'msofcquracmmya&% in tutwdcr(au)baéceahé ng a

vol unet ri Cglr\tlta(r)nvlvn ni}t a?tnags ElFﬁnB%fP & t?\%n n%s?«ﬂ.bgta{)rﬁeg oy tpug c?\am%m ng gas to

at least p i al etc resi
surfaces, were measured at predetermined at intervals of time, for example,

after each lot of twenty-five substrates 25 had completed etching. The particle

15 contamination levels when measured using a TENCOR Surfscan 6200 with a
3 mm edge exclusion. Figure 7a shows the average count for contaminant
particles, when process gas comprising 80 sccm CF,, 80 sccm Cl,, and 40
sccm N, was flowed into the chamber 30. The contaminant particle counts
averaged about 8.8, which was 5 to 6 times lower than the prior art Adder

20 counts of about 60 particles obtained in conventional etching processes.
Figure 7b shows the Adder contaminant particle levels for a plasma of a process
gas comprising 80 sccm CF,, 80 sccm Cl,, and 40 sccm N,; for which an
average count of 5.7 was obtained, which was ten times lower than the prior
art processes. In addition to the Adder particle counts, the etching chamber

25 surfaces were visually examined for etchant residue deposits. It was discovered
that even after etching 3000 wafers, the chamber surfaces were pristine clean
with no etch residues left on the chamber surfaces. It was further discovered
that substantially no dry or wet cleaning process was needed to clean,

seasoning or condition the chamber walls, even after etching of 3000 wafers,



chanber surfaces upon conpletion of the etching process. ~ ~ JUN 2002 41
47. A nethod according to claim46 wherein the volunetric flow rathé.j

hal ogen-cont ai ni ng gas and cl eaning gas is selected to renove subst'aRt %éﬁﬁl
all the etch residue generated by etching at | east 2000 substrates in the
chanber, wi thout perform ng a separate cleaning step for cleaning the
chanber. 48. A nethod according to claim46 wherein the process gas
conprises SF6, Cl2, and N2, and whereip7the ratio of the volunetric flow of
SF6 :(Cl2 +N2) is fromabout 1:20 to about 1:1. 49. A nethod af etching
subst r at eswhithds @baabanp 1Whiites ak middyawabas lay tsheaheg it peorchanber, the

nmet hod conprising the steps, of: i ng a substrate having first and
second | ay%’P§?5ﬁe% witoyt %15‘5}9 of é}'}e}?fﬂﬂﬂg)qﬂ rst etching stage, introducing a
first etchant gas into the chanber and formng a plasma fromthe first
etchant gas to etch the first layer; (c) in a second etching stage,

i ntroduci nExameles@nt® &t chant gas into the chanber and formng a plasma from

t he segond t he
first gnd CS% Q 6 to the

first or second etchant gas to forn1a cl eaning plasma that renoves the etch
resi due on the chanber surfaces

‘ I or.{.red in ong of the first andQ?%?@
et chi ng stages. R BEYhEPRER: HI'FR VTP ReMingsuRRgTeiedaYHe t and
second et ctaa%maase\s/mom réetstoNereodtched Bsi dadmixblites QR CI,HIY.0, 0dnde- 02.
51. A nethod according to claim49 wherein the volunetric lowTatio of
cl eani ng g¥4th & witbadhtddiuen pha clqagingges of ¢Bmoleble hshewe Hbspracess due
gener 3iged {HAHBRO GESS I BedfasbRAShroeBs SIS A, ddn.&%oem@?eénonw thout

perform ng a separate cleaning step for cleaning ‘the chanb
with the results measured for etching selectivity ratio, and WSi, and polyslhcon

etching rates. In all of the examples, the etchant gas comprised 100 sccm Cl,.
The additional etchant and cleaning gases, as listed in Table [, include He-0,,
and optionally CF,. The pressure in the chamber was maintained at 4 or 9

15 mTorr, the source power lavel at 300 or 500 watts, the process electrode R.F.
bias power level at 60 watts, and the temperature of the substrate at 50°C.
The properties of the etched features, etching rates, and etching selectivity

ratios were measured using conventional SEM methods.

