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B2H6 5 BACKGROUND OF THE | NVENTI ON ]lllmmmmﬁmlmmmp\:wesent i nvention

rel ates ta'd&%lgﬁb” cation of integrated GjgGuits. Mre pargcrwusmnbys the
i nvention provides a techni que, inctudinga nethod—and apparatus, for
formng inproved tungsten (W filnms having decreased resistivity.

10Deposi ti on of tungsten over a semi conductor substrate is a compn 'step in

the formation of sone integrated circuit (10QC structurmmmm w",m‘mﬁl e],c
of a
| .

tungsten is commonly used to provide electrical contac M
sem conductor substrate. These electrical contacts are usuglly provided

t hrough openings in an insulation |ayer, such as a siticon—oxtdetayer,

formed over the 15substrate. One nethod used to form Lﬁh contacts includes
the chemical vapor deposi UQWMSFlvlﬁXgWeU&IN@iﬁi the opening after
an initial layer of titaniumnitride has been deposited in the opening. As
anot her Sexanpl e, tungsten is sonetinmes used to formnetal |ines over a

sem conductor substrate. | S‘T‘E@ﬁ n enpl oyed to
deposit tungsten filns Zogﬁéwﬁgﬁgﬁ%rﬁaﬁ n us??@ﬁuses t ungst en
hexafluoride (W6) aneyg gayééhpﬁheemimmtém e pibriclich of iegrated pireuitst sor
gases. This technique includes two main steps: nucleation and bul k

deposi ti on. Mdte patiiutatyi, aiie siventior prasidas a téohniqugeinchbrdingmipethod adi ch act s
as a growth site for subsequent film Iné%dtiti %2 to ¥\F6 ancﬂ H2.. i}he
process gas appasaius.nfor Aermpng IBREves unesisn SV s Raxing-tqTRaSthisS BHEY si 1 ane
(SiH4), .and 25may al sgyingl. ' i (ﬁ%b,ﬁpw SaRfeai tion
step tH8n is used to %ép%&ltugg%tf@#&é@g?&?ﬂ\%mﬁ}ﬁgd‘%ﬁ N dépotsi ti (C)n gas is a
m xture CO”E@P% Rk WEBatibi of ine BREErAed circuit (IC) structufes. akraxarmpld, n
integrated cifcuit technology lead to a scaling down of, deé'éce di nensi ons
and an i ncr eamgstenris commoslyzesed el Pevf elg¢tigal GORMACHIRPTHEEHBHR of
30depositing tungsten are contlinuously. hei (o] een
per for med usSFREO S‘H‘tﬁ‘i’raﬂ’é’s‘(ﬁﬁH )he%%ie%%ﬁ@rwﬁ%&%i %ggg%aflf??gg%g Iﬂp‘ag%lpv in
place of or p:a0d]f] 61212y Br ts6n BY £§ifiSen BRde fI9Yer Pitirthell lowenthel eat i on
and bul k‘de[())gg'ln? oir{l Asét)glalgguo 1aZ\/Ds WO 98/51838PC'(I:'/£L¥S£58/ 10078 2 tungsten
deposi tiison. s@esEtef Onbintethcbeszd ¢b formy suehtcontantstincludessthe ghemicakvapeposi t ed

f that includes B2H6 exhibit reduced. resistiyi
compar el o epegetRCY ) BE CERERER @ Bl thr OPRRIG FETGng i Thet ALt

nitride has been deposited in the opening. As another example, tungsten is sometimes
used to form metal lines over a semiconductor substrate.
One CVD technique that has been employed to deposit tungsten films
20 in the semiconductor industry uses tungsten hexafluoride (WF) and a hydrogen
reducing agent, e.g., H,, as precursor gases. This technique includes two main steps:
nucleation and bulk deposition. The nucleation step grows a thin layer of tungsten
which acts as a growth site for subsequent film. In addition to WF and H, the
process gas used in the nucleation step of this technique includes silane (SiH,), and
25  may aiso include nitrogen (N,) and argon. A bulk deposition step then is used to
form the tungsten film. The bulk deposition gas is a mixture containing WF,, H,, Ny,
and Ar.
As advances in integrated circuit technology lead to a scaling down of
device dimensions and an increase in chip size and complexity, improved methods of
30  depositing tungsten are continuously being sought. Research has been performed
using diborane (B,H,) and other hydrides of Group IIl or V in place of or in addition

to H, in the process gas for both the nucleation and bulk deposition stages of CVD



Despite this discovery, further inprovenments in the deposition of 5tungsten
films are desirable. SUMWARY OF THE | NVENTI ON The present invention

provi des a nethod and apparatus for form ng an inproved tungsten |ayer.
Accor di ng wo 9s8/bi83sret hod of the present invention, a 10hydriBeT/pgsess0en8 st ep
in which a group H or V hydride such as B2H6 is introduced into a ,
substrate processing chanber for a short 2ime period between the nucl eation
and bul k deposition steps of a tungsten deposition process. The group |11
or V hydri deungstenl depesitiomt Somk @f disntsearch suggestsphatdungsten Bbnsepositad any
tungsten-cont ai ni ng source being f d.into.the chanber. Preferably, the
group |11 o&“\?‘ FPROCESS 8% &'%t léﬁllulgest ﬁ%ﬁe Gxhubi§ 'iCGP%f% rleﬁls%‘”@e?sg?ﬂm@é?%g’nt or

|l ess with an i t I ; i tional source of inert
gas such asqgé ge%f&%ﬁ%&&ﬁ%@%ﬁ?ﬁ%ﬁ%ﬁsgg%g@%ﬁéqglgglﬁuci ng agent such as H2
may be introduced to depite thiedisbevegpsfutthemimbrovergerthén theelepaditisd ef. 1 n one
enbodi nrent of the method of the present invention, a substrate 20is placed
in a depbsi tthegsteadiassre desdighlt r at e processi ng chanber and a process gas

including B2H6 is introduced into the deposition zone during a first
deposition stage wi thout introducing a tungsten-containing source into the

deposition zone Then, during SUMSCARY ORAGHE INVENTI@N after the first
stage, a process gas including a tungsten-containing source, B2H6 and a

reducti on agent is i ntFhedueseat inventiothprozi¢e paréthodband epparatah thr forming abns
wthin the de osiéi on z%ge are mai({nain d so ﬁt)fpa% t he def)ositlon zone is
sui tabl e f orl™HEPESINREGHIGHY Y- tAFQEYRR 19 §'§é¥let{3 phie Hrgep H‘tvgl.mqgr'é‘ferabl Y,
B2HG i 54 | Owﬁriwg&sm@s%mﬁ{chfa rpggt@g?w_ AR s28h 58 BONIR iHbdRGdt he

first deposition Stage. ngsten f posited accordi ﬁg°to t he present

i nventi on hante aubseas ptodessing thamtey for30shoratimeiperipd dtbvaeadhenbdektioant , a
tungst en-contai ning source is introduced into the chanber during_a third
deposi tion s"ﬂé@é“‘p&l’@ﬁmpb steRg of  fuBsKa FERPYINPOCE e, 1] &QUPHHOT ) ocess gas

of the second dapashil,onst SRSl s, Yo V0. S8 BHASARCHILEAR! 10078 3 as

the tungste ai ning source, an ction’age The process

gas of the seaaifngeRAed béify fiovadentaltbOchanibedd PsefBivly , ane ghdipIisrceés. The
addition of N2 to the process gas in this enbodi nent reduces the stress and

i ncreasks t thydridé iseBsthribas infliluted tel 8 prrightagrgent oy less withridtinest ganpsbiatent, N2
is added to a pro Ess Igaa 't'haai i ncl uges a tungsten-caont 81)' ni n%dggur ge B2H6

and a reductd 'a‘é Qe 2B AddiHgnal spYfick Of HIrEs5a5iSHH &1 4$en aRdigr;ag ¥8%i tion

st age where b Sed gﬁ%& i Wit i e IS not

necessary |r¥§ta &ﬁsehgﬁ%%m nl?l ?glgmag?{s)zq{é?g?%yed ?ﬁﬁ%@%rﬂg? egrﬁgr)gg

enbodi ment . dupihpebepmschkodtdper enbodi ments of the present invention, as well
as its advantages and features are described. in nore detail .in COE' unction

with the text bel ow a8 oa¢embrgimant gfihesmethod pFthepsesenbIVERIL: 2 ESTHRAW NGS
L9 (A0 HBRVELI £ PR3 O O eSO BBl
I nvention; jncluding B,H; is introduced into the deposition zone during a first deposition stage
without introducing a tungsten-containing source into the deposition zone Then,
during a second deposition stage after the first stage, a process gas including a
tungsten-containing source, B,H¢ and a reduction agent is introduced into the
25  deposition zone, and conditions within the deposition zone are maintained so that the
deposition zone is suitable for deposition of a tungsten layer on the substrate.
Preferably, B,H; is flowed into the chamber for between 5 and 20 seconds during the
first deposition stage. Tungsten films deposited according to the present invention
have decreased resistivity.
30 In a more preferred embodiment, a tungsten-containing source is
introduced into the chamber during a third deposition stage prior to the first

deposition stage. Also, the process gas of the second deposition stage includes WF



Fig. 1B is a vertical, cross-sectional view of one enbodi mrent of a
resistively heated susceptor used in the chanber of Fig. 1 to secure a
substrate being processed in chanber; 20Fig. 1Cis a sinplified diagram of
syst em nmoQig sWisigdyd CVD system 100 in a nul ti-chanber systenpcmosssnoomy

i ncl ude one or nore chanbers; Fig. 1D shows an illustrative bl ock di agram
of the hierarchical control structure of 3he systemcontrol software,
conput er program 170, according to a specific enbodinent; 25Fig. 2 is a
flowchart i hd upttingdieigcémainiigepardef and pi, @f ehie rduetidinajenenThe brddess gusegfent

i nvention; Fig: 3is a flowhart illustrating the steps of a
nor e pr ef er thecseepmsbdenasitiongtageradsopinelydes Bibhyanek Npspuregse The addition of N, to

Fig. 4 is a_graph conparjng the..sheet resistance of .filns deposited w.th
30and wi t ho Rrﬁéesﬁe%%gf‘? h‘ég BIPQ?‘HE“*B? E ‘ﬁﬁéﬁﬁﬁsi%ﬂ.‘mrﬁﬁes e fee bt

98/ 51838PCT L7 Birnd: DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS | . I ntroduction The present invention allows. for
deposi t 5on of an i npr duadothenembedimient, N,y added wdupiacgssagak yhiat iintdudes aan

el ement of group H or )V, such B2H6, i.nto the 5deposition chanber as a
pr et r eat menfUngEiEp-9BtaIRS ts?.lgcg,ﬁiiﬁ@gg@sqepwwn&gep},&&%Ew&pepgyg?l} Fil ns
deposited b e : . eiRee BLIRY i S [ use in
the fabrica ‘F%% &%ﬁ?&elegpﬁaglt@g%g%?cw téBﬁIgﬁlﬁrr}gh?&e%({éES’gﬁgugg?ﬁ@f&g. 35 microns

or less. Al géntainkify SuRsERnok AveBiarpin didedbodigrelt, thut degaployed ingsioen il s
in CVD chanmbers of conventional design. 10 Exenplary CVD Reactor Chanber
Fi gs. 1A angref@red pmbodimeat.one enbodi ment of a parallel plate, cold-wall

chem ¢ vapor deposition system 10. havin acuum chanber 12 | Lch the
ayer a8corting o & ndtireaihoBR GRRoRcRE &t AEPHITh IPPRsh AEvef et B 1o
contains a 15aas Mk ahd kdiaire® Bre ®REAdin MorkQletAl SRVnfindHo MpABShe texd gases
to a wafer 16 that rests on a resistively-heated susceptor 18.

