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STRUCTURE BY I N SI TU CHEM CAL VAPOR DEPOSI TI ON OF TUNGSTEN AND TUNGSTEN

Nl TRIDE S CROSS Immmmmmo RELATED APPLI CATI ON This appl i cat ijdn JANs 2083
p

continuation-in atent application serial nunber 08/884, 811
filed June 30) 1997 «phieh is incorporated herein by reference. 10
BACKGROUND OF THE I NVENTION 1. Field of the Invention. The present

i nvention relates to the fabrication of integrated circuits (ICs). Mire
particularly, the 15 invention provides a techni i ncl uding a nmethod and

t ELESARORE EPHNE STRUCHHREY eBY gdtle
2?22’[?032 conne(,st;m%%ﬁ!i;g%g;’e R uPeﬁémI@AI Qg r‘—"‘lﬁgﬁﬁlt ANR (CVvD) of

tungsten (W and pl asma enhanced TR¥H PoR 1 BR p05|t|on ( PECVD) of
tungsten 20 nitride (W(N) films. 2. Description of the Background Art

Modern ingegrated IC s 4 RERERRE ENTObREBADEDL X IQMIBN. These
transistors are generall field effect 25 transistors that contain a source
regi on and a dralnh%%gﬁﬁﬁ#Mﬁ%qﬂ9¥ d&t 8 EPBEIP WAl IHEA-EATENCbe¥ ween t he

so:Jr c_eI and dsaiénd Q%i;ﬁ)l’lﬁch auﬁldryl@e&ahlgatua?éi rwlwae BQQnth].[Lélé @uﬂ;&lzmd 20
pol ysilicon electrode that, lies on_ t of a thin of gate oxide
such as sil |Jc€109ﬁ$ el'del SEHTPOFRES a}f‘ﬁr%}’eckw o‘ifefa%ﬁa “Gate oxide are
f ormed betmeen sen1conduct|ng source and drain regions) that define an

underly| i con. The source and drain regions
V@Aéxc%ﬁorﬁﬁé q lrh\f\bﬁbgeéh

are dope opposI to t I'ne the gate |ocation, a |ayer of
insul ating 35 materi al such as silicon oxide (Si Ox) or S|I|con nitride

(SiNx) is deposited ppeigpropfriderseuigenand drain regions and an aperture
or viais fornmed in the insulating material between the source and drain

regi ons. The gat eTBErBEREFRE WAYATF iORe FoateBNE Qi the f2ERiR2bkPReL] ayer, a
polysilicon int@gBadédl 2083utk (IC’'s). More particularly, the

15 invention provides a technique, including a method and
apparatus, for forming a gate stack structure having an
improved gate electrode connection structure formed by
chemical vapor deposition (CVD) of tungsten (W) and plasma
enhanced chemical vapor deposition (PECVD) of tungsten

20 nitride (WN) films.

2. Description of the Background Art
Modern integrated IC's contain large numbers of
transistors. These transistors are generally field effect
25 transistors that contain a source region and a drain region
with a gate electrode located in between the source and
drain regions.
A typical gate structure contains a thin polysilicon
electrode that lies on top of a thin layer of gate oxide
30 such as silicon dioxide (Si0O,). The gate electrode and gate
oxide are formed between semiconducting source and drain
regions, that define an underlying well of p-type or n-type
silicon. The source and drain regions are doped opposite to
the well to define the gate location, a layer of insulating
35 material such as silicon oxide (SiO,) or silicon nitride
(SiN,) is deposited on top of the source and drain regions
and an aperture or via is formed in the insulating material
between the source and drain regions. The gate structure
within the via contains a thin oxide layer, a polysilicon
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| ayer and a netal plug. The nmetal plug is fornmed by vapor depositi ng a
metal such as tungsten on top of the polysilicon gate el ectrode.

conpl ete the connection, the silicon then is caused to diffusd¥f MN)mBZhe
tungsten during a 5 ther mal anneal ing process formng a |layer of relatively
uni formtungsten silicide (Wsi) as the connection to the gate el ectrode.

Wt hout annealing, the silicon wll uItl‘r?a‘ter diffuse into the tungsten -
form ng a non-uni formlayer of tungsten silicide. 10 A gate el ectrode
having an el ectrical connection nmade of pure tungsten would be nore
desirabl e t hbaver tandyst erretszill pdiude eTeetmextel ghlnce itsurfgsted hys vapbewer
resistivity Q&ﬂst t i for I Sili iffuses into the
tungst en forct%n ng Jt tagr'?]ne}l |%|ngﬁ y%‘ 9“%‘3%% “p é%ﬁ@g% prevent ed by
depositing ap¢ a»y%xllo:rort oEgst edeqicrpiide (mccamleetch fthesiconnleariber . tN&N i s
a good condugct or cepl £ fysi eSS uch a
barrier Iayer£| scgfargreqrrgécf{ lassrcg S%?nggtﬁg%s%e%\ exaf k%g“ c?g %G?Lk%ﬂ §
anmoni a ( RHSyhermal @f&ﬁaclwnw@g@ﬁeaépii)@m#rm g Omeprodcassatigely

Unf or t unat el Yy 3 £ & a@mgasn@ascs&uta@qder PRESS heswehbschAnbAe; bQr ARtign of

cont am nant art| CJcﬁfi é‘? sol | d’d’&% &g_glucts These byproducts

i ncl ude anmo ?Eea?i 1'trso‘?)ef tl‘j"r}é uh ARRER INESPRNEGY L armoni um
fluori de (NHAE)imsate by hitf famerinmm cbaptmwerwaﬁtyrmfngt Resenpantifekas 25
beconme attached_to th t nber's interior. During tenperature
fluctuati onstﬂg 'ta%n nftﬁurﬁ%ﬂ éﬁchggdepom ts flake off the walls and

cont am ndtle t he wafeateFatetiarode heviinagatealeatctricl tdtatnacscldmpmadEed
using the abgye 96@%&5&&{ QRRSY B@smaraoaa/ﬁyémta%'e}ﬁ% rt%tg%s in 30

whi ch there are many grain boundaries a resul I ffusion barrier
properties oﬁltlhél‘flﬁnﬁ%‘f—‘éﬁr‘?ﬁet SR CaFBNEDHIR PR S . L QWeTad@StlisSAViEvingst en

nitride fil W&h@ﬁpﬁﬁhQQQeﬁYSihe:ﬂdeadl Uhooatun@teng, teind et LigradBgre very
t.hey are de 051 ed.. 35 There

well to the subst on faore) a need
i St for o haPecBer nRer e A E F R SER Rt as o Th e ranof
el ectr odelEcomaexcbeoprwehtad CoynmsiEpiolslie idg f & ubayer beff riumgstenpnévende

di f fusi on of | C I Nt u a a; £onc
appar at us for(w &E %QJAA[@%(?UE%OB Bfgf%%ﬁ acpglr\ﬂ ng ga%]gsg& %ﬁﬁ@%ﬁg &Ell
| NVENTI ON Thésdiagla@¥SRLA8RS HsEBSifnehasriar eIy afuckr @ BasyieEone by

the present imment |1anei1néd96¥!Q‘éﬂtﬁﬁhbodﬂnggﬂéh@%éﬁflSiorr{i@bur(ﬁJFh)anft% a
di ffusion barrier Oféﬁ‘j‘ gsten nlhtl’l de
o

pol ysi licon élae emo)? g %Jr ocaé’s[\cl)sr %ge%OSI %@&Bng&@gﬁsplfﬁ’%ﬁsﬁr es
whi ch do 2@t have Un fgarsuphasty r etlg iabove tihseaclhe@tpmcm iestdtenéngy is

applied to thg,Jasenus iBhXbEN &Sncalli@atet BaFONRLEL I QD &Fe“f%'rw gef biher

conpri ses a conductive Ia¥er of. tungsten de&om ted using pl asma_enhanced
cheni cal vapdYRIFHSESi-on E§s1NALESE AMPRIG &drdl“F§F gfbodi nent
of the inventiwiysdempekefiloayide deposWrgd, comicoiuef flherifet wmgsh en

i de di 1 usl o) AT e HELAG AuRERMD . TEhGY 1P AN e GRLg ! et Tode.

According to A 'Second preseht T nven ungsten is
deposi ted255|W@mttqacbﬁépt@\/@%Mstiﬁnmh@hb%ﬁ Forifer@BZH6) is added

duri ngt at ungﬁé@fh@Qémgﬁlraehr@nfMmaclbasvwwcHWO&é I&iwt eGeghe Of th hreT1D
resent invention Js aseous m xture.in a chanber
!tohat cont ai nsé%\p‘%\%‘f pﬁéﬁf& gﬁg g%é?’ﬁa\ifh agggﬁ?’rﬁ%&eu t8e ¥3E8Fm a pl asma.
The gaseous nFutthex, ntdeudesgatén rrs:ttrgalgeohatziis cadepxosi ttedomsdogt Bhai ng
nitrogen and DY OO Ahed BECONLL GARCAUBEORRPOSA] Oihe WUrAcRLR Lyngst en.

The first gaseous conposit not gas phase

reaction i hwbhéhs@ﬁi-‘rﬁj %&s@éﬂ?& FHFOSOLREATEBS | orM LTSS nFBE de,

unl ess ener gyqi g s Dot dedriert PEoPASERS offi Xhel ungé i aittidet afe
cont ai ni ng COEBOSI ti on

t h I d V\EG) f
gaseous conpoSPTPHATHe nétlnuaég %@[‘Lﬁuﬁ)é%?eﬁ%%ﬁl{ﬁ fﬁl,&(fl‘}f’ tlaieBﬁlﬁfr' t he
gaseous nixt ubg nby tmmi@nah megiood didngt ant. térhedlgassao&mtl&rmrmy be
ener gi zed 10 LREMLAM AN uBon il heiPRosl bbphszaqe. | the plasma, Lhe

N2 nitrogen d|SSOC|ates Into nitraqgen, ions d the tun ten separates from
the fluoridfe. The RPEFBERFRi SnHesAdeXififst Ph@ﬁteoﬁﬁ' APgufigst en
nitride (VN) loWheebusgsedy tuhgsdén gate electrode connectlon with a

compatible diffusion barrier to prevent diffusion of silicon

into the tungsten and a concomitant method and apparatus for



2 8 .IdN 2B -4 reacts with a heated wafer surface in the chanber, so that
a layer 'or film of tungsten nitride grows on the wafer's upper sufBahd.2003
The hydrogen and fluorine conbine to formhydrogen 5 fluoride (HF) as a
gaseous reaction byproduct that is discarded, i.e.) renoved fromthe
chanber. Fewer contam nant particles are generated by depositing tungsten
nitride in accordance with the present ifnvention. This reduction in .
contam nant particles is achieved by 10 elim nating the amonia reaction in
t he gas phase that fornms amoni um contai ni ng contam nants. To inprove the
adhesi on of wAeufadgst ety Nanei.de filmto the substrate, and especially to a
waf er having an insulating | ayer upon which the tungsten nitride is 15
deposited, the wafer is pretreated with a plasma before depositing the
tungsten nitride EWMARTHhEF priis rre@ENEIONCan be acconplished in the sane
chanber as the tungsten nitride deposition gy roviding only the first
gaseous conpositi ORcandS AR Yie8STy 35E°F62F8 nvgt%l%EﬁﬁEr#¥¥ Afcharehe waf er

is 20 prestreatedométihy acd asment, ihoenexenpd £, a K OGaR @y cAegaSEOUS
m Xture cont gi ni.n pgrcliro n tabnd

, for_exanpl nitrqgen.. Once the wafer is
treated, the PungsteR hexatiuori 48 can ngégél‘éﬁl?rb%ﬁen@ﬁ 5 AYPEFaSha to
begi n tungst aatnidei dé.Ndedespsibed @b Tamgst en poiltysiidécbhagate deposited in
accordance Whh B thgaPrgsentoy Q2 [,S;H0r Qﬁu§ ;han tragditional ly
deposi ted tungstcen nigt?}?de cgr?;\b?%er egolfngcht@gé‘g%é% et tr%p&d“lrtfe.ugb%&nﬁ
barrier. Onc8°t RettRYySt2rPaf Bhege reagepesi veeh eadulachegyamtés 30

tungsten s depegited asphi et IthaabhgBol3YRIxt @r&ONPIEie e gate
structure. The. bulk tunggten de 03|hlon is_acconplished using

CVvD
deposi tion of °Fffigst8R By {1 HetfaltUr&GGEL FORPDE S8y sTJAURXAE dBYEHeE The
t ungst en depasingisoanpdepesstat caidigng pdaama eeninahSad eardicmntrapbr t he

tep. In the EhoPAEERRT (BRC Blocelt, MastePaldy U ARt Hbie BRI ni ng
source, a gr &fpthel ipventigmr itduigsses mayebecdenes bgshton $ob ofiethe 2 8 JAN
2003 -5 15 tungsten nitride diffusion barrier using a PECVD method to

form the gate electrode.

According to a second embodiment of the present
invention, the tungsten is deposited using a multi-step CVD
process in which diborane (B,H,) is added during a tungsten

20 nucleation step.

The WN deposition process of the present invention is
performed by providing a gaseous mixture in a chamber that
contains a wafer, and energizing the gaseous mixture to form
a plasma. The gaseous mixture includes a first gaseous

25 composition containing nitrogen and hydrogen and a second
gaseous composition containing tungsten. The first gaseous
composition is one that does not have a gas phase reaction
with the second gaseous composition to form tungsten
nitride, unless energy is provided to the gaseous mixture.

30 The tungsten containing composition may be tungsten
hexafluoride (WF,). The first gaseous composition may
include a mixture of N, and H,. Additionally, the gaseous
mixture may include an argon dilutant.

The gaseous mixture may be energized to form a plasma

35 within a deposition zone. In the plasma, the N, nitrogen
dissociates into nitrogen ions, and the tungsten separates
from the fluorine. The nitrogen ions and tungsten then
combine to form tungsten nitride (W,N). The tungsten nitride



into a deposition zone of a substrate processing chanber while the
deposition zone is nmaintained at or below a first pressure |evel. During

t he nucl eati on step) other process variables are naintained at condi? 8 dAK 2003
suitable to deposit a 5 first |layer of the tungsten fil mover the

substrate. Next, during the bul k deposition step) the flow of the group II
or V hydride into the deposition zone is %topped, and afterwards, the
pressure in the deposition zone is increased to a second pressure above the
first pressure |evel and 10 other process paraneters are maintained at

condi tions sifiacHs eviftdr adéygesedi ngfarseeohare ayrerthef chaabeungstenhdt lan on

th bst t .t i i ti , f f th
e substratg,din @1 atignnate ctﬁgggggﬁgﬁicpfdé dwive 'tggomgggrﬂgow of the

tungsten-contdi ning source is s ong with the 15 e group
111 or V hyotorRr dwifff&-he tungsten deposition stage. The flow of the

t ungst en- cont ai Nifige SAMLErS 1S Fakbed n¥hesmb {¥e Qroesf%gg]e hiylatrtﬁgg’f’dEpOSi tion

zone is increased to the second pressure |evel. Prefer , | ow of the
t ungst en- Conf B4 ¥RF sBifrlc@S & 9856pEE FBRCBLPD HEIiosycsf thaktween 5 and 30

seconds. BRI &s&ESER PT QN ,Or chideeBRAVOAGSH d hehdreachi ngewel t he present

invention can be readily urq:der stsood bé consi d(gri ng the . foll ow ng detailed
descri pti on 9% TN} URA 6T Wit AT EhESREE DAY %pﬁﬁé\ﬁlﬁas,tui’ SOt ch:
FIG 1A is anveridealn aassdeckt enah sbeepedsentofinveparibnal | yhieormed gate

structure ac ' 38'&%9& i,nyenti.on; i vertical cross
sectional sc %ér‘g%?%%?l%% parltnlég;él 95?3?%%% (]aa%sht r%ﬁ'%fiuf%g according the
present dfRdeeyoninatingstieh afmManilde r@aposPRi b the @asl pbase Fhe igns a

vertical croggsmsgelh 0fdht Sichieptdoecahiaapagtially fornmed gate structure
according the present foll owé?r‘lér?té#‘ré%sten ?i tride deposition; 35 FIG 1D is
a vertical cross SectfBhAY®s 6R 9fpaPei Bi9R Y Medrdate fEtR U ur e

accordi ng t hehpr esestréod| anidgspwedallen depasidfanhaklitg &F is a vertical

cross sectional schematic, o A 3 -6_conpleted gate structure
accor di ng thénﬁ?liggh?gi %%Péen{i nona%'thgfﬁpgplggg’f%%s;tﬁf’l éltfl:ag Svertical ,
cross- seclti odepowi ted of tomevaitodismpretseatedi wigh fad ed ashenbeébreapor
deposi tion 5d@pe§§ew§ 858 OF SHJWL &0 iR 1 BE EBETH, | wpr%'regk&n@ WS an

illustrative block diagram of the hierarchical control structure of_the
syst em cont r &¢ 86FPRBFEFRRINTutEr® 586 SRPARET 3% CHAIItHEOFEeR Bpetida ¢
enbodi ment; Hepbk®ridndepistevidiowndivaghantibed dadedsisr abRpos heigequence

"nventi on; FRES shaERTEHASi?) e YA bERHE' P R QB Bnfwd B e o
oper at i ong0 pexrfeorcmedtpgd vheh corrkasimas ¢fft whps example, hydrogen or a
gaseous mixture containing hydrogen and, for example,
nitrogen. Once the wafer is treated, the tungsten
hexafluoride can be added to the existing plasma to begin
tungsten nitride deposition.