20 TABLE |
. WSi to
} Resist o . . Polysilicon
Heo, | cr, | P | ws | selectivity | Folvsilicon | Wsi Etching Etching
. Selectivity Uniformity (%) . . g
Ratio Rati Uniformity (%)
atio
5 0 9 500 0.90 1.09 3.09 3.02
25 8 20 9 500 1.17 1.25 2.87 2.20
5 40 9 300 1.08 1.19 3.19 2.59
5 20 4 500 1.08 1.33 2.05 3.19
0 0 9 | 500 0.83 1.01 3.53 2.62
10 20 9 500 1.17 1.23 2.78 2.28

30



1 ~ ~~~~" 200 42 52. A nethod according to claim49 wherein the volunetric
flowratio of cleaning gas to etchant gas is fromabout 1:20 to about 1:1.

53. A nethod according to claim49 wherein the cleaning gas |s i
into the etching chanber for about 5 to about 100 seconds. ﬁe\mﬂm

processi ng a sem conductor substrate, the method conprising the steps of:
(a) placing a substrate in a process zone of a process chanber; (b)
introducing into the process zone a pkgcess gas conprising etchant gas to
etch the substrate, and generating a plasma fromthe process gas to etch

the substrate; and fgjie ddidBsAaty it BF uelnaﬁnam §PE, LYY, | hagrCr4 or SF6
to the process gas while the substrate is still belng etchéd the cl eani ng

gas bei nglanx:ammed fand 3, puovidedi unexpedtadly haghi etdnéngvssientistty iratiés tow rati o of

cl eani ng tcha ses hein suff cient| h react . with and
Corave CnEibior bt SE558 Ry Bhst Srleed Bl saa® P adhicy

accor di ngeichiry sdieethdtyvagoas 200k aighberantthgastis praVideesy e or more of Cl12,
N2, 02, HBr, or He-QZ  56. A nethod according to claim54 wherein the

vol unBt r i EOPYesoNat pishise RIoEeTHeR §f faamplesed en@ﬁt!hghgsquomv&h et 1:20 to

about 1: Land fHedh UREOP 28 2RLGH 09 (bD 6! @l M 54 wherein the cleaning gas is
i ntroduced into fhe process chanber for about 5 to about |00 seconds. 58. A

met hod according to claimb54 wherein the burst of cleaning gas is

| ntroduced into the 85@‘1%& ENAREL ik oRe ELAW: r{%’;\%%ﬁ F &) ‘#Pe'é”ta]ntdocr-a rate of

about 40 to about 2 sccm or an process cha havitig a Yol une ‘of about
40, 000 cnih E59npl&sn§3t£hcn11do7 dscpmtqvamdmkpee&tedm huhauﬁuutgs!s&leﬁtewt&nd cl eani ng

a Chq%ber rattlohseforrmetl hhmg 0 glllCIQe re%atnpe to polysnil‘con BTZ;rea%%\an
about 1.2. These etchmg selectuvuty ratios were 50% higher than the etching
processes of Examples 2 and 6 that used only Cl, or Cl, and HeO,, and that

provided etching selectivity ratios of 0.8 to 0.9.

15 Prior art etching processes also resulted in significant variations in
etching rates of WSi, and polysilicon across the surface of the substrate. In
contrast, the present etching and cleaning process provided consistent high and
uniform tungsten silicide and polysilicon etch rates across the substrate. As
shown in Table |, the variation in uniformity of etch rates for the WSi, layer was

20 as low as 2% (Example 5) in contrast to etching variations of greater than 3 to
3.5% of conventional processes, as demonstrated in Examples 2 and 6. The

' variation in uniformity etch rates for the polysilicon layer was as low as 2.2%
{(Example 3) in contrast to etching variations of greater than 2.6 to 3% of
conventional processes, as demonstrated in Examples 2 and 6. In these

25 examples, the uniformity of the WSi, and polysilicon etch rates was determined
from:

{Maximum Etch Rate - Minimum Etch Rate)/(2 x Average Etch Rate) x 100%.
The etch rates were measured from multiple points on SEM cross-sectional
micrographs of etched features of WSi, and polysilicon.

