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BACKGROUND OF THE I NVENTI'ON 1. Field of the Invention The; pirre.sent
invention pertains to a titaniumnitride filmhaving a partréu(ar !
structure which provides a lowresistivity and a snooth surfbb‘e Nand to the
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structures as barrier layers for preventing the interdiffusion of adj acent
| ayers of materials such as alumnumand silicon, for exanple.

theresrstrvrty of the titaniummnitride %rcaIU( reater thanl [err]
Lor ] Som . det r aSMOGTE A ASILBENRIDE Rpb SAVINGE AWSRESTSRIVEY adhauct | ve

structure to which it contributes. Further, if the titaniumnitride

surface is rough, this rough surface is rrirrored in overlying layers, in an
overj ying alum num | ayer , BACKGROUNDE OFATHIEUINVENTIONEe on the al um num

| ayer nmakes difficult . subsequent photolithographic indexing process steps
necessary for formation of the overall sem conductor device structure.

U. S.; Pat ent lNc?‘relénﬂl% ﬁiégng o Pr em Nat h, issued April 30, 1985, discloses a

met hod and a trngthrnfrlms such as indiumtin oxide,

ontq subst rat eSThel; ﬁ&séﬁ@ﬂﬂféht‘idrpﬁbrﬁﬁﬁ% 'astﬁﬁn&ﬂ%ﬁﬁﬁmlmmaﬂlﬁx% d ?A?hb\ﬂ ion of
el ectronic, sem conductor and photovoltaic devices. An elec eamis

used to Vap@lﬁkcllﬁ*e&rlnﬂﬂbtb@rﬂcs)i 80 kgstitiviey ad akmodthdudh®s kid tatheahdtiodnergy i s
used to provide an ionizable plasma fromreactant gases. By passing the
vapdri zed soseddoreedater thisl filhr ough the plasma, it is activated prior to
deposition onto a substrate. In this manner, the solid naterial and the
react ant gagedrief Dessrintion of the BagkgrawndiAst t heir interaction prior to the

deposr tion of the newy formed conp %und onto the substrate.
Titanium nitride layers have been used in semiconductor device structures as

9 barrier layers for preventing the interdiffusion of adjacent layers of materials such as
10 aluminum and silicon, for example, However, the resistivity of the titanium nitride,
11 typically greater than 100 p Q-cm, detracts from the overall conductivity of the
12 layered conductive structure to which it contributes. TFurther, if the titanium nitride
13 surface is rough, this rough surface is mirrored in overlying layers, in an overlying
14 aluminum layer, for example. A rough surface on the aluminum layer makes difficult
15 " subsequent photolithographic indexing process steps necessary for formation of the
16 overall semiconductor device structure.

17 U.S. Patent No. 4,514,437 to Prem Nath, issued April 30, 1985, discloses a

18 method and apparatus for depositing thin films, such as indium tin oxide, onto

19 substrates. The deposition comprises one step in the fabrication of electronic,

20 semiconductor and photovoltaic devices. An electron beam is used to vaporize a

21 source of solid material, and electromagnetic energy is used to provide an ionizable

22 plasma {rom reactant gases. DBy passing the vaporized solid material through the

23 plasma, it is aetivated prior to deposition onto a substrate. In this manner, the solid

24 material and the reactant gases are excited to facilitate their interaction prior to the

25 deposition of the newly formed compound onto the substrate, ;‘«W‘“ﬂ\m—\.\m@‘
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- 2- U S. Patent No. 4,944,961 to Lu et al., issued July 31, 1990,
describes a process for partially ionized beam deposition of netals or

metal all oys on substrates, such as semconductor wafers. Metal vapori zed
froma crucible is partially ionized at the crucible exit, and the ionized
vapor i I t substrate by an inposed bia
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such as trenches or vias. Wen hlgher tenperatures are used st epped
surfaces are plaparized. ve for ai ggf03|t|on
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t it agi um ni typd %CIIBﬁréxllle hnd méQBm?éd HpBr F drwR (OB Abdifaed BY G Rpssel Bid¥ed by

reactive sputtering in a mxed gas Includi ng oxygen in a proportion of 1 %
to 55% by \Cunu@Bof @ibstrity eniperdiie iOidid o ghse son-Caifpiniat icogerage ofeéppedas and
nitrogen. The tenperature of the silicon substrate during deposition of

t he it ani ururfhdesisaeh dzatranches orlvaase r'Whembigtieritetperaturaaboe isedsSteppadr | C and
about 500 [err]C during the sputtering, and the resistivity of the

titahi um ni tsuifaessfard planiged.| Egs exmmeﬂmer[ @rr:rfpr alugtpum dﬁnqamno, wheseithe ¢
nunbers other than the 100 [err] .-cmg S.M Rossnagel and J.
Hopwdod desdonsenprmalcdappgjtien mcaatﬁﬁim%“h@ Sl‘éﬁiﬁ%ﬁf‘]l’éﬁ‘&!mfnﬁ’gﬂ%r‘lﬁ een

r oo IﬁrLQ?Wllﬁehﬂtt ﬂsgmggmcfémz%caé oH dhe Hnarized ekttt is BfRTur Whoos

t '
e ger o fehera Ik AERGT bl WEARSGRLAGH RATR 7 SPULLer) N
Janjireb 1994. 0"'% of pAtBR 16 AP6a89 19IViR u'l%mflé)rlssﬁéé PRldBeRi1i1boe film

deposition using reactive spltteéring, ere a'titanium cathode is used in
comjpnat i on peddieda PtAMRIR nftﬁwsﬂn&r R oSRODA Im 1000 20fn BcALss fafskdby r ogen
gases. The resistivity of the | ms produced ranged fromabout 200 [err] -

13 reactive sputtering in a mlxed gas including oxygen in a proportion of 1 % to 5 % by

14 volume re‘lalivc to the other gases, comprising an inert gas and nitrogen. The

15 temperature of the silicon substrate during deposition of the titanium nitride barrier

16 layer ranged between about 350 °C and about 500 °C during the sputtering, and the

17 resistivity of the titanium nitride {ilm was "less than 100 p @-cm", with no specific

18 numbers other than the 100 p Q-cm given,

19 S.M. Rossnagel gnd J. Hopwood describe a technique of combining

20 conventional magnetron sputtering with a high density, inductively coupled rf plasma

21 in the region between the sputtering cathode and the substrate in their 1993 article

22 titled "Metal ion deposition from ionized magnetron sputtering discharge”, published

23 in the J. Vac. Sci. Technol. B. Vol. 12, No. 1, Jan/Feb 1994. One of the examples

24 given is for titanium nitride film deposition using reactive sputtering, where a titanium

25 cathode is used in combination with a plasma formed from a combination of argon

26 | and nitrogen gases. The resistivity of the films produced ranged from about 200 p Q-

27 cm to about 75 p Q-cm, where higher ion energies were required to produce the lower
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cmto about 75 [err] -cm where higher ion energies were required to
produce the | ower - 3-

resistivity films. The higher the ion energy, the nore highly stressed the
films, however. Peeling of the filmwas conmon at thicknesses over 700 A,

\ | 4.0 I rcuit topography features 1 nat i o
%'ﬁa‘g’\’ﬁyggm%{ Nof RW'?F@.: Pat ent ABpIgi cation, Seri al qﬁ%a]m’ﬁgﬁ?fg% 5@5%'5)‘(&7@{“ 18
at.. filed August 7, 1995, assigned to the Assignee of the present
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such as vias, holes or trenc 0 aspe at1ro and the pl anari zati on

of & condugkpdsRiohs bﬁ‘cﬁ&ﬂpﬁpb@qp@ﬁﬁtﬂ'&gﬁeg@ﬁﬁﬂtﬁl@ pB¥ %ka?ilﬁg reduced

tenperatures conpared to prior t nmetho _ aniumnitride
barrd er | ayer | SURISlateh0 FRpRoHSRAaRNoPOES 1 D PoCRAAEL I8a ARRRlg, Of
materials. In order to obtain optimzed functionality of this Darrier
laye¥, the 1P essignedito thieckasignet loé tii prései mmermion|Thigl Rerétyninobrpaitecnt
materials through it (it must act as a barrier); it nust provi de_ _h| gh
condtict i vi t yelereres Wi its antirgtyvedesribss 8 mearhadyyf: fopmiag a lnlamnmsmtrmeeoomj?lsmgs noot h
surface so that other terials ip the stack wil| not mrror surface

7 oughness i HOEHE AP HAIERAFHS AICaE o BEF- hervey mmaties hosBliosed

lit raphy LfLd . Lt 1,s important for the titani,um nitride
(Ti stitm taB&L“fé%/Sesq‘?%\t‘/‘vs P"é%i'%"!‘?sxﬂrttv,“c‘}?éé’g{??ﬁ%‘ PReY "E‘&Pp?'@a'?‘c Planatization &f @ o
strugture, ; | e ' IS ..Sho in Figures 1A an
5, Fhe T PR AAELERRRY SV BPer e A Eedubel PR e bomediee B

| Nt g connectyioh A nxiaRl e, with reference to Figure 1A, an interconnect
structure 10 typically includes: a dielectric substrate 11; a diffusion
bartier layer 14p titaﬁidma:mrﬂrwahyemgjesmyﬁtcbmdnwﬁsfedJagPaﬁ'dffa‘ Sohhdvet €
nost commonly used material for conductive |ayer 12. Afrow 16 represents

t hel2li rect i smclobf tmmeviels. dh odeed obiaim, opitifeizedefua@ionalityRiftthis bhRfepUlfer iR

al um num conductive |l ayer 12 of interconnect 10. However, the conductivity
of &h al uni tayer Bwsdrrerdny thel diffesion or migratirecefivdjdcamanatenals dueughoit it nass or

el egcfrom gration, ich creates void structures of the kind shown in.
ﬁ g act as a ba\mer);hll must provide high conductivity (exhibit minimal resistivity); and, it

