UTI LI'ZATL.ON OF [err] SOAK AND PURGE | N DEPGCSI TI ON PROCESSES Background of
the,,;-;‘l nvention 5 1. Field of the Invention The present invention
-rétatés to an inproved chenical vapor deposition process, such as a process
for the deposition of tungsten silicide [efr] fromtungsten hexafl uoride
[err] and dichlorosilane (DCS). Mre particularly, the present invention
relates to a process including a novel silane (SiH4) purge step 10

subsequent to deposition of {J?M#A Bl\l%ﬁgﬁ'?tg ANDBuREEsent invention
AL

further relates to a process inc soak step prior to
deposition.of [err] on a substrate. l%.%ﬁgescrl pif%oén of the Related Art -
Tungsten silicide [err] thin fil find P&Sidned by | ow pressure 15
chem cal vapor deposition (LPCVD) _ substrat es using '
silane (Si H8) and tlungflekhoihdwedfivandionde [err] as the precursor gases.

Typically. th hi ) : : : ‘
naving ol ayer of Jreidiepnn,RouBn {ERER & Hn bR ARG VR ety
process, howevagrocdms spelvaen proseest foanhe depdstdan of tegswhaailicidey (W8} from

One problemwi th the f.oregoin ess LS, t th posi.ie 1,N0,..S not
as conf or mal O\fﬂpgwﬂﬂﬁéﬁﬁ‘f‘ffﬁ%g&gﬁﬂfuia@ é@m?@%i ﬁ)é%‘? 2@8&%&?'%%%%\% G s
that films so depesittinkndan eslatekitgla proséstuadludihgarnavel silane ¢8it )t fuage step
adversely affects device perform . For exanpl e, when_the wafer _i

exposed -to*@ e %?F”Fﬁﬁf?egiﬁ‘ﬁft??,°qéﬁaf*,°"a$ﬁ‘ih‘g%£ﬁ'rTh%?reﬁ?"gﬂg‘f?"ﬁgg fH%P?rng
anneal i ng, the remtR% @procedd inElLding d B! SiH)aR stdp mritg o idepositiarest WSig
polysilicon layer and into the underlying silicon oxide |ayer. The

ef fective thi cKITER8URH % e i icon oxide | ayer thus appears to increase. -
‘This effective thi gnepestriptiovhadahé netawmheads to an adverse change in

el ectrical properties of sem conductaor devices including such |ayers. 30
When using a mul ti JHERER %kbﬁﬂ%éﬁ'ﬁ@ ve DeRp depe te&sb\f.m%ﬁﬁsﬂfﬁ bed
C nf U.S. Patl@ﬂt er)niéal Yapoarbdbbosition NBECAID) @l}i]toéﬁemicdﬂdﬁefo[b?paétgﬁe?ﬁﬁﬁfg Biléne
reference, the substrate to be coat t ungsten silicide first |. _
cl eaned using dStlal A1 THROIEN, ﬁﬁﬂg‘é'fq%ngge’ ?’%‘&?‘B\P PCHERCY Wa%x%rﬁgcfl%ﬁ‘i'? h@six

pol ysilicon | ayffn filhe dep&ieahnis' BSemiddhdustel Rfed Kt £ay8of siidenduxide
substrate transfer chanber. This 35  transfer chanber has a nitrogen or

ar gon at nospherkeneathisRolwsiiserelayen The fpregoiag Process RPWaVE ohashprover lesaghan at e,
and contains a JphiireleaticfRedg! the substrate into 2.

20 One problem with the foregaing process is that the deposited coating is not
as conformal over stepped topographies as is desired. Another problem is that
films so deposited have a high residual fluorine eontent that adversely affects
device performance. For example, when the wafer is exposad to elevated
temperatures, e.g9., about 850°C or highet, as during annealing, the excess

25 fluoride ions migra;e through the underlying polysilicoﬁ layer and into the
underiying silicon oxide layer. The effective thickness of the silicon oxide fayer
thus appears to increase. This effective thickness increase in turn leads to ah
adverse change in electrical properties of semiconductor devices including such
layers.

30 When using a multichamber vacuum processing system such as that
desctibed in U.S, Patent No. 4,851,801, ta Maydan et al., incorporated herein by
reference, the substrate to be coated with tungsten silicide first is cleanéd using
a fluorine plasma sorub to remave native oxide from the polysilicon layer. The
cleaned substrate is then transferred Into a substrate transfer chamber. This

35 transfer chamber has a nitrogen or argon atmosphere (éubatmospharic) to prevent

re-oxidation of the substrate, and contains a robot to transfer the substrate into

-1 -
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a processing chanber, e.g., a tungsten deposition chanber, through a slit

. valve.having an O-ring seal. This CVD process has becone the standard for -
depositing .tungsten silicide from[err] and [err]. However, as substrates
beconme | arger, and feature sizes for devi csds becone snaller, .the above
probl ens of step coverage 5 and residual fluorine using this deposition
process have bacwreessingtshamber,i eyy¢ Attupasten depgsiian ehamner. teErvghmsslit xgive

i nproved procesgs,for. e b N " ngﬁ.l ' i il doBien

i nstead of Si Hi‘gwrélg angﬁ'% o%og*g%gWh%’BFesu atg?r??&f‘g?r hfglhi@%rg fﬁg‘see reduced

f1 uorine cont enungstah siiiciderfrore SirbydndrWizs. However es subitrsdes hasomedanggr.[aadr | as
t he precursor 10 as e r Qvi di ol it 1.on '
deposi tion pr o%@%té"‘?ls Pg g%i%&f*sfkﬁg#'gesp {'%' glgép%%vtgrb[ré@?:i@% f_FﬁJSr‘\lﬂ%’i‘*Eﬁ?"have-
good conf or Bal ishi redidual fidanine ivting thia tepusitndroessd havh bedaore erdtical ¥mitstionst e

such as a siliggn fer (Wi can have one.or nore |ayers thereon), it has,
been found beng?rl%ﬁ\e%e "‘1"8“‘\:3%!:‘1?%% nitrogen fromthe deposition chanber

during the deposi t iAminggroved procBes for alepositing Vesi, filmscasing dichlofosilang (3¢%led by
copendi ng appli.cati rgal, No. 08/1 5 i [

Chang et al ., \Aﬂ‘ﬁ%%#&sﬁh‘&ﬁbfgpgf% ;%%?Ellugﬁr%gtliap{e eri@i%%ﬂ%eﬂﬂe{ﬁp{?%dgﬁg%r@%ss
(the "DCS pr ocesatsht atdiagshare conforraildhart those Hoposited usingttild, &g/thegqretursor
[err], DCS_and a noble carcgjer S.into,.a St deposi ti ha r. from
i oh i r don G Dby agidisd s 9860 tofind lrieREbe Brf Rt Arobe RpARGhe.

cust oma(rj y to puﬁfgﬁietr Redepri Wiij ?msﬁhﬂﬂgﬁiveaguﬁdgﬁafdiﬁaiiw_e?w l\‘lhaﬁma edritert egc h
sem conductor wafer is processed. in order to remopve .residyal reactive an
carrier gases f@ﬂrﬂ"?ﬂéd&%ﬂ?tf@ra "éﬁ‘?ﬁ"ﬁ?@"ﬁél*\?&“ﬂ”ﬂi%ﬁ “ﬂﬂ‘é‘ Ei%ﬁﬂfeo‘&esgr
descri bed abovenééRagers!tieredf], #iREs FedhlioURd BbRITicRITED Bxdlig: RESqes flohethaur ge
gas. 25 It has been found, tfv\gver,_that dep%i'l él ng@Lerr on .

sem conduct or \igpesdcnehasbar dunpg the,deggstion RrpeRss. Such ap IPPLAVER RGeS I

not i ceabl e 18oWpaVigedly Edpehdling ApplEts SERENG! 08/ 86 H29\Hiedr GeteBerPTACEREE,
over both short and | ong terns. i ng the, DCS, process, e sheet resistance

, 5, th
has been obser WYCRINGREI e yehich |z iE“T’EPHtee%U%"P‘"t%' ofeimi ‘Bf"?‘l?r'?ﬁ?%%%si‘ﬁ'& 25

waf ers. This sherds pobad"RSuRgsteh siicle ithia Bfis ar@ ARUS LY pagsidg VPR, ©TSParf 5%
or nore. Along-termresistivity drift over the course of processing 500
waf ers, amount itngokle careergas into g tyngaten depasitionchampen from which aifregen ig o
an i nprovenent g jdag known DCS deposition process which reduces the

observed short- and |ong-termdownward drifts in sheet 35  resistivi t'c}/.
3. 20  In depaesition processes, it is customary 1o purge the deposition chamber an

gas delivery lines after each semiconductor wafer is pracessed in order to remove
residual reactive and carrier gases from the chamber and the delivery lines. The
DCS process deseribed above tvpib‘ally includes a purge step employing DCS as.
the purge gas.- ' :

25 it has been found, howeirer, that depositing WSi, on semiconductor wafers
according to the DCS process is .ass"ociated with & hoticeable downward drift in -
the sheet resistance of wafals so ﬁrqdessed, ‘over both short and long terms.
Using the DCS process, the sheet tesistance has been observed to decrease by 2
Q/square over the course of processing '25 wafers. This short-term resistivity drift

30 amounts to a decrease of 5% or more. A long-term resistivity drift over the
course of processing 50O wafers, amounting to 4-5 Q/square, has alse been
observed. - . _

- A need exists for an imprfwement in the known DCS deposition .procass
which reduces the observed shart- and long-term downward drifts in sheet

35  resistivity. | |
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Summary of the Preferred Enbodi nents In accordance with one aspect of the
present invention, a substrate, such as a sem conductor wafer, is processed
in a chamber of a vacuum processing appar%ﬁtus by depositing a material on a
surface of the substrate using a gas xture, -and purging the chanber

of residual gases renaining f% om t he;gegpskﬁ ﬁ%rgée@ EQ(! flowwng SiH4 i.nto
the chanber. In a nore parti n, [err] is
deposited on a sur {rasscopdarmeSeitth oo espion of 'ubwfmesamnmganaom a(btm&ram,mmhm ng
[err], dichlorgsilane an ecarrler