25 Tungsten nitride that is deposited in accordance with
the present invention is more amorphous than traditionally
deposited tungsten nitride and therefore, acts as a better
diffusion barrier.

Once the tungsten nitride is deposited, a bulk layer of

30 tungsten is deposited as a metallization layer to complete
the gate structure. The bulk tungsten deposition is
accomplished using CVD deposition of tungsten by thermal
reduction of tungsten hexafluoride.

The tungsten deposition process according to a second

35 embodiment of the present invention comprises a nucleation
step followed by a bulk deposition step. In the nucleation
step, a process gas including a tungsten-containing source,
a group ITII or V hydride, and a reduction agent is flowed



15 during the tungsten nitride deposition stage of the present invention;
FIG 6 depicts a flow diagramillustrating the steps of a first enbodi nent
of the method of tungsten deposition using diborane of the present

i nvention; and 20 FIG 7 depicts a flow diagramillustrating the stldhdANdillh
second enbodlnent of the method of tungsten deposition using di borane of
the present invention. To facilitate understanding, identical reference .
nuneral s have been used, where possible, to designate 25 identical elenents
that are comon to the figures. DETAILED DESCRIPTION , |. Introduction The
present i nventiconai §=@Odeébngabeeebecarmmbst&fhmmmteis@mngtth&ﬁbﬁxe
containing tu e e I . o] st.en n|tr|d i ffusi.on
barrier. The nglq“ﬁfeuglhgnaggfrrsi%grlgglnggggt fés HdE s 8ép§§??‘éo‘a g

met hods whi chrresduce tlleeedesi @uirvngytbé mmleese@mrt ist@pgab ehet gotaarde,
enhance the adhesiqn -of rteh%a%%gaaggeawcé L RS 0 RALUDRL T Blig)iang 35
reduce the effect of cont am nants on el ectrode per ormance He fret hod
of form ng®t He “Fdt e*'Séfleé‘ctorfoééélec(§i°4ﬁ§éfii?l?9nf153611a uetasr ahef sphetpaesentNextgvent i on
is shown Fl GadAmg ke budk8 oli2QLB s€epa dapifls d£CERSSyARY ianal

schematic of a partlalh{% f.or me mtegrate circuit, elenment 1 onto which a
gate connectiVn Y $YG E fGredPeTAEPGEE IR rIRT RS SSOPBRFeERfh a

substrate coratfmemwmg:dsf ahvaelplrezsofresem cn@ct&@dsrlgﬁ»nnabﬁél ad frus%a%%d
n-type or p-type arto a substrate such as a
seni conduct or CJ.\jva esrecaon? pre Ebﬁ ;12 trebgreﬁr'? U35 aRde in region
3b | ocat eéloorpllahetmem‘m@@ @fartaln@t\mfISI azeblyalrmtﬁlbmdaartdnendlmd:rts sui tabl e
dopant ions. &of. MR ddiRMRlihg? aMBYcB8a d 3 %Ehcaﬁﬁpé Olfi1m
inmpurities such as galliumor indium thereby formng a p-we "rhié Sour ce
regi on 3a andRrdih SRFGR S may be doped with donor inpurities such as

phosphoroEs CIantl nnm%/arol’alad’éﬁm&a én%ﬁamént%fnﬂge mﬂvsémlbﬁgl Qrfj@ £ 1w
course, the do of th source regi on 3a and t r n regl on
S iy be T ever o wieRRasiorta RS SohFos °ly, St RPed BEoTS hiberted on
top of théSsubkewat® wiss rgr caupildlleckr Vchyépode tdmrtgea:hal quusgsnm:i known in
the art. The § venl.ieset S drain
region 3b. An g%%%%%%}g ééy o?f‘nh%d%ilolw ﬁg Pﬁesu at’l ng Zgbﬁga%@%&%e
preferential &fchefiear red rwrher} e PFESEHER| AR | Hep @@cp@rspanonsw a§ silicon

di oxi de (Si 02)nctosasda axgalree Cé@diﬁ‘:cﬁ@rabsﬁbe D@&élom @»fretfe,emwerttwee 6. The
aperture 6 llg?%‘” o etween the sou rce ion on 3b. A
e

ra [
pol ysilicon g c‘fr?%d%u%ﬂe&_co 68 Bf f?l‘ércgeatlg' SEPHBGéSf%:a% After the
aperture @thapebéed ¢Hrivetivesrhd iamsliBat secdndnd exposed portions of the
partially formed integrated circuit elenent 1 can be pretreated to inprove
the adhesion of a barrler Ia er. FIG 1B depicts pretreatnent of the 30
partially for#&e ; e QF; efPEne @ by bonbardnent with ions 7a

fr otm a plas Lrad7 Thﬁephaseltalﬁgs SOE %m{@a%rbﬁegeeimamnacaass@wseazgﬂyur e
contai nin raogen _and nitrogen, To 0Si ride barrier

| ayer) a ?unéé‘f‘ rﬁﬁﬁ?g Wn@o‘g%’sdes‘i}@ﬁ §5 taﬁbg? g?]é{g;ap-g%% G*3PEE°R ded
to the pl @imainl rohfienpt asmeawiWiFa-He egicongenpingitdxrawingst ein asid.chl: uor i ne.
The plasma di ssoci ghes 3Rd: kORI f&peidin Mabsbosal igor! gﬂa%%%f the

ni trogen i ons and tungsten conmbine to ormtungst en nit
t ungst en nitricggtially formed gate structure according the present

invention;

FIG. 1B is a vertical cross sectional schematic of a

30 partially formed gate structure according the present
undergoing tungsten nitride deposition in a plasma;

FIG. 1C is a vertical cross sectional schematic of a
partially formed gate structure according the present
following tungsten nitride deposition;

35 FIG. 1D is a vertical cross sectional schematic of a
partially formed gate structure according the present
following tungsten deposition;

FIG. 1E is a vertical cross sectional schematic of a



~ ~ JAN 2003 _8_ falls to cover the upper surfaces of the exposed portion
of the substrate 2 and the insulating layer 5 formng a diffusion %awﬁ@ 8
as depicted in FIG 1C 1In a first enbodi nent of the present inveAtdoW,
tungsten is deposited by a conventional CVD process using a gaseous m xture
containing WF3. During this process, the wafer containing the gate
structure 1 is heated. The exposure of fA&8 W5 to the heated wafer surface
causes a heat-induced chenmical reaction to take place. As a result) 10 the
tungsten layer 9 is formed over the upper surface of the tungsten nitride
di ffusi on b&CFPer 8agad8pFEFedt 15 AASOorepngd| Ahg BEeDRRE ehboriitaemt of the
pr esent inv%mtieqn,poqhghtigggsten | ayer 9 is deposited by flowi ng a tungsten
cont ai ni ng gas surch as W and a, hydride of an elenent of 15 group IIl or
V) such as di bor ané BZHES BnVBFthed He SO SRCERARBEr VERY i 9§ @ %uc] eati on
step. The waf@odimdi@abedaCauspNOf fed Reydngak1r asdi oy fhesvaf er during
whi ch tungsten |ayer 9 is deposited. The B2H6 reacts with the WF on the hot
waf er for 'r‘i"‘dDRﬁfl%ﬁsl E°BR3 l’?ﬂe?%b ¢ HRSPPRG 2BVER UL he from the reaction.
As a result there&la. [eshofvsuani bElustide vieubgstkendl ayeimofespd ting in the
growt h of Lar; i S e o] tter. nucleation. The
reduced fl uggl%ﬁrga%]hgc%; ?EPE%%I %%%ﬁen%?héﬁéu%\z%%%@n ?ri/t%oéposi ted

t ungst en | aysf ©varfhe COMPWEEE PHeIEn Hyldri decpsdsnoppedcs bederif iche bul k
deposi tion ofthe ddyrgsten layer 9. The tungsten filns deposited in this
manner have a conbinatjion of low resistivity and strong adhesi on as

cormpar ed1Po ot herFIandstRICEENE. LAY HAFF M LBrE 1 EYSERRteppeie surface of

the wafer 30s4myere Rff icphedttons esdwhed et heaso of £dhriddNasd eadeaayer 9 and
the WN di ffusion barri upper surface of the insulating |ayer

i .8 fromthe, J
5. The resul TF Ry Py Ya ESnBF PR es TH@ %4 Rét ri cal connection to the gate
el ectrode 4 of theIGonpldepddtisnteftew edl agnaguichael ehvbustAdteshehepol i shi ng

may 35 be achi ' eBhe ]_r@eoatl;@al I | Lshi o that is
wel I known i%éﬂg&aérltséfq%%rtggnggt géf an tunggt, gﬁﬁn‘%?ﬁﬂ%f%%ﬁ%&%osi ted by
the net hdd ofu¥hed prhs SNgSHEBNRE BRIER CepestshPR $679¢ f the preEghti cation
of gate strugchyegsidwvi ng feature sizes of 0.35 mcrons or |less, Both the

tungsten |ayer 9 the. WN di ffusion par=ier .8.0of the, gate stack of the
present inventi ongggh %edec%ﬁ%s?i Fegi?‘ﬁ @ﬁqfa\ﬂ fﬁilﬁsﬁrgf"n‘g? eﬁtﬁlﬁn\?p@n%er
1. Exenpl arg €VPs Reamtadin@nanbér the mewddedceungs ten hisgusisenh i nventi on,
the depositi glgrilggn&ﬂg%%ﬁ%tfeﬁhga%%s& esqgiw\%yifjh:f fusgon barrier ZO 8 may

be perforned r. that provides for plasma enhanced chemi cal
vapor depdsition. F&Pncé 4RI UG EeAY nit3ar3e® depBSF¥RbING sthe Leps of

i medi at el y Epgbeg&d éryoocﬁdmmﬁceafdem@&ﬁétim offt thﬁgi)ieétefd;é‘%cfﬁitfiféh_ t he e 15
tungsten nitride i110 : . abl e of depositing the
met gl. As a réstft 89%%'%&:{? %sﬂigrgg?%l lzlﬁgggﬁégfm deposi t!oons mag be
performed in-situToafdcthiekatlyy vakdenspandinte ideatical expberendse tungsten
nitride to eRVineeaMENhate GAUUARSBANT Shé R lposaALDE, €AS Q4MY Rffahen

transferring wafers et]\fveen chapbers. For exan‘gle, during-a wafer
25 “identical elements that are common to the figures.

DETAILED DESCRIPTION
I. Introduction
The present invention is a novel gate electrode
30 connection structure containing tungsten deposited on top of
a tungsten nitride diffusion barrier. The diffusion barrier
and gate electrode are deposited using methods which reduce
the resistivity of the resulting gate electrode, enhance the
adhesion of the electrode to the underlying substrate, and
35 reduce the effect of contaminants on gate electrode
performance.
The method of forming the gate electrode connection
structure of the present invention is shown FIG. 1A - 1lE.



20 transfer, the tungsten nitride my be exposed to oxygen, thereby causing
a native oxide to formwhich increases the resistivity of the tungsten
nitride to unacceptable |evels and renders some of the wafer's di2& JAN 2003
defective. The CVD chanmber nmanufactured by Applied Materials, Ins. 25 of
Santa Clara, California under the trade name WkZ Chanber and described in
U.S. Patent Application Serial No. 08/680;724, entitled Conponents :
Peripheral to the Pedestal in the Gas Flow Path within a Chem cal Vapor
Deposi tion Chanber, by Zhao, et al., filed on July 12, 1996, and 30

i ncor por at ed trer eith IRP ¥ erefd@SSmefChe Bfpl 8yerMatd ddefosi Pat uhybien
nitride in aﬁﬁ%@”ﬁ@té@{ﬁ&é&@:iﬁ*&i@”blbﬂéﬁﬁtioéhcd:h@:ic% bl bygtrates one
enbodi mrent of a paralle] plate, cold-wall cheni cal vapor deposition system
11 havi ng a “VHc HanbertaPs ameen t RBet IRER t T UHPEr 9Saferneth@¥t en 35

WN di f fusi on hassdedc8 efnddignignf @ fskr welur g e csaudicdaduecthg present

i nvention_.can be deposited. The CVD system 11 contains gas_distribution
mani fol d 14 1D pet 85 Mg HebaoiRS 67 §aS€Rei it b itk cﬁgﬁbé@li? pr%i mat e a
substrate 2 &IAN 200a-swbsuctasuahwatern $6émid@aiducestrswafen and is

esi stively deal oaq SUsCepl Al I8, - HIonChaMhRk 12: 70y, Beak! 481) & yagyum
processing system havi ng _nultiple processing chanbers Connedted o & 5
central trar®f e?ienghbetdamt sdHivivedd By Py feoBopombawsimegatewits i s brought

into the chasbesadle bogakobind! ade i kxanghea shd tyamal veh) BeShdlswal | of
ot shown). The susceptor 18 iIs eable vertically by means

t he cha r (n
of a m)rgﬁ Zé)l.th'h%cﬁ\%? P 18RS gty Sin s ?ggi/k%ﬁerm\%é‘ﬁ't%e’ﬁ%eptor
10 18 is in fofmisy posiwédbh. 13roppasirce trbgishi la vald/ eiraAh pesidén @b 13,

the wafer 16_is pported jnjti : ; of. pins 22 that pass through
and are couprf‘%}ﬁég @ﬁ%ggu‘g%%t%&%c%l%%%%g Eﬁgéraes (ﬁ’?ﬁo\?S °by“% singl e
nmot or assenbéptimenyhersaseepior Weeiebybfoughnot o-wyRe eegdsnag paSition 15

32 opposite gas di st g i O j f 4 t t i ne)
the pins 22 Forr et o Re e g B IR e o Fo-mupront ed by

the suscept ofif38R EREACPoPITVVRR dreateeSusclptayer ®f Phe 1A ERALMS T s

affixed to thacauasepgiol iy depsadied chaspp gf it eUbsyastsIMgngoyes 20 50)
or sone ot he&.v\@f %Err.et snti on._s steemc sulchea% %\ eloect r.osttgti c chuck. As the
suscept or 189ASVES TPl arednal o t WS PHIEEs ¥P S B i48n £85, 4t he er 16
contacts a pangelgtiidg 34yewhd coverkitas $heheowaferredsican 3ahend usheept or 18.