15 must provide a smooth surface so that other materials in the stack will not mirror
16 surface roughness in the titanium nitride layer, thereby making subsequent lithography
17 difficult.
18 It is important for the titanium nitride (TiN) film to have low resistivity,
19 because in a typical interconnect structure, a cross-sectional schematic of which is
20 shown in Figures 1A and 1B, the TiN film may need to serve as a main conductive
21 path for the interconnect. For example, with reference to Figure 1A, an interconnect
22 structure 10 typically includes: a dielectric substrate 11; a diffusion barrier layer 14;
23 and an overlying conductive layer 12. Aluminum is the most commonly used material
24 for conductive layer 12. Arrow 16 represents the direction of travel of electrons, the
25 electron path, through the aluminum conductive layer 12 of interconnect 10.
26 However, the conductivity of an aluminum conductive layer 12 can become impaired
27 due to stress or electromigration, which creates void structures of the kind shown in

3 This Sheet Has Been R

| LT

REPLACED




4 Figure 1B. The interconnect structure 20 shows the dielectric
substrate 21 having a diffusion barrier |layer 24, followed by al um num
I'ayer 22. The el ectron path 26 through al um num | ayer 22 has becone

i mpaired due to the formation of voids 23 wthin alum numl ayer 22 When
the barrier |ayer 24 corrprlses TiNwhichis lowin resistivity

ditiopney dPpckelt No 28Mc B %t hen be assi sted by a secondUpatixprss Mﬁ‘bﬂghﬂzﬁéﬁmlﬂpq
barrier layer 24. This facilitates the performance of interconnect 20,

| engt hening the performance lifetine of the interconnect. In sonme cases,
the ITi N barFigere 1Thy&he inérewtmedrsipetitte 2Bshrsus the disleetrichabsteite2 phtving
conducti vi ty for interconnect 20. TiN barrier layers conventionally

appl2 ed usi difugiep Savier layapad, fabpwed by alumimymuiayer 2 5“16 election q%tb&ﬁgener ally
have a resi StIVIt){ gr eat er than about 100 [err] Chmc S

i rrpo"r tant f Hroyghetlomique inysre23 hae beeasn maersd Haw 1hsxﬁprmma@é vmslﬁg%ness)

as scl ose 5 of Xu,et al.

e tre” St ot et b B Fhes Reufmic b o4 fomgnpts i, ‘Vf@m 8¢ i uch as
a caontact, Hsﬁﬁgt e el}fétﬁm Oqaa\ %6‘@8{ mcﬁ e fa?ﬁ‘?ﬁedogy ngcohh Haaﬂn%ﬂg ﬂg | ayer

facilitates drmation e carrier ayer ed in

Xl erg] et almiN Bhirier G3eF €1 ThRYRGlihAS ild perfoRmameWT ilerfohhdct v@gen@ﬁemﬂf
feature at |lower tenperatures. Xu et al. were able to achieve a carrier

| ayer surf deepetforrgintee Sisetivie afothatintdé@ohetnsin some cases, fher BiblUbdrtianlaydr
resistivity to |l ess than about 100 [err] Ohmcm and an inprovenent in
surflace roughkciesspul 88 mdydiccpme icomsinypatibefatonductinvityfar intarcermed 200€TiN
desirability of the application of titaniumnitride barrier |ayers.

SUMWRARY OF taeer kyemepoxentionally appliedhusingophusicali wipov densditioh {sputtasnginount t he
resistivity o{ titaniumnitride filnms is reduced, by 40 %or nore (to |ess
t hatl about ~ teshpigpgs)geagraly fpves essishiviby grepter thes abeud 4,90 lB@h{"e?'P] Ohmcm and

f bl l. d, h
roubhﬁregseé? el e BF BE T Tm b B6 shgpthis B, R Erses Fpughinest o 13
A f‘i‘d P G BRLOn! S PO N HRAon ks RY. 055 TE8T5 GPRDEDR| Wk i

cul ar
tltamum nitride barrier layer is used to line a feature, such as a contact, trench, or via,

14 a smooth surface on the titanium nitride layer facilitates the formation of the carrier

15 layer of the kind described in Xu et al. This carrier layer facilitates aluminum filling

16 of the feature at lower temperatures. Xu et al. were able to achieve a carrier layer

17 surface roughness of about 15 A rms.

i8 A reduction in resistivity to less than about 100 p Ohm-cm. and an

19 improvement in surface roughness over that previously obtained would increase the

20 desirability of the application of titanium nitride barrier layers,

21

22 SUMMARY OF THE INVENTION

23 It has been discovered that the amount the resistivity of titanium nitride films

24 is reduced, by 40 % or more (to less than about 75 p Ohm-cm, preferably to less than

25 60 yt Ohm-cm, and most preferably to less than about 50 u Ohm-cm), for example;

26 and, the roughness of the surface is reduced, by about 45 % or more (to less than 11

27 A, and preferably to less than about 8A ) by using a combination of particular process
4
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- 5- condi tions during deposition. In particular, titanium atons
produced by inpact of inert gas ions upon a titaniumtarget travel through
a high density, inductively coupled rf plasma, an ion netal plasma (I M),
in which the titaniumatons are at |east partially ionized. The ionized

|t ani A r tacted wth ionized nitroge t Qs al so0..Qk ess | X

N‘S@%ﬁpﬁb&rﬁh%eﬂ%‘??o produce a gas phase deposi "faoﬁ“?ﬁ%’(“tﬁﬁg%‘fﬁg?ikaiﬁ‘Hl%

| east partially ionized inert gas, titaniumatons, nitrogen atons, ionized

titanium ionized nitrogen,. and titaniumnitride atons. This gas phase

mxture is OBHIART $ENG CCROYERD- surface of a semiconductor substrate on
arrier |aye o _be deposjted.

\émei Eoﬁdbic: gpi g H]Bgﬁt%if‘g%rtggrf'%smm% mé“%ﬁé{yelﬂ‘pﬂﬁio HN g?‘?e‘zgf‘ﬁg&gbat hat t he
fi. b I i1 hi ' :

Fur oner, ¢ rimimSHtEet 6F i ibn PR Ak, Rlulvel) Biel3r lebfla’ 80881 nuous

evaguat i on Qb ORRGRHAMIYTRODRER e GAMN AenPARAGE IGSCRRTAR, fonPka.CaRer o 1 ng

t he gas phase deposi m xture conposition, the quantity

depgsi tion @hkd GRnka0 o hid@nldRdSHlSiohRk® nftdpER A@mMsARY préseit Ueihel | NE
period, and the pressure within the process chanber, the resistivity and
sur fbace rougbemsiag oharhliee, tbifradvicelm gas phasd elepasjtion mixtiard jofiah @t least partially W\
have di scovered the physical characteristics of the titaniumnitride |ayer
whi dh pr ovi @eizedingrieghss @aniymi Aomy; nitnefien atomeso iorézedftitanivyy iohiged nitRigenher , we
have determ ned the process cgnditions necessary to create a titani um

ni t 8i de | ay®d lﬁafwwg“&dsmmsf eﬁhlg gps/phage gkure 18 cppacied wgﬂh? surfacg of a

Th istivity af the titaniumnitrjde barrier I i, i nci pal
det & mi ned SPICAHRCIEr SRt gp higha filgaivgy nsde barticnlaysninid Ps dEPOSHe: or o

ly th tal ori t hes.. 100, % ( t t he. {200
or 190t at 1 on 1 FafpoR Bl hBMCAR RS LBATH Ploseh hith 5 By thahe STHfage C e
fil i St f | -ent qo LQQ. i | east
70 Mer cont . St 4yt Gh 38 cndclfeaRff Aaclted SY. T @ileFIhEpleatlel I e | P00
i onjpzed conp@Bdss Charhbt® cae BO aljuited biflcahtiiuBud Machdlioh T aBul BEmpineRREr

13 from the process chamber. By controlling the gas phase deposition mixture
14 composition, the quantity of the deposition mixture contacting the substrate surface
15 over a given time period, and the pressure within the process chamber, the resistivity
16 and surface roughness of the titanium nitride layer is adjusted. ‘
17 We have discovered the physical characteristics of the titanium nitride layer
18 which provide reduced resistivity and a smoother film surface. TFurther, we have
19 determined the process conditions necessary o create a titanium nitride layer having
20 lower resistivity and a smoother film surface.
21 - The resistivity of the titanium nitride barrier layer is principally determined by
22 the crystal orientation of the titanium nitride. The more nearly the crystal orientation
23 approaches 100 % (per cent) of the {200} orientation (the lower the percentage of
24 1 1 1 orientation), the lower the film resistivity. Preferably the percent of {200}
25 | orientation is at least 70 percent. The {200} crystal orientation is obtained by
26 increasing the ionized content of the deposition mixture (by increasing the RF power
27 to the ionization coil) and by slowing the rate of deposition of the titanium nitride
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to the ionization coil) and by slowing the rate of deposition of the
titaniumnitride film (by decreasing the DC power to the

t ar get), The surface roughness of the titaniumnitride layer is
reduced principally by reducing the pressure in the process chanber, which
a [ cahf ect, .t film formation dynam cs, al cOt; (S sl
c%ﬁgﬁgiﬁcghﬁﬁnﬁér‘gé@ggi n ionized content of the g%‘éq' Eggégg%%ﬁ?‘tlﬁgk%nwus
m xture hel ps reduce surface roughness until an inflection point is

reached, after ich surfac oughness increases with increased ionized
cont ent . il (' detredithg AEDE BEVEHO ARSI ON OF THE DRAW NGS

Fi gupe 1A shows r - S ' A" | C..0 | Nt er connect, K,
conpfising: a di Zil‘h(eécst?‘ff?‘%e @ﬁ%@@?ﬁ&e‘ﬁg l&li%ﬂgfé nktf'{kf @gﬁr 4 i’S‘i}]‘:&‘g ?nﬁﬁpggﬁﬁ yi ng
di ffygsion [ I : ' [ LE L . , l.ng a
condgct Ive - P'ggi/lédr"?ﬂ g‘? Z’%‘gs%lgg%me ré%s%ﬁ%ﬁb%\ee%%?h‘g{e? ﬁgoé‘?@&g‘g?ﬁhbar rier

| ayey. formatidnl @/maickBalP BRYS aBior Eb‘it%{ &6ieiahONARh iRGERE®! tdniRl bh@nt

i nterconnect stack of Figure 1A after stress and/or electromgration has

I npaisr ed t heofcthegacphase tgpositioamiaiueehelpyredemiufats roaghtege ntdlaant inflkctione
titaniumnitride diffusion barrier |ayer becones a functional conductive

| ayeb of t hepairitierenshere ofterswhich surface ronghnessiigerease withdnereased idnézedt i ¢ of t he
el enents of a process chanber which enable physical vapor deposition

augnent ed byco®¥¢nf-on netal pl asna. ~ Figure 3A shows an X-ray
diffraction curve for a titaniumnitride filmhaving a resistivity of
about 203 [err] -cmand a surface roughness of about 15 A Fi gure

3B shows an X-ray di f1raghi@g FHEERIFPIOR Ok Wik BRAWRNCE 1! m

9 Figure 1A shows a cross-sectional schematic of an interconnect stack,

10 comprising: a dielectric substrate such as silicon dioxide; an overlying diffusion

1 barrier layer, preferably titanium nitride; and, having a conductive layer, preferably

12 aluminum, overlying the diffusion barrier layer.
13 Figure 1B shows a cross-sectional schematic of the interconnect stack of Figure
14 1A after stress and/or electromigration has impaired the conductivity of an aluminum
15 conductive layer so that the titanium nitride diffusion barrier layer becomes a

16 functional conductive layer of the interconnect stack.