Chanber 12 trelpwhandpattached figurescuum processi ng system having nultiple
processi ng chanbers connected to a central transfer chanber and serviced by
a robot. Substrate 16 is brought into chanber 12 by a robot bl ade through a

slit valve 20in a sidewal bRﬁFﬁ%dng?g?ééloéﬁg}%gwywceptor 18 is

noveabl e vertically by nmeans o s brought into
t he chasber when suscdfiforA 18a ivertical, ardssssettiquas viewoot diiz emptpdimenst dffae sl it
valve. At position 13, substrate 16 is supported jnitially by a set of pins
22 that passimplifisdghemical ypporcisppsition appasaiye aprosding do tm presenp inyicationii ven by

i ngl t nbly,. 25As. the. tor. i, b t t i
Dost t on 35 oppos o dik (Revs vBTERotraanisnd! PEVad Yo hRgBheR Bt 8ot e
line, pins 2ZisivBly hedtdd sudsepRdtted 1B R hambes bf Bige 116 sbcuré aRapitA¢ibaing o t he

susceptor. Once positioned on susceptor 18, substrate 16 is affixed to the
suscept or bpracessedunchathberpi ng system (shown in Fig. 1B as grooves 50).

30As it dt ) cessi . iti 32, bstr at 6 t act
our ge @81 de- 54, " whi ch 1880l @ie R HINERD QR HRE BOYER G CV By Bhr ge
gases 23 ar goh LYoo hhHBl: YA WA a3 indBHOTe bl hofdl8failersubstrate 16

to prevent

Fig. 1D shows an illustrative block diagram of the hierarchical control
structure of the system control software, computer program 170, according to a
specific embodiment;

25 Fig. 2 is a flowchart illustrating the steps of a preferred embodiment of

the present invention;

Fig. 3 is a flowchart illustrating the steps of a more preferred
embodiment of the present invention; and

Fig. 4 is a graph comparing the sheet resistance of films deposited with

30  and without the benefits of the present invention.



WO 98/ 51838PCT/ US98/ 10078 5 deposition gases from contacting the edge and
backsi de of the substrate. Purge gases 25 are also fl owed around

heat er/ susceptor 18 to mnimze deposition on an around the

heat er / suswepBsIs38 These purge gases are supplied froma pur geTisye 1607 g.
1A, 24) and are also enployed to protect stainless steel bellows 26 from
damage by corrosive gases introduced into4the chanmber during processing.
Deposition and carrier gases are supplied to a deposition zone of the
chanmber through daETAIRED DBSCRIMEON QRITHE PREFERRE EMBODIMENTS r ol  of
val ves 17. ri ngltnﬁr 8cessi ng, gas supplied to manifold 14 is distributed
uni formy across QdutHace of the substrate as shown by arrows 27. Spent

processi ng gases and diednti I z r. er by
means of exhaust systte}rrr?%é&géfxﬁe ratngﬁé'pgw ifsc:rh&gég}e@hg)?éjl r@%%@gﬁ%%ugh
exhaust systfim Bpirtriducing achfiiridetoflanrtemént @B gk IE6r VY sicH 4V BjH,| sy dleve

(not shown). During deposition, a second Eurge gas through gas channel's in
t he suscept ofeppsiten shamber agadreceatmenhse beforethe hilk depasitvnanfahe bingstar edge

of wafer 16 .as previously. descr.i bed, An_RF power .supply 48 cap be 15coupl ed
to manifol d 3%% ﬁﬁ?%@?%’é“?‘ﬁﬁy B}%‘Fﬁ&?‘éﬁﬁgwc 85"(9\95"’(65%@%/553 i’:’l“@ﬁlﬁi IRGUSE 10 he
chanber . the fabricationl Bfintdprited tRcYI® M inPRanssBREY oF 8138 88icidns dFER! 20,
resi stive heater coupled to susceptor 18, RF power supply 48 and ot her
aspects of QMBosthspeesetlinvemionoanrbel sed tdyeposprongssesofilmlindéD chambewl of
lines 44 (only sone o& whi ch are 20shown). Processor 42 operates under the
control of aF%‘ES‘FPﬁ’@P@lr t9gr am stored in a conputer-readabl e medi um such as
a nmenorygp46. The conputer programdictates the tenperature, chanber
pressure, timng, mxture of gases, RF power |evels, susceptor position,
and ot her pdl.anetExemnpiryaCyYDrRéactdraThapiteeess. In a preferred enbodi nent,
the systemcontroller includes a hard di sk 25drive (nmenory 46 a floppy disk
drive and a processor Higs. ItnanglBdHusieate enmembediment phig pacaliokplatec oolgut er

(SBC), analq d digital input/output rds, interface boards an t epper
not or contro lg&e%gﬁdgpor\gﬁgﬁgnﬁgﬁ?@ Iglfoﬁa(‘f\lftg AR %ﬁf”%ﬁ]ﬁ rlmw%d&{%
Versa Modul gsyerutainamy tb Y presém iddnfiodehi Be deposied. RoaAD nd
connect or di n}llensi ons gnd typres. ThenV%E sta%daéd al so deﬁyﬁgg{&g&gﬁgsg
struct ut® asgasdistibutipnandnifold 44 dert disparsing ddpesitien pases awlalmeader Kuthat rests on

System control | .er ei)!2< con‘i’rol s all_of the activities of the CVD nmachi ne. The
syst em cont rAdEPISHVElYBEAeL SUSCERIPE M cont rol software, which is a conputer

program W98/51838P Mﬁﬁﬁé i &gpé(;a - medi um
such as a nenory 46. C-Frglée er ag?%%n%er%%ggg%g%ﬁﬁgr |§bsﬁ?ggﬁhgut menory
46 may al so nndtipletpeocdssing shahbere eorinecteln® aCepmpdl &hnsférodhiatiber Bed sedeiRed by s Of
instructions that dictate the timng, mxture of gases, chanber pressure,

chanber t enpBdPhotraubsirate s broughe o chamberptoby pagbaetidade theonghat Hhig valve

par ametg{ s . i 0 wQher «conput er, .progr stored, on ot her
rerory by dhe Y3l s hPEBIRE SR snavaE SRERRI i aR e RIR B R R

appr opri at € niiany 6f a WR}0rPI(E OSWSSHUEETE {sCoraRghtahR ke hifbérWhéPsusceptor 18 is

The interface between a user and controlleéer 42 is via a CRT nonitor 60a and

| i ght pen 606iba figstquasition 13i qpposi® thieistih valye a Atti pysitiohi g sdbsiguteaté of suppertad/st em
10nonitor and QYD system 10 [n a substrate processing system which may
i ncl ude one HHalhLPY aéﬁ%ﬁqu@%.w that pass rAERre RBRIEdriohsusespionhi PB¥s” 60a

are used, oggtaﬁée)gf\}gﬁjb#grshgﬁee&bﬁ)qr}sge wal | for the operators and the

ot her behin Service chni ci ans. The nonitors 60a

si nul t gggeously di spl ayAd the seg@@ptor if BfoWRhd O prddéss st 32 GposRERabOb i's
enabled. A light sensor in the tip of [ight IE)en Ggglp,lOSdet ects light emtted

by CRT di spldisjriburtpnsaanifald 44 pashown byithe dottssdnling, pinsi22 siok into lsesceper d8or

t ouches a desi g@)asied %ead&of .tHe di a_gl ay screen and pushes the buttgn on
the pen 60_b.anq‘_ TBtrc et dPRYUICC AR BIS SPLPHITGHPRGRASH QRS OP SU¥EPLT déw nenu
or screen i guplsR AY Rt Qol thebiQeFRPBY Y GRELATIARSNE SYstbSshdvilin Bgn and

t he di splay screen.
1B as grooves 50).

30 As it moves upward toward processing position 32, substrate 16
contacts purge guide 54, which centers the substrate on the susceptor. Edge purge

gases 23 are flowed through purge guide 54 across the edge of substrate 16 to prevent



O her devices, such as a keyboard, nouse, or other pointing or

conmmuni cati on 20devi ce, may be used instead of or in addition to |ight pen
60b to allow the user to comunicate with controller 42. The
process fGQyodgrssting the filmcan be inplenented using a GapussnoEE0Qgr am
product that is executed by controller 42. The conputer program code can be
witten in any conventional conmputer readfbl e programm ng | anguage: 25for
exanpl e, 68000 assenbly | anguage, C, C+ +, Pascal, Fortran or others.

