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steep contact step or edge. These steps or edges are becoming increasingly deep

and narrow. The contact edges may be substantially deeper than the diameter of
the contact hole, a situation known as a high aspect ratio contact hole, which
may also cause step coverage and contact filling issues. Thinner layers may also

25  be more sensitive to intermingling or diffusion of the different materials into
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)
under, or over, other conductors, such as aluminum or copper in order to prevent
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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betxwsingihd tiatrate 1d 2lecagoaé edaalahyconbdining Métrd def Wind at least
one reactant containing no nitrogen. Reactant is a term applied to ALD
precursors that follow an initial precursor in a deposition cycle, and is only used
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
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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25 The TiN layers provided by this method may be used with a conductive
layer (for example aluminum) below the titanium nitride layer, or above the
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

30  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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In an 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
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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25  reaction byproducts and precursor excess are purged from the reaction chamber.
With a precursor chemistry where the precursors adsorb and react with each
other on the substrate aggressively, one ALD cycle can be performed in less than
one second in properly designed flow type reaction chambers. Typically,
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

6
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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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not dissolve inthe film The ability to use highl
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r eledriver dpring a pyrgesstige. Ribllyr the bypeedustsshsldom reagbered
Wi t rec rsoE% for conventional netall o-organic CVD
( NE%\?%? Of ASSUPHELS PBHES Furt her, the by-products of
the reagt b acitiostqieR ABDERISALD) prodess, the salfllivitihd fidcess
easy renmpval fromthe reaction chanber during a purge
st sgends inuolves seghentis) susfase ghemicghigegtivnpoA Lt eekies on
ad e rf wad r '
e e B A e
pr ad &3 prosesyimoReulanpRtiesrs seopiasdd iato thel AT AX eeacti@ititadber
reactions. ALD relies on chemstry between a reactive
suP§Pardelyrrxegptin g Gage Wheledwamep ipiicasting materaly greapssd.
pr ' t
o B Rt B Aol PAHh PR a6 & BHlRRY RO g
t wpulse (oripute) to eantviergcesa peciabsaml tey-poddcts Tive thetredction

precursor .reacti.on at the substrate is i.cal |

P oF AG0EE PHY G IHBY PR ghA TS PP TSt e Erieaiy seduence
excess PRARIARAIT ANY pRyceRed difsah HOMYERA ih @&l nfflered
chanber prior to an input pul se of thé next precursor

of saquendea birat evet dlbidentinglisndiemi®y kinkdcs, depasitionl thickness per

Ce s B hvplip T Bk Seon ok EFREnb e Elir IR b tpythan o

depoblayérder b€ kNgsisalBeh deydsitton GTQIPOEI ratedT abdid).25 to about
thi ckness. ALD sequences generally deposit | ess than a

f uB001aperrAlRcyelpanay bempplized| |y, a deposition or

gr ow h . . , r
cycl e rrggé E%‘%'frntea Qggééﬂﬁﬁghg%gogﬁ@glgté% agjf é}fg%c? @EPU de

c otdpgm@daystap,l aad (;Liv?i_ﬁﬁfgg ;axoelylmleﬁﬁe;d opddanigh cegdions, epareaysical
avQi dj ng. poor efined. nucleaging regions, as are .
tyfodhin SpRicelapos Aerhetian (c 200 e sbai A Bl @pglagpsition
ang: §hRY RS Lo ARY HvElEPRR ety Ofkubstrate topologies due to its

layer-by-layer deposition technique, use of low temperature, lack of dependence

on the reaction chamber geometry, growth thickness dependent solely on the
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
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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dependence on the reaction chanber geonetry, growth
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SRl TRRE It A DLV R RO Bt PRGBS K dipends
MupoR thEahdan oferFksidecarsbrammaaicabs eito ansleamngtss, tlnd

pul sing the reactant's purgi n_? gas,. for exanpl e_ argon

f gurfaces cBumaxclamay paseneatpdimil thy dedraditbickness dpechiysd in 2

T ) :
R
Sunitaisl, puiking fa pusgisg bds for thetthind prectmssr, pekitgd fogrthmeartant
very consi stent. deposition thickness that depends u on

t HECaEAndgTu ypg theirractant s puigiggas i JOTSOBY TR el ver
a i d
o B ERtcra TR Aot PO S hE) Bar e e aRR e
metierdchivithalyesybsvate dixgctlhye asin the naseed awiopntputtsl lagera

thj rd .pr.ecur soy. t.erial, | sing a rgin as .f,or

¢ HePe R SPBR BLriEnrs laye shhie SeFaufeh tiedhERafe or b st
Prsefsy SfQycled fébuRinsd MiglebhR 16RAEHAN orfly BYEW initde @ 14 ers
forma sécond material |ayer upon the first material.