17 Tigure 2 shows a schematic of the elements of a process chamber which enable
18 physical vapor deposition augmented by an ion metal plasma,

19 Figure 3A shows an X-ray diffraction curve for a titanium nitride film having
20 a resistivity of about 203 p Q-cm and a surface roughness of about 15 A,

21 Figure 3B shows an X-ray diffraction curve for a titanium nitride film

R
e
e
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produced using the nethod of the present invention and having a resistivity
of about 52 [err] -cmand a surface roughness of about 5 A

Figure 4A illustrates the reduction in resistivity of a titaniumnitride
filmas a function of the percentage of the crystal orientation which is

{ 2@Biney Docket No. ANTLIGYoe 4B shows the reduction in y&Shghledd MhilNo, E1 534 180S
nitride filmas the RF power to the ionization coil is increased
(increasing the ionized content of the gas phase m xture fromwhich the
titapiumnityr] Ll i ' ). . . Fl 4 ] t reduction
bt ot ity il bR REREE b flprespr iventiop b G ER Yol BobET gt ' s
decrgased ( [ @AG&h ' o) ' igum at ons avail abl e for

procgssi ng idjiﬁs'c}tlhe gggd%%grs@é?%hé%#ﬁﬁaa{hgﬁﬁﬁ ‘e rate of deposition of the
titaniumnitride film. Fi gure 5A shows a three di nensional plot
of the surface roughness of a titaniumnitride filmas a function of DC
powed to the tit dngusdnailigsitatantle RIdupOolein redistivilyenfisofthZiain Kiftidedilm astdt h t he
pressure in the process chanber held constant. Fi gure 5B shows a

t hred di mensfuoefidn gfl the percentage ofuhé enystal enigptmtiop svtoéh i {200}.ani um nitride film
as a function of DC power to the titaniumtarget and pressure in the
process chanber with the RF power to the ionization coil held constant.

Fi 5C sh thre i mensi onal . pl.ot of, the_ surface ro, ess of a
Tl DT iy o 11 o bR Mol A5 G RicB iR ety 56 Adiamgm (HEOF B RN coi |

and pressure,in th [OCES hamber with the DC power. to the titanium
i arggt hel d l(l:l(‘) 0 grn(%. RE WnizaTion ¢oilts mcreasela (ncreasing B \ohized conr}cnt of the gas
7

phase mixture from which the titanium nitride film is deposited).

8 Figure 4C shows the reduction in resistivity of a titanium nitride film as the

9 DC power to the target is decreased (decreasing the quantity of titanium atoms

10 available for processing in the gas phase and ultimately the rate of deposition of the
11 titanium nitride film),
12 Figure SA shows a three dimensional plot of the surface roughness of a

13 titaniumn nitride film as a function of DC power to the titanium target and RF power
14 to the ionization coil, with the pressure in the process chamber held constant.

15 Figure 5B shows a three dimensional plot of the surface roughness of a

16 titanium nitride film as a function of DC power to the titanium target and pressure in
17 the process chamber with the RF power to the ionization coil held constant.

18 TFigure 5C shows a three dimensional plot of the surface roughness of a

19 titanium nitride (ilm as a function of the RF power to the ionization coil and pressure
20 in the process chamber with the DC power to the titanium target held constant.
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DETAI LED DESCRI PTI ON OF THE PREPERRED EMBODI MENTS The present

di sclosure pertains to a titaniumnitride structure which provides

i mproved conductivity and a snoother surface in a filmor layer of titanium
nitride. The disclosure also provides a nethod by which the inproved

LAfGHhd a@et Nod&Mm-ggrgicture is obtained. U.S. Express Mail No. EI215557419US
1. DEFI NI TI ONS As a preface to the detailed description, it should
be noted that, as used in this specification and the appended cl ains, the
si ngul ar forns ¥ N ¢ l\w‘gess t he
con%31 ext cl earl yl)@"PAtIL?f I?’sl)gfg Eﬁrl IV)VI&‘EQN dH:G'L'W?. Iﬁ“ﬂﬁﬁfffﬁm@ﬁhﬁr

senigonductor” i mgé BF&%&t%éﬁﬁfsh@tﬁénﬂBsiﬂ § GiemRm nﬂﬁ&@éthi%h§e \em :%meémown to

have the behavi oral chatacteristics of a sem conductor, reference to a
"plazma’ i ighEES condidtvie! andaSsth@dr 30£Feedf tal M &dla?éi- @muﬁﬁuﬂ' Hidde.

di scharge, reterence to "the contact material” includes alum num alum num
al | ogs, and Tokhksclosaedisotruddesd fieihaltl Sy wikitic theliaipeoved nigddiurm aitgide nt  enabl i ng
themto be sputtered over the tenperature range described herein.

Spechfic terstricipiedgpbiafnedarti cul ar inportance to the description of the
present invention is defined bel ow The term " AFM' (Atom c Force

M cr@scope) refers to a technique éorﬁﬁfﬂNﬂlﬂq}%d to nmeasure filmsurface

ot 089 the 111 m g RBeh UL IE AeiiR eentn, oykR s dnEse i in s "
trang at ed gsecmh%Aaﬁetngegqggﬁldemtaﬁns Clg BBy AECIEaE Bt e

conpi | ed an u rom’

The perm’ (%l“n‘éfﬂredté‘ 'Cri;\ég?&e%é@(icl&{ ‘fdﬂﬂie?ﬂﬁkﬁfnsé i, @gr éx¥s ?é"tlll used

in the sem uctor r1ndustry oys I nc | um num cop er’ al | oys,
and 10a| um NYenE OPRAicaTdhétePMn@hd@YeSvarie8/ ofedi ABRRhEmaterials whichlt@ KnBWwiltoaspect
rati 0" refers to the ratio of the height dinmension to the wi dth di nension

of parti cul dlaveprrbehgdorantlaradhdristicsodsl ieptitandaatbr, Gofietencd td s "plasn pl aced.
For

12 includes a gas or gas reactants activated by an RT glow discharge, reference to "the
13 contact material" includes aluminum, aluminum alloys, and other conductive materials
14 which have a melting point enabling them to be sputtered over the temperature range
15 dcscribed'hcrein.

16 Specific terminology of particular importance to the description of the present
17 invention is defined below.

18 The term "AFM" (Atomic Force Microscope) refers to a technique commonly
19 uscd to measure film surface roughness, wherein a microprobe in contact with the film
20 surface is drawn across the film and the mechanical movement of the microprobe is
21 translated to a digital signal which is plotted out. A series of plots is compiled and a
22 surface roughness is calculated from the compilation.

23 The term "aluminum" includes alloys of aluminum of the kind typically used
24 in the semiconductor industry. Such alloys include aluminum-copper alloys, and

25 aluminum-copper-silicon alloys, for example.

26 The term "aspect ratio" refers to the ratio of the height dimension to the width
27 dimension of particular openings into which an electrical contact is to be placed. For
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9 exanple, a via opening which typically extends in a tubular form
through multiple |layers has a height and a dianeter, and the aspect ratio
woul d be the height of the tubular divided by the dianmeter. The aspect
ratio of a trench would be the height of the trench divided by the m ninal

travel width of the trench at its base. The term"feature" refers
t Aigrsy 22acket No.aAM-1818nches, and other structures WS dxpresuiailgNo.t B@15557419US
t opography of the substrate surface. The term"filmresistivity"”

refers to a resistivity calculated fromsheet resistance and film

t hi chkness neexgmDIere MisopaRing whiel tipicallp extepdssinaetubrles fcymatﬂwmgh(mﬂaslqr ed by
the 4 probe nethod) tinmes the fil mthickness

"i on2deposi t iayers §p%,8 helgblgandamdiamater,tagd the ﬁSﬂﬁCtmﬁhWOB\dMB h@‘lghP?f theefer to

ticular tech fo tter deposition, preferabl etron sputter
depodt t 1 on (e d el fdhe Hamelt ﬂsf%aae@wagemf%drqnﬁ@ oula fhe hesght of d
t I d upl ec IS positione
LA Sy S O N R e S o
whergby at |east g,dRfhi"RARE" felifs RPntRICdias, GH‘En@l?és%hd' &héﬂ%ﬁ%ﬁl{égﬁ\&nﬁbﬁf

|ons at the tine it reaches the substrate’ surface.