30



43 (a) placing a substrate in the chanber; and (b) formng a plasm from
process gas introduced into the chanber to sinmultaneously etch the
substrate and cl ean etch residue forned on the chanber surfaces, the
process gas conprising etchant gas to etch the substrate thereby]dtiN 2004
etch residue on the chanber surfaces, and cleaning gas to clean the etch
resi due deposited on the chanber surfaces, the cl eaning gas conprising SF6,
and the volunetric flow ratio of cleaning gas to etchant gas being sel ected
so that the etch residue is removed f#8mthe chanber surfaces upon
conpletion of the etch process. 60. A nethod according to claim59, wherein
step (b) conp@iﬂﬁﬂ%ﬁacing a substrate conprising a nitride layer in the
chanber and step (c) conprises formng a plasna fromprocess gas to

simul taneously etch the nitride | ayer and cl ean etch residue fornmed on the
chanber surfaces. 64.thia exanmndel asiicerdiitridet loyer 32 om G0silicdmediexesayep (b)

conprises,formng . a plasm fro rocess gas_conpri si 12. 62. A net hod
accor di ng#o‘”@? 5?%‘3@9(,0 ’Eraemg%?%'b”( By? %@ﬁrﬁ itg%?hf%é]%°%'°é‘ Hhema from
procegs Qgasdeiyiny §ibédg36) as aRewAan FRdresA dBAAI0E. AT pRIsHHaNEr £, O aind 59,
wherein step (b) congrises fqrnin% a plasma from process gas conprising
Cl2. 64. AFaweRsgedde sid Hip ?'Bciﬂ : tifegayenrer hile SYreiaregushasrniees form ng
a pl asma {8 M 157 66 8l sJ aSh AIRIWP kreAEH B oRidn Oy dRRY S ofthindZa shRllovrrdnéle- 02, 65.
A met hod of sinultaneously etching a substrate and cleaning an etching

chanber, B8dniea pFsCRsHpTAEP anbthendilingit withysilignmexide o polwsiicemte in the
etching c r 2k b Sd g | 1 = LAl rial; and
(by ' orm i aors,bAE of HTe & ehOURILSS imel i B0 s e SBe N 0fPE harmoer
to etliéh t kmotsshowwnd atie fenming ithede: enabes laylaydr edsilisbo miride i 3R deposieat on t he

chanber surfaces, the process.ga rising.a.first _hal ogen-containing
gas, an °Yyerdsficoy Hx%o@v%w%@gtﬁﬁ_@@gﬁ? 3?’%%%8 &gz ,pagﬁfpe 'G"¥&%hni ng gas
conpri si NgoAvé&RGABIpHRbIGOHrapdid RichhiggegandansPpetchedbyGhe mrocéfsbofi n a
volunetric flowratio selected to renove the etch residue fornmed on the
chanber sti¥ BESENUA¥PNUSHIA BMHd StFor RRrida EWRsky THR S¥ice8 substratg 'fet hod

accor di ng etéhed! 18l 1BIRINBREIR tRn8R vitidn FARBR MBS shiebioRedor
15 polysilicon. Thereafter, the MOSFET devices are formed using standard CMOS

processing methods.

Preferably, the volumetric flow of Cl, : O, : SF; is selected to

provide high etching selectivity ratios for etching silicon nitride to silicon

20 dioxide, and to remove substantially all the etchant residue generated by etching
at least 2000 substrates in the chamber, without performing separate cleaning
steps for cleaning the chamber. It has further been discovered that high silicon-
nitride etch rates were obtained, and that the silicon-nitride etch rate was
relatively uniform for sequential etching of large numbers of wafers. The high

25 silicon-nitride to silicon oxide etching selectivity ratio means that the underlying
silicon dioxide layer is not substantially etched during etching of the overlying
silicon-nitride layer. This high etching selectivity ratio is desirable to prevent
overetching and "breakthrough" of the underlying electrically insulating silicon
dioxide layer.

