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BACKGROUND OF THE I NVENTION 10 A. Field ofl-the Invention The
present invention is directed toward the field of manuf act uri ng

i nt egrat ed ci FSEROYED\VOPEPPSIMION aOFy  TUNGSTEN pIRRERIDE N SING N PLASMA at ed
to a method f ARERRBATMENG INt & gCHEMIGALy | VBPORODEROSTEION: (THAMBER. 15
B. Description of the Background Art Deposited tungsten nitride has
the potential for being conformal and providing good step cover age.
Tungst en nitride al so serves as an excellent barrier to the diffusion 20
of many nmePals that are used in integrated circuit netal i zati on
processes. Further, the resistivity of tungsten nitride is lowin
conparison to other met al barriers, such as titaniumnitride.
Accordingly, it is desirable to use tungsten nitride in several
integrated 25 circuit nanufacturlng applications. Applications in which
tungsten nitride is desirable_} d h formation of

di ffusion barriers, gate el ectroues . | ectrodes.
Traditionabl wa. tb&edageslth@n1@$§ﬂggg§ten nitride is 30 achieved by flow ng
a gaseous m xture_incl udi t ungst en hexaf | uori de (W errg) and anmmoni a

(NH err]) into a™ H‘@pB§?F?€g inventignris tHaeskhafpEPWwarat kel onto
whi ch the mamgfaicmrahbr hﬂﬁegﬁa{:@d b@ndﬁﬁQ:% te@:or’éhgakaﬂaéwﬂy, the

hexaf | uori de and i a i nmedl, at el I.n to unde as 35 phase
reaction to fEB:rerﬁ r&vgﬁtr‘rloflr Fﬁere%?tf?fgrfrfhl r"‘@fig’f’ %or g%EE%ﬂ' R% conbi ne
t he nitrogen fugsatidne ndmmddeavpond abeinsulator layer.
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B. scripti of the Back

Deposited tungsten nitride has the potential for being
conformal and providing good step coverage. Tungsten
nitride also serves as an excellent barrier to the diffusion

20 of many metals that are used in integrated circuit
metalization processes. PFurther, the resistivity of
tungsten nitride is low in comparison to other metal
barriers, such as titanium nitride. Accordingly, it is
desirable to use tungsten nitride in several integrated

25 circuit manufacturing applications. Applications in which
tungsten nitride is desirable to employ include the
formation of diffusion barriers, gate electrodes, and
capacitor electrodes.

Traditionally, the deposition of tungsten nitride is

30 achieved by flowing a gaseous mixture including tungsten
hexafluoride (WF;) and ammonia (NH,) into a deposition
chamber. The chamber contains a wafer onto which the
tungsten nitride is to be deposited. The tungsten
hexafluoride and ammonia immediately begin to undergo a gas

35 phase reaction to form tungsten nitride. A thermal reaction
occurs to combine the nitrogen from the ammonia and the
tungsten from the tungsten hexafluoride to form tungsten
nitride (W,N).
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tungsten fromthe tungsten hexafluoride to formtungsten nitride

(W-err]N). 99/ 00830 .
b Usoo) 1 TgEot® _2- PO RRove
described traditional process for depositRnag tungsten nitride al so
results in the formation of contam nant particles in the formof solid
byproduct s. S@herabodéfdesGrmbdﬁqnnammtusnhhvpr&uﬁss(ﬂnnﬂdepésifﬁage 5
byproducts i d t fluorid ((NH err])
[err]WF[ err ]% g%ﬁ%ﬁnggg u%rgggg%ﬁ%agfgpﬁé ggﬁefégﬁﬁghrtﬁﬁf conpl exes. A
range of -90 rergemivknthpaeticles ly pied form of paliddbmrdihxnmg a di aneter
of 0.2 [err] gRergneat ek 9%& & edvRaphleh i O, %ﬁwﬂf exaf | uoride

I ne eposi

and ammoni a are 10 co traditi onal process tungst en

nitride om® aﬂpmr@ﬁpctﬁchn%wéfﬁ armmwofam@ par tunrgysken hes@fdmraﬁaached
to the deposn(tmn) Wiaﬂb%mﬁoﬂﬂﬁ@rﬂ%oﬁﬂ@ (m%e%aabwefamﬁoﬂﬂuhncrease in

t he nunber efecti've dice pr oduced Furt her,

t he tungsten Wlieéf@st haf F%n@%p‘b%lg%cl:%él(%gﬁ tbﬁ%ea%lﬂéi d@ﬁtrrqdé’é’d?

traditional Efa&%ﬁ%ie@aﬁaﬁlng o yafersdAlds @ezsymuskugfea&iﬂm% there are
many grain boundar.i es. a result, the difrusion barrier properties

of the tungsﬁ@ﬁwﬁPFﬁﬁd@aﬁhetﬁ@ﬁmﬁQFQ%ﬁﬁf hQ¥a§&HPFF6ﬂ and I RLS tri de

films depp®i tcﬁﬂﬁ:ﬁyieﬁh&nt aadraammnamtﬂmess tendeﬁeélﬁ Ociitided very wel |
to the subst

I on t he depo SO, it |s II known
that VW6 congﬁﬁég%% °8.FPc8hg%Er+?. tWé?%ﬁeu1 gpg?%é? ®SaAs such
silicon encrdmﬁmenatltathedhmtﬂmgsd@gbsmmmﬂehhaber §51m:m:t3am rwides t he

| ayer. fqre e - r epo n
tungst en ni tn"%%w%ﬁ&vsﬁgsge%gcﬂon+lsﬁaa§sr§a% 3 REfRE: O SRR Yice |
al so desi r ablrrdduced #¥pbset thampencess for tungsten n|tr|de to prOV|de

for a laygg of twa%hsg ntﬁél@lﬁlg?@cérh%a Eﬁa@r@ép

traditionally deposited tungsten her nore, IS déglrable

for a tungstéme ahﬁW?rﬁ&écﬁébﬁél??%@F$¥83€s§r9695509@€e3for athin film
t hat nor e gIeRYstaad ﬂﬁéegtf@camr@Xird Qvl‘il%l‘le Ehebanat& afdny Qpad ilny
deposi ted tqu§ngginltrld§ suI dlfoS on 35 barrier ,
characteri sti HHRE -t u ﬁs?eﬁeﬁ? Ugi PR arrb%réﬁﬁgﬁﬁgﬁe§Ver
traditionalIyﬁﬁeﬂmsNMedstangniEnldmtareknompromlsed In addition,
20 tungsten nitride films deposited by the traditional method
tend not to adhere very well to the substrate upon which
they are deposited. Also, it is well known that WF, consumes

silicon during the transient state reaction. As such,
silicon encroachment into the tungsten nitride layer
25 contaminates the layer.

Therefore, a need exists for a process for depositing
tungsten nitride with very few contaminant particles per
wafer. It is also desirable for a deposition process for
tungsten nitride to provide for a layer of tungsten nitride

30 that is more amorphous than traditionally deposited tungsten
nitride. Furthermore, it is desirable for a tungsten
nitride deposition process to provide for a thin film that
more strongly adheres to an oxide layer than traditionally
deposited tungsten nitride. As a result, the diffusion

35 barrier characteristics of the tungsten nitride layer will
be enhanced over traditionally deposited tungsten nitride.
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- 3- SUMWMARY OF THE | NVENTI ON I n enbodi nent s
of the present invention, tungsten ni tBi-de i s deposited on the upper
surface of a substrate such as a sem conductor wafer. The wafer is

generally 5 coated, in whole §HMMAEﬁaQE+,ﬁE£HﬂEﬂﬂﬂEELIator | ayer such as
silicon-di oxi de | siti ( T Ltion is
per formed by proégdéégééiﬁggé%dééréﬁgnéygggit §hg%nﬁa ért?ﬂ $8%%ntalns a
waf er, and ematyidengst Hepgasbedson the xmper surffacm afphasubstFasegaseous
mi xture incl e 8s!8 LLhibofBIEELE OMOS! AN LORLALDI BEndLbE egen and

hydr ogen a second gaseous conposition contai ni ng tungs The
first gas u§°@§ﬁﬁosPP| Whole ereln Rartoss thopnhinsudages layprasecheagtion

with the secmch%ﬁea%xsagp@sml)orbxt 2ifi9EBh oxi@.'é‘%éﬂﬂ) ni typgle, unl ess
energy is prEV|ded to the ous 15 m xt ure he tungsten ¢ont ai ni ng

conposi ti on & l°ntélﬁg OHRR f@XkRWQﬁ%%?ﬂE[@rEPF OfeMiXEYre ghR Rdus
conposi tion chamm¢r|nhhudeoﬁtainsuaemwief%ZdndIémyﬁglamﬂgF&Bérbabédﬁ@gen

