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SELF- CLEANI NG ETCH PROCESS -

BACKGROUND The prlesent invention relates to a nethod
for etching sem conductor substrates in etching chanbers, and of
cleaning the etching 5 chanbers. I n the manufacture

of integrated circuits, sili cSELFOCIBANING ETCHPROCESS Ni tride,
polysilicon, netal silicide, and nmonocrystalline silicon on a substrate,

are etched in predefined patterns to formgates, vias, contact holes,
- trenches, 10 and/ or interconnect hh%gd@!éhe et ching process, a
patterned mask | ayer conposed 0 r nitride hard nask or
photoresist, is fornmed on the substrate using conventional nethods.

The exposed portions o,f eit‘%gﬂ%#?‘?,‘é’?‘ga'iéﬂﬁeé&"ge’wﬁ‘%&ft&Ee atterned mask are

et ched by capacitive o N¥ et chant gases.
During the egerhicogdystocastseaatesdnefdhing ohamibers Cad 61cidBning es bEHmgdeposi ts
on the | I's and ot her conponent surfaces inside the et c%i ng chanber .
The corr\;)\gsi tPRAMRASt he etch resi due depends upon the conposition of

vapori zed speci es of etchant process gas, the substrate nmaterial being

et ched, and the mask or resist |ayer applied on the substrate. For
exanpl e, when t UAgBe eenyfacture of intpatajed tireuits, eilicon Hixide, silicon

Speci o5 are (s PoPHEDS, el SHERE and ohEe sisfine JEAN.GLE DGR g of
met al | ayer setcbedlint predafinexbpatterns ko forof gates avias,ponitact.holes, f@ddthidspn, t he
10 and/or interconnect lines. In the etching process, a patterned mask layer
composed of oxide or nitride hard mask or photoresist, is formed on the
substrate using conventional methods. The exposed portions of the substrate
between the patterned mask are etched by capacitive or inductively coupied
plasmas of etchant gases. During the etching processes, a thin polymeric etch

15 residue deposits on the walls and other componen~t surfaces inside the etching
chamber. The composition of the etch residue depends upon the composition of
vaporized 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 elerﬁents such as fluorine,
chiorine, oxygen, or nitrogen; and elemental silicon or metal species depending
on the composition of the substrate being etched. The polymeric byproducts

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



resi.st or mask layer on the substrate is also partially vaporized by the
etchant wo9ngas to form gaseous hydrocarbon or oxygen spegiseiigsshe
vapor.ized or gaseous species in the chanber condense to form

pol ymeri c byproducts conposed of 25 hydr ocar bon species fromthe resist;
gaseous el enents such as fluorine, chl ori ne, oxygen, or nitrogen; and
el enental silicon or netal species depgndi ng on the conposition of

ayer s o e et R ta G FRLOUER fe o BE olaHy s 2°P0%1 £ 25 (11T

2 ¢ hggHafderablip @crosENIRG ichambesurfdie ddpeRdingUpdnahbb6RipdsitidnCéY thg vari es
consi derably across the chanber surface depending upon the conposition of

t he | lg&alized qpsgus-enMdroamant othedpeationef gasdalet gnd exhaust namtseandnd

exhaust pOgeSchafilfbr geometye Chamber geonetry. 5 The
conposi tional variant, non-honogeneous, etch residue |ayer formed on

t he et Bhing chanber surfaces has to be periodically cleaned to

prevent contam nati 0 . . i cal | after, processi ng of
about 25 waf e?g‘e é%$P§§‘§%ER’%ﬁ%@hﬁlx&pgpﬁeégﬁus'pﬁ?mg%sé Yelapetr 't or med
in an enpt foretedimtheldtching lchainber sorfadesdiast tachechericdidally ddéato t he
energetic BI asna_s ocl:le'the chanber walls and chanber
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conponent Swafér§Pan @i-8ith Plasifa "die-cRaRPescesy i PE@STTelin an empfﬁ@l‘ﬁ”ﬂgi n
instahility of the etching process fromone wafer to another. The tThin

porrppépt i ofBAmber foofleanstherchiambes, dqwgyess the engkestic plasme iseasies rapidyop t he
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resulting in erosion of the _
replace such parts and components. Also, erosion of the chamber surfaces can
result in instability of the etching process from one wafer to another. The thin
compositional variant etch residue can also make it difficult to stop the in-situ

156 plasma clean process upon removal of all the residue, resulting in erosion of the

underlying chamber surfaces, and making it difficult to clean the hard residue off
all the chamber surfaces. For example, the etch residue formed near the
chamber inlet or exhaust often has a high concentration of etchant gas species
than that formed near the substrate which typically contains a higher

20  concentration of resist, hard mask, or of the material being etched.

It is difficult to form a cleaning plasma that uniformly etches away
the compositional variants of etch residue. Thus after cleaning of about 100 or
300 wafers, the etching chamber is opened to the atmosphere and cleaned in a
25 "wet-cleaning” process, in which an operator uses an acid or solvent to scrub
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



underlying chanber surfaces, and nmeking it difficult to clean the hard
resi due of fwogglzsmgall t he chanber surfaces. For exanple, tvbevsysthsesesi due
formed near the chanmber inlet or exhaust often has a high
concentration of etchant gas species than that fornmed near the
substrate which typically contains a higher 20 concentration of resist,
hard mask, or of the material being etched. . It is
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300 wafers, of RghchioRBitp ®f Gupfabe chermicapgroaps;t athtiviseithe epdhing paedssdseaned in
a 25 "wet - cl eani ng" process, in whic erator uses an acid or sol vent
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down t hé chartiign vﬁmumnn\emmnmopértpo'ﬂhoms to ogtgasi meisture @nd ledhesaf t er ,
performng a i es of waf ers. The
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wi dely varyiggroaliSibiedcRhgRRbpdrags.f rom one substrate to another. In
t he pun}‘)%dom process, the chanber is maintained in 5 a high vacuum

environhent for 2 to 3 hours to outgas noi sture and ot her vol atile

speci es trapped in the, ghashRpetivel sathiddHRIuR) ifd B89, BePREibased cost per

substrate that resuits from the downtime of the etching chamber, during the dry
or wet cleaning, and seasoning process steps, is highly undesirable, It typically
takes 5 to 10 minutes for each dry cleaning process step, and 2 to 3 hours to

15 complete the wet cleaning processes. Also, the wet cieaning and seasoning
process often provide inconsistent and variable etch properties. In particular,
because the wet cieaning process is manually performed by an operator, it often
varies from one session to another, resulting in variations in chamber surface
properties and low reproducibility of etching processes. Thus it is desirable to

20  have an etching process that can remove or eliminate deposition of etch residue

on the chamber surfaces.

In semiconductor fabrication, yet another type of problem arises in
the etching of multiple layers of materials that have similar constituent
25 elements, for example, silicon-containh:‘g materials such as tungsten silicide, .
polysilicon, silicon nitride, and silicon dioxide. With reference to Figures 1a and
1b, a typical multilayer polycide structure on a semiconductor substrate 20
comprises metal silicide layers 22 deposited over doped or undoped polysilicon
layers 24. The polycide layers are formed over silicon dioxide layers 26, and

30 etched to form the etched features 30. In these multilayer structures, it is



Thereafter, the etch process to be performed in the chanber,.is run for 10

to 15 wo 9993spist es on dummy wafers, or until the chaan;cjﬂgggy,bﬂgss
consi stent and reproduci bl e etchlng properties.

In the conpetitive sem conductor industry, the incr eased cost per

substrate that results fromthe downtinme of the etching chanber, during the
dry or wet cleaning, and seasonithg process steps, is hi ghly .
undesirable. It typically takes 5 to 10 m nutes for each dry cl eaning
process stificultateiobtainyg Q'MPB'HSGGEW'W ctippfastetching thiemetal silisidey
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i nconsi ste vari able e prope art ecause the
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varies fromone s onto anther resul ting | riati ns'ncarrber
surface StUCIULGS, %@?k‘?é%aé‘r?&%'\‘ﬁ' deﬁrtb'ﬂﬁl icé’"g?i[”yea\c/) pggaq b%ec ses. Thus
it i sgdesppaiintofl theddnforfay teal motdm mepzawmémme €tehed ﬂmmsos
elimnate deposition of etch resid e chanber surfaces.

I n semi cothigkarghan she peionRf, th?é"t‘“éh%‘l‘ﬂé? ‘?V{)@zo‘?" 19Podf tbmesshedes i n
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25 elenments, for exanpl e, |'i con-contai ning materials such as tungsten
silicide, metal silicigelayet S| Q,tehed thrpugly and jetehiaie of thedunderlyingroaysiidoge. Wt h
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below the thinner metal silicide layer is not etched through, before completion of
etching of the thicker portions of the metal silicide layer 22, Thus, it is
desirable to etch the metatl silicide layer 22 at a faster rate relative to the rate of

186 etching of the polysilicon layer 24. The same problem arises in the etching of a
mask layer of silicon nitride 32, on a very thin silicon dioxide layer 34, prior to
forming trenches in a substrate comprising silicon 36, as for example shown in
Figures 1c and 1d. The etched trenches 38 are used to isolate active MOSFET
devices formed on the substrate. The etching selectivity ratio for etching silicon

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 composition with a particular fayer. 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.




4 difficult to obtain a high etching selectivity ratio for etching

the netal swpDi%%Rss | ayer relative to the overlying pesiusbedisger 28,
or the -underlying polysilicon |ayer 24. 1t is especially desirable
have hi gh etching selectivity ratios for polycide structures that

have a non-planar and highly convol uted topography, where the 5 portion
of the conformal netal silicide |ayer ® petween the etched features is

~thicker than the porfion of . the nmetal silicjde. |layer 22 on top of the
et ched Thus g it AdEcYThiRr taRBHERRN &fsraa (t,%r“b%'i“f?aﬁ%(ﬁﬁt'ﬂﬂﬁ"'?ﬂﬁnghe et chi ng
process, t Q??%ml?g@g{ etch the rﬂ%ﬁéi{ié’ldé laybiig2 |f§§i{€f thiah 1R PoRdilichh riyeh2and

et chi ng of yi ng polysilicon | ayer begins, while the thicker
netal sili andehk asjlicon2itride laver BR fastenthasttbretlicondiaxideplayer 3%y ThiSs t hat t he
pol ysilicon |ayer. Gl | . le4Srl et NE
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the polysilicon Nayer 24. The sane problemarises in the etching of a

- mask |l ayer of silicon nitride 32, on a very thin silicon dioxide |ayer 34,

prior to form t, | %?){i | L k4 36, as
for exanple shown in Thbstt gf}ﬁgg%}%go ﬁa?:&gﬁgf%tﬁpﬁ e hgfteﬁ%&ﬁ% tderﬁ‘?ﬂgs 38 are
_used t qOi Sobkétehaesidue defilsRETn the etchingeohaoder.f Hrisetboodesirhble sodstheat e. The
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Silicon di o é"rfi‘}s/a"ﬂ'l? %aé’%é#’y‘%%& s e $xPYte Surfacep i'%’% chiafiedt X oxi de
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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
performance. [n 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



because both materials contain elenental silicon and nost conventi onal

et chant 3@%o9928d18smas etch the silicon containing Iayersl,&ﬁ;,ugghr,iﬁ@aseous
SiCl[err] or SiF[err] species.

5 Thus, it is difficult for the etchant plasma to chemically

di stingui sh and preferentially etgch the netal silicide |ayer 22 faster
than the polysilicon |ayer 24, and the silicon nitride |layer 32 faster
than the silicon di-oxide | ayer 34. This pr emis furtihér exacerbated
booause. t RBaRBENsHTIaGess, TNPIOGPHIPIPTIPIises () 2ishanh ps IpRiALNg] oo
contains gi)bétraxe tﬂb%%'QSnmlﬂacbtéﬁ FédialeSort EhdribEt\sairfabés, and (n] gleghingt residue
during the polycide etching process, result in subst ant i al | oweri ng
t he rate ghs dot tiearjng she etah iesidup defmeden theghambey auefaces, the
Thus it on 10 of
etch re5| ugﬁﬁée&'gg‘o&;ﬁwhﬁgegﬁgﬁbﬁgtp%%%ﬁﬁg%]?éle&g Iléggﬁaiegﬁréa}% e that the
etch & Cclresidueis gistantially eotirely remaxid from the sbsmtiessurfansesupon t he chanber .

I t i s f‘grther e5|tr blre to have an etch or cleaning process that
restores tIPERIPHQ) phihe etc P%‘f?ém cal react|V| ty and surface functional

groups of the chanber surfaces. further desirable for the
chanber cleaning process to rem) tcj:.hem cally adhered 15 etch residue
| ayers having vari aghe 'f‘?ﬁ@ﬂﬂ%é‘?@f&h '5359?'691Wt%"?‘d%sﬂﬁeﬂt’“t"de'

excessive ,?Jnvéméaa OF muMdBHsYAIE SihiedHsh a%eabéﬁseswhh& sifutarioudfySi rabl e to

have an et ch process for renoving etch residues generated by etching
mul ti PP e |clganing the etchingfchambariosiicon gioxideeqritainingi atrh desidue x Inithis

cont Al ! Nangirzd, TR, gHet o HorbRG or morp ordlest 4AGR! RfkcBLLLS IS O

pol ysi li con ayér or  Si nitri on silicon
-the chamber to etch the substrate and clean the etch res1due 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

156 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, monocrystalline silicon, polycrystalline
silicon, silicon nitride -or silicon oxide) is etched using a plasma-of process gas
comprising Cl,, Nz', 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



20 | ayers, without sacrificing their etching selectivity ratio.