L beeauent 1y paF guEiapoRtRor Rl Wihlshe Ao BRALTS:  NAERED difesmng
[err] into theappaisbes by epositihng matetiall oy bhetfaas pf ahe clibstnate pusirge atgas

i nvention, an optjonal partial pu carried out afte rrl...
Gepost t 1 on Sind TG 3 PUraute bp ofembi g8 Festiel et fineliibg ol e Séiobieiog,
.aspect of the pf@smnﬂowmgeﬁlﬂmotbeelﬁa]mha errpl oyed to condition a vacuum
processi ng chanber prior to gsOSIt Ss. ,The

|
condi tioning step {&%MGEe B‘?‘fﬂf"t’)‘?‘é ﬁeﬁﬁ%fot@ﬁdfé‘fﬁ‘?g SiJF dppe %ﬁtﬂ"]rﬂaf‘frwevm th,
t hg I or tegoi ng berardenﬂbﬁrgﬂﬁcﬁdrﬂ?afaﬁ uﬁﬁg Eb rm&thmhbgsinj mtmpanzﬁbggentlse and a
substrates in a uum osition chanber ccor additijo
aspect of the BPége?ﬁ’"?’rﬂémaf‘%ﬁ e&@ﬂ'%r\%ﬁ'ﬁ%ﬂ“ﬂﬁ“"e’?‘g‘? E @(ﬁ"dl ng
to the forggoi Hﬂ:hﬂfr@ﬁ%ﬁé%?fﬁﬁﬂn@k‘iﬂ-@ iRfcOhk @Bgmbdihe 20 wafers so produced
are characterized by reduced variation in sheet resjstance, and are further

characterized by rAgGewing fo # furthersaspect gbthespresent inentiony agortional PRSsti | |

anot her aspect paftidl pargd’is a8ided duY afth Wi, de‘ib%tﬁoh %n@rpﬂw fetheBIMAB LR
processi ng appar atus conprising a chambe means, for depositing a _naterial,

such as [err], on ' @gperdapce,with wb%w'mr@sev@qus@w RresaItinyentiop, Siknisnber
and neans for eRipid)dadtd RBnGRBALE vakihideR ﬂr@éefslsmgpétgrﬂferr?gldWS aéﬂos%tmnt

- depositing the material on the substrate surface inclu a source o
| east one *®acPreeesgasihen§iHneonditiosingi sien oar be egnriened: indenandentn of.ienio t he

chanber . Parti gylfiflatioR” GAR! qm)d/h r%%ﬁ‘ga RET Br étgﬁléédﬁ%swgcﬁ,ﬁﬂ.ﬂ, Y6,

DCS and a nobl e carrier gas, or’ co ining the gases to rorma 30.
reactive gas mPracessing wubstERtesin purgiuydenesitionshbmbeni th [err] preferably

| nclude a source OlcLfkiig @1th BdHishd Qg&aggw &@%e%ﬁmn&.sﬁr;m@m&@&

chanber. O her objects, teatures an tages o sent | nvention
will becone appmfmpmeeashdsecwmuedhe rﬁumhmnarprodesm arlaeﬂsoopnomduedg The

detail ed dggcr \,&{férg R gk%ddcﬁd are ch%%c&ﬁzé&{%ﬁé\%ﬂ%u%@ﬁ“ %beet Qﬁ&ta%gg an

detail ed description eciflrc ex lI'e T ndicating prefrerre
enbodi nent s of atmﬁlrﬂmsbanactamwbv oeducad §ilng stress dmdapugited.

In aceardance with still another aspect of the present invention, there is
pravided a vacuum processing .apparatus comprising a ch.émber, teans for
depositing a material, such as W$i,, on a surface of a substrate disposed within

25  the chamber, and means for purging the chamber w:th SiH,.

Preferred means for depositing the material on the substrate surface |nclude
a source-of at least one reactive gas and means for introducing the reactive gas
into the chamber. Particularly preferably, the apparatus includes sources of WFg,
DCS and a noble carrier gas, and means for combining the gases to form a

30 reactive gas mixture, |

Means for purging the chamber with SiH, preferably include a source of SiH,
and means for introducing the SiH, into the chamber.

Other objects, features and advantages of the present invention wil| i:ecoine
apparent to those skilled .in the art from the following detailed desaription. It is

35  to be understood, however, that the detailed description and specific examples,
while indicating preferred embodiments of the present invention, are given by way
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4. of illustration and not limtation. Many changes and nodifications e
"W thi'n the scope of the present invention may be nmade w t hout departing
fromthe spirit thereof, and the invention includes all such nodifications.
Brief Description of the Drawings 5 4The invention may be nore readily
understood by referring to the acconpanying drawings in-which FIG 1 is a
schemati c cr o$d-ilusication andynat firgitation. eié%l@ﬁ%&ﬁa@%fﬁogiﬁ@em wifhimptiwer at us,
nore specific : i1 " i Gh i i ..
practicing a %‘tgﬁ%gfg#@? ﬁéesggtr &ggﬁﬁ?ﬁ h@gnbtcepg%&e%thm E&ﬁ@ﬁgki sh ea&l’c'f'ett ailed
schemati ¢ di aghenepbfand the imvention ingludeaiallisneh moddieptignsgeneral |y i ndicated in
FIG 1, FIG 3 is a graph of fgk 8 I i.ng annealing as a
function of tenperature for a conparison |[err eposited on a

senmi conducPor waf dheatyeniigmgnay ke doeree readiin aindeGEoq doye seferrinigt o vibleues

nmeasured duri ré%c&‘ﬁg{arlh{i]% é{é"‘{i’ﬁ@q’t‘nﬁ“ﬂi | mindicated by rectangl es and val ues

measured during co iTmindicated by triangles, and FIG 4 is a
correspondi ng gr afi.ofl st peschemmtic trosseeativnel vieswnedr art Waxemply amceumnp! ary

[err] filmde ' or...yaf e cor di to_a nmethodq of the
present i nven@ ?%dﬁkﬁ%gﬁb a?afag'l% @Oen%’%%éﬁcgu\}(‘?a%%ﬁ} Q?FPF%@P Pﬁ?ﬁ“ﬁ‘g‘f' ?IH‘"gkﬁrrpl ary
met hod for pr esefdimgraaticingamettad o6 the\pdesantdamtidhng to the i nvention, and
FI GS. 6A-D.are gr : howi he varj ation of, sheet resistance [er and
uni f or m tgo[err] ? (%lséérﬁ ém%ﬁ%g?fif miate farpm f Avg '%ﬁ?@'ﬁ@'gtaés?'ﬂé'b

met hods descr igeaeraflpindidatéd inF1and, 4, wherein FIGS. 6A-B show the variations
observed 25 aft A pduct i on (_?_.'f 25 wafers for the conyentional and

i nventive processgg‘?'% gsﬁ)gr@f’ﬁ\%l {m sifess EPE%!”@@JW%WUW&F%%WWPM;
observed af t ersppodtere fan coforPklison \WSE HIRT dddeRitéd BHaN kimrRBhd RS Wargnt i ve -
processes, resgect jvely. ' scription of the Preferred Enbodi nents

Det ai. | ] ¢
Ve have di sco?BPgingg;a ﬁ%"é’eg#“"ggl Progessyyith Yildes meesuremhdyring hestinger r |

30 to puLge of themtindicA6d B rdcatiylaATAlued ndasudaRRfhY o8 f
sem conduct or , waf eészpusi n [er élif;l‘gnd DCS suubsta'nlixi afulaf}i éedﬂyg?{ tthgq@ﬂort-

and Iong-ternf"lﬂb%’ﬁ ﬁt':d'ﬁ'\ %, Pdsheet resistance of the sem conductor
waf ers so processpg, 4'~i§h!&8rr@bh€iﬂ§ ggy‘phtc;fgﬁggseag% Wﬁagﬁ%er&h} Qggﬁf its
d, W th 1 ada

of the known DCS deposﬂtl.oncgroqesses are retaine t1onal
benefit that EXERIAYWSLSlm deppyjtadame semicopducterswhfer gheardingdsiasnethed ar e

reduced from gbend pradartdndéhdidnt han about 3%
20 FIG. 6 is a flowchart iliustrating an exemplary .method for.procassing a .
semiconductor wafer accor&ing te the invention, and '

FIGS. 6A-D are graphs showing the variation of sheet resistance {Oi and
uniformity (6) for semiconductor wafers processed according ta the methods
described for FIGS. 3 and 4, wherein FIGS. 6A-B show the variations observed

25 after production of 25 wafers for the conventional and inventive processes,
respectively, and FIGS. 6C-D show the variations observed after production of
500 wafers for the conventional and inventive processes, respeactively,
D ripti f the rred E
We havae discovered that use of silane, or more precisely monositane {SiH,}, "
30 to purge a tungsten deposition chamber after depositing WSi, on semiconductor
wafers using WF; and DCS subst.antiaﬂy' raduces the short? and long-term
downward drift in sheet resistance of the semiconductdr wafers so processed,
Using methbds of the present invention, all benefits of the known DCS de;;osition
processes are retained, with the additional benefit that the short- and long-term
35  drifts in sheet resistance are reduced from about 5% to less than about 2%.
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5. Thus, sem conductor wafers processed according to the present invention
di spl ay reduced-variation in sheet resistance. W have al so unexpectedly
disscovered that, as a result of the inventive nmethods, stress in the
deposited [err] filmis significantly -redgced. 5 Met hods according to
the invention can, if desired, be carried out enploying conventi onal

cheni cal vapormqspéﬁﬁ&&ﬁﬁcﬁmer%%eéﬁd USEAdInG 1O LS piesentlinveritRAWGHRTS

processes, W thout the need for di fications to the vacuum deposition
chanber. For ardynsidevarigtiopithehpegresisiand®nventi on can be,carried out using

the apparatus proyj Y, j Sadvared fHat, &5 a6SM bbesk Puve@iang et
al. in US 10 éﬁ’gﬁ%‘:}gt?‘%ﬁgéi’ﬁ‘%ﬁ%hﬁ&%g&g‘/&i?e?%é9. Iib__wever, the ﬁetlhods of
the present i methtdanstease imthe deposisect W tley s gianificaetle saicAdd in their

appl i catiog to ! Nquipgadloohfifh AR HkHon o, R ALt b barrleduiBipRsling"  he
present invention fay be carried out using a multichanber processing system
rather than a caweptionahaeinical papec detwisitipndG¥PEswsten® used to prasties thedgovsw t o
Fig. 1, a CVD tem 1 o] LSe A eTgr Sdigorst
System 14, “gaPEnRiRIRE o QUEhE e BREF FORCIAGAPE, e iGRRIBPRIR,
waf er 1ift 20,cHanfddre Furakemp®@, alréthod iof g inventioneanshes earpied out uging 2 A