30



pl asma from process gas conprising Cl2, He-02, and CF4. 67. A net qog ﬂLN 2002
si mul taneously etching a substrate and cl eaning an et chi ng chanber}, bt

nmet hod conprising the steps of: (a) placing a substrate in the etching
chanber, the substrate conprising silicon-containing material; and (b)
formng a plasma from process gas introduced into the etching chanber to
etch the substrate and sinultaneously clean etch residue fornmed on the
chanmber surfaces, the process gas conpgig si ng a hal ogen-cont ai ni ng gas, HBr,
an oxygen-containing gas, and a cleaning gas in a volunetric flowratio

sel ected to renove tThe peéseht IRShHUE Kb HABA debcridid mﬁv&eren%urts%%wpon
conpl eti on of the etching process. 68. A nethod according to claim67

wher ei n st%ﬁ fernsy VEEHORS Q'@ée"ffoh?ﬁ"ﬁge'a ophedStPESIPR D ATEPRAFS DS bersexasmpiei si ng
C12, HBr, {He+R2tmeNdadd fleakifg pfodRE Q‘?(\ih@gpé%req{ nﬂekﬁc@ibﬁl B Sgedhpgy € n step
(b) corrprl ses I ntroducing a %rocess gas nd one or nore of
N2, HBr, QOPeatig dHar(i@rs 0. omerrmmhodtua'tsccasdmmgdtbe aplpatemwomhm ein the

s R BT P oSl R B TR EHY B AbRIdE i B aBac Y3 bt 6

accor di ng dére 6 HdiRady seR Gidlart e ﬁeétl Mre‘ﬁﬁ@tc@\'aﬁib@% e %dl%taﬁeﬁp“ ses one
or nore of nonocrystalline silicon, polycrystalline silicon, metal

silicide, ¥amRess afidpepaiion ghambers. @in fPEbingsion witlgotheyciyapo@z 45 72. A
met hod accoidbd@s! OrhetétbiB, 4R YRt 8hA sEbfe 8t {Hec%e%99+ @laﬂh?ghﬁﬂhgd al

conpri ses one or nore of nDnocrystalllne siltcon, polycrystalline silicon,
metal sililks baitedito theydestriglipaef the arefpired yersifinsroneaingtBherainret hod
accorghng to claim43, wherein step (b) conprises formng a plasma from
process gas conprising Cl2. 74. A method according to claim 73, wherein
st'ep (b) conprises forming a plasma from process gas conprising one or nore
of 02, N2, and He-02. .A AY. A .An@.A
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A AF_ Ay.Afs . AFl . Al.AAS, . A9. A(& All . AAR AUs .A5. A359. A3hl . A3
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} xsni d*Y] calU] ca] ca] ca] ca] ca] c"a] caU] caU] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca]ca]c
a]J ca] ca] ca] ca] ca] c<aU] c<aU]ca]cRa]c.aJca 3 5n: 89<~

NNghH9j { vgkf a[ V] calU] ca] c"a] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca
] ca] cal] ca] ca] ca] ca] ca] ca] c"a] caU] ca] cd)ca]ca!jnps=@ S! ! ! $$$$$$P%8A6-&0& d' '
(Q)))zupkfa\ Vkfa[V]]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]calca]lcalcalc"alUc"a]c"a
U] c" a] ca] celhattd cdaijmesdsca] cal] ca] caU] ca] calU] ca] caUca ))

*trX+++, ,2-}---,../¢c//000111QLR111F222p334} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] caU
] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c"a]c"al] c"a]ca]ca]ca
] ca] chal 44" A#4s44° 5566h6 A method of simultaneously etching a substrate and

cleaning a chamber, the method comprising the steps of:
5 (a) placing a substrate in the chamber;

{b) forming a plasma from process gas introduced into
the chamber to simultaneously etch the substrate and clean etch residue formed
on the chamber surfaces, the process gas comprising (i) etchant gas for etching
the substrate thereby depaositing etch residue on the chamber surfaces, and

10 (i) cieaning gas for cleaning the etch residue deposited on the chamber
surfaces, the volumetric flow ratio of cleaning gas to etchant gas selected so
that the etch residue is substantially entirely removed from the chamber

surfaces upon completion of the etch process.