THbick, andghe sreond scries oé aralesalsqresulistinatiffprentdielsstricdayer

i ract,. wth t tr Lr.ect '

B S S

| aygeriallon atagolamserts\na handlhgiraby mkassisconipokite fifrh b§ iltra
series of cycles results in a. dielectric |ayer thaﬁ is
orthip layeraof ﬁXNﬂ @anergdiffergalmaterizle [ a lpygred ﬁ@"ge‘%ﬁs the Jayers
s - : [

orkh Shlufel o SR Eland byt KA e ora
t hian&metehiand Ragh t@okiyermnapbe a codimmloay &im watyer singleor a

nanol i t.e. I i t i fil f
R TT HriPg e aer o LD BTV MRl c emee
Rirfbld BYESF §é}ﬁﬁgteﬁm§ﬁﬁn£>rﬁciuay ﬁﬁﬁn@%@vg?dlﬂ@ie?@éfdiﬁ

i e
layers of different materidls having a thickress on
t meatenial @ettexfating with a single layer of the other material, to obtain a desired

ratio of the two or more materials. The layers of different materials may remain
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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nanonet er, and each nanol ayer may be a continuous film
only a single nonolayer thick of the material. The
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| ayers of each material, but may include having

several | ayers of one rraterlal alte fin
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TONE TSNS AP POp ARG Ry vgs P Ladts Lt Aga‘e) and
| B EfeFabiP ine areRBAMISB0 @ aBy r}‘)?b' ehseRBisddFeVeen precursor and

(tetraki'sdi ethylam dotitaniu havi ng a cheni cal
f oeanidrd igbctitin passsp@Nhdludd higrogem,detinm, przen or soon. i BhcaliN

m xt ure of a ni a on ,nonoxi de .
TR i Y s BB rreal e ety PRRef g Phieh

b pddh@dal @@mcﬁtcﬁﬁﬂf@@f AbuE60U pcReein. HHROGN filsis v ebédistep
as the carrier gas. The use of such precursors in an

AlCDVETage wlues @ﬁt@#@eﬂlanﬁQ%r athigh contingjiyrvigdulest pighele values.
deposi tg; g%{n%lfsdl' | BEad A09% 1%% d%%gg&w sﬁs;ceé% 100

4500C, "a era e area arou

g &Bﬁﬁ)ﬂhﬁ%ch be YikeN The eleticaR [depiatbdrpRanit @eﬁerhrm@mséiom of the
phases may include, nitrogen, helium .argon or ne
THEmeiPAestafi/ HeD deporiiipnivey H&wﬁ&de @racHiengghe prggent Subject

el | g r n%ﬁlgr‘#:é:f?}

ccglﬁ Lf?:t [ vil:ltgygIt egjfo%asﬁ%ﬁn héat%? % i Olderhla(l)gels

gdochist iapide a\tearcage chahhaesl Obbf BéM syrstenh 400. 8086 haatidg klegtent
ti.n ow pi nhol e val ues jgure 1 shows

Db Hialt St e Bae bt 2o Th e M. A

f Qhs IRkB BNt 1710 ifodhbR RLEARN! RadlSR] a%%qrg%ega%éto the
general discussion of the

substrate 108 in a uniform fashmn 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
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princi ples of ALD depositions, and is useful in
practicing the present subject matter. In Figure 1, a

waaiwsotmee 108 on a heating el enent/ wafer hol PEr/USDE6/028041
is |located inside a reacti on chanber 102 of ALD system
100. The heating elenent 106 is thermally coupled to, .
S UBEVd8(PTIRBSAT g Biter Bl StRBERORTEPHEY aSenirer Httiroviding
gas-.qal . L .
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chanmber 102 by vacuum punp 104 through a control valve
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114, .11 122, 126, 130, and 134, .with a flow rate and
Ui Bl b mebef s it weforiqgtuidyfed
124, 128, 132 and 136, respectively. The illustrated
mass flow controllers are conbined with a control
val ve (Ao iseladed inghe aystam pisipvyging gagpiovieesd 14 anédld.e