Edge purge 9asein??edd ol 8uf | ONRdaftdviQugh ot Re PULARI QW d8eOdnacTASSt he
edge of wafer 16 taq reven% deposition gases from caontacti ggat he edge and
r

backsi de Tt CRYSSURsWaPEeIPErPELJhFEHRNG eAaF_P F1axREd Ohr bRFIH ATHEY
heat er / suscepiaareri it o stichi BEzeitlibpasidicndden (800ar, ofingms e gate oxide

heat er / susceptor.. S e_ga suppl peroe. Ji:ne 24
and are al sogrgnf)alto}gl% ?’SEg?’gt 8gt égés%?ern%ggsgét eg?g.b%{elq?ﬁg%g %:Jlreoéml amage
by corrosi ve bgdaesn o gousaei Aediehe & lrashEheddra iy qagdeBsdpng A

Deposi tion apd16HiNiiRord3ses alectiiyd i£dile@ an3boslefOshkl gaczang el the

chanber t?ggﬁgﬁ gas lines 19 to the manifold 14 in response to control of

val ves 17« ng processing, gas supplied to the manifold 14 is

di stri buted unif oraftyenches apelrcusar 6 does dfeanhdosned! ridtee iasudsaonn Dy 2 8

JAN 2003 and exposed portions of the partially formed integrated
circuit element 1 can be pretreated to improve the adhesion
of a barrier layer. FIG. 1B depicts pretreatment of the

30 partially formed integrated circuit element 1 by bombardment
with ions 7a from a plasma 7. The plasma 7 is formed by
energizing a gaseous mixture containing hydrogen and
nitrogen. To deposit a tungsten nitride barrier layer, a
tungsten containing gas such as tungsten hexafluoride is

35 added to the plasma. In the plasma, WF, breaks down into
tungsten and fluorine. The plasma dissociates and ionizes
the N,, forming nitrogen ions. The nitrogen ions and tungsten

combine to form tungsten nitride (W,N). The tungsten nitride



-11 arrows 27. Spent processing gases and by-product gases are exhausted
fromthe chanber by neans of an exhaust system 36. The rate at which %ases
are rel eased through the exhaust system 36 into an exhaust |ine 39 Bs/AN 2003
controlled by a 5 throttle valve 37, During deposition) a second purge gas
is fed agai nst the edge of the wafer 16 _t8h_rough gas channels in the
susceptor (not shown) and feed line 38 as previously described. An RF power
supply 48 can be coupled to manifold 14 to provide for plasma-enhanced CVD
(PECVD) and plasma 10 cl eaning of the chanber._ The wafer 16 is heated by
nmeans such agagf? e SINFF 1198t EPPBF efdhtasss éhbedfe §RPERANPERE 1BBAYE of t he
suscept or 18chAl swsgratd ely and kadi anéuealRy fydhe lfbkgiRBY sbe nmount ed
external to éhre chanmber 12 for heaﬁ%&[’lg tehfg wafer 16. 15 The throttle valve
37, the gas Upf)‘l‘?/l%li?laé%”ff, 8 A& Tt 11 HeG-edfsti ve heater coupled to
susceptor 18, thelIRFapdnest sHipldyméBrantl didesraspactinvehctibg CVD system 11
are contrqlled syst contr.oller 42 over. contr lines 44 (only sone
of whi ch gre“éﬂ%%v% L e‘fersgyosstaetr%dc%%t?o‘f?ne\?enj-‘zl%qi ﬁgjpuaégcﬁsﬁrﬁéé%%dar 45
and a nenorygageoThanpysirEmcenteiniherWe2 operanesthislesrades contneol of a
conput er pr ogg agy St O €k dih A t%%wegtkﬁrgile@@@paee Mg di H@agggp agpLhe menory

46. The conputer program dictates e tenperature, cha préssure,
timng, mxtBFROPFrYakstiRIFohRrthengasedonaigscaptbrcpomitsem a heat er
current and aéglerirg@ﬁ@%@t@{@i@alar@aeti@ulta;lr qAIRC aceThe‘lAgr gc9§)§\91t,45
cont ai ns Si e-board computer .(SBC nal o n i gital input/output
boar ds, ilﬁt eFchéurb%%ﬁf% ]ﬁgprsgeﬁ%e&%?%rovceo‘%t% Iué’P%‘b’oéP’ég?‘CVa?foE@e parts
30 of the CVBusystem ditcuid aififieibhebaterisa Mbdis aepEerepean £WVE)1D.
standard whi ch defines ) r e ector. _di nmensi ons. and
types. The VME stghdgr ﬁgg%% det idgggaghgfg%e gﬁ%cet%t}r e XS AT Png B 16- bi t
dat a bus andtangatent layel essi shdepossted dperfalsiwing hetupgetend6 is a hard

di sk drive) QBEtHBMiﬁ%SQaé neldrlQsOWRerardd RSy Ak 1 ABMDF Yan QNGHe fOTRUL €T

progranms stored on_other nenory devices including, for exanple, a floppy
di sk or OthePTRHBr OpFi &F &/ dridft 2FafiBPE D P:lsedt® the gePARizdoB - 12
operate the shatmbarcanting lem@eatheni stey f acthedeiageenia Hegte@nd t he
system contr ql . LS_Vi] : Lt i ght n.(not. shown). O her
devi ces, suc%a§§E85k% %@%@1 : _nnl{%g?ﬂgr %F%e}?e &oalgtjr%tri ﬁgréﬁg@”l&\b ni cation
devi ce, may Bangssdni hayend ofs sleppAlbedi t iTre thoHa Heaglis pénht chal WRw t he

user to COMMyp GRLENVL! Patde AUSLOEH ONLELId & 42 nd A PIRGRRS nfO!
deposi ti gg%th fil mcan be inplenented using a’c er  program product
c

| npu
that is rhPer REOR oS HEANCEBRt r AT & LPPULFhEPBERPLE et $F 0gr am code
can be witt eéfivoriaryinonhenturgsilenc bapert e readalihg pnoghangisiged afguage:

for exampl e, 43000 assent!ye | ANGNAGR o, GHI-dHRA! noFOLLT AN L QLT S
Suitabl e programcode I s entered into a single file) or nultiple ﬂes,
usi ng a conv FRAMCES fEYRT N 125R) PeREES tiEPadioBnBhBAFRBE in a comput er

usabl e nedi um#b%u@hh | eﬁ&ll? ﬂmmeﬁy&tﬁagbeéntl_r@aompyltmg. fiév&taﬁ e erfd code
text I1s | a . ni eve anguage,. the.gcoae J,S conmpl.l e a the resultant
conpi | er ggdemf ltdﬁer’isl Fkﬁ%ge%g‘?%ogﬁ Bﬁfcej%‘fbﬁo eorggf‘tbPBCSErpH’%d W ndows)
library 20 routrigseen Teyexe2ut elichgungaken, £ Clorpidepdsobpécincuis t he system
user invokes {6 obiack soé&mﬁ@abagokhso&%ms%ngt §futociqad the code

in menory. The_CPU then reads and executes the code t0 performthe tasks
i dentified i PIMELPOGSaRP™DBeS O SEPETY AFPBITRAR fatMSe bl ock di agr am of
t he As shown in FIG. 1lE, the upper surface of the wafer

30 may be polished to remove portions of the tungsten layer 9
and the WN diffusion barrier 8 from the upper surface of the
insulating layer 5. The resulting plug 9a constitutes the
electrical connection to the gate electrode 4 of the
completed integrated circuit element 10. The polishing may

35 be achieved using a chemical mechanical polishing process
that is well known in the art.

The tungsten and tungsten nitride films deposited by
the method of the present invention are suitable for the



hi erarchi cal control structure of the systemcontrol software) conputer
program 70, according to a specific enbodinent. Using the |ight pen
interface, a user enters a process set nunber and process chanber nuhdgay )3
into a process 30 selector subroutine 73 in response to nenus or screens

di spl ayed on the CRT nonitor. The process sets are predeterm ned sets of
process paraneters necessary to carry ouf-specified processes, and are
identified by predefined set nunbers. The process sel ector subroutine 73
identifies 35 (i) the desired process chanber and (ii) the desired set of
process par émirdicg tieaded gareperaiautes predess fehanber sfpespef foryf ng the

desired pro he..p Ss qﬁﬁff p r n le C process
relate to pﬁggggggighdﬁ?%%nsggééag%%A ngn %? Egﬁ gg? ?@% e&gnple)
process gas Gdriposion darandr f 8 oW rdiegateespeckt ofethpr psssert pl asma
conditi ons SUERAS JBGANBE beawsl scandd g clowskhequancys & fegguency)

cool ing gas pressure, er wall tenperature ese paraneters 5 ass
provi ded ? o e Rfger |n the f or m of a reci pe, and are entered utili zing,
for exanple, a light pen/CRT nonitor interface. The signals for nonitoring

t he process e provi ed b he anal og_.and digital input boards of the
system 10 caontr ol @ﬁmp %H@ g?@ﬁﬁ?gqﬁﬁwgﬁﬁhtrolllng the process are

out put on the anal'mgacami'ddnget ali tbutpetp s mfvemlmeoﬁ\/DtBystem 11. A
oSy S  QULLRE (BnGORDY | SRALPROUAMCUS: {01 AGCRRLLDY, the

identified cess chanber process parane ers 170
process 58| e&:tf‘@ﬁry s‘%ﬂ)m}'tfloﬁ@e¢3lnaﬁ@’f@'ralm tlalti pgovpdeat fon wiasnse

various procagsacdielct cMil thpbe WSS (G ents%car R6ESBusgl dimbers and
process chanber nunbers) or a user can enter, nmultiple_process set nunbers

and process Thanbdt IRRAFCLONSHSTHR 20 HUBHEREELYs hER S QYRR LY St WSS tENes t o
schedul e t hedsgbett ash priecésseenkhid el deai nek &emgela@a nbeei@sably, the

seguences su routlne 75 I d ragqram ¢ erformthe steps of
m)ﬂl toring theodperatt r%"ag‘% ?hggpg%)%%gzge ccr'naé)r%ers togﬁgf’ﬁﬁﬁ’ﬁ% fhe tﬁe ()
chanber s lar m@eahg Used reisult25thetpiasng Ny estaenpr eodsties twe bei ng
carried out &@pé??tm&sb}éebggfé'ﬁﬁgd ml(eu ' )aneX%ggkéw éif'a fnideler ed

process based on availability of a process chanb process to
be carried obfe ’@Bﬁ@e"rﬂ|ed‘??é’lserr§f‘ﬁoﬂ‘én%?t%rﬁ1ttﬁrﬁdﬁgtPhén}ﬁ%’é‘é%‘S%nqﬁianbers can

be used, sucboasaﬁﬂnmg ivhat \daanbs cheshilnvegathiwtlenpteansset sidgd be
execut ed, { 1Ga2ERUCRORT O REAUELDE T4 00RO GROSHELALLEL | e br esen!

condltlon of rocess cha use |n do AFPSon WIH the desired
process @&dpraaﬁﬁer orthe feingsted plb’é&%)maofr btehéx'péged oP @axdemparticul ar

user 35 ent eEE@réEﬂ“@&lsxrﬁH 2o Besxigd Qééﬁrﬁoxfrzﬁ%%halﬁdﬁé%@sort@&r amrer
desires to incluyde, for %éern]nln schedul i.n g priorities, ce th

sequences subFSAEFAETS t%ﬁ%ﬂtﬁé SHRR iy o T QﬁAanﬁﬁgptﬂﬁ-?N%ﬁy § chanber
and process setl cenenaitsame icE gbengafer e dioec deddcneéxe, t he sequencer

subroutine 75 ini tﬂhaté\?oee%usémaahfgée#ﬂér%%fsp,pﬁtleaymggréwﬂs thec.

partlcular process set_paraneters to manager out
25 of Santa Clara, California under the trade name WxZ Chamber

and described in U.S. Patent Application Serial No.
08/680,724, entitled Components Peripheral to the Pedestal
in the Gas Flow Path within a Chemical Vapor Deposition
Chamber, by Zhao, et al., filed on July 12, 1996, and

30 incorporated herein by reference, may be employed to deposit
tungsten nitride in accordance with the present invention.

FIG. 2 illustrates one embodiment of a parallel plate,

cold-wall chemical vapor deposition system 11 having a
vacuum chamber 12 in which the tungsten layer 9 and tungsten

35 WN diffusion barrier 8 of the gate structure according to
the present invention can be deposited. The CVD system 11
contains a gas distribution manifold 14 for dispersing
deposition gases into the chamber 12 proximate a substrate



5 77a-c, which controls nmultiple processing tasks in the process chanber 12
according to the process set determ ned by the sequencer subroutin? ;ﬁN?ﬁﬁr
exanpl e, the chanber nmanager subroutine 77a conprises program code P
controlling sputtering and CVD process operations in the 10 process chanber
12. The chanber manager subroutine 77 also controls execution of various
chanber conponent subroutines that contrdl-operation of the chanber
conponents necessary to carry out the selected process set. Exanples o
chanber conponent subroutines are a substrate positioning subroutine 15 80,
a process gascbonsrel wsfibroléi neaB83year pressunesdentvel yshbsosd i ne 85) a
heat er contgg%cgggggu&hne 87 and a plasma control subroutine 90 in sone
enbodi nment s. person having ordinary skill in the art will readily
recogni ze t hat ofllier chhabier 1eonayobespdroutfi reyacanmberbnessidter dependi ng
on 20 what ¢cess r i e r. 12. In
oper ati on, E(g'gﬁaﬁég?ﬁgaﬁgégﬁpg%b%gég?%gjgbgbggpgggi§§P§Qsc<§dﬁ1§s or
cal | s thed precassalcGrpoaéar shambari aed 97 VACESr #anéerabeh. t Hthepaatiedul ar

process set jRei:RgrexaeHtedncdhenehanhnbe MAAGRS 2SwBEHBHEL bgad 7ah2R gschedul es
t he process cqrrp%ggnt subroutines_puch |ike the sequencer subroutine 75

schedul es wHilet YEs<NcRafibeFvWEdlafll Mo gt (BPE BBOWR) exdBSt ed next .
Typi cal | y, tshecepawiensnaBagereabbeouét tixalls iychedas sFepsmafordmni t ori ng
t he vari ous .ghanber c Qenent term ni,n i ch_components 30 need to be
oper at ed baséd O %teﬁqufégegggtﬁgggngf]g%’stl?egrc\ﬁ\{]aﬁ‘éeﬁr S’EEBS RRsYssepeor
execut ed}0arnd dsusinng éigstt poaicfion thardresicenporesiisubabedi nat
responsive il izt oriad,aRd deset gi fi ; Lian of _parti cul ar
chamber corrpt%nenh:?'orsﬁﬁbroutt?lnes B%rwlgll now%%%ee?g?f%gggg\n h&?eaf esregn%té to
FIG 2 and Mi@s 32 THetspBser 2hECHERI RPBM TR OMRLEEt CRetBO Swrifmptsss
program coderd or weNtyielsl kg ag¢kaaRereaOBPANaiy llchabrareatsamhlo | oad the
wafer 16 onto the susceptor 1§.anq_, ogt onal I%/, to 28 J.~, N 2003 -15
lift the wafer 16°% 0% deiTEr Heitdht Si REPHE T Hebhife PTP5 SF 51RO MISHE oRe
spaci ng bét viERropgues waf ehel @aandisheibasich starifutlidod4masi flodwh bd. c¥en a
substrate s t-he, waf.er IS »b0 LNt r er._12, the 5
suscept or 13&?% Om%(r;leed t%eréggisvgbt Eggg\%‘lfbgrl%légh%hghgﬁgg‘??%r’&)a hgnéusceptor
18 is rai sedth® Yakerds Aed SHOPGRTEERnbY hehe IfAsEP ey, 180 M9 ai n the wafer

16 at a firsposisiciee O tHRAGURGbEOM 18 Gas wiifekr ibul s off fBdif @bd duri ng
the CVD process. In o eraé}ilyon, t he substrate 10552__osit(i onilgrg subrouti ne 80
control s movERBMEUHICRIREF s EefBoH st A™R d&h oS % ' BroCER FX8V®Far anet er s

rel ated t20 t%He) suppoone hilgnt walfar zesent borsfsvatet Buom adearchanber nanager
subroutine 7Z@.cydHE PHOEBsSKas control subroutine 83 has program code 15
for controlling process gas conposition and flow rates. The process gas

control subroutinBS88e oFHFYIREhe HFEVRE| BREAIDSHMAGA Shet Percescand

shut - of f val yes)t it 3 sacheames dip/ldowdnt éet sres pulrbewgodde rid | ehicho obtain
t he desired f t rQc le su t 83_i.s.i nvoked
20 by the chg%%%?£%%%e§afseu ?Loegto?lng%%7g?§% _arr{aqasil gﬁgﬁb@l%ceo a(s)%%nt
subrout i s, 23ndrecEdwed fhomathahehabee Jitgs?t agbePest thre egescess

par anet ter sl r%g&edtlsot:é 3r@l%°d6 Qﬂap%s,.b tfibﬁvv;a@éﬁﬁro}ayebﬁaé&?&n h@epr ocgss
gas control subroutine oper at es by openin e gas su i nes_an
repeatedl y 2596f) aP@a’B‘??m‘@“c%’e %éﬁ.‘ﬁéﬁg’ ﬁﬁ%%eqf I &Hrgﬁngﬁﬁggez% argj pyso
conmparing théloeadi agsund tie esiarwduskepront s tceoeninilzé rauposheichanber
TRnager  Subl ol WBCaZdfna i, (hdddeIUMRLLDD: | NorldoanlaEsodled Bge0as

supply |ines as necessar ur t her nor e, process gas control subroutine
30 83 i nchUdesirpilapd £fHPMNdDRYETS Ng-iehe 4gard f %Ry AlECe 8MPLPYRMSRf e rates and