Sui tabl e pr Qﬁp@dﬁi&@?@sek $SroffNEsHtaAingthe edgeSantigbRkbide ®f ti substratep| Rurfé bases
using a conventional text editor, and stored or_ enbodied in a conputer

usabl e nmedi 2Harealtsh flosved arewnst heassrésuseaptar 1ehie wurimizecdepositionpa anrarewns code

text is in a hjgh | evel |anguage, the code is coppiled, and.the.resuljant
Compi | or  Coabe hebtertCapisti cLow Bhre Easts e Baliel Bt BpEEdins s T e
library routy i 8o pRRtedtistiRIEss HETel16)s 2BifRsth daRfdBe b Rofysivem
user invoketgh?%ze%l?S@R@gde?bcaﬁsisng tgﬁse conput e? systemtog?ogdot he 7
code i n Srentpayes idireddet ittbehe cleantseralwling>procdssingt he code to performthe
tasks identified in the program Fig. 1Dis an illustrative bl ock diagram

of the hierarchical cdAtrositiogandcarer gases & supRlighiocbdtnositioagongat the
conputer pr Og{ér?igéJ&OL?g; £ $in8918 9o ﬂlaﬁﬁgﬁc{i lnﬁrﬁg}ggr}ﬁg'rtgﬂg conttol 38 vﬁlggseir‘).g ht

pen int_erfaé: user ers a process set nur ocess cha
number i nt o myr, S&ssid! %ﬁRstTQIppﬁ_b@ E®HiahiTeld/Bt isdistFibRERa WifoPmEAL#SssQhe
screens displayed on the nonitor. The process sets are predeterm ned

sets of procedsceelf thastlstrataaschovary awowary Spent piocessingegasps ssklses, and
are ideptified, b redefined s nunbers. . Th roces el ector subraoutine
75° 101 dht | pretd efvef fer HansES ioRt BeaLAmhER B At of PR TR SHaL e d tet of
process par 49{%&?@&#@@@9&%&9&%&@%@5@&@§§exﬁmﬁf afl BXhRS i i§1 ng the
desired process. e process paraneters for performng a specific process

rel ate to preoagsiedcionditironlesvaivec(noashowmyr Bueng depospia essecombpurgegasi ti on
and flow rates, tenperature, pressure, plasm conditigns_such as RF power

|l evel s and tthroughgas ehagaels dy thersuseentiercmet shove audifred Hag 3P feads puEge gasd

hanb It T, i im_th
chaner vl e BUPBE LSR8 S MATFLE RoRERc®! oY (PR B Bet e
interfape. Thepled %ﬁiaﬁjff)ﬁrlmgirbwdie%r plagmR'eaRAfed WEDAPPOWIBLCcIBanikd6f

anal og and digital input boards of the systemcontroller, and the signals
for control Ithenchanther20pr ocess are out put on the anal og and di gital out put

boards of CVD system 1Q. L0Cess sequencer .su utine,45 conprises
program code for acce q‘ﬁb&{lﬁé‘a Vﬁeﬁ?siqsf“ipgg' W&Ste]gg n&‘l’f&’frﬁé’r”&ﬁﬁ%h‘f&ff
process par th §8 PRRGR%r SEHAREG U8 and WARQ UshElRs SBC VAN Syt 10
control li ng%op lrggt%? g‘?fg@ tﬁe va&’i%oug gérggessanchanberg sI\/ul tipl gysusers can
enter processe saitrolledivgraproesspr 42 eser conrod dine?$h (odip seme @f whicksare can
enter multiple process set nunbers and process chanber nunbers, so_ the

sequencdt s$bewn) i Reocessop A operatesiundst Hegronirol pba samputes Prograpsired 19 p t he

desired sequence, Pre ably. the u b | [

pr ogram codé&® ugé-gg%cfaﬁ{etrﬁgéﬁggl.e%gh%? %(I%lﬁ&r n‘? 'o?ﬁﬁ%bﬁg%g gr i gﬁagt?s Fﬁe
process chanigpesratuPe, AdafibB} PRséure | (i) 3RAITE 08 BseBERFpowRdeveld, ishsceptor
determ ni ng what processes are being 30carried out 1 n the chanbers being
used, and (ipositiopxamliothegparamettesof @ gagsiculae prodeased on avail ability of a

process chanber and t ha por]::fe?rre%(:e?r?bsod%%ertljt? tt?easryrs{e%jchyt%dller includes a hard disk

25  drive (memory 46 a floppy disk drive and a processor 42. The processor contains a
single-board computer (SBC), analog and digital input/output boards, interface boards
and stepper motor controller boards. Various parts of CVD system 10 conform to the
Versa Modular European (VME) standard which defines board, card cage, and
connector dimensions and types. The VME standard also defines the bus structure as

30  having a 16-bit data bus and a 24-bit address bus.

System controller 42 controls all of the activities of the CVD machine.

The system controller executes system control software, which is a computer program



Conventi onal methods of nonitoring the process chanbers can be used, such
as WD 98/51838PCT/ US98/ 10078 8 pol ling. Wien scheduling which process is
to be executed, sequencer subroutine 75 takes into consideration the
present comOi9BistIsof the process chanber being used in conpacirases/wotd. t he -
desired process conditions for a selected process, or the "age" of each
particul ar user entered request, or any ofher relevant factor a system
5programer desires to include for determ ning scheduling priorities.

Once t he segtasad & a soippuigr-readabls mediemsugeas amentprp Moc drsfecitdymemaryi46

process set .combinatian i oi ng to, be execyted next, the sequepcer
- subroutine 7%aihﬁf‘{1ﬁ%5if§§lv8§%'gd’i‘?‘g o‘*éjlpﬂ% Pg’fé)é rgg,lgds BefaQtYn glhehe
parti cul ar aREin : &IHE{O 4 a-c,
whi ch contr%lbg@rﬁrﬁtpi?g%re prglggésﬁe?lsgéﬂggt S ?’S‘pghigpr oggges C §r‘rg&edr(ﬁ§ezg
accordi ng t @asdsechamimrgsessete, dhamber temgetayurt hNRFpowee loels, SusReptot powitioth. For

exanpl e, the chanber manager subroutine 77a conprises program code for
cont r ol Pi ng 2B QtReE PAFANEFE ofomapicar Y oegser Ltherromputaripsograssstared panber

chanber compaibA RSy e SRR cofcPrilecgBbRR) BnFLF Sl ioiroer

conponent s hipprepaaeairive, tayailso/boOudeditb @pertecdntdler #2ess set. Exanpl es of
chanber conponent subroutines are substrate positioning subroutine 80,

process gas control subiedoterfaee B@wepn aisenr andccomtnotler 42 brdaniGCRT @®nitbeat er
control subrquti 7 a | asma. cantr r.outine.90 |.n sone enbodi nents.
A person Ea9§%é£ﬁgﬁmﬁ%§ﬁﬁﬁ?w?wg% @WE%‘?%P@@}% ATAm Rt the f)ﬁéf’ltm ot her
chanberjoconidplitof ¥R EVMD BR%eri a0 iR% wﬂﬁ%gﬁ%lcg%?%@sf@n,%@h‘Mh?ﬁmﬂﬁﬁ& es

are to be perfornmed in the process cha operation, the chanber

manager subppuoioreehatidbers.e le diel prefeyredansbdiraentavoaadditoré b@a preases oneonmponent
subroutines in accordance with the particul ar process set being executed.

p .
The chanber MPYR%YSP ReBEFUIGATR Wallfor theapsrasersiand the eihes hehingrihsrieall for the
subrouti nes ' f he [ | es_whi.ch process
chanber 12 gﬁgﬁgr%%ﬁégcéﬁs}ét arggﬁ 3@%%@%&? (gugryggi)%ﬁ ﬂﬁ%%fa&ﬁ P&Wﬁgn’
chamber nmandgesnly ohe dighi pen G0baisiensblede A HERREnT ifaY P bf AghtipeR 668 | OUS
chanber components, determ ning which conponents need to be operated based
on t he 1fr ocdetscty dighnemisied W&Rglﬁéspé?)bcig seleetta pastipdaesarean erdfunetiod, theusi ng
execution of a_chanber ¢ onent subrauti.ne responsive to the nonitoring
and det er mi ﬂ?%@t%?%'ﬁ:z‘?s %8%%?33?4 Yraof ﬂ&a#"?ﬁ%lsg e andhpRshe fiep on the
subrout i nesp¥ kbp.N j it W [ T rate
posi tioni ngpsubr ou??yﬁle?&gg&ﬁgf%?iﬁg%%&#rg(% a%m?g%lélgp%glﬁ%ﬂ]} ngscg aﬁ%er
conponent s @isplayed, confiendingomuachitition twednsthe dight pat adsthe displayrsci8nand,

optionally, to lift the subsﬁ(rate to a desired hejght in the chanber 12 to
control t heQUFEEENIgeHSUGR 8h2 kR¥Paard,Inpusee OF Ather RRINGAS OF FRMAIUBIFA nani f ol d

14. W a I i i t.he. S e or 18 is
| ower egat o] ?%‘?ielt’ve ﬁ%ﬁ%euggﬁgﬁ {)aff%rgiﬁlc? Ia? ﬁ%&ggﬁ %gtr Sé}%@) @u%@gp@gig%ggi S

rai sed to tésmmdekhteadithedgbdller @2t he chanber, to maintain the substrate at
a first distance or spacing fromthe gas distribution manifold during the
CVD process. |n oper atliheprocepefos deposiang:theddim ¢aprhenignpderbensed using 80 control s

novenent of susceptor 18 in response to ocess set aneters related to
t he suppor t “HTERYjH PROFEAM RrQduct i‘ﬁ& ’fse‘?xF%‘HC‘ﬂ’}S ﬁP’E‘tﬁ‘élfeé ﬁgmf: CRRRYGEPI&IH R out i ne

77a. 10The QIREHDeIAE &GP IS codV | Q6 ?arﬁx(ﬂﬁ% .
controlling pr ocesse,c gas conp sclotii %&%&h&w@%%ﬁ%@@%@ proc slégé)uaage'control
subr oud ne B3 ezampleob80@thassepbly lah@urge pOs Ct+ ©1) Pacal, eorgrah et wheht Suifable
val ves, and al so ranps up/down the nass flow controllers to obtain the

desi red gasPTOBFAR fadels enfpsed inse asingle fleg on mudtiple dfidesousinga @Bventionahekted by
t he chanber a uhrout i,ne. 7,7.a, 15as _are all chanber .conponent
subr out i nes?d@g’dg?({e%éfev es QP}bc())%“athQ TP Wﬁlﬁd’éﬁ%‘ﬂp?%ﬁs RdHPYYess
par anet er s gyglei 6fitreQohipfited F fakridted boditekPls i a hg%tple%i' lla%(%/ua%aethmce&@ss
e gas p

gas control “subroutine 83 operates by opening t sup I'nes and
repeat edl y isicpmpéed, agl thheesuitamscoapilerasde fslthew akdrwith ef sbjett dode @dnpar i ng
t he reg&i ngs to the desired flow rates received fromthe chanber nmanager

subr ouf? ne PrPE0mRiR Windowsshlibrarss rquiiges. hd orexesyte thedinksd, eamepilgdpbiasbpl y
lines as negRasAl XyStJ:rH WSSRIRS thé Eiect code, causing the computer system to load the




process gas control subroutine 83 includes steps for nonitoring the gas
flowrates for unsafe rates and for activating the safety shut-off val ves
when an unsafe condition is detected. In sonme processes, an inert gas such
as heliumwowrsgess is fl owed i nto 25t he chanber 12 to stabi IrcRUSY8A0078
pressure in the chanber before reactive process gases are introduced. For
t hese processes, the process gas control dubroutine 83 is programmed to

i nclude steps for flowing the inert gas into the chanber 12 for an anount
of tine necesxslrrip memasyabitiei GRUtthen reads sud exdcntes itke cddertbgperfoamdhe kesks t he
steps descriped.above woul d be carried out. 30The pressure control
subrouti ne 8KeR IndBE PHZS#Pam code for controlling the pressure in the
chanber 12 by regul ati tie: SinZ Jole T : ve in
t he exhaust system of ?%é lcli?ﬁlas%erl.l%fevgglze or-t e‘f’%%‘gﬁ‘#éﬁg‘rcgi&lﬁ%“%\o