10 SN hupPld 1o BORL I WeorfBRR IR ERT 126 2eect iy R aREBU e
a pré’cursor gas eTther y storing the pretursor as a
gaemb&timbyits piMisdionty srerofahdmake pades forl alhdiyclesed pibusatative

a soljd source, or a bubbler to entrain a I{qw d
maPweing stens oorsilnpynge gaws sy Ysed SWigReqns e T alfernatply as

bu j S i

B o e oy (o S o
t hpurging\gad ferantltiplegpesursoe \gaps ifew ecburgipg igas smmedsmeay be
precurs liquid, The figure shows re than one

15 by Batrabior A sisters 1Po; B¢ biFofiacs tspbtineid Bitgg phspurces ar
|1 8dudpRed byPtRElir laBsoliafdll ASRHIRNRAOMBRS alcBRinfor] SasQielor @
single precursor source used. Also included in the

syeandiitdl 3, whichimepugkes te thergaeslistibutiondfixtug, 1 1@dugiflethet o
_f] trofl 116. 120 ivelv.. Th
o R isclaGiRh ke Seohiie S8k Ao R RER e S ipd Vicwm

gap@sip ffexBiust e 1% si6bvi, kol Sdnic\el ¥ Besd Wi€HGr SARPSHur@hg
bot h purge gases may be used sinultaneously, or

20 a gasen ané by-paeduck sasies aldhe erd efvepyaing seaemce dow thegas
reaﬂhhilggr a process that uses the sane purgi ng gas
for nuftip1e precursor gases fewer purging gas sources
may be Veepint panp oor eAhidiss ypanp (UG cotpled for chatibsni(2 by
react ant an urge gas_ sources are _coupled by their
asSBEohydye gﬁgs}m%waz bReIEASHEloy YAV IR BRYG Gaess Prasarsor

o g8 g2, WSO JS0REURLER 5 AT pring somnc

25  from reaction chamber 102. For convenience, contirol displays, mounting

apparatus, temperature sensing devices, substrate maneuvering apparatus, and

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
30 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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reacti on chanber 102. Gas conduit 112 may al so be
coupl ed to anot her vacuum punp, or exhaust punp, not

WG hwno13920 renobve excessS precursor gases, pur geemyusS2006/028041
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gases, and by- product gases at the end of a purging
se uence fro é as conduit 112. Vacuum punmp, or

hRreseny gpgbo sngphprasticed oRIRAEEEY alachicaghen r of
Va&ﬁéﬁlb%%'imﬂtﬂit ﬁﬁdﬁ%&ggﬁm@nﬁﬁéﬁ FrlnBr¥iBte/ s%e% Frﬁg)’ﬁqu in
exXCess precursor gases, purging gases, roduct
gate artawilltdompeehfbndﬁhealqoeﬂsgnyrt@temqmem%ufenmmt raﬁdcbmtmi

ch er 102 Fo onveni e cont rol spl ays, ..

oGRS b i 4 SN GBSt b ECLloRePA " Bt disolosure
substr al“l‘?e STBRABHY BF AND ARRM 2h0may BB AoMBARIIAN Hcomputer using
el ectrical connections ‘as are known to thosé skill ed

| na edrepuien readableigedishosmtaimingicompeter exePhishlptinginptions to
suj.t ed.f or ract [ t he present
S AR dudiPichRt dieetiel St br B RE LA Bl SR ARl
rrawltmhsmb 8y$160d.00.Te UGS canHe ORESFALDRYSEMI19GH | Ithrerxzanous
chanbers for deposition of filns are understood

t hyaodimenys arqsamtyd $he sqmpen ip aokshowys alsavich dirsa ék%lpc; in the
f t
or LAl RRAT R R oM BB E L nde

exper i niéigbzt2 id)lustrd%esra fiew nitergeam ofiepahti@rati stepy gomhl [l in
the art will he dt ecessar de ction,
meSieRRdmERof adngined, fﬁ@ﬂmuég S‘é‘i“? igprepared to

S &ighé QRehealaily HARr hrﬁ?&ﬂeﬁﬁsdi‘ﬂ e 4 Elﬁscg Pfs é)?%}é&?ﬁlon
The el enents of ALD system 100 may be con roI