SUMVARY WO 99/25015 The present invention provipdgasessmésnod of
etching a substrate in 25 an etching chanber, that reduces or entirely -
elimnates the etch residues on the chanber surfaces and provides

hi ghly consi stent and reproduci bl e etching performance. In the

nmet hod a substrate is etched and si mJIta'rﬂeoust t he et chi ng chanber
is cleaned off etch residue. A substrate is placed in the- chanber,
and a pl asneabiogt flo}.minianotber exagnie.sthgpsogass usas e duiotass @as irempriaing ¥l 30

tﬁ eS' mul tanelgusaln}é §1’-t Bretfé}gbﬁ'ugﬁat rtﬁﬁrﬁetrﬁ%ﬁ lrgt?cpofaéﬁh (E?S dﬁ',g bQﬁ'Bq‘%tIned on

surfaces. Thebgut qcze 10 gasutcbnprln&es a(wt)‘\eeexﬂmnﬂb gasltémﬁ paicess gas t he

substrate ther eb residue o rrber aces d (ii)

cl eani ng om é%esf 2 '34 W%g ’f’ﬁh‘"gﬁ%t %%"Wgh’%@tﬁ’n&t'ﬁ% el er
surfacesg thﬁ being froAl 4Rk NLZ0 td Bboutat:h O Of cl eaning gas to etchant gas
selected so t at t%e etch 5 residue is substantially entirely renoved

- fromthe chanber surfaces upon “conpl etion of the etch process.

The nmethod is useful fg{e RbHBYNY pTRIcBIanS Uskfil #6r etdhihh $BBstPithE B8R prising

muiltiple layers, for example, for etching polycide structures composed of
tungsten silicide and polysilicon layers, or for etching silicon nitride layers

10  deposited over silicon dioxide layers -- while simultaneously cleaning the etching
chamber of silicon dioxide containing etch residue. The multiple layers are
etched in a multiple stage process. In a first etching stage, a first etchant gas is
introduced into the chamber and a plasma generated from the first etchant gas
for etching the first layer. In a second etching stage, a second etchant gas is

16 introduced into the chamber and a plasma is generated from the second etchant
gas for etching the second layer. in one or more these stages, cleaning gas is
added to the etchant gas to generate a cleaning plasma that removes all the
silicon dioxide etch residue formed on the etching chamber surfaces in both of
the etching stages.

20

in another aspect, the method of the present invention is useful for

fabricating a semiconductor substrate. In this method, a process gas
comprising etchant gases for etching the substrate, is introduced into the
chamber, and a plasma is generated from the etchant gas to etch 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 flow 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



pol ysilicon, or nonocrystalline silicon on a substrate, while )
si mul t anewosioxseld cl eaning the etching chanber of sil if&ﬂuﬁisﬂi‘dsge
containing etch residue. In this nmet hod, a plasma 1S generated from
one or nore process gases introduced into the chanber to etch the
substrate and clean the etch residue on the etching chanber surfaces.
The process gas conprises (i) etchant anses for etching net al

silicide, polysilicon, or silicon substrate thereby fofmng silicon
15 dioxide etch residue on the anber surfaces, and (ii)
cl eaning gas for renoving the silicon dioxide etch residue on the

et chi ng chanber surfaces. The volunmetric flow ratio of cl eaning gas
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the vol unpidiiides’ Aeérbingtiod of tHeRE katures. Nlerr], and CF[err], is
selected to renove substantially all the etchant residue gener at ed

by et¥hing at |east 2000 substrates in the chanber, without
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pr ef er abl idxiden pihysilicob; B@talsilicide and resist layers;
7 .

Figure 1b is a schematic cross-section of the substrate of Figure

16 1a after etching of the metal silicide and polysilicon layers;

Figure 1c is a schematic cross-section of a silicon or polysilicon

substrate having a mask layer of silicon nitride;

20 Figure 1d is a schematic cross-section of the substrate of Figure

1c after etching of trenches in the silicon or polysilicon;

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 s'teps_used to etch
substrates and simultaneously clean the surfaces of the etching. chamber and its

components;



about 1:1. |n another exanple, the process uses a process gas conpri sing
Clerr], wooshbesr], and SF[err], preferably, the vol ungigrinssed2igsx rati o
of SF[err]: (Cferr] + Nerr]) being from about 1:20 to about 1:1. In
yet anot her exanple, a suitable process gas conprises Cferr],

Nl err], and NF[err], preferably, the volémetric flowratio of NF3 :

(Cferr] + 5 N err]) beingfromabout 1:20 to about 11
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tungsten si let¢H ehde,adrdi WSiywd polgsiliconastehifg selecfivity ﬁke@htmemn}emaer nitride
| ayers 10 dep05|ted over silicon dioxide |ayers -- while simltaneously

"¢l eani ng t h@reespingg batch of 3000 wafers W@PP%G}H‘"HP%W%E"%PR‘M ning etch
residue. The multiple layers are etched in a nultiple stage process.
In a first etching stage, a first etchant gas is i ntroduced into the
chanber ®nd a pl asma Govessabednd Sbrare geaphs sbowatgctherpolysilicon and silfeen et chi ng
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stages, cleaning gas is added to the etchant gas to generate a

cl eaning plasma that renoves all the silicon dioxide etch residue
“formed on the etchingfrunéBas asgtapisieswing theVBrisions in cntxcaim?m%é}&'\d‘g)r
stages. 20 I n anot her aspect, the method of the

pr esent 19 nv &heietehadsfeatises,pn e wafers; and apri cati ng a seni conduct or

" substrate. In this nethod, a process gas conpri sing etchant gases *
for etching the substrate, is introduced into the chanber, and a
plasma i s generated fFiyw@dqéaendﬂbraregaapmcshewtrtg tHeca i Adé®. paﬁ‘.ﬁcle A

burst of cig dd trate i
it * " o R Beandirds B S BRER Buout Feane RS rBBRYani ng gas

. is added for a sufficient tine, and the volunetric flow ratio of
;cleanin? gas to etchant gases is suff|0|ently hi gh, to renove
" substan 5a||y all the etch residue f deposited during the

etching process. 30

An apparatus 20 suitable for etching a substrate 25 according to
the present invention, as schematically illustrated in Figure 2, comprises an
enclosed process chamber 30 defining a process zone for processing the

20  substrate. A load-lock transfer area (not shown) is maintained at low pressure
for holding a cassette of substrates 25. The particular embodiment of the
apparatus 20 shown herein is suitable for processing of semiconductor
substrates 25, is provided only to illustrate the invention, and should not be

- used to limit the scope of the invention. The enclosed chamber 30 has

25  sidewalls 45 and a bottom wall 50 fabricated from any one of a variety of
materials including metals, ceramics, glasses, polymers, and composite
materials. The process zone defined in the etching chamber 30 is directly above
and surrounds the substrate 28 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,
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These andww $s@soiseat ures, aspects, and advant ages of thep@ﬁ'ﬁ.}%@é)ﬁmﬁ‘
S

invention will be better understood fromthe follow ng draw ngs,
description and 5 appended claims, which illustrate exanples of the

I nvention. Wile the description and drawi ngs below illustrate

exenpl ary features of the invention, i 10 Is to be underlstood t hat Fach
of the feature an be used in the invention in general 7 not merely
in the corﬁ°@5&a?'df°'??iéh‘ipépt Pbm“éﬁ“’ag s\omg; shaped. tRreferablwrthe meiling 55 isi ncl udes

any conbi %@Ehéﬁedttﬂep'?@vilgéﬁtdﬁiﬁﬁm diStribution of plasma source P°5i°g.g§;§,s%ea s a

schemati c cross-section of a substrate having sili .
pol ysi | i cahe entireavolymeiafithe plastha proicess keryer The dome-shaped ceiling 65is  Fi gure

Lo g o AREPEFEBERG e S0 0 R hebg P Gtied™ 2 = ot
Fi gur e56 1 ‘adissociated ievmetombination 1ossesinear tHe subfstratd 29 t6 pré\ildie fridré CON
substrate ur}\?fxgrrrr]\gplgsgg 'Sol§‘ cllear%ﬁ(/ a%]:'osssi tlhiecs%rl])sg'lt-x;[er slu(3fea;ce than a flat ceiling. The

dome ceiling 55 can be a flattened dome, conical, truncated conical, cylindrical,

or other combination of such shapes, that provides a dome shaped surface

above the substrate 25.

10

Process gas is introdbced into the chamber 30 through a gas
distribution system 65 that includes a process gas supply 70 and a gas flow
control system that comprises a conventional computer system 75 operating a
gas flow control valve 80. The gas distribution system 65 can comprise gas

156 outlets 85 located peripherally around the substrate 25 {as shown), or a
showerhead mounted on the ceiling of the chamber 30 with outlets therein {not
shown). A second gas supply system 200 provides cleaning gas to the
chamber 30 via an electronically operated valve 205. Spent process gas and
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 about 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




20 . . Figure 1 dis a schematic cross-section of the
substrat e ofolbb/gssie 1lc after etching of trenches i pcrthgosiitBéscon or
pol ysi li con; Figure 2 is a sectional schematic side

vi ew of an etching apparatus of the present invent
Figure 3 is a flowhart of the process steps used to etch

ion; 25
substrates

and sinul taneously clean the surfaces oft 1t he et chi ng chanmber and its

- conponents;

- 9
Figures 4a sty atenag A3Rsonsislnge’ enovmereindyicion gofuhadng  cispular
etch rate, @9%&5}& Withl a EontPA X édag&%bn%wm fHs 18R iﬁ&% A ivbitidaPhki® that

respectively, processi ng atch of 300 ers

w t hout cl eani ng

t he chanber extends through the center of tié pipcess charabrt Hbhand pergeagingasteotheng t he
pol ysilicon and silic din0%] et.ch. r loesilicon overetch
rate stabil ip?iﬂe ?#e%esggfvg1ey25'f g?g&g,%ﬁ;y, h%’r' ggé@lr rzl'g gnggt%ﬁ&o&?pr%@ﬁo waf er s

wi t hout &l eadign@id beilsctiwviiefrom 1 to 10 turns, and more typicaliyUr@m ® {056 aurgs.aph

showi ng the yariations in griti cal _di menai ops for
on the waf erid'e a{fgpgement an

10 the etched features
number of solenoid coils are selected to prov?de the

desired product of current and antenna turns (d/dt){N«l) near the ceiling 55 to

provide a strong inductive flux linkage with close coupling to the plasma and

therefore greater plasma ion density in the plasma zone adjacent to the

10 substrate 25, as described in U.S. patent application no. 08/648,254, which is

incorporated herein by reference. When the inductor antenna 1

15 is positioned

near the dome ceiling 55, the ceiling of the chamber 30 comprises dielectric

material which is transparent to RF fields, such as a siab of machined silicon

dioxide or tiles of silicon or silicon dioxide bonded to one another to provide a

186 curved shape. Preferably, the inductor coil 115 wrapped around the sidewall 45

of the process chamber 30 is a multiradius dome-shaped inductor coil having a

"flattened" dome shape that provides increased plasma ion density directly over

the substrate center 60 because ion density is affected by local

ionization near

the inquctor coil 115, and a multiradius inductor coil is closer to the substrate

20 center 60 than a hemispherical coil. In another preferred embodiment, the

ceiling 55 comprises a multiradius dome having at least a center radius R and a

corner radius r, wherein r is less than the center radius R and R/r is from about.

2 to about 10,

25 The plasma formed in the plasma zone can also be enhanced using

magnetically enhanced reactors, in which a magnetic field generator (not

shown), such as a permanent magnet or electromagnetic coils, are used to apply

a magnetic field in the plasma zone to increase 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



Figures 7a and 7b are graphs show ng the average Adder particle .
level s fQyoByRGRSSi Ng a batch of 3000 wafers w thout cl ¢aRhjesdie& chamber.

