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regions where they may cause potential reliability problems. The increasingly
small and reliable integrated circuits (ICs) will likely be used in products such as
processor chips, mobile telephones, and memory devices such as dynamic
random access memories (DRAMs). One known method of improving
30  conductor reliability is the use of a layer of conductive titanium nitride (TiN)
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the metal from diffusing into surrounding insulator layers. The deposition of
TiN by means of chemical vapor deposition (CVD) or physical vapor deposition

(PVD) methods such as sputtering, often results in layers with poor conductivity
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precursors that follow an initial precursor in a deposition cycle, and is only used
25  to help distinguish the materials used in the ALD reaction. The temperature of
the ALD is in a range of approximately 200°C to 370°C, and preferably
approximately 230°C. The titanium precursor may be
tetrakisdiethylamidotitanium (TDEAT), and the precursor may be a liquid
having a temperature between 55°C and 115°C, preferably 75°C. The liquid
30  may be transported to the ALD reactor by an inert carrier gas, preferably helium,

having a flow of from 50 sccm to 150 sccm.
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titanium nitride layer. The TiN layers may be useful as diffusion barriers, for
electro-migration control, or to provide reliable parallel current paths. Such TiN
layers may be useful in the formation of conductive plates on a capacitive
device, or conductive signal lines on transistor devices such as memory devices
like Flash, EEPROMs, or other electronic devices, including CMOS and bipolar
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DETAILED DESCRIPTION

The following detailed description refers to the accompanying drawings
that show, by way of illustration, specific aspects and embodiments in which the
present disclosure may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the present
application. Other embodiments may be utilized and structural, logical, and
electrical changes may be made without departing from the scope of the present
embodiments. The various embodiments are not necessarily mutually exclusive,

as some embodiments can be combined with one or more other embodiments to

form new embodiments.
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and. may Inbaen embodiment, a titanium nitride (TiNx) film having a substantially
smooth surface is formed using atomic layer deposition (ALD). Forming such a
film using atomic layer deposition can provide for controlling transitions
between material layers. As a result of such control, ALD TiN films may have
30  an engineered transition with a substrate surface in a contact hole, and may be

formed with many thin layers of continuously changing material composition to
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precursor pulse times range from about 0.5 sec to about 10 seconds.
30 In ALD processes, the saturation of all the reaction and purging phases
makes the film growth self-limiting. This self-limiting growth results in large

area uniformity and conformality, which has important applications for such
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25  control (and accordingly one of the advantages of the ALD method), which
relies on the reaction of the precursor at the substrate surface. A slight
decomposition, if slow compared to the ALD growth, may be tolerated. The
precursors should chemisorb on, or react with the surface, though the interaction
between the precursor and the surface as well as the mechanism for the

30  chemisorption (similar to adsorption) is different for different precursors. The
molecules at the substrate surface should react aggressively with the second

precursor, which may be called a reactant, to form the desired film.
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25t e]apexr—lay -layer; ddpasikiontectirigaadsaoflow temperature, lack of dependence

on the reaction chamber geometry, growth thickness dependent solely on the

15

number of cycles performed, and ability to engineer multilayer laminate films
with resolution of one to two monolayers. ALD processes allow for deposition
control on the order of single monolayers and the ability to deposit monolayers
30  of amorphous films.
A cycle of an ALD deposition sequence may include pulsing a precursor

material such as TDEAT (or other thermally stable precursor) for 2 seconds,
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separate after deposition, or they may react with each other to form an alloy

layer. The alloy layer may be viewed as a doping layer, and the properties of the
dielectric layer may be varied by such doping.

As previously noted, the overall titanium nitride layer may be varied
monolayer by monolayer to improve the surface properties and interface to

silicon substrates, to dielectric layers, or to other conductive layers. For
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single layers of each material, but may include having
several |ayers of one 25 material alternating wth a
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substrate 108 on a heating el enent/ wafer hol

i substrate 108 in a uniform fashion. The gases introduced by the gas distribution
fixture, sometimes referred to a showerhead, react with the substrate 108, and
any excess gas and reaction products are removed from chamber 102 by vacuum
pump 104 through a control valve 105. Each gas originates from individual gas
sources 114, 118, 122, 126, 130, and 134, with a flow rate and time controlled
by mass-flow controllers 116, 120, 124, 128, 132 and 136, respectively. The
illustrated mass flow controllers are combined with a control valve (not shown

for simplicity) to provide a secure shut off position. Gas sources 122 or 130 may

10



| ocated inside a reaction chanber 102 of ALD system
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€ precursor, reactant and purge gas sources are
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necessary electrical connections as are known to those skilled in the art are not
shown in Figure 1. Though ALD system 100 is well suited for practicing the
present embodiments, other commercially available ALD systems may also be
used.