"readtive i omakenpHiet tofdpraphy offtB@SibsivAe is@ifacet al plasma (IMP)" refers to
i on-deposition sputtering wherein a reactive gas is supplied during the
sputtlering to rehid tewnt"filrh hesistiony'zedersrat & rdsistiving calonlapd tfioat siket pr oduci ng
an ion-deposition sputtered conpound containing the reactive gas el enment.
The tler m "t r eedistanemard &lputln@qﬂcssgheﬂﬁm’cmpms taod & equnhiodhofhdebrasistagea il m

Iayer on a substrate wherein a tar Is s utt.ered and the materi al
sput ered f r Onsaswed by it prbssaethodt Wz‘-’ér‘h‘tﬁ t‘é?‘@‘@ﬁs and the substrate to
forma filmlayer_on the. substrate, and ans provided tq ionize a
subs ntial porti oM E?fmtfﬂé‘ eRpgjHen mtered aP“‘Eg’gt‘?‘@T e‘ﬂ“ “W*Hrﬂ Sma t(HY’B)at

bef h d
Cradl'ti onal - it per M e Bias atpm RETREBA G, Ererl Hhansfo seMIe T
di sc{osure Ofkg)umbﬁ whére A nBP{ug‘%,iﬁg r?ﬂe’%ﬁ bEhiRY ll{qurgé@.nq? pattiiufl & hidn

traditional ttering contigur e percent target’ ma eri al
whi ciy i s i onh@Rfy, indhcivelytcdamed RI%lasma is positioned between the sputtering cathode

14 and the substrate support electrode, whereby at least a portion of the sputtered

15 emission is in the form of ions at the time it reaches the substrate surface.

16 The term "reactive ion deposition" or "reactive ion metal plasma (IMP)" refers
17 to ion-deposition sputtering wherein a reactive gas is supplied during the sputtering to
18 react with the ionized material being sputtered, producing an ion-deposition sputtered
19 compound containing the reactive gas element.

20 The term "traditional sputtering” refers to a method of forming a film layer on
21 a substrate wherein a target is .spultered and the material sputtered from the target

22 passes between the target and the substrate to form a film layer on the substrate, and
23 no means is provided to ionize a substantial portion of the target material sputtered
24 from the target before it reaches the substrate. One apparatus configured to provide
25 traditional sputtering is disclosed in U.S. Patent No. 5,320,728, the disclosure of

26 which is incorporated herein by reference. In such a traditional sputtering

27 configuration, the percentage of target material which is ionized is less than 10 %,
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REPLACEMENT SHEET -10 - nor e
typically less than 1% of that sputtered fromthe target. The term
"XRD' (X-ray Diffraction) refers to a technique commonly used to neasure
crystalline orientation, wherein radiation over particular wavel engths is
passed through the material to be characterized, and the di ffraction of

e 088000 GOURTE, e TRLSr LRl Throuah 6l RO RRRN RS b

orientation is cal cul ated based on thi S map. ~11. AN APPARATUS
FOR PRACTI CI NG THE | NVENTI ON | pr.ocess s%/stem i n which the nethod
of tlhe presw@pte tNh‘OéMt%ﬁ“‘Wh)Vfb@r@ﬁ‘F Fﬁlé‘tﬁredcﬁiﬂm ithe farpst ‘Appl i ed Materials, Inc.

(Santa Cl ara, |forn| ura Processi ng System Thi
prodess system sheylgtm s &cav@-ﬁ%%g fe r% e t:acgtuﬂ‘é%w ‘P?BD\!@\}QFP‘Q he
processi ng

ow br essur gwtﬁlaec%rget'&naﬂﬂafﬂglmeohvt*stcﬁbfa'ﬁw R oAl Yavplsge iy ftsscd"®
Progessing MERTEE SRRk hRes b s
pat ot o Nos arefifhe it PNyl R g A A HBBRELESENI it G tnieRS

i ncagy por nt egheliwatémdt &ﬁr@ﬁglﬁwhW\tahp'fsﬁs,efsﬁm&u%@. AFingplliecrdated ihidhoshopss@hs ur e
process chanber for form ng the snooth-surfaced, low resistivity, titanium
ni t réd de bar diffctioaypatteraf aridnihe pryagmé ntierntationnis icalouletep) Ibosed e thisamemr d  sput ter
magnet 210 (to increase ion formation adjacent the target, thereby enabling
an increased sputtering rate) and a sputtering target cathode 212 which
operates at power |evels

to_about 24 kW EXANMPLE ONE
form the titanium nft r’Nﬂe’\’HQW’l‘"EVq PR PRACTHEENG T Fe N VERNTERN on, , a

titani umtarget t hod f 14 di t d, d
DIC :N:r Wasg ap ?nfa‘gf*tetﬁtcm g‘%&?ﬂﬁ&e&ﬁ)\)ﬁ g%dﬁ&%"t ﬁ%ﬁ‘%dﬁ?yshgﬁgv?gagboﬁt
8 k The subsit

waf \é(yr Was 11! 'ﬁcF scdzl\;étbngl?rmp(%%m? cgﬂgscttﬂﬁﬁhm() ?ﬂg,mwlpgg%ar getSI l'icon
cat fypde 212?r&g§{r§£§gﬁﬁﬁﬁ' This t'd?:géé kt\fﬁ’ndﬁ! nof Qlf%‘iil)r éhomtai%rmc PRargener at ed

in the region eta get cat hode 21
1 however, the processing elements shown in Figure 2 can be opemtcd within one of the

To

12 low pressure process chambers contained within such an Integrated Processing System.

13 The systent is shown and described in United States Patents Nos, 5,186,718 and

14 5,236,868, the disclosures of which are incorporated by reference. With reference to

15 Figure 2, one low pressure process chamber for forming the smooth-surfaced, low

16 resistivity, titanium nitride barrier layer of the present invention employs a standard

17 sputfer magnet 210 (1o increase ion formation adjacent the target, thereby enabling an

18 increased sputtering rate) and a sputtering target cathode 212 which operates at power

19 levels up to about 24 kW.

20 EXAMPLE ONE

21 To form the titanium nitride barrier layer of the present invention,, a titanium

22 target cathode of 14 inches (35.5 cm) in diameter was used, and a DC power was

23 applied to this cathode over a range from about 4 kw to about 8 kW, The substrate

24 218, comprising an 8 inch (20.3 cm) diameter silicon wafer, was placed a distance of

25 about 5.5 inches (14 cm) from target cathode 212. A high density, inductively

26 coupled: rl plasma was generated in the region between the target cathode 212 and the
10 This Sheet Has Been Replaced
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substrate 218 by applying RF power 216 over a range from about 100 kHz to
about 60 MHz (preferably about 2 MHz), at a wattage ranging from about 0.5
kW to about 6 kW (preferably ranging fromabout 1.5 kWto about 4.0 kW,
to a coil 214 having at |least one turn up to about 10 turns (prererably
fromabout 1 to 3 turns). Typicalty the coil is fabricated from netal

tyhi.n b el n.{ssogwat er cooling, and has a di t : iah
(g?’ggggy#?\gmﬁbé?rfﬁt)he coil can be fabricated frgfﬁ?éﬁhseﬁgegﬁﬁg‘#&rl?@%gﬁfﬂé?US
ot her form which provides the desirced function. Coil 214 surrounded a

pl agma regi on bet the target 21 nd substrate 218 tanal a
subzt rate b“f"ﬁé"‘ﬁ‘osﬁﬁgg%“?'ﬁwﬁg ?‘?‘B%%dgt%'era‘bf)wc ?%‘Bbg‘i?“béwi‘hgggﬁ‘%‘ﬁ to the
substrate r.t pRar.t mRker, 220t i [

attencts. i of P daSRERRl A NREACHC ShiaR g fofh ol fisiy iy
preferred appay N -1 t t] ' [ & Qi rri el 4 . lses a
oi 1501 nanesy Lol enspalifh Bim iEnt | 33 Wb WO &t 2 P Blving!
matefial, QtiRE oRBARS uph @6 abN1BIRGs (RelctdlANbAMMKALE] EODUEMS). aTsleatfyor
exanpl e, an ECR source, such as that shown and described in U S Patent
No. 54, 911, 804,coilrig énbpioated dmimetel mblng wigtle pemits, water coohieg,iandrhas ype coupl i ng
devi ce such as that shown in U S._ Patent No. 4,990,229, incorparated
herdi n by rdmeeneé aba 8.136 Juchs(@e2i amde dileyeventhe apil sarebe fabrigated &lombe her
apparatus whi ch woul d supply_an iqnized, stream of depositjo rticles
havihg an iamcwdrﬂa@f'c@nwﬁgefom wiicl proyiges %Céké"%&wfﬁﬂ- o288 e ng

useful t ti t ' tjon. th h f f
Forring. t he ST RBILPTSPb A I PEHecty BF FBRTLALA P P S W ERRDh 2ed
nitrpgen to b ' ' [

N aen OB b AL AL e o PG STV DE O R U, SBber 19
exanpl e i tan 4R aRMehkABerd 2BNDIcHMSa DSERadShich GrdcRGBA! fefm descri bed

in U S Patent No. 4,944,961 for vaporizing netal or netal alloy in a

crugi bl e, i prenpas Bcadhdiicei n by reference, are also specifically
cont enpl at ed.

i2 Although the preferred apparatus for forming the titanium nitride barrier layer
13 uses a coil to inductively couple with the plasma and ionize the sputtered material,

14 other means for ionizing the titanium are contemplated. Tor example, an ECR source,
15 such as that shown and described in U.S. Patent No. 4,911,814, incorporated herein by
16 reference, or a helicon type coupling device such as that shown in U.S, Patent No.

17 4,990,229, incorporalcd herein by refercnce, are also specifically contemplated.

18 Likewise other apparatus which would supply an ionized stream of deposition particles
19 - having an ionized percentage of 10 to 100 % are contemplated as being useful to

20 practice the invention. Although the preferred apparatus for forming the titanium

21 aloms which are ionized and reacted with ionized nitrogen to form titanium nitride are
22 preferably formed using sputtering techniques, other means for producing titanium

23 atoms are contemplated. Tor example titanium evaporation techniques, such as the

24 technique described in UQ Patent No. 4,944,961 for vaporizing metal or metal alloy
25 in a crucible, incorporated herein by reference, are also specifically contemplated.