1:5 DESCRI PTI ON An
apparatus 20 suitable for etching a substrate 25 according to t he
present invention, as schematically illustrated in Figure 2, conprises an

encl osed process chanber 30 defining A42process zone for processing the 20
substrate. A |load-{ock transfer area (not shown) is maintained at |ow
pressure in U.S. Fatentib dé4,84 2683 dssitedelunie 27,0E38% tvehsicl? is incbepopatedi cul ar

or ocessr nhedin by frtersnsi. e mabeucteld if Wik SFissbel shdy Bk AREEiRRY |
i 11 ustrat girbh§ th W@BadeOthe deneitg bothelionstfolmsed in the pleath, tand| sutfidienthe scope

of the inventron. The encl osed chanber 30 has 25 sidewalls 45 and a
bot t om waMpifemn ta seduce; charge-updampos e fegtures suchas\CMPS gates. yierial s

I ncl ugd ng é@hgéugf (t)rge:éfég}z\gtﬁoeﬂghaq%%ﬁt?as&éﬂ PHRRS sw@m SR QTbEGate is less

mat eri-al s. efined in the etching chanber 30 is directly
above tharaablowtu5 0 Gadss,ttherestypisaly fromp abeutd! & tmahdus dD0Geussueedof  at

|58?3})0ag?#'té?srt]t."pifﬁi’pggg‘oa%patﬁ%%]f%ug% Juslge éU@LS{sabl y about 10,000 to about

conprises a ceiling 55 that is flat or
rectangul ar shaped, arcuate,

10 et .
In addition to the inductor antenna 115, one or more process

10 electrodes can be used to accelera_te or energize the plasma ions in the chamber
30. The process electrodes include a first electrode 120 forming a wall of the
process chamber 30, such as the ceiling 65 and/or sidewalls 45 of the chamber.
The first electrode 120 is capacitively coupled to a second electrode 125 below
the substrate 25. An electrode voltage supply 155 supplies an RF potential that

16  maintains the first and second electrodes 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 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 enciosed 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 sidewalis
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




coni cal, donme-shaped, or nultiradius done shaped. Preferably, the ceiling

55 is woddBsesdlaped to provide a uniformdistribution pfpRo@sees Source
power across the entire volune of the plasma process zone. The

done-shaped ceiling 55 is further fromthe substrate center 60 than a
flat ceiling, and can reduce 5 dissociated ion reconbination |osses near
the substrate 25 to provide nore 43i form pl asma i on density across
the substrate surface than a flat ceiling. The done -ceili'ng 55 can be
a fl att enedsdmemf theseramic surfacasingbie charnberl 30 ifpr exampleathe surface ofr ot her

coPLneLon ol el SR hioeP 13 63y BeEBEYZRRRES AU oo 5L

o the
chanber 30 ighsupsgBuéh gaaluminum askidet, Ialdwhmmmnﬁml ﬁﬁmﬁﬁ ahba;lhcbn(blxwées a

process gas supply 70 and_a ntrol m t hat conprises a
convent i onalcetﬂS‘Ffﬁ&PﬁPc%sys'f‘Erﬁ%‘?ﬂ‘péﬁJéﬁé[W‘Hﬁ' o de or "'"b‘iés‘f' WRE YAt ol val ve

80. The gas Bn DY TRASUADI Gt RNACOATEUrAR Qéﬁctﬂo'i_h | groph efhat 85 | ocated
peri pher%l I fqgra%)%dng%wg rs‘ubstrate 25 (as shovrvn ¢ or e E)s hower head

~nmount ed on tdhemicsliyireapt a¥ith He etshreidusty fhrmhe ﬁl@b@fqﬂh@%ﬁmﬂ emdhe
shown). A se%%gﬂ,eggﬁrfg#gmr;e sq/ 6200 provides cleaning gas to the

chanber 30 via an é roni cal'l'y operat ed val ve 205. Spent process gas and
et chant byproducts are exhausted fromthe process chanber 30 through an 20

exhaust system 90(typi,ca I ncl.udi ter/sec roughing. )

capabl e of achi &P é’efﬁr?ff;r?ﬂ&gfﬁ 8%33 g tb? PLSS Gt °&6’Pg?'r§wf#g’g€ in the
chanber180. &k a monolithitr ddrdrhic mamuser 935 ihavipg aviei@tlici racéivingexiiaos 1 48Got 0
control the flow of spent as an theﬁpressr)ure of rocess gas

in the chantj@seiging q:’f‘@lsg?%?o?'? th%{E"“ sy ta'ﬁ%fﬁ?ﬁ?ﬁ'? matgy! 100 is
used to pumggts@fsabeﬂdfnum 0%iB8, ADARAS nRfide Doror Qarde%ngﬁmansfFRfeesﬁb!éﬁmt rical

and uni for ut1on of gaseous species around the surface 105 of
t he subst r atsilicon oxide, silicon carbide, silicop nifridenand ttagisnepxsided Fhecereme process

O L U014 apogosE et i 338 430 REARICh Gl P

' sui t abl 5 pl asdraplgrnes@tamnds 1be secprd aectrarte to form a unitary monolithic ceramic
member. The second electrode 125 is fabricated from an electrical conductor
metal such as tungsten, tantalum or molybdenum. The embedded second
electrode 125 is the conductor to which a "hot" RF potential is applied, with the
other electrodes in the chamber 30 maintained at different potentials, including

20 electrical ground or floating potentials, relative to the second electrode 125.
Because it is embedded in the unitary ceramic member 135, the second
electrode 125 does not have to be electrically isolated from the chamber 30 by
additional insulator shields, thereby reducing the parasitic capacitance
impedance loads in the chamber 30 that would otherwise result between the

25  second electrode 125 and the grounded chamber walis 45, 50. The second
electrode 125 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 1560 inserted through the ceramic member 135

30 to connect to the second electrode 125.



11 I nductor antenna 115 consisting of one or nore inductor .coils

havi ng agu r symmetry with a central axis cojpg) ith the
| ongi t udl“}rzlia 9;\2\97&e1r§t i cal axis that ext ends t hrough thgf}(l:%%?égﬂof t he

process chanber 30 and perpendicular to the pl ane of the substrate
25. Preferably, the inductor antenna 115 conprises 5 solenoid coils
having from1l to 10 turns, and nore ty@ically from2 to 6 turns. The
arrangenent and numrber of solenoid coils are selected to provide the
desired product of The fistiandisecentt elactaodesr h20,( ti2% ale( dlpetrically) biased t he

Coupl | ng FRRsteypne RASHIRCSY theeiecirdhe, polbebe ptalyc 19 st i8Siasy A8 )i o
the pl asngoiayee100isapsipifol provitingld plasmidgénerating’AF vofiagettHebddohd U. S.

pat ent application _no. 08/648, 254, which is ... incorporated herein by

r ef er enceelepirede 125, aRd o volkage-sippiy. 165 ter praviding aclhucking voltaas te he done
ceiligg 5 L gk ' ' '

ot ex Fa1 e SREBE 1280 Mo ACSoRAETRAolY J SOTRUIARE Bn Hrp R o ned
silicon voltagelhavingi®ngor mdre dregiiengies from 38.56 MHIZowe 40@XKHadoformded t o one

anot her taq_prowvi A Pref erabl t,he i C .coil 115
r apped 2 PBRREHYAE Bueild,alepHipdR tns CRBRpel 26 Fiholuer il ol ThE B biss

mul tiradi ¢arrdntreppiizapedhe elbstrode 125iis typicallgiram about 50ftbadboang@dbodone shape
that provigdes i creasedaFﬁ:lsasrra i,on d{en ity di rect‘{é% gver t he
subst r at e Welte BPAVE s Xoltags ‘ﬁ@ﬁ?'?‘;t‘? g‘ea?"?%‘é? 18319 63 2R oni zat i on
near 10  eldci@statitu¢tiapge fHak holidThe 30Bsatd s td a1 sHuck MGt PRe RPI | i S Cl Oser
to the substrate 20 center 60 than a hem spherical coil. In another

pr ef er r ed PEMREAS FRYRIE ta bridge circyipand 3y electiieatfiites ke peovida PEr adi us done

havi ng at chg@ﬁhgqmgﬁmttgrthggg&ﬁlgdgmgg a corner radius r, whereinr
is less than theé center radius R and R'r is from about.

Etching & Cleaning Process
156
Operation of the etching chamber 30 to etch one or more of the

fayers on the substrate 25, and simultaneously clean the etching chamber, will
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



2 to about 10. 25 The plasma fornmed in the plasma zone
can al so bewe92sed usi ng magnetical | y enhanced r gaeing¥ogrigskt Whi ch
a magnetic field generator (not shown), such as a pernanent magnet
or electronmagnetic coils, are used to apply a magnetic field in the
pl asma zone to increase the density andqgniformty of the pl asna.
~Preferably, the magnetic field corrprlses a rotating magnetic field with 30
the axis Of ubdiPtd bRbtlichly Bbhkit RALYr isreefect/iany'cBRBuve' IBFers %Egér%?etae as
U. S. Pat ent bidnsulatiupsilkas oxide/nistide) lawers2 7n aho8@r ewsrnple, itlse substrapor at ed

cut 1 0i ont 1 yompreeg picotf RS b drefichn sk R0 & HESTOHEPPEBlrea i n 1 he

pl asma, anduaublbed)lsﬂbt;iryte uniformto reduce charge-up danage to
featuregjsuch as CMOS gates. 5 Generally, the magnetic field as neasured
on the rface of the substrate is |less t han about 500 Gauss, nore

typically from about %@ ga-thg 18858 e i i from
about 10 Gauss to about ﬁgoo Gaus pAEdsEBH B préfiéhr 'nvenno“p?tr?ug%/fgétga()én%to t he

i nduct or antteansterredusingha f@bmrﬁﬂﬂe‘lﬂ bomss loﬁd-locietremfeodwnbwthmwsaad to
accel erate Qg FSI% Ahé tlbriﬁe %Qﬁ\@@r G.ni%@ f'é‘gﬁﬁ ?ﬁsgg%g\){aﬁ'\"‘ apmfv%has Ihf? process

el ectrodes i nclude a ectro
process charfingersdthat extendabrouigh li¢efingen®pbhings il e chudRWAIS o réBeipé of he

chanberw lift the substrate 25 off the chuck 145. The robot arm 170 places the substrate
25 on the tips of the lift fingers {not shown) that are elevated by the pneumatic
lift mechanism 180 to extend about 2 to 5 centimeters above the surface of the
chuck 145. The pneumatic mechanism, under the control of a computer
system, lowers the substrate 25 onto the electrostatic chuck 145, and helium is
15  supplied through apertures 175 in the chuck to control the temperature of the

substrate 25.

’

A process gas comprising etchant gas for etching the substrate is
introduced into the chamber 30 through the gas outlet 85, and the chamber is
20  typically maintained at a pressure ranging from about 0.1 to about 400 mTorr.
Suitable etchant gases for etching layers on the substrate 25, inciude for
example, HCI, BCl,, HBr, Br,, Cl,, CCl,, SiCl,, SF,, F, NF,, HF, CF,, CF,, CH,F,
CHF;, CH,F,, CoHiFe, CoFg, CsFg, CiFy, CHF, C.F o, CF,Cl,, CFCl,, 0, N,, He,
and mixtures thereof. The etchant gas is selected to provide high etch rates,
25  and highly selactive etching of the particular layers that are being etched. When
multiple layers are sequential etched, first, second, third, etc., etchant gas
compositions are sequentially introduced into the chamber to etch each
particular layer. Referring to Figure 2, a plasma is energized from the etchant
gas 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



The first electrode 120 is capacitively coupled to a second el ectrode 125
bel ow wo dhsmsubstrate 25. An el ectrode vol tage suppl ycfiBSospidep! i €s an
RF potential that 15 mai ntains the first and second el ectrodes 120, 125
at different electrical potentials relative to one another. The
frequency of the RF voltage appli Edl\/}—& the inductor antenna 115 is
typically about 50 KHz to about 60 6 and nore typically about
13.56 MHZ; and thepower |evel of RFE voltage applied to the ant enna
i s about aRrRIYipg a&%‘ﬂ?°'~§666”ﬁfﬁf"t§°.thfd"g“°t°' dntenha 118 encircling,thes 1| psed
chanber 30, £oBRr3G ShdOddIIRg BRIRF 6i8§ 9Blagety {HaCdsctrodes 120, hals. SThy €
different functions. For exanple, in one preferred enbodinent, the

wal | s 45, esbanEgasoionizes irpthacenplied ielaetide ﬂaﬂ%ewcfoane@wnmnwtw dhatc naterial,

car bi do,  Bien25S Thid 8P a0 YiBRirftg 26 R ok bR qeaboieAbcRN BEL AL (217

er osi @n i axipsusted froay thetchaatier 30. gas conpositions. For exanple, boron
carbide is useful for protecting sidewalls 45 of chanbers from
erosion in fluorinated gaseous environnments. As another exanpl e,

sapphire (al um num pxé gasesBprodess alidwd etwhind f 6% 6ramoRflaysRton A _
rel ease process gas into the chanber, 30. When the chanber contains ceramc

30  surf aubstrate;2b sadsimultapepussciganingof the plasmaptehing shamber 3048 t hey can

react W t Runich the etching process is performed, without stopping the etching process.
some of the ceramc sgrq‘ aces ir?the chanber 30 ?lf)o? exanpl eg, pt he surface of

t he rihol itn lhe oc eyaseriof the:risbrprogess#ipges. radleaniom ugs iscadded\to thar f ace
functionaly pane 8% R TbiuREtHe ?&i@h#’l&@“@o&ﬁ%f]@he &Eﬁiﬂb rwgwé t8enfls inSi 1 CON,
and silicon oxli de ceram c surfaces. For exanple; alum num oxi de or
nitride sanyaneofuheetching stages; or the residue formed in all of the etching stages

is substantially entirely removed during the etching process. Preferably, the

etchant gas comprises one or more of Cl,, N,, O,, HBr, or He-O,; and the

15  cleaning gas comprises one or more of NF,, CF,, or SF,. It has been discovered
that combinations of these gases provide unique and unexpected etching- and

cleaning properties.