The gaseous’ MOirE Rey thetchobioms « Sftids pramngtare hocihdeing i 1
W th enerfy ﬂhﬂﬁﬁﬁeasbyua so@pe$1hnmmr@pntalnﬂmgghxtregeanand hypdtrbgepl asna,
the N2 n'trO%%@.%!ﬁﬁggbﬁtgﬁseoué %8hé%%fé§3ﬂ1ddﬂ%%1n§§8 Eﬂﬁg%EQgSte@he

separates fromt rogen 1ons an eén f hen conbi ne
to 25 forn1ﬁbﬁ§§t§ﬁsﬁppﬁlG@mPVFéF¥?m®lS<m¥héﬂ¥ﬁh§kﬁénnntthhve fegdss

with a heate@ﬁ%@kﬁ&e@%&ﬁéﬁewhﬁhtBﬁecgéﬁgKﬂ é§é6d§abo&p5§¥€ion t6OEofh! M of
tungsten nitride is OSI%ﬁ on_the wafer' surface. Tungsten

nitride thatt?gmﬁ%ﬁﬁﬁ Eﬁl uné%%%r?ﬁﬁﬁﬁ?\&ﬁ:ﬁr édﬁ@e§8thPn9§ﬁ??%ﬁ is
nmor e anorphousxthae . 30TheaduhgsﬁemlqukﬂunmﬁgﬂtdmwmaiteannmhylBe and

therefore, a S f ion rr er dr.agen and
fluorine corrt%Rﬁl Ste%fg§ﬁ$§3g8£l§% ﬁﬁ Iuor e ffﬁ§ %&S%P%ﬁi%ﬁﬂé q%@ﬂ
byproduct t haevi snclwes@amdxuure ef Ny avibvodehr andt Hie hykdawgen. Only 30 or
fewer 35 contyiRaARLARALL | EhESgREéox% O st B tﬁaa?;%c%aegsﬂeaégsﬂ by

depositing tungsten nitride s accordance Wi esent nventi on.
Thi s reducti H4u¥adEnt ani nant particles is achleved by elimnating the

anmoni a re@cti onThe gasephigshixtutdahay W TerdFYHReAME08bANAE NElasma,
cont am nant s

by infusing it with energy provided by a signal having a
high frequency. 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

25 form tungsten nitride (W,N). The tungsten nitride reacts
with a heated wafer surface in the chamber, so that a layer
{or £ilm) of tungsten nitride is deposited on the wafer’s
upper surface. Tungsten nitride that is deposited in
accordance with the present invention is more amorphous than

30 traditionally deposited tungsten nitride and therefore, acts
as a better diffusion barrier.

The hydrogen and fluorine combine to form hydrogen
fluoride (HF) as a gaseous reaction byproduct that is
discarded, i.e., removed from the chamber. Only 30 or fewer

35 contaminant particles per eight inch wafer are generated by
depositing tungsten nitride is accordance with the present
invention. This reduction in contaminant particles is
achieved by eliminating the ammonia reaction in gas phase
that forms ammonium containing contaminants.
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24-- whoosvoogsoove t he adhesi on of the tungsten nitride PCimsesm3zos t he
substrate, and especially to a wafer having an i nsul ating |ayer upon

whi ch the tungsten nitride is deposited," " the wafer is pretreated with a
pl asma before ep05|t| t.he t sten itride film The pretreat ment can
be acconpl i shed i E%Yr% rﬁ?ﬂ’re g EhRgErREShER rpdleride dehlsitq on

by providing bhbysuhetfatet g&i;eenpeM@smbl anwafe2nNHaeBohZi Ng it to

forma plasmg, e reat dW|t asma of , for
“exanpl eIo hydrogenlg‘%ﬂgl%ggesecﬁén r‘rﬁﬁn’[ct?r %ﬁnco Pﬁ?ﬁ lis] ﬂ§7gF6‘§%nls Once the
‘wafer is t depesdte@hetharngion ¥4 woretdeatad Wethddeﬁlaﬂna heefdrsma t o

d t or to
begin tungs{ e&eﬁbfs&tgﬁg @HQ%\%:K en nitriddy sRAfl re Q%régf X\?II\&E% Aﬂ;

deposition, subStantial 1nprovenents are pro uc
subsequent ly H’@pé§?9@ﬁ#ﬁh§@t’e‘h thy sangchasbereasethe ot uhgsten vk taride

especially tOd’éb@sS.tﬂ@nV\Biﬂﬁr@h&lﬂﬁ Qarﬂ"y thRN¢Rrst g§§€8ﬁ§| % em?é’ﬁ"tlon

pretreatnent redquces t of I CO consuned t ungsten
hexaf | uori de. ?@ﬁﬁg?ﬁ?‘ﬁ}g i'/'érEP foq“i B ng'a§F“P| coﬁseﬁ\é?%acﬁ%n‘t’a%’éulf% 20
{BRI EF DESCRI PPreNteRatell WRAWANGS asma of Fibkhexafiplai | Byatosde ¢¥ asent

i nvention e Lai.n i £ .hel f the attached dra s, 1 n which:
Fig. 1(a) 11l 8%?’% ﬁesﬁgxg?gé\ﬁsé%é%‘%k @\Y%&ﬁ 967 a b?ﬁeZ ﬁo‘f"%?’g

partial ly forfseatrtegrheetivngsten tflacmdd tgnobe addédoto athenplledma eco
metal el ement pg;g ‘e’aﬁgétghenltrlde d%o%lt%()lﬂ) iI1ustrates a

cross-sectional Vview o par t tormed integrated circuit in Fig.
1(a) being ex pB¥cBrebreahing kg m prépratgadepositiorurtvd n 30

accor dance wi Tshbb'&@.nﬁﬁ.&ieﬂhpt&)@ﬁéﬂ@ are produELaa Iferst! lygdrates a
cross-sectj,onal .view o n nitride de osited on the

tu
upper sur fxite Sypsgauen Eg)yt%l%%o%*tqq]é:%s[tl S?YFBrﬁ@JaeFﬁ?e}@?'é’t‘%’ﬁ €9 e t
shown in Fwafiee, 1especBally tditthe Kidle walllst b8t &SvhacCoDSBremett j onal

U e O 2 Y Secopally, TEAGh SPAGRLAGHLIY AIRRE" EhE' LtolREBE £ o

circuit shown 1n
consumed by the tungsten hexafluoride. Consequently, very

little silicon encroachment occurs.

20
BRIEF DE IPTION OF T DRAW

Further details of the present invention are explained
with the help of the attached drawings in which:

Fig. 1(a) illustrates a cross-sectional view of a via

25 hole in a partially formed integrated circuit extending out
from a conductive metal element on a wafer die.

Fig. 1(b) illustrates a cross-sectional view of the
partially formed integrated circuit in Fig. 1(a) being
exposed to a plasma formed from a gaseous mixture in

30 accordance with the present invention.

Fig. 1{c) illustrates a cross-sectional view of a layer
of tungsten nitride deposited on the upper surface of a
portion of the partially formed integrated circuit shown in
Figure 1l(c}.

35 Fig. 1(d) illustrates a cross-sectional view of a layer
of metal deposited on the partially formed integrated
circuit shown in Fig. 1l{c).
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Fig. 1(e) iVOR%80es a cross-sectional view of an |ntercg§g§§?.w
structure in the contact hole shown in Fi gge 1(a). Fig. 2

fillustrates a schematic of a chanmber that may be 5 depl oyed for depositing

tungsten nitride g{yaccpsdaicRusitdtes d Re-ddsesedtionuenyien. of an Fig. 3
illustrates a,control unit for controlling a h nggr b@at .S gsed for
deposi ti ng tuﬁ@E?EﬁoﬂP??FdﬁtFﬂctur%c%ﬁw?ﬂéhﬁ?“ﬁafﬁ'%ﬁ SoPeS8Rt Pt aB¥ Bn. 10

Fig. 4 illustpakaps a sequence of operations performed by the control

|, Shovn L0 P Seed 19 PRECHERRES, W s BPSERLaBMETLED oy e

l%layer (or 5 Hebipyvefl fongdeposihting deungsthypositridleoinarcgppdansear vake

ccordance w resent 1 nventio

of a partialI¥Bgo?gggehgt§g§ghggoﬁircuit. The integrated circuit may be
ate [

: that is one of a nunber  of die in a wafer.
General |y, all orFigpodtibhustrapes vinfegntrpl anddy &ogd cRptRoAhingsal at or

llayer, for exy ratha¥eh sOfised 881 UgepBdRtiry) thitfsteh PEekAGated in
accordance with the I nyention to |g£roye t he, adhesi on of a subsequently
deposi t ed t ungSCORSARCER; YatPafbp Present 1RYenfd@kiting a | ayer of tungsten
gitri de imcﬁﬁcordamge 25i M btbtihteprseatudrenii aberatioher pesfpraeddoyn a
eposition chagber, such as, asma, enhancegd chem cal. vapor . position
(PevD ) "chade: confiah dRaf BREMTGLE RED” T Rt i en, £BEP 0T o

circuit onto wheslenitt inventiodesirable to deposit tungsten nitride. Fig.