156 2. A method according to claim 1 wherein the etchant gas
comprises one or more of Cl;, N,, O,, HBr, or He-O,; and wherein the cleaning

gas comprises one or more of NF;, CF,, or SF.

3. A method according to claim 1 wherein the volumetric flow
20 ratio of cleaning gas to etchant gas is selected to remove the etchant residue
generated from processing at least 2000 substrates in the chamber, without

performing a separate cleaning step for cleaning the chamber.

4. A method according to claim 1 wherein the volumetric flow

25 ratio of cleaning gas to etchant gas is from about 1:20 to about 1:1.

5. A method according to claim 4 wherein the volumetric flow

ratio of cleaning gas to etchant gas is from about 1:10 to about 2:3.
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13. A method of etching substrates in a chamber, while
simultaneously cleaning the chamber, the method comprising the steps of:
(a) placing a substrate having first and second layers, in
15 the chamber;

' {b) in a first etching stage, introducing a first etchant gas
into the etching chamber and forming a plasma from the first etchant gas for
etching the first layer;

(c) in a second etching stage, introducing a second
20 etchant gas into the etching chamber and forming a plasma from the second
etchant gas for etching the second layer; and
) (d) in one of the first and second stages, adding a
cleaning gas to the first or second etchant gas for forming a cleaning plasma
that removes all the silicon dioxide etch residue on the etching chamber

25 surfaces formed in both the first and second etching stages.

14. A method according to claim 13 wherein the first and
second etchant gases comprise one or more of Cl,, N,, O,, HBr, or He-O,; and

wherein the cleaning gas comprises one or more of NF,, CF,, or SF,.
30
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5
16. A method according to claim 13 wherein the volumetric
fiow ratio of cleaning gas to etchant gas is from about 1:20 to about 1:1.
17. A method according to claim 13 wherein the cleaning gas is
10 introduced into the etching chamber for about 5 to about 100 seconds.

18. A method of fabricating a semiconductor substrate, the
method comprising the steps of:
{a) placing a substrate in a process zone of a process
156 chamber;
(b) introducing into the process zone one or more
process gas comprising etchant gas for etching the substrate, and generating a
plasma from the process gas to etch the substrate; and
(c) adding a burst of cleaning gas ta the process gas
20 while the substrate is still being etched, the cleaning gas provided for a
sufficient time, and the volumetric flow ratio of cleaning gas to etchant gases
) being sufficiently high, to react with and remove substantially all the etch

residue deposited by the process gas.

25 19. A method according to claim 18 wherein the etchant gas
comprises one or more of Cl,, N,, O,, HBr, or He-0O,; and wherein the cleaning

gas comprises one or more of NF,, CF,, or SF,.

20. A method according to claim 18 wherein the volumetric

30 flow ratio of cleaning gas to etchant gas is from about 1:20 to about 1:1.
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a volume of about 40,000 cm®.

23. A method of simultaneously etching a substrate and
10 cleaning an etching chamber, the method comprising the steps of:
i {a) placing a substrate in the etching chamber, the
substrate comprising silicon-containing material; and
(b) forming a plasma from process gas introduced into

the etching chamber to etch the substrate and simultaneously clean etch residue

15 formed on the chamber surfaces, the process gas comprising Cl,, N,, and CF,,
in a volumetric flow ratio selected to remove substantially all the etch residue

formed on the chamber surfaces upon completion of the etching process.

24. A method according to claim 23 wherein the volumetric
20 flow ratio of Cl,, N,, and CF, is selected to remove substantially all the etchant
residue generated by etching at least 2000 substrates in the chamber, without

performing a separate cleaning step for cleaning the chamber.

25. A method according to claim 23 wherein the ratio of the

25 volumetric flow ratio of CF, : (Cl, + N,) is from about 1:20 to about 1:1.

26. A method of simultaneously etching a substrate and
cteaning an etching chamber, the method comprising the steps of:

(a) placing a substrate in the etching chamber, the

30 substrate comprising silicon-containing material; and
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10 residue generated by etching at least 2000 substrates in the chamber, without

10 performing a separate cleaning step for cleaning the chamber.

28. A method according to claim 26 wherein the ratio of the

volumetric flow ratio of SF;: (Cl, + N,} is from about 1:20 to about 1:1.