_ The volumetric flow ratio of cleaning gas to etchant gas is selected

20 to remove the etchant residue generated from processing at least 2000
substrate 25, and more preferably at least 3000 substrates, without performing
a separate cleaning step for cleaning the chamber 30 in between processing of
the substrates. A suitable volumetric flow ratio of cleaning gas to etchant gas
is from about 1:20 to about 1:1, and more preferably from about 1:10 to about

25 2:3, and most preferably about 2:3. It has been discovered that at these
volumetric flow ratios of cleaning gas to etchant gas, substantially all the
etchant residues on the chamber surfaces 45, 50, 55 are removed without
eroding the chamber surfaces. In addition, it has been unexpectedly discovered
that the chamber surfaces are cleaned and conditioned by the etchant and

30 cleaning gas combination step, without requiring a separate chamber



5 exposed,to oxygen or noisture form Al -OH surface functional groups that

chem cal |y woashsoyé th the etch residue to forma hard adhgr@prisegfigdsi N9 on
the = . chanber surfaces or conponents. Anot her
ceram c surface useful in the process chanber 30 is that 10 of a

nmonol ithic ceram ¢ nmenber 135 having a ceram c receiving surface 140 for
receiving a substrate 25 thereon. Suitabde ceramic materials include one or
nore of al um num oxi de, alum numnitride, boron carbide, boron ‘nitride,
silicon, conditining ensenspaiag sten.i The syrerbisteof etchingdhe substiate 25and

tit dded th
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125 i's ghe Q@jitded &F slisstiahd, dhdancréded ;ﬁ%e@ﬁt‘?\%dﬁg *S applied, wth the
|

other electrodes in the chanber 30 maintained at ferent potentials,
including 20 electrical ground or floating potentials, relative to t he

~second el ectrode 125.,8 one exampRCEITEe r&sé{%gﬁgg%ggd;ggﬁsgg\%%ﬁ?%gh%%%gceram' c

menber 135, the secon electr S no
“electri caI I mekai@ilb;i@cbrfsﬂmt{he.. oblyctystalle: dnymonocrystaandéisthberﬁlais étoRed at or

- shi el ds, b educi the parasitic capa I npedance | oads

Th the changuS SPFIRT oRBiae% B tsind By Mot 8 BEn ardesignivdndnd

' el ectro0e 12vyomimskttibdlogs atibdeikctdtbrtoemore!dubstatialiPall tHacetsie Fditilie

‘el ectrode 125 also e%\gs as an electrostatic chuck 145 that generates an
f

el ect r ost at T¥MeAATy mbeg gy %f§§d{q08é1wiﬁmwfn@etqﬁ@nemnwm e 25 to the
' receiving Preferabﬁru'iﬁé‘\‘kﬂu:%@lcc’ﬁovb & f efl RF T gﬁ &%@ieﬁé&r@ r@mgve CMUCKi ng

~vol tage applied t hrough an el ectri‘ca uctor Pnsert ed t hr ough
- the ceram csyhstergially 34 t@ etcheot esidweenetted by stahinglatleastt 2000 125,

substrates 25 in the chamber 30, without performing a separate cleaning step

15 for cleaning the chamber. The ratio of the volumetric flow ratio of CF, : (CI, +
N,} is more preferably from about 1:20 to about 1:1. In another example, the
process uses a process gas comprising Cl,, N,, and SF,, preferably, the
volumetric flow ratio of SFy: (Cl, + N,) being from about 1:20 to about 1:1. In
yet another example, a suitable process gas comprises Cl,, N,, and NF,,

20 preferably, the volumetric flow ratio of NF, : (CI, + N,) being from about 1:20
to about 1:1.

A burst of cleaning gas is introduced into the etching chamber 30
for a short burst of time to treat and condition the chamber surfaces, while the
25 substrate 25 is still being etched by the etchant gas. Process gas comprising
etchant gas is introduced into the chamber 30, and the compaosition of the
process gas is adjusted to the desired etchant gas composition to etch one or
more of the different layers of material on a substrate. During the etching
process, a short burst of cleaning gas is added to the process gas while the

30 substrate is still being etched. For example, the burst of cleaning gas can be



14 The first and second el ectrodes 120, 125 arg

el ectri cawloweRsgsed relative t.o one another by thepg} vol t age
supply 155 that includes an AC vol tage 160 supply ? prov ing a '
pl asma generating RF voltage to the second el ectrode 125, and a DC

vol tage supply 165 for providing a chgéking voltage to 5 the electrode
125. The AC voltage supply 160 provid an RF generating vol t age
havi ng one, or, nore - fr%q‘ienmes fro KHz.-to forma

13.56 MHZ
capaci t i \R4ded 19 hesichant 45 uspd f?\@f%h%lﬂﬁl%’rs"‘%" Wﬁé?‘gﬁmr‘ hed0Rin etgh ( he RF

bi as of mrﬁawmﬁmbvawl ah@ téritfin#tb8 Gefstd ahd palyshichil BvEkéning s about 50
to about 3000 Vatts. A separate DC voltage is applied to the

el ect r odeThebusss of aetivated pipaning gastprovides iadatges nyembenat higblyreactive substrate
25 1o the Igm%isﬁﬁées & rgﬁovgsettﬁcﬁgy’ﬁy dhé%ﬁfé@pétgg rédd A ef?r%ethCI rcuit and

an el ectr}cal er to provi powe &Y ect r ode
125. 5 c¢an chemically Bdicérentg t8e Charabemgurfices e Flsd,5a first etchant gas
Qperation of th t he | ayers

e e Sanpanfos i sheGrad 1Fes dfh iy Sid thet ' neokl APRBAeEBer il |

now be deglfdrhb@0surfdtes odiRit isea SerhialC Sbft YanB QERGtIVE BdrThosftins onduct or
material, such as a sili con ar ﬂﬁl | ium arseni de wafer, with a plurality of

| ayers 20howe¥sh whsnsecond etchank ges is introduged intg dhe gharber, thmsenopgi de t hat
functi Onseﬁ&?uaﬁmﬂas can 9&dce vt R ftr@’b’@fchﬂ%ndh@%nhﬁﬁ&é‘ l?raq'.rhﬁfnl@ﬂ Wy Over | ayer

of polyicide s a nmbi nati on of tungsten si e and
undeﬂpyl ngtl%ms's(ﬁ'qf%n'ﬂ these QYOCFWSW%QASMH burst«ifdeaning gasjier on t he

Subst 1 3t oy ARRER g chBbEX AP el AP SHGR, o AR Mocess, tg, |1 L0 UM o

nmol ybdenum'si bel ow ' licide 25
| ayer andresweve thesfreship geoérateddzich agsidue Befoad itds ohemitalik changed, bysuch as
phot oresi st, or siljcon dipxjde or silicon nitride hard mask, is forned
on t he exposure to another chemical gas composition. A high flow rate burst and '
quick removal of the cleaning gas from the chamber 30 also reduces the
15 possibility of the cleaning gas combining to form other chemical species that
erode the chamber surfaces and components. This mechanism is further aided
by the high flow rates of the burst of gas which flush out reaction byproducts
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 least 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



substrate 25. The, exposed portions of the substrate between the mask | ayer
are etched woshbpsms f eat ures, such as for exanple, contact porusss/iiess
fabricating gate el ectrodes for MOS transistors; polycide

i nterconnecting features that are 30 typically used as gate el ectrodes;
and vias which are nultilayer netal strygtures

15 used to electrically connect two or nore electrically conductive

| ayer's SCPaigs ctha ing roblile bAS idshbis Bld AEPRIRKRACBIOE offnd Ry 11

anot her exa e su es silrcon ni

silicon oxi d&mWMam"aosal ﬂramer t(iﬂuﬂmdnmntaaned in amdmpﬁd)ensmhm_hetat e. 5
To performthe process of the present invention, a substrate 25 is
transferred using a robot arm 170 froma | oad-1ock transfer chanber through

a slit val mendM Eichiny Sti@eshamber 30. A lift finger assenbly (not
shown) has lift Ingers that extend through lift finger openings in
the chu®k 145 to receive or 10 lift the substrate 25 off the chuck 145.

The robot arm 170 pl ?iﬁea%om@ Ppétt&athslgreseﬂt pro%ésso'?ndlﬁﬁe s't?g%soe{re }lggd lift

fingers (not shown) at are el evat pneurmat i
mechani sm 189 etah reultiplectapgrsian metsslbstrc?@namdwmeecﬂsamges tsnatrgdmitaic'e af the

chuck 145. neu C [of0) + ter
cystem T owtirst PRE SE R frelFE RERErg e HBRE {eBiapp Agbetec o st MR,
heliumi s 15urfa¢$eu;rip|dnferrtdiomughhapmltcplbQSchlﬁdSsﬂeﬂs,tdtallﬂétmkdﬁrOFl@Of&BOI t he
tenperature_of the Wbstrﬁ 25. .
10  This process is useful for etching, for example, polycide structures that
comprise multiple layers of tungsten silicide and polysilicon layers or for etching
silicon nitride layers or silicon dioxide layers on silicon wafers. Although the
present process is illustrated in the context of etching such layers, it should be
understood that the process can be used to etch other layers such as metal
15 layers and silicon dioxide layers. Thus, the present process should not be

limited to the examples and illustrative methods provided herein.

The multi-stage process comprises a plurality of etching stages. In

a first etching stage, a first etchant gas is introduced into the process chamber

20 30, and a plasma is formed from the first etchant gas to etch the first layers on
the substrate 25 (for example, a tungsten silicide layer). The first or tungsten
silicide layer is typically etched using a first etchant process gas comprising
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. ’



A process gas conprising etchant gas for etching the substrate is.

I nt roduceygl bdgspyst he chanber 30 through the gas outlet 85crARdsdleg chanmber
is 20 typically naintained at a pressure ranging fromabout 0.1 to about
400 mlorr. Sui t abl e etchant gases for etching | ayers on the
substrate 25, include for exa%e, HCl, BC[err], HBr, Br[err],
Cl[err], COJlerr], SiCJ[err], SFlerr], F, NFerr], HF, CFlerr], CFerr],

CH F, - : E : ¥ ,

g [ere; ]r }:[ err], (er rI kﬁ%%«ionﬁ[&q{é&bﬂ[ﬁgdﬂé &Holé'(r‘ reﬁ—'ﬁ‘{eb% &r'argérfﬁ[—% err],

CF[ er r] A ihed tHe ckanibdre30,Jandd plasiha i$\farmed, toHetch the secondrialyers ftonr es t her eof .
Th t chant ' ted t I de high etch t ..and hi ghl

el eot | VoeXArOR Acpay 39D e el be Fiipaseeh sfieie W@hidter he feftdavsvnon’

mul tiple hgye&agém SRAMGNITHY setlonB e polysilicon 152% @EA beldtéHdd inqhére et Chant

gas conpositions are sequentially introduced into the chanber to
et ch Bachthan one etchingintogess steg.cwith tae efghapg ges cempesitionpbeing phasged i s
energi zed ,from t e : ' . e el 10 DYy
nduct | vePyiapdf efEhid¥tbe:, SpirabledBBohd biitheht Gob LRAT AR Sahlse 0 "
For exanplCe,intah#tow|ramnel fcem 2fetd dRAwsdctny HBr at about 80 to 240 sccm, and

enci r ol i nbfetedt S5ot 241G RS0 Tl rinde kel RoiShRbeB 25 ER00 )

el ect r odemTotR, Thepowbhéevel of thecsauheantugest applied es thenindbetonpptenad el ectric
field to formions and peutr

I hat et ch _the |ayer t he substrate
25 t & or h18ds ffam abguls2 to gﬂéc\{v@?stmt% @33?“: m?té“(eéﬂ?%}?eoﬁ?'f% chamber
30. applied to the process ECtRIdRS TR0, PIZE RSP0t bBUE 20 k6 N20OWNEEtsONe or nore

| ayers on a substrate 25 and sinul taneous cl eaning of the plasm
etching chanmber 30 in

In one or more of the first and second stages, a cleaning gas is

added to the etchant gas in a volumetric ratio selected so that the etching

15 residue formed in any one of the stages is substantially entirely removed during
the etching process. The etch residue formed in the first and second stages
typically comprises polymeric organic compounds containing halogen, carbon,
hydrogen, and oxygen. When silicon-containing layers are being etched, the
etchant residue comprises predominantly silicon dioxide compounds formed

20 during etching of both the tungsten silicide and polysilicon layers on the
substrate .25. However, the composition of etch residue can 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 removing 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 Ci, and 40 scem



whi ch the etching, proceés I's perfornmed, w thout stopping the etching
process. 10wodbmsepsie or nore of the etch process stages, @orusasniseg gas i s

added t.o the etchant gas in a volunetric ratio selected so that the
etching residue fornmed in any one of the etching stages; or the
residue fornmed in all of the etching stsges IS substantially entirely
renoved during the etching process. Preferably, the et chant gas

conpri ses oge QLc TS chle%inﬁrda]s’coh’[p‘ﬁ%fnb’Cgég][ar?\low'f'glre, ofo80 skeerilter r]; and

e
the 15 cl e¥dning gas conpri ses one or nore. Flerr], CF[err], or
SF[err]. |t pluvidebewolutiestio vatiocaf cleaning gasate firshpichany gassoloabauk@sd Bases
provi de uni gue, and unexpe i . i opearti es.
The vol unet ﬂPEbF?’bst"%‘fe?%g(E)'%qc?tgg%le%kgﬁés{nf Jloy E&ﬁ%ﬁf& é:ai% nlﬂ{sg ‘gagslﬁe,ct ed 20

to renove tResHaht§ad)isubsmndalty getheratieant residagsr arc thiesiamteer sbidfagds 2000
“substrate 25, and nore prefer substrates, wthou