Lor act idvati R dcersaf styisheds (gﬁeé/labé‘&&ow&leﬂs aﬂrdgnlaaﬁmegsqﬂdition isfI .
etected. In sone processes,,an ihert. gas_suc S heliumor _argon is owe
into the chafP&rof2VEoIetabi +%’é°$‘h°ee%38§§u€%ei%’ag%’etrhéuﬁh%%ber bef or e

reactive progasxegasieg.are introduced. For these processes, the process gas

control subrouting,3.dis;8h00ha BEL: {4 IJACkUdgrStaRHIHAL Eboyi ng the inert
gas into the chanbe T2 for an anount of time necessary to
35 deposition zone of the chamber through gas lines 19 to the
manifold 14 in response to control of valves 17. During
processing, gas supplied to the manifold 14 is distributed

uniformly across the surface of the substrate as shown by



2 aJ ~N 200 -16 stabilize the pressure in the chanber, and then the steps
descri bed above would be carried out. The pressure control subroutiﬁigmﬁ 0
conprises programcode for controlling the pressure in the charrber2 @35
regul ating the size of the opening of the throttle valve 37 in the exhaust
system of the chanber. The size of the opening of the throttle valve 37 is
set to control the chanber pressure to the desired level in relation to the
total process gas flow) size of the process chanber) and 10 punpi ng

set poi nt pressure_for the exhaust system When the pressure control

subrout i ne@85°V§ PhvokERSNEherdesssEl] IFsamrapst byppessure yasved dre
received agyxfagtagetebm AR LRENSIAMML M JBNAGRT BURLAULEDES 2 A, Khe

?](HHE .
pressure control subroutine 85 operates to nmeasure the pressure 1 i the 15
chamber 12Th¢ Fahfi A§ YheCBrI9abee ToMVETKSTRE YHreystr ehaneromtsr s

connected t9stBR chanheb, ahOc%RARSY €1 {de Ieasuienrabiesy Lo {he target
pressure, to obtain PLD (proportional, integral) and differential) val ues

froma stor@dopréssiifeVEablle cBrFERPFARRIT: TPV hé £8FEBE PrEas w3e) 130 and

to adjust tfe@ tbaehkke tvial vagd7cacens diafed ad herBLBhvabseshahtaisned from
the pressure table. Alternativel t he. pressur.e cqontrol subroutine 85 can
be witten t6 opancBro&l égggt ﬁgoﬁ)r ot d eé’?/eg\tljlé'n??(ggoaﬁ BEFYIXMA N openi ng
size to regélsatrebele chanB&r ptRet osuprelyless reh peessupeed 260 T ifeatier
control subroyti ne 8% corRkLi S sRL 09k r roL] ] current to
a heati n& el erren? gl tdhat ?sgusgﬁ to )ﬁéegfé}?ﬁtmfpg?%é.gﬁ"hgg%%%%er control
subr out } he drandng| &d ithgokBAMBSLt he chamber manager subroutine 77a and

receives a targethe Wa it -180iiRt heh CERECHAL HES PARIELR o FHE1 S0;Jeat er

control subroutine_ 87 neasyres,t e rature by measurjng vol tage out put
of a ther ngﬁfﬁlreellﬁg‘ff‘éd%#nemﬁggﬁéc‘g& n idje gﬁﬁi’k{aP%th?h@%&Fed
tenperatureg.o theeselztivielly,t anpadatnt cheastk iorchaslhge oradass easi ng
current appli t ti.ng e tain.the set-paoint. 35

t enper aturg*.éu%%ee éa%ger agﬁ'r é%i é-'g%b{']g%ﬁ%é ffré(;nfip h%e%éég rglaevv(% e&gé%by

| ooki nglbp the e edporidileg viedivgelat ukeei 92 surmlyd vedmeer 87 ortheabl e, or

by cal cul atididbt et eReralye iyei Rafef i< 48r sRekypess alg, Wagn an
enbedded | ogp is ~ ~~n Igl 7083 used to heat %he susceptor 18 the
48725 &

heat er contFolP¥{fr GRERY 206BFF AR T PaffP upy eftfh 18f current
applied to dte doopolAdsi tiyoralsgrem bonttellef ai2l ovatecomthnlcdinke

i ncl uded to,ge f.ety i e, d h eration
of the heat?ﬂggogﬁé,ngﬁ?%%%l fwﬁltl(;?lie1 nggge}é%‘%g 'arrbrlg‘;é fg/g?gﬁn%%n%%g\eggl ggset up.
The charflerin@lydesy  REAGEFSATt K oaAnRF2 poRRer S idpl y The $Hsten s used for
PECVD, chanbskitd By i Gpeditlls Dhashae pé 0srss@y. ohgncamplasma process is
enpl oyed, plasma 10 contral subrouti_'ne_QO cﬁ:oﬁri Se?ﬁgﬂro r.am co%% for
setting thepﬁ%ﬂ?f%rﬁﬁ/o st P8GR graf)?)? s pF s HPct rodes i n
t he chambermd®ri5i4fi | arThe adrpusesvboagtym dbsuiEtesd tbhantrepezanpenent
subrouti neschifiSe Pl ASBGANT Qi 24D AYLE BFe A0k I deRY OKBAL Ve t n%v%ﬁépber

manager subroutine /7a. 15 The above CVD system description is mainly for
i |1 ustr& vEBUPERRTRe P HouB2NEF BT ESHSs| et OFPEE PRRMSSRYSt RE dcope of
t he present papvecilan. pMedesati ons of the above described system such as

vari ations of pl n pior ign) . h design, | tjon of RF
power 20 connect?%%spgéﬁg%%ﬁﬁr&séjé:rog’%%éggi Bl gﬂ%ee%%rﬁoaéwg&aec#eposi ting a
t ungst en | ayEBChccanalpg ansd tdiwisrdsénput AMetRUtopoagdfot interfiace to any

speci fic preggsa nﬂnép.@é‘é%éis-moﬂ&Q bR EXSE WREdRY t hgr P QIRFEUNNI Ng on
the system 25 controller 42 are icted as, a flow oglllPagl{am in FIG 4. The

de
progr am #00%befPAsCYP SYREmoY cloﬁll%gf:@ptﬁoﬁh? hee B JIE9PeBRI ng
subrouti ne 80MEPNstahdand wineneledfinasybochradberard eagat sand quosietion t he

waf er 16 0”@5 EnEYSREPLRL. e, ITRSURR 408nadddf ASBCESE:1 AR5 HRNBLE!
subroutine pressure ,
structure as having a 1l6-bit data bus and a 24-bit address
bus.
35 Preferably, the memory 46 is a hard disk drive, but may
also include other kinds of memory. Other computer programs
stored on other memory devices including, for example, a

floppy disk or other appropriate drive, may also be used to



30 control subroutine, heater control subroutine 87 and plasma control
subroutine 90 direct the relevant chanber elenents to execute the steps of
the tungsten nitride deposition stage of the nethod of the present 78
invention. Next, in step 408, the process gas control subroutine 83) JAN 2003
pressure control 35 subroutine, and heater. control subroutine 87 direct the
rel evant el enents of the chanber 12 to eXecute the steps of the tungsten-
deposition stage of the method of the present invention. Finally, in step
410, the pr e n Il N,?003 -18 CVD chanber manager 77a
and substragggﬁgggtggglgggg% r'o ?E?ﬁﬁ& 48 control the necessary el enents
of the chanber 1ZTheo ingppiecthbenedes al@shmoandhehsusy&nﬁmncdﬁtﬁdmie&urther
processing. ;Fhe prqce e te r QC such as
waf er cool - dlowﬁL orvq%héngg? @ ggﬁ?ﬁggnr?;y E‘ééégttaonaﬁ{%tolsnvo gy%gﬁui red
within the sEfE®Se dephctedai ker@rd, mpplseTungscp@mrr\nptqmmtaderarsu tion 10
To pretreat ctcn@nuttafc%ruaw Qévleet%a%tt?en ulkl' k A8 dEROSH 140N AHdeRLEted in

FIG 1H) the first gaseous m xture one or nore gases contalning at |east
hydr ogen wi t¥P 6r ‘t¥oREDNFLr ebéﬁwwm NéeFi xPufempeniqaifedviitht hehe chamber
and energy is sfu icedekolfierma. pretreatnent plasma. 15 One enbodi nent of

the i nvention us a gaseous .m xture of dr og n and nitrogen to forntthe
pretreat ment pl asthf ProAFEEr £8%s SP?Stﬁﬁqég 9}WE§a?tRFE§§§;ﬁT i xture
i s then addess iy tsheoplpasea Erbgrduemnbdtmmgshan D t exatritdePasi then onto t he

hoen t oLPPRED KBRS | Pl N8k BHogREE MR | St be

added to the he“secon seous im 10 ¢t Nt ate
tungsten ni twlt‘Jd'etQTeg@s@mfoﬁonVﬁétS@@#ﬂalcotTMfiersra@@w@j rredrammirke pl asma

7 may have algr'i C)fdr”eﬁcaﬁ\pl@ngﬂtﬁo Ja@@ektb'l?*‘@éﬁ&ua(g&%) dQ 5 25
gi gahertz ("CGHz

%( The i nfusion of energ‘gllqag& gi zes C%/ro enlnthe
first gaseouS?ff Y ufOrEFER PRaPtRRES waf @fPEE@F%ﬂﬂﬂP < ligasederpti or to
tungsten nitinge £eporild (fri)teandrt:hem:lﬁllesﬁ@neet estid\a tdrvkeirderiinat i on
of the fi rsst angl s%%oond % sO mxture %[lh nces thg dultssom a |on of N2 30
ni trogen |nt% ’r"nt?'lg m i Ghs FSE% PR g%fle?‘n AP (fé:dleg ©tion. The
energy al so ma@i@mttﬂndhwaﬁkadmmmonY systemudsthba ¢mmuudQKN|(ﬂi the t hat the
fluorine sepgpales fc!chE tt:bs‘?(tt yagshen wih q%%un@gnawat&tt%ét%a@%g;o form

hydrogen fluoride (HF). The nltrogen ions and tungsSten conbi.ne ta form

tungsten ni tFP’B@l%%'I\I)a%F@ﬁ €S8 BRRY MBIy SdeFOe t EY &FY Heék&Fer to form
the diffusi owibar&n eibfectﬂ&@diéydEogeébddpiQreﬁdwlﬁ&stW that is

Lo med gt NEcdeRgsl Ll on, el URGSLANAN | ELAE Lo SN s omtne 2

8 JAN 20 i A CONtTas e So ypro uc f or med
by the tradi s¥shan deposiniakesotheuplgbedhn Cmd'@l"l gausing ghe wmpgaaét is

gaseous. Accegzgteﬂlvo 11 niHEebgef 1ﬁqmrwﬂynantrhaam cdrfésh tfaalgsakngdl ef t
behind after the 5 osi ti on of tuggrrES n|tr ordance . with the

present i nvefitfGHE 3?e &R9S) SPBEE ttraé Ftt StefPRitride

deposition ppoogsamrs. | n general, the deposition of tungsten nitride in

accordancgs Wi th ! heg pr?S?Qtaxlf]rﬁ\ﬁqrﬁts'tggt?\?é%fo%ﬁ R;L8eaAerd@ld on of only 30

or 10 Iess partlc es per ei
hierarchical control structure of the system control

software, computer program 70, according to a specific
embodiment. Using the light pen interface, a user enters a
process set number and process chamber number into a process
30 selector subroutine 73 in response to menus or screens
displayed on the CRT monitor. The process sets are
predetermined sets of process parameters necessary to carry
out specified processes, and are identified by predefined
set numbers. The process selector subroutine 73 identifies
35 (i) the desired process chamber and (ii) the desired set of
process parameters needed to operate the process chamber for
performing the desired process. The process parameters for

performing a specific process relate to process conditions



The nitrogen and hydrogen are each provided at a flowrate in the range of
1 standard cubic centineter per mnute ("sccnt') to 5,000 sccm 2£€ A@%¥E|OW
rate of the argon dilutant is in a range of 1 sccmto 5,000 scc i

ni trogen and hydrogen are supplied to the chanber 12 to form a treatnent
plasma 7 for 15 to 30 seconds before t tungsten hexafluoride is supplied
to the chanber 12. The tungsten hexafluotide in the gaseous mixture-is
supplied at a flowrate in a range of 1 sccmto 100 sccm 20 The energy
fromthe signal first excites the hydrogen such that the hydrogen and

ni trogen efPESt el §OFr 8RR 1€ o DX YRR 8AScFERRAPSE heor nzrd af bew | ayer .

surface andatchen pempetesuidie phasnoiat iQRsph BbAAOYENE N4 @-Midd ggen ions.
The energy als tes é\nhﬁﬁr eductj on of the _tungsten hexafluoride 25 into

0 pro

tungst en, WIER ?:SFfﬁi fe§” tHRY fiRSHGERYi BRst radeerF iord 9l inghigels

combi nes wigtre tshue chy dndgenamidsr avaEls WempetrA@ut BNgstieds @nsh Middgan conbi ne
to forn1gugg%}egoghhrhd (W%y) %pq_tqi hgdroge and f]uorine conbine to
form hydf ogen f1°Gorde ?ﬁFS. PG HEOFIARER BF th TRetRFes®il d5fventi on,

t he signal amt&reds usidveded. bfot hexdR®lsuppl L i4Btt pef 0OTRT thhenipdaasma 7 has a
frequency in dheange of 100 KHz to 5 GHz. The power of the signal is in a
range of 1 watt to 5 kilowatts. Preferably) the signal's power is in a
range of 100 watih€ tS39881% kPY oteft Loy ttheaPreaespl asaep oy sdavhibm ai ned
for a peri aheofarhgbseandlsi gk BOLgaooMs raadokhendeppsidg on plasm is

mai nt ai Pgd for a Q_[%rl od gf time between 5 and 6ﬁg,seconds. ~ 8 JAN 2003
220- r ITHEYGSaEd &98I FRY DRI 498 CPBAFPhEIRE SRPIIXPWEST &4@its in a
surpl us of eitgmit @ns the thelwycami tdigiftatlheusater bdbrddad £ prragduse a
negative bi%?s the wafer 16. The gas distribution manifold 14 may acquire
a negative Dias between -200 to -450 volts, typically -400 volts. The
processi ng chanberPrlX ensd SEAUCBESE ePloroulrd rgr € Sgromndesds apdogtem negat i ve

bi as of the.y&ad eforlGdce lel%a;\e@tme-il@&éi%@gﬂseég_é,cﬁmfﬁ'tﬁd Q0 yol ts,

whi ch rﬁmai ns appr oxi rratpe ¥ cgnstarﬁ during the_tine - plasma 7 is
mai nt ai ned. PAYF e RAFIAEGET §r SEPB Nt YRXOSES St AR EThE t BHFRYYINGe 7Bhat i s
formed in téred pf@srmmmodltihe spefatciomioft hhewabelold. pEIeesd he pl asna
generation | et h Yy n ride F) is_exhausted framthe
processi ng %%%’ﬁ}géeg '12%3#%%%‘%%%%cgsrlylsét%etr%géggyﬁés% ?%%Lﬂ‘{“%oq‘rst GRGst en
nitride 15 bedeesslaimgiterdnonbens ei ghta iusel waheentén meloimlance with the
present invgpbéOds ddie fumBBes &hd CORdAENRLmBREt hhssrd halo afe generated

is 30 or. less. FIG 5 iIIustratz; a sequence of érOfess steps of the

rout i ne % or SERRERUHY STHT OHELPRdE” dptid 15% 1 Os F SRt e t e AF Yficdsent

i nvention. phecestds nen The deyibed peedwnoed bpréberalybiemiontroller 42 in
response to cqde uek i i Y r t nory 46.
Upon initi a?igﬁg&éﬁétg step ?%‘ggglét_ ﬁge %g%%%c%ﬁ gnb(l;?s?%ggc?de% tﬁc{n A g,ggt he
processi ng ERAnNBESP 2§ diperapikrering Prespsratire 95 W aidessed in step

504. In setthagbéhe t efteraingdi eoperaidniR) st Bee Syeimymusud r qliker 42
execut e dn EEUCII ons_recel ved fgomst hxee rcgr%rmﬁrﬁy §6. .Téue execut i on of these
i nstruction ssUtTE"S n eREAtS of - tie AfSer 2het %“bterleﬂ &d%t o set the
waf er tenperhambersineine usiednband 30ibylesecatifgr tex atgd igjed lpgosgss em
controller %Z)sea“oﬁeé@é’ﬂt%%itﬂt?ﬂSfrétﬁfd’dé%% ICRRMBYE t LANS S LIPPT eSSUT €

control subroutine 85, causes e exhaust system 36 to sét the processing
chamber 12 PFreS§&aFet? PHELATF I8 Ghbe JfOYePtEsPR! TREARF £F Torr. The
syst em cont mehliebrirdg atls® privgkedCtRatbersnenin bg ekedpndudil 40 heat the

waf er to,p LEARGLALUT G, LD ARS8 wERAC R cR08C: L Ned 5P WAL faaheat of

the sequencer subroutine 75 takes into consideration the
present condition of the process chamber being used in
comparison with the desired process conditions for a
selected process, or the "age" of each particular user

35 entered regquest, or any other relevant factor a system
programmer desires to include for determining scheduling
priorities.