98/ 51838PCT/ 4R8ire @F i shtenhe@mitiol oftwhieg compaRt pragramig, akcdrimgabanber
pressure _to the desired level inrelation to the total process gas flow,
si ze of Phe jpepdiesabodiment, Usingitheight en terfenene Useoeiensa ProFessiset exhaust

system Wen r I [ i s l.nvoked, .t desired, or
Thrget. proomlierndaRoseSs ERRN mybiter MV aREadRs becel RO shanager
subroutine 7régponk8eo RieQBSH SoréedB idigplayed Pnaké ORT RonfBEr The prdcessRasatee the
pressure in the chanber 12 by reading one or nore conventi onal pressure

manonet er s cpradetetraied ects hEprocassiparametorscmepssary tohmrryeas specified pecegses,o t he
target pressure, to ohtain Pl oportional, integral, and differential)
val ues from 3dargs tlg‘F&’NFi‘éPeﬁggﬁq égdﬁlln?‘tl?%oﬁe? Hbocgﬁs %q’lf??t‘irasr“gé(t““ﬁlzg sure,
and to agj us; thr OhiH t t he: I bt ai ned
fromt hggpr elgglrgi}gﬁ St(gbtﬁ&e%ﬁﬁepgrﬁgﬁsggg R{x/ﬁ@rﬁg (g)r t?e}{s?:s‘:{t}rglerE)(!: (E)23 r%%lo?g?jgsa routi ne 85
can be writ tgaraheterspeeded tocdprsate thecprobess tchhmbyrafor et formingathé idesitedrprog®pi Ng

size to regulate the chanber 12 to the desired pressure. . The
heat er cont r B¢ RIQESSS Parecters feup§Iforaung g spefifiePEQsgEs Feldate Eppracess| oagditione

current to [ Lyt .S . he substrate 20. The
15heat er coflsturQ ggg’s@gre g%ht’ 1ﬁeB@e4ssga§§§§)p§§é9§§§gd El)()wt %gesc FAPRSER UL RETFEPTS:
subroutine 7plasnEbrdeicis\¢8ch @ REdMer 1&VelsSad thO 16V fréqRERST RE WeuaRyamet er .
The heater control subroutine 87 neasures the tenperaturé by neasufing

vol t ageldut pmooling gas pressure,candpihamber wal derperpeue s (fakselgarametepsaare pgo tited
nmeasured tenperature to the set-point fenperature, .and increasj or

decr easi ng rd;‘%}ﬁer B S ri—f"fimt atrﬁg‘pﬁe%ﬂ #H§ eBFﬁr?&JE@lq‘Bg gk’r‘t‘éﬁ‘ﬁ pFP)(.ﬂg'ét - poi nt

t enper at ur e. pdhertiplEparat ure i s obtained fromthe neasured vol tage by

| ooki ng up the corresponding tenperature in a stored conversion table, or
by cal cul ating the tenpir signalefaranowgitaaifgode phocesgiare providad by athe anAlwpnamin
enbedded | oop is used to heat susceptor 18 the heater control subroutine 87

gradual | y coHgita|ispu boasds ofi sheawyiptenbeontrallesnandathp signalstfor comtreling the

Additiogal |y ilt-in fail-saf . n i nel d ct process
safety %@mlqrgﬁe@g?}e@é\u @aor?aﬂgﬁﬁﬁ g‘agxﬂﬁ@gg%ég??‘gﬁpﬁ?“?i@ﬁ@ %ﬂséerﬁhlﬁt if the
process chamber 12 is RrodesoRYubilce 8libréRtine 75 comgrises proPran® B&deSfpodi nent s,
chanber 12 is outfitted with an RF power supply 48 that I's used for chanber
cl eani ng or asté¢ptingahe identified prodheschambhraikset off pastesyparhmetess froocthes i s
enpl oyed, plasma cantrol .subrouysjne 90 conprises 30pro m code for setting
the frequendifORess ﬁéagpr Pubyftne Ly and dog feprt%élﬂt& SREFHIOLPBE VAHES PROEHe

chanber 12. JiLpLar o) Y, Il

O e AR, P O ESS AP roc cramper
subrout2ie Sinberd, vrakeer ban édier BORIPRErodBRAGEAURbELS QHE ipheteds’éhamber

The above CVD system description is mainly for illustrative purposes and
shoul d not HAMPSHSisadhesequender subriontine 2 operaiss tofchedulephe selncted prasassesn.

5Vari ati ons .of, t he. above descr.i hed ste such as variations, of platen or
susceptor 1B the desxreg sequence. f’rel%erabls}),/ the sne]quencer stbrovtine ‘% includes a prr)ogram

code to perform the steps of (i) fnonitoring the operation of the process chambers to
determine if the chambers are being used, (ii) determining what processes are being

30  carried out in the chambers being used, and (iii) executing the desired process based
on availability of a process chamber and type of process to be carried out.

Conventional methods of monitoring the process chambers can be used, such as



design, heater design, |ocation of RF power connections and others are
possi bl e. The nethod for depositing a tungsten |ayer according to the
present invention is not limted to any specific processing apparatus.

101 I | . Depeseod b8/51@38TUNgst en Fil ns The nmethod of thwErpssaens -
invention may be enployed to deposit inproved tungsten filnms in a substrate
processi ng chanber, such as the exenpl ary8 CVD chanber descri bed above. Fig.
2 illustrates a preferred process of the invention that is used to deposit
a tungsten |pojléig. OWenacheziuling mdicht process lisstortst execiibé, seqoemes sdtroutine 75

exenpl ary purposes and is not intended to limt the scope of the clains of
the present QKRR RsideREipR theprescah ppnditionspithe precess phasnber jbgingrised in

descri ption . ' t the,
exerl ary cripRHsf SiigEe aeshel Brtest CrBRRIRRY £3ABTBRREN, §r B, 'ad8: of
control | ed uatRPariciRIBYErentd?éPEHqaBIt SSOAMbthér lehanEfiBloy a4§stein CVD system
10. 20As shown In Fig. 2, the present invention includes a B2H6 presoak

step 210 i n pregrasumeraiesines todn¢lude for slotepmtningschadwlingprienitissi t i on step 220.
I n nucl eation step 200, a process gas, of W5, SiH4, and Ar is flowed into
chanbor 12 1or 60 seccBeE B el SHMOHtRS, oy dFlsrmings e pipeess chagbery

growt h site Jahsils s 8lbidatiBA 3¢ £oing td BB exeldfitel ok, tRd &ulhceYE@brodiii¥7snd

Ar during the nucleation step are 5,~ 2 25and 2800 sccm Tespectively.
Chanber t enjinitiates egedusion eff theopré2&sE setdyl passing tireparficwdas proeesssses paratnetess O
torr. After conpletion of nucleation step 200, the flows of W6
and Si H4 gaded chamber Bapagsr suhfgutines Hlack, veHcl Fomnplaouiinle pracsssing tapksingon i s

flowed jpnto I j t r . (step
210y 1 old 10 sk SEEE 13508 ae) RERRIRILUARMARE L B Fhuede Bt 5 R 0
sccm (equi vahBffutin® 75. Fof BxiBapie) thetdRamber mhrhhpdt Seitodtinel FROcomipsiiend t he
additional argon flowis introduced at 1860 sccm Chanber tenperature is

kept at 425@rogram gndedeueentiodlingrspusteriagiandCE® prcess grienationg in thegprocess

98/ 51838PCT/ US98/ 10078, 12, duri ng bul k deposi t,.,on step 220, W6 is added to
the process ﬁ@ggt Pg &PB\‘KPQ@?C@ gy %‘gﬁcﬁ\%&ﬁgbﬁ%’c@ ° SREFHH Y ‘BreUhel d
for 32 seconggmber component subrouliifs BRPYSRI BpEaf0N BPRR! dnimet EGHESIRAL | | M
approximately 2000 Athick. The filmhas a resistivity of 10.25 ohns/cm a
fl uori nE comeesssarytto @arrgfoul the selebted Poasoses/ Ex@mpled of chamber compoaanlr at i on

of 7 x 1019 atons/cn®. .. .The inventors have found that tungsten
films deposiSHRYPUHBEHE SHESIEAE Positioning, Sbseitis POn RTRCess Easr9Btrohsubroutiie; o t han

films deposig,e i J o] t LRI r d
resi st vty o produled bt SERRE RS, Al BRroPQibrlylite O SpblachifRagasey
substrate behbroatihé 00 kéme embsdiiears. SA pprseh heviag foddinkg gkall iPtheirt Wik

10l arger grain size and reduces the inpurity levels within the deposited

tungsten fi Ireadilyrecopnip: thaketberkchombpr eonseol subrppdess daphedneudeddapspdingy as

COTPST S |2 8 AR RS0 S FERE O T Mo RE BBy ' B SR B ¢ v
chanber bet ‘&ﬁﬁﬂbéﬂ‘nﬁaﬁﬁg‘& S@rb@eanad s@lélcﬁvﬂﬁ ,@&ﬁ:ﬁﬁie@ Br Sh1RPide ﬁ'ﬁ&ﬁ:@@é’o mént
nunber of factors such as the rate 15at ich B2H6 is introduced, the rate

at whi ch ot sebrogtisesini accorddncegwitiFthegpadticubar pridceas seti beingoekecewd. tThe vol une
and design of the chanber it is introduced into, the concentratjon of B2H6

i ntroduced, chABDE BarAECE SYrowing THechethlasdhe BIRICISROMRORERY BOIRUINGS MuRl
chamber a”‘)’i%e‘%ﬁé‘?{@gnc%gx@%%hgé{e 74 %c?l\é\ﬁﬂgs %Ilé?ll &8&&%@5@%@; %‘% a}%‘ﬁ(}?/e%g' ?ﬁel S

sufficient. Ven position co ons;

20B2H6 17 es @@k tsbedxdcatl hekOr TRALWES theldndbes RRAANLES suboutif¥eTa fltRides!
pressures and/or | ower chanber tenperatures, |onger B2H6 presoak steps may
be pr ef err edteps of monitoring thenvaziops ehamber dcompboefitsyetetergiiming whick-cqmp@ientsr i ous

setup, purge and other steps are perfornmed in addition to the nucleation,
) Bhsediap®

presoak and D66 [0 PrpREIRE] BERCESS BASAMGHCTSHOF LAERIOFESSEHOPE 2 As
shown in Fi t P, i f i

200, 1" set e s tfhife ERcrich bFa e CBERAR OERBUIHESBAIR B B0
425C (about morfiReRetni defedmi stdps.and SiHA are flowed into the chanber
(2000 sccm and 30 sccm respectively) for 30 seconds and chanber pressure
is set 3 30 torr. Ardoperatianof partitidar ¢hambeneatpansnpgdpowtinemwilinow bethe

wafer is chuckedq to vacyum chu 1 seconds). .Finally, pressure is
e duced to Seghen gl el ia L Athe SHOSS Posiboniae sproRtrC R

comprises program code for controlling chamber components that are used to load the