C omilutemovq sontgmmautsmpch &g thireergaitit ilmedlivandoratise nxudg from

tr cti.ons tro e
" P S Bl ot B Bt e dh PRt huro MRbgesid fire or and
g apufiéraeiiintthd reablida ehaatter d00At ok { Ay ?re@ﬂrsbf‘&atéﬁﬁl &fters
ALD system 100 in the various enbodi nents presented

t HBe eantien dranibst fsta psedsigrmingd Inegth of titmss for skampled.§ n2.0

1 b de
coe i, RO cPRBRRGHS RalchBl isRH SRR A B S B Fars of
ofthepeisahteotha Iamhﬂtrxﬁepfsmimgﬁp@mhe démpethtued oftheBid3aete! @ one
for %TlNIa a substrate is preparedto

&é@o [TAFRL 4B the; @n%ntthe Pf&?ﬁdlcé REsHIEEeRt How of theqarecursor

Prrfftthisi O Hidfion ﬂf }él 691" AL I%Buf%l% ]%ﬂf%@@%?l%l?lng period that

cont am nant s’ sut n organi c
n airowéeso;mﬁbanfcnwraghef auadsabed nfonbl‘@esmb'&ie@&bmatea:nﬂface or

i ncl ud rofluori.g acid rjnse, or
marXay use a pu ?smg rgod t['xat prov1ges partial flormatlon ofa monolayer on the

substrate surface. An embodiment has a precursor gas including TDEAT.

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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sputter etch in the reaction chanber 102. At 206 a
first precursor material enters the reaction chanber

wo eoo7a1Peedet erm ned | ength of tine, for exanpP@r/0SH06/028041
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2.0 seconds. The first precursor material is
chenmjcally adsorbed onto the surface of, the substrate,
t hearbermeRoxde eHbsT R wFmutiansondmreduantiady. o 1 alfernating

su atg,, 1 ' . i :

o R L e i Do 0BBknt B &rent fom the
| nfissti piige @ps, ehiees thekckamigerdbr 4 pred gepnined tangtieof tinse safficient
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a nonol ayer on the substrate surface. An odi nment
hasurge ppe&etionsotherfease embbdidients MPDEAmitad. Zbereandy besa single
purge gas enters thé reactiaon chanber for .
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precursor material. Typical tinmes may be 1.0-2.0
s eesnnye! ofi the regctents gad geastien pypdiets mayricewidyenpuige ganflow
ne conbi nations thereof, or other gases such as
hydrogen. At 210 a first reactant gas enters the

chanber At 214 adgrigoeisanmdengdo wdpvthiehoohottthebickasdsf dfahefitst
t ovj de enougﬂg% t he react ant {10 cheni cal |

cgﬁgfeﬁf@c\wﬁn@ﬁ% dlftiris hacFered She Beriee g ekaspe curdisther
gﬁ%‘fgﬁcﬁeﬁgﬁ it eyl ?ér‘ggxtn@& ff{ﬁﬂoﬁllép?édfggﬁgnc ﬁllegyneeded, then

react ant erials inc
antiic apgranomoators the? 06e nptilethe dedisd fwstndiklectne tayst is,completed,

sequentially or in alternatjin lLes.. At 212 a

S T g dhepiRcsAIaES RRP e Pre Bl LSHPBitoR FipierRAle:
from t hejghid BlluRHtEE GAsle 1RALHRLS i IHerfbtiReht JfAméhod to
predeterm ned length of "time, sufficient to renove

s ufosmarrondidtive dliN layen forawedtodd phurakiyi ofl LI depasityd titanium
reactjqn b ducts.fromthe ch er, Although th
e e R SRR T T R
OEiEatel I0NRd ab BeheniE Ryenipdbiieh tFstdl AS@ibkiratt B is prepared,
There may be a single continuous or variabl e purge, or

t Hypisaliag sihieomer silicayecogianing metqrial win ethenrnbasimenint
SRR, B OR SR Ly Sl AR RO b
I esmbbtraies maypdise bs ussy Thequepabytion podegemgnsndhhidurclednine.
At u§14 a (()Jleci(fjjﬂon_ is nmade, as to _whether_ or not the

t WUgRtS 30 rnd fepming varions layers @pd segienscfithg substratgesuch as

0! Bufeldrhin, dHRREEIENEH LNR AT @SB 065K inBirative metal
whet her anot her deposition cycle is required. |
arptidesendequisctor (MOS) tlansister 3@e dB, setjereing of the formation of
the regions of the transistor 300 being processed may follow the generally
understood fabrication of a MOS transistor as is well known to those skilled in
the art.
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