: erably at |east 300 t
per f or niSng {(which arg fg’%%ﬂ'@%‘?‘ééﬁfﬁ{@“tﬁté%% o the e2ehing §re9ess) M8 mber 30 in
. between proggssiéf without eroding!the chitbér Alrfikes AlS didiabhstnaes vagiric flow
ratio of cleaning gas to etchant gas Is fromabout 1;20 to about
1:1, and rronmeppmedimﬂisﬁofwramthﬁdg? chamber gpriasesarecieaned and gonditipned -
preferably aboyt 2:3. .1 ' d.t.
i hant ahg Q&%g@ﬁf%s@o%@ﬁ(ﬁfaﬁ ithdbit ?éqg?r"@ﬁ%separate

vol unetric f1Yoweraf g gas to etchant ga stantrally all

" the ale@¥6rihg besontidening ptdeescétapber surfaces 45, 50, 55 are renoved
wi t hout erodi ng the chanber surfaces. In addition, it has been
_ unexpec‘thdI y di scovered - that the chanber surfaces are cleaned and

- condi tioned by the etqRhaighambér #6htmeht prtesgobfife srasditiimbdntion Hagbeen t hout
requiring a separate_ chanber ) . ) o
17 found to uniformly remove etch residues, irrespective of their thickness or

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 vyields, 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 difficuit

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,



conditioning or seasoning step. The synergi smof etching the substrate 25

and wodosgisaneousl y renoving the etching residues bEprisddifsgsur faces in
t he chanber 30 (without termnating the etching process or requiring

separate cl eani ng or conditioning steps) provides significantly

| nproved process stability from 5 i%mmtrate to substrate, and increased
process throughput In one exanple of the present
process, a,su metal si &Feéﬂ silicon (i.

pol ycr ystaiher ﬁt?t it °RBW8&'9§ s&l’t' 'r?q"gﬁ ?'Fﬂ'bme °ha§“%T'c‘?ﬁﬁl using a

pl asma ofgoR ﬁﬁs gherebp Mureasinpetch{ngr thfoughpat bhd furtiserGElGdiIng costad
optionally err in 10 a volunetric flowratio selected to renove

subst ant iRgF BybSr ‘Ftet hehe-¢leening Brasgss is expectest todnceease RRamperifetimes, f aces
upon CO”Fﬂfé %ff)f h ﬁa £ dri%alR6 chée}%e supstrateri B?'i)ggwuclh fhe/Ol UMBL T C

flowrati err|] 'S se to renove
subst&ntr&lpbyrtlahloftfl&keétodhmhamte!zypdm;menetcatttedsdb,stratech| ng at |east 2000
substrates 25 in the chanber 30, w thout perform ng a separate cleaning
step 15 for cleaning the chanber. The ratio of the volumetric flowratio

of CFlerr]: (d [erl"l]he+cleamng prd&bw temoves diefhficdilyeddiesdd stchamdeposits 1: 20 to
about 1:1. In anot er ex 0Cess use process gas

conpri si rf@°'01'f‘8rsr"'f acgy Ef&]ﬁ h&m&’eé(éfef’?'f 'esﬁgﬁﬁéf‘ﬁlﬁ’f"?'mfﬁ’é"m'ca' vol umetric
f | ow r at i @aefivighed slifad¢dddnetibhal o 6] theb® shdaddsO Wit reduirity O about

I n yet another exanple, a suitable process gas conprises
CI [eFP] oljasiber, cogrﬁaqu’r[gerprp]:es%ter the cleaping| Rrocesse The clgadinpa@nd| ow rati o of

NF3: Zt{é'atP@nt hpbauds i€ Bisb PaRsulakiydiheful for ¢ Eﬁin?te%“ resi e that is

A bur st aning gas is introduced into ching c er 30
for a shostrorigly edhereditbner chemicaliyt reamdomm phamhet MfManﬁl@Te dearinges,

whi | he 25 h h h
rocess. B e SHigFEs of ey ahd rédondlianfid theSh S0BMIEKuliBET o PRNIaI,
30, and thﬁfamrmmnkurm anti surface functnonplrgroeps tigaare shevdljoatly ednipatiblee

PR AU TR RN MR gh——. 7 e
short burgdpréducibie@titigg gRspettiestid drel chambbe30) BaAIBaURDVided! sy t he
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
Materials, 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 SiO,, covered by a polycide layer
30 comprising 3000 A polysilicon and 3000 A WSi,. Over 3000 wafers were




30 substrate is,still being etched. For exanple, the burst of cleaning
gas can be wo 9925015 PCT/US98/21865

added t.o the etchant gas used to etch a polysilicon |ayer (during the main
_etch of the polysilicon layer) and term nated before the polysilicon
overetching step. The burst of ac%:'?vat ed cl eaning gas provides a

| ar ger nunber of highly reactive eani ng species that renoves the

- freshly depgsi ; I que 5 emcally a reto
. the chanbergey.l‘}reﬁ g%@s&tlﬂécg(@ H’% ?ﬁl‘:&gg%@? @rﬁgﬁ%‘og%%d &%%t%COWBgt%éF&gQE n
- gener at e a fdatareseé¢tching asieduend ktahingsseleaivity ratidsemeskured fram time to chanber
~surfaces or ,that has a chemcally soft and reactive conposition;
* however, whlM€second et chant gas is introduced into the chanber, the 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 9 i nt r oduckt® tupgsteniallicidmetshing Arecasy uspd afflove rated disstof t he et ch
process, to s r tch_residye re it is
“chem cally 8 °§'38‘eg£f§a¥&‘é"k€§§p%§m %"tg gag{lﬁlﬁg‘r ﬁ&'hgﬁitggk’g%aegag% %g ition. A
. high flow r stas dudedta clemhing gas compdsing Efpanb flofv tade of BOasemg wiich f rom t he

chanber 30 al so,reduce he,15 _.possjbilit f e cleanjn s.,.conbi ni ng
to form ot hgkov&egrﬁ g@t"s"gt)'écc low rPH§t° CIea"'”g@%ﬁgg e%'ﬁ@"&ﬂ%?rﬁ*e?g%‘g??’aces and

conponent s. Thiipsessaahiarthe khambbrvalathainiaiied at 4 mToRY tHdiadBéah cbit oW rat es of
t he burst of gas which f usgoélﬁl?reaction byproducts fromthe chanber

30. Pr df%r afPyreepruves avel ay 5,089 the ereprsfelesteodeR.F. bias ponvaroduced
into the etgenst hvde@r at a flowrate FR equivalent to a rate of at 20

| east about 40 to about 200 sccm for an etching chanber 30 having a vol une
of about 40,000 cnferr] for a tine period of about 5 to about 100 seconds
to The polysilicon layers on the substrate 25 were etched in two
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 scem HBr, and 5 scecm 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 t6 the process electrodes 120,
25 125 was at 64 Watts. In the over-etch process stage, the etchant gas
comprised 80 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



clean the etch residue, substantially without eroding the walls 45, 50, 55

and w6 99agzents in the chanber 30. 25 PCT/US9s/A8EL
conpl etion of processing, the substrate 25 is dechucked usi ng

sui tabl e dechucki ng neans. A pneunatic |ifting apparatus 180 raises lift
pins through the electrostatic chuck %gS to raise the substrate 25 and a
robotic transport armis insertéd between the substrate 25 and the
chuck to Lift.the -. bstr f the lift.pips. Thereatter, the lift
pins are ?%??@ﬂ&e@"?ﬁt foorteﬁ |%ﬁ€§1%ggien snﬁclde relatu@e po polyshnﬁcon, in ?hé

19 fifst Stagenolf thecproodss! i Rigure Md shiowy thid turigaten( dilicide sndbpblysilieor’S out of

t he et chi n? chamber 30 and into a transfer chanber maintained in a
vacuum en§fahdiates for the 3000 wafers consggytiyely pregessed, i e gighing chamber.

| nanot hep,ias R Ghciithg pRSceBEcY8Rbirdd Ele8Afg ARY ddidliforid 8 theXHanttRfd to
etch multiple l'ayers on the substrate, and the cleaning gas Is 1 ntroduced
in at 5  aftet peniessing 0i2001te INChwaters obecause®fithe vetiationrioEtching datessi t ed on

th hanmb . ke . f . th l.ti.pl t.chi t :

1 ust r ac 889 oning eoRAN8 8 ik batiab tEafmhelralak g fort ™
exanpl e, peduheddeortetcicteside® depasits on the chafmbes surades) piter propessing |
tungsten sui Ci cie and i1

SIS THEER RTINS
simultaneous cleaning process provided consistently high and uniform tungsten
10 silicide etch rates of 3000 A/min and a variation in etch 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 and 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



present process is illustrated in the context of etching such layers, it
shoul d be wo992srmsler stood that the process can be used t eceshs/nsdser

| ayers such as netal 15 | ayers and silicon dioxide |ayers. Thus, the
present process should not be limted to the exanples and

il lustrative nmethods provided herein. The mul ti-stage
process conprises a plurality of etching stages. In a first etching

stage, a fipsl GEabant G5 was refalivay WhRGm Mrbtbhifo BY SoBOSwEATREHng0 30,
rré | '% Irst e SL g ? e’frr

and a pl as s torned fromthe ant gas to etch st |ayers
on t thee sadontirstége @6tHef pnocessankd shoven iruFigatecha,sa poigsiticon atglerdte The

first or tun . silicide layer is typically efched usin first
et chant | pr o8L2208-A/min as &htaied. and S bxrenerk o Gielin i sl aatdrd,

exanpl e a mysBU fhiRfwdebRainea. N résURY PRovidia very high @REAagE Bbly¥ilieary gen.

. Preferably, the volunetric flowratio of chlorine to nitrogen Zg I s about
1: 3 to &vpouto siligon gxidemicling selegtivity (ptignd Ji3: b whichifpeantabatthe in t he
chanber 30 i s " ;  allt | 0 || rce power
evel RO g 1SS oftids efer BallReY fr all AEndd AP brchil o 3RET °F; B2
power | evel oxerigiog tpolysilicon layeP0 Thist high etching selectivity ratio was highly

20 . 0 hi st a a_secand etchant gas is
introduced 9esiraRlig e p{%\)gn&hg%ggcﬁ?r%g\f‘%rgagn&ugbnﬁetpg "‘I’@Fﬁ’é’ﬂg F%cg'tcéﬂy t he
second Ia?/emssmétl)?g siliconhda‘uzidpllaa/ela. Piguysbb ifmmh rldtymrmlshetég\l\thbhgaﬂillt?%ﬁ en

silici ayer,) after the first er .. as co eted etching. The
Second B pHfRrTite gh tegieinainte, B i inaype NRGEIA6eTs TR SREVZeCH ng
. process st eRvasibden thae tiff FE1P&HlicdiPGverQaR este ldf AIBSBEA MINGIXARES Bbtained, and
the uniformity of the polysilicon overetch rate was less than 6% during the

entire 3000 wafer batch process,

15 The variations in critical dimensions for the etched features on the
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
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



during each etching step. Suitable second etchant gas conpositions conprise
Clerr] wompnkdow rate of from20 to 120 sccm HBr at apewisisdiged 240 sccm
and He- 02 at about 2 to 10 sccm The chanber pressure is from about

25 to 200 mrorr. The power |evel of the source current applied to the
I nductor antenna 10 1 15 is fromahgut 200 to 800 Watts, and the bias RF
power |evel of the voltage applied to the process el ectrodes 120, 125

is from t 1 . ln.: ) e of the
first angP%goégt% %‘gig' ?\ég&stg te'?n\”hdgthéjésfh? gtched feat&f]"dteod{i\aggf Itlrgére tant gas
in a vol yesmurd the moropredioctatilednd selidbie arehtbe @letividay pidperties sfsthdue forned in

any one of the stages is substantially entirely renoved durin t he
et chi ng GF‘HE%’S@?“’FHe%EttE?I pfeégi‘ﬁﬁ’éa"?@?%eﬂf shownis Figyre:6. the dgee%nd st ages

typicall 3t MAtYARE e SILKIUE (WARR jcBl ogen, carbon,
hydrogen?bagﬁéng%(?genw\/‘\hen silicon- COI‘lt al nlqt\ég %s%gpiﬁgreg%ﬁ%g etched, the

et chant rfeaturesd, exhibiteda srijead stimpnsion lof abput @.oh microns candcagpiticalds f ormed 20
during_ et Gl RgloReidil atldlft O, ORIRERRS S HecddlEraAlsh R b 608 o g™ S on the
substrate . wever, e conposition of efcC S

residue canh vary tromthe
first criticat dimednsiope fromi Wadgreto, watee, Was sbowatt @.008asicrhns, evhigtoseas nore of W

and Si species b . d.etch residue conposed nore of Si and
0 speci esa?sol'ﬁﬁfée'f‘ﬁg low W‘“@Pgé{ﬁ?eﬁg%ﬁ%m? g"%&ﬂ%ﬂ&ﬁﬁt ?tfr‘TfB AIPRYUER gas in the
first or #pesythessubgtratd.n a 25 volunetric ratio suitable for renoving the
first etch residue fornmed in the first etching stage in which the
tungE‘?en silicide |layer was etched, as well as the second etch

residue fornmed durimgidghéching &1 bvel 8DDOIVAIATR the chinbsr 86 the
polysilicon layer was etched. It has been discovered that a suitable

vol unet r ieentaminant ppgiglasaiiakingetf fram the  gtafresidue fermegran theschamberom about
é% 12&)8 . a%f’%cg%,m\%a{ fe?{e? tﬁgﬁ 3t ig&fs@g%rﬁ]\inéd)afiinur%k bR timeXTtod bkathpig!l Chant gas
after each lot of twenty-five substrates 25 had completed etching. The particle
16  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 b 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 scecm 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
tl'_lat substantially no dry or wet c'leaning process was needed to clean,