1(a) illustrates 30 a cross sectional view of a portion of a partially
formed integrated circuit on a wafer onto which tungsten nitride
may be deposi CETAIMEDNIMRSERAEREON| on barrier for an I nt er connect

structure ch as dl gl : : c t 1,
such as a ‘copper %%t§F5gfﬁ§?8§ﬁ§£§ﬁggﬂ§&§er %ﬁtj%ﬁgﬁ aﬁ?%g %g?§?§§|(%g3,
such as silicdiiloni ¢ sungsten pigshdei d%ti deroTheed fyu|an (WRPerasrtare103

extends upwar f a pah@T=aN¢ Feiheundstbhea Bl abifOmpONenthal Ghtlegrbeed a vi a
hol e 105. One with ,ordinary 3* I t he wll recognize t hat _t he
|

illin t
i ntegrated ci )AL ey L& ogmedh 8indi ﬁ&éﬁsﬁpaﬁ? a'ihat s one of a Arbag

of die in a wafer. Generally, all or a portion of the wafer
20 is covered with an insulator layer, for example, a layer of

oxide material that is pretreated in accordance with the
i invention to improve the adhesion of a subsequently
deposited tungsten nitride layer.
In depositing a layer of tungsten nitride in accordance
25 with the present invention, a wafer is placed in a
deposition chamber, such as a plasma enhanced chemical vapor

& deposition (“PECVD”) chamber. The wafer includes a

partially formed integrated circuit onto which it is
desirable to deposit tungsten nitride. Fig. 1l(a) illustrates

30 a cross sectional view of a portion of a partially formed
integrated circuit on a wafer onto which tungsten nitride
may be deposited to form a diffusion barrier for an
interconnect structure such as a plug. The wafer includes a
metal component 101, such as a copper metal line, and a

35 layer of insulative material 103, such as silicon oxide or
silicon dioxide. The insulative material 103 extends upward
from and surrounds the metal component 101 to form a via
hole 105. One with ordinary skill in the art will recognize
that the integrated circuit cross section shown in Fig. 1(a)
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+6- i S oo yo/en880 possi bl e cross section and that many ot hBEE/USPH13305
possi bl e. For exanple, a different cross s_esc_jtion may be appropriate for
illustrating the deposition of tungsten nitride to forma gate el ectrode

jor capacitor electrode. 5 .JThe wafer containin part.i al r
Yintegrated 16 P8I R Pﬁéﬁlé’isogﬁas?osﬁ%%‘)& rﬁi‘%l%glggs%gh \Aﬁk:?[lﬁLgi ggg
1(b). The pl apmsdidbiear nFdrbexpmpiiedi agdaf fassdusmisst seetionamdyeher gi zi ng
it with energ [ ' ' oo f UE 1 £ S Lt ure

I ncludes a fi %" %?ggc??s?g%%&cg%gglgfsg%\n%oﬁt?%i nirng 1r?§%?log)gn%g%§sh rogen
and a second nitgigledimpdioim ongesat &l AFRICIR RS IRAPACTROTT BASCTEASBoUS
conposi tiongi s oneygfafll LoRPhiREME Bndasaiiata y FRehkaN inteythbedhe

second gaseous conposition to formtungsten nitride, unless energy is

provi ded to tHELfEdodsS hbenyEsPossd| RO R P LM HEhE S s pPReEdft

i Rvent i onEj t het fhy St The §AIRAIAS igopenkti by pﬁd;]ktrﬁh?fg '] @;ars]e'olwdmdig]e?reaﬂd

t he secon aseous conposition i s tungsten hexafl uoride_( rr]). The
gaseous mi xt ur%"ira?f’%ﬁ%’d“i%l%d@’%hdﬁlﬁfg}ﬁt ~T G Sai'sg’%ﬁlg%ﬁ"(*@ %r) . 20

To pretreat theremieicyri dhd gaseogst mixbutei decludesdepdSirisitogasehusfir st
gaseous m xgur ... QNE A : tial U leas ogen
with or w ﬁ!uou orﬁﬁ??%o%leoﬁp co(}{tlaﬁlﬁxg Fﬁl)%? g?%? %&fﬁd&%ﬁﬁg dte%etsg Eé%ger and
energy is opp | ¢epasi tigmmapnsedniagt FeRgspeas ndlherid gate DaseeYs25

enbodi ment of Lhgd el Ok URRS tRa¥a88USnBE Xhake Pigas pHALY Q@apBrand
nitrogen as the pretreatnent_plasnma. After a ort period of tine, the

. sh
second gaseouswhiithe secqnkgaseougiGeprrsithen pfa FBEFEE ungst en
][1! tri dgodGPOSiﬁi@ﬂide, Wllesd f@e&@&eﬁsdgtgﬂ&aé@%w tf&% g‘aﬁedﬂ&edﬁmu&be
i rst gaseous m xture, . Jt st added to the plasma with.t
second gasggus i e r gk %@Jiq‘fa:%%et 85&&?8% H’Y?x? Pr t\%eg& is'([%'l on.
The signal thafassoapptémpbs it ifarr moniteipsalpehyild®geny and bheesecém@quency
in the range o i Z,. 4~ ) | @ﬂ% " Y) . e
i nfusion of en ?%%%%e#ﬁ?é%gsf%ﬁ(?g% kﬁl?gfgsglgh%gt e #ﬁét@gg%éou@% Xture
such that the gR$epus gnixturg mast alsoy inglegaed  dpkieant o Uty SSeRTAPEY i de

deposi tion, (a8nd the infusion of energy to the conbination of the first

and second gaseous m xtures enhances. the dissociati on of er.r
: 2% - To pretreat the wafer prgor to tungsten nl}uj.[trld‘]e

deposition, the first gaseous nmixture (e.g., one or more
gases containing at least hydrogen with or without nitrogen
in the mixture) is flowed into the chamber and energy is
applied to form a pretreatment plasma. The preferred

25 embodiment of the invention uses a gaseous mixture of
hydrogen and nitrogen as the pretreatment plasma. After a

short period of time, the second gaseous mixture is then
added to the plasma to begin tungsten nitride deposition
onto the wafer. If nitrogen was not used in the first
30 gaseous mixture, it must be added to the plasma with the
second gaseous mixture to facilitate tungsten nitride

deposition.
The signal that is applied to form the plasma 109 may

have a frequency in the range of 100 kilochertz (“KHz"”) to 5
35 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,
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:7- ni t MYYEUOEMR 0 nitrogen ions to facilitate tungsten n%?’&ﬁ%fgms”s

deposition. The energy also fuels the break-down of the t ungst en
hexaf | uori de, so that the fluorine separates from t he tungsten and

gcombi nes wi t h riifte-olgwer Qgea ﬁ@taf:@g?éﬁ hysiHaan fa'élfllltt%ked%uhaﬁken HherAikr O%gn

I ons and tungsien conbi n ormtungs en ni e
illustrated i eﬁ°§ltﬂ°f}) Tﬂ% TR S-S i f%’@ 2 e%%gv%&oolfhghe
partially-for MQsméﬁghakeﬁlubrixﬁkI s.*.cﬂ tloterche flhwripeesepathiees febmt he

Sput ter e ol earis yon eb g SrB AL W TR, Wiyl B 108h ARERosen
deposited 5 tﬂnigmldﬁ rGHFBLdeTlle)&uttmgerardnses\miﬁ@umgs&lenccmbnant te01
may serve as aedinf s Fﬁgegaﬁii._f déo(wml bit the diffusion of a later

deposited netal into fent 101. In 15 fact, tungsten nitride
is an excel | ent b&8r Féiuﬁgiiﬁ%%e#ﬂ Flg + Reldi-f thei SNngstesppaEridni &AS s

applied in inteanat ed theCpaﬁﬂiallv%iﬁﬁeglﬁt %ircu:.t to ?Bgﬁrof he
Is farnme ep03| |

jhydr ogen fl uori.de roduct

tungsten nitri'dE ‘&Pﬁhéégfﬁﬁeﬁ‘r the W%WQW%Q%% tH&posi ti on
lis Serfor rrrad msnl@mweaaatfermn 16® sedd duaijwdaﬁlf‘s%ﬁtg;&ﬁag cméahaa by
traditiona osi of .t ten njtride, .the pr.oduct, gaseous.
Accordingly, t ﬁ&%gﬁag?e%gr#g%%ﬂ%m G AT 0% € depoF’é‘FF ehi nd
after the depdsindsdenohitundst 206 nthat deverilizs adeomedade compbnent poasent
| nvention are grealdy.r ﬁguﬁealffua:?.’&{ ttltgléﬁgléf Al bl %t ‘Eﬂenﬁa%gﬁqgtlon of,

deposition procésses. ener osition o tungsten nitride
accor dance @\njtaﬁetrhéeﬁpéé‘éﬁ@ mﬁ‘@iqtmbﬁp rt&mmeg:aln qon@og@n@r al0len 8p onI y