26
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-12- [11. THE STRUCTURE

OF LOWRESI STIVITY TI TANLUM NI TRI DE FI LM As previously described, we
have discovered that it is possible to produce a titaniumnitride film

| eavi ng an unexpectedly low resistivity using reactive ion- deposition
sputtering techni Alowresistivity film proyjde &l deViv
pgv?’ﬂ?yngﬂ‘gé? Ro. RWH?%e filmresistivity of the t?q’g'nl?‘x mgr?i@{"i‘ (S:Itgj' ﬁ%’éf"?“s“’”‘q
nmeasured by a conbination of sheet resistance and filmthickness; film
orientation is nmeasured by XRD (X-ray diffraction). Figure 3A
shows an X-ray diffraction scan pattern 310 for a reactive ion- deposition
titaniumnitride film produced prillr TIESARULZHESRAL i nvention. The portion
of the film conpositi oprhaywargsTivily TTYANRIMONITRODE FRiMi s | abel ed
"312%, and the portion of the filmconposition having a {200} crystal
orientation is |abeled "314". The scanning was done using the standard O -
20 t&chni que, W tAs iresonslyrdesciibed, amediape distovernd thainit és prsole lomrediseax" axi s
which is |labeled "318". The intensity of the diffraction in counts per
secohd (CPS)titaniungsifide Smhauing pn upgxriecigdly Iqw; resisuyily| usie reagtiye ion-te X r gy
diffraction scan,indicates that the |arger. portion af the titanium nitride
fil mscorrposi@P‘Eﬁﬁ"%??ﬁf"?‘é’&te&}mﬂ‘{fs'c&}%‘f’é 1§y ﬁérﬁ'ﬁtﬂ%ﬂqcﬁtﬁ et evits esistivity
for _this titaniumnitride filmis 203 [err] -cm By conpari son,

Fi gu_Pe 3B sH@\?&E"&Wc%ray diffraction scan pattern 320 for a titanium
nitryde filmof big Mieratvity MRt idfiund ARrGEADerS rdihited BY WoRtbintiiaaUr abl e

presence of {111} crystal orirentation, cation on the scan indicating
t hi sgabsenceyf shéet lrédp@dRE and &ifm thidkiesd TRGEHEAtalbn ihWedsuted WORRDS(X-rfyn havi ng
a {200} crystal orientation is |abeled "324". Again, two tines the

scangi ng angliffraefion)nci dence is shown on the "x" axis, |abeled as "328",
and the intensity of the diffraction is shown on the "y" axis and is

| abdbed "326". THagdre 3 shewis aniX-raydiffeaction seanauattern Hsfer piseastive ion-

i1 deposition titanium nitride film produced prior to the present invention. The portion
12 of the film composition having a {111} crystal orientation is labeled "312", and the
13 portion of the film composition having a {200} crystal orientation is labeled "314".
14 The scannhg was done using the standard @ - 20 technique, with two times the angle
15 of incidence shown on the "x" axis which is labeled "318". The intensity of the
16 diffraction in counts per second (CPS) is shown on the "y" axis which is labeled
17 “316". The X-ray diffraction scan indicates that the larger portion of the titanium
18 nitride film composition comprises a 111 crystal orientation, The film resistivity for
19 this titanium nitride film is 203 p Q-cm.
20 By comparison, Figure 3B shows an X-ray diffraction scan pattern 320 for a
21 titanium nitride film of the present invention. The scan pattern shows no measurable
22 presence of {111} crystal orientation, the location on the scan indicating this absence
23 _is labeled "322". The presence of the film composition having a {200} crystal
24 orientation is labeled "324". Again, two times the scanning angle of incidence is
25 shown on the "x" axis, labeled as "328", and the intensity of the diffraction is shown
26 on the "y" axis and is labeled "326". The film resistivity, calculated as described

12
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- 13 - above is 52 [err] -cm This lowresistivity is unexpected in the
| i ght of data published in the art. Fi gure 4A presents a graph 410
which illustrates the decrease in resistivity which is obtained as the
percentage of {200} crystal orientation in the titaniumnitride filmis

I ncrea r of {200} crystal orientati shown oq. t X"

all '%meXNﬁPE‘T‘f‘ ?@ V\i\ﬁgg "416", and the resistivi ty?‘rg é ﬁ‘?&?e%?%lggﬂ‘f’squs
which is |abeled "414". The curve 412 representing the relationship

bet ween percent age of H21200} crystal orientation and resistivity was

prodluced usihgrenBid t M1 5 This W reseNiLE 19 BROXDEGist (it HE o1t dad DWRIRhed | de
fil produceqﬁunder varying process conditions which will be discussed in
det afl bel oWl ! bre 4A clearly illustrates that as the anount of {200}

ot iases t one e A MERAS ol SRLSUHid] oo (1 dbdrb ATl We“s@&r%disf '
presgnts a gpaph;sidia m' %hhfﬁ&}é& ﬂg@%rh;gaoﬂ d¥tat YridfatRn mm&q.anmm RF

power to the 1 onization col pro ess appar at us n par ICU ar,

the RF  powafim i ifdied.i Thé B@rceﬁ{ of 32003 MpérfiMriehitatiaP B Mewndotbihe "gMexis he
resistivity is shown on the "y" axis which is labeled "424". The curve 422

repr ésent i nowliitieisriebeddd nshigad tbeicsietvityRls showe bn ltiee tytexisowhizhld fabeledi | and
resistivity was produced using nore than 11 neasurenents for individual
titafi um ni t"didle Thd ersved tirepedeniindahe miativessp betoreh peroerdagehofc{2004 | | be

di scussed in detai|l below Figure 4B clearly illustrates that as the RF
powef to theryshiosighipdon anst resistivitynwaseRroduped uaiag annre thpnt empashrementsoter

Gepodi ted,  (HGVIKDE, Whrgige Hims nr%@mﬁs?qd%h%&{ré%&é%é’n%ﬁwsfﬂ“»mlm wi

d t

rost B vty Uectispuesl o HE1 Sp1oP, RERe C oY il Boeh AR ARRALE (o0 e

| VP .

oo b e i DR RetRror B Rerebich Qi O BT B ERPEErk il Bfnd
whigh is | abeh@fmufhddt abods0 RULYA. 432 representing the relationship

13 Figure 413 presents a graph 420 which shows the resistivity as a function of the

14 RF power to the ionization coil of the IMP process apparatus. In particular, the RF

15 power is shown in the "x" axis which is labeled "426", and the resistivity is shown on

16 the "y" axis which is labeled "424". The curve 422 representing the relationship

17 between RF power to the ionization coil and resistivity was produced using more than

18 11 measurements for individual titanium nitride films produced under process

19 conditions which will be discussed in detail below. Figure 4B clearly illustrates that

20 as the RF power to the ionization coil is increased, increasing the ionization content of

21 the gas plasma from which the titanium nitride film is deposited, the resistivity of the

22 deposited titanium nitride film decreases.

23 Figure 4C presents a graph 430 which shows the resistivity as a function of the

24 DC power to the titanium target of the IMP process apparatus. In particular, the DC

25 power is shown in the "x" axis which is labeled "436", and the resistivity is shown on

26 the "y" axis which is labeled "434". The curve 432 representing the relationship

R -
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-14- bet ween DC power to the titaniumtarget and resistivity was
produced using nore than 12 neasurenents for individual titaniumnitride
films produced under process conditions which will be discussed in detail
bel ow Fi gure A4C clearly illustrates that as the DC power to the titanium

tar re se decreasing the quantity of um at o Il

9 &HQ gas phase and ultimately th{e]érgnx@“'é? %ad'erﬁﬁgﬁ -16§H§$9US
the trtanr um nrtrrde film the resistivity of the deposited titanium
ni trr de fi] m decreases. V. THE METHOD

OF PRODUCH Nestwesty RESIOSFT (0 the tifanuytangetrand Regitivity (as produced “Smﬂ'lﬁtﬁfﬁrﬂﬁ'@esls

he h 00
EEPE‘& L?ESWE%%%%E% @t%rﬁiﬁﬁrﬁnﬁttﬁ@?uné&aéer&ﬁé Qi udes biogy descr | bed
nitr] de,  asCORBATS r@ Pyt bediseusergdd BRI GRIRE FipwBPH SRV hishaks Rt e

sputfer ed el gxlc 15)(5 et i dl?\{: ?taqﬁ{?ﬁ) ?zfr%cjtt (?pd&pea‘}({ds %E&Hs lh{: ﬂ-llr.ll&tﬂy Pvm nitride

films produce ust h I ona y exhibit a

per cent age Qf’\n{\ﬁo%nﬁrﬁﬁﬂzﬁoke FB'ES»%EES%H GR tp@b&%‘)’b\\‘)@@bﬂd diidaenpiRXbielift 2

resistivity of greater than 15 err -cm typical traditional

sputg eri ng pdemsiiag of Shictitaniafm mtaedllng theSiesibivity sfah® derlositet tlwﬁhlhﬂnilﬁﬁwi de
for the use of a sputtering target (cathode) consisting essentially of
titahi um Afiphalecrmases.eated from a conbination of an inert gas, such as
argon, and nitrogen is contacted with the target to simultaneously
generate titaniumatons, titaniumions, and titaniumnitride atons. From
the m xture which includes titaniumand titaniumnitride atonms, a filmis
depogsr ted on a substrate which tyrBYcaTF Mleil@Rs on a support pI aten which
is spaced about QFINMROBRYCING LﬂW)RI‘ESISﬂTW]ITe{ TEIANHIMGI TRIDEEEFILM he ni trogen
content of the plasma gas Feed is controlled to produce a netal film
containing the desired nitrogen to titaniumcontent ratio. A typical

pl asgra gas feed wnelhfbcb chbAditeR McREssaryde kerdriic @Rt higher percentage of {200}

I crystal structure which correlates with the unexpectedly low resistivity described above

12 are described below,

13 Trrlditionally sputtered titanium nitride, as previously defined, does not make

14 use of ionization of the sputtered metal prior to its deposition on a substrate,

15 Titanium nitride films produced using traditional sputtering techniques typically

16 exhibit a percentage of {200} crystal orientation below about 10% and exhibit a

17 resistivity of greater than 150 p Q-cm, A typical traditional sputtering process, euclx

18 as magnetron sputter deposition, would provide for the use of a sputtering target

19 (cathode) consisting essentially of titanium, A plasma created from a combination of

20 an inert gas, such as argon, and nitrogen is contacted with the target to

21 simultaneously generale titanium atoms, titanium ions, and titanium nitride atoms.