The use and operation of reaction chambers for deposition of films are

understood by those of ordinary skill in the art of semiconductor fabrication.
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conduit 112. Vacuum punp, or exhaust punp, 104 is
coupl ed to chanber 102 by control valve 105, which
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At 208 a first purge gas enters the reaction chamber for a predetermined

length of time sufficient to remove substantially all of the non-chemisorbed first
precursor material. Typical times may be 1.0-2.0 seconds with a i)urge gas
comprising nitrogen, argon, neon, combinations thereof, or other gases such as
hydrogen. At 210 a first reactant gas enters the chamber for a predetermined
length of time, sufficient to provide enough of the reactant to chemically
combine with the amount of chemisorbed first precursor material on the surface

of the substrate. In an embodiment, reactant materials include ammonia and
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surface of the substrate. In an enbodi nent, reactant
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The dielectric 310 covering the area on the substrate 302 between the
source and drain diffused regions 304 and 306 may known as a gate oxide layers.
Covering the gate oxide 310 is the gate electrode 312, which may be formed of

conductive polycrystalline silicon (polysilicon) or various metals, depending
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t R CYRE BRIHE 310 is the gate el ectrode 312, which

may be FiguredilRbirate @Reuaéi Note BONYLE YeidakliveBiNs ldybimoviding
(polysilicon) or various netals, dependin
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o) SRELSHRY 1R Poh A ERNE YR ARPAOLRREUA {eRficciRhbtor such
| aysedilicdhdwithviai diffused strosterestb4byuchedts al diod eayrar soBid8®/drain region

typically an alum num all oy or copper,. The TiN I a .
3 ipriHgq e suasraics ndislaciiislay Bt slicpRgxidedayet 406, will

prl%\b%rathogro?koﬁtaam!ob & edﬁﬁgugﬁﬁmeﬁa%aﬁ& 408 técarﬁgct the

el ectric properties [ [ by
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ransi stor device 300
di diffusddrggionéd ghn id gedogitedylayer Erpndundive HENdd O draverses

i d 0 d ] ' t trat Q i th
g e e N R
Ti NN Ry& 61 0f MBS chiés 812 oibPofBReBhiabifDgN R Yocatis® 4PEand
applied to formng netal plates in caBamtors, in

g P . .
20 f paversghe sidevialis and the beftom A oheantass 4Dt Ehe Hivgwative

circuits r Vi ces . t I
e TR A Y S R UG AT Bl
Ti te A& thPtop\Coetien gt 41, oh Easdideavalloatt40e or of tht heside corner of
el ectrical si %nal conduction to a diffused structure,

Y

A the batiematdl ¢ €1 the qoatpct dhe el 1aso 4h ¥ith havpostatigrod theghinnest

vl . - e . ,

B e e T L
25 solifis & ldrossmnasrhagingra step coverage of 80%. The TiN layer 410 is shown

as being a single layer, but the subject matter is not so limited, and typically the
TiN layer 410 would have a thickness of from 50 to 200 Angstroms, and be
formed of from 100 to 400 individual layer of TiN, each layer formed in one
ALD cycle. The individual layers may have a graded composition, or they may
30  have an identical composition. TiN layer 410 may be covered by another metal

layer, such as aluminum.
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15 formed in the substrate. A dielectric |ayer, such
as silicon oxide |layer 406, will have a hole, or

wa@onracw2#08 fornmed through the dielectric 406PEDUS2006/028041
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contact the diffused region 404. An ALD deposited

| ayer of conductive TiN 410 traverses the flat top

por t | onSRctuee sehetssbevn én Figyess 3496 4dRay haysed inippkt

L ERRT b o T bAYEY a0 HhSp ARV et o
t hethei iematsl, ogadidr infeniacibh handlihd deviceomtdasystestB8. The
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| ayer AR@uwd § {llustates a diagtanofopfan tehestrohicspgiem SO0 deavingone or

to the thickness at .the flat top.pertion 410 that,.w. ||
borgraisaies fane auac Berfosn e ERO e ol sz,
CoyRig en®bd s, TSctidnl dyail 5eblciudesh ooMiroliRE SO iartahs
a single layer, but the subject matter is not so

| | 94 end amplgctrymc daviry 5@t svhers bus| S @rovide desitieslhave a

t hi cknes f . from 0 I OIS, e d
A R R A bR e S
f ogfiBsHimen®eNéntrBlE 302cdnd/or Eleetromididevide 806 iryiriesinmay
have a_graded conposition, or they may 30 have an

i dembedimreniclonpp L} emdugtivg TIAlayeras prevagusdy discussekhasgin.