30 or |essipargdsd escu&@@tehgﬁitw&a af 8L ex”"chuentA%a&Eq\é& o) gkaveﬁed) a

| ayer of netal .107. co r, tungsten, Qsited to overlie
t hg di f f usi on the ga.lf}ugp.opa9grc l%) nd@?’éﬂ‘ M ﬁ%lﬁ% lnTH@'tﬁﬁﬁéFeéurface
of the wafer icsidcdn peltameaitimrmi&ﬁh the metal 107 and tgng_srthen
nitride 106 from r 3 ri e
resulting int ercotr%ﬂgcggafé & E"{J]"g;rucci Q'FFl) %H&IXHEF‘%@H% f%f’é‘?g

pol i shing may e dep@@htevadobytml tgnastean G@ltm&m whapslteslhn‘f_mgm_ the

|l though the ahoweies Wrﬂ?@hp‘éﬂéeﬁezpéé’itﬂﬁpcﬁ i ormddiNITheRokihkge has

ibeen descri bed W th erence L. L
to the SOlld byproducts formed by the traditional deposition
of tungsten nitride, the HF byproduct is gaseous.
Accordingly, the number of contaminant particles that are

left behind after the deposition of tungsten nitride in

25 accordance with the present invention are greatly reduced
over traditional tungsten nitride deposition processes. In
general, the deposition of tungsten nitride in accordance
with the present invention results in the generation of only
30 or less particles per eight inch wafer.

30 As shown in Fig. 1(d), a layer of metal 107, such as
copper or tungsten, is deposited to overlie the diffusion
barrier layer of tungsten nitride 106. The upper surface
of the wafer is then polished to remove both the metal 107
and tungsten nitride 106 from the upper surface of the

35 insulative material 103. The resulting interconnect plug
structure 110 is shown in Fig. 1(e). The polishing may be
achieved by using chemical mechanical polishing.

Although the above-described process for depositing
tungsten nitride has been described with reference to the
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.8-" f orwetdomossof a diffusion barrier, tungsten nitride PCHESHS3®on in
i accordance with the present invention may_glso be enpl oyed when
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: .. Cha e;l,ng%/) Zhgom.et al .,
{filed on Jul ydeposibdgns gy be p IArEH Hedei ChereP¥ns B9t Be
jenpl oyed to depeshked tot&RpsSéentine ttnimbsten acearidente envirbhmeptaient
I nventi on. such.a gh 1:S. S tj cal pi ' .g. 2. The
30 chanbert33GPEMIHREEE owe(? %aéde 1%%d%§w¥¢r?%ﬁg§§%§gfﬁ 5Ehg a
.processi ng chamifers]Bstwadnachatfieersuppgtnn <oeprle, duriggpgoWeifsy a waf er
jthat is being ed h@u%@; | SURP LS oeat ed b fesi stive
coil (not sho&%agggagétth% t he ?ée?rp%lr%t,ureq‘{oéfy %%gé’v\%_er for t?\&g?rera LZ,

energi zed 35 tdgFebynsausing AsnaREve ceide o e MRLSEHLRETCa8RPNG
tcﬂem' ﬁal Vﬁpogéi@.l%@%iv%i&nof the Eunaéeeﬂvaimrliww hrlf%gebﬁabﬂ@lﬁméedlsaﬂq

e shower hea I S _coup to a signal. .sour t hrough a mat chi ng
| net wor k 250 BRd ﬁ&“%ﬁﬁspﬁﬁxgﬁao?rgﬁ? r’?’é?fe’gn% ‘%j‘ecﬁoget%ieg SF

The CVD chamber manufactured by 2Applied Materials, Inc.

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
25 in the Gas Flow Path within a Chemical Vapor Deposition
Chamber, by Zhao, et al., filed on July 12, 1996, and
incorporated herein by reference, may be employed to deposit

tungsten nitride in accordance with the present invention.

i Such a chamber is schematically depicted in Fig. 2. The
! 30 chamber 130 includes a showerhead 134 for flowing gases into
. a processing chamber 135 and a wafer support 132 for
supporting a wafer that is being processed. The wafer

support 132 is heated by a resistive coil {(not shown) to set
the temperature of the wafer for thermally energized
35 reactions, such as the reactions that take place during
chemical vapor deposition.
The wafer support 132 is grounded, and the showerhead
134 is coupled to a signal source 136 through a matching

for e raaiay

network 252. During the plasma treatment and deposition of




- bei ng supporte

Py

WO 99/00830 PCT/ US98/
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{135 and infused with energy froma signal _Baving a frequency and bei ng

provi ded by the signal source 136 to the shower head 134. As a result,

 the gaseous nbﬁ'ﬁ%@eﬁsnltﬁléé arﬁfgfaé%sl i % el §§”§13§éd' ﬂntﬁ\@'@l’ﬂe first

t he hydr oge Itrogen plasma treats_the insulator |ayer fggay second

tungst en and FRamRfEnt %@@d‘ﬂ)ﬁ%@@ ity frexaysfEpm 2 S},g{xqa WN2 The
tungsten nitr fﬁé%&é&@éyf@ﬁdi Sbéihd flﬁ:diﬂ.&.lie@j by th@p@egnamr éaafc@f 136 Wed ethe

ort 1 forma_layer of tungsten

t he su to
i trde. Bowdrhthabbls (4F 8 & S50 0ge 25 E0R, POREGRR 11500 ¢ hat
i s coupl ed st otBansfspred tmmmraﬂplﬂnmaiﬂﬂl im ghdchanélr&d3the an RF

source 136, a,h i d t S . The
control unit §¥§9§%§ﬂ{§i§§§§¥§1éﬁ&ﬁ%ﬂ#/ %h %%% #Bguéﬁg ﬁrgggnd controls
all the conposeacsdotungstenaam@rnitrogers ndmmon@dnBepgmﬁMhtum@m to
FIG 4. The pfﬁﬁé&!&é (W.N) Cor;.tthremtuﬂBbEeﬁA'Qthi:'ﬂéértﬁ&@thileté he\ PRIERH

unit 200, pressure inthe processin hanmber 5 and provi des
an exhaust neéﬁﬁﬁrsﬁﬁl¥§?c¢e%v¢ ﬂgaﬁ%chqw byy th— vdfehe

processi ng chaipgbrt 3032 THE MSaoia}téEdmﬁﬁ@@a& na.trlaaanber 135 are
electrically iso ghed fromthge showerhead 132 by

rt
i sol ators 162. e chamber, 4 eEf?tﬁ)‘dleré"t’i’t‘ﬂ(’)‘FletshS‘ ﬁpgggﬁwapmﬂéﬁéjé)@ nthat vaf er

4142, ont aswebapledngst anpnéssure denttrbewrdapddiot, ed, ghs phaekdiddh, 25

é Tﬂghggfegrzrggﬁb#Flgg rghe §€f|n6%4g%i§§ é¥§ﬁ?£€ﬂ¥££:a%bmer eaﬁei§gu§ﬁh

pressure in tsengorc@§8i.ngThhagbrtrabsinit 240 momiteyrst khepcbasher/wafer ol
unit 140 t b% Be%gi:ﬁ?geaﬁé concr&é J01 rend %o}aa%n@{trs oEhenkepnerbsr e of

the wafer 142 be In range of Oferr] Celsius ("C') to

j600[err]C. ThéS descr&&?@rb?kQWt@hﬁ@r%&ﬁﬁ%Fq5$Qx¥§9ﬂ idshedPBy PERFFBYENg a

i esi st vehCOI k:dn&rbmeumteueupaﬂaérw&mr&pwame @diirol unife208, of
theating the

{Further, a teﬁﬁgﬁaFBFep§éﬁ§Pﬁ§ng§8 RS pEpcesTing ﬁﬂ?ﬁéﬁgﬁéyéagfsrﬁﬁé
{the tenperatuaa ekhbhetwakehanism foxd/oemavairgy Eﬂqqniam.aw@rpddctatérvmen

the appropgg att%ev\@g:%rcessingt &HRGHAE U §5 haspheql 1 eadEdhe processing

ed such as, th

chamber 135 are electrically isolated from the showerhead
134 and wafer support 132 by isolators 162.
In one embodiment of the present invention, a wafer 142,
onto which tungsten nitride is to be deposited, is placed on
25 the wafer support 132. The wafer 142 is spaced about 0.3 to
0.8 inches, preferably 0.6 to 0.7 inches, from the
showerhead 134. The pressure in the processing chamber 135
is set by the pressure control unit 140 to be in a range of
0.1 Torr. to 100 Torr. The temperature of the wafer 142 is