22 From the mixture which includes titanium and titanium nitride atoms, a film is

23 deposited on a substrate which typically resides on a support platen which is spaced

24 about 2 inches ( 5 cm ) from the sputtering target. The nitrogen content of the plasma

25 gas feed is controlled to produce a metal film containing the desired nitrogen to

26 titanium content ratio. A typical plasma gas feed would be 10 sccm of argon and 60
14 This Sheet Has Been Replaced
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REPLACEMENT SHEET -15- seem of
nitrogen, with pressure in the process vessel maintained at about 4 nil.
This gas feed in conbination with the 6.5 kWDC to the target, and a
process pressure of about 4 nil in the process apparatus described above,
wondrikyt DgukeaNbyAM-0gioce a film having a stoi chi owes.rixpréss MDD, EI215557419U8
titaniumcontent ratio or 50% nitrogen to 50 % titanium The substrate
tenperature is typically about 200 [err]C, with heat applied through the
support pl at@m &MGabedn) Wil féssiie 9 QRepBbdsY veRdl Mmiinfaldedht hvou@edtrerTiiban
200 [err]C itaniumnitride sputtered using | MP, as defined above,
usesy a hi ghgglefesd iy combinaioatwivelhg €OUM BE RRhO targaR apd aiproRseprebRiteeen t he
sputtering cathode and the support platen (electrode), where at |east a
portd on of tbmtdtmifen ardprocass appaestedescrihedi abgve, heoslduypieallynprogucece itmar e
mai ntained in or placed in an ionized formuntil the tine they reach the
substrate. Tavipgpstnictiiamétde nitiagems tptitotivoeepnient rajiol 0% niteagen ¢o 6686 present

o R UG e e B R Bl A, S e "
b 150 - W fer, Fi K t d th
Do, 150, Sl 7B SBRAARERIEBRAE A b SeP it

cat hode 212 ,5pR ists essentially of titanium Typically, approximtely 8
kWor D.C. power is applied to target cathode 212. A plasma is created
froma mxture Ohihiadhifnd shhideOEmORP Sos duthil bBRALH0R g aldspl nd. At
approximately 10 sccmand the nitrog gas flow ng at about scc wth
presgure i findudGvely eIl RE phSa PRkilibRidRtvesn RO aplitteARg Blthoddshd the
argon/nitrogen plasma is contacted with the sputtering target cathode 212
t o $0 nul t ancopjsirtyplgten ¢¢ledt@de), twhaiclanleast o pertian f itlenstoms dnd idn3rtrentedni tri de
atons and ions. This mxture is passed through coil 214 which nmaintains at
| east a por tduong die sphitging procaseaiermaihi@ined impoplaceinis antiotized farimmenttl nee net al s
are deposited on substrate 218 which is_spaced approximately 5.5 inches
(141%n) bendimenthey tracl thenpbsteatey eTitgrirm gifeide {iims pragdpecd) ysingaB\Rst priorso e of RF
power at about 2 MHz is appl.ed thrﬁugh coi | 2?1;2 From the, m xture which

i nclltides i REGPRIINGIGOR, WRIGRIGNFHINRited depezgeginge ohadd)scrystel afiepiatiot dalodh a

SUbﬂ rate 21a§out 30 %, and such films exhibit a resistivity of greater than about 150 p Q-cm.

15 With reference to Figure 2, to produce the titanium nitride films of the present

16 invention, the sputtering target cathode 212 consists essentially of titanium. Typically,

17 approximatety 8 kW of D.C. power is applied to target cathode 212. A plasma is

18 created from a mixture of argon and nitrogen gases, with the argon gas flowing at

19 approximately 10 sccm and the nitrogen gas flowing at about 60 sccm, with pressure

20 in the process vessel maintained at about 32 mT. The argon/nitrogen plasma is

21 contacted with the sputtering target cathode 212 to simultaneously generate titanium

22 atoms and ions and titanium nitride atoms and ions. This mixture is passed through

23 coil 214 which maintains lat least a portion of this mixture in the form of ions at the

24 time the metals are deposited on substrate 218 which is spaced approximately 5.5

25 i;nches (14 cm) beneath sputtering target cathode 212. Typically about 1.5 kW of

26 RF power at about 2 MHz is applied through coil 214, From the mixture which

27 includes titanium and titanium nitride atoms, metals are deposited on a substrate 218
15 This Sheet Has Been Replaced
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-16- whi ch resides on a support platen (electrode) 220. Optionally, a
substrate bias voltage ranging fromgreater than 0 to about - 300 V of
D.C. is applied to support platen 220 to attract ions fromthe plasma to
the substrate. The tenperature of the substrate is typically about

00[ er : er, .t conditions, with the support .platen t

338 Y%g*%w“rm“éngﬁ feed in conbination with thlifSS meaﬁ%gﬁffﬁa@f&uq
cathode 212 and the 1.5 KWRF to coil 214, at a pressure of about 32 nfT,
typically produce.a filmhaving a stoichionetric titaniumnitride content
(50% titarhich easideson osHPRArORjatey (electrode) 220 t Opuepaline s substends/biegd t hat by
decreasing the DC po to sputtering.targ cathaode 212, and i ncreasing

t heERF poveYollage %E‘I“ﬁ%} gT"la{%F thag f o about 1 gé%ﬁtoiiﬂ%ahs aDPﬁS@( tesunpartdecr ease
in the resistivi of,the titaniumnitride Film praduced (all other

var Pabi e HRMG 2T agpGets hERVAT R LE e bbb oM RrmtBhse gh 1 1 <
posgi bl e t 0w QbhlsllyeARCARAPS0d T Ui Hds¥ kdnkiifhs! R B Lol AudPrper at ur e

of the substrate, enperature woul d have to be incr to nore than
4005[ err] C (heateytsati 41 abOY 200061 aTHié pas febl i @dtindtion v fhei vk WyDCaBdhé hi s
tenperature increase is harnful to other performance properties of the
tit@ni um nifargedeathaderd!2 and the 1.5&W RFanplesil 284, sit @rprésserif abogh3d ind) i n
resistivity (to about: 90 or less) can be obtained by setting the DC power
to Fputt eritygicoldy petucat Rbddadiag awstdithiometric ditgaim lpatide esnte (50%1. 5 and 7
kW setting the RF power within a range between about 2kW and 5 kW and
set i ng t hetitppivtednsl ) boritpgenhi t hi n a range between about 5 nT and 30 nT
(Substrate tenper%ture mai nt ai ned at about SOOQ[Cerr] O . ) EXAMPLE
T™Wo? Usi nig ehiecagliseprasd thabby: degseasingdbs DT Dawer to fauttsting dasget ¢ o

S tering taroge cathode 212.s at 6 kW, coil 214 RFE,power set at 2
Tt 40 S 2P B RSt R S o6 it 20, i R pns R (KPR oos ¢ ow

t f 60 ' : . ’ t X d, th
et 1 0. Shsfledd el PLEESR P IEIRIERSRNE (RSSO,
haviong a st girBie MRk doRsthrtlaR Me RIS (debiBed ARSVRNT AltfoughOR s possible to

13 obtain a decrease in resistivity by increasing the temperature of the substrate, this
14 temperature would have to be increased to more than 400 °C to obtain any substantial
15 decrease in resistivity, and this temperature increase is harmful to other performance
16 properties of the titanium nitride film.
17 For example, a significant reduction in resistivity (fo about 90 or less) can be
18 obtained by setting the DC power to sputtering target cathode 212 within a range
19 between about 1.5 and 7 kW; setting the RF power within a range between about 2kW
20 and 5 kW; and sectting the process pressure within a range between about 5 mT and 30
21 mT (Substrate temperature maintained at about 300 °C).
22 EXAMPLE TWO:
23 Using the equipment described above, with the DC power to sputtering target
24 cathode 212 set at 6 kW; the coil 214 RIF power set at 2 M1z and 4 kW; an argon
25 gas flow rate of 10 sccm and a nitrogen gas flow rate of 60 sccm; with the process
26 chamber pressure set at 25 mT; and, the substrate surface at about 300 °C, a 600A
27 thick titanium nitride {ilm having a stoichiometric titanium nitride content, a {200}
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- 17 - crystal orientation of about 100 % and a resistivity of about 52
[err] -cmwas obtained. The lower resistivity is attributed to the
hi gh {200} crystal orientation of the titaniumnitride-conprising film

These physical characteristics are attributed to control of the gas phase

deposi tion. moxtyr osition and the quantity of the deposition mxture
cgﬁ‘frgﬁfl)H%CM’ g‘lﬁ%&%?g{)e surface over a given tinmt PebTsers Mmb Neadil2 HAZE OUS
deposition m xture conposition is believed to depend to a | arge extent on

t he , DC power tP the target and the RF power to the ionization coil. The
quantity of “Bfal otemyonql hows 100 ¥ and griesiativity pliaheutsiZhs -em ovasiobtansgl. over a

' ' e i | | d. | tent. on these two
Pactir o as wel |, THY ToNSF Hesiisy Vo stutigisdro TS waf 430 e Rabanansiondatbe -

\S/”b-srf‘HrEatnETL%"éw"%““&‘p‘ﬁj‘f‘}%ﬂ%ﬁ%@ﬁﬁwb&mmwsﬁﬁw@wﬁtﬁw[se FI LM
As pf evi ouslentf e thdRM phie Y& &%R%%Fc%ﬁwﬁl%n hid {hﬁ:e 19(213(. bleghd O Produce

a titaniumnitride frimhaving a significantly snoo flace” t han t hat
previ ously demmsitioni mixtuie cériticting the substrdté L‘LEPffrc@l«b@&”@@ﬁreﬁ?in{eeﬂe’?iroﬁ.”@ﬁﬁ é}gr en
was neasured by AFM (atomic force m croscope). ~ By controlling the
gas fphase dghasidepasition mbaure comppaition ishelieved 16 lependastaithsge eRfent b the

deposi tion m xture contacting the substrate surface over a given tine
peribd, theDGpewerde thotagehesd thefRIpowerdbitheiontmtictepsiki The quanits bethed
titapiumnitride filmcan be adjusted. Al though the variables adjusted to
pr ocaxiﬂce a | GPIsHioPJpixinre gontacting i“JEPrﬁ"rl?thfﬁ‘F srface joven mbiven périetof time isnoot hness

[ ' Lt i f . th | abl e which h th st
ot oranced: SRR 4 bériR g §E]?ggé’g?'g‘%d?‘ﬁeﬁé\é’gf#fﬂ'é_eﬂar"ﬁé‘%é@ "."%;%““’e‘s shassur e,
t ical variahle, in deternini
(rjggfos'? iot/i ? 5Bgﬁﬁsr%‘gﬁg‘ﬁg(%@gqn%es}'g&%aic 'SWPSR9§F? ﬁf}'ﬁg r]fﬁlraaﬁ"aﬁa%ere the process

vari abl es are adjusted to provide both low resistivity and a snooth
titaniumnitride surface.