substrate 28, such_as a .Silj f i I .y G

thereon, is di%¥BAEEE %’ﬁ"@%hﬁ%‘ﬁ?“f"gﬁo"%‘&@%éﬁ 'dar% 8&?%8% eﬂélﬁsﬁe%t 'ﬁrrpg'sheans
32 mai nt aives aapplicdtiornSértaiplol 08/4386,528.i ng processing of the susceptor 30
and the substrate 28 nounjed theye The deposi.tion. qr Lon 34
lies above the su "Y?i’teé%? H’%"éfsﬁqﬁl]%f’@?@‘daé%f?&iar%%n_? b {qigg%?lﬁ%daﬁg&ag% 32

i s an ext er nal bea&ifinef in1A6ID applidatibanp shaluseot suh apphtatesnt dpdriighlar, tthe ough
uartz w ndow 36, her known 25, heatin ans. can al so be | A
gart icularly Jgﬁ?nﬂgsh%éfl?%ﬁrﬁﬁggﬂvgﬂg%%r'f'b‘%i gscal:rbe i QY \L}Semﬂeaam%ﬁah%‘g%g

rat her than | gjfacess\Nicsysteth irathbivthahendinglg charaber prosessinglsyydy. quartz w ndow
36 can be omtted._ Thuys, use

resi st ve heating neans_obvi ates .th eed
for periodix cl earﬁ%ﬂ"ﬂ%ﬂ?ﬂrm?&ﬂa@ gvstpm ?ﬁ&@aﬁﬁsz"%aﬁ’%whﬂmﬁw
attendant mai m@uaﬁp@gmlgt g\dmﬁ_ 11 gy !aamﬁﬁug @sembly gen@x\mlﬁ/aﬁﬁ&ated araéuum
processi ng apparatus i ncluding resjstijve tin ns ich c
enpl oyed in t HEfseEdE E‘@f‘?ff"f?ﬂ% '15‘? eiate ??r\e)gﬁh'i‘%ﬁgﬁg @gssgﬁ???éﬂraﬁﬁl}?oﬁ%ndi ng
U S. patent apglhstratd 08, S6H 8k aNQlconSwafeh Havihg d idyedof pbi/Eificon fkred)9¢ by

Lei et al., which is incorporated herein by reference. Gas conbining
assenbly 16 ca¥isRIrer Rica BURRRST HoSUSEPPTRT Rum and one or 35 nore val ves for

control ling the flquh ridifs 62 rhMaing aUmEEEn SnfRPatuld Wilringl ftBcdtidingotanees,
carrier gases, reactt ve gases for deposition of [er r'I]heOJ otihigrr‘ og?éa%r'l al s,
and susceptor 30 and the substrate 28 mounted thereon. eposit tion
zone 34 lies above the substrate. ' '
“Int the Hlustrated embodiment, heating means 32 is an external array of 1000
watt lamps directing collimated light through quartz window 36, OCther known
25 heating means can also be employed. A particularly useful heating means 32
comprises resistive heating means rather than lamps. When resistive heating
means at:e employed, quartz window 36 can be omitted. Thus, use of resistive
heating means obviates the need for periodic ¢leaning and/or replacement of the
quartz window, with attendant maintenance and downtime expenses.
30 A preferred vacuum processing apparatus including resistive heating means
which can be employed in the practice of the present invention is described in
éopending U.S. patent application Serial No. 08/200,074, filed February 23_. 1994
by Lei et al., which is incorporated herein by referénce.
Gas combining assembly 16 can include a gas box or plenum and ene or
35 more valves for eontroliing the flow of the various process gases, including purge
ases; carrier gases, reactive asés for deposition of WSI, or other materials, and
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. 6. cleaning gases such as NF3 for periodic chanber - cl eani ng processes.
Alternatively, gas mxing assenbly 16 may be om tted-and all process gases
déljvered directly to chanber 12 via diffuser 18. This alternative may,
However, result in greater non-unifornityiﬁnd thus may be | ess preferred
for certain 5 applications Figure 2 ill'Ustrates an exenpl ary gas

mbi ni 16. Feed d 40 del : i nt
ol enum 43 and SHSSIELARTS Mo BnAbacyor Feybdic, chpmBey ‘FEMHE et Re o
and 40 are |i niddbrivtivalyigag rhucm@asbérrmnd166ma\nll’uecdnnmdtarrdnaiapmcpsn pagksby
di t i 48., Val v d_52 di s d I
CheChb. " oon ool et B0 B g 5 0o BRGS0 5 B oy BB

are di sposed omegnlv(hm@rbatalenéﬁ-uﬁ!foasﬂnw/\nandaﬂhdsquwQj‘e kX iphgfeited \F65 cbdaiand 60
are correspgndl ng}e/ di sposed on mxing line 46. Divert valve 62 is di sposed
on divert a80¥ces of process gases are connect ed to feed lines 38

and 40. Prefierably nghfe 2 ilibtraed memﬁmaiv Bk GorfiBiRinyILEEABly AEe [CeeaNmes 36 t O
one of feed Ilne nd 40, ile silicon-containing gas, sources are

connected to t Fi‘@ n%{i‘ﬁ?’r@ °F@édiaf“r’§1'€t° plenym st 2nd, syhsgauendly inte ghamber 42, |

source 64 and NEUHHRANEN Feahlines W2 e Lard IRk&KPHPRDLRS NS 4€8¢H L NGHRE Vi a
supply valves 68 and 70, respectively. DCS source 72 and SiHA source 74

simlarly are #bfBAredoined Pé!éﬁ"‘f’? H@e A§- v Vaives B9 gnd, BR \ase disgosed;ketayeen7s,

respectively. NoRhG KRS 480 fbed RES hsl%@flftf %@eldéctﬁei@ ﬁ@é’cﬁﬁ&m@fv 30"
is connected to feed |ines 38 via supply valve . Process gases are

not flow ng i nB§ 4oHHbyae disposedian mixinglire 445 Ph%ﬂo?“dt% ey mixipg yalyes B8s ar e
as fol I ows: Va'aﬁa%@gr@%rﬁgvﬁdﬁgﬂpﬁﬁpoééd oR'Mfdng" ke’ 88, 2bReR oa\?éi;/azgg

Returning to Figure 1, eposition process bedins wth the entr
process gases dispesed predivertdine 48 carrier gases) into.the deposition

et Coma 25 SHATH O 1608 B8ED oo Al 15 BANIAESE an ¥B® HbkdlF! 18.
A conventional process mxture includes and argon S conbi ni ng
assenbly 185ni ilygrm@r@omauwmsgaaga@égemwmw tgi dreyafcfieed nesA8 anddN,t hat
the gas m xturgs s@@rﬁ&om%@n%gw SBurQUERRs chhr‘i’J&t&F{oO{h% rQﬁ;biﬁﬂ-.gfféBR'nh?d A0 the

di f fuser 18. The di user S nunerous openi ngs ove
correspondi ng showhan Figurashd apd % (WEs sowge tﬁérwat NFal cleaﬁ‘h@ gaqaacmmg Bfctrmeen

s o 55y CeRhS U i S 0ni06n 63 RS deBo AT B8R0, 100
conbi ned proc e§§ ngdsﬁlsh Bmlrché’dlrmdarlmemnaeﬁéd to feed line 40 via supply valves
| 20 76 and 78, respectively. Noble gas source 80, which preferably is & source of
argon, is connected to feed lines 38 via supply valve 82. '
When process gases are not flowing into chamEer 12, the default settings
of the various valves are as follows: valves 50 and 52 are open; all other valves
are closed,

25 Returning to Figure 1, the deposition process begins with the entry of
process gases {i.e., reaction and carrier gases) into the: deposition chamber 12 via
gas combining assembly 16 and "showerhead" type diffuser 18. A conventional

* process mixture includes DCS, WF, and argon. Gas combining assembly 16 mixes
+ the process gases upstream of diffuser 18, ensuring that fhe gas mixture is of

30 uniform composition before being supplied to the diffuser 18. The diffuser 18 has
numerous openings over an area corresponding to that of the substrate 28
beneath it. The spacing between the diffuser 18 and the substrate 28 can be
adjusted to from about 200-1000 mils (6-25 mm) to define the reaction zone 34, _
The diffuser 18 feeds the combined process gases to the reaction zone 34.
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7. The area of t he chamber bel ow the plane of the susceptor 30 is purged
vi‘a bottom purge line 88 with a noble gas, preferably argon, to prevent
reactive gases fromextending into the area of the chanber 12 bel ow t he
susceptor 30. The base pressure in the chaﬁber_ is about 10 mllitorr.
Exhaust system 14 5 is fitted with a throttle val ve 86 which can requl ate

the pressure of theThaRB&f the shamber belowsthefiane ofiHhe SHSRERTON GO i AKEYFLYE of

the present invggd , bl ' 86 pheRebt readhiedH)
[err] and DCS, ggéetb@n'ra')?e {f%ﬁgﬁﬁgﬁg?’ﬁ'{bﬁg Fﬁ%@?ﬂ)’:ﬁo er?] l;eg ilntgosc?ﬁced

16.
from source 64 freroexfardiog inpthegreasfche Phambsr t# %QJQW_"F%«?HS‘-‘I‘?‘-PF% B by
openi ng supply val vw@ﬁxey?ﬁsgpﬁrvaﬁ#rﬁ@taﬁéﬁﬁ&b% ¥bdut 1E0miniBk ! @Q&hs&% h.d.ylsig% 9as

he nobl e carrier gas,

conbi ni ng assenbly 16 toget |

delivered fr®m bd&@é"@@?ﬁVO@!%Yﬁ'W%aﬁﬂMﬂﬂdﬁﬁ'@a'@@e BressuE W the ghamppiom

source 72 is '””OdH\'CGQ ii}%ﬁt@afﬂéﬁrrﬁgﬁfﬂ{em 89 a3RSHRBA lo¥ tﬂépkgémﬂbeﬂt&ﬁgtﬁﬂeee 40
al ve ) e nob

by openi ng supply v e carrier gas preferred herern for
reasons of econgagesi &noblgonriebgas (8§., argrnhalFyansl RCYaAre mikethinggasoeasebinivgd.