15 29. A method of simultaneously etching a substrate and
cleaning an etching chamber, the method comprising the steps of:
(a) placing a substrate in the etching chamber, the
substrate comprising silicon-containing material; and
{b) forming a plasma from process gas introduced into
20 the etching chamber to etch the substrate and simultaneously clean etch residue
formed on the chamber surfaces, the process gas comprising Cl,, N,, and NF,,
in a volumetric flow ratio selected to remove substantially all the etch residue

formed on the chamber surfaces upon completion of the etching process.

25 30. A method according to claim 29 wherein the volumetric
flow ratio of Cl,, N,, and NF,, is selected to remove substantially all the etchant
residue generated by etching at least 2000 substrates in the chamber, without

performing a separate cleaning step for cleaning the chamber.
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halogen-containing gas and one or more of N, HBr, O, or He-O,, and generating a
plasma from the process gas to etch the substrate; and

(c) adding a burst of cleaning gas to the process gas while the
substrate is still being etched, the cleaning gas being provided for a sufficient time,
and the volumetric flow ratio of cleaning gas to etchant gases being sufficiently high,

to react with and remove the etch residue deposited by the process gas.

33. A method according to claim 32 wherein the etchant gas comprises one
or more of Clp, N», O,, HBr, or He-O,; and wherein the cleaning gas comprises one or
more of NF3, CF4, or SFs.

34. A method according to claim 32 wherein the volumetric flow ratio of

cleaning gas to etchant gas is from about 1:20 to about 1:1.

35. A method according to claim 32 wherein the cleaning gas is introduced

into the process chamber for about 5 to about 100 seconds.

36. A method according to claim 32 wherein the burst of cleaning gas is
introduced into the process chamber at a flow rate equivalent to a rate of about 40 to

about 200 sccm for an process chamber having a volume of about 40,000 cm’.

37. A method of simultaneously etching a substrate and cleaning an
etching chamber, the method comprising the steps of:
(a) placing a substrate in the etching chamber, the substrate
comprising silicon-containing material; and
(b) forming a plasma from process gas introduced into the etching
chamber to etch the substrate and simultaneously clean etch residue formed on the
chamber surfaces, the process gas comprising a first halogen-containing gas and a

cleaning gas, the cleaning gas comprising a second halogen-containing gas
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38. A method according to claim 37 wherein the volumetric flow ratio of
the first halogen-containing gas and cleaning gas is selected to remove substantially
all the etch residue generated by etching at least 2000 substrates in the chamber,

without performing a separate cleaning step for cleaning the chamber.

39. A method according to claim 37 wherein the process gas comprises
Cl,, Ny, and CF4, and wherein the ratio of the volumetric flow of CF, :(Cl; +N3) is
from about 1:20 to about 1:1.

40. A method of simultaneously etching a substrate and cleaning an

etching chamber, the method comprising the steps of:

(a) placing a substrate in the etching chamber, the substrate
comprising silicon-containing material; and

(b) forming a plasma from process gas introduced into the etching
chamber to etch the substrate and simultaneously clean etch residue formed on the
chamber surfaces, the process gas comprising a halogen-containing gas and a cleaning
gas, the cleaning gas comprising SFg, in a volumetric flow ratio selected to remove
substantially all the etch residue formed on the chamber surfaces upon completion of

the etching process.

41. A method according to claim 40 wherein the volumetric flow ratio of
halogen-containing gas and cleaning gas is selected to remove substantially all the
etch residue generated by etching at least 2000 substrates in the chamber, without

performing a separate cleaning step for cleaning the chamber.

42. A method according to claim 40 wherein the process gas comprises
Cl,, N3, and SFg, and wherein the ratio of the volumetric flow ratio of SF¢ :(Cly +N3)

is from about 1:20 to about 1:1.
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(b) forming a plasma from process gas introduced into the etching
chamber to etch the substrate and simultaneously clean etch residue formed on the
chamber surfaces, the process gas comprising a first halogen-containing gas and a
cleaning gas, the cleaning gas comprising a second halogen-containing gas
comprising CF, ; and
©) selecting a volumetric flow ratio of the first halogen-containing
gas and the cleaning gas to at least partially remove the etch residue formed on the

chamber surfaces upon completion of the etching process.