Once the sequencer subroutine 75 determines which



2 n JAN 2003 -21 Once the processing chanber's tenperature and pressure
have been established, the systemcontroller 42 executes instructi irhofhpm3
the plasma control subroutine 90 which cause, at step 506, the contr JJ
valves 17 to flow a first gaseous ;m xture into the chanber and, at step
508, the RF supply 48 to provide an RF §5L nal having a desired frequency to
supply energy to the first gaseous m xtu for igniting a plasma. For
exanpl e, the gas control valves 17 are controll ed) at step 506 to provide a
first gaseous mxturga{ng cont i ni ng nitrogen ydrogen, as descri bed
above to foPmaSRaf & 8ht tpﬁb‘? S Sei—{urct%%*naltﬁ%t &f 5681ItYH 88 ocessor

unit 42 i nstxecusetihaeRE, su}p@l s/ecﬁhﬁerﬁQe:prsnbxdﬁ;tdn%l graknieibbesgas nanifol d
14 having a fre(&ttéency i.n_the ran% of 1Q0 KHz t.0 a_15 power in a

range of 1 VACE16°8 REI 6RELPEOCSHe PPb sﬁ?rssdﬁ‘lgt tg‘_‘ZEQ’u'%éSu%%h a si gnal
to be provi gedtclears aeti parametdes range cttiarﬂt’fert @a&@gseceﬂﬂsouﬂ'heé eafter, the

processor_umﬁt %2 %gl{%%s ggrgisepmé{lg%p ngﬁlsf%g%'r ga %al Vﬁf%%% to suppl y

t ungst en hexaf1 udri h the gas
lines 19. APrgess pmagweenlmmq:@hedusg d!eqaotshet grogess she daftermikted The

deposi ti on RROGERS <leBREh kel s@otd @?hhg jde &Qﬂg%x%#8§etoaﬁgt%e Iq%QS' Once

t he generati on and ndi nt enance_ o | asma 1s complete nterior of
t he chanber MeNagifrgeyrrustiep 2% S‘i?mPW%ﬁrtO@rﬁaé‘oﬁP@@I EeF 42 instructs

the exhaust sElr@N36igt @puete¥engl dndeeed | oo dagy @%@b%lsﬁgmﬁ h@q@r ocessing
chanber %é Once the.pr ces?gn 1tllanber 12 has been gﬁﬁg position
of tungsten HiYT55Fe S |hsa”c¥5)3 t SheP el e Manage T Ptéﬁﬁ (9d, at
step 514, t ocatepaslist esiécmmmgat efi vpphot s echandgsat mm@bhendesbyrmwmmti onal
CVD as descr g

conpl ete at d%) %?%%%%?wg 68gatr§lf1§hce i%ge&rp%frooéggenkg anas’r

(pol i shed? t%e cQﬁﬁ;lYetCéltt KaeggedestrdcPupPess35qLy. @?ﬂ@!ﬂp@lﬁgspémlwmgl t| on

I n one enbodidmiinfe tsﬁ@:z‘oﬂ‘é@ﬂ&hoﬂretges&%@‘ o%m&oﬂlh§ Senasidtie
the barrier |ayer (i.e., etun $ z ~ ~aN ride | ay er 8) on
h

waf er 161Pn %roaeﬁqﬁs@ngﬁﬁefzoﬁ gubERiyErRf e Sfpfﬁésh\é?e‘?oqtgoi s set
to be in a rangeowdir)®EG t a ﬁeeeeraadnthel P e rtd nien 87 henfr & GElsEnag

chamber 12 i g, 1§§1t70 s&erdiurhﬂer 909¢n0L Q) Oéch; erk@ 19 LQLL, ﬂ‘a%% S S

control val ves e a gaSeous mxture un sten hexafl uori and
hydr ogen to @h@l@%\@ i lolig the Artrwgdh yeadip Gﬁézlogylaédéhlatt o thies

gaseous m Xt HfEmbdN e SRASRAUSUBrSLYE BeBBYar| 150 irkChidda aBpangomy did utant.
The gas nifold 14 flows the gasgous n%turcf |ntt§l[et he roceSS| 10
8s

chanber WiBRE RIRFSRET 2F6 geBeT e P5P Fﬁﬁ ¢
hexaf | uori deltmy be Jpematizmge tbk thsmbear tmarifferscabprowhihe The f| ow rate

Clow rate of Soreonfyks DaRMmAEE bE B ER0eg prbabaTtblipandil SCCth o
process subgoutlnes in accordance with the partlculér process set

being executed. The chamber manager subroutine 77a

25 schedules the process component subroutines much like the
sequencer subroutine 75 schedules which process chamber 12
and process set are to be executed next. Typically, the
chamber manager subroutine 77a includes steps of monitoring
the various chamber components, determining which components

30 need to be operated based on the process parameters for the
process set to be executed, and causing execution of a
chamber component subroutine responsive to the monitoring
and determining steps.

Operation of particular chamber component subroutines

35 will now be described with reference to FIG. 2 and FIG. 3.
The substrate positioning subroutine 80 comprises program
code for controlling chamber components that are used to
load the wafer 16 onto the susceptor 18 and, optionally, to



15 for depositing tungsten is disclosed in commponly assigned U.S. patent
nunber 5, 028,565 issued July 2, 1991 and incorporated herein by refer e.
At this point, the wafer 16 containing the gate structure 1 may %&Jﬁﬁ%ﬁ@ed
fromthe processing chanber 12 20 and transferred to a machine for renoving
undesired portions of the tungsten layer 9 and tungsten nitride diffusion
barrier 8, i.e., a chem cal nechani cal ‘6(§I‘i shing, (CWP) machine.. 25 V. CVD
Tungsten Deposition with B2H6 As descri bed above, hydrogen fluoride (HF) is
produced as_a_byproduct of the reaction between tungsten hexafluoride and
the second YeSedd® cwifIsils 6@ cofesinrAghtydrbgen Erl atigmbegen? When
practicing %ﬁ&rﬂat&l@@%@irH’gntb%thfeehhghféowQEéiei‘é 4l eld g;?st a gaseous

fluorine byproduct nmay al so be produce romthe reaction ungst en
hexaf | uori dé! st ¥FUgéh meid dden. "iIRR 2| EiePsHeAYS sycddasedhen addition

to the hydrpges flaiord deadierawse ther groays sotndeanaugh Jpydr ogen to bond
with all _of the fl uorigr]e. fromthe 35 tungsten hexafl|uoride. I n sone

i nst ances, PR s ¥ I ForiMETGF FQsEECERYD ERR YRESE 18y for ned

i ntegrated Theoed fren tite wafsfept®r 187i8 rarsé@ads -thk 'delsirSdCRAIHICT ease
the resistiyjt f vef s of ri.al into ich. the fluorine diffuses.
Furt her, \/\hé’?\ %lrlljé;gcsr%%ﬁbgn’?tlg’det%l énr%éﬁﬁégdgfﬁ%sﬁém i &Sy dAREE with the
present invehstarce oof oypacingtiaron thet gee, diher ibworimenamyifoaduct may

diffuse threugfhanudider gl e aadobacbeass. g heknass of the gate
1 e errec

oxide 5a. An overly thick gate oxide car. render a t transistor
i noper atile. PPRLEIRRHE THIGH 1eR $00COPREC HF eBRYRMEHY et ithe, SHACERER i onal

gas may be added ebepargsslenosiddnd @ethpasenendrd O daseRUS COAROSI tion
cont ai ni ng h?ﬁdr ogeﬁ%an ni t.r ogen toxpr Qyl de fOE t he absqorption of the
excess fl uoPFREOT THASEZRIT ¢ Fihal 2 Gad TRy FEF T Rdr TEYD Uil GHATDER] IARRIDN wit h

or as a substbtoteid®r7ide hydrogen in the second gaseous conposition when
used in the deposiLi I C i t .Lpvention,
t he additi onal gzigg Po_gééin%/sdr{bﬁeéo% %Q%Sgpﬁﬁwo%?\ﬁ%eﬁq?%%uf%ﬁ%r
enbodi meht s feF Fﬁ’étﬁ@{%é‘?ﬂ P¥RRARS &S FrppranbimHend SLlewpreyed. i hehe
tungsten depestbkngst agenesol Numaditinenah gaserdls e Hehlbusisates the
process of a first of tﬁgse t%l\D further %nbo inents of .the invention that
is used to B8FO5FPRa”f uhgSt FHEFTY MAKI R§TdVBoOYERe. A& Y50 B8RS i s for

exenpl ary puppgdees &he massof lowtanrded lilerki nbt obteeirs cbyee dekitbé@ gdsai ns of
t he present dinyentian. r &:Pé’%' e NGa Jaughers |

description flt%g’}{’o?vgggé ug\g% ?To re ée%aa:yo%gsg?gﬁr%%]g corrr%o%ntlg %)#Evc%%gi

exenpl ar§0 cian5Be ehapbey DanaYRL SHRICESINEs T apl Theredldnghewpry ol | ed

usi Ng a CoNpWMRbnphEJEABYSLOL8Es | Nddeeretibey AfoftH/REsydbeMmdhgeds shown

in FIG 6, th sent | i i es nucl eatign.step_600 in which
= pr ocess GRS AEFaENBe B FEn et S e P A Aot (B 5o 308 F11 or v
hydri de, a dillownsages, sTrhiesllnnodid drecessHi3s conkrplcgnbreuntifms, such

as argon (Argy pRrbkevedyi Bhenth@nied obd kapphet WBess apRutepRat&RP seconds
to grow a.thin tun iten ayer that 35 act %llas a rovﬁpF site for subsequent

tungst en<Pi | th! FF2E1PPefBRr BACEHBRN MATS ThAYW £OMERRErRx

cont ai ni ng source is
WF6 and t he grigupochmphrdngVthgdréeadings BA2HGhe Odes ned | flowa raedsict i on agent,

such as Hz) fggéf%éﬁ %E%ﬂe@hgogﬁg$ﬂgfmhana%e§ Qﬁgkgﬁ¥¥%é%%%a, and (iii)
adjusting the flow rates of the gas supply lines as
necessary. Furthermore, the process gas control subroutine

30 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 the chamber 12 to stabilize the pressure in

35 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



source, such as N_, may be added to the process gas. The current to the
heat er el enent 51 |s set so that the wafer tenperature is between abﬁ3®]350
and 475C (corresponding to a wafer tenperature of about 325- 450($8

chanber 5 pressure is set to between 1 and 50 Torr. After the conpletion of
nucl eation step 600, the flow of the tungsten-containing source and the
flows of, the hydride and the silane gases are stopped (step 605)) and the
pressure of the chanber is increased in preparation for bulk 10 deposition
step 515 (ste 0 n t tun sten nt ai ni ng _source,

hydri de andgs??g%e%e 2 %%S)SSSLP% J{% %%e @E%e ar i %rqb%{% 10\%”

mai nt ai ned @@ﬁcbéb%@e@bQWEnWOQid(beM@aseaeddeuto purge the chanber of

resi dual gases I e e process 15 gas
in step 600, thegéef géggﬁgg 3 %fwﬁﬁﬁﬁﬁékﬁ%d gu??h@ %{%S %ﬁﬂ%ﬁ?m%tep
Chanber pressdeelips favreabe: 9rﬁhﬁ<ﬂge659renlordb¢ ¢hanikegr é&s eyt he

deposi ti an tabe19tihyngat efiil duldnAepanihhoneSLaD Bl el eia ' t he
pressure i s | Acrease bet ween out 6 durlng
bul k deposi tfofRN8gt 8845t FHeCeURfstidifc ShEBPAF ng Torirtied §frépﬁtroduced in

the processcgasiagdoet bge @m@@te@pe Wﬂ\;@blzeslgr@eﬁrat@t@drrtez%latthgondl tions
suitable to gﬁﬁg§lt a secondtla é?f th i ten fi gr a simlar
reduction af sPFREFYted ?n %9536 gé% ¥ %ﬁ t@OG-Glo, this

f | ow shoul dtbeadoptibnesd gassfkmwﬁﬂiizd'beQherpaosesmIdhanm&ducbhdn agent
was not LbSe%uin%ﬁ!geBgttﬁgﬁ’nﬁlﬁeé Fdd WWel éxﬁéééﬁe%ér.“ oL ERna LS the

I\/a|nta|n|ng orrnrti amtro en-contalni ng SOUI’CGI
opti onal . 3@rﬁ$§utréngpnt§©lbawr@erpidsa tBiSOﬁSSﬁ-EHOBQ@ depemes igredt her
thi ckness Oftatrlaj‘:‘etde§'réggu}€n9§\tf§f‘ id 'fEcélbeBSab”B%éf‘é}ﬁeé& %%%HJ ahely

control the anount of B2H6 introduced urln% nucl eation ste

Exper i ment s PAFEhBRR2ERE SYREPSE Hife & /&nd €§|EFF%$¥5E|Qﬂqﬂ?&ﬂly decr ease

with the addiddremtaheB3B6ogorates hto nélstaki enepposessragasn thet then

actual ly ncrease once, t he nt of B2H |ntr duced reaches a _saturation
poi nt . r%ferﬁgﬁ> Q% afegng ﬁ% TPsSPH Footd® S SHUT5 8 JAN 2003
- 25 the chamssyoniaterisi sosnhepted 1:<D mlteathta@bbGt weencdmeare Ihesveaspegpr essed

as an undi | w£d dQ9Wro Iuagﬁra@aeéI;Lf@ssd&@o%geebesfﬁrﬂwg to the above
nmet hod gave a | arger, grain size tha tungsten_filns deposited 7

n
wit hout B H5RERPS n FPFﬁﬁrﬂEpd§F1§HfﬁFF NEYAE) ARIES ATAT Rer ent
manner) e. g.9toveh (BAdeure adbditd cortexpdnidénbukls dh@OEaﬁgemnpweésﬁﬂe It is

bel | evedy phajnd e, LRALERS SOt ALAC o1 26, 19UADS Lo Bl OUET, 6! LV LY

because % ere are oundari es an ary
scattering. VQIQEF|quﬁyneévéé0mh§bet?ﬁ?%ﬁﬂ;§eﬁéé1©f BelerpatiNelyur thee of

the substrat @ﬁ&ree ctdi*ﬁtrlalﬂ EuQQB@@iﬁé% sctaapbanﬁmt_@ere\@c@g;bhoarbefore the
pressure wit th er is incre ormat.ion of the |arger
et n st 76 dPTb ARG HRE Ch UL 1S DovbR PAEBLEOLAE HPIBNSLrRI T 11 e
further 15 beég&&&xbt&hﬁ qumbeboantostnﬂwdesmtednptémsudhanber as the

D et e ales b et eBRE AN i oh! B0BEIL NP AdnbEl NELTL A aRuELEL T On

and bul k deposition steps, boron is n1|nter ace t

causi ng adheEPBnCPRGREHRY [HhEr SHEERRY %hd‘é@é&&ﬁ?lﬁb@E§F551nt Ak h%nner
taught by thesdf 6 asedd dHeveRife@nlél . EThe heboee toerfylesubirout DEeesse)
provi des |nprove adhesi.o to. a CVD t n B2 p ess that
does not use’Th3-3 ?e’p’%v%]?%%e%g‘?egﬁﬁq%l n\fnearrllfaﬁg gﬁﬁé%&slé%oﬁgao%&?he t wo
further enbodegehves of tidrgeds wet Bet-pdinthe tsmséﬁﬁummamﬁeshomheﬁn FI G