30 set to be in a range of 200° Celsius (“*C”) to 600°C. The

wafer 142 temperature is established by employing a
resistive coil in the wafer support 132. However, other
means of heating the wafer 142 may be employed such as the
use of heat lamps. Further, a temperature sensing device

35 160, may be employed to measure the temperature of the wafer
and/or wafer support and indicate when the appropriate wafer
temperature has been reached.
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£10- WRI0088ha 144 is generated in the processing chaREBUSIEE305 | n
generating the plasma, a gas panel 143 proybdes a gaseous m xture to the
shower head 134, and the signal source 136 supplies a signal having a

frequency to the gh ad, 134 0 he
shower head 134 an% Bﬁ%ggrrgg‘& l? % f%l%%t lﬁ%epP58§§ ?%%SV\%%%@ %
cont ai ni ng Imhgepsrating2the plasman acgss danss WidBhprbwidessangaseous

(invention, theniRiehe k8dthe gﬁéﬁefeeaaxmeaﬁ{aﬂt%eel nbh! §budas 4136
:conp05|t|on contai_ning 10 both nitrogen an

a second_gas
conmposi ti on 5ﬁﬁﬁﬁkﬁsnPnélﬂﬁﬁbsFéﬁlngTﬁeﬁFQQRQQ$a§%@Oﬁb85FbPUﬁrhééé hot-
jhave a gas phagee rg%@duenmmkt{iréhﬁlm%}&cﬁfg&l WP hblvePReh 134 2R
tungsten ni trl]geiqprégt;%loeis eneggx ?IP'OVI ded tq the aseg s mxture. 15
In the preferr e t hie ‘%e?ﬁci’ciﬁ'?mﬂ% gago BBAPBEIY i on
contai ns N2 nitheogeaifeand4B2 hydrogen and the second gas conp05|t|on S
t ungst en hexaf |l uord.d S Lso ipclu gon
{(Ar) dilutant. The® Scé?é\géén%%ﬂg}mh hﬁ?‘g&% i Are g’é’%ﬁgb%m ‘gfe%e’fﬁ%
rate in 20 tr@s@’@emﬁttwgt anqéudemmuﬁm\tgasetc@mppentmonucentasnmg
to 5,000 s¢gmMpsuy t gl ange of
1 sccmto 5,000 scﬁ#]%T%ﬁn??raog%ﬁi%%%?hﬁég gglge%'léogltdag% éoﬁr?os:atfoﬁ
chanber to forSATEAERGERRIEERm Tloe flrSﬂB qas E@m@@ééﬁél@nb@?)@ﬁen@he

tungsten hexafﬁaufé izl @yalss pRaseupBhL€fon Orithe tﬂ{@@é@ond-rbﬁst BBfSb8tion to
hexafluorlde | %i aseous nhxture s supplied at flom/rate In a
range of FTh T BIFOE s B AT L unlegg %’f%%&/ sy Wﬁgegl ERaFhei r st
excites the hy;ﬁsqpus mixtuek.t hat the hydrogen and nitrogen effectively
treat (i.e 30 sput e ur f nd,_ he

pr onot es 15t he d&glstgglieaglkrgggl-¥ég ?ﬂgégen I'n ?‘Fog’éﬂeﬁgﬁgg T'ﬁlee ﬁlﬁsgty

-al so pronot es 93 qmlltéﬁnoﬂonh@lnﬂr&smmrhggaf hpdrEdéydrogenoandngkeen,
whi ch combi nessgidrs i RokpBEERi bANSs BMhsterd 'Hé%a'f&eorwaécfewfq”b' A W th

{the hydrogen. As a resylt, 35 the fungsten and nitro n conbi ne®*to form

tungst en nit rigRSEOVS MAKEUPENRLSQ e Hades b gEigoindAr) uBL L HERRBRDTRR t o
forn1hydrogen:nltrdddmoemdeh&ﬂﬁbgen are eééhéﬁxvﬂﬂaaﬂp&twhthlbherﬂtésﬂﬂt

the pl aoma?® e Biige of! 17behfaBER Liffe endineted Ber Rihie Tacdn!
] to 5,000 sccm, and the flow rate of the argon dilutant is in
a range of 1 sccm to 5,000 scom. The nitrogen and hydrogen
are supplied to the chamber to form a treatment plasma for
15 to 30 seconds before the tungsten hexafluoride is
25 supplied to the chamber. The tungsten hexafluoride in the
gaseous mixture is supplied at a flow rate in a range of
1 sccem to 100 scom.
The energy from the signal first excites the hydrogen
such that the hydrogen and nitrogen effectively treat {(i.e.,
30 sputter clean) the insulator layer surface and then promotes
the dissociation of nitrogen into nitrogen ions. The energy

also promotes the reduction of the tungsten hexafluoride
into tungsten, which combines with the nitrogen ions, and
fluorine, which combines with the hydrogen. 2as a result,

35 the tungsten and nitrogen combine to form tungsten nitride
(W)}, and the hydrogen and fluorine combine to form .hydrogen
fluoride (HF).

In accordance with the present invention, the signal
that is provided by the signal source 136 to form the plasma
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er ressure con uni a result of t sten
(nitride belng gggt%ﬂ b aEVQ&Eﬁil 49éﬁyﬁﬁﬁ THy RFESFI5A0E ﬁﬁgﬂk?ﬁe
gpresent hnvenuSSnanﬂhEhe wmﬂebe$up¢orxnnzﬂnamnngqmnnded<aandhaheanegatxve
generated is or S er, in used
:to deposi t %l?ﬁna nﬁﬁ???ﬁel%sb%gggﬁ usi onq"rb%rmszirw)fmts’ %P%t er%cg%nect
'structure, t héodepoﬁtm ovhbEht hemabes| approxiratisine qonataat duriggr tbeur e
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135 as the tungsten nit Accordi ngly, the tungsten n|tr|d% di ffusion

‘barrier and Si¥BELRF ﬁh? EE“@%E%%l?%EF%@PS?@%F 1 forted e WeePlAsSMRot
’r_etrmvgd frgmdbheoptﬁéegﬁrﬂaceh@frbemehﬁ&f&etmn deposi ting t ungst en
initride an eposjtin ta m t h

142 to contam Ircl)an ﬁ?‘gf £W? Ro né%%%@stﬁl%be %‘f%)r%é%é’rl%go%hg gpyg#er
i nt er connect shmﬁabarefbehegwaﬁeneﬁ4ﬁayab@ enqge Wthe plagmach denenagdonais
Lungeten, W9 " g dLELUS LR RORELEEnCKFLLAIEL (urPYidt dRiloned ol c@PPer

tor tungstén’ er -t
: proce381ng chamber 135 by the pressure control unit 140. As
I

a result of tungsten nitride being deposited on an eight

inch wafer, in accordance with the present invention, the

number of contaminant particles that are generated is 30 or
25 less.

When the chamber shown in Fig. 2 is used to deposit
tungsten nitride as a diffusion barrier for an interconnect
structure, the deposition of the metal for the interconnect
structure may also be deposited on the wafer 142 in the same

30 processing chamber 135 as the tungsten nitride.
Accordingly, the tungsten nitride diffusion barrier and
metal may be deposited in situ, so that the wafer is not
removed from the processing chamber 135 between depositing
tungsten nitride and depositing metal. This minimizes the

35 exposure of the wafer 142 to contaminants outside of the
processing chamber 135.