13



the operation returns to 206, until the desired first
dielectric layer is conpleted, at which tinme the

w@r@cas®24oves on to the end of deposition proPEFESHNG6/028041
216. Figure 3 illustrates a single transistor in an

enbodi nent of a method to forma conductjve Ti N | ayer
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Coé’o@{c}lh@tgvetIgl?ed%hﬁacpzfddj&s%]sgbétﬁté 16, 9356l £&iORISHE such
whi ch may be forned of conductive polycrystalline
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the desired transistqr 300 threshold voltage, .Coverjng.
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typi cally "an al um num all oy or copper. The Ti N | ayer
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o1 B o pognos i RS hicTRder 408 Tof b Bl ittty pe
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menory devices, and electronic systens. Figure 4

i | gdpitame 14 of g cautach ding ThblVaxrg #40 @olh diars 4 ationf the thinnest
| ayGioR Pk HiBhess at the flat top portion 410 that will be greater than 80%.

25  This is known as having a step coverage of 80%. The TiN layer 410 is shown

10

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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at least a portion of the electrical signal conduction

to a diffused structure. A conductive filled contact
waod7le®2a substrate 402, typically a sen condeCt/082006/028041

such as silicon, with a diffused structure 404, such

as a diode or a source/drain region forned in the
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25 1ncludes additional 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
30  accordance with the disclosed embodiments.
System 600 may include, but is not limited to, information handling

devices, telecommunication systems, and computers. Peripheral devices 610

15



enbodi nents, controller 502 and/or el ectronic device
506 i ncl ude an enbodi nent for an ALD conductive Ti N
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W111 be apparent to those of skill in the 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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of 600 to 800 ohmcm as conpared to 6,000 m ohmcm
W th previous deposition nethods, and have step
w@oensiyes of greater than 80% as conpared to PEFES1006028041
60% wi t h previ ous deposition nethods. Deposition rates
are in the sanme range as previous deposition nethods,
an@Whdtés ¢lhineddnesss control and standard devi ati on of
filmthickness variation are also the same, resulting
in an i nproved process that continues to possess
maRuf actifieddoPEoedines Stanfirh RRHEN1a§BESH 4 bubstrate by atomic
enbodi ments have been illustrated and descri bed
helasiendepositign) ¢orpprisigr eci at ed by those of ordinary
skill in_the t th n I | o
> cal cul ateé%lostnbga%‘g ﬁ}tlbes\%rtgteﬁﬂét %g&n%%gg’?%(%sg} Pr%/talgglg titanium; and
subst i t wkpskidgihe ishisstiaeao iat leasteib octictaantentsinmamitrdgensand at
application is intended to cover any adaptations or
v angagt onsisaciant cRBlAMIRENORIERE b odi ment s, i ncl udi ng Ti N
| ayers with graded conpositions. It is to be
under st ood that the above description is intended to
be2i | | uStheahétha] ofariamtwheesih ritethpareturaeithe keistrategs in a

phr aseol o or termi 0g | oyed herein is for the
10pu|r?f}}£§é>faiggr8§§1&art?]§3]i5§% B0t of Iim tation.

Conmbi nations of the above enbodi nents and ot her

enbodi nents will be apparent to those of skill in the

ar 8. uporThsmuthochef ddim 2 lydhesein ducteinpeiagne of the sybwpe isf

t he present. dj,sglosed enbodi nents include any ot her

apﬁPS@ﬁW%ﬁ%’%g’ﬁ %i ch enbodi ments of the above

structures and fabrication nethods are used. The scope

of the enbodi nents should be determ ned with reference
15t 04 he dihsarateerl of daimsl, vehesrin the atheashena ppsursqrdpdudss

equi . WHH uch clainms are entitled. Wiat is

clgﬁﬁg%%?@id%guﬁﬁképﬁ%d of formng a titaniumnitride

| ayer on a substrate by atom c | ayer deposition,

conprising: exposing the suhstrate to at hgast one

pr Scur sdmeapsteed off gm 4 rehisreimheRTac R 48 P ul[dH@.Vmg a
Z ﬁ gectﬁaéé?%tﬁré Rt@berd £2812,ANG 55€ 2HARinGORIAENER Dalink rag&ﬁ@ of

east one reactant containing no nitrogen.
20 Théromef heatnofo H0akicomis pased mimtha preswpor.at ure of the
substrate is in a range of approximately 150C to
37Q0C. 3. The nethod of claim2, wherein the

t egper atpheendhod HECISHPE tWidk&n lableast one of the reactants includes a

reducing agent.