bresent  pr ocess SBmbl 16 "Wy ieHAUMCR fopr Soliap Ba o o6 RoAEfS, Moy T
pr gcggsaggsest : g'lret:gl;l(eg’eedl liﬂle gashsccpﬁilinﬁ raypplysesive \BELG The g\(ﬁaswm&re@wybs 50
Vol ves o4 antt sEusSle ey SPBiNuRl Seegte/ 1K AR W) echod pari Sads®

i ne 44, and i nwihiad Isyddliveradtfroro sghredi 8eby opaming 48pplp velve8f5t Dinhidresiiahé

til the fl ' tabil i,zed. Af bi li i on, .. di t I 62 .S
i osed and out! EBTHSHRR 76at ooebiba Hh6 gee spabiniS: et Rl & i fRpinge
gases return thaokghopsnifignsupplynalved760 feed |ines 38 and 40, then enter
I 42 wh | XJ i | eted. 25 . The ni xed
Subsequent |y ent er TPETHE STOE g2 RIpfaTRd dprei ot pREsapt o] vaitpray (o atpy bure

deposi tion 1% .gether Abbly gastisidan diso be uakd.f AS Mepitiondd Sive, hitrobkn shodllierodibey at

but pr o er uily. HeSR i reapagtie i AhE BrestrErg i A shopy G FiAvdd P e

the flow ates oprdeess;ess gases into chanber 12 are 30 related to the

vol une of the chanmber. For an exenpl ary . apparatus including a ch
adapted to process y"@‘é‘?ﬁ"@&ﬁ%ﬁﬁ"ﬁ"ﬁ@gﬁ” s E&Wﬁ I, 9% ‘é‘?fﬁgigln%o??%m%{{’ggé B¥ny |
a typical chanbglsinglvaiRsis0 DB afid loutiét ﬁ%ﬁf@?ﬁﬁ@ﬁnﬁbﬁén&ﬁﬂéﬂm et

ed i n_a chanber ajf thi.s vol une.

For such ar?ppEiAra s BRI Rad BNBHONE 83-0Fhp BROeH RACHa T i fekicior,
preferably 35 (Adau} ard MiGAK HoWPfdUGH ANeHAMR 45 tPaRNRMAL byftemChANREr thh? at
a flowate of about, 130-300 sccm preferably at about 175 sccm Argon is
used as the car fipwyis gtebilized. After stabilization, divert valve 62 is closed and outlet mixing
valves 58 and 60 are opened. The partially mi;_ced gases return through mixing
line 44 to feed lines 38 and 40, then enter plenurn 42 whare mixing is completed.
25 The mixed prooess gases subsequently enter chamber 12 via diffuser 18.

The tungsten- silicide deposition is generally carried out at from about 500-
600°C, preferably at about 650°C. The pressure during deposition can be from
about 0.3-10 torr, but preferably is carriad out at about 0.7-1.5 torr,

In a typical process, the flowrates of process gases Into chamber 12 are

30 related to the volume of the chamber. For an exemplary apparatus including &
chamber adapted to process a samiconductar wafer having a diameter of 8" (200
mm), a typical chamber velume is about 8 L. A semiconductor wﬁfer having a |
diameter of 6" (150 mm) can also be processed in a chamber of this vclun;le. For
such anh apparatus, an appropriate flowrate of WF, is'abou_t 1-6 scem, preferably

35 about 3.5 scem. Dichlorosilane is passed inte chamber 12 at a flowrate of about
130-300 sccm, prefarably ét about 176 scem. Argon is used as the ocarrier gas
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8. and is passed into chanber 12 via line 38 at a flowate of about

100- 1000 sccm preferably at 300-600 sccm This argon flowate is exclusive
of fhe bottom purge flow ate, about 100-50Q sccm preferably about 300
sccm The various flowates are adjusted s&*as to obtain a [err] layer

‘h t t f 70 800

Pt Bopost o1 e piRed B Binekn 5 SBlpe ob A Dy oPEAE R Vod R 200,

t he depozl tion mraa&?li/ atssdooesqm stmd, Thbtargdreﬂm{:ﬂtet lbex{zlaswt?e} optl'regmtmm?unge

initiate it is preferre out, an,opti r st e

usi ng DCS. The J "Bifap b%t‘:é&’&??’g a% uggaéagc "I'S?x%rwggfogg?

i ;ppb\% ?/al ve 6? a‘r@a&iﬁﬁm 80 as td]ebtﬁ'hwwsi mcer m]avmgtaﬁee.bw?egocgetmem 74:::l:uaamiﬂert
ile mainta e eV|o oW, 0 on.nto

Shaber | 12T b e platsrae oot DB P ping Bnoskh igmMoBt BiEHAbIg -SaBgn s

preferably aboutout-ad 556C01R¢a .1 fshe DCS flowate during this opt [ onal pur ge
step is about 130 to 300 sg lflgﬁle erahly about, 175, sc P

tenperatures are as ATHRY; PrOREss §2 pYyapiefest, but Bﬁf"'ﬂﬁ‘e é'ﬁ pusgﬁeqtep Is

optional DCS purigfatee)iPfs ;Ir@fel‘r&d"fd’é&n@ﬁ%t ke BBtiGHaD gadtRl plrgk S0P @kt DESDITHeNO:
assenbly 16. This ensures that tqu%ﬁ%rmeaes not ,come . into contact with the

subsequent 1 ow pkoRs LY purge GUR LY Siraply clusinagypelalve B8 B stop

deposi tion ppOCeHe ﬂandaf(wr—g nﬁﬂad':e Beprefiidh tchachbawﬂewmtee.p.amtsaﬁn§lth&lpmm§?,
‘cap", step is carried out. Supply valve 76 is closed, endin the flo

of DCS from sourestablished fioyv of é?“dj?zg""l inta, Ghamber, 4. V'E“QSBPW‘ REE purge is
previousl y ¢l 0SQridi 806168 d bWin®f sobbids, | drefetatly 8566t 55 deBbifud. | Tie DOS!

m xi ng val ves 54, 56 and 60 are cl osed val ves 50 and 52 are
opened. Supply Jlgwiate s!uneg Sipje wetional putas stgp ‘Iﬁ Fhoqtd 39 200 sarmoaraferably

Supply val ve 82 na@,ég{ @9&% BORE3 tdiSRatufel aké Qytmaiébefofrchagsosﬂfog.%eérom

source 80. Argo preferably also continues to flow I nto deposition
chanber- 12 &Brough et entignal §6:S pyrge d@lps] tor remeverany gempininguiire framfdasws

‘through feed | k2
12. lIIJ)|(‘:]r ect fl o:/vq%fn% %@%slg-ﬁbt hr Oﬁ%r%u%getgg d%gﬂ f’p&]ﬁ&d&ﬁtgﬁ?{gg?w t he
[err] does not abewubsequertsinwof Swhtmsaanmbmammmmﬁh any WF6 whi ch

o 055 Mg GRS kel st gl PO .

gas conbi ni ng assenbly ature
[err] and [err] the $idypoges o Teplatep isloariid-dutt r&lpphevdvmasumglosw gindinged

CPoL' b2 e ke B RS0 h AT ko SRR 12 BRSPS
for a time frompbdouslyCitsed3® endabadew abWFpitds elaabd wat aﬂﬁauhnelSAﬂeﬂmn@s
The total flow 6ga?v'e?sf Béi Eg %Qtaﬂd 60 are closed, and both valves 50 and 52 are opened,
Supply valve 78 is opened, allowing SiH, to flow from source 74. Supply valve
82 préferably remains opern, continuing the flow of argon from source 80. Argon
25  preferably also continues to flow into deposition ¢chamber 12 through bottom
purée line 88,
SiH, from SiH, sbﬁrce 74 flows through feed line 40 and vaive 62 into
plenum 42 and thence into charnber 12. Direct flow of the SiH, through valve 52
again helps to ensure that the SiH, does not ¢ome into contact with, and react
30 with, any WFg which may remain in gas combining assembly 18.
it is preferred that plenum 42 of gas combining assembly 16 be maintained
at a temperature hetwaen abdut 10°C and 186°C, in order to prevent the SiH, from
decomposing. Preferred cooling means include a water jacket {not shown): Other
cooling means may also he employed.
' 35 The SiH, purge step is preferably carried out for a time from about 10 to 30

seconds, more preferably about 15 seconds. The total flawrste of SiH, into
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9 deposition chanber 12 is preferably about 100 to 500 sccm nore

pr ef erably about 300 sccm During the SiH4 purge, the total chanber
pressure within deposition chanber 12 preferably is maintained at about 0.5
to 1.0 torr, nore preferably about 0.7 torf. The tenperature during the

Si H4 purge preferahly is 5 about [erLr re fer

Preferably thedPB%E%'&t“UP'Qb?rS?%ﬁ)&“@??r]f’ralﬁ’%uf ﬁésstgrf%% aéc%ﬁg'“tb%s[n%gﬁarfﬂye at
¥\/|hi ch the ?epg%baﬁqggmsﬁ:ﬂ%g Dudhg ithe SiM} put?{ceeftbe ftdﬂycbﬂﬂhﬂggwsﬂwt\@m!purge

ow ate of about 100 to cm re prefer

mai nt ai ned dur i9FBPHHN Sh?‘iﬂbﬁuf%Bregf"gB'y ‘i(ﬁ“a'ma'“%gﬂ%gﬁgggérb et?%’ﬁ&?f nlt\ﬁg Si H4
pur g(raTb Ist eE,G Si %&F%BIYHBMQC% grtamdt'aﬁg ﬁ@mﬁdtﬂﬂe@rmbarb@inlﬂurggmfem % Ing
assenbl y and feed |ines an ...Val ve o S n ' xal ve
56 and di vebt \apyeb@O-690PEC HateRfeferRaly ab?‘é‘f%%%&sf ’8@%@1?‘.&@5 %%é%@%o’\ré\ i s
passed t hrough agﬁ!%%rﬁaitél? s aiasOb tathpveRsturd dtrehidiBtiedepobiniun tstepyistcerrieti4 f or

about 5 to 10 seconds, preferably about 5 seconds, to 15 purge residual
[err]. DCS doe®uhot enter deposition chanber 12 during this step. Next,

argon flow is mai ntp?éfgﬁﬂuyiaﬂta?gdik%@ﬁ:h{ bitGe ABRFHE bf ABoLtOTOCRROBO0 Sectng rbre
seconds, preferably a

out 5 seconds, to r_ﬁqr;pée_ retz‘i %I-all SIH4A fromthe
chanber. Fi nal Ipyefetrihioghaut 30searms i raiptaingd dying thy Hikls BUTGE Y800 | nes are
punped out ,{,0 the i GO @6mbvasderath afd dedattitin 5 to
15 nill| to}P). Thet?'g’%ﬁ °P§‘?E‘§§‘f ﬁg%igﬂ‘%lgﬁgﬁ Hp i ;

process 1S er abl arried
out within the chamipes 125 yascenmbining essermply 46 %‘BJ@JWW*F ég‘ieﬁénéé‘?‘f%sf e :
precedi ng steps e [ 3SR WhRSE6 iafid GAEN 64166 62tark BbendtRi DICS, rdterabl
substrate 28 isd?;egaadfp‘yorg%gﬁrenovg?jafﬁ?om deg%lg?tisi Oarz]' ?Ea?rber 12. Préerably