7) varioug SekHPLr PUEQE AN G R i RECPP dRuRRS! ChEBEerbraldirti BP (O the
nucl eation, purge) . pressurization and bul k deposi tjon, steps desgﬂlbed wth

respect to FREASBIing CRHAFS PUtPEt 9f & COERpE 197AEH 1§ HE€etup step
700, a sil angubgeptoB018} &rbﬂwlagdtneaaéﬁum@dsmahppmtgﬁ:esttepcﬁéo are

e e e R AL PP P o ATl e Lol bebater 1
applied to the heating element 51 to obtain the set-point
35 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



heated to a tenperature of 425C (about 8 seconds). Then Ar and N, are
flowed into the chanber through manifold 14 at 35 flow rates of 1000 sccm
and 300 sccm respectively, for 6 seconds and chanber pressure is?get 40 30
Torr. A second flow of argon is flowed through the edge purge guide 54 at a
rate of 1000 sccm In step 705, SiH4 and HZ flows are added ~a ~~;t~
2a03 -26 to the Ar + N. process gas for-'I5 seconds at rates of 3G and 1000
sccm respectively, in order to incorporate silicon onto the substrate
prior to introducing WF,. This hel ps prevent WF. from attacking the silicon
substrate HyeélFﬁepesteféﬁl?&FQ@R¥Q§UB§tFﬁ?eh%®¥¢%uﬁpﬁﬁrqhmﬁﬁhnyual@ﬁl|C|de

reaction. Nexyraldlastopcdd€réhe yafen L/ abusksd Sy ked8 and the
SiH flowis Esgfg Ead ?Acflof/v of BZH6p |§ al so_ad élpnvo tlﬁreaﬁapégn JDH2 and N.
d

flow to purgé re€SPduaPdi FEOR3 b t e Prd1EnaRbEFL BTk ift ddie cBPHBSat t he

surface of ke variero Buteag [bfbéeéb?rsla(ﬂdtyt&\@n:ﬁi%&ef the Aaredgecpurge gas
is increased to 2800 scc 2H6 pu step. | asts for 20 seconds and

operat p rg e
i nt r oduces B2 A8 rlgf’e E%dn%%%g BIERSRS T htrodite®r85e5Ssol uti on of
B2H6 di | ut exhawiktelr dr2gas. nb?hepd@dmrlanesegasm s 15 typically diluted in argon

at a ratio of abguyt J%gi.hokanesargon Q.4 QF‘?Pe%RE'%éSW 239, clcm4(g| |l uted

B2H6 flow is equivalent to a 12.5 sccm und| the wafer
has been chHided san$eS HRrhBECHRerrmngadclaaniey e |jSrh8§t @da'ﬁr@ is

initiated Nudaatdon shen ﬁ@éémﬁcarsecegse@&l&ﬁéd ofp 1Wefhq B2HE) Si H4)

H2, N2 and Ar into chanber 3{5 seconds to grow a th| n tungsten | ayer

as deschP betPHER . S"‘]h}’fofiﬁén?e n%or?e‘?ﬁiﬁ(ﬁsnﬁﬁf’gr?lﬁec?ql%v@;Qrats@s"-tdﬁg\/\FG)? B2H6,
Si H4) H' N fmsifhecydRF powencleadl oramildpd7ts ke ﬁﬁbc&& elmc i@y 300 and

1500 sccm res ectlv I e 5 il d BZH W|seU|vaIent to
a 2.5 sccm Uhdi ute 61-? Ql gﬂc%an%érg g%’p (?s slﬁ 0 425C

whi | e chanbéuazmgsmqn§n§e§ubbomﬁﬁﬁrr thAfpéasmmeCQImqﬂletsLmromt ine
nucl eat | on o4 efy, TS oldP 1) 948 Shadier RlbflecFBBASLS I fases are st opped

and the wafer is_30 noved to a position 6 frommanifold 14 (step 720)
before #Re pressTip® BOYHEVThANBERM| LCIGFIPEASBILE AN MGrio  step 725). Step

720 mai nt ai DEl\h@@ri\led'Z‘:L&@dsAB &hdveshduld aoseb@wbnﬁfdared h@ BZH6 WF6 and

SiH4 flows are. gt 0 eb]% 9 ur etlwe 17cehs(%le ern legrildu ;
during purg 1y %? 0) r-cartier Y?%w P8 i ncY sé&nfo 700 sccm
and the Ar eblgealpwcgedésthegl smat@ase@crmasowrsa:mns rpistdpteRsort he Ar

flow thro“%u@@@%é@%%é&drﬁ %@ﬁ&eas@sf@ 1599a§9&m@ma# hewdy edge purge is
i ncreased to 320 ccm nﬁz] ~_ ~aN zoos conbleﬁg} vvlth an H edge

purge fldw SPHEGG%‘&’&%E‘ e SN 9%@&% t Hhgm if®Tachi eved duri ng
a 6 second gepbstitidgen, cuhgsiteg bayér ceposidingntst eipe faEsenite WF2 flow is

rei ntroducefdLPI &ngg 1 P 06eSS 9284 {:gue g g@&ggg‘g céssfl%W is reduced to

1000 sccm ge purge IS Increas ccm and “process
condi ti ons apeanaFdsfor a predeternined period to conplete deposition of

the tungsten fil Mhe steps executed by the program running on the system

25 controller 42 are depicted as a flow diagram in FIG. 4. The
program 400 begins at step 402. In step 404 the substrate
positioning subroutine 80 controlling the necessary chamber
elements to position the wafer 16 on the susceptor. Next,
in step 406, the process gas control subroutine 83, pressure

30 control subroutine, heater control subroutine 87 and plasma
control subroutine 90 direct the relevant chamber elements
to execute the steps of the tungsten nitride deposition
stage of the method of the present invention. Next, in step
408, the process gas control subroutine 83, pressure control

35 subroutine, and heater control subroutine 87 direct the
relevant elements of the chamber 12 to execute the steps of
the tungsten deposition stage of the method of the present
invention. Finally, in step 410, the process sequencer 75



In the second enbodinent, the rate at which WF and H 10 are flowed into

t he chanmber during bul k deposition step 730 depends on the application in
which the resulting tungsten filmwll be used. If used in a via-f?@LM
application where conformality properties are favored over resistance”Nd@g
is introduced at a rate of 95 sccmand H_flow is maintained at 15 700
sccm |If however, the tungsten filmis us®d for a gate structure, |ow
resistivity is a primary concern and W6 flow is set to 36 sscmwhile H
flowis increased to 1800 sccm_After bul k deposition step 730 is

conpl eted, 2VPufpamReEpIIPTESE Uk dh FHRGE atesPegak 1 WEEndeposiqutdmegases
from 20 chagbetoleontfot hilse MEGE 58P o MRS BNdHER el ons &y e

stopped and the Ar carrier gas flowis increased to 2700 sccmtor 6
seconds. Al $6MVRetNBWERIAF Rigl Purgee rIFaRsodedPedssdf vt 2800 scem and

the H2 edgepputgesihew i snetppnesss Nendn drisStaep sEéE a2 1808 seem fl ow of
Hz is introduced for 6 25 s&gonds) l%ﬁhe wafer_ is dechucked (di sengaged from
vacuum clanprR§=§ystEPS0JUdhP S MR YT it Piage OF | 6RATRSHettRaEEW t o 500
sccm I n stepy728, opheohdl by tirevaldd ea STrdcuifreld wiepeneghwhidgude chamber
is purged far 3 onds nd, in step 750, all gas flows are stopped while
t he chanber%'leé)%gggévggug%gd.zlThe tungsten fil mdeposited according to the
above process has a resistivity of 8.5 2-cmat a thickness of 600 A while

the via-fillrsfii | mBascanr RetstayipypOEididhlerr]-cmat a simlar thickness.
The fluorine concentration of_ each %5 I s, about 1 x 1018 atoms/cnB and the
boron cohtentrat {T@nPFetreas ERanvatgr 1or s bt vheyviasternaigsidetion linit of

the secondaepontiBAS &Pesép DSCOPYIRIPMEIE, UsRd fiRsthgsfeous 8 JAN QOO3
-28 tests). The process _paraneters set fortth ahove vviﬁh rez}g)? t to the
f or egoi ng efBSHENPS 8PE ShtTA eI THE HA % Al ar S88poRY I WFr ocess

perfornmed i wiahr esi gticheby heategeVkih Stlohanbeurmmaisl dtbwe@didyo Apd | ed
Materials t hS,0 i for.2 r kil rying

pr ocessi ng %aﬁ{bﬁ%treggad%égg%e%s a%%%gf%%wdpgp%sﬁ“{ rglt %%g%%%‘%gi‘%’g%@%'é“%or di ng
to specitpc Hpplambedingat af peheoknvPnbien Ess skichsepust hbxate Wifl |
recogni ze t hafdddRse apaehet6ged Oc paf Rt s et retRdht Shaghery specific
and will vary if charﬁf))ers of .0 heg desi gn_.and/ or__vol une are enpl oy%d. The
paraneters 1551%d 3 #9PRE BEBYRAdRECTIBRd i &SI FRP M P FR A Fhen

processes, amtbexppar atespdbemad? nod begin mivriguayenontiheidé adeposdsidascri bed
herein. One rgi 5 skil ] AN RleFO0 ; HS ers and
condi tions oﬁteér) ﬁé;gvra%fﬁ%ée ggs}é%{l:g%%&\?\n ﬁg respeu%teat 3Ht ﬁ}elga# eferred

enbodi neRf. 9RSeNEhMigRurghove HeSErPptadird £4d IthesPrashae’ aricéhe

restrictive. sé@dn®x@gdons aiRenrdopantsciBirdte Usegstenngkeridee source and
drain regions. Alsa other sources of 20 nitrogen such as N20 can be used as
t he process % "ot her inert gases, such as heliumcan be used in place
of argon. FurtherThe esignaiethptodessppiipdr e ufermrdieppéssna 7 vEyues and

other gas flQu&al esrfRitns €APLA¥CHange of 100 kilohertz (“KHz”) to 5
25 gigahertz (“GHz”). The infusion of energy energizes the
hydrogen in the first gaseous mixture such that the wafer is
effectively “cleaned” prior to tungsten nitride deposition,
and the infusion of energy to the combination of the first
and second gaseous mixtures enhances the dissociation of N,
30 nitrogen into nitrogen ions to facilitate tungsten nitride
deposition. The energy also fuels the break down of the
tungsten hexafluoride, so that the fluorine separates from
the tungsten and combines with the hydrogen to form hydrogen
fluoride (HF). The nitrogen ions and tungsten combine to
35 form tungsten nitride (W,N) which is subsequently deposited
on the wafer to form the diffusion barrier 8.
The hydrogen fluoride (HF) byproduct that is formed in
the deposition of the tungsten nitride is exhausted from the



Al t hough various enbodi ments which incorporate the 25 teachings of the
present invention have been shown and described in detail herein) those

skilled in the art can readily devise nmany other varied enbodinentzi&p@& 0
still incorporate these teachings. 30 ~ 8 JAN 2003 -29 'WHAT IS @
IS , Anmethod of formng a gate electrpﬂg_connection structure on a
substrate in a processing chanber; said nethod conprising the steps of: (A
depositing a tungsten nitride diffusion barrier onto a gate el ectrode; and

(B) depositing a _|layer of tungsten on t of .said tungsten nitride
di ffusi on bdrFFer, wherefh SAF U Euhgst eC?{PenisPrlilgegéfPFP 4rbh PaFPe@rdYand sai d

| ayer of tungst emadieitfatleposotedion tdi nunke ceaneiprogessthg ghanber. 2.

The met hod of, i m.1. Ln, said tungsten nitride diffusion barrier is

deposi t ed irgééﬂg???k)l%cgégéggfépsggﬁqr%%?é%ﬁro5%8iH eFi?gt gaseous

conposi ti on cortaaiimiang patbihyes ogeat gass lEfic) bphaoutdda figeeneigy to said

first gaseo Q Lti.en . Ir.eat men I that _treats an upper
? L&?epg:-@l%%h Io‘?. t&f?%%;@éﬁ“ ﬁléxflf‘cfe) 'acEO?:égﬁ &

surface of said gate electro and (I eposi |ngc?u%b§?e% fitride upon
sai d treat ed P UPPENVSBELABedr 8. IOt Irbtissticeld ovaknt2adherenal the (iii)

deposi ting sty e hekr¢aaPAESSSit{dN gyoddicRg Nirhr 9gro, 4P the. processing
chanber and a 25 second gaseous conposjtion containing tungstento forma

gaseous m xtIFROSA@Y BY pHBIFHFRPEHRYHRY o as5Pg9gaSROUE i S®@ire in t he
processi ng chesder tiavkactoa depasts i i fHeagmerd@idn JhecArlhog of claim
nsists of hydrogen and

ﬁit?ﬂééﬁ?e5§ I %E%%iggg%%fggfal%gggsa%%$gﬁﬁ%§éid second gaseous conposition
i ncl udes tungst e xdfiregendend3byérodémr ard ledhobrovatei3atwhef ®ivn sai d
gate el ectrofgd s f alyd ¢ahed 8k POLYSAddLPPubic centimeter per minute
(*scem”) to 5,000 scem, and the flow rate of the argon
dilutant 1is in a range of 1 sccm to 5,000 scem. The
15 nitrogen and hydrogen are supplied to the chamber 12 to form
a treatment plasma 7 for 15 to 30 seconds before the
tungsten hexafluoride is supplied to the chamber 12. The
tungsﬁen hexafluoride in the gaseous mixture is supplied at
a flow rate in a range of 1 sccm to 100 scem.
20 The energy from the signal first excites the hydrogen
such that the hydrogen and nitrogen effectively treat (i.e.,
sputter clean) the insulator layer surface and then promotes
the dissociation of nitrogen into nitfogen ions. The energy
also promotes the reduction of the tungsten hexafluoride
25 1into tungsten, which combines with the nitrogen ions, and
fluorine, which combines with the hydrogen. As a result,
the tungsten and nitrogen combine to form tungsten nitride
(W,N), and the hydrogen and fluorine combine to form hydrogen
fluoride (HF).
30 In accordance with the present invention, the signal
that is provided by the RF supply 48 to form the plasma 7
has a frequency in the range of 100 KHz to 5 GHz. The power
of the signal is in a range of 1 watt to 5 kilowatts.
Preferably, the signal’s power is in a range of 100 watts to
35 1 kilowatt. The treatment plasma 7 is maintained for a
period of between 15 and 30 seconds and the deposition

plasma is maintained for a period of time between 5 and 600
seconds.



2 8 JAN 2003 -30 i. The method of claim3) wherein said gaseous m xture

i ncl udes argon. S. The nethod of claim1l wherein, said |ayer of tungsten is
5 deposited in step (B) by: (i) providing a tungsten contai ning P4SARUEN]

m xture to a deposition zone in said processing chanber; (ii) malntalning
said substrate at a sufficient tenperat Uée and sai d processing chanber at a
sufficient 10 pressure to cause a tungst $to be deposited onto said
substrate. 9. The nethod of claim8 wherein said substrate is naintai ned at
a tenperature of between 200C and 600C. 15 10. The method of claim8

wherei n sai d "€haRPEATPY REFAERFNRE WP 129 390 &hef RBetwmialy 011 Torr to

760 Torr. lkesthesmehhads@ipelai Bt 8 Wher@idy sa tha%@ﬂ%i%(}ﬁ]f”&ezo ,
conpri ses tun&sten hexaf | uori.de. 12. The nethod of claim ereln.said

gaseous ni xGr&T dft FERCCBRPRIEES2 ANSIROE FA8ScREsERe fwakRT e gr Glig
consi sting efashydsegenuanenninbhegend 26 rad: aFe@ifet Bofeft GlaignG wherein

whereln. Sar e 3P0 tigseon BBLES deROSRIdY TACSLER YD) B (1) pl aci ng
a substrat e drock sddpasichanberone; afdi jhelunisegpaoli 18t adeppsidridyd, step, (a)
or 'V hydr 66 T e L VECHURE: sa KSrtrot o ot AeRseT TS sGhe 2 Fna (b)
mai nt ai ni ng SAitE depesiceildn z8AE HPlbP. betioh aehaics prmssum ey e
mai nt ai Ni Ng P82y eSSy tRBrdAd 2008 thel plasma 7 is maintained.
10 The voltage gradient directs the tungsten nitride that is
formed in the plasma onto the surface of the wafer 16.
Once the plasma generation is completed the hydrogen
fluoride (HF) is exhausted from the processing chamber 12 by
the exhaust system 36. As a result of tungsten nitride
15 being deposited on an eight inch wafer, in accordance with
the present invention, the number of contaminant particles
that are generated is 30 or less.
FIG. 5 illustrates a sequence of process steps of the
routine for the tungsten nitride deposition stage of the
20 present invention. The routine 500 may be performed by the
system controller 42 in response to program code
instructions that it receives.from.the memory 46. Upon
initiating (at step 502) the depositidn of tungsten nitride,
the processing chamber 12 temperature and pressure are
25 established in step 504. 1In setting the pressure and
temperature, the system controller 42 executes instructions
received from the memory 46. The execution of these
instructions results in elements of the chamber being
operated to set the wafer temperature and the chamber
30 pressure.
For example, the system controller 42, in response to
the retrieved instructions from pressure control subroutine
85, causes the exhaust system 36 to set the processing
chamber 12 pressure to be in a range of 0.1 Torr. to 100
35 Torr. The system controller 42 also instructs the heating
element 51 to heat the wafer to a temperature in a range of

200°C to 600°C in response to heater control subroutine 87.