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




21 N err], was added a cleaning gas conprising CF4 at a flow rate of
80 sccm towoosnsops ovide a volunetric ratio of cleani ng gasTius9d/21865t

et chant. gas of about 2:3. It has been di scovered that at these
volumetric flow ratios of cleaning gas to etchant gas, substantially
all the etchant residues on the chamber ogurfaces 5 (which are forned
~during the different stages of the etching process) are renoved

wi t hout ero Ay
- unexpect ed| 3"' ?si%&%?ﬁioqﬁgsa%ﬁgﬁ%\}egﬁgf 35@? eé?%e%ﬁ'spr%?&and

condi t i oned processedwvithoot cleahingtof dinkicharaberi ng gas conbi nation, without
requiring a separate seasoni ng or conditioning process step. 10
The chanber treatnent process of the present invention has been f ound
to uniforni yg&%{ﬂm&_(zh residues, irrespective of their thickness or

chem cal stoic |orretr dur| n. performance of an et chi ng proqes . Prior art
cl eani ngd pr deempearative kxample steh atigs .0a8E on fail
-to 15 unlforrﬂy cl ean and renove the etch reS|due dep03|ts formed on
chanber surfaces. Build- up of etchant deposits on the chanber
surfaces, resul t i n fllakiesg examplesosilicomwalers having guperssive layats of Si0,,
contam nati on t he DS | By, iformy
renovi ng the %!Y%h ane5| Heésﬁdﬁ%%ﬁég'egéggggdgg\?é@s mix k1;9§QPEP€ﬁ PF' T the

- chamber surf aa@sor vidsdut additioniof al ¢leaning gas estF;.amble eduawsl tiselpsiceas e 20

. 25 yields, are substantially mnimzed. " The cl eani ng
gas al s&0r esePRditions yagdHn I“é%ga"t??% PiRFegsERRNd ths Gepddition progsssagAloNd mar ed
- to conventi ofalh the r?étﬁ&l rﬁéﬁ%ﬁm for @ecHiny) s@ib&RAry (BASHEWS, d olysmcon
~reduced energy |eve asma i n the etching chanber. This was
~difficult 25etching rawonlplal"sﬁ tﬁ‘h examplesathe e3ehant 998 sompriseth 10 sEFYIClpover ed
: pl asmas used
‘extensive er8§$8ﬁd'8fmaciheg‘%g}lgna Q%aﬁﬁgtﬁgzg%qgﬁtﬁ @oﬁbbzérz‘ehﬁ%é ﬂglrde?dum ng
-the need to ampbptenaihadfyerThe pressure in the chamber was maintained at 4 or 9

156 mTorr, the source power level 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 |
Resist WS§ t ° . Polysilicon
Heo, | CF, [ P | Ws Se:::::iw :::EE;ES;: U‘gfs:vfnt;:"(‘gﬂ Umi‘::g‘f %)
5 o | 9| 500 0.90 1.09 3.09 3.02
25 5 | 20 | 9 | 500 1.17 1.25 2.87 2.20
5 | 40 | s | 300 1.08 1.19 3.19 2.59
5 | 20 | a | s00 1,08 1,33 2.05 3.19
0 o | 9| s00 0.83 1.0 3.53 2.62
10 | 20 | 9 | so0 1.17 1.23 2.78 2.29
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conponents, the cost of operating the chanber 30 and the cost per.substrate

25 are sipn@golkgignt|y reduced. Furthernore, the activat egcppRsupifd das can
be 30 used to efficiently clean an chanber 30 in-situ during etching of
substrates 25,

rat her than stopping processing to cl ean the chanber walls and
conponents, thereby increasing etchi t hroughput and further reducing

costs per substrat The cIe i roc ss S e t o ,jiQcrease
chanber 1ifetines Sfable ﬁ?/e'ﬁmfséé’f 8?“&?0'3?'3 inatigh °Z?¢X‘ g ‘gz'ﬁﬁ‘&'r dse
subst r at qn \ex@hiptes’3 ahd ) Grovddéd EnéxpectbIBORighi 6tBhiAb séleaisﬁw Ritfos ¥bE hant
byproducts onto the substrate. he cl eani ng process

renoves catehingsfitynastra siligiderrelative to egnist of greater thap @hﬂﬂhb sufiisces in the
chamber %chﬂgdseﬁeecﬂlﬁy‘?%e QGZ(?‘% ﬂ%ﬂ@lthﬁl}\]% fz?do provided rb?%ﬁ&' vity and surface
a h ac

function ese sur W t hout requiri chanber
condi i omcngrepnond&ﬁctahg cptodelseescdafe‘éxammesaﬂomms& thé[hmedloelmttgg:rzmg

:ngt _nentarPngcégtsT‘g &@%g@h%pg&oc% aérgl useful for cleaning etch residue

S ‘chem cally reacted wi th chanber
surfaces. The cl eaning gas is effective at treating and

recondi tioning thes m c surfac 0 surface chem stries
and surface functi o-ﬁ%\q(i b?%mﬁ ‘F‘Hﬁ’ls tg?'ett"fh‘g‘?ﬁ"?;'aﬁ"i}‘ ehfhatief2 234 CFayi t h t he
et chi ng proEgintpled 3¢ 5C@H8“7t laR0gstoviBEd ThexFettédiy BighPéteMing Seldetivity

reproduci bl e etchlng properties _in the chanber 30, than that provided by

al t efPat i (AsiosfanBtshing e nﬁgtepr%&%@@twgaew%ﬂm ef egateighon RIE
cl eani ng apout 1.8 OFKsR3%ichiny Seltb ity fatidh Whsre! S0% RGHLe thiH BUGERIGI tY Of

et chi ng processes
processes of Examples 2 and 6 that used only Cl, or Cl, and HeO,, and that

provided etching selectivity ratios of 0.8 to 0.89.

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.
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perfornmed in the chanber 30 is highly desirable. 20 Exanple 1
Cont i nuous Wwoogenrsmsof 3000 Wafers Wt hout C eani ng Chanberpcrnses 21865

The follow ng exanpl es denonstrate the effectiveness of the 25 et chi ng
and cl eani ng processes according to the present invention. In these
exanples, a Silicon DPS process chanbereaconnercially avail abl e from

Appl i ed Materials, Santa d ara, lifornia, was used to etch
pol yci de | ayers : substrate. In these exanples, ‘the substr at es
conprised a sili g‘%’%r conprising an underlayer of 1000 A of

- SiJerr], covered by a polycide |ayer 30 conprising 3000 A polysilicon
-and 3000 A W5 : 3000 waf
23 sequent | oi | 7 UL FRATPIR ? SUSGA DR, 2¢paAR 8 esticamdoxile et hed

properties od4,is etched td Riirla e.saskqbﬁéw 0% §ﬁ§|l5ﬁh tréith 38 oldibnsstiet i vity
ratios measured fromtime to The tungsten

si |i ci deb et cindgelvips stliees 36i @a 5§°7V|“dWFPQi{f%s e at“i‘ ng: A plasmacefcGlan®.. ;e
conpri sing & %mgd[t%rét]:hWSiﬂgoﬁﬁﬁﬁ ?fcr é% whi e{ g\ﬁ\u‘it’a gbu élgg,%%gas
erf] at’ a scem

was added a cl®eani ng gas conprisin owraeo
whi ch the chamber walls| Sheliow ¢rencisotationdnadives feamingga ghallovotrehchant gas

~of about 2: 33g ;1 the silicon substrate 36 and then filling it with silicon oxide or polysilicon
| to isolates two or more adjacent devices formed in the same silicon substrate
10  {(not shown). In forming these trenches a layer of silicon nitride 32 is deposited
over a silicon dioxide layer 34 on the silicon substrate 36, patterned using
~ conventional photolithographic techniques, and then etched by the process of
the present invention to form a silicon nitride mask. The silicon substrate is
etched to form the shallow trench which is then filled silicon oxide or
15 polysilicon. Thereafter, the MOSFET devices are formed using standard CMOS

processing methods.

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

provide high etching selectivity ratios for etching silicon nitride to silicon

20 dioxide, and to ramove 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.
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The pressure in the chanber was nmaintained at 4 nflorr, the inductor coil 10
source p@é&é;néﬁyel at 600 Watts and the process el ectrop@l-,ﬁsﬁmdasas power

| evel at wat t The pol ysilicon | ayers on the

substrate 25 were etched in two stages, including a main etch stage
and an "overetch" stage, in order to op 15 the etching process w thout
etching through the silicon dioxide underlayer on the substrate. The

o oot ot ol O ot ot MRAEH VTR Hok DeeR oGt Mdd ith 1 referen%g'txsae're P | aver

was conpletely etch rough, an e overe ormed to
etch thr Oprgfartd‘deverrasnsl tizdreqfo howenenfothércversions iate msntileayéor example.

T | | he hal f i h
B Ch e treatapE ad cleBrioB prafesnat MR PTenL INBRUP B EPA BE SSE0 4R [ ot os. For

exanpl e, {Batidlfchambers T8 6thek Gpplications s wbild m;sp%rémqerbnbasfer was et ched
usi ng an etchant gas conprising 60 sccm tC;Ig}{err 140 sccm HBr, and 5
sccm Ble- Chrslindry skille Fos\exampley she efocess can ppapplied. @ would HetapRIFANtA] to t he
i nduct or 0 r level of
the-vol t 2B Sharuimdy,sktindhe 8H7 1 Webf eotiling chapler ioh ipRuRC 3
Watts. | nch.habensem demdmtpnmcfmsbers.agen qohd)umumawtthg:mer cleanmg:orrprl sed 90
sccm HBr and 5 sc r Ssur 0 mT

sour ce poREFCeFERfa 'F%qre%% %tng' aé‘?cfrgo ﬁﬁ?ﬁﬁ%gpﬁ%}éf’ c?aévgls 81"“1% WAt ts.
One unexpegligttedi @obealegchmtiont dfathetprefecredhiensioncombined tleest. 30  and

cl eaqiong gases provi ded unexpectedly high etching rates and etching




24 selectivity ratios, for etching of tungsten silicide relative to

pol ysi | i como dopss1se first stage of the process. Fi geirushanseows t he
tungsten silicide and polysilicon etch rates for the 3000 wafers
consecutively processed in the etching chanber. Prior art etching

processes required cleaning and conditigping of the chanber 5 after

processing of 200 to 300 wafers, because of the variatjaa,| j at es
and etchi ngvﬁﬁk?&%?{#é&’isf atio and the higher particl ej HQMRM ﬂ!&vel S
t hat resulted frometch residue deposits on the s ,

after -processing such a | arge nunber of wafers. In contrast, the

Consi stently hign and!uni ¢S R0RE LR EEEUY SreRiri Enelff i o1 5000

A'min and aclkahingtd cramberetheimethiod cdmpriamgt the. stddé of: during continuous
etching of 3000 wafers w thout cleaning the chanber 25. Simlarly,
the pol Psilicon etch rate %®hs rqucl‘ﬂga?ﬁ bsteate &p fhegehamies: of about 2350

Amn. 15 (b) | toMmifg & RafvSHerh hliabsd 855 Rtrodacdd mby

cl eani ng gas al so provi ded uni form and consistent etching rates for
et chi ng t he the;plamber tj simuiteneoysly etch the sihsjrate pad plepn etgly wsidusifergasi over

3000 wafers.,ljg hURdst fa?:ieg.i g’%&go\;@%%e?as comMBing(i) %tgﬁ%te&ag %ﬁ-%te“'ﬁit“ang sten

uniformty was neasured for process ‘cyc
silicide et dhe sabsiratetherebyhdepasiting ¢tgh r8sidaendn tie charheri durfaces,eindh 20

rate vard ed  y_.les ap 29 Ltdon. . it was. discovered that the
' etchan?'dand (‘% cleanlﬁ%ggsa ".’%g’)a&!s{‘@ %?ge\}\g"ag%“%% %e(p(?ﬁ'it?'n&gm% Ieeﬁif"?'vt%et'y rati o of
1.2 for etchlurfgcés)nbs velometric flowsratio @f deahitigagasvio dtchan®lgns iskieced, sowhi ch was
at | east 50% hi gher thap, et.chi sel ectivitépratios of prior art

.ch . ;
pol yci de et dRFtie e ersidue '&ﬁl”gﬁa%‘}’ﬂ"ft%’i’@&l'?’?mﬁ% m the chagbgf o 0.8. For

exanpl e, Fi gy ¥6mbleBo b kDS chWr8&dsen suicide to 25  polysilicon
et chi ng sel ecti?/?s?l;/ﬁ&r?gti oﬁranges is abawut 1.3:1 for the 3000 wafer

~ batch. In addition, the etching selectivity ratio varied by only about 0.02

from 15 wafer to %f erAanéthSE %@L&an%fm%lnéim?’f’%e‘é‘%%é 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 methed 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.