11 V. THE METHOD

12 OF' PRODUCING A SMOOTH TITANIUM NITRIDE FILM

13 /\s"previously described, we have discovered that it is possible to produce a

14 titanium nitride (ilm having a significantly smoother surface than that previously

15 known in the art.

16 Iilm roughness as referenced herein was measured by AFM (atomic force

17 microscope).

18 By controlling the gas phase deposition mixture composition and the quantity
19 of the deposition mixture contacting the substrate surface over a given time period, the
20 surface roughness of a reactive ion deposition sputtered titanium nitride film can be

21 adjusted. Although the variables adjusted to produce a low resistivity titanium nitride
22 film also affect the smoothness of the titanium nitride film surface, the variable which
23 has the most pronounced effect of film surface smoothness, the process vessel

24 pressure, does not appear to be the most critical variable in determining resistivity. In
25 any case, there is an overlapping area where the process variables are adjusted to

26 provide both low resistivity and a smooth titanium nitride surface. ————————
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-18 - Wth regard to the snooth surface, Figures 5A, 5B, and 5C

illustrate the effect of changes in DC power to the sputtering target, RF
power to the ionization coil, and process vessel pressure on the surface

_.roughness of the titaniumnitride film(all other variables held

const ant) ure 5A shows a three dinensi di a 510
W’Wa‘ﬁ‘@féeﬁ Wo. AM- é@ﬁq’Um nitride filmsurface rougmgsr\sxﬂ’% ﬁ‘z#% ‘éfl%l%é%‘{‘ﬁg“
"y" axis, |abeled "512", as a function of the RF power in kW(@Z MHz ) on
the "x" axis, |abeled "514" and as a function of the DC power to_the
tardet in kWon W regard dxithe, smothesusface, Figares frhe53p¢'\§‘c%s“l\$l§8t§éhe pifesdsur e
was about 33.3 nT,; the substra ‘Tthe surface te rature 300[err] C . the
prockss gas®t chamges i G PoMEDIN ssa\tﬂeangaaraetgﬁ ]P@“@EEM Hﬂmﬁ*}‘tqnd@é‘na“4 | owi ng

at rate of 60 scc and the fi t hi cknes I‘OXL

As TH1 ustr aPIRFeIs VeEy Tiedes o0 e, Rt el BE SRR ni A i (o guies
optimzed to va over a particul ar range of RF power to the
ioniA;‘atlon Can:fblcqqm%{cnm gbout 2 and about 3.5. The DC power to the target
al sog has an ef f e@fo, YA sHQks % (o1 fi rigd, and
Wlth5I n the RF powtegrrrgngg&v\hl chhrepgfrag@l%gg taggﬁgrség?gg%ﬁlwng?ggﬁ%n? (the
bestg r educt itighidm nltHiliemiEy 5HdER rbOEHaBRAA Thndriders Phaheryeskidlatetaders1p's ei t her
the low end (about 4.0 kW or at the high end (about 8 kW of the range
exanfned.  as a functioh@finiee BB paiverin kWt (@ eeMilzryamsthe el axis, dapredodd '52@",dmdi ct i ng
the change in titaniumnitride filmsurface roughness in nanoneters on the
"y" &ixis, | abelfeuctivb2% the DEspoaver tm i tangeloin K\WWenphe d2'saxis; daheldd 151 65sThe i n
M on the "x" axi s, |labeled "524", and as a function of the DC power to
the %arget mchwmssed IpEessure was kout Pageniythespbstraternisfaciempsiatire (st he coi |

was about 75 k wi th the other prqcess vari abl being the same as
spedffied f éloot(l"ré "‘Hﬁf"&eﬁslg"?,@t"l’%‘f aggon flopying ptea e of To scem g‘ﬂs“‘?’f)g‘ﬂ‘st rated in

Fi 4B, f, f f I
Pt TR RA BRI B VRS B i

As 1|Iustrated in Figure 5 A, surface roughness of the film can be optimized to

13 a lower value over a particular range of RF power to the ionization coil, between

14 about 2 'md about 3.5, The DC power to the target also has an effect, but not as

15 pronounced. Over the range measured, and within the RF power range which

16 provided the greatest improvement (the best reduction in film surface roughness) the
17 preferred DC power is either the low end (about 4.0 kW) or at the high end (about 8
18 kW) of the range examined.

19 . Figure 5B shows a three dimensional diagram SéO depicting the change in

20 titanium nitride film surface roughness in nanometers on the "y" axis, labeled "522",
21 as a function of the process vessel pressure in mT on the "x" axis, labeled "524", and
22 as a function of the DC power to the target in kW on the "z" axis, labeled "526". The
23 RF power to the coil was about 2.75 kW; with the other process variables being the
24 same as specified for the data illustrated in Figure SA.

25 As illustrated in Figure 4B, surface roughness of the film can be optimized to
26 a lower value by reducing the pressure in the process vessel when such pressure is
27 higher than about 28 mT. Once again, the DC power has an effect, but not nearly as
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hi gher than about 28 nml. Once again, the DC power has an effect, but not
nearly as pronounced, with the preferred DC power being either
néar the low end or at the high end of the range exam ned. Fi gure
5C shows a three dinmensional diagram 530 depicting the change i n titani um
nitride fil msurface roughness I n nanoneters on the ' axi s, | abele

» Atgrney Dyekel Noy AM518H of "t he process vessel pressd- Kﬁ’f?ﬁﬁ Mh‘lﬂﬁelli%ﬁé%‘é)U\
| abel ed "534", and as a function of the RF power to the target in kWon
the "z" axis, |abeled "536". The DC power to the target was 6 kW wth the
ot hel pr ocegsonprrtednwith theepafermed DG poweraieingsgither hersdhd ow ebomiattthe high
Illustrated in Figure 5A. - As illustrated in Figure 5C surface
roughness ofe“fir‘?étfq‘laﬂg‘?:%“’t&%edoptl mzed to a |ower value by reducing the

6 . The RF poldit SciHevE bilreh dineipe hisrtin daf dearouns Lichangs n cho
redugtion i rl:l’?ditrrfm%\’ ul{,)?lﬁg Q‘Qﬁk?c% Qﬁél%ss%&iﬂbﬁé %F?EE‘ lbey R’fxiPQXﬁeJ %?es

bet ween abo

equi pnent d%%rﬁlh@ﬁm&ﬁ(m@pro\ééstsWeis@lem@a@uféq%ﬁ'l‘%ﬂ tﬁepui"tzﬁc'ié %eteﬁr'ggﬁ" apdt hode
212 set at 6 kW the coil 214 RF power set at 2 an argon gas

flowsrate ofashOuA&ivm b RFHolwep @ethe Jargetl in QW loattRe sz" zﬁ:@s %éréu “SREN The
process chanber pressure set at 25 nT; and, the substrate surface at about
300 Terr] C, RC@oGeAto thiaitargettvdsaink Win with thedﬂhérlﬂrmebsavarl‘aglea beingi thd kemEhs i C
titaniumand nitrogen content, a {200} crystal orientation of about 100 %
a re8istivi tspeﬁfethgmmhe é&qa [lblsm}!cd ichiguegnih.a surface roughness of 0.57
nanoneters (5.7 A was obtained. Prior to the present invention, a typical
surfdce roughnes s fpstratedcini igure 6K, aefise irevizbness i thesfilsy can bmp&;mzee!nmru de
f|| had been in the raﬁ@e of about 11 Q A titani mnltr de filmhaving a
modPher 1 ImiOUGE FAIBE bY EeiEing ooy b RIPCET Yetehiat Ieaslor pressTei ch

;)nhg'?ol it hog(r’j} é%l}%arg atnrr%{ggﬁkg# . O rhy ng erI B¢ 2ol Lzrt]sez{ Fesél prongunced e?fcct
12 with the reduction in surface roughness being greater when the RF power ranges
13 between about 2 and about 3.
14 EXAMPLE THREE:
15 Using the equipment described above, with the DC pbwer to sputtering target
16 cathode 212 set at 6 kW; the coil 214 RF power set at 2 MHz and 4 kW; an argon
17 gas flow rate of 10 sccm and a nitrogen gas flow rate of 60 sccm; with the process
18 chamber pressure set at 25 mT; and, the substrate surface at about 300 ‘C, a 600 A
19 thick titanium nitride film having a stoichiometric titanium and nitrogen content, a
20 {200} crystal orientation of about 100 %, a resistivity of about 52 p Q-cm, and a
21 surface roughness of 0.57 nanometers (5.7 A) was obtained. Prior to the present °
22 invention, a typical surface roughness for reactive ion deposition sputtered titanium
23 | nitride films had been in the range of about 11 A, A titanium nitride film having a
24 smoother film surface reduces any topography on the film surface which might be
25 carried through on overlying layers, thereby improving photolithographic indexing
26 during subsequent process steps.
27 To obtain a titanium nitride film having both a lower resistivity and a

s
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during subsequent process steps. To obtain a titaniumnitride film
havi ng both a lower resistivity and a

- 20 - snoot her surface, it is inportant to both increase the RF power
to the ionization coil and to |lower the pressure in the process chanber.