variables at conditions suitable to deposit a first |layer of the tungsten
filmon the substrate; (iii) during a second deposition step after f@li
first deposition step, 5 (a) stopping the flow of said group |11 JAN 2003
hydride into said deposition zone, and thereafter (b) increasing the
pressure in said deposition zone to a sgcond pressure above said first
pressure while maintaining other process variables at conditions 10
suitable for depositing a second | ayer of the tungsten filmon the

substrate. 15. Thedmthod ok egg%én %ﬁ?ﬁm%' o n eqﬁgg?gogngegp ition step

further conprises: 15 1n ste i wWorPsa et
tungstencoﬁﬁ%ﬁ%nhﬁjnséﬁﬂéélaﬁ mﬁ@% LHREEM GRNGEo3ARd §2 owpedutesor V

nydri de, anddit.skaRrid ifbbLneabl #ind NeiensuiB b sl héleposiy | on zone

is increased to said second pressure, reflow ng sai tungsten cont ai ni ng
source whi |4 nt3&i HiGeE épﬁertB?o%%%%Fan”@&Hﬁéslatt@oﬁtﬁwlinﬁﬁnﬁiltabIe f or

deposi tifg é’%&%c@r{l(idu%}éelinﬁﬁ the &Wrerantallatogcéﬁes§aib8&t@ta% 16. The
nmet hod of claim 15 further canp durin rd deposition

ris
step, prlorS%QPs%uﬁf ﬁFt§F°HéESsPP|%£ %t%ﬁ?l p@&ﬁpﬂg agéFtt%QnﬁRﬁﬁﬂ%ﬁcﬂ'ng
source int cncsasmbp:tharﬁmsrrggr icor the flowt nEseaud MURGSEENEEHON A IHiRg Sour ce

into said er d%r %x%%bqeflgﬁé 9§$ |t&%q §B?§§8 gp 17. The et hod of

claim 16 FeTn a reducr agen ¥ Ste 5i ¥ Thanber during
said third @mp@scpltliecm satteﬁtep850¢héo rmztcmldieofa ¢iasm §&sedes enixsaied

t ungst e'ﬂOC%ﬁéiliﬂgugs%r&%g‘é?tnﬁhﬁseﬁy%ﬁﬁgerﬁa'a%t geeup;blh Q8,04 ydri de

conprises 35 B2H6 and sai d silicon-contalning source conprises SiH4. 19.
The met hod BPTR|&iAIEF ir&EMENSaP42$B¥uci ng agent conprises Hz . ~81J

a' ld Q00§ - 32 ?0rdhene®et ha? sthep|C|568m &hwbcme”sso&auelltag@ru@éc&w‘tgsst en _S
eposited in_ st B aci a subs n a deposjii one;

(ii) during® ef??s%u (Kﬁ% 9§n%§93b (%)S*QW§% % ﬁr%%% 2&%9 r|S|ng a
t ungst en- conaaing rey @mnqu&ncydnbothaeyaags|dﬁad@Oga§z aorEthilwnthagent and a
carrier 1gaspblp 1S, denl Yson gaee. candl Gk rai nbal g dde,depositi on

zone a pres ure | ev Torr and process con tlons SU|tabIe f or
deposi ting an#Fr§¥ ¢%®%ﬁscﬁUQH1é Fﬂﬁ@é%e?PfQQ|ﬁ5§N1?ﬁé %%bs%r%ﬂm? iznd

the range of 15 to 30 seconds. Thereafter, the processor
unit 42 causes, at step 510, the gas control valves 17 to
supply tungsten hexafluoride and argon to the gas manifold
20 14 through the gas lines 19. As such, tungsten nitride is
deposited upon the wafer 16. The deposition process lasts
for a time in the range of 5 to 600 seconds.
Once the generation and maintenance of the plasma is
completed, the interior of the chamber is purged in step
25 512. The system controller 42 instructs the exhaust system
36 to remove all reaction byproducts from the processing
chamber 12. Once the processing chamber 12 has been purged,
the deposition of tungsten nitride is completed.
Thereafter, the chamber can be used, at step 514, to deposit
30 tungsten upon the tungsten nitride by conventional CVD as
described above. Once the tungsten is deposited, the
process is complete at step 516. The wafer 16 can then be
removed and planarized (polished) to complete the gate
structure.
35
IV. CVD Tungsten Deposition
In one embodiment of the invention, the tungsten layer
9 is deposited on the barrier layer (i.e., the tungsten



(ti1) during a second deposition stage after said first 15 deposition step,
(a) stopping the flows of said tungsten-containing source, said diborane
and sai d silane gas) (b) thereafter) increasing the pressure in th28 JAN 2003
deposition zone to at |least 50 Torr, and 20 (c) between about 5 and 20
seconds after stopping the flows of said gases in step (iv)(a), restarting
the flow of said tungsten-containing sodkce to deposit a second | ayer of-
the tungsten filmon the substrate. 25 21. The nmethod of claim20 further
conprising a third deposition step, prior to said first deposition step, in
whi ch a pr ocessi dgas ayenpBi siongwaf sr | Bhel gasy o@es sidur tdhambagent . andha
carrier gas is flowed into the deposition zone. 30 22. The nethod of claim
20 wher ei n SHIRFHANGS & CHRt 4PAERGL S obT cReBoMPri%dd W angs @fsPPare gas
conprises SiHA and said reduction agent conprises H2. 23. The nethod of
claim20 furd RO EonpPAsERE PheSS41p if 185 prdcessingt Abambest 12eposi ti on
st age romAQ% awpg%gg gas including H6 and an,hﬂfrt gas into said
deposi ti on Yone-° £ Fhé mErR6d°6f Vel hiTRBR: 1P ¢ TRpri SPRgIeRe step of)
2SJhN~~05 - 3omrrzdr vad fdsoMiingreaide par ges gass il somimg oF siuhgeeancont ai ni ng
source int h enosj ti .25, =, te_electr nnecgtion structure
f or med by:Ogéfégﬂﬁﬁﬁﬁgif&%b?gﬁﬁogegr%%e%@?nga%Hgﬁgg%g%%igUnggﬁéﬁoﬁ??ride

di ffusi on ba$ reeriarldya agates! sbetheodesed By mbpusiea.i nFhe gaaepusecessi ng
chanber, a r{wﬁﬁ(@dré)fmat?-’:ﬂ%toeﬂn‘%@uﬁgpaﬁfa_§§‘bﬁi SUNGSLAN il dg<di ffusi on

barrier to formsajd el ectrical connection, wherein said tdngsten 10
nitride di fR&HEN-bard i ErowindsapasrayermMeX ¥ ERgEIEh tdise RIOSESFERE Wit hin
the sameoprosgaseng T hathes thibwafbe UatLesiadst UrtofrichairBlaSovherei n,
sai d tungsten mtn%}e dlguosrl.r]%{é barr%er.ls degosme in step (Aé by the 15
steps of : (FYPRFORA G =19 §3¥eBls*Rofpbe?es o corfCEMicRg18%hydr ogen
gas; (ii) psowndiwigi bnetiyy flowsakrdef pf sthgaskousg@omrasityidrogen &oem a
(reatment pLasgarlial 4f OAldl cHPBEGOSULLERS Ohn@ KRR daRA! blabLyod o med
gate structure; and (il1) depositing tungsten nitride upon said eat ed
upper surfa®@y be in the range of 1 sccm to 5,000 sccm. Such a process
15 for depositing tungsten is disclosed in commonly assigned
U.S. patent number 5,028,565 issued July 2, 1991 and
incorporated herein by reference.
At this point, the wafer 16 containing the gate
structure 1 may be removed from the processing chamber 12
20 and transferred to a machine for removing undesired portions
of the tungsten layer 9 and tungsten nitride diffusion
barrier 8, i.e., a chemical mechanical polishing (CMP)
machine. .

25 V. CVD Tungsten Deposition with B,H,

As described above, hydrogen fluoride (HF) is produced
as a byproduct of the reaction between tungsten hexafluoride
and the second gaseous composition containing hydrogen and
nitrogen. When practicing alternate embodiments of the

30 present invention, a gaseous fluorine byproduct may also be
produced from the reaction of tungsten hexafluoride,
nitrogen, and hydrogen. The fluorine is produced in
addition to the hydrogen fluoride, because there may not be
enough hydrogen to bond with all of the fluorine from the

35 tungsten hexafluoride.

In some instances, the excess fluorine diffuses into
the partially formed integrated circuit on the wafer 16.



27. The gate structure of claim 26 wherein the (iii) 25 depositing step
further conprises: (a) providing nitrogen to the processing chanber and a
second gaseous conposition containing tungsten to forma gaseous mi kB unY;2003
and (b) providing energy to said gaseous m xture in the 30 processing
chamber to form a deposition plasma. 2853The gate structure of claim 26)
wherein said first gaseous conposition consists of hydrogen and nitrogen.
35 29. The gate structure of claim 27, wherein said second gaseous

conposi ti on-j.ncl S exaf.l: i 30: . Tthe te_structure. of claim
25, mherein{“éaiggﬁa§%r o%(gqag%ﬁ%iﬁgggéggyégttUngé%gﬁ%FsoéeBSEFtéﬁ in step
(B) by: (i) iprevidigy whe uhgsarmecdntiineng ghsedes miwkenr euhgsaenepositi on
gone in said;p S$E NG HELss 1klels) 1 ABL L [ S t a
sufficient S tggggraturéﬁgﬁd séFH Sroéesé?%gfgﬂg%%gﬁtgtﬁggségg%g?gnt
pressure toleHE881ANt BAGSIEH @ JHE §EpBSHEEd. oMo Saicdisabbyparducl. The

gate structyre gf relakMrBudheirijidesd dnayse AnalQntypgstepyls deposited
in step (B) by: (i) placing a substrate in a deposition zone, ?ll)_durlng a
first deposittit6fN€E&pot (A€ 1IDVG RFi4eprocest gedonpsriskngage oxlde
tungsten-COﬁb@LBbﬁgeﬁp&lrﬁﬂél@ ff i Itl(rgn@msyohyﬂ{cipieamgaang a reduction
agent into sai epQesition zaone). an LNt ai ni sai eposi tion zone
at or below a figgtgﬁféé ﬁr%m%W§*Q§¢%§ ﬁ%agﬁFnar%i?églﬁﬂngéég vafftabl es at
condi ti ons swdidtiabbsat ogdeposy tbey dddest dhayry dépadic itoungst ehef Ekovmd t he

3ubstr atly 22 <o) c9H§>B£‘Qc§o§e€&{‘t‘$ﬂ§985h§/E%&gé& %da%&@&oga'bdﬁé”.st .
eposition step, (a) stopping the flow of Said group Il o ydride into
sai d deposi HIFGY186nE0T ahlde t HeF RERTION C&nBPELFXTHTT ddsiongnene BRessure in
sai d deposi tdgditaenalt §a25may setiut peeasedeiabeme) gritdohi WSELPEESSYT €
whil e maintainin ther rocess v iablesnaﬁ conditipns suitable for
deposi ti ng é‘§%@%ﬁd Pé?e? bf ?KP§§£%&$Peh f F% STk 985681 Fat e. 30 32. The
gate struct wenpafsicliannwBenwheediim sdieddeposntiatepdsistiaon shep further
o S8l ) oL REIER 6ol o 1 gl ol engegt a i
may be a hydride of Group III or V. In two further
embodiments of the present invention, diborane B.H, is
employed in the tungsten deposition stage as the additional
gas.
20 FIG. 6 illustrates the process of a first of these two
further embodiments of the invention that is used to deposit
a tungsten film using diborane. The process is for
exemplary purposes and is not intended to limit the scope of
the claims of the present invention. Where applicable,
25 reference numbers in the description below are used to refer
to appropriate components of the exemplary chamber of FIG.
2. This process is implemented and controlled using a
computer program stored in the memory 46 of CVD system 10.
As shown in FIG. 6, the present invention includes a
30 nucleation step 600 in which a process gas including a
tungsten-containing source, a group III or V hydride, a
silane gas, such as monosilane (SiH,), and a carrier gas,
such as argon (Ar) are flowed into chamber 12 for between
about 10 to 60 seconds to grow a thin tungsten layer that
35 acts as a growth site for subsequent tungsten film. In a
preferred embodiment, the tungsten-containing source is WF,
and the group III or V hydride is BH,. Optionally, a

reduction agent, such as H,, and a nitrogen-containing



35 in step (iii)(b), after the pressure in said deposition zone is

i ncreased to said second pressure, reflow ng said tungsten-contai ning
source whil e maintaining other process variables at conditions suitzpljaNfes
depositing the second 2 8 JAPJ 2aa3 -35 |layer of the tungsten filmon the
substrate. ?3 The gate structure of clabgp 32 further conprising: (iv)
during a third deposition step) prior to said 5 First deposition step,
flow ng a silicon-containing source into said chanber prior to flow ng said

t ungst en- cantgici, g SgULEeyi n ffye AapPee gub ,g,goéé‘sg [LLst ggposi Ll on

step. 34. Asubstrate grocessm systemfor form 90 trode

connect i on &HTESCULe & ﬁph?éﬁﬁg e%ﬂ)\e%lt h‘i)ljsllsngﬁeftorsof athmtngha vatexm
chanber; a substr te hol d

ocated w ) Qusi n for hol di ng
substrate CONESi ﬁl g ealﬁaﬁ?!:%{???/ T"%‘P%dg'ggtae”@t&éc{:ur“éogﬁsg%”@%é@um
chanber; 15 (B). a substrate noving system for noving said substrate into
sai d vacuun ¢t ere§ﬁ3r66§F?|BBlgaogﬁl32§u5¥}Fét@héheséhﬂmgﬁbstrate

hol der; (C)_a gas delive Y 8Y ryi a process gas into said
vacuum c%an% sgstué:edel|f)‘:’o§’|eltft agl %‘/g\?e%x\ger sréé géjcgg[l s%bst rate to formsaid gate
structure; ( D) aftenpata goepdent pol ofystehed viomed tepialiong thesélegt ed

temper at ur & i U 1t 5d KAEUHEL ehiafbeL oy A O SR iR ff%ws%fsyﬁ%gm for
sel ecte

nalntalnlng a ressure wthin said vacuum system 25 an RF
power suppl HYdoides @55 Fingg SRE2BRePFHSE 025%] %FQﬂ%ﬁfjoe‘rSte@Fﬁoé)syénénﬁhe
control | er beEsaand gl |t|h|é9cﬁéjnﬂeﬁub§t i At e dM Nth PrERAPatIdNdrgASHERL i very

system terrperature C saj d ress re control system and
said RFL % E&E %ftﬁgnémy ﬁp 88953aP#<8y EP8m control | er
conpri si ng aungmﬂmoﬂtea@ahlgesnedcam hﬁ&rmye aan:cbrmutaexrer gadalgl ewprags am
o oy o EEEbRed Ol RG89 9RET 51 0T n SR b HICIMARR) LURRRL, ePOS! {1 O

reactor sys ute “Teada rogram conpri sin a first
set of instpbeet ofnstcfdlro @@?PP@ISI tRgPrYEed 51@1% @fsyfgtse#patal d pressure

control systggesandrsal.daifk POWRE FURRsYate {Q¢MdedlaRPTiHd QRoRLasMa in

15 gas in step 600, these flows may also be maintained during
this purge step. Chamber pressure is increased in step 610
in order to increase the deposition rate of tungsten in bulk
deposition step 615. Preferably, the pressure is increased
to between about 50 and 760 Torr.

20 Finally, during bulk deposition step 615, the tungsten-
containing source is reintroduced in the process gas and
other process variables are maintained at conditions
suitable to deposit a second layer of the tungsten film. If
H, or a similar reduction agent was included in the process

25 gas in steps 600-610, this flow should be continued in step
615. If H, or a similar reduction agent was not used in
steps 600-610, such a flow is started in step 615.
Maintaining or initiating a flow of a nitrogen-containing
source is optional.