A purge step 305 is enployed between steps nucleation step 200 and B2H6
presoak step 210. In purge step 305, the SiH4 and WF6 gas flows are stopped
WD 98/ 51838PCT/ US98/ 10078 13 and Ar and H2 are flowed into the chanber to
purge the wolopesmsis3sof resi dual WF6 and Si H4 gases. The purge mampsdsasers f or
5 seconds and flows Ar at a rate of 2800 sccmand H2 at a rate of 1500
sccm A separate pressurization step 310 9 al so included where Ar and H2
flows are maintained (the Ar is actually decreased to 2000 sccm 5while the
H2 fl ow r at esubstritepint@sustEfior $8 and, apitioaallyt, te liftuthg substmpe wraldesired ehs i e of
chanber 12 is brought u&to %? torr for the B2H6 and subsequgﬁg&_ b'ﬁl K

deposi tion sHeghe trol the pacing bstween Shesubsiate and dhe gacdIfSNBUAR osoak
step 210 is ; d. 210, 0r S en
336 secondshanita WHeRH SAbRROPYS Db imE e pE Lo Blakie? S plsBEpt O 1R
presoak st epjodkpedatdcrebeil & tHteyubstritt OahdSthereaell tits SusCepipy B8 Braited @ tied pur ge
step 315 is used to purge residual W6 deposition gases from chanber 12. In
this pure sdasjred hrighp\msthgehambess to maigtpisthe sghstrateds girstbdistanereorrgpacingy i s

i ncreased to, 2800 scc d.the H2 w.is . .ing.eased 10,2000 sccmfor 5
seconds. Nexrom; e§f%g}S§§b“‘8“ @14118 ﬁ%%‘éﬁl@lo?egs'i 1 PBHG@%IB € seconds,
while the 15:8afsk dositidRRBUakRMAtnE I80RBERER Indvebn SE4I4BRIOAIP i EsSOHEE BN
50). In step 325, the throttle valve is fully opened while the chanber is

purged for 3poeessndsparametereEld8Dio thelsupport héighisthatr are stangfprrdd iton thet he
chanber is evacuat ed. . Fig. 4 is a graph conparing the sheet
resi stance ofhambshEIABALST SUREOUYBEJYRt ed according to the above descri bed
process qith and witho i i 0. In Fig.
4, cl osé(\cjllvI circles reprg}sleehg&gk% S(L:%ggg} ﬁjb\f\ﬁggﬁ%?h%rsﬁ o(\g/v(ﬁ\%af§1125 sccm
during bul k emp@siidg procedsgias 28Ripvditibe andP Aowahles! Thepeotess gy conf®l descri bed
process having a W6 flow of 65 sccmduring step 220. As evident in Fig. 4,
t he i ncl usi ombodutBerES gnrobsatiae opety/cse ppsition: efithesafethehut-offewdl wasaprdalse t he
deposited filnms in,both.cases.,For the 65 sccm W6, 25pLocess, a. mApaimum
sheet resi st'@HP8 %cgo%xb{tgir%sa AT R leéﬁﬂ6°cbg?18\§qgeaﬂesﬁg}§af ﬁgf’ver&telo %econds.
The 25 sccm MfeRrsas @sfrePsibRiutiag 83 'y}'fwo' Ry BRSthafbel aRile? sibrRftihd1#7452H6
presoak ste Iaeétegg 15 secondsu.1 Rege{r | ess of t he exact I%gr\legtsh of step 210,
i nt rodut$ ng 432416 allichhmber ¢dmpditie6it sidpostides candgaseivessinodmeable chmmberd epaagered

tungsten filmhaving significantly reduced sheet regi stance,_as. conpared to
a process vm'%‘&‘%’b‘l&t"leﬂgoéng?Hé"&#‘éé6%4&‘386%61‘3(‘??5% E?SB@HG r?‘F%W)T}’P*?éﬁY 'etgi bel ow

i nclud th | I i i.-cal in Fig.
a"and o so PIOFAR LaS CpRShnl Giling B3UHRrAE BFGRAER b 0 (ARG | D, T O
the W6 gas fepestedipgi)geiding tittnesesary mi¥ 284 20RB6ARES,/ (ip8ahp4dnSthe tdadySLE 1

Sheet Resistance vs. B2H6 Fl ow VWF6 Fl ow (sccnm) Sheet Resistance (nmohm sq.)
B2H6 El ow to the desired flow rates received from the chamber manager subroutine 77a, and (ii1)

20  adjusting the flow rates of the gas supply lines as necessary. Furthermore, the
process gas control subroutine 83 includes steps for monitoring the gas flow rates for
unsafe rates and for activating the safety shut-off valves when an unsafe condition is
detected.

In some processes, an inert gas such as helium or argon is flowed into

25 the chamber 12 to stabilize the pressure in the chamber before reactive process gases
are introduced. For these processes, the process gas control subroutine 83 is
programmed to include steps for flowing the inert gas into the chamber 12 for an
amount of time necessary to stabilize the pressure in the chamber, and then the steps
described above would be carried out.

30 The pressure contro! subroutine 85 comprises program code for
controlling the pressure in the chamber 12 by regulating the size of the opening of the

throttle valve in the exhaust system of the chamber. The size of the opening of the



0 secs. B2H6 Flow 5 secs. B2146 Flow 10 secs. B2116 Fl ow 15 secs. B2H6 Fl ow
20 secs. 25 694.5 577.5 487.1 508.0 --- 65 609.6 523.5 540.9 534.7 --- 95
652.0 566.7 564.4 --- 562.7 It is inportant to accurately control the
anount of wAZbkisisse r oduced during bul k deposition step 220. Bxpesdsmeotss have
shown that resistance and resistivity initially decrease wth the additi on
of B2H6 to the bul k deposition process 10

throttle valve is set to control the chamber pressuré to the desired level in relation to
the total process gas flow, size of the process chamber, and pumping setpoint
pressure for the exhaust system. When the pressure control subroutine 85 is invoked,
the desired, or target, pressure level is received as a parameter from the chamber
5  manager subroutine 77a. The pressure control subroutine 85 operates to measure the

pressure in the chamber 12 by reading one or more conventional pressure manometers
connected to the chamber, to compare the measure value(s) to the target pressure, to
obtain PID (proportional, integral, and differential) values from a stored pressure
table corresponding to the target pressure, and to adjust the throttle valve according to

10 the PID values obtained from the pressure table. Alternatively, the pressure control
subroutine 85 can be written to open or close the throttle valve to a particular opening
size to regulate the chamber 12 to the desired pressure.

The heater control subroutine 87 comprises program code for
controlling the current to a heating unit that is used to heat the substrate 20. The

15  heater control subroutine 87 is also invoked by the chamber manager subroutine 77a
and receives a target, or set-point, temperature parameter. The heater control
subroutine 87 measures the temperature by measuring voltage output of a
thermocouple located in pedestal 12, comparing the measured temperature to the
set-point temperature, and increasing or decreasing current applied to the heating unit

20  to obtain the set-point temperature. The temperature is obtained from the measured
voltage by looking up the corresponding temperature in a stored conversion table, or
by calculating the temperature using a fourth-order polynomial. When an embedded
loop is used to heat susceptor 18 the heater control subroutine 87 gradually controls a
ramp up/down of current applied to the loop. Additionally, a built-in fail-safe mode

25  can be included to detect process safety compliance, and can shut down operation of
the heating unit if the process chamber 12 is not properly set up.

In some embodiments, chamber 12 is outfitted with an RF power
supply 48 that is used for chamber cleaning or other operations. When a chamber
cleaning plasma process is employed, plasma control subroutine 90 comprises

30  program code for setting the frequency RF power levels applied to the process

electrodes in the chamber 12. Similar to the previously described chamber



15gas, but then sharply increase once the anmount of B2H6 introduced reaches
a saturation point. In a process simlar to the one descri bed above except

that WF6 is introduced at 25 sccm resistivity increased markedly at a B2H6
flowrate w5888 8 sccm (160 sccm of a 5% B2H6/ ar gon m xt uP€}/US98/10078

Refl ectivity, which remained relatively constant at diluted B2H6 fl ow rates
of between 0 and 100 sccm al so 20i ncreasdd mar kedly at about 160 sccm

| n anot her experinment, resistivity was neasured for tungsten filns

deposi t ed wi €QMIpeREDHhERhTOUtinash the plasrog Ferral fsubteutipe PG ip invelsed by thechamber hi s

experinment the deposjtian nperature was 475C. The nucl eation step | asted

25 seconds aﬁ’&nﬁ#%h{%‘gﬂe , SiH4, Ar and H2 at rates of 20 sccm 10

sccm 1000 sccm and 10 i . L E
Toeted for 19 Seaonds alsaBEGEONTS SERGG\eVRiption 0 uaitly Hof ARGRIVrORE

700 sccm andard§ioubt ooy ber empidetddvasl mitingahe scdpeof tmpreBitGnyentionak st ep was

enpl oyed, thg rate at I ch B2H6 was introduced and, varied from bet ween
2-12 scch as%éiﬁﬁwpsb%fl WP?}V&I‘éSFrébeﬁ syistemr SHF kR 29 varigtigns of platen; of SUSEEROL s g

concentrat ed , fyl j I ]t ' %
30B2H6 and 9491 ﬁ’eﬁ?ﬁ?’?ﬁé“’éﬂﬁﬁé“"ﬁ Eoiwmgﬁﬁ%g#g@g}%@ﬁ% i%:“gtcggerg%‘%ééﬁg@fléz%e
sccm di | ut edmBida.foAdepositiignd tingsten Takt accdrdinb@e the prebéit iivenyio egdtal | y
decreased upon the introduction of a B2H6 presoak step and fl ow of between

4-12 sccm Aimged e pnySpasticeprogensingoapparatems descri bed above in a 45 second
deposition process, a sheet WD 98/51838PCT/ US98/ 10078 15 resistivity of
10.08 /20-cm was neasured w thout a B2H6 presoak step and fl ow and a sheet
resistiypty gf 8. Bbpddrisg TWASstdERAMsed Wi th with a 8 sccm B2H6 flow in the
presoak and bul k deposition Steps. 5TABLE 2 Resistivity vs. B2H6 Fl ow B2H6
FIl ow Resi stivity , uO- cifhe nih@7of2tht pré&entlinvéntioh May Be @thpBoykd.tbdefdyitl 1. 35

improved tungsten films in a substrate processing chamber, such as the exemplary
CVD chamber described above. Fig. 2 illustrates a preferred process of the invention
that 1s used to deposit a tungsten layer over a semiconductor substrate. The process

15 is for exemplary purposes and is not intended to limit the scope of the claims of the -
present invention. Where applicable, reference numbers in the description below are
used to refer to appropriate components of the exemplary chamber of Figs. 1A-1D.
This process is implemented and controlled using a computer program stored in the
memory 46 of CVD system 10.