an . ) . al ] . .
2007 o riE S s PO SRR S 58T P, Motjrion handiing
s hdanticels wirelgss systefhsatetbcdmmayidaton systens) fihayoptivt sygentsed
circuit or transistdor devi ces, such as flash nenory

de?)?‘étgé'o%téc Wéfansagn M Frenory, | ogi ¢ or information
handl i ng; dave ﬁ@;ﬁc@ﬁ%a?‘aﬁh 80 Bn embHBRRLITIN $ysRin 60FRKing a

i nformati"on handl i ng devices include wrel’ess systens,
5 ¢atrtlondfrindz memory&ite eqntrod anA2eansl/armdernony o dncludes a

circuj Fiqure 5 illwustr s a .di.aqram f,or._an

ol LB BN eongleGRusso RGP OGS B RO Farlappararus
haghg) andh 80% 604, WREe BB hBHprobieleBiaical EqidiEEvity and data
according to various enbodinents. Electronic system

50@anspussiheketaeenmitellpt025md elagtnonis appaatus S8, and between
el ni Vil '

o GEoNEL o2 a0 PP B A BB e
el gt 4 ool By esch iD0&pentidhivaronfigered e Bin® §04eIBd Sises common
control | er 502 and/or electronic device 506, i nClo%%ﬁﬁ&n

entsBderiteines forgronidmecdrest ateand/ar qoafrel thiuse
P 8¢} BU AL EYBSRIBESE. ' an ST A0N Sl S A rus 03

not@lmte to, ‘or mat |
hamdhidegjadditional memory devices configured similarly to memory 606. An

embodiment includes an additional peripheral device or devices 610 coupled to
bus 604. In an embodiment controller 602 is a processor. Any of controller 602,
memory 606, bus 604, electronic apparatus 608, and peripheral device or devices '
610 may include a signal conductor layer having an ALD deposited TiN layer in
accordance with the disclosed embodiments.

System 600 may include, but is not limited to, information handling

devices, telecommunication systems, and computers. Peripheral devices 610
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devi ces, wreless systens, telecomunication systens,
fiber optic systens, 15 electro-optic systens, and

w@omwpoides. Figure 6 depicts a diagram of an emdDUS20861028041
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of a system 600 having a controller 602 and a nenory
606. Controller 602 and/or menory 606 includes a  ALD
Ti Mg nedisetdispdays agdsitions) storage BTWASY < OthE (copsel dewices that

I ico ) .
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al so uses ¢ conductive l'1nes for providing
adiieessy) atatlash naemldrigs. control , the use of which may

be regu ed by.control.ler 602 n _an i ment

el ectr oiﬁi C%ﬂﬁlﬂg Yt @&%M |yﬁ%§‘]b&§’§lg§§%n‘?ﬁ %@ﬁ?re%rﬁ%rr?d
deinkaas 7GRRkIre Uf fm®ni dnddadbohn GRIIRIhaQO GesishiRity in the range
enbodi nent i ncludes an additional peripheral device or

deef @¥<to §00 pebmpinacdsicemppisd 160400 pehaircra WithdirAEAYS

ey tsBenctifle GufhPEREEE Sl Wil il Boditiredro

pelekihan 80%0evh prrvidis depusitm méhodsraPeporttiditiaies asd igrhd
conductor |ayer. having an ALD deposited Ti N | ayer i
30SERTGRFuaEeiPRhdepraltign seathnds gandihe H?ﬂﬁﬁﬁ%@ongywéﬂq
608%1{15%% hélgiti&eof iy thlcknf Yatibt{Bil £ afsQ thd BhfY, FE%ﬁiéﬁlQ in an
han I Ng evli ces, telecomunication syst ens, an

c omprdesdsprodas thah esrinudeto poasess idnufhbtuvifs 2610iAed8924

PCTI US2006/ 028041 . may incl ude displays, additional
stor ageg‘_ﬁg pegific ap%eii{nafam F o5 et ed dergyoed
OPRLr&ihCit Wil 58 BppreSibtel By WhdR oF BRIihAY 1sRN1 WK A0 HaPhny
menory 606. It"w |l be” understood that enbodi ment’s

ar grangaeichtythatgp talcabied to achaewe the sameputposepuapbe subsiiwied

oefof Hie e i Hsbogieplt iy o T mploaisllib Fjendpgdg cover any
| ngdapt@ioR oM ariafRONd df3h@llis6lo RANGHBBINE 6 SnclVEIRB YN 18&fers