44, A method according to claim 43 wherein the volumetric flow ratio of
the first halogen-containing gas and the cleaning gas is selected to remove
substantially all the etch residue generated by etching at least 2000 substrates in the

chamber, without performing a separate cleaning step for cleaning the chamber.

45. A method according to claim 43 wherein the process gas comprises
CF4, Clz, and N3, and wherein the ratio of the volumetric flow of CF4 :(Cl; +N) is
from about 1:20 to about 1:1.

46. A method of simultaneously etching a substrate and cleaning an

etching chamber, the method comprising the steps of:

(a) placing a substrate in the etching chamber, the substrate
comprising silicon-containing material; and

(b) forming a plasma from process gas introduced into the etching
chamber to etch the substrate and simultaneously clean etch residue formed on the
chamber surfaces, the process gas comprising a halogen-containing gas and a cleaning
gas, the cleaning gas comprising SFe; and

(©) selecting a volumetric flow ratio of the halogen-containing gas
and the cleaning gas to at least partially remove the etch residue formed on the

chamber surfaces upon completion of the etching process.
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48. A method according to claim 46 wherein the process gas comprises
SFg, Clp, and N, and wherein the ratio of the volumetric flow of SF :(Cl; +N») is
from about 1:20 to about 1:1.

49. A method of etching substrates in a chamber, while simultaneously
cleaning the chamber, the method comprising the steps of:

(a) placing a substrate having first and second layers, in the
chamber;

() in a first etching stage, introducing a first etchant gas into the
chamber and forming a plasma from the first etchant gas to etch the first layer;

(c) in a second etching stage, introducing a second etchant gas into
the chamber and forming a plasma from the second etchant gas to etch the second
layer; and

(d) in one of the first and second stages, adding a cleaning gas
comprising CF4 of SFg to the first or second etchant gas to form a cleaning plasma
that removes the etch residue on the chamber surfaces formed in one of the first and

second etching stages.

50. A method according to claim 49 wherein the first and second etchant

gases comprise one or more of Cly, N3, O, HBr, or He-O,.

51. A method according to claim 49 wherein the volumetric flow ratio of
cleaning gas to etchant gas is selected to remove the etchant residue generated from
processing at least 2000 substrates in the chamber, without performing a separate

cleaning step for cleaning the chamber.
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(c) adding a burst of cleaning gas comprising CF, or SFg to the
process gas while the substrate is still being etched, the cleaning gas being provided
for a sufficient time, and the volumetric flow ratio of cleaning gas to etchant gases
being sufficiently high, to react with and remove the etch residue deposited by the

process gas.

55. A method according to claim 54 wherein the etchant gas comprises one
or more of Cly, N,, O,, HBr, or He-O,.

56. A method according to claim 54 wherein the volumetric flow ratio of

cleaning gas to etchant gas is from about 1:20 to about 1:1.

57. A method according to claim 54 wherein the cleaning gas is introduced

into the process chamber for about 5 to about 100 seconds.

58. A method according to claim 54 wherein the burst of cleaning gas is
introduced into the process chamber at a flow rate equivalent to a rate of about 40 to

about 200 sccm for an process chamber having a volume of about 40,000 cm®.

59. A method of simultaneously etching a substrate and cleaning a

chamber, the method comprising the steps of:



& ()-f "10%&#& ()-f 109 & ()-u]y:|[:bUs 010% & ()- 6@, !10%
$$10% & () - E$$10% & ()- '10% & ()- >Y"10% & ()-T:{vUd F 10%$(F& (j(ﬁ
@s109%$( F& ()-F10)10)10) f510% & ()- y210%@ @ ()-g y210%&R& ()-92 j ||
99S10%$(F& ()-F  H[:vU4 10%S$(F& ()433y10%$(F& ()- fl1l0%$(F& (5

Z10%$(F& ()- 109%$(F& ()- mO%$(F& ()- s10%S$(F& ()-  10%$(F& (J)
DOTR0, ST AR e, 0 0o
10%$(F& ()- a @ (@®ONA4 ﬂ)&ﬁﬁ{gﬁlﬁﬁﬁd:ﬁ&lﬁ beess Qadifiddiced intd H2GhSMbBE () - /-