It was further discovered that very high polysilicon to silicon 30.

o v 0 R o e cenomingic -

polysilicon etch rate was rel &ti¥el'y dni forfnfor etching of 3000 wafers,

during t he second stage of theA%#]ocess. As shown in Figure 5a, a
polysilicon etch rate of 2204 I N was obtained, and an extrenely
| ow silicon dioxidegetchyr f 168 Almin was obtained.” These
results provided a 9’ery ﬁi'ﬁ%tﬂgggf:%%rg"}goﬁoy‘g?'m ?Othergm ‘%F&?eﬁ"mgc%ﬁ? §xi de

et chi ng sirteothiced tigtortheichambed for labouh 6ab abidantl 00 sRcoAds underlying
silicon dioxide |ayer was not at all. etched during etching of the
overlying polysilicon layer. This high etching selectivity ratio was highly

desi r abl ' iy @R |
esirable to prevent, OveA%edhbgﬁca&@uQ{jﬁa&Lm ‘?:Wﬁep@fn @E%Ié&%ﬂ&&%@ a9

electrically i nsul ating silicon dioxide |ayer. Figure urther

dermon$ r airtsodused datartiheiahambser ati @ flowyrate &y eiuiyalent the ratecdfiatdeasat e f or
t chi | b t o |t t th
ol ysi 1 o anbt A8 ol 20 b (BE a WAL heving aoysums o8 Bbafi0.o0d™ | 0°

uni form tendt the polysilicon overetch rate was | ess than 6% during the
entire 3000 wafer batch process. 15 The variations in
critical dinensions for the etched features on the waf ers was al so

measur ed, as shown 80 Fi gunethod df@tsteing ndtal silidigd)i silton nitrigePr ocesses of ten
' jn the critical dinensions which are predefined and

fail 0 mai nt . ] )
Hasi i1 o PaIsizen, AL MOnoEHYS RUINeIAIFOP & SUBSAte 4 8 dehing hsmmbume
el ectri calwhile simuRbRESUslY E2aMhg ﬁﬁ@eﬁhﬂ%gﬁ@&yfﬁémbfﬁ&dh&n@&ﬂiﬁqtﬁf

integrated circuits. In newer
steps of:

{a) placing the substrate in the etching chamber; and
{b) forming a plasma from one or more process gases
15 introduced in the etching chamber to etch the metal silicide, polysilicon, or
monocrystalline silicon on the substrate and simultaneously clean the etch
residue on the etching chamber surfaces, a process gas comprising (i) etchant
gases for etching the substrate thereby depositing silicon dioxide etch residue
on the etching chamber surfaces, and (i) cleaning gas for removing the silicon
20  dioxide etch residue, the volumetric flow ratio of cleaning gas to etchant gas
selected to remove all of the silicon dioxide etch residde from the etching

chamber surfaces upon completion of the etch process.

9. A method according to claim 8 wherein the etchant gas
25  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,.



20 |ntegrated circuits, the line-wdths of interconnect |ines and

di amet er s oo ®psdiact um“ﬂulﬂg'"lﬁﬂu Ilmgom ng i ncreasi ngdornomypreises t han
0.25 nmicrons, to acconmo circuit densities. Because the
electrical resistance of these'feltufes' is proportional to the

cross-sectional area of the etched featgyqyes, it is inportant to
mai ntai n consi stent and uni form di nensions w thout variations fromfeature

to 25 feature. Tapqg ngy O@Qﬁﬁdsfc%wd?ﬁ%tﬁggu{aﬁﬁ%réﬁ%b‘%BRimélF:Qfﬂ'oLnPS t hat

vary as a f uncti on e spacin fures are no | onger
accept abl e satiotdfetemning gas toi etthantgasds selectad tg remove the etchant residue The

bet ween ¢ neORIRRRAJeEh ProckREFRat JedF 2005 BlibfHasts lorecthmne Wit £] “0f t he
26 epérfithihg alsparate diBsniag eted for leRaringithe Bharhber. et ched feature to

that of the resist feature the nore predictable and reliable are the
el ectri®al properties of the etched feature. In the present exanples,

as shown in Figure 6,4 he Ffjﬁﬂﬂ%d’accordln%?@ﬁiéﬁﬁS;ﬁﬁéﬂdfneth)g(l{o‘idrﬁé\ngfﬂotmhe

substrate (which had cI osely spaced eat ures

critical di ratiesoforieapingapasuto eéxchamii gasosdromabout CEO o @bout 1:1.  di mensi on

bi as of about 0.04 microns. The 30 standard deviation |evel of the

critical dinension, fromwafer to wafer, was about 0.009 m crons, which was

al so extrenely | ow ami.i ndA asthotacdording fto chiiraBdwhenedi thecsiéardig Bapisoperti es

r h r ) .
across 1t0 € lsnl%lpos&tucgé Fnto :tLI('?e etching chamber for about 5 to about 100 seconds.

13. A method of etching substrates in a chamber, while
simuitaneously 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, ihtroducing a first etchant gas
into the etching chamber and forming a plasma from the first stchant 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 Ci,, N,, O,, HBr, or He-O,; and

wherein the cleaning gas comprises one or more of NF,, CF,, or SF,.
30



During etching of over 3000 wafers i n the chamber—30, the ) cont am nant

particle ' off fromthe et on t Neeha
surfacesswé\g?gdo%asured at predet mmmwm"mmmal S O‘tﬁ%' m?g;?fﬁor exanpl e,
after each | ot of twenty-five subsfrates-28 had eonpl eted etching. The
particle 15 contam nation | evels when nmeasured using a TENCOR Surfscan
6200 with a 3 mm edge excl usi on 34r gure 7a shows the average count
for contam nant article rocess as, conpri sing 80 sccm
CF[err], 80 sccm C ﬂérr]A’aﬁ'&°iG°°°’d‘" E'Pr\"N['g‘?’ erginsthe | voltieetrift o t he
chanber 3@lowTFHi|oCOF‘élé£H|Hﬁ§Bs Wéltchﬁhteg&@lérge'ﬁected to ré&eP@ia et t 8.8, which
was 5 to 6 tines |lower than the prior art Adder 20 counts of about 60
parti cl es regidug generptedclopmeniocesainn %t'%trﬁﬁwmw in the chalﬁbgure 7b shows

EQ%??S?MMU%C%%H’&% phefie Ry 185, Br BRRRIoRe cBAPREE: 11 for wiich

an ‘average count of 5.7 was obtained, which was ten tinmes | ower than
t he prlor art oces In addition to the Adder particle counts,
the etching chanber %5 EAs ?\38& cqisling ta claun 3 whereimthe yalymetrichant

resi due deRasritfo of tledding Pab tO¥tMAAL gas is frofaHoLRMER0 86 Bséutef ¢hi ng 3000
waf ers, the chanber surfaces were pristine clean wth no etch

reS|dues | eft on the chamber surfaces. It was further dlscovered

t hat bstanti al | d t
at substantially ng, drw Qe a&bm 86 cRIACIP Ahifein f cdeshid gg%

seasoni ng or condition the chanber S, even afrter |ng o
waf er)  introduced into the etching chamber for about 5 to about 100 secondQ? whi ch

is about 3 to 10 times as many wafers as that etched in prior art
processes w thout cleaning of the chamnber.
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
16 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 to 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.



Exanples 2 to 7 5 Comparative Exanples Wth H gh Etching Selectivity
Rat i os andwﬁgghsoig Rat In these exmTs9821863 | i con

wafers havi ng succesmﬁﬁlﬂ m mltﬂmﬂm err], polysilicon, Wsi[err],
and resist were etched es of Cl[err]-He-gerr], and

with or wthout addition of a cleaning gas of CF4. Table | shows t he
process 10 conditions used in the basel I ne processes and the CF4

addi tion processes, "apng &P@ t

selectivity ratio, aﬁ% V\Sl re"‘reﬁ']'od,\é(’Ezfzﬂ ) w‘ 13 \Hﬁé’é”{fﬁ@ Jl%mﬁges. In all
of the exar’ritm'tvemslucecbmte‘Ltltl:Elflaltiltt:e§;:3lshii1r3lr:rqjrfms&btmtl(50tosahxmtCII(l;Clesen:}:nds.~ The
addi tional etchant and cl eaning gases, as listed in Table I, include

He-Jerr], and optionally CF4. The pressure in the chanber was

maintained at 4 or 9 4% A FiEwhad aé&mmgweamqwamb@weihaaﬁmap@f or 500
watts, the process electrode R F. power |evel at 60 watts, and

the t emBer afleRBINgraasti® ins{Aduced ko she BU‘F&’F% Tl@mber at a figye rfefpeaauivalendt t he
etched feat y g5aiebCdt |e&tra%ets4oaa<abs&m@9cc$ﬁ k&4 Hiockss chambdrtiavitg Ver €

measur ed usi ng conventi onal t hods.
TABLE | a volume of about 40 OOQM st Pol y5| I i con Wi Et ching
Pol ysi |l | con HeQerr] CFerr] P W  Selectivity
Et chi ng Ratio Sel ectivity Uniformty (%9 Uniformty (%
5 0 9 500 230. %method of siniulfaBeously etchihgGPsubstrate and 3.02 25
2 1.2 2. 87 2.2
g 4810 gcleagmg an etchmglch@g\ber, the m%h&%comprisﬁng th%st%gs of: 2 58
S 20 4 500 3{a98 placing a %u&&rate in the etcl?mgihamber, the 3.19
0 0 9 500 2.62
10 20 substyate compnsmglsyhcon contarqmgg\aterial and 2 78 2.29

(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 alt 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
cleaning 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



30
-IC-:gFle(ra_r]l dm&ﬂ?&iini)rg; gh:ngﬁmmﬂﬂmuHMI SreE:]t edly %gﬁfs}ezgtgﬁl ng

selectivity ratios for etching df tungsten silicide relative to
resist, of greater than about 1.1. Thlaf%n etching selectivity ratio is
20% hi gher than the ratio provided by e conventional etching

f Ex | 2 d 6 d
pr acgffles of Exampres 2 gd fotnlﬂfﬂgoé'BE@nﬁWréfm%r[a@éJs]gagrm&&&{e?]|BTO an

further s hbmtaﬂm chtmberomtnhtthm subsitrate pad sjmulkineoisly rdeancetdh @sﬁdue in

10" Trati dervet SBRndnBnRRr Fiftiebcthedrbis s supib Bl Bt i Broon, o *

greater thRR volumetrRONBW rdtic? selIﬂ@ﬂQo?érﬁb\;élﬁuﬁﬁbﬁﬁéllyvaﬁ theleléh ASsidRY © 50%
hi gher than, the etching processes of ExanP es 2 and 6 that used only
o

d[errd orfotmedep]tha shambey wffﬁcesmentmpletlon thegtrliag peeesssng
selectivity ratios of 0.8 to 0.9. 15 Prior art etching
processes also resulted in significant variations in etching rates of
WSi [err] and poI ysi 137 on Aamethnd adeording tmclairof% Maeeairbsl’lermlemetrm

contrast, Q{K?%f Q’st%rtynsgg‘?l%gﬁ leec? por%}" tfbs%rﬁv ﬂﬁﬁ%n |st nt high

and formm e an s t he

substr at e. reéiiiue generaséxbbwp etchifignbt least 200@ substrazés imthechanitied, WIthMutof etch

rates_for th iferr] |layer S
1 per or\rﬁn a sel;ara@/ clear\{\ll%g 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.

16 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.



. 20 as low.as 2% (Exanple 5) in contrast to etching variations of greater
. than 3 to WO%925@55% of convent |”"1H“"' as denpnsgdaisei2ises
Exanples 2 and 6. The variation i mwgluh rates for the
polysilicon layer was as low as 2296 “ * @Exanple 3) in contrast to

etching variations of greater than 2.6 tg 3% of conventi ona
processes, as denonstrated in Exanples 2 gnd 6. In t hese 25 exanpl es, the

From ™Y O et o AP 4G Ra e S B e S ol s e

Rate) x 100%volumetric fidtveratio oh NFgt ¢G1, e N) iseromradduf 1t D UdBdup!1e1 poi nts on

SEM cr oss-secti onal m cr ogr aphs of etched features of WSi[err] and
pol ysilicon. 30 29
Exampl e 8 In this exanple, a silicon nitride |ayer 32
on a silicon dioxide |ayer 34, was etched to forma mask (prior to a
shal l ow trench 38 isol.ation of the 5 underlying silicon 36) as shown in
Figures 1c and 1d. A plasma of C[err], (Jerr], and SF[err] was used

to etch the silicon nitride layer 32, while sinultaneously cleaning

t he chanber walls. Shallow trench isolation involves formng a shall ow
trench 38 in the silicon substrate 36 and then filling it with
silicon oxide or polysilicon to isolates two or nore adjacent devices
formed in the sanme silicon substrate 10 (not shown). In formng these
trenches a layer of silicon nitride 32 is deposited



over a silicon dioxide |ayer 34 on the silicon substrate 36, patterned

usi ng conventlonal phot ol i t hogr aphi ¢ techni ques, and then et ched by

t he .pr oces V@ P25 the present invention to forma sili E6NURS248e nask.
The silicon substrate is etched to formthe shallow trench which is
then filled silicon oxide or 15 pol ysilicon. Thereafter, the MOSFET

devi ces are forned using standard CMOS processi ng net hods.