Periodi cal |y, creniiesd sdthnaigomds passedcthretol fiopd dine AN divgrt fiee 481 25
b | ' | @y R
as by a p asmpﬁ%g.ga'tsgg% IEGRP pBH ©%5 N0 dboliAds, Péferably MbSine & becondert ng

gas nmay be sup nber rom source 66 by openi ng supply val ve
70, cl osi n@sm xiungp reakduaSitdy RERIde natenten depprion RRambid duringdis $eBugh

val ve 50. The cl eaniJy %&%ﬁﬂ%k ,Jhéiggﬁéhri&@débﬁ‘siﬁ&rﬁﬂaﬂﬁgr Y& §br @ol0Bl1e 10

carrier gas in the usua According to the present
i nvention, Si Hiecamdshprafevtblpdbowd senonds, toramiove regfdugl Sk fiam Sheehambeiq

D o R AR e T2 B URSRA R ok NSl o
deposi ti on st epthpibaseprebiue bﬁtheaumalhmeddprﬁfﬂﬂblumbewg tp dBrmillitagr The
?:ﬁg? int ICF 2 s?g)g?n%?ero%nzg \é'il-i lleimr}a%aflgrocgﬂ ¥Coraferhbily %Qﬁféﬁduuta%ﬂhﬁal theXafigés ¥pl ves
temperatures noted above with reference to the preceding steps.
The purge process is completed at this point, and substrate 28 is ready to
be removed from deposition chamber 12.
Periodiealh), chamber 12 may bs cleaned aﬁy by conventional means, such
25 as‘ by & plasma cleaning process employing a gas such as NF;. The cleaning gas
may be supplied to chamﬁar 12 from source 66 by apening supply vaive 70,
~ closing rnixing valves 54 and §8, and flowing the cleaning gas through valve BQ.
The cleaning gas may, If desired, be combined with a noble carrier gas in the usual
manner.
30 According to the present invention, SiH, can be introduced into a chamber
of a vacuum processing apparatus prior to daposition as well as subsequent to
deposition. This initial chamber conditioning step, or "silane soak" step, prior 10
the deposition step preferably Is carried out by introducing SiH, into der'msitior_:
chamber 12 via line 40. Valve B2 is opened, and all other valves remain closed.

/i
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10.” Préferably, an argon bottom purge is carried out sinultaneously with
the SiH4 step. The argon flowate preferably is about 100 to 500 sccm nore
preferably about 300 sccm The SiH4 soak step preferably is carried out
after the semiconductor 5 substrate 28 i19.introduced into deposition
chanmber 12. SiH4 is 1Preferabl y introduced into deposition chanber 12 in
conmbi nation with tArefesabhe aropigendcmtion: puggds carrigd ont gimultaneedsly wWighthe/j ng

out _the subseqantdenofie b MhrbRl blorBb s HiRAF 10818 o achRkmBieD I's

preferably carri ut for about 15 seconds to 1 mnute, nore preferably
about 30 secorpieferdihe abouh W@ ecctl®  of . Si H4 i nt o deposition chanber 12

20 L3 el B b RSB 5 o, st

assum ng a chanber volu C pressure during t
condi ti oni By subptrats 28 isfistradiopddtodepesition sitarnkerr12.nore preferably about 2

torr. Conditioni ngytid L . | 15 - . \
chanber 15 pres ?ﬁ#‘b‘%ﬁ%ﬂbi@%g%n@% %Bgﬁémg}@dgﬁ gdﬁ\r‘#ﬂfbﬁ‘uﬁaﬁ ivgrr'eh?f or a
[err] flow at ehefsahfe neblencamieragash @@ eargpn.cusadr in oArrying out the Subsequeot

seconds .is suffici.ent for.a flow.ate ature
during the con%P%?rg i ﬁ'&&)%}?u{%ﬁt%'l‘;ﬂ/{q %ﬁ?ﬁé‘ﬁ‘gga?ﬁ@%seﬁfﬁ?%{y’%'& c;EEl'fe d{‘ﬁjemg't
deposi tion st ejbout sbednelsitd |1 rgin?m, proeéd prﬁﬁ'gylyfﬂboyt 30 eecdnds2(rhe Wr, no
m ni mrum t enper gture.is requi.red for t condj,ti.onin nce Si

readily d&%nﬂ%s%&hé"\'/t@rfi S'F'SBW?@hﬁe{gﬂ?? ai’[”@r’? %"“‘gh@fﬁﬁﬂ’ EEHPNEOL ep
can beBcar ri S;b:-_@ﬁdta_biﬁamﬁﬂd bpa_bémnasre]mhnghg ﬁ)jb.gémmgmndm_ gf gﬁougtmla. Sih!#hbpurgeh R
step. By conditioning, deposition_chanber a Cri oy, rior. to the
DCS 25  depodiTEsHife Juife r“e""\gfﬂc'f'mgn?tf@r'? f"%@‘ﬁg@i ?l?%ﬁ 1 3°r1ecglt$rf'eﬂ1.°"ft is
blel i eved tggt drbﬁ'rﬁﬂm?m? mr,vel as a cat alhyst to ini t}at ﬁ deposi tion, and
al so may add-a thi olysilicon |ayer to the surface o e m conduct or
waf er prior to thé%ﬂpég'%’@'ﬁﬂ)fé'?‘ﬁ? Mﬁéﬁmsé’é‘.b%ﬁ*ﬁéﬁg%&wﬂ% @iﬁ‘%’g‘é‘fl’%ﬂ ep

t heref or e1iss \RéssuRd, efiais] T8 sadtpids kcthe pidTefted hniGm GRBAGH & ISTH, MEWARS S | S
carried out at_an elevated 3

tenperature, for ex | e above about [err],
the [err] soaktQQ sgrmygy arbampet prageura 9t dOJRE) aﬁ‘lip“ﬁ%gp&ggg“ $hiEI 4 |"H"g‘f‘taf{’5i H4
condi tioni ng 4 Adwrae BEI0DREM 4t Dforst ep, and a SiH4 purge step is shown in
T GO S g s oo S By L e L amploves
non-1imiting exanpiigdemp ng g step typically ploy
for the desposition step, about 500-600°C, more preferably about 550°C.
20 However, no minimum temperature is required for the conditioning step, since
$iH, readily decomposes even at room temperature (25°C). .
The conditioning step can be earried out in combination with, or independent
of, the SiH, purge step.
By conditioring deposiﬁbn chamber 12 as described above prior to the DCS
25 deposition step, hore uniform WSI, deposition is realized. It is believed that the
SiH, may serve as a catalyst to initiate dapasitiqn, and also may add a thin
polysilicon layer to the surface of the semiconductor wafer prior to the DCS
deposition pracess. Carrying out a SiH, soak step therefore is very preferred.
However, when the DCS deposition process is carried out at an elevated
30 temperature, for example above about 650°C, the SiH, sosk step may be omitted.
An exemplary process including a SiH, conditioning step, a DCS deposition
step, and & SiH, purge step is shown in Figure 5. |
The invention is further illustrated by the following non-limiting xa;mples.

.
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Exanple 1.1n the exanple, .two 8" sem conductor wafers were deposited with
layers of [err]. The first wafer was processed according to a conventi onal
si-l ane nmet hod wi thout a silane cap. The second wafer was processed
according to a DCS 5 met hod with preceding Si H4 soak and subsequent [err]
capping steps according to the present invention, as follows. Initially,
the wafer was iggpmeRured into a 6 L vacuum deposition chanber, and [err]
(300 sccm) was introduced into the chanber together wth irﬁaongl(%gor sgen
as carrier. The boift B¥hesamplRetvi B samicqpductor wiFers Yeese depostiad yutt [Ryerg of o

argon (300 scciysi TiRe kit Waf8i0@ks BlogBsss@actordirigerd Hobnvientiodd siee ragthadt orr .
Subsequently, the wafer was heated to [errl: I n the chanber. ({ierr(} (8 g
sccm), DCS ( 173Vighadh) 2 SiNe9300n TS GBCUKC WRTaices PRRAPBRAICARFOIHINS 1 RePERanber

via a diffuger mdhed bt sreeding 5k, GbaKTRRE suBqRentosiH, vaidinds@ps aéddlingccm) .
Chanber pressure was 0.8 torr. [err] deposition was carried out for 1 10
seconds. 15  to the present inantieBpasfallews- was conpl eted,. a sil ane cappi ng

step was carried oylifiR! tHewafF WHESntrddioddGha a BriOGRRENT ddpbsition chafibeyt es.
Stresses in the [err] filmon each wafer_are then deternjned, usin ﬁgTencor