109%F$( F& | 10%-$ (F&
s$9100/q0/&(%>)5"@1%198‘1%g/§§ Sti fg‘é %‘56“(*2 5‘%’{5‘%%’&1@(‘)@1 theschampssz e () -

94.0989B& 3109g%& () -
21099 %R 8“ j!g'jriod/u%ﬂ éfrp&gs gas%g‘ @ﬁléﬁlé%f&%t %& {?R%eg%}}&t%%@mmmq()-(é3
109g%& () - de@gi‘mﬁ%h(f?& UM@Y&C mbenys rf@tqa, and clen0ivg ®8s {0 clearithoetehe’ ( ) -

@10%Q9%& ().-. .3 10‘V % %0 Y& Q%Q Y&

4@.0v0e (FRITRITELRS P iR, %%S R ST g Jomerting: S and the

F) 10%0%& (YolamélBic! fRo% raia@%&c(ehmn @W&aﬁﬁ gad behl Ié%e@@%ﬁé%t}ﬂe%mi’/& ()-
F810%g%& ()- Fs610%%& ) Iwf] l F410%:]°/ ()- 3 @0%g%&' () -
F10%g%& ( )resiguoigomoygd or@ﬁb@ suri‘mwwoel)plet}opl of U ¢tCIFm%§°/& ()-
10%9%& ()- 3 10%% ()- 10%q%& ()- 310%9%&' ()- F109%Q%&' ()- @\ [:vU3 !
FO010%g%&' ()- F.10%Q%&' ()- F-10%g%& ()- Y+10%q%& ()- 3'y 109%Q%& ()-Y
FAT0%E () 5 LY (XL a1y IOV (1 CLOYMOE (hos e
3 @.O(Vg%& E%ubstj'_@%i@mpl@mg g(ggj%é/&y@)m the‘sg_l'g};%:y& ci& step (c) comp 1 es\f%})g;nmg a
3Y10%g%& (ﬁlasrﬁalﬁc(ﬁh%&&ss gas t@)gl{ﬂu@&n@usl}?’é’é@%%n@: 'layéllgr/&lc{@ﬁn( éich

109%9%& () -11!" 3Y+10%q%& " (
re51due formed on the chamber surfaces

SO
v

61. A method according to claim 60, wherein step (b) comprises forming a

plasma from process gas comprising Cl,.

62. A method according to claim 59, wherein step (b) comprises forming a

plasma from process gas comprising Cl, and O,.

63. A method according to claim 59, wherein step (b) comprises forming a

plasma from process gas comprising Cls.

64. A method according to claim 63, wherein step (b) comprises forming a

plasma from process gas comprising one or more of O, N,, and He-O,.

65. A method of simultaneously etching a substrate and cleaning an
etching chamber, the method comprising the steps of:
(a) placing a substrate in the etching chamber, the substrate
comprising silicon-containing material; and
(b)  forming a plasma from process gas introduced into the etching
chamber to etch the substrate and simultaneously clean etch residue formed on the

chamber surfaces, the process gas comprising a first halogen-containing gas, an
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68. A method according to claim 67 wherein step (b) comprises forming a

plasma from process gas comprising Cl,, HBr, He-O,, and CF,.

69. A method according to claim 32 wherein step (b) comprises

introducing a process gas comprising Cl, and one or more of N, HBr, O, or He-O,.

70. A method according to claim 32 wherein the substrate comprises one
or more of monocrystalline silicon, polycrystalline silicon, metal silicide, silicon

dioxide, and silicon nitride.

71. A method according to claim 37 wherein the silicon-containing
material comprises one or more of monocrystalline silicon, polycrystalline silicon,

metal silicide, silicon dioxide, and silicon nitride.
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73. A method according to claim 43, wherein step (b) comprises forming a

plasma from process gas comprising Cl,.

74. A method according to claim 73, wherein step (b) comprises forming a

plasma from process gas comprising one or more of Oz, N», and He-0,.