Fl ash menories. Ti N conductive |layers formed by ALD
usivith Staded TOERaSifionse dt is de banadersthed that Beabaysddseraptiom is
a [ : Q -

PR P SRRSO AR LNl

t t iehninologwichiplred \Hefbins is10r the pasidst oNdesetipideisandaid ofiave
step.coverage of greater than 80% as caonpared.tQq.

| mitation Guobiations of g Bgxe aupedimentsandotlins ggbodiments

Depfpid ﬁﬁf)greﬁf‘{oetﬁo&r S skl e art upon studying the above description.

The scope of the present disclosed embodiments include any other applications

in which embodiments of the above structures and fabrication methods are used.
The scope of the embodiments should be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims

are entitled.
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sane range as previous deposition nethods, and the

t hi ckness control and standard deviation of film

t hi ckness variation are also the sane, resulting in an
I nproved process that continues to possess

manuf acturi ng robustness. 15 Although specific

enbodi ments have been illustrated and descri bed
herein, it will be appreciated by those of ordinary
skill in the art that any arrangenent that is

cal cul ated to achi eve the sane purpose may be

sWhatti§ claimediis: f or t he specific enbodi ments shown. This

application is intended to cover any adaptations or

vari ations of the disclosed enbodi nents, including TiN

| By er s\ déhod dilfogiagletitanionnittidd kapsn an a kiibsirate b afomic layer
derstood that the above description is intended to

b PIHWsEMPISPE  and not restrictive, and that the

phr as e@ldeiy tifsubduaicitd Mdtda00he PrahrOREntBRIR tianivin;f84 t he
pur pose of description and not of Iimtation.

Conbi REROSHE thespbsipie to pideast s BragtapheABiainigAitiagep and at least one
SfReat Bnbiistin PM titro %‘E WiRPah GGt osdt bdGeRat co?l'fduth hdnifrben

art upon St Ut dyi ng e above description. e scope
omdmhscghegnwadhsclosed enbodi ments i nclude any ot her
applications in which enbodi nents of the above
structures and fabrication nethods are used. The
Skope Thé micthed efidiaich Iywhtsinatempalative ofltht subisirate ik ink rdnge of

referenc pended clains, along with the ful
é@Bﬁ%“%¥?%&ﬂ1¢éﬂgﬁfg to which such claims are

entitled. 16 What is clained is: |I. A nmethod of
forn18% a tltanlun1n|tr|de | ayer on a substrate by
¢ mgthed ofdpimsd, wherin thoigmpsratiie f thesplrdpicds Qvﬁ@mately

sipstrate to at Ieast one precursor containing
titanium and exposing the substrate to at |east one
reactant containing nitrogen and at |east one
g act %’ﬂ& %ﬁ&%& ar &%IH'tgl %et@ln thé$l ?&ﬁs’c o\ﬁ@s{egdr&'rtcgﬁaﬂﬁ ugafﬁﬁx'in
orie reactant contal ding no nitrogen 1 ncludes C&
nmciodas@rakiﬁdietlijﬂe:nnbtltamdmof claim1l, wherein a
tenperature of the substrate is in a range of
approxi mately 150C to 370C. 3. The nethod of claim 2,
wher eiTihe iatholl 6NEISAS, Wherehifthd R@eastte I)feairﬁbricﬁntammg tltanium isa
a proxi mately 230C. 4. TQS { gﬁ claiml, mhﬁ
ldaltavmsaéffmnfﬁaéurﬁ PR ESSY C Bl 21 (i aiE) 48 1T GRrTgRY gas aving a

I G BB 5@IdcAlb 150 KRN fled i R pledisor.,

6. The method of claim 1, wherein the at least one reactant includes a reducing
agent,
7. The method of claim 1, wherein the at least one reactant containing nitrogen

includes ammonia (NHj).