20 As shown in Fig. 2, the present invention includes a B,H, presoak step
210 in between a nucleation step 200 and a bulk deposition step 220. In nucleation
step 200, a process gas of WF;, SiH, and Ar is flowed into chamber 12 for 60
seconds to grow a thin tungsten layer that acts as a growth site for subsequent
tungsten film. The flow rates of WF;, SiH, and Ar during the nucleation step are 5, 2

25  and 2800 sccm, respectively. Chamber temperature is set to 425°C while chamber
pressure is set to 3.0 torr.

After completion of nucleation step 200, the flows of WF, and SiH,
gases are stopped, and a solution of 5% B,H; diluted with argon is flowed into the
chamber along with separate argon and H, gas flows (step 210) for 10 seconds. The

30 5% B,H mixture is introduced at a rate of 140 sccm (equivalent to 7 sccm B,H), H,
is introduced at 1500 sccm and the additional argon flow is introduced at 1860 sccm.

Chamber temperature is kept at 425°C, but pressure is increased to 80 torr. Finally,



12 12.12 In still another set of experinents, stress,
reflectivity, uniformty and sheet resistance were neasured for tungsten
films deposited wi thout the inclusion of 20B2H6 presoak step 210 and with
and w t howwotdssi183acl usi on of B2H6 in the bul k deposition stecrAsysndese
experinments, deposition tenperature was 425C. The nucl eation step | asted
for 60 seconds and introduced W6, SiH4 abh¥l Ar at the rates of 5 sccm 2
sccm and 2800 sccm respectively. The bul k deposition step lasted for 32
seconds and duringouiuk ddpasiition $tep 22Q, WIF, at addetide thd pSesqEamat 4 Flo® mecof ?d
2000 25sccm respectively. The resuyl of, .t hese, experinents are |liste

bel ow i n Tabi%€™& %lgopq.p%g#gmzs, ars%q%ffqré\% $eROBsShl e 3 is listed as a
concentrated val ue. As | toEk L LSt iV reased
with the addition of Bxlﬁ—iééh&gt}rperéé&g]ggﬁ(%hg a%?ﬂégr?&ﬁg%? ré%iéfr{%%%/z% iﬁgéo‘r eased
wi th B2H6 flthivk. THe Sk hdS3B BE3GTVIUEDE/10X5/¢hmd$icrhABIfluoBine Cohtentratiomnesl-Sk
Filmse Wth Bm, B2H6 Fl ow (sccm Thi ckness éA) Sheet Resizstance (nohnt sq)

Uniformily (19" stemskar’iapdiabqron sopeeptrationet 7 xdlfheatomstem’o

The inventors have found that tungsten films deposited according to the
above method have a larger grain size than films deposited without a B,H, presoak
step, and thus exhibit decreased resistivity. It is believed that the presence of B,H, at
the surface of the substrate before the bulk deposition step allows for formation of the

10 larger grain size and reduces the impurity levels within the deposited tungsten film.
The B,H, presoak step also provides improved uniformity as compared to a CVD
tungsten B,H, process that does not include such a presoak step.

The length of time that B,H, is flowed into the chamber between the
nucleation and bulk deposition steps depends on a number of factors such as the rate

15  at which B,Hy is introduced, the rate at which other gases including WF, and the H,
are introduced, the volume and design of the chamber it is introduced into, the
concentration of B,H, introduced, the pressure within the chamber and the
temperature of the chamber among others. Generally, flowing B,H, for between 5-30
seconds is sufficient. Given the above deposition conditions, most preferably, the

20  B,H presoak step lasts for between 10-20 seconds. At lower chamber pressures
and/or lower chamber temperatures, longer B,H, presoak steps may be preferred.

In a preferred embodiment shown in Fig. 3 various setup, purge and
other steps are performed in addition to the nucleation, presoak and bulk deposition
steps described with respect to Fig.. 2. As shown in Fig. 3, a setup step 300 is

25  performed before nucleation step 200. In set-up step 300, the wafer is first brought
up to a temperature of 425°C (about 7 seconds) and then Ar and SiH, are flowed into
the chamber (2000 sccm and 30 sccm, respectively) for 30 seconds and chamber
pressure is set to 30 torr. Argon flow is then increased to 2800 sccm while the wafer
is chucked to vacuum chuck 18 (18 seconds). Finally, pressure is reduced to 3 torr

30  just before nucleation step 200 is initiated.

A purge step 305 is employed between steps nucleation step 200 and
B,H presoak step 210. In purge step 305, the SiH, and WF, gas flows are stopped
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and Ar and H, are flowed into the chamber to pur':ge the chamber of residual WF, and
SiH, gases. The purge step lasts for 5 seconds and flows Ar at a rate of 2800 sccm
and H, at a rate of 1500 sccm. A separate pressurization step 310 is also included
where Ar and H, flows are maintained (the Ar is actually decreased to 2000 sccm

5  while the H, flow rate is kept at 1500 sccm) after the purge step and the pressure of
chamber 12 is brought up to 80 torr for the B,H, and subsequent bulk deposition
steps. This step also lasts 5 seconds, and then the B,H, presoak step 210 is
performed. B,H, presoak step 210 preferably lasts for between 5-30 seconds, and
more preferably, between 10-20 seconds.

10 After B,H presoak step 210 and bulk deposition step 220 are
completed a second purge step 315 is used to purge residual WF deposition gases
from chamber 12. In this purge step, the WF, and B,H, gas flows are stopped and
the Ar flow is increased to 2800 sccm and the H, flow is increased to 2000 sccm for 5
seconds. Next, in step 320 a 30 sccm flow of SiH, is introduced 8 seconds, while the

15  wafer is dechucked (disengaged from vacuum clamping system 50). In step 325, the
throttle valve is fully opened while the chamber is purged for 3 seconds. In step 330,
all gas flows are stopped while the chamber is evacuated.

Fig. 4 is a graph comparing the sheet resistance of tungsten films
deposited according to the above described process with and without the inclusion of

20  B,H presoak step 210. In Fig. 4, closed circles represent a process in which the WF,
flow was 25 sccm during bulk deposition step 220 while open circles represent the
described process having a WF; flow of 65 sccm during step 220.

As evident in Fig. 4, the inclusion of B,H, presoak step 210 reduced
the sheet resistance of the deposited films in both cases. For the 65 sccm WF

25  process, a minimum sheet resistance was obtained when the B,H presoak step lasted
10 seconds. The 25 sccm WE, process exhibited a minimum sheet resistance when
the B,H, presoak step lasted 15 seconds. Regardless of the exact length of step 210,
introducing B,H, without the WF deposition gas resulted in a deposited tungsten film
having significantly reduced sheet resistance as compared to a process without the

30  B,H, presoak step (0 sccm B,H, flow). Table 1 below includes the measured sheet
resistance values depicted graphically in Fig. 4 and also includes sheet resistance

values from a similar test in which the WF; gas flow was set at 95 sccm.
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N2 Fl ow - 0 - M) N g
WF, Flow heet Resistance (mohm/sq.)
{sccm)
B,H,; Flow | B,H,;Flow | B,H; Flow | B,H, Flow | B,H, Flow
0 secs. S secs. 10 secs. 15 secs. 20 secs.
25 694.5 577.5 487.1 508.0 -
65 609.6 523.5 540.9 534.7 ---
10 95 652.0 566.7 564.4 - 562.7

It is important to accurately control the amount of B,H, introduced
during bulk deposition step 220. Experiments have shown that resistance and
resistivity initially decrease with the addition of B,H, to the bulk deposition process

15 gas, but then sharply increase once the amount of B,H, introduced reaches a
saturation point. In a process similar to the one described above except that WF is
introduced at 25 sccm, resistivity increased markedly at a B,H flow rate of about 8
sccm (160 sccm of a 5% B,Hg/argon mixture). Reflectivity, which remained
relatively constant at diluted B,H, flow rates of between 0 and 100 sccm, also

20  increased markedly at about 160 sccm.

In another experiment, resistivity was measured for tungsten films
deposited with and without the inclusion of the B,H, presoak step. In this experiment
the deposition temperature was 475°C. The nucleation step lasted 25 seconds and
introduced WF;, SiH,, Ar and H, at rates of 20 sccm, 10 sccm, 1000 sccm and 1000

25 sccm, respectively. The bulk deposition step lasted for 13 seconds and introduced
WF, H, and Ar at rates of 95 sccm, 700 sccm and 1000 sccm, respectively. When a
3 second B,H, presoak step was employed, the rate at which B,H, was introduced and
varied from between 2-12 sccm as shown below in Table 2. In Table 2, B,H; flow is
listed as a concentrated value. Actual flow was introduced as diluted solution 5%

30 BZIIH6 and 95% Ar. Thus, a B,H, flow of 10 sccm indicates a flow of 200 sccm
diluted B,H,. As evident from Table 2, sheet resistivity generally decreased upon the
introduction of a B,H presoak step and flow of between 4-12 sccm. Also, using

these same conditions described above in a 45 second deposition process, a sheet
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bel ow i n Tab Tlﬁﬁyk . Tungsten Filnms Using B2H6 and N2 N,
(sccm B2H6 #%égﬁ@m C E%E%S“f%%t%{?éet Resi stance (nmohnisq) Uniformty %

5 TABLE 2
l Resistivity vs. B,H; Flow
B,H, Flow Resistivity »Q-em
10 0 13.67
2 14.39
4 11.54
6 13.68
8 10.55
15 10 11.35
12 12.12

In still another set of experiments, stress, reflectivity, uniformity and

sheet resistance were measured for tungsten films deposited without the inclusion of

20  B,H, presoak step 210 and with and without the inclusion of B,H in the bulk
deposition step. In these experiments, deposition temperature was 425°C. The
nucleation step lasted for 60 seconds and introduced WF;, SiH, and Ar at the rates of
5 sccm, 2 sccm and 2800 scem, respectively. The bulk deposition step lasted for 32
seconds and introduced WF, H, and Ar at rates of 65 sccm, 1500 sccm and 2000

25  sccm, respectively. The results of these experiments are listed below in Table 3. As
in Table 2, B,H, flow in Table 3 is listed as a concentrated value. As evident from
Table 3, sheet resistivity decreased with the addition of B,H,. Stress, on the other

hand, generally increased with B,H, flow.
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TABLE 3
| CVD of Tungsten Films With B.H, |
B,H, Thickness Sheet Uniformity Reflectivity Stress
Flow A Resistance (%) (% avg*) (dynes/cm?)
5 (scem) (mohm/sq)
0 2157 718 1.71 102.8 1.583el10
2 2353 583 3.82 104.7 1.795¢10
4 2157 493 1.67 90.3 1.63e10
6 2157 460 1.1 91.6 1.985e10
10 7 2157 449 1.18 98 2.221el0
8 2549 462 3.84 110.9 2.595¢10
10 2941 1726 45.5 125.1 2.481el0
. *Reflectance is an average of 9 points across the wafer
15

In a most preferred embodiment, nitrogen (N,) is added to the process
gas during the bulk deposition phase. Introducing nitrogen during step 220 improves
film reflectance, i.e., the deposited film becomes smoother, and also results in the
unexpected benefit of reducing stress without adversely effecting other properties

20  such as resistance or uniformity. When nitrogen is added to the standard process
gases used to deposit a tungsten layer without using B,Hg, the nitrogen has been
shown to increase the stress level of the film. Such an increase is evident from the
data shown in Table 4 below, which compares the stress level of tungsten films
deposited with and without the inclusion of nitrogen in the process gas. No B,H was

25  included in the process gas in this test.
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TABLE4
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Stress vs. N, Flow - No B,H; Added

B,H, Flow N, Flow Stress
5 L (sccm) _ (sccm) (dynes/cm’)
0 0 1.583e10
0 100 1.66e10
0 300 1.76e10
10 In contrast to deposition without B,H,, the inventors have discovered

that when B,H; is included in the progess gas, the addition of nitrogen actually

reduces film stress rather than increases it. This discovery was confirmed by way of

an experiment in which nitrogen was added to both the nucleation and bulk deposition

phases of tungsten film deposition. The B,H, presoak step was not used. In the

15  experiment, a nucleation step of 60 seconds included WF;, SiH, and Ar flows of 5
sccm, 2 sccm and 2800 scem, respectively. The bulk deposition step included WE,

H, and Ar flows of 65 sccm, 1500 sccm and 2800 sccm, respectively. The results of

this experiment are listed below in Table 5.