Preferably, the volupetric flow of Clf&#r]: Qerr] : SF[err] is selected to
provi de high etching 3%l ectivity ratios for etching silicon nitride to
silicon 20 dioxide and to renove substantially all the etchant residue

generated by e m ‘m\\\\m\‘\gﬁ %3n t he chamber, . w t hout .

i

further been d g'n4|de etch rates wer e
as relatively

uni form for se:- m&fers. The high 25

silicon-nitridg , - 558 N nmeans that the

under | yi ng s|I|con d|0X|d9 Iayer IS not su-st Lla et ched during

etching of theloverlying ‘Silicon-nitride lpyer. "This high etching
selectivity ratio 1s desirable to prevent overetching and

"breakt hrough"” of the underlying electrically insulating silicon

di oxi de |l ayer. 30 30

The present invention has been gescrigoed with reference to certain

~22
+

K <
///l Al A

N \ \ \ \ \ \ \ \ \\\ ~ \ \ \ \ N\ /"26

Fig. 16 2

( s € € 7 fF 7 Yy £ F 7 ’(’/32
VAR AR SR S SNV RN ARy SN Y Y B Y By
NN N N NN N N N N N N N A 8

36 Fiy. 1c

7 7 { 3 2

/ 7/ V4 /7 7
Z pd
S 4 S 4 34
NN h N . N h N .
36

Fig. 14

SUBSHTUTE SHEET (RULE 26)



preferred versions thereof; however, other versions are possible. For
exanple, woogdshs treatnment and cl eani ng process of the pepossshigsaventi on
can ‘be used for treati ng chanbers for other applications, as would be
apparent to one of 5 ordinary skill. For exanple, the process can be
applied, as would be apparent to one of ordinary skill in the art, to
treat sputtering chanbers, ion inplantation chanbers, or deposition

: chanbers, or in combirnation with other cleaning processes. Therefore,
the spirit and scope of the appended cjaigms shoul d not be limted to
- the description of the preferred versions contained herein. 10 .

.31 VWhat is cl g sS: 1. A net hod of

* si mul t aneousl y et chi ubstrate and cl eaning a chanber, the nethod
“conprising the step — (a) pl aci ng a substrate
“in the chanber; (b) formng a plasma from process
" gas introduced into— si mul taneously etch the substrate
and clean etch residu for1§?§ ¢ he chanber surfaces, the process
gas conprising (i) etzhant »chin%L t he substrate thereby

- depositing etch residue on P‘QRSJFOQCES, and 10 (ii1) cleaning gas
. for cleaning the etch resid ' gﬂ»)n t he chanber surfaces, the

- volunetric flowratio of cl¢ S Eﬁ Ftchant gas|sel ected so t hat
“the etch residue is substangiallyl&Mj, removed fjom teye chanber
v -
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surfaces upon conpl etion of the etch process. 15 : . 2. A

met hod agey, ?]g to claim1l wherein the etchant gas PCT/SSER1468ES ONe or

nor e of Cl[err Nlerr], Jerr], HBr, or He-Jerr]; and wherein the

cl eani ng gas conprises one or nore of NF[err], CF[err], or SF[err].

3. A nmet hod according to claim1 wherein the volunetric flow 20 ratio
of cleaning gas to etchant gas is selected to renove the etchant residue

generated from processi ng at | east 2490 substrates in the chanber, without
perform ng a separate cleaning step for cleaning the chanber.

4. A met hod according to claim1 wherein the volunmetric flow 25 ratio
of cleaning gas to etchant gas is fromabout 1:20 to about 1:1.

5. A et hod Eu,ur gtmgTto crafjm 4 wherein the v ratio
of cleaning ga slis fromabout 1:1

32 i]n?tan%:?p A laet-hod-according.t o«mi@a'a;w relnthe
cleaning gas i$ o. c@ﬁ flicdd into the chanbe} foi,-g,%t Sito about 100
seconds.

First Etch St PR
in Etch C er .
Add Cleaning Gas
at Predetermined
Volumetric Flow Ratio

Second EtchStage lquooeeeencn..!
in Etch Cham

v

Transport Etched
Substrate out of
Etch Chamber
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7. A met hod according to claim1 wherein the cleaning gas is 5
i nt roduced wotgandoe chanber at a flow rate F[err] equi val eot/usss/asesat e of

at |east about 40 to about 200 sccm for a chanber having a vol une of
about 40, 000 . cnjerr]. 8. A et hod of etching
metal silicide, silicon nitride, 10 pol ysilicon, or nonocrystalline
silicon on a substrate in an etching chanber, whi | e si nmul taneously

cl eaning the etching-chanber, the nethod conprising the - steps of:

(a) pl acing the substrate in the etching chanber; and

(b) formng a plasma fromone or nore process gases 15 i ntroduced in the

et ching chanber to etch the netal mllfﬁﬁe pol ysilicon, or
nmonocrystal line silicon on the substrate and simultaneously clean the etch

resi due on : rocess _gas _canprising (i)
et chant gases hi n e’ substrate' t hereby Eb5|t|ng silicon
di oxi de etgh reS|due on thg etching chanber surfaces, and (ii)
cl eaning gg4s for renovingfthe si|icon 20 di oxi de etcH residue, the
volunetric|flow ratio of mleaning gas to etchant gas . selected to
renove all |of the siliconjdioxidp etch residue fromtheg gf ching
chanber surfaces upon conpl etion of the etch process. _J o
9. A net Qod accordifg tg cl ai gpereln t he etchant Jg 25 conpri ses
one or norg of Cl[err err], ], HBr, or He- CIerr , and wherein the
cl eani ng gas cqgpri ges on osg?nre of NF[err], Cf[err], or SF[err].
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33 10. A nethod according to claim8 wherein the
vol umet r i wofdeasuls ratio of cleaning gas to etchant gag. +,? ﬁ’iﬁh& ted to
renove the etchant residue generated from processing 2000

perform hg a separate cleaning step
11. A nethod according to
rati o of cleaning gas to etchant

substrates in the chanber, w thout
for cleaning the chanber. 5
claim8 wherein the volunetric flow

gas is fromabout 1:20 to about 1:1. - 12 A nethod
according to claim8 wherein the c/ggning gas is 10 i ntroduced into the
etching chanmber for about 5 to about 100 seconds, 13.

A nethod of etching substrates in a chanber, while si nul't aneously

cl eaning the chanber, the nmethod conprising the steps of:

(a) pIaC|ng a substrate having first and second layers, in 15 t he
chanber; TR T T T (T e HrsteQt §hi ng st age,
|ntrodUC|ng a first etch nt gas into the etch] chanber and form ng
a plasma ffromthe first tch gas for et chifj he first |ayer
(c) in second etchin stage. i ntroduci ng a second20 etchant gas into
t he etchijng chanber and orn1@§ a plasma fromthe sedond et chant gas
for etchijng the second | pyer; =£nd 12 (d) in one of
the first] and second stages, @dding a cl eani ﬁbs to the first or
second etjchant gas for f rnln a cl eaning pl asma 1N that renoves al
the silidon dioxide etch re5| e on the etching chamjer 25 surfaces
formed ir} both the firstland &econd etching stages. -
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14. A method according to claim13 V\/n|er ein the first and second
et chant gaswog;ggmgl se one or nore of ICI [err], Nerr],  eidnusobiises Or
He-J err]; and wherein the cl eanl ng gas conprises one or nore of
NF[err], CF[err], or SF[err]. 30 :

34 15. A net hod a{ccordl ng to claim13 wherein the
vol unetric flowratio of cleaning gas to etchant gas is selected to
renove the etchant - resi due genergg ed from processing at |'east 2000
substrates in the chanber, with perform ng a separate cleaning
step for cleaning the chanber 5 16. A nethod
according to claim 13 wherein the vol u'met rd C flowratio of cleaning
gas to etchant gas |50fxmamhlﬂau@ (RM i) L.

17. A net hod accordl ng to_claim1 wherel n the ctleaning gas is 10
“introduced i o theSetchi f§ cham@r forSabout § to about 100 seconds.

18. A methot of fa#ricati¥ig a sé&Wicond@ttor substrat®gthe met hod
conprising tHerstepd of . 'il"f'l"','IT.'"v"'(qg pl aci ng a
substrate in|a process zTne of a process 4™
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15 chanber ;

Zone one

subst.rat e,
substrat e;
gas to the process gas 20

cl eaning gas provided for a
rati o of cleaning gas to etchant gases

(b) introducing into the process

WO IWRSAS process gas conprising etchant ga
and generating a
and

ing the
pl asma fromthe process gas”ﬁ%ggtch t he

(c) adding a burst of cleaning

react with and renove substantially aJ(1Qhe etch
t he process gas.

wherein the etchant

while the substrate is stil
sufficient tinme, and the volumetric fl ow
bei ng sufficientty high, to

o
R
@t 1:1.

1000 1500 2000 2500

500

bei ng etched, the

resi due deposited by

A nmet hod according to claim18
ngformltycgrér)l ses one or nore of Cf[err], Nerr],

gas conpri ses

20. A

flowratio of

W afer Count

Fig. 56

qerr],g-IBr, or CIerr]O and whepei n theexl eani ng
one or
met hod cordi ng to cIa|
cl eani ng gas to etchant
35 2 A nmet hod according\to cljaim 18 wherein the
cleaning gas is i nmroduced into the proc
about 100 seconds. l / _
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T e e e
22. A nmethod according to claim18 wherein the burst of 5 cleaning gas
i's i ntroducwdod/dess t he process chanberr at a flow rate F[ epetrussgpsssl ent
to a rate of at |east about 40 to about 200 sccm for an process chanber

havi ng a volunme of about 40,000;cnferr]. 23. A
met hod of sinultaneously etching a substrate and 10 cl eaning an etching
chanber, the nmethod conprising the stg of : (a)
pl acing a substrate irn the etching cﬁgﬁger t he substrate conprising
silicon-containing material; and (b) formng a
pl asma from process gas introduced into the etching chanber to etch

the substrate and si nul(ishesrigigo e$ etch residue 15 formed on the
chanber surfaces, the ppocess gasacon@rising Cerr], Nerr], and CF[err],
in a volunmetric floWwrati oSel®ctd t% renove substantially all the etch
resi due for med on°t h§ cﬁ%nb%? _rf§b§§ upon conpletion of the etching
process. : _ i 24. ‘lmet:h according to claim23 wherein
the volunetric 20 flowratio of Cl[\err], Nerr], and CF[err] is selected
to renove substantially all the etchalt resi due generated by etching
at | east 2000 substrates i® the chanb® , iw t hout performng a
separate cleaning step for|cleaning tHe chanber. 25.
A method according to claifn 23 whereirnf the@atio of the 25  volunetric
flowratio of CFlerr]: (Cdlerr] +&erk]) ®s fromabout 1:20 to about 1:1.
26. A nmethod of sinultanegusly efghing a substrate and cl eani ng an
et chi ng chanber, the netho cqﬂprk§ing$the steps of:

(a) pl acing a substrate gn tdhe epchilgg chanmber, the 30 substrate
conprising silicon-containifng gatesi allf ang
. w 0 ;O
: N
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36 (b) formng a plasma from process gas

i nt r oduc ewoionbsd1s the etching chanber to etch the s%s%&/g d
si‘mul.t aneously cl ean etch residue formed on the cha i aces, the
process gas conprising Cl[err], Nerr], and SF[err], in a volunetric

flowratio selected to renove substantially all the etch residue 5 f or med
on the chanber surfaces upon conpletion of the etching process.

27. A nethod according to claim26 wherein the volunetric . flowratio
of Cf[err], Nerr], and SF[err], is selected to renove substantially al

t he et chant resi due generated Qé etching at | east 2000 substrates in
t he chanber, w thout 10 perform ng 1geparate cl eaning step ' for cleaning
t he chamber. 28. A nethod according to claim 26
wherein the ratio of the volunetric flowratio of SF[er]: (C[err] +
Nferr]) is fromabout 1:20 to about 1:1. 15 29. A
nmet hod of sinultaneously etching a substrate and cl eani ng an et ching
chanber, t BT : =4 (a)
pl acing a |substrate in the etching cha osubstrate conprising
silicon-cqntaining material; and © (b) formng a
pl asma frdm process gas introduced intg 20 - the etdhing chanber to etch
t he substrjate and sinultaneously cleanjetch resi d®’
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|
fornmed on the chanber surfaces, the pdocess gas conprising Cferr], Nerr],
and NF[err]woeonspsi N a volunetric fl ow rati o sel ected t o pcqfIRYE21865

substantially all the etch residue 5 formed on the chanber surfaces
upon conpletion of the etching pr ocesd. 25 30. A nmethod
according to claim?29 wherein the vol ynetric flowratio of Cferr],

Nl err], and NF[err], is selected to regnove substantially all the etchant
resi due generated by -etching at |east @ 0 substrates in the chanber,
|

wi t hout perform ng a separate ning step for cleaning the
chanber . 37 .
31. A method according to claim29 wherein the ratio of the volunetric
flowratio of NF3: (C[err] + Nerr]) !is fromabout 1:20 to about 1:1.
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