8. The method of claim 1, wherein exposing the substrate to the reactant containing

nitrogen and the reactant containing no nitrogen occurs substantially simultaneously.
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5. The nethod of claim4, wherein the at |east one
precursor containing titaniumis a |liquid having a
tenperature between 85C and 115C, and an inert carrier
gas having a flow of from50 seemto 150 seemis
passed into the precursor. 6. The nethod of claim1,
wherein the at | east one reactant includes a reducing
agent. 7. The nethod of claim1l1l, wherein the at |east
one reactant containing nitrogen includes anmonia
(NH3). 8. The pethod of claiml, wherein exposing the
stibst The methgd prglaimel, whergin ﬂaf'oq%ﬂeaftﬁnﬁgrecqﬁw FB‘&%‘H‘"& TR
ﬁélﬁ&e@i&raﬁﬁﬁiétﬁ&lﬁ‘xhﬂgtlﬁﬁuﬁ'ah& 80 NeAP G Sackid PEnlih@hiltdgen
si mul t aneousl . The nmethod of claim1, wherein

t ineludes ammgsip (é’ﬂ@ pr ecur sor containing ti t ani um

i ncl udes tetrakisdi ethyl am dotitaniumand the at | east
one reactant containing nitrogen includes anmonia
(NH3) Thé thethddh ef cletnhlo dlhafeindbmiing dtitanitsaméiide bhperrbmgrises:

titani um ni ri.ses ing the . .
bt PSR il sy lAs 5l B b s o RRER Bl b taniuny;
cont aieRposig tetsabytidtito a GxPAGH-BELLVEPurfeIs Hlod, e t 0 a
first non: react ve pur

tg as flow egﬂg‘osln

subst CEROSING thep qtré’&é? Frst ng Zeaptapigas cantainipg ‘é‘l“ﬁgﬁ‘ﬁ'gmd at least
e FQOBRY gﬁ@ﬁot%nthﬁﬁ%ﬁmro%&? wheRM(tRd Yt 1 4@%nE AHacteRToftbiingGo
ni trogen,” wherein the at |east one reactant contai ning
retrogen comsajas caghontmanAsidar bon nonoxi de; exposing t he
substr, flow

wher o R ine eRpBRGRNT BB SARHNC: iSRS IR,

t hi ckssin thmitanmmpmaﬁe lagerhng 4 firsgthickmed® ed m ned fi nal

t hi ckness.i s et hod, of cl ai m 10,
wer erreging o (b ninkd fuel AR RORRRYAL", 2 000
Angstrorrs to 1.5 Angstrons. 12. The net hod of cl ai m

he fingl thigc .S, an ,integral
oft. 1 e Ereibap St itk e e P B from
NREdR6mOM 103 Ahghrdfds. Wherein the first and second
non-reactive purge gases are the sane. 14. The net hod
of claim 13, wherein the purge gas is argon. 15. The
P4, NOG@nefodbFLiih 10/04E~hd iRl Bihd@Rln m@%m%ﬁlbamr
gas contal ni ng nitrogen conprises amoni a H3). 16.
Threesrthitken thao thedlrstithickiss. wher ei n car bon nonoxi de (CO
IS present at

13,  The method of claim 10, wherein the first and second non-reactive purge gases

are the same.
14.  The method of claim 13, wherein the purge gas is argon.

15.  The method of claim 10, wherein the at least one reactant gas containing nitrogen

comprises ammonia (NHs).

16,  The method of claim 15, wherein carbon monoxide (CO) is present at

substantially the same time as the ammonia (NHa).
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substantially the sane tinme as the amonia (NH3). 18
17, The method of claim 16, wherein a volune of the CO
is seven tines a volunme of the NH3. 18. The nethod of
claim 16, wherein a volunme of the COis about 3500
sccmand a volunme of the NH3 is about 500 sccm 19.
The nethod of claim 18, wherein a tenperature of the
substrate is in a range of approximtely 150C to