20 TABLE §
CVD of Tungsten Films Using B,H, and N,
N, B,H, Thickness Sheet Uniformity | Reflectivity
25 (scem) (sccm) A Resistance % (% avg*®)
(mohm/sq)
100 0 1990 906 2.23 110.9 1.66e10
2 2072 656 5.89 109.7 1.84¢l0
4 1939 528 2.04 106.22 1.64e10
6 2041 499 1.16 106.04 1.86e10
30 7 2115 476 1.23 107.6 1.87e10
8 2190 460 1.31 106.97 1.94e10
10 2519 1414 83.07 124.5 2.02el10
300 0 1960 947 4.85 110.4 1.76e10
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| CVD of Tungsten Films Using B,H, and N, ”

N, B,H, Thickness Sheet Uniformity | Reflectivity Stress
25 (sccm) (sccm) (A) Resistance % (% avg*) (dynes/cm?)
(mohm/sq)
2 2223 685 5.79 111.27 1.7e10
6 2066 497 0.93 103.46 1.57e10
7 2121 479 1.18 98.22 1.57el10
8 2170 463 1.32 87.17 1.55e10
5

*Reflectance is an average of 9 points across the wafer

As evident from Table 5, increasing the amount of nitrogen in the

process gas improves reflectivity and decreases stress of the deposited tungsten film

10 without adversely effecting other characteristics such as uniformity or sheet
resistance. Also, the addition of nitrogen has the additional benefit of eliminating
haze that sometimes occurs on the substrate after deposition of a tungsten film using
B,H. This haze has been observed in some instances to replicate the pattern of the
heater on the surface of the wafer. While it is not known that the haze produces

15  detrimental physical properties in the deposited film, the addition of nitrogen to the
process gas has been shown to eliminate the haze.

The process parameters set forth above with respect to the preferred
embodiments are optimized for one particular deposition process run in a resistively
heated MCVD chamber manufactured by Applied Materials that is outfitted for 200

20 mm wafers. In addition to varying processing parameters described above to deposit
tungsten layers according to specific applications, a person of ordinary skill in the art
will recognize that these preferred parameters are in part chamber specific and will
vary if chambers of other design and/or volume are employed.

The parameters listed in the above preferred processes and the above-

25  described experiments should not be limiting to the claims as described herein. One
of ordinary skill in the art can also use parameters and conditions other than those
described with respect to the preferred embodiment. As such, the above description
is illustrative and not restrictive. For example, other sources of nitrogen such as N,O

can be used in the process gas to reduce stress, and other inert gases, such as helium
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25descri bed experinents should not be limting to the clains as descri bed
herein. One of ordinary skill in the art can al so use paraneters and
conditions other than those described with respect to the preferred

enbodi mentwo Agseegh, the above description is illustrative potusesi007s -
restrictive. For exanple, other sources of nitrogen such as N20 can be used
in the process gas to reduce stress, and20ther inert gases, such as helium
WO 98/ 51838PCT/ US98/ 10078 19 can be used in place of argon. Al so, other
process tenHATUSSCBAIMBIEESur e val ues and other gas flow rates can be
enpl oyed. The scope of the invention should, therefore, be determ ned not ~
with reflerence to the laboveé ehesricalptapendenasitionproesss farrdapositing adengstesi ned

with referepgc t n | ai | ith their full 5scope of

equi val ént s,ayglﬁ %‘g? SE?% r esgsﬁ‘%g‘gﬁ‘?’@s"gﬁ‘?g‘é%%%“ é{AI MED I'S: 11. A chem cal
vapor dgposition proceps f placlRPPsitstra ia al depesitien zeacyer on a substrate,
said nethod conprising the steps of: 3(a)placing a substrate in a

deposi t #on zone; 4(b) do)r i nduring arfust depositionistage sintrpducing argraupIhgr ¥ gr oup
11 or V Shﬁgc;ri'cfﬁe' into aai d. deposi ti.gn zpne W t hout introduyci n% )

t ungst en- coRYqs IR sad AEROSIANFORE AYIEROYE AdpFigR yngsien-cANAIRIRE SAYCE IR ¢ ong
deposi t gon ﬁi@@&&ﬁtﬁ&hcﬁﬁi d first stage, 8(i) introducing a process gas
conprising a tungsten-containing 9source, a group H or V hydride and a
reducti ®n agent into $9i d HOrepasetomindeposidon aragde aftér said fivstRtageni ng t he
deposition zone at process conditions 12suitable for depositing a tungsten
| ayer of said substrate. 1&)THEOMGHE TRIOCOHHEIF CHRPHSINE|AJHNPTICEHMAIBEE f or t h
with regpect to 2clai SO b Sk DG ri hird._.deposition
st age, gri or to said gl&grg%’b%%%géilﬁi%ﬁ{iggee?&(#%%e?d(.)ﬁ&{d@?raéengmm Salg

t ungst @p- cont ai ni ng s@epdERioa¥dnd, &ad | con- cont ai ni ng Ssource into said
chanber. 13. The chem cal vapor deposition process set forth in claim?2
2wher eilh a hydrogen reduci (ig) mastaining the deposition@gne atipioness coaditionhanber

during 13 d suitable for depositing a tungsten layer on said substrate.

2. The chemical vapor deposition process set forth with respect to
claim 1 further comprising:
(d) during a third deposition stage, prior to said first deposition

stage, introducing a tungsten-containing source and a silicon-containing

h H W N -

source into said chamber.

1 3. The chemical vapor deposition process set forth in claim 2
2 wherein a hydrogen reducing agent is also introduced into said chamber during said

3 third deposition stage.

1 4, The chemical vapor deposition process set forth in claim 2
2  wherein said tungsten-containing source comprises WF, and said group III or V

hydride comprises B,H, and said silicon containing source comprises SiH,.

1 5. The chemical vapor deposition process set forth in claim 4
2 wherein said reduction agent comprises H, and said silicon-containing source

3 comprises SiH,.



3third deposition stage. 14. The chem cal vapor deposition process set forth
in claim2 2wherein said tungsten-containing source conprises W6 and said
group H or V 3hydride conprises B2H6 and said silicon containing source
conpri ses v biI5183%. The chem cal vapor deposition process sePCTaISP$10G0M8 cl ai m
4 2wherein said reduction agent conprises H2 and said silicon-containing
source 3conprises SiH4. 21 16.The cheniZlal vapor deposition process set
forth in claim2 2wherein said process gas introduced during said second
deposition stage furtéer 3tbephdmsieal vwpor depngiiimqnntesisrsétr@r&durodm'm 27. An

i nt egraf ed c uit fabricated accordin od of 2claim1. 18 A
cheni ca¥ vaP ?reH’eﬁHLPquSW %Fé@é‘édélc?‘g ‘g%ﬁ?éﬁ&ts?cr?@ CPHSHB%‘E sagefurther on a
substra&e 1%?52]?{8 ‘ﬂ%bﬁﬁxﬂ shillfesteps of: 3(a)placing a substrate in
a dep05|t|on ? uring a |rst ‘deposition stage, flow ng a

tungst en-contai ning 5gas into said deposition zone; 6(c)during a second
deposition stage after said first stage, 7(|)flovm ng a process gas
conprisling a tungstenZcont Anrintegragadoireues, fabiiepsedhaceordiag 2o heomethpd of agent
into said Cg?oshtl on zone, and 9(ii)maintaining the deposition zone at
process®con ns 10suitable for depositing a tungsten |ayer on said
substrate; and 11(d)during a third deposition stage between said first and
second 12deposition stages, 13(i)stopping the flow of said

tungst eh-contai ni ng ga&s, aAccherfdal yaporrdepbditon pfdcess fog dapakitng anegyes i nt o
sai d deposition 15zqone for between abouyt 5- 20 seconds. 19. The net hod of

cl ai m 82 whelR¥§TPis% Fupshaie Sﬂ@ﬁ%"é‘i“tq ‘Eﬂﬁn&rﬂ%’b% e steps of:

3 @) placing a substrate in a deposition zone;
4 (b) during a first deposition stage, flowing a tungsten-containing
5 gas into said deposition zone;
6 (c) during a second deposition stage after said first stage,
7 (1) flowing a process gas comprising a tungsten-containing
8 source, diborane and a reduction agent into said deposition zone, and
9 (ii) maintaining the deposition zone at process conditions
10 suitable for depositing a tungsten layer on said substrate; and
11 (d) during a third deposition stage between said first and second

12 déposition stages,

13 @ stopping the flow of said tungsten-containing gas, and
14 (i)  thereafter, flowing a diborane gas into said deposition
15 zone for between about 5-20 seconds.
1 9. The method of claim 8 wherein said bulk deposition stage
2 further comprises the step of flowing an inert gas into said deposition zone to purge
3  said deposition zone of residual gases from step ¢ (i) prior to flowing said diborane
4  gas into said deposition zone.

1 10.  The method of claim 9 wherein during step (i) of said second

2 deposition stage, said process gas further comprises nitrogen.