FLX- 2908 t hi n- fanfl ik (30Q scorphwas dnfeaduced, It dhispharpbe; 3petperewith SFRCTE(YO0!
nStruments). . GaEM ‘%ch%h'e'r.s ThEoRdnd B the'bHdnfsls el dIMBRGRIRsly Duiged with

t enper at ure of err1 over the course of 6 hours. The wafers are held
at [err] fa@ 3eregim@@ssccmheThe Sithurak prepwre garigd oub i ARG B FLT-[err] .
Stress In each 111 BupBsqutahi! iHoWibtef WasHiaRl{d BUEC fidna RHaRBAY, | NG, (RESU) LS
are given in Figures c!.md , respective 321 Conparison of Figures § and 4
shows the unexpecmb®GS{I76weerainand argon (GADscem) sveredatredused intg the ebamberg t o
the present inyenti h Ve b i ) i t @ ]
.inventive pr oc\é'i%gs?ﬁguv\%a[sﬁsgi ﬁﬁggﬁ%ﬂ tytgldg&%@@ﬁ@%@@ﬁ;ﬁ&@glé@na@gg%m son
filmfornmed acdzhadibagpressurderap /ooy Wi, RepnsficDessnarisdut dorct1isgaengs. of

brobess tygEcal y AT she el bpBsnplefid, et Ul (185 WA 6 |
produced accor don@s isecdraizh Thedotah pruvesmtimeleas dwinrtese et hods exhi bi t
o e T e cx D HRSE Pt B3, et PR Sl U SR
4), the stress RAX-ggoerdirfic duessgnéesatanmnti Bstroment t(hwailablee frotn dspcor
e e ey oS Sor By bt Rl oA P
[err]. In the cgpurardveptheldolmie af 6Mogrst GHe, witbe sé hekist2000Ctfor B0 mudutes, i ng
then gradually cooled to room temperatura (26°C). Stress in each film was
determined during both heating and cooling. Results are given in Figures 3 and
4, respectively. ,
Comparison of Figures 3 and 4 shows the unexpected imprnveme:-nt in fiim
.25  stress achieved according to the present invention. The exemplary fiim produced
zccording to the inventive process shows significantly lower stress than does a
compari;son film formed according to the previously known DCS process over a
range of temperatures ‘including the rané (about BOO-600°C) in which the
daposition process typically is carried out. |
30 More particutarly, WS, films produced aceording to both the known and the
inventive methode exhibit hysteresis in the stress measured during film annealing
and subsequent cooling. In the exemplary fil_m produced according to the
invention {Figure 4}, the stress as determined during heating Is lower 1:.han the
. stress determined during cooling over the temperature range from about room
35 temperature to about 600°C. Stress varled slightly between about_400° and

600°C. In the comparison film of Figure 3, _tlf_ie_stress as determined during
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12. heating becones hi gher than that deternined during cooling at about
lerr] -and remains higher up to at tenperature of about [err] The exenpl ary
fitmof Figure 4 also differs fromthe conparison filmof Figure 3 in that
the filmstress exhibits a negative value'l@ver a range of 5 tenperatures
from about 400 to about [err]. That is, the exenplary film exhibits

conpr essi on r athesting hepymeshighenthen dhat datermined gring ceEingaat abort 208 geandahi | e
the conparison filamsali %pe(érgt-qg Serb LPhhoutRsegenpl ary filmexhibits a
| ocal maximumin stress at about If%rrﬁpﬁgy m'T arly to the conparison film
However, in the exdhs exemplarfilm pf Eigueead (rlssddiifers framy thescagoparison film of
tenperature is o A S Shihdl. N wﬁ | | :
Furt her nore, bo%&'{;hg l\rp"{(;ﬁ"eal;r'o gcﬁ'ﬁﬁgsgg%snéé?dr“gss;a g% t Z‘Hu'ge?gl"% g%aglgfo%f in
stress shows bytetiperaturgsafrosoabdut| 400dte ebeuthBORI0ag That ik cthe caneendarurfdmr ange

That 1o, the oBiE so Pt e T hebaR30er B Brebbutd onariBlateb, |
t.Ei srtenper gteluime?l\':lige‘ithﬁ;mn??risgﬂﬁlrsialv:ays:cekl?iibilmgmsirmngﬁcbound byd?Ey par:i gul ar
invention my be eRirHebiay VB FEHRE ¢ dpoel Mo REH IF SeARE 3 and peplC

phases, hexagorhiiatydtd ther cogpapuasison Bilnt.i Hgwawere il thegxemplar &irh ctheemedsured i S

i ncreased er ther e .from about r t o, 20 er t he hexaqgonal
phase tr ang'x)or tid elsﬁtag%ﬁéem@?ﬁa N’Fa'l"[’%h{g&‘@r %@1 g’ﬁo%’tes% hﬁl'f °WP@"F€'I" ﬁ@"'ar e
conpri sed substRmthetinoye, o tied ety ob Ehdnge in etressgamtiothetb e eeduotiomin Biress _
poi nt, whet her produged, by conventi.pongl .nethads .or L hods _according to the
invention, [er rﬁ?"’f"m ﬁf WI%"H’@H?{%*'@? ﬁi‘ﬁ"?ﬂ f'?/ﬁgﬁ 'B&BE&'%@PE@H@gg“?% aﬁ?]\ée
films is obser vadut m@ma@a?mh@edimﬁahﬁmgma&hbwhm thf).&nsrhbliaqnﬂ!m.Zﬁhat is,

t enperature range i s reached, at | oi.nt stress begin i ncrease as

t he phase t rans‘ﬂ? eERmpED; "ﬂ'é".ShPWSFW sﬂ%ﬂﬁ&&&"ﬁ@%?ﬂ%ﬁs ﬁ'bé'ﬁ)ﬁe'feﬁ'aﬂﬁatb‘fe t he

i nvention, ishe rghgmsses at the begi nning of the annealing process are nuch
| ower than the strsf’ges in filns é)roduﬁ%?/ accordinﬁ to prior art processes.

The stresses remai rfvaleatiishing 19,59 boyad by gny pafieu webelieye ¥t §ie ar t

filnms during prshbtiondtt filfid pRducdt akddiding 38 HROMUentRNd madNba explEhedCsd Of
even negative (conpressive) values in this reginme, although negative val ues

wi || not necessfaliows, Wiy flae abasmixtyresafcdivg Rhases Pexagans nd & nay Pdringe
invention. It igmiagliddg\RAhkRahpérafiré ROHEhY dvbr Bhd AR TRANALEY 0010

produced in accordance with nmethods of the invention nmay be acconplished as

fol lows. TR 357007%: sbedwxagenshphesdlienrmaing he &itmaenphphare. Ry mbept
while SiHA pur ofso-Chher MR cormbrithd'sRBthAt My ddmiphitbiy L3 thé WA dal ARAE

present on the sur ace of the
From this point, whether produced by conventional methods or methods according

to the invention, WSi, films will behave similarly on cooling.
Stress in the films is observed to decrease on heating until the transitional
25 temperature range is reached, at which point stress begins to increase as the
phase transition hegins. in films produced according to methods of the invention, )
the stresses at the beginning of the annealing process are much lower than the
stresses in films produced according to prior art processes. The stresses remain.
significantly lower than the stresses in the prior art fitms during pre-transition
" 30 heating, as shown, and can assume 2ero of even negative (compressiv_ei values
in this regime, although negative values will not necessarily be realized in every
film produced according to the invention.
it is believed that the reduction in stress shown by films prodl.med n
accordance with methads of the invention may be éccomplished as follows. The
35 processed semicondt;otor wafers remaln in the chamber while SiH, purges the

chamber. SiH, reacts with residual tungsten atoms present on the surface of the
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13. .wafers, and with residual W6, thus forni ng a silicon-rich [err] |ayer
- having a thickness of approximately 1-2 [err] on top of the layer forned
during the DCS deposition process (hence the alternate reference to the -
Si H4 purge step as a "cap" step). The reagd.ion adds silicon to the filnms at -
the grain boundaries of the 5 filnms and fills pores in the filns, thus
rel easi ng streamférs, A withl m:duéltW'F,s thus fdrening @l diliseadichNAg] tiger SidvthgPalr ge

may actually result in.,a sligh se in sheet resjstance., Exanple 2
Sheet resi stan@'élkﬁﬁé r‘?@ggﬂmxu"‘i"ﬁ'l"sﬁ %‘d’ﬁ\ﬁ?@t% %‘hﬁalla@!?r 05?‘58&!,%@8 thg DCS
according to taqammremcmalheammmmmnamereturams&emtaowagrph@sﬂe dexanpl e

1, above. The yal ye o SI st ance neasured at 49 diftferent
sites over they"'saﬂr F%?@L LE#IE" W’f@t'%? ss““"&ﬂ(f"tth%@g% arain levadriesof tor d

devi ati on of thﬁnmﬁﬂeﬁor\éahmﬂﬁa ﬂﬁfs?ﬂﬁiﬂ 1@eldaging Gtredd i feIAA! dt %errﬁiTel' on is
resi stance. A hi

denoted herein t he ' t he sheet I gh

"uni formty" B‘% ed et a}?dg'k‘g}l’éé%ﬂtﬁy actyally resyls in & slight dcreasedn sheet

resi st ance fro&mﬁr@exo site over the surface of the wafer. Figures 6A and
6B show the short-termdrift in sheet resistance, neasured in [err] (0),
and unlformtyi’fﬁ!ﬂ?'fii n % over 25 wafers for the conventional process and

the inventive procsinder Rl m&ymaﬂlﬁsa e sl ﬁnic%ﬂ&@ctﬂﬁ Whdrd! ep‘?gtfdcsgédthe

conventional process varied from31 t 9 [err decreas t 20
[err] (abckR 6aopsydingse the conveptipg! @ed ﬂi“@ﬂé@s prqmseﬁrﬂ;asprlb@lsmsﬁw dari ed

f 44. 4 t

Convent i onal poone The Lalubiui HelnBHReddEREL Fhe RebAled bFlsd Sirfirbit e dE

process, the viesrfase afdbe Wﬁtﬁ?fﬁaﬁtﬂﬁhala\@m@l@ w/stamrd dlewjation efithe t he

| nvent i ve_ pr ocg il ks v Bl Rl it SGANES BerBRI is BRI NUPMRTLE ¢ g ggift
qrng TORGT

in sheet 25 resistance. ;a%gres OW COr I espon erm
drifts in sheetunifegnidyaptthe eUﬁP'ﬁWWt P kgl "usitmityT ualsleftbus iridicates a

convent i ona ns@s%ﬁm%%ftsh@et'f %Qﬁée"ﬁmﬂré?&%sme &gpgﬁt 05319 mg}ﬁé“r’ 5.

resi stance was neasured for rst wafer 1 n eac
After 25 wafers wdigures %@@d@;& shomethgshghtedrs ot irusbﬁefl:a(amstmbe.nmeasum

et oant! HTRLAAETD) R GRRERRT o B of. \eP 26 wabrd R h8 cghpbmidlfh

conventi onal process, sheet resistance vari'ed froom
decrease of abwfogess a[\élﬂllq inyeriiive proress) respegtivelye SMmasnstaacplasmmureuHer sheet

(about 355 . P Goterorid prockls atieddfdeh a1 2 ERBLERS forsai0Stso  abolf
i ncrease fatom &ﬂm;nuam%lbmﬁ 5%). For trtehevemwerm'omsm(sﬁaa rebiggan¢a vaddéd on
was from ab Omfr&r% &2 & 16 %’4 ():Mtilh quna?et r ln e:?mé?'irngen?al error. W%rnﬂormlty for the

conventional process varied from about 1.7% to 2.49%; for the inventive process,

the variation was from about 1‘ 83% to 1.76%. As is apparent, the inventive
process affords significantly reduced short-term downward drift in shest
25 resistancs. '

Figures 6C and 6D show carresponding long-term drifts in sheet resistance
and unifbrmity over 500 wafers for the conventional process and the inventive
process, respectively. Sheet resistance was measured for the first wafer in each

~ batoh of 26 wafers, After 26 wafers were processes, the vacuum deposition
30 chamber was cleaned, and th_e_ process was repeated for the next 26 wafers.