30 The length of bulk deposition step 615 depends on the
thickness of the desired tungsten film. It is important to
accurately control the amount of B,H, introduced during
nucleation step 600. Experiments have shown that resistance
and resistivity initially decrease with the addition of B.H,

35 to the nucleation process gas, but then actually increase
once the amount of B,H, introduced reaches a saturation
point. Preferably, the rate at which B,H, is introduced into



2 8 JAN 2003 -36 said vacuum chanber whereby a tungsten nitride diffusion
barrier is deposited on said partially formed gate structure; and (ii) a
second set of instructions for controlling said 5 gas delivery sysi 8nNrel]
said tenperature control system and said pressure control systemto

mai ntain a selected tenperature and pressure within said vacuum chanber
that are suitable for depositing a tungsten |ayer on top of said diffusion
barrier thereby formng 10 an el ectrical connection to a gate el ectrode of
said gate styuctire .35 bstrat e .pk I, N as set rth.in

cl ai m 34 \A,h'e'r'%ién saledlzf'lnr ghsilsée%tcgg i‘ﬁstl?ﬁgtﬁlggngo z%eﬁr:pR”%rQQegz g %Q)S%C”éet of
i nstructionserprebel s adomndellusest apwo - provide a first gaseous

composi tion contaiih i MHOGRRAN A LEAILE; #A% o (He L3l Aeno
instructions to said RF power supply to provide nergyéto said TIre

gaseous conpa%etd okRARY FURAlR 20 z€er daepeRPth| Berastaind ilo)s depesivdd

i nstructisons, t Qo $@l €l HIasn & NI e 3 HiaMst QeBRRYELE v@icﬁ*?gaoﬂd HR/OYR
conposi tion containing tungsten hexafluoride to_forma deposition plasma.
25 36. A suBsffFaierprirdi&l ng -Syst ¥ReRsBedt 1FopfPed Ay idigntde WHekei n sai d
second set aEpbastIdgtpONoLONIG 9@Sbelakvadf thet @Rt il deastrugtians for
control li ngssagdresgttl)fésraltrga d viw%q_ system .o noye sasj d l__%ubst rat efont o said
substrate h3ler and rhto Shi'd deposition zone - 30 (b) 4 Seldid T¥t* of

i nstructi ongrfox komdatién@rehirddyasddelkrinr hogydmmsa titleowhgduring a
first d Si; Ll , r é§$§ opRr kSi N -cant aj ni ng
source,egpg#%u%e%?%@%g 9ﬂﬂ56?ﬁ§§ﬁan ggre,ug?#o%tgagﬁpgﬁﬁ%%xég?d@ %position
zone; 35 (cPURSERREE Befor?d fhestruldt Id6RSSEEROBOMESRIFNh G tsaicdaceapirrat ur e
and pressur @cgeptr Ghe SYsé£5Erd Qi i @he, cHEMbEE SR ithdreagleadgpPosid i on
stage, a sel_ect Ed ten‘Eerat r@bar}%pressure w_thin said vacuum chanber t hat
are suitabl &9FofOTM3tLion QR fRE LaxBeT gRgdnt Fhge £14 iHSUCEFn§B8Ben | ayer on
top of sai dathohihusobnbbacm i Eigorgmirg tedessutbebéihy. mdaAimtial fedchér or bel ow a
first pressura Leysl cnld)uied Bitidh S&f L0LsLRs! Lhichions. L cant gl | ing said
gas 5 delivery systemto) during a secon eposi tion stage subséquent to
sai d first RESSSHEROASsiRGESASRDEWHAN [t 5FaBai Bl AFF Lod beEwaerthydri de
and sai d tungs elcteRtabAl A9 SEUINE Bdp¥sa tSahdsHepoSiddrdh 2@Nerapped

in the film interface thus causing adhesion problems.

Introducing and evacuating B,H, in the manner taught by the

20 present invention (i.e., before the pressure increase)
provides improved adhesion as compared to a CVD tungsten B,H
process that does not use the steps of the present
invention.

In a second of the two further embodiments of the

25 method of the present invention shown in FIG. 7, various
setup, purge and other steps are performed in addition to
the nucleation, purge, pressurization and bulk deposition
steps described with respect to FIG. 6. As shown in FIG. 7,
several steps including a setup step 700, a silane burst

30 step 705 and a B,H, presoak/purge step 710 are performed
before a nucleation step 715. 1In set-up step 700, the wafer
is positioned 400 mil from the gas distribution manifcld and

heated to a temperature of 425°C (about 8 seconds). Then Ar

and N, are flowed into the chamber through manifold 14 at

35 flow rates of 1000 sccm and 300 sccm, respectively, for 6
seconds and chamber pressure is set to 30 Torr. A second
flow of argon is flowed through the edge purge guide 54 at a
rate of 1000 sccm. In step 705, SiH, and H, flows are added



(e) a fifth set of instructions for controlling said 10 pressure control
systemto increase the pressure in said deposition zone to a second
pressure above said first pressure; and (f) a sixth set of instrucgpopg 2003r
controlling said gas delivery systemto, after said pressure is increased
to said 15 second pressure) restart the flow of said tungsten containing
source to deposit a second | ayer of the2fungsten filmon the substrate. -
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_=h, " 10%r&s6nr 4L N &Qg/ﬁﬁ.& {9 -FAENYI&s (ach PARLD& (Dimg L0610econd
period. Then, during bulk deposition step 730, the WF, flow
15 reintroduced with the process gas,

the Ar carrier gas
> flow is reduced to 1000 sccm,

the Ar edge purge is increased
tc 3600 sccm and process conditions are held for a

predetermined period to complete deposition of the tungsten
£ilm.

In the second embodiment, the rate at which WF. and H.

10 are flowed into the chamber during bulk deposition step 730

depends on the application in which the resulting tungsten

film will be used. 1If used in a via-fill application where

conformality properties are favored over resistance, WF, is

introduced at a rate of 95 sccm and H. flow is maintained at

15 700 scem. If however, the tungsten film is used for a gate

structure, low resistivity is a primary concern and WF, flow

is set to 36 sccm while H, flow is increased to 1800 sccm.
After bulk deposition step 730 is completed, a purge
step 735 is used to purge residual WF, deposition gases from
20 chamber 12. In this purge step, the WF, and H, gas flows are
stopped and the Ar carrier gas flow is increased to 2700
sccm for 6 seconds. Also, the lower Ar edge purge flow is
decreased to 2800 sccm and the H, edge purge flow is stopped.
Next, in step 740 an 1800 sccm flow of H, is introduced for 6
25 seconds, the wafer is dechucked (disengaged from wvacuum
clamping system 50) and the Ar edge purge flow is decreased
to 500 scem. In step 725, the throttle valve 37 is fully
opened while the chamber is purged for 3 seconds, and in
step 750, all gas flows are stopped while the chamber is
30 evacuated.
The tungsten film deposited according to the above

process has a resistivity of 8.5 pQd-cm at a thickness of

600 A while the via-fill film has a resistivity of 9.0 pQ-cm

at a similar thickness. The fluorine concentration of each
35 is about 1 x 10'® atoms/cm’ and the boron concentration is
less than 1 x 10'° atoms/cm’® (the detection limit of the

secondary ion mass spectroscopy equipment used in these
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according to specific applications, a person of ordinary
skill in the art will recognize that these preferred
10 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 described gate
structure, preferred processes, and apparatus should not be
limiting to the claims as described herein. One of ordinary
15 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 dopants may be used
to make the source and drain regions. Also other sources of
20 nitrogen such as N,0 can be used as the process gas, and
other inert gases, such as helium can be used in place of
argon. Furthermore, other process temperature and pressure
values and other gas flow rates can be employed.
Although various embodiments which incorporate the
25 teachings of the present invention have been shown and
described in detail herein, those skilled in the art can
readily devise many other varied embodiments that still
incorporate these teachings.

30
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(B) depositing a layer of tungsten on top of said
tungsten nitride diffusion barrier, wherein said tungsten
nitride diffusion barrier and said layer of tungsten are

10 deposited within the same processing chamber.

2. The method of claim 1 wherein, said tungsten nitride
diffusion barrier is deposited in step (A) by the steps of:
(i) providing a first gaseous composition containing a
15 hydrogen gas;
(1i) providing energy to said first gaseous composition
to form a treatment plasma that treats an upper surface of
said gate electrode; and

(iii) depositing tungsten nitride upon said treated
20 upper surface.

3. The method of claim 2 wherein the (iii) depositing step
further comprises: . '
(a) providing nitrogen to the processing chamber and a
25 second gaseous composition containing tungsten to form a
gaseous mixture; and
(b) providing energy to said gaseous mixture in the
processing chamber to form a deposition plasma.

30 4. The method of claim 2, wherein said first gaseous
composition consists of hydrogen and nitrogen.

5. The method of claim 3, wherein said second gaseous
composition includes tungsten hexafluoride.

35
6. The method of claim 3, wherein said gate electrode is
fabricated of polysilicon.
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maintained at a temperature of between 200°C and 600°C.
15
10. The method of claim 8 wherein said chamber is
maintained at a pressure of between 0.0l Torr to 760 Torr.

11. The method of claim 8 wherein said gaseous mixture
20 comprises tungsten hexafluoride.

12. The method of claim 8 whe;ein:saiﬁ gaseous mixture
further comprises a second gas chosen from the group
consisting of hydrogen and nitrogen.

25
13. The method of claim 8 wherein said gaseous mixture

further comprises argon.

14. The method of claim 1 wherein, said layer of tungsten
30 1is deposited in step (B) by:
(i) placing a substrate in a deposition zone;
(i1) during a first deposition step,
(a) flowing a process gas comprising a
tungsten-containing source, a group III or V hydride
35 and a reduction agent into said deposition zone, and
(b) maintaining said deposition zone at or below a

first pressure while maintaining other process
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maintaining other process variables at conditions

10 suitable for depositing a second layer of the tungsten

film on the substrate.

15. The method of claim 14 wherein said second deposition
step further comprises:

15 in step (iii) (a), stopping the flow of said tungsten-
containing source along with the flow of said group III or V
hydride, and

in step (iii) (b), after the pressure in said deposition
zone is increased to said second pressure, reflowing said

20 tungsten-containing source while maintaining other process
variables at conditions suitable for depositing the second
layer of the tungsten f£ilm on the substrate.

16. The method of claim 15 further comprising:

25 {(iv) during a third deposition step, prior to said
first deposition step, flowing a silicon-containing source
into said chamber prior to flowing said tungsten-containing
source into said chamber during said first deposition stage.

30 17. The method of claim 16 wherein a reducing agent is also
flowed into said chamber during said third deposition step.

18. The method of claim 15 wherein said tungsten-containing
source comprises WF,, said group III or V hydride comprises
35 B,H, and said silicon-containing source comprises SiH,.

19. The method of claim 18 wherein said reducing agent
comprises H,.
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5 (1) during a first deposition step,
(a) flowing a process gas comprising a
tungsten-containing source, diborane, a silane gas, a
reduction agent and a carrier gas into the deposition
zone, and
10 {b) maintaining the deposition zone a pressure level
below 50 Torr and at process conditions suitable for
depositing a first layer of the tungsten film on the
substrate; and

(iii) during a second deposition stage after said first

15 deposition step,
(a) stopping the flows of said tungsten-containing
source, said diborane and said silane gas,
{b) thereafter, increasing the pressure in the
deposition zone to at least 50 Torr, and

20 (c) between about 5 and 20 seconds after stopping the
flows of said gases in step (iv) (a), restarting the
flow of said tungsten-containing source to deposit a
second layer of the tungsten film on the substrate.

25 21. The method of claim 20 further comprising a third
deposition step, prior to said first deposition step, in
which a process gas comprising a silane gas, a reduction

agent and a carrier gas is flowed into the deposition zone.

30 22. The method of claim 20 wherein said tungsten-containing
source comprises WF,, said silane gas comprises SiH, and said
reduction agent comprises H,.

23. The method of claim 20 further comprising the step of,
35 prior to the first deposition stage flowing a purge gas

including B,H, and an inert gas into said deposition zone.

24. The method of claim 23 further comprising the step of,
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A) aepos;tlng, in a processing chamber, a tungsten

ritride diffusion barrier onto a gate electrode;

1 C&FFT10% " & () -

(B) depositing, in a processing chamber, a layer of
tungsten on top of said tungsten nitride diffusion barrier
to form said electrical connection, wherein said tungsten

10 nicride diffusion barrier and said layer of tungsten are

deposited within the same processing chamber.

26. The gate structure of claim 25 wherein, said tungsten

nitride diffusion barrier is deposited in step (A) by the
15 steps of:

(1) providing a first gaseous composition containing a
hydrogen gas;
(ii) providing energy to said first gaseous composition
to form a treatment plasma that treats an upper surface of
20 said partially formed gate structure; and

{iil) depositing tungsten nitride upon said treated
upper surface.

27. The gate structure of claim 26 wherein the {iii)
25 depositing step further comprises:

(a) providing nitrogen to the processing chamber and a
second gaseous composition containing tungsten to form a
gaseous mixture; and

(b) providing energy to said gaseous mixture in the
30 processing chamber to form a deposition plasma.

28. The gate structure of claim 26, wherein said first

gaseous composition consists of hydrogen and nitrogen.

35 29. The gate structure of claim 27, wherein said second
gaseous composition includes tungsten hexafluoride

30. The gate structure of claim 25, wherein, said layer of
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5 rtemperature and said processing chamber at a sufficient
pressure to cause a tungsten to be deposited onto said
substrate.

31. The gate structure of claim 25, wherein, said layer of
10 tungsten 1is deposited in step (B) by:
(i) placing a substrate in a deposition zone;
(ii) during a first deposition step,
(a) flowing a process gas comprising a
tungsten-containing source, a group III or V hydride
15 and a reduction agent into said deposition zone, and
(b) maintaining said deposition zone at or below a
first pressure while maintaining other process
variables at conditions suitable to deposit a first
layer of the tungsten film on the substrate;
20 (iii) during a second deposition step after said first
deposition step,
(a) stopping the flow of said group III or V hydride
into said deposition zone, and thereafter; and
(b) increasing the pressure in said deposition zone to
25 a second pressure above said first pressure while
maintaining other process variables at conditions
suitable for depositing a second layer of the tungsten
film on the substrate.

30 32. The gate structure of claim 31 wherein said second

deposition step further comprises:
in step (iii) (a), stopping the flow of said tungsten-

containing source along with the flow of said group III or V
hydride, and

35 in step (iii) (b), after the pressure in said deposition
zone is increased to said second pressure, reflowing said
tungsten-containing source while maintaining other process

variables at conditions suitable for depositing the second
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23 The gate structure of claim 32 further comprising:

{iv) during a third deposition step, prior to said

wn
(g1}

1rst deposition step, flowing a silicon-containing source
rnto said chamber prior to flowing said tungsten-containing

source into said chamber during said first deposition step.

34. A substrate processing system for forming a gate

10 electrode connection structure comprising:

(A) a housing for forming a vacuum chamber;

a substrate holder, located within said housing, for holding
a substrate containing a partially formed gate structure, in
said vacuum chamber;

15 (B) a substrate moving system for moving said substrate
into said vacuum chamber and positioning said substrate on
said substrate holder;

(C) a gas delivery system for introducing a process gas
into said wvacuum chamber to deposit a layer over said

20 substrate to form said gate structure;

(D} a temperature control system for maintaining a
selected temperature within said vacuum chamber;

a pressure control system for maintaining a selected
pressure within said vacuum system;

25 (E) an RF power supply for supplying RF energy to said
chamber;

(F) a system controller for controlling said substrate
moving system, said gas delivery system, said temperature
control system, said pressure control system and said RF

30 power supply; and

(G) a memory coupled to said system controller
comprising a computer-readable medium having a computer-
readable program embodied therein for directing operation of
said chemical vapor deposition reactor system, said

35 computer-readable program comprising:

(1) a first set of instructions for controlling

said gas delivery system, said pressure control system,

and said RF power supply to form a deposition plasma in
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35. A substrate processing system as set forth in claim 34
wherein said first set of instructions comprises:

15 (a) a set of instructions to said gas control system to
provide a first gaseous composition containing a hydrogen
and nitrogen gas;

(b) a set of instructions to said RF power supply to
provide energy to said first gaseous composition to form a

20 treatment plasma; and
(c) a set of instructions to said gas control system to
provide a second gaseous composition containing tungsten
hexafluoride to form a deposition plasma.

25 36. A substrate processing system as set forth in claim 34
wherein said second set of instructions comprises:

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

30 (b) a second set of instructions for controlling said gas
delivery system to flow, during a first deposition stage, a
process gas comprising a tungsten-containing source, a group
III or V hydride and a reduction agent into said deposition
zone;

35 (c¢) a third set of instructions for controlling said
temperature and pressure control systems to maintain, during
said first deposition stage, a selected temperature and
pressure within said vacuum chamber that are suitable for
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depositing a first tungsten layer on top of said diffusion
barrier, sald pressure being maintained at or below a first
pressure level;

(d) a fourth set of instructions for controlling said gas
delivery system to, during a second deposition stage
subsequent to said first deposition stage, stop the flow of

said group III or V hydride and said tungsten-containing
source into saild deposition zone;

wn

(e) a fifth set of instructions for controlling said
10 pressure control system to increase the pressure in said
deposition zone to a second prassure above said first
pressure; and
(f) a sixth set of instructions for controlling said gas
delivery system to, after said pressure is increased to said
15 second pressure, restart the flow of said tungsten-

containing source to deposit a second layer of the tungsten
film on the substrate.