COURS r I imts to the increase in Rk, poner |
ﬂ‘?rg‘@’r{)f@‘cs)%t W&EH will degrade, In addition,U-tthgf'Eb%?@a‘ll’%j@@?ﬁ@US
m ni mrum pressure whi ch can be used, as a process vessel pressure bel ow
about 0.5 nT nmkes 'Qoni.za‘t.i on irrpr%cﬁi‘cal. Ip ﬁgses where the  titanium
nithide isSHORGCHErRchdr 15 iEportan do bofhiiRerRasgihe REQPOMCE R thedhmizationgell 5
deck ease i I - r t.he,. of
ont zat i on 18 % RS Bk AR brodess chaml, 137 p BTG R HATRYS I
resglts. An.l | ek QRI ' : - . Liionym xture al so
hel %s proviq%éer&géF‘g\?\{grﬂcrgvgg’?{sgttﬁéﬁe%nggrtqﬁﬁéflppgfsg]%?;3 'ISﬁﬂﬁﬁg}angluct I on of
surface royghmeasherac Uilikho R hiMh&AIIQBuRQIINEL & beeReheth a flob&s which
surface roughness increases with increased ionization content. The
aboye- descniekselipfessatebsiesd aboddl mahimakarienidatoniinipeseded. tIn chseliwhetdithescope
of the present invention, as one skilled in the art can, in view of the
predent di dddmemmétridexpesed as adharreriaer mithirsant dedoeal @opiacidviay & Hecrénse subj ect
matter of the invention claimed bel ow. For exanple, when the nethods
deséri bed Hugswg bglav abput Sedl Oomt may mduceathp amataisoldomiaatiantgrthe peint that
specifically l(?5escr' bed herein, tpe rang@( of the process variabl es_which
profi des -t HBA(SAYA! %‘9’%%1"?@%‘%{9 & ¥iyey ﬁ'e\ﬁfi‘a‘t“cr&P%CHBda’HZ‘i‘WQ COBE‘}H&@{)t s

i sgl 0sed et S Lo gaDLE, RO Sk dseriol: LR, PRl 3584 55 ok

- 2%y- reduction of surface roughness only until an inflection point is reached, after which
11 surface roughness increases with increased ionization content.
12 The above-described preferred embodiments are not intended to limit the scope
13 of the present invention, as one skilled in the art can, in view of the present disclosure
14 expand such embodiments to correspond with the subject matter of the invention
I5 claimed below. Tor example, when the methods described herein are carried out in an
16 apparatus other than that specifically described herein, the range of the process
17 variables which provides the optimum results may vary somewhat although the
18 concepts disclosed herein will enable one skilled in the art to practice the invention
19 with minimal experimentation.
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CLAIM5 W claim 1. Atitaniumnitride filmhaving a resistivity of

| ess than about 75 [err] -cm 2. The titaniumnitride filmof Cdaiml,
having a resistivity of less than about 60 [err] -cm 3. The titanium
nitride filmof Cdaiml having a surface roughness 'of |ess than about 11
Pautarndy. DFRe Kbt AR ugni tride filmof O aim 2 havi ngsa:SHEhaGe: NaUENEsS7.As
| ess than about 8 A 5. Atitaniumnitride filmhaving a surface
roughness of |ess than about 11 A 6. The titaniumnitride filmof Caim
5, having a surface roughness of |esscihggsabout 8 A 7. A nethod of
producing a titaniumnitride filmhaving a resistivity—oef—tess—than—about

75 [err] -cm said nethod conprising the steps of: conteol | ing
t he gas phase deposition m xture conposition from which Hﬂ’“ﬂ lgm}vnili
LA g a

produced; af¥e claim: h) controlling the deposition rate Pfog _
substrate. 8.0 The nethod of Claim7, wherein said deposition is made
using a reactive ion -22-

deposi tion process,and, wherein said gas, phase m xture conposition is
Coﬁtfol | ed By /E titanium nitride ﬁFm having a rgmstl\r?ty of less 1hqn about 75nB Q-cm.

1 2. The titanium nitride film of Claim 1, having a resistivity of less than about 60

2 p Q-cm.

1 3. The titanium nitride film of Claim 1 having a surface roughness of less than about
2 1A

1 4. The titanium nitride film of Claim 2 having a surface roughness of less than about
2 8 A.

1 5. A titanium nitride film having a surface roughness of less than about 11 A.

1 6. The titanium nitride film of Claim 5, having a surface roughness of less than about
2 8 A.

1 7. A method of producing a titanium nitride film having a resistivity of less than

2 about 75 p Q-cm, said method comprising the steps of:

3 a) controlling the gas phase deposition mixture composition from which said

4 film is produced; and

5 b) controlling the deposition rate of said film on a substrate.

1 8.0 The method of Claim 7, wherein said deposition is made using a reactive ion

i
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I

control ling process variables including DC power appliéd to. a '
target and RF. power applied to an ionization source. \\M‘W“@g\ﬁ‘m‘“
C'aim 8, wherein said ionization source is an ionizationk L .s The
met hod of Claim7, wherein said deposition is made using a reactive ion
deposition process and wherein said deposition rate of said filmon said
s(}g%'f‘?hp@dieé Noc 11819 ed by controlling a pressurd).BnEsprpssodetd Nos &IBEI557419US
whi ch said reactive ion deposition process is carried out. 11. A et hod
of producing a titaniumnitride filmhaving a resistivity of |ess than
aboud 75 [ edepositionproesas endhwhereid soidrgas inbisegnizbme campositiprt iseootryliddatly
orientation of ﬁ'i d titaniumnjtride filmto have at |east 70% of a {200}
crystal ori SARGR ﬁ%vrocew.armbi@% weludiva D power anplied town apustering dargett antaREF um
nitride filmis pr .dt‘lced Usi,ng a reactive ion deposition process and

wher @i n sai d"’b’“FS/g‘?pi'le‘ 49 PR MRTUAAIBN SPWChH Pt ai ned by i ncreasing the ionized
content of a gas phase deposition m xture. 13. The nmethod of Claim12,
wherein said crystal orientation is further obtained by slowing the rate
of deposi t1 00 plle H8E oF ChmUMIicldih URd fddihidR Sbrfe BURSHRBhEon coifi# A Tet hOC
of producing a titaniumnitride filmhaving a surface roughness of |ess
than about 11 A, wherein said nethod conprises a reactive ion deposition
process which includes the steps of: a) controlling the rate of
deposi ti on dO. dlltei hethodiof Glaimi7devhereimsaig depositian isinadé @sing aehctive ion
REPLACEMENT SHEET

2 2 JUL 1998leposition process and wherein said deposition rate of said filrd dn-said substrate i)
controlling an ionization content in a deposition mxture from which said
filmis depseniraied by copirolfing armsessurg infa nEbegssvesse! iniwdvichi saidsesactivéeipnsi t i on
rate or a titaniumnitride filmis

4 deposition process is carried out.

1 I1. A method of producing a titanium nitride film having a resistivity of less than

2 about 75 pt Q-cm, said method comprising controlling the crystal orientation of said

3 titanium nitride film to have at least 70% of a {200} crystal orientation,

1 12. The method of Claim 11, wherein said titanium nitride film is produced using a
2 reactive ion deposition process and wherein said crystal orientation is obtained by

3 increasing the ionized content of a gas phase deposition mixture.

1 I3. The method of Claim 12, wherein said crystal orientation is further obtained by
2 slowing the rate of deposition of said titanium nitride film upon a substrate.

1 14 A method of producing a titanium nitride film having a surface roughness of less
2 than about 11 A, wherein said method comprises a reactive ion deposition process

3 which includes the steps of:

4 a) controlling the rate of deposition of a titanium nitride film upon a substrate;
5 and -
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controlled by controlling the pressure in a process vessel
reactive ion deposition process i-s carried out. t‘mﬂ mmﬂmam m
15, wherein said ionization content is the ionizati on co Jd Nra gas
phase deposition mxture is controlled by controlllng RF power to an

I Qni zat rc 7. A nethod of producing a titap umnjtride fi ,
hZ\?PW@Y OF‘é"é?\E’t WT]W less than about 75 [err] \ E ﬁ?‘ﬁrﬁﬁs “Qﬁq'jggugg”“ous
roughness of |ess than about 11 A said nethod including a reactive ion
depositi on process and,conprising the steps of controlli rate of
depodi t1 on of _saPucRHtolFEm oA Tercon i dRpos ERyb e drbah g i

cont ROl l'ing lth : (I onj z8 d content of a deposition mxture fromwhich said
titani umnit l‘dé ‘FP‘I’% deposi t ed. 18. The nmethod of Claim 17, wherein
said rate of dep03|t|on is controlled by controlling a pressure in a
process vessel in which said reactive ion deposition process is carried
out.  19. The TRt hedo@br@ ﬂhmle&mvmgm Bcrﬁﬁltﬁln PRI AedieR ekl fiaalsd
deposition mxture is controlled by controlling RF power applied to an

| oni 2ati on seaureked by 2éhtrolling thephashroin Opriceish@sseiewRich saidiidadtivBiigmt i on
source is an ionization coil.

3 deposition process is carried out.

1 16. The method of Claim 15, wherein said ionization content is the ionization content '
2 in a gas phase deposition mixture is controlled by controlling RF power to an

3 ionization source.

i 17. A method of producing a titanium nitride film having a resistivity of less than

2 about 75 p Q-cm and a surface roughness of less than about 11 A, said method

3 including a reactive ion deposition process and comprising the steps of controlling the
4 rate of deposition of said titanium nitride film upon a substrate and by controlling the
5 ionized content of a deposition mixture from which said titanium nitride film is

6 deposited.

1 18. The method of Claim 17, wherein said rate of deposition is controlled by

2 controlling a pressure in a process vessel in which said reactive ion deposition process
3 is carried out.

1 19. The method of Claim 18, wherein said ionized content of said deposition mixture

[0S

is controlled by controlling RF power applied to an ionization source.

1 20. The method of Claim 19, wherein said ionization source is an ionization coil.
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