For the conventional procass, sheet resistance varled from 31 to 27
O/square, for a decrease of about 4 ()/square (about 13%). For the inventive
process, the sheet resistance varied from 44.5 to 43 D/square, for a decr'aase of
about 1.5 Ofsquare {(about 3%). Uniformitv for the conventional process was

35 observed to increase from about 2% fto 3.'5%; for the inventive process, the
variation was from about 1% to 1.8%, with no trend upward or downward



14. -observed. The inventive process thus affords significantly reduced

| ong-t'erm downward drift in sheet resistance as conpared to the '
conventional process, as well as inmproved uniformity. Furthernore, after
500 wafers the conventional process requi féd an upward 5 adj ust nent of
the pressure during deposition, to about 1.2 torr, jn order,to produce
deposi ted fil W%S&F’Hg The ipyentive pracest tf}”@s%fs"t"g?]é@"‘fﬁﬁnté\%ﬁwlﬁﬁ prg-term

adj ust ment was do@ﬂ‘l%dr&dlr:lfﬂntd?@e! ﬂ&w@’fﬁnbé’ 8s BEMEADE 1o Ahd BENIGRLEMA prddERB] 40N
-has been illustrated primaril reference to a DCS deposition process,
the invention i%elhet "“I"R"ﬁ?‘%‘%ﬁ“' ‘ﬂ"’l“tys applicability to DCS 10 processes or

processes whi ch demshbmidé, ralfte.esoa wiifd}s tHedoRvenithabbradesaGBguitddOaH O
purge steps can be used with ot her deposi tion processes, gartl cularly those .

‘whi ch deposPt adiwsfaeat af fbenkiessyredutng SeRamian. dpeabodt dn2 ffafre in grder to
inclyde, for exaplh& défdsitbd Fims @ms%&e&m& %nam@eku&heé Wi Stich Lpward

accordance with the present invention - results in a significant
reduction in smswstmamwan@wreﬂm H!ﬁ/\!ﬁ\fﬁ\tﬂe@queﬁsl n sheet resistance, and
enabl es producti on A@Ehu érﬁam%&mnu&&s?@ﬁﬁmpwm%%}hh d 8D bes,
addition.results in esse sem conduct or wa havi ng si | cant

reduced fil m stC#B@Qsltlorl Pm&ﬁnﬁlecinaﬁm fssnot] "'ﬁlteﬂ ineite ;pplica rtb)c’@sﬁcﬁg a

substrate i oYk ST the
st eps of (| ep05| ti nS’La mat %g}&@&gﬁ%@h ace &E%I d sﬁﬁg‘t a@ e&ln
(ii) purging smdpubaatsps cgh beased wdith a}hgebpnanah wroagsseso pasigbhrigahoss t | ng

Step by 11O g, Sk b L0 S e TGl By oLHBrHIE! 'O Wt Mehudt96e' 1

said substrate 1S as mcon Whereln
in step (i) [erexpmpte, JéfadlaSid TiGrIiaets. surface of said substrate. :

The net hod of cl ai
noble gas. 5. A m?ﬁ%o&@%?é g?rﬁag E%‘?ct}t]g'pggg t%'gt%i lé‘?rd ér?ghﬁ ﬁgﬁggese o?d'"gleé/%
processi nglappaeadtsdn etkgrificmtpedustsen irhshost- apd layfg-terth dodewesrd tdrifigin[shieed o n
gl iﬁlr L?ggl Iognza}a %}glgc ?]tgla énagbgazsl p'}g%u%ﬁmn )o(} r%r% u}\%onn %Pal?g%.' ‘ﬂwn gre\éve:r?f invention

in addition resuits in proéassed semiconductor wafers having significantly reduoced

film stress.
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(ii) * purging said chanber of residual [err] and di cm,g,r_gsﬁ_ane—b y flowng
.SiH4 into said chanber. 6. The nethod of claim5 wherein said substrate is
a sem conductor wafer. 7. The nethod of claimb5b wher ej m‘““ ﬂﬁi“
carried out for about 10 to 30 20 seconti®. 8. The m

wherein in step (ii) the flowate of said [err] ‘is about* 360 ‘to"SOO sccm
9. The net hod Wihatds alaiméd mherel n the pressure in said chanber during step

: b 5 1.0 0.
Step (115 sat d or et iraedine o Saofef B AR of seintheiabng 0,
. 5 further corrprappanag:sihblcbtuempﬁées(thels)eﬁseo“fow ng said SiH4 fromsaid

chamber. 12. The of .claim erei sal hstrate is renoved from
said 30 chanber mzi‘? 9 %cfsgcwg(q e erua}fgn afH ﬂ%%élo'r'b“ ge' an? wherein prior

to step (i)ssaid sgbst pﬂ’ghglﬂldldhhmbd‘lnfﬂ'eblduﬁl gasai rdmainimpiromasaill dapaditiiganber

is conditioned roduci.ng.lerr] thereinto. 14. The nmethod of claim 13
wher ei n sai d C(ﬂ%’i {’Ygﬁ\"ﬂ'@$g H&?ﬁ?'bcfth €% or about 15 seconds to 1 minute.

35 15. The mhod'hefmethadaf&lémvw@rvmarﬂmsaudsaubdtrmndmtsenmmu&toepvatfhe
fl ow ate of saldSH4|saou 100 to 500 sc

nmet of claim
14 wherein t he 3or ed88MeH ‘ﬂ'“c‘lh‘é( 8?" 'HL?F?%E] W‘aﬁ'dséﬁﬂfﬁ'ﬁefidﬁ ﬁ%‘jj?fr&? & s
about 1 to 10 lof shid sl:Bstr%G nmet-hod of claim5 wherein imediately prior to

step (ii) dichloro Iane is flo nto .said processi a us to
at |east paPti &y f&;%m"\@; wWheyEindp glep “ﬁ E#? Wgﬁ“gq”@i)g "93%7
wherein the fI@%ate of sai d dichl orosilane dur| ng sald partial purge step .
is about 130 to ,300 sccm_ 19. The nethod of claim erein said parti al

' purge step is @arrlbeﬂ'em?d?’nﬁsﬁﬁga?oiﬂwryes'@(ﬁ)ﬂw @' 8 VARFUURHRIOGRSEINGD of

cl ai m5 wherei ngalaq,sc\bﬁm%ﬂmeﬁhac&,;mfport i on and sai d bottom portion
is purged with argon at |east during step (ii). 21. A nethod of processing
a substrate in a cHanbderasiting Yielu@h praetssi oy saipsihetiste weinehacehpiieses

the steps 9& (ighni i g(wﬁg REhRRbShaRy ARG e.%%u%*gs as@i d charber, 15
(ii) flowmng Si o said chanber for abo SSecondstolmnute
(ul purging sald chamber of residial WFg and dichlorosilane by flowmg

SiH, into said chamber.
8. The method of claim 6 wherein said substrate is a semiconductor wafer.
" 7.  The method of elaim 5 wherein stap (ii} is carried out for about 10 to 30
20 seconds.
8. The method of claim 5 wherein in-step {ii) the flowrate of said SiH, is about
300 to 500 scom. '
9. The method of claim 5 wherem the prassure in sald chamber durinl step (i}
is about 0.5 to 1.0 torr.
25 10. The method of claim 5 wherein in step (i) said SiH, is combined with a noble
gas. '
11. The method of claim § further cbmprising the étep of (iii) removing said SiH,
from sald chamber.
12. The method of claim 11 wherein said substrate is removed from said
30  chamber after step (ili}. | '
" 13. The method of glaim 7 wherein prior to step {i) said substrate is introduced
into said chamber and said chamber is conditioned by introducing SiH, thereinto.
14. The methad of claim 13 whereln said conditioning is carried out for about
15 seconds to 1 minute. | | '
35 15. The method of claim 14 wherein in said con&itioning step the flowrate of
said 8iH, is about 100 to 500 éccm.
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(i1 |) deposi ting [err] on a surface of said substrate, (iv
partially purging said vacuum processi.ng appar at us M‘“mmwﬂi\m
di.chl orosil ane into said apparatus, and (v) purging

residual WF6 and di chl orosil ane by fl ow ngs20 [err]i fto"sai d chamber
after ceasing the flow of dichlorosilane into said apparatus. 22. The

net hod of cl ai m&l Theaheihodsdidthimuls vhaisn ife memeard ibossitlichanberalueing s8Rl  The
met hod of claim2l wherein said ?l,fbst r(ﬁe is renoved from said chamber

after step (v).%%2 tioRing 558 FoAPost 1PAMPH1 wherein said chamber has a

bott om portion ‘lamd TheirletBbd of lelirh @whereln iemediatgly pgied tostish (d*)rgjdﬂoajsrlarmast
during step (iii). 25 A rreqt]hod of processing sem COF€E uct or ers ' ‘
chanber of a vaB{ieNIesiBtLSad YacUHm, gfocepRing, APRATATER 19, At Eggt gartia glbrgegﬁcf-)

depositing & fidppaeitud.err] on a surface of a sem conductor wafer using a

m xture conprising [err]. dichloro ne.and a nobl e as, nd 30 . (1)

purgi ng sai d chéhb edf‘e"hegr"al‘}éﬂ'm\ﬂ% gﬂ"&"\:ﬁ“@rﬂ"&‘f’ﬁ?ﬁ @@ﬁ?“ﬁﬁ?’?ﬁf“{@’-"r]

into said char‘rt;@fd F{dr?é gtebqg)gg‘gmng;cs{uem édem.- (i), whereby the sheet
does_not decrease by nore than 3% over

resi stance of sai 0516”
twenty-five conkbc F\f@th‘é‘ibgf Flairy 12 whereip ssid Rﬁ"‘)"“'i’”(ﬁﬁ”ft?p ineprried gut for i 1o
of processing sgHyean8websidswalers in a chanber ‘of a vacuum processr ng

apparatus which conprises the steps of i ntroduci ng
seni conductl®r vé&ter hPH‘EQ‘S“%‘hPH“'Ethrﬁ@P"”"( ?ﬁ"} chqn@%r hgs pdetem H?‘G"—”Eé!"d sald

chanber, (i11) geRRAsbbiis. |£Eﬁfded%t@aﬂéﬁfa@%sf)éur§@ﬁe&ﬁm Conductor waf er .