The interconnect structure being formed may be a plug
which includes a tungsten nitride diffusion barrier overlaid
by a metal, such as copper or tungsten. In order to form
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-12- Suwlp 99/0830t er connect structure, the netal is deposi PEw/USHS/1330% he
upper surface of the previously deposited ggy of tungsten nitride 150.
Tradi ti onal deposition processes, - such a$ chem cal vapor deposition, may

be enpl oyed to 5 deposit the neta n de 05|t,|n the et
%ﬁd:ronmz is

Ywafer 142 in §P6Re ﬁBterceﬁﬁﬁSErSE’?SCt’t‘ﬁ%' dreftad el%

set to be the appamgeu@EaBQOberthé: pﬁeﬁﬁ&hely]&“epwmté&elwassuﬂe in the

The gas panel HAgeprh, paeife 18ar o hEad PR Qero A wripadar,

fmxture 151 may inclu

shower head 13$uc‘hhassh&mwihe&dvapotSdepbewsmﬂne Ty ol e haerce TEB1 i nt o
the processi n@eposglgaghgrmg"S_QIMere the wafer 142 resides. The gaseous

both a gaseous netal and an argon 15 dil utant. \Wen
the netal being d¥PeB aorszc,tmaggb@rime%% on wakeoddridh RXOCESEiRgy

i ncl ude tUﬂQSt&ﬁn{E@ﬁafﬂSBO”tﬁ@ - tem B@’réﬁﬁﬁé”efaﬂ@e hyslf@gem2 The ddtowy dee of
t he tungsten hexaf | uori d e in arange of 1 sccmto 100 sccm while
the flow rate iof a hranget p@géﬁ%@dtdnyiﬁ@@bna@ﬂetm aressyreofin2the sccmto
5,000 sccm The flow rate_of argon may be in the ., range of 1 sccmto

15,000 sccm  Procespi@dechoubes 485t hE §88ebAsPHi kmﬂerme tf thdhdgred

waf er surfgge @&tﬁﬁ@o&rhea%bnguﬁegaﬁa@nmgl pfaasaégratz@etal trderadpl ace. As

a result, a |layer of netal 5 over ppr srfac of. t he
{tungsten nitriSRFeRS maxtyre itsf]retf?ef:gg ?éoﬂﬁﬁﬁ? eﬁﬂj MG r o
junit 140 causes34 fldws rnmhiealgagepasi mxnureamslohanptmm@céssnbm exhaust ed

jfromthe proc fer CH%@b%%e}%5nBétw%gE§ Egbn%e?£§SSMBffﬁe qagégﬁ ey be

removed fromt processi ng ch ransferred 10 a nachine for
renovi ng undesnmrtﬁ)rltﬁloMYoﬂnCluﬁnebPEhgét gasadus | metalband dmmdmrgon] 53,

| As described aPOMfardty dr o ft'h'éohbﬁsl( BEInbSaBpOdYEEd is @EndstDr Qdlect of

the reaction between tungsten_hexafl uoQride nd the second gaseous
conposi tion ccﬂﬂ%%ﬁw@:'-ﬁ%&xﬁgéé1aﬁ‘&YBSnﬁFLP1389EHngW|% heartbegtigte.
enbodi nent s ofpitdgrssemia hydriogeant i ghe E16RSLQUE 6fF Uﬂhids neukygyerduct nay

:Ingo be pr Oduchexafluor (gn Lhe l’bea(itnl gnrg%gteuggsiegchgx 'i‘6’5 Issc:cim,mwrh q_%en
the flow rate of the nitrogen and hydrogen are in a range of
20 1 scem to 5,000 scem. The flow rate of argon may be in the
range of 1 sccm to 5,000 scam.

The exposure of the gaseous mixture 151 to the heated
wafer surface causes a heat-induced chemical reaction to
take place. As a result, a layer of metal 153 is formed

25 over the upper surface of the tungsten nitride 150. Once
the metal is deposited, the pressure control unit 140 causes
the metal deposition reaction byproducts to be exhausted
from the processing chamber 135. At this point, the wafer
142 may be removed from the processing chamber 135 and

30 transferred to a machine for removing undesired portions of
the tungsten nitride 150 and metal 153.

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

35 nitrogen. When practicing embodiments of the 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
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be provided at a f t.e | ge 0 W 236 all
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may be a hydride of Group III or V. In one embodiment,
diborane B,H, is employed as the additional gas.
When generating the deposition plasma, the second
gaseous composition may include N, nitrogen, H, hydrogen, and
25 BH, diborane. The BH, may be provided at a flow rate in a
range of 1 scem to 30 scem, and all other conditions may be
kept the same as described above with reference to Fig. 2.
In the plasma, each boron atom combines with three fluorine
atoms, and each hydrogen atom combines with only one
30 fluorine atom. As a result, HF and BF, are produced as
gaseous byproducts, while tungsten nitride is deposited.
The boron‘s absorption of the fluorine reduces the level of
fluorine byproduct that is produced. This reduces the
adverse affects caused by fluorine byproduct, such as
35 increased resistivity and gate oxide thickness. Ideally,
the concentration of fluorine may be reduced to a level in a
range of 1x10% to 1x10* atoms per mole.
However, B,H, is a highly toxic chemical. There are many
safety. considerations to be taken into account when using
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.instructions that the processor unit 205725 éexecutes to facilitate the
‘performance of™™¥fte aBdde- 3 1lIBabTaiRd preddelsteas 260 HapbImay e
tungsten nitricployed iaceqeHaaceaphéitry he Micegontrolvanitozoo Thkcludes
|nstruct|ogi I.n t he nennng é&g may_be in e form of Erograg&code. The
program co r?afrc?gﬁlsgf’ﬁ P8tan he® oFRT r 8f PaPPr BrehT9S ?)‘Fb?ﬁ anm ng
| anguages. ForkZarmpl énphé pongrainmite 2, Bad a displep wni€CH35Cwhich
'BASI C, Pascal ,5,Qr ag.l”'t’:@&ﬁgeﬁf 8t Belontrd PNAHAISRs 225 The mass storage
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device 220 stores data and rnstructions and rétrieves data and
i nstructions fromiRepPEEESSEPY 350} e adftibIMaYs hgr AgBiFEEPUATeSRRN B ofher
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Motorola, Inc. The memory 210 may be comprised of a hard

, disk drive, random access memory (“RAM”}, read-only memory
! {*ROM”), a combination of RAM and ROM, or other memory. The
memory 210 contains instructions that the processor unit 205
25 executes to facilitate the performance of the above-
' mentioned process steps for depositing tungsten nitride in
§ accordance with the present invention. The instructions in
the memory 210 may be in the form of program code. The
program code may conform to any one of a number of different
30 programming languages. For example the program code may be
written in C+, C++, BASIC, Pascal, or a number of other
languages.
The mass storage device 220 stores data and instructions
and retrieves data and instructions from a processor
35 readable storage medium, such as a magnetic disk or magnetic
tape. For example, the mass storage device 220 may be a
hard disk drive, floppy disk drive, tape drive, optical disk
drive, or compact disk read only memory (“CD-ROM") drive.
The mass storage device 220 stores and retrieves the
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i response to directions that it receives from t he processor unit 205.

Dat ? ggg i nst ri&‘}éttzﬁi@til@ch@é di&{ Erespdridd b md:el’d%tltbh%gﬁ]gby itheeBBEGSt DFGHE
uni may oye rocessor uni Qr ormn
tungsten 5 ni t&l’%e’?’ﬁ%g d'H}/ tEI'R?e0 at ?a}r?dar“ﬁstlpt?m&ﬁ%" %?Fs?r%e
retrieved. by tdéteoredsarsd aratgeieled ¢y 22 e atordigemuatd 220tinay be
transferred to e 50 sQr Al

The di spl ay uﬁ?®&§§%§§3%% S|r#%$$%f$§ﬁlqzzg %§%b§?r58r§§8§a§§$gfﬁe?he
jformof gr aphlnatrzld@pimmmbral pHéreurdatiac and dhataucsionanuey fhestaper ol
of the pr Ocessfétﬁféxpe@% t}(’ﬂ@ masd HErLRNt Qi‘élvll'é@' tZZ%ZQrgﬂugl ﬁédﬁuxq

ji nput device, suc er% board, nouse, e contro
funit 200 to thewvbenstrrren teddipmenory 2AanEer b\ﬁér byobhs PrpOesson s
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and input- 25 outp bus Pher t 0
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el enents 0f15_a Ofli’é’f'%‘dm{ﬂﬂ depasiddd @23 bawenark thE}gEhéntBiaﬁéfQJ? éf‘
accordance w tg the present ventlon suc as trLe) chanb shown 1 n Fig.
}2. Each of theS@Ran®ed OBt Enals (Retweer, él:hleod@h’écéénFPBF 8RRt bus

§225 to facilitadepledcoomtine oabnmb:beimnenodéwezsont rdkhengh 268 asAtide

to Bro. 2. incliue Phe foe TEnirinfafeidis s Fuuble bl toer, titdehfne 3
resistive coil copresssireo cm rdtviges in thﬂ)cqnq$m¥ usoar3§0136heandntrol
g Ieggglr gtggatoggagiﬁgi | 995 A8 Ue a IECtecMort VH iRlsedl t FRR0REMYE HESthe
dlsplay unit 250, input control unit 270 and mass storage
device 220 may be coupled to an input-output peripheral bus,
while the processor unit 205 and memory 210 are coupled to a
local processor bus. The local processor bus and input-
25 output peripheral bus may be coupled together to form the
control unit bus 225.