370C, and the precursor chemcal containing titanium
conprises tetrakisdiethylamdotitanium _ 20. The net hod
of7-c| dibgmethod\pf elais Ko, twhercing yolne; of the ({2 is sevsattinss pvalyme of
thengf,om c layer such the titaniumnitride |ayer is
formed having a chem cal fornula of TiNx, where 0.5 <
X < 2.0, and a resistivity of less than 800 it ohmcm
2%8 T e%‘iﬁ&?%f fﬂ%m? ié’,‘k\me:%gl’a \Wih%{ of ﬂwt&? is@%ﬁlﬁ%ﬁoo scem and a
i nCl udes controlTing’the Atom ¢ ayer ~such the

t vélemne ofithenNHs iscibout&0@sccims f or med having a step

coverage of greater than 75% over - topographical steps
of the substrate. 22. The nethod of claim 10, wherein

t e SUigtiediod off Blain T SvhoremQItehFdritiv® of B Slibstrate 9IRS @4hge of
below the titaniumnitride [ayer. 23._ The nethod of

cPRRFARMASSlY WAE P A7 freaebrisgourser ehemtiabeantaspiag Benigm

MEdniResAbrakdsQietyehidritinfi@st One conductive plate on a

capacitive deviCe, a nethod of form ng a conductive

signal line on a transistor device, and a nethod of

f m nﬂxe%hc%%?)flaﬂx’? Yd,%ereinf}ée ?aﬁr?d igahﬁbggoﬂoéﬁr@hmt&gic layer
erein the titanium’nitride Tayer s torne a

pbuch dieititaniuni nisrideriayer s dyrered Heqgesd dhemivalcfpoiwds of Bibighwhere 0.5 <

at,omj ¢ layer. deposition le formng a continuous

ngn< g@?&?‘}{ Wlsgv&aﬁilﬁﬁ&'ﬁ? chlﬂ‘gh“éﬁlﬁr oxi mtely 0.1 nmin

t hi ckness. 25. The nethod of claim 22, wherein the

conductive |ayer. ijs_annealed in a H2 anbient after

 3hm riremedodof datn 76, ahersipdhe mefhe ipglydes coptgplling the atomic layer

iR el t#RbdnPRitddeNBRr is SR8 havlh}er & RO ofGleatefthdr 75% over

wherein it is a néthod of formng an electronic device

i wobgreithing! steps@bhggehsirgte. | ayer containing an atomc

| ayer deposited titaniumnitride layer in an

integrated circuit; the conductive |ayer fornmed by

t 22.r aKiteanettidd \oif alaingd 0, imthareinthe substrarnincludedlziddnduntive layer

car bon noxi CO).,.and having a step coverage
g fisaeed befayy egg’é}q’(““é‘?’m‘ﬁ“‘gTﬁygrSi stivity of

23.  The method of claim 10, wherein the method is at least one of a method of

forming at least one conductive plate on a capacitive device, a method of forming a

conductive signal line on a transistor device, and a method of forming a memory device.
24.  The method of claim 10, wherein the titanium nitride layer is formed by a

plurality of atomic layer deposition cycles, each atomic layer deposition cycle forming a

continuous meonolayer of titanium nitride approximately 0.1 nm in thickness.

25.  The method of claim 22, wherein the conductive layer is annealed in a H; ambient

after forming the conductive layer into patterned metallization lines.
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| ess than 600 ohmcm wherein the titaniumnitride
filmhas a formula of TiNx, where 0.7 < X < 1.1, and
the titaniumnitride filmconprises a plurality of
conti nuous nonol ayers of titanium nitride, each

nmonol ayer having a substantially simlar thickness in
a range of from0.05 to 0.15 nm 27. The nmethod of
claim 26, wherein the electronic device includes a
menory having the titaniumnitride as at | east one of
an underlying portion of a signal netallization trace
in a transistor device and an overlaying portion of a

L TC LRSI A

dechideg: | ncl udes a CMOS transistor in the integrated
circuit transi stor having the titaniumlayer

., .t he i un r
as at 2 qnductive Byer Goptamingan atoniclayss SpRosked tigrium mitride layer in
ah 8fdpFAedBiighit i on barrier. 20

the conductive layer formed by tetrakisdiethylamidotitanium, ammonia (NHz) and
carbon monoxide (CO), and having a step coverage greater than 80%, and a resistivity of
less than 600 . ohm-cm;

wherein the titanium nitride film has a formula of TiNx, where 0.7 < X < 1.1, and
the titanium nitride film comprises a plurality of continuous monolayers of titanium

nitride, each monolayer having a substantially similar thickness in a range of from 0.05 to
0.15 nm.

27.  The method of claim 26, wherein the electronic device includes a memory having
the titanium nitride as at least one of an underlying portion of a signal metallization trace
in a transistor device and an overlaying portion of a signal metallization trace in a

transistor device.
28.  The method of claim 27, wherein the electvonic device includes a CMOS

transistor in the integrated circuit, the CMOS transistor having the titanium layer as at

least one of a diffusion barrier and an electro-migration barrier.
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