using a mxture corrprrsrqyg err orosi| ane and a noble g 5
P

(iv) at |east pitifmefh priggessingda ¢alsitg m@e@ebqrgvf@pwarmeroswmam ng
di chl orosi | ane dplafagté_@m'@'p‘;@ﬁﬁ{su§théy%ﬁpw ging said chanber of residual

[err] and dichlorosilane fl'owm n I nto said chanber after ceasing
the flow of dichl orhsi fndrr WHIQ@%’F‘EP%’HMQSE"( ghambatpyi ng said-

sem conduct 19 Waf eriff T Ol IR AED 8kid cﬁ%?érofor apqut Kﬂ’édcbn&@f@@tdumtét eps

(1) - (vi), reby the sheét resistance of said [err] filmdoes not
decrease by rmre t Héh dYepeaiting Wwﬂﬁuﬂféﬁc@frﬁﬁ&%ﬂhﬂ'&eﬁepetrtrons of steps

é 'r Lc'esg :"né as;ar Qt L(fgﬁ C\%?rc a&:c%ynr%%;ﬁlﬁ:&}d}ﬁ]@auﬁmhﬁﬁérScés&nﬂ dpparRGE b{?fﬂoﬂdé{g'lcuum ..
_ dichlorosilane into said apparatus, and :
(vl purging said chamber of residual WFy and dichlerosilane by flowing’
20 SiH,into saici charhber after ceasing the flow of dichlorosilane into said apparatus.
22. The method of claim 21 wherein said substrate is a semiconductor wafer.
23, The method of claim 21 wherein said substrate is removed from said
chamber after step (v). | .
24, The method of ¢laim 21 wherein said chamber has a bottom portion and said
25  bottom portich is purged ‘with argon at least during step {ili).
25. A method of processihg gemiconductor wafers in a chamber of a vacuum
processing apparatug which comprises the steps of
() depositing a fllm of WS, on a surface of a semiconductor wafer using
a mixture comprising WEg, dichlorosilane and a noble gas, and
30 m purging said chamber of residual WF; and dichlorosilane by flowing
SiH, into said c:harnber', and
fiii) repeating steps {i) - {ii), . |
~ whereby the sheet resistanice of sald WS, film does not decrease by more
than 3% over twenty-five consecutive repetitions of steps {i) - (ill).
35 26. A method of processing semiconductor wafers in a chamber of a vacuum

rocessi aratus which comprises the steps of :
processing appara . mprises the steps o .This.Sheet Has Been Rerlaced i

(AT




15 .(i')' I nt-r oduci ng_'sai'd substrate into saim
conditioning said chanber- by flowing [err] into sai m““m“\jl 1)
depositing a material on a surface of said substrat\ ﬁ a

claim 27 wherein said substrate is a sem cbAduct or '-29“ Tﬁe net hod of

claim 27 wherein said SiH4 is flowed into said chanber . for about 15
seconds to 1 m nut e} 30intBkecing wlsethicxmduttar el intecsaid nhambm ep (iii) said

material is [err]. %&f a;rhw"geéﬁfg"‘g%m@tc?g%ép wherein said [err] is

deposited on said st dsing a m xture conprising
[err], dichlorosil aliy adepasitrgoWEigas.a SitfacA desald:eerdwondmctwamferpamssed

by .t he nmet hod of _.c processed by the
nmet hod of cl ai m"@ Lﬁico'ﬂpgséﬂq% 6'86‘8%'5% %rogélseg%% by the nethod of
claim21. 355 A seniliepnduiesst partialiyepurping seigdsaduimm provessipg lapparafusdivailowing.
36. A sem conduct ok e'r. rocessed t he nmethod of claim26. 37. A

- wihelorpisfe Ba R PRt i

sem conduct or thod of claim?27. 30 38. A
sem conduct or waf er (ﬂormnngmgn@ua chembgr ¢fi legidual WIF, ahd tdichiarbsilane buyaﬂcbwmgvm th

t t to F A duct
(emmer 2t aco ol o i bl b kg P B SRR R g
said filmexhibits knipt e saldheérﬂioanﬁdutms\ivam$roa$sﬁi&bhambﬁedndlur| ng

heating thereof is | qwer than the E@S determ ned during cooling thereof
35 over tHE tenpeidYufBertf,Eeps h out 0 to about [err]. 18 40. A

sem conduct or waf er vty theRBedt resiklahed of Baill WS fikh dbéensit detpdasiBySHER
during anneali n% of .said filmag determ ped dugjn ng&%hereo w? a positive
t

val ue over the {BFhEFRLYRrIWRRRGRVE FYISPSHYS repetity gremsdi vilg negati ve

val ue over the tzarrpw%ﬂm S1a86esking ™ AlRtHatediNC Sifandths bF al bl Jﬁades%mg :
positive val ue for g‘gerature reater than about [err] and exhibits a

| ocal maxi mum atapa!féﬂis ‘{VB' compiise s830f Yonduct or wafer of claim 38

wherei n sai gdgstress gyar in%%dﬁénﬁgkai'a%i:s@atb(?nﬁbﬁmcr?arﬂbdrerr] over the
tenperature range from about 5 to about [err] A vacuum

processi ng appar at usilc opprditdening g4l chamberntlewing; $il. inte g8id chembae 549 t i ng
a mterial on a surigiceq@foshinWbiidaPolusBes orbiidsioiesl chanber, and

(111) means for 2p o q_hg %nestgclzéj 019 nglrrrnbg; v\\;\ln'l;rem[sgrrdrs]ubstrate is a semiconductor wafer.

29. The method of claim 27 wherein said SiH, is flowed into said chamber for

20 about 15 seconds to 1 minute. |
30, The method of claim 27 wherein in step (iii) said material is WSi,. _
31. The method of claim 30 wherein said WEI, is deposited on said surface of
said substrate using a mixture comprising WF,, dichlorosilane and a noble gas.
32. A semiconductor wafer processed by the method of claim 2.

25 33. A semiconduotor wafer processed by the method of claim 6.
34. A semiconductor wafer processed by the method of claim 21.
36. A semiconductor wafer pfocessed by the methad of claim 25,
36. A semiconductor wafer processed by the method of claim 26.

_ 37. A semiconductor wafer processed by the method of claim 27.

20 38. A semiconductor wafer comprising a W8I, film in which the stress varies
with temperature according to Figure 3 herein,
39. A semiconductor wafer comprising a WSi, film in which the stress mgasured
&uring annealing of said film exhibits hysteresgis, wherein the stress as determined
during heating thereof is lawer than the stress detarmined during cooling thereof

35  over the temperature range from about O to abour 600°C.
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15 .43. The vacuum procesS| ng apparatus of claim42 wherein
(ii) conprise a source of at |east one reactive gasm“ m ﬂﬁ
i ntroduci ng said reactive gas into said chanber. essi ng

apparatus of claim42 wherein said neans (i’?) conpri se sources of [err].DCS
and a nobl e gas and neans for conbi ning said, 20 ses prio

i ntroduction t h@Peof* §iEPREUFtgr whtsHSeMPrisg a Wﬁéﬂﬂ@gﬂdﬁ? ﬂ?%e%tﬁsﬁé"%?ﬁﬁrgﬂat us
of claim 42 whewgling $RhéekliAE A Sald film asawmmdamay thgreof ha hiposifide WVaRAS

for introducing said SiH4 I nto said chanber

rocessin

appar at us conpr i¥efie tePergty R ippgs, from P?b"”t Oto at’?‘f")‘"&a Jﬁgﬁt"ﬁﬁ V’A’t'égf"é%fst
one reactive gagpe éém:baratmmgé YForh abmdwo fi0alsi GODB@,Cérid/@ pOsifive Wilge & d
chanber, (|v% a source of- [err], and % ans for %Egms(ald chanber
with said [ePr ]tampermrem&ﬂsmbﬁe@égsﬂ @gpwf a’f'ue' B ARSI Ak AP
said source (ii)gogeB,* conprises sources of [err] DCS and a nobl e gas 48.

The vacuum processi gg apparatus of claim47 wherein said nmeans (iii)
conpri se means 1’46r~ prisemicppdustar yvajerse clgim 3% whgreir said gtress vatieg frmaboytyt o

sai d chanber. tfoﬂb%u%’f&%%é?&ﬁs&}d?%@ﬁ%@?&% ravigeCiréinBuddt 506 k4 8bout
conpri si ng nmeans 3000k, I ntroduci ng a substrate into said chanber.
10 42, A vacuum processing apparatus comprising
() achamber,
() means for depositing a material on a surface of a substrate disposed
within said chamber, and |
(i} means for purging said chamber with SiH,.
15 43. The vacuum processing apparatus of claim 42 wherein said means (ii)
comprise a source of at least one reactive gas and means for introducing said
reactive gas into sald .c'hamber. _ |
44, The vacuum processing apparatus of claim 42 wherein said means (i}
comprise sources of WF,, DCS and & noble gas and means for combining said
20 gases prior to intreduction thereof into said chamber.
4%. The vacuum processing apparatus of claim 42 wherein said means (i)
comprise a source of SiH, and means for introducing said SiH, into said chamber.
48. A vacuum processing apparatus camprising
{ii achamber,
25 (il a source of at least one reactive gas,
{ii) means for introducing said reactive gas into sald chamber,
(iv) a source of SiH,, and
(v} means for purging said chamber with said SiH,.
47. “I;he vacuum pmcessing. apparatus of claim 46 wheretn said source {(if)
30 comprises sources of WF,, DCS and a noble gas.
' 48. The vacuum processing apparatus of claim 47 wherein said means (i)
comprise means for combining said gases prior to introduction thereof into said
~ ghamber. .
49. The vacuum processing apparatus of claim 47 further comprising means for
-35 introducing a substrate into sald chamber.
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