The control unit 200 is coupled to the elements of a
chamber for depositing a layer of tungsten nitride in
accordance with the present invention, such as the chamber

30 shown in Fig. 2. Each of the chamber’'s elements may be
coupled to the control unit bus 225 to facilitate
communication between the control unit 200 and the
respective element. These chamber elements, as set forth
with reference to Fig. 2, include the gas panel 143, heating

35 element 141, such as a resistive coil, pressure control unit
140, signal source 136, and temperature determination device
160. The control unit 200 provides signals to the chamber
elements that cause the elements to perform the operations

described above for the process steps of treating the wafer
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pressure and 15 t eratu t he .processar unit executes insfructions
1received fromt hee""[Tp a%/ 12.@6“ t‘ﬁ?éfoeegx & FERFGE ’P%egﬁ"cesﬁ" n%tt‘?flftt%aons
fresults in el comngsted niterihandepodidiigm roumiaeaued)tohaetmajnebavafer
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in es nstruc I ons, - causes t Ssure
control unit e instmegtions prlvrteds: r@meim@Stbﬁem%mEYt%lQ)e in a
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the heating elepent_ 141 to heat the wafer t enperat ure |n range of
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fl
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el enents t TPREFF T84T e a0 R ST Tt e Bﬁﬁﬁbéﬁ’swt’aﬂ Step
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controlled, at step 406 to provi a first gaseous m X cort ai ni ng
ni trogen and h9RERERL e SRS Fhosmrianemmeraturer and Wae erhamlexr ment
pl asma. prégdles, in step 408, the processor unit 205 instructs

20 - For example, the processor unit 205, in response to the
retrieved instructions, causes the pressure control unit 140
to set the processing chamber 135 pressure to be in a range
of 0.1 Torr. to 100 Torr. The processor unit 205 also
instructs the heating element 141 to heat the wafer to a

25 temperature in a range of 200°C to 600°C.

Once the processing chamber's temperature and pressure
have been established, the processor unit 205 executes
instructions from the memory 210 which cause, at step 406,
the chamber elements to flow a first gaseous mixture into

30 the chamber and, at step 408, provide a signal having a
frequency to supply energy to the first gaseous mixture for
igniting a plasma. For example, the gas panel 143 is
controlled, at step 406 to provide a first gaseous mixture
containing nitrogen and hydrogen, as described above to

35 form a wafer treatment plasma.

Further, in step 408, the processor unit 205 instructs
the signal source 136 to provide a signal to the showerhead
134 having a frequency in the range of 100 KHz to 5 GHz with



t he signal source 136 to provide a signal to the showerhead 4 | ng a
frequency | WQ-PR0083%hge of 100 KHz to 5 GHz with WO 99/ 00§§’5/{%98/{]3%¥§
PCT/ US98/ 13305 -17- ~-17- a power in a range
of 1 watt to 5 kil owatts The processor unit 205 causes such a signal to
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t he standar ane tape" test. her nor e, tungsten nitrid
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the present invention results in the generation of fewer

contaminant particles. Additionally, the addition of a
plasma treatment process prior to tungsten nitride
deposition improves the adhesion of the tungsten nitride

25 layer to the wafer and especially to oxide coated portions
of the wafer. Specifically, tungsten nitride films
deposited in accordance with the present invention have
improved adhesion over films deposited without treatment as
measured by the standard "cellophane tape" test.

30 Furthermore, tungsten nitride films deposited after
treatment of the wafer with a hydrogen/nitrogen plasma
exhibit reduced silicon encroachment into the tungsten
nitride film. This effect may be related to nitrogen
passivation of the Si surface which prevents fluorine

35 containing species in the deposition plasma from reacting
with silicon during the initial stage of tungsten nitride

‘* deposition or the effect may relate to hydrogen reduction of

| the WFg in lieu of silicon reduction of the WF, during the

* initial stage of tungsten nitride deposition.
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ja partially fﬁ#@ﬂ“ﬂ%@g&@t BYoerE8uit in a 5 processing chamber, said

{ret hod conmppi si ng Atlﬁ:%o%bﬁpﬁhgf present idfant FHIP\ﬂag‘:I Plenda833£0H3 tur e
in the processi ng hamber, wher ein sald aseous m xture i ncludes
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15 processing chanber to forma deposition plasm. .
enet hod of cwgﬂﬂﬁoﬂ?-”OMerei n said first gaseous co tionFC %&2%05

t ungst en hexafl uori de. 20 3. The-gpthod of claim 2, wherein said
first gaseous conposi tion consists of tungsten hemﬂ"ﬂﬂﬂm . 4,
The met hod of wehai Ae3c1vhREdl Assal d second gaseous I ”I,H!me sts
of hydrogen and nitrogen. 25 5. The nethod of %l & m*2, s wherein
said first gaseous conposition is provided at a flowrate in a range of

.1 sccm . to 100 sccm A 3fkthod Gor Adiwesimeiritpdh dlaydmi of Satberah cmai dan

§ hydrogen is rovi at |0 £ 4 [ CR 10 2.3Q0 gec
and said nit réﬁ’g’ﬁgi q’%&&ﬂedgod‘g a Vééﬁloa\‘/eil affeorl%r%'%g J“r}gitr%%c}exsa‘oc‘:fergl cg):Lxsc'sccmfxg &

5,000 sccm5 B3%cessipg chafberpneshod netbodi comprivineitheateepdsiti on

pl asma i s generat for 3R 4 r gag s ;t.0 60

plasma i s g ed) ;ﬁ:&d{&%ﬂgﬂ g gag8oak ﬁnﬁ?@%}?' /U§3}8 / f§1§05gr3@geg§ﬁg

- 20- ghamberpe wherpéd saidc|gaseous mdngien idgilgdegas@oudirst

m xture incl U%%%e%ﬁ;&o'&omémsition SontainifgMetiAgd &h aBliahMseBonBetBkBous
said argon is 5 prqvided at a flowrtate in a rang’e of 1 sccmto, 5,000

sccm COppOSLtING ARSI BERFOIST GRE SNRTOOERy . WARRLR pyaid
i ncl udes tie sfond | gaseous prowpdksigiansi go@s hagtnghavér eguegay t phase
first . . . . ‘o
reaction with said first gaseous composition to form
tungsten nitride, unless energy is provided to said gaseous
nmixture; and
{b) providing energy to said gaseous mixture in the

15 processing chamber to form a deposition plasma.

2. The method of claim 1, wherein said first gaseous
composition includes tungsten hexafluoride.

20 3. The method of claim 2, wherein said first gaseous
composition consists of tungsten hexafluoride.

4. The method of claim 3, wherein said second gaseous
composition consists of hydrogen and nitrogen.
25
5. The method of claim 2, wherein said first gaseous
g composition is provided at a flow rate in a range of 1 sccom
to 100 scem.

30 6. The method of claim 5 wherein said hydrogen is
provided at a flow rate in a range of 1 sccem to 5,000 scem
and said nitrogen is provided at a flow rate in a range of 1
scem to 5,000 scom.

}

{ . _
il 35 7. The method of claim 6, wherein said deposition
plasma is generated for a time in a range of 5 seconds to

600 seconds.




110 el ectrode onafirs rtially forned I nt egrated
atircuit. WO 99/008441 . "ml m 3’“ l!i | ai m 10, wherein a seeomased/sses ode
fon a second side of said partia Iys tegrat ed circuit 15 is coupled

#to an electrical ground. rret hod of claim 10, wherein
said frequency is I n range . of 100 KHz to 5 GHz. 20 13. The
method of claim 18-furt f@? WAchg othecdpdl 2 of wherein gaid gaseous

qdepositing a Inayparure mmﬂaide@sna&gonpper surface of said | ayer of
material, while said layer of material is in sai d processing chanber. 25
14. The method of claim1, further including the steps of : (c)
setting a pressuré:.in sdfhe prmﬁ*;ém ngfchaldion t80 whelreiwi t kahda amgore dofs

40.1 Torr to5l1Q4-otaded ¥ 8% 10w rhEd 1nS§tfétE%e aoé M Yo SOTOP%SBgfIBH] c

partially forned integrated circuit t Ina range of

to 600[err]C. 15. The nethod of claim 1, wherein said |ayer
of mat eri al 151@ dlff’PEéO&eQﬁbEil e6f Waim 1, Lbhereille smBhodegh clyyi m
1, wherein said rial ngsten nitride -
21- 17D eﬁbﬁﬁﬁﬂsﬁﬁpbp Fm 1 wherein said upper surface

jcontains an oxi depreydding a sigiA8l hdhingethodfeé@idndy Wheseig sgiskt
step (a) '$0 electrode on a first side of said partially formed
integrated circuit.

11. The method of claim 10, wherein a second electrode
on a second side of said partially formed integrated circuit
15 1is coupled to an electrical ground.

12. The method of claim 10, wherein said frequency is
in a range of 100 KHz to 5 GHz.

20 13. The method of claim 1, further including the step
of:
(c) depositing a layer of metal on an upper surface of
said layer of material, while said layer of material is in
said processing chamber.