2further conprises the step of flowing an inert gas into said deposition
zone to purge 3said deposition zone of residual gases fromstep ¢ (i) prior
to flowi ng said di borane 4gas into said deposition zone. 110. The net hod of
claim9 wwoesmsisdsiri ng step (i) of said second 2depositi on BCEYS9s/196aisd -
process gas further conprises nitrogen. 22 111.The nethod of claim 10
wherein during step (i) of said second 2¥position stage, said -
tungsten-contai ni ng gas conprises W6 and wherein said 3diborane diluted in
argon att a ratio of alddut HHedndthodofclangdd wherdirdsring $@p Ai)aifsaidsatondapor
deposition process for depositing a tuyngsten 2l aye n a substrate, said
met hod @onpHFRASHIPN: §iages sHP SungstenzopiayIag gﬁbcoan@?%é t"Yﬁq and wﬂ%re i tion
zone; 4¢b) dyni IS it e d i cess gas
5conpri Si nggg)o?%r?gdsl{ug%d-s%]oa?i&g}fo% anlgaﬂg()cifﬁaggﬁ;n%r&g&gg:ﬁ@%@%p%éﬁ{sgi ni ng source
into said 6deposition zone; 7(c)during a second deposition stage after said
first stage, 8(i) introducing a process gas conprising a .

t ungst ed- cont ai ni ng 993ur cé\ chemitalrvapendepositian Progess fadeposiinga SAESER| or V
hydri de_ and, a 10reducti on agent into sai.d sition zone, and 11(ii)

mai nt ai Ai nglatyﬁ'éoﬁéﬁBE?[ﬁ?%rf’agloxﬁgthgg CBWBE&@%%%%SRS(?QHS 12sui tabl e for

deposi thng a tungsten(g)aye?léa;hgsa%@sﬁ%%@qjegesitmz(;ﬁ@e chem cal vapor

deposition process set forth with respect to 2claim 12 wherein said process
gas in dgaid first depdb) ti doriag adest depbsicon sagpringeduanBaiproagegascont ai ni ng
source. 114. The chem cal vapor deposition géﬁcess set .forth wth respect to

2cl ai m $2 f COMPEFING 3RgSnputapigs soynee ARd 4 SHICONCPBIRIURS SUICH QAN t o0 sai d

~first apd s : sition stages, wherein a group IIl or V hydride is
i ntroduced ?gﬁ%ﬂ!soifzgﬁg’eposi tion 5zone wi thout introducing a

t ungst en- cont ai ni ng s@)r ce during a second deposition stage after said first stage,

8 (i) introducing a process gas comprising a tungsten-containing
9 source, a nitrogen-containing source, a group III or V hydride and a
10 reduction agent into said deposition zone, and
11 (ii) maintaining the deposition zone at process conditions
12 suitable for depositing a tungsten layer on said substrate.
1 13.  The chemical vapor deposition process set forth with respect to

2 claim 12 wherein said process gas in said first deposition stage further comprises a

3 npitrogen-containing source.

14.  The chemical vapor deposition process set forth with respect to
claim 12 further comprising:
(d) a third deposition stage, between to said first and second

deposition stages, wherein a group IIT or V hydride is introduced into said deposition

h & W N -

zone without introducing a tungsten-containing source.

1 15.  The chemical vapor deposition process set forth with respect to

2 claim 12 wherein said group III or V hydride comprises B,Hg.

1 16.  The chemical vapor deposition process set forth with respect to

2 claim 15 wherein said nitrogen-containing source comprises N,.



115. The chem cal vapor deposition process set forth wwth respect to 2claim
12 wherein said group IIl or V hydride conprises B2H6. 116. The chem cal
vapor deposition process set forth with respect to 2claim 15 wherein said
ni t r ogen- G0OOSIIBHg source conprises N2. 23 117. A subst r at BCDUSESZIDST8N]
system conpri sing: 2a housing for form n% a vacuum chanber; 3a substrate
hol der, | ocated w thin said housing, forZ2Bo0lding a substrate 4in said
vacuum chanber; 5a substrate noving system for. noving sai-d substrate into
sai d vacuum 6chanber and positioning said substrate on said substrate

hol der; .7a gas delivery systemfor introducing a process gas into said
vacuum 8chamber to dep‘ésit SYOSTAte RFPETSSIg SYSEMSOMPISINL 9, t enper at ur e

control ssystem for nai o 1, ure 10wi thin said vacuum
2 Wil forfines vachunP ERARGE

chanber; 1la pressure contr syste mal ntai ning a sel ected pressure
wi thin B2sai d vacuum sysubstnate hdkler,dotated Withidf said bousing |for heldingi Hsubbpat r at e
novi ng system _said gas l4delivery system said tenperature control system
and sai 4 pr &8 ¥agBim eambgyst eny  15and 16a menory coupl ed to said

control l.er conprising uter-readabl e 17nedi um having a .

conput ef- r eadabl e pr oﬁ?sgﬁ_?tgan%gmvé% §Yﬁ§ep}f05 I?%Vrm%if’?’gc?’taf?sﬁrﬁgel’é’gbﬁ%tv e o)
sai d chgni cghanyise? AndGRBRDhiNEAId KBSHRAE ohkaidesiibs$at Roffepput er - readabl e
19program conprising: 20a first set of instructions for controlling said

substrafle novi ng 21systgamdelverpsistemifdr suhsinciaga pocess gas thte sdid tvaatum hol der
and intg sai osi ti.on, zone; Zgﬁeﬁgcond set of instructions for
i

d 22de
cont r ol Bi ngSRam rdgéjeﬁ%ﬁlﬁ%@?'? UL ¢ $R%nt r oduce a group 111 or V

hydrideggas into sai da4agmptiture control system for maintaining a selected temperature
10  within said vacuum chamber;
11 a pressure control system for maintaining a selected pressure within
12 said vacuum system;
13 a controller for controlling said substrate moving system, said gas
14 delivery system, said temperature control system and said pressure control system;
15 and '
16 a memory coupled to said controller comprising a computer-readable
17 medium having a computer-readable program embodied therein for directing
18  operation of said chemical vapor deposition reactor system, said computer-readable

19  program comprising:

20 a first set of instructions for controlling said substrate moving
21 system to move said substrate onto said substrate holder and into said
22 deposition zone;

23 a second set of instructions for controlling said gas delivery
24 system to introduce a group III or V hydride gas into said vacuum
25 chamber during a first deposition stage;

26 a third set of instructions for controlling said gas delivery

27 system to introduce a process gas comprising a tungsten-containing
28 source, a group III or V hydride and a reduction agent into said

29 vacuum chamber during a second deposition stage subsequent to said

30 first deposition stage; and



25chanber during a first deposition stage; 26a third set of instructions
for controlling said gas delivery 27systemto introduce a process gas
conprising a tungsten-containing 28source, a group H or V hydride and a
reducti on woeBki1g3pt 0 sai d 29vacuum chanber during a second gepeshd/iiooTs st age
subsequent to said 30first deposition stage; and WD 98/ 51838PCT/ US98/ 10078
24 31a fourth set of instructions for coBdrolling said tenperature and N
32pressure control systens to maintain, during said second deposition
33staggl a sel ected tenper atfgiash stbfIhRARUOEs fuir icbhitoliag daidaenpspaairaaher

34t hat are suitable for depositing a tungsten |ayer on said substrate.

118. A S3bstrate procePsisagyeHparehsysEmsrtp spaiptaim Jupisg spidpecend depopifiay a

vacuumghanber; 3a substrate.holder, |ocated within id usi ng,

ol di nci3a. subst r ate. 4zsat o Eineerif Rt Pt EPa e R <tbBber ¢ o
movi ng zgai d substrat e ghdtlaf SifMaBleBF Hé}!ﬂsﬁﬁlﬁmgst@t{‘ﬁyﬁpﬁ Ghi@Rubdras@i d
substrate on said substrate holder; 7a gas delTvery systemfor introducing

a process gas into said vacuum 8chanber to deposit a |l ayer over said
substrate; 9a tenperatyre contr ol %stemfor mai nt ai nj ng a sel ected

tenper atture 10wi thi n d&i d ¢aSHRSHREPIATSHNE $YSIEM CRTRISWEcont rol system for
mai nt ai i ng a sel ected ﬁﬁﬁg"‘&%\%}d{? Dvacdidl Gakdepum system 13a control | er
for confrolling said substrate noving system said gas 14delivery system
sai d tenperature contagubsiyusé Rotder) doddddwithiasaidr iousingt forl halgisg amsubsttand 16a
menory coupled to said controller conprising a conputer-readable 17medi um
havi ng 4 cotptai¢vaguasyehambepr ogr am enbodi ed therein for directing

5 a substrate moving system for moving said substrate into said vacuum
6 chamber and positioning said substrate on said substrate holder;

7 a gas delivery system for introducing a process gas into said vacuum
8  chamber to deposit a layer over said substrate;

9 a temperature control system for maintaining a selected temperature

10 within said vacuum chamber;

11 a pressure control system for maintaining a selected pressure within
12 said vacuum system,;

13 a controller for controlling said substrate moving system, said gas

14  delivery system, said temperature control system and said pressure control system,;
15 and

16 a memory coupled to said controller comprising a computer-readable
17  medium having a computer-readable program embodied therein for directing

18  operation of said chemical vapor deposition reactor system, said computer-readable

19  program comprising:

20 a first set of instructions for controlling said substrate moving
21 system to move said substrate onto said substrate holder and into said
22 deposition zone;

23 a second set of instructions for controlling said gas delivery
24 system to introduce a group III or V hydride, a tungsten-containing
25 source and a silicon-containing source into said vacuum chamber

26 during a first deposition stage;



18operati on of said chem cal vapor deposition reactor system said

conput er -readabl e 19program conprising: 20a first set of instructions for
controlling said substrate noving 21systemto nove said substrate onto said
substrat e WOP#E83BNd i nto said 22deposition zone; 23a second®CIaissioors
instructions for controlling said gas delivery 24systemto introduce a
group 11l or V hydride, a tungsten-conta2hing 25source and a
silicon-containing source into said vacuum chapber 26during a first

deposi 27on stage; 25 27a althirdisetaif instrictions fartdontrellingrsasbgasrdelivenyg sai d

gas de %}very 285ystemtg%$ntr duce a process gas cor’gri Si n% a ..

tungst &h- cont ai ni ng 2YSEEF LLINLOAUER, A PTOGERS g3s CPIRFIfING|] tungsten-containing

ni troggg-containing s & a@‘é HYroF UG aHQD i | i chanber
during a second deposﬁﬁirron s?gge srsgsgqueﬁtﬁtggﬂag%égsﬁf@ggdﬁ)\eﬁg%y @iaon
stage; 3@nd 32a fourt hredattimf agens intosaidoasudmrchambér ddringg sssand deposiivnat ur e

and 33pressure control systens to maintain, during said second deposition
34stagel a sel ected tHagreFubsequenhipysaid 85 depositiemstagesand vacuum chanber

35t hat 3gre suit able for deg) Purtd M2 iﬁs%%tci&?snfolr%g{roﬁljﬁgssgfddtersn%lgr% e pagd
33 pressure control systems to maintain, during said second deposition
34 stage, a selected temperature and pressure within said vacuum chamber

35 that are suitable for depositing a tungsten layer on said substrate.