25
14. The method of claim 1, further including the steps
of:
{c) setting a pressure in said processing chamber to
be within a range of 0.1 Torr to 100 Torr; and
30 (4) setting a temperature of said partially formed

integrated circuit to be within a range of 200°C to 600°C.

15. The method of claim 1, wherein said layer of
material is a diffusion barrier.
35
16. The method of claim 1, wherein said material is

tungsten nitride.
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5 preceded by the step ']’ 'HH providin?f? thirdwggiggus o t
¢onposi t'i oWOs1083oNi ngﬂ ‘“m ﬂ ﬁ S; pr oPCi 8/e33e5 gy to
said third gaseous conp M H Jormya _treatment pl asma that treats

t he upper surface of 10 said partially forneg I nt egrated circui;i_ < th
19. The met hod of ,cl ajm 1 reip said thir aseous. conposition is e
same as said secgﬁd ggg%oﬁggggﬁpggi?$8h¢ f qEﬁééln:ﬁfld Qﬁwﬁg?ﬁHﬁfFSF

deposi ting acdompedinst amaoxriidsl layean upper surface of a partially forned
integrated circuit in a processing chanber, said nmethod conprising the
steps of: (a) providing a first gaseous conposition containing a
hydrogen and nit A8gen dgere merhod qlgim lpwbereingsandrsyep o{shiis fir st
gaseous CoNP@siddedied byt @HeOkFepst bgat ment pl asma; and (c) _
provi di ng a second,gaseous conposi ti gn cont ai ni ng tungsten hexaf| uoride
to forma gaseougel)n' xt deV g a third gpseougnErmapsytior prEviaiaiage rgy
to sai d gaseMysirdgeani algr;e i n the processing chanber to forma deposition

pl asma. ) T t hod _of claim 20, erein said first gaseous
conposi tion cons#gﬁs cﬁp%ﬁﬁﬁ SRFR P §ana gglrg gaseqys compps d
of claim 21 weerfoirm saitddaytengepliasma thabvtrhﬁtsuthefdpp&rr&bﬁfh&eaofange
of 1 scc 0 2 i ' | ovided at a ow rate in
a range o 51s%m%g%g%‘i?.?lg}rog%@;sx%gmgngé§£898§ J:j}'}&‘l{lé/'l'he_ met hod of claim 20
wherein said treatnment pl asma for pretreatnent is maintained for a

period of time 190f bRLWAGENhdS 8RU-BRiRCLONMHSerein said third gaseous
composition is the same as said second gaseous composition.

15 20, A method for depositing a layer of material on an
upper surface of a partially formed integrated circuit in a
processing chamber, said method comprising the steps of:

{a) providing a first gaseous composition containing a
hydrogen and nitrogen gas;
20 {b) providing energy to said first gaseous composition
to form a treatment plasma; and
{c) providing a second gaseous composition containing
tungsten hexafluoride to form a gaseous mixture; and
{(d) continuing to provide energy to said gaseous
25 mixture in the processing chamber to form a deposition
plasma.
21. The method of claim 20, wherein said first gaseous

composition consists of hydrogen and nitrogen.
30
22. The method of claim 21 wherein said hydrogen is
provided at a flow rate in a range of 1 sccm to 5,000 scem
and said nitrogen is provided at a flow rate in a range of 1
scem to 5,000 scom.,
35
23. The method of claim 20 wherein said treatment
plasma for pretreatment is maintained for a period of time
of between 15 and 30 seconds.
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i 24. The met hod of claim 20, further including the step of :

{ depdsi ti ng wo syes3cof AU "surface of 5 said | apEF/UE#8/13305
.material, while said | m mmﬂgﬂul S ggl sai d processi ng chanber
* L od 6f cl a

iafter step (d). hes nme i m20, wherein said |ayer
of material is a diffusion barrier. 10 26. The nethod of claim
20, wherein said material is tungsten nitride. 27. A processor
readabl e storage méddi umTsy imghadogfanliincle ubcteediidiBiding e dtep
program code fo .controlling a chanber during a deposition of a
material “~on a wafer, wherei n said chanber includes a gas panel, a

heat i ng el enment{e)a prédsmgidiogner dayenri of mesahnoh awwrresr sk face of
el ectrode cgu t ' ' s SQUI Cfs L d: Pr si-Aclswdiing:
. . U 631 480!
o Tirst progr Ml Rl B IR eEaR R LS S O P dR T
provi de a si gregid eoragessgag g roatbesester (Qaseous nmixture to be
provided in said chanber, wherein said gaseous mxture includes a
first gaseous cqpposition 25 containiin ungsten ,and , second
gaseous COMpOSit i gt itcrlég@n53ndwh?’a?b‘@e$ﬁ‘1%3@% i d
second gasemtSeridIpGs td difdassonobabpii€ra gas phase reaction with
said first gaseous conposition to formtungsten nitride, unl ess energy
IS provi ded’t o said gaseous m xture; and 30 a second program code,
said second prodifam cTe methabstofucilaisakfl, pvberssnrsand pnahenlisala isi gnal
to said signal i;g enerate a signal having a frequency to be
provided to satl"‘gl%%%{?% e td%'convert sai d gaseous m xture into a
pl asma. 35 28. The processor readabl e storage nmedi um of claim 27,

;wh_e(r]I eit n sgi d progrzgm gq&i_epf?wégsgr | Redarisis storage %né@im!h'g Hé@ﬂzﬁ@”plﬁ@tgﬁmn
sal Ir rogram code_| nstructs, a ocessor 1o provjae a Si .. LO
sai d heati B e‘g nempgdie W@%PE)OS?BE‘E program Cog-ez 0% c?‘tﬁ‘?@%@é?gm%%

chamber during a deposition of a material on a wafer,

|
|

i element, a pressure control unit, a signal source, and an

wherein said chamber includes a gas panel, a heating

electrode coupled to said signal source, said program code

20 including:
a first program code, said first program code instructs
a processor to provide a signal to said gas panel to cause a
gaseous mixture to be provided in said chamber, wherein said
gaseous mixture includes a first gaseous composition
25 containing tungsten and a second gaseous composition
containing nitrogen and hydrogen, wherein said second

gaseous composition does not have a gas phase reaction with

said first gaseous composition to form tungsten nitride,

unless energy is provided to said gaseous mixture; and

i 30 a second program code, said second program code
instructs said processor to provide a signal to said signal
source to generate a signal having a frequency to be
provided to said electrode to convert said gaseous mixture
into a plasma.

35

28. The processor readable storage medium of claim 27,

wherein said program code further includes:

a third program code, said third program code instructs
a processor to provide a signal to said heating element to



cause a tenperature of said wafer to be within a range of r to
REPRSH

1 600[ er] C; -3¥Q99/00830 (mﬂm M1 am code, said fourt
{ code i nstructs sai ﬂﬂu l”ﬂuﬂuﬂovidg3a signal to said 5 pressure

control unit to cause & pfessur® isn sai d chanber to be within a range of
0.1 Torr to 188:d8rk. temperaturdd of $REAPLAEEESRL NMRAGIDLIRIS ar agmgwedbeim
of claim 28, wherei n sai d gaseous m xture cont ai ns

tungst en .10 h2®@iq tr G0 Chy@ivdgen, nitrogen, and argon. 30. A
processor. readabl e storage nedi um havi ng_program code_enbodi ed therein
sai d program code®f ofOBBRRr o REIHFR  CeBrnbefdddr i FQUE thepdIEHR of code

material on aiMBtehctdd vhedei Présedséhanber prevides & gedgpahel toa said
heat i ng el enent, a pre

, trol unit, i gnal d
| el ectrode CouBFBASHESsEPACEPYIRLE obP USRI 4 BFOUIARH cHiesatd cORERET i f)

t he chanber ibeawtthilanaerantd d6He0{dl Tort ngo 10GtIRPx:. 20 (a)
1 providing a first gaseous conposition containing a hydr ogen gas;
(b) providing energy to said first gaseous conposition to forma

| treatment plasna 2Hat t Thet progessppeiresdrbieecstbrage suediyarof atlyin o28ed

integrated Ciffdkrbinandsa3a  gadddus JERRBHYAW UG LhAT L1 decypon Lhe
treated upper surface. .
10 hexafluoride, hydrogen, nitrogen, and argon.

30. A processor readable storage medium having program
code embodied therein, said program code for controlling a
chamber during a deposition of a material on a wafer,

15 wherein said chamber includes a gas panel, a heating
element, a pressure control unit, a signal source, and an
electrode coupled to said signal source, said program code
controlling the chamber in accordance with the following
steps:

20 {a) providing a first gaseocus composgition containing a
hydrogen gas;

(b} providing energy to said first gaseous composition
to form a treatment plasma that treats the upper surface of
said partially formed integrated circuit; and

25 {c) depositing tungsten nitride upon the treated upper
surface.