25 7. The method of claim 1, wherein the at least one reactant containing

nitrogen includes ammonia (NH3).
8. The method of claim 1, wherein the at least one reactant containing no

nitrogen includes carbon monoxide (CO).
30
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approxi mately 230C. 4. The nethod of claim1l1, wherein
the at | east one precursor includes

wo edorakiosdi et hyl am dotitanium 5. The net hod oPCT/US206/028041
4, wherein the precursor is a liquid having a
tenperature between 850C and 115C, and an inert
camx.i er Yeandthod oficlaint 1 ,0vhepéinfekpositdihs aabsttate thGhe wactant
is passed into the precursor. 6., The nethod of C|€i m J
wh &PBIRFIRS njirogen anshihe seactabcqriaiping oS hgan Regurs substantially
redughiRghea@dyt - 7. The nethod of claim1, wherein the
at | east one reactant containing nitrogen includes
ammonia (NH3) . 8. The nethod of claim1, wherein the

Searfon MRaTer vyt e Pt ot SRR RS |
ex pesdkiglidihEanitiGitamate, the af 188t bR Ldadht CRdiRing nffbgen

nitrogen and the reactant containing no nitrogen |
oc diglades gpyneme (M) ard thglat leag ens rgactand contpainggiorHy oM

cl g ' | east one precursor includes
te%@#ggﬁé?hﬁ%r%&g%t@?)ghi um the at |east one
reactant containing nitrogen includes amonia (NH3),
and _.the at |east one reactant containing no_nitrogen

10j ndiludesThednesbed pioriai beviceety forming ifiianiyn pifgde 128 ai m
1, whergin formng a titaniumnitride [ayer conprises:
exposing the substrate to at | east one precursor
chemi calexposigiheisnigsttate @it loast cveposiungr chemisalmntaniog
to @ first non-reactive purge gas flow, exposing the
sulYPe to at |east one reactant gas cont ai ni ng
ni t r ogerxpskinethe ls8BHHateX0Q fir8@fdndRhctBRDuREY gL ARAI Ni NY
ni trogen;  exposing the substrate to a second

15non- r easrpesengiliec gebsgate tlableastwimeredctant gas ¢ontaaming mitrogen and
ni tHeg% 0I ager h?s & ofi rstt. t hi CFHGSS; and repeating
unt' EF %ﬁg{ag BRSSP ALIS HIT AR ess i s achi eved. 12.
The et khegosdig ik ditBirkdk, toWheE@idhonheadtivePurddB6IO8S 15

in arange fromO0.5 . )
wherein the titanium nitride layer has a first thickness; and

repeating until a predetermined final thickness is achieved.
20

12. The method of claim 11, wherein the first thickness is in a range from 0.5

Angstroms to 1.5 Angstroms.

13. The method of claim 11, wherein the final thickness is an integral

25 number of times thicker than the first thickness.

14, The method of claim 11, wherein the first and second non-reactive purge

gases are the same.

30 15,  The method of claim 14, wherein the purge gas is argon.
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Angstronms to 1.5 Angstrons. 13. The nethod of claim

11, wherein the final thickness is an integral nunber
wo@Roorionm®e4 t hi cker than the first thickness. 14pCT82006/028041

nmet hod of claim 11, wherein the first and second

non-reactive purge gases are the sane. 15. The net hod

of 16! ai fhh¢methgvbofailainy He“ﬁmegpeﬂgeeé lqagt apegeartang gageamtaining

h[ od of ¢ n the at | east one reactant
gaSIE&%Pg?‘ﬁ‘PﬂseSrﬁW%‘a%Wé?npn ses ammonia (NH3) . 17.
The nethod of claim 16, wherein carbon nonoxi de (CO)

| ranﬂ[%r esent at subst antially the sane tine as
ni a Thrmmthod afglaimnid, wéierrsr carpor mgnaxide (C%&@P%?nhat

5 o sHFuhll IR e End BB bl AT, U0 D' of the o

i s about 3500 seem and a vol une of the NH3 |s about
50Q_seem 20.. The tho f ¢claim 19,

t efBer atl @P@%@O‘f‘#é ]sf Eﬁlmgvﬁﬁ'@ quﬂ@é dﬁseven times a
ap%%er@ttﬁémwc to 3700C, and the precursor

chem cal contai'ning titani um conprises

tet rakl sdi et hyl am dotitanium 21. The nmethod of claim

Flagnheng, 0l S AR PRI S50l hEE Pl SRSITS58b scom

re%h@hwlu&ﬂédl‘fthémﬁﬂﬁﬂ@@@s&tim cm 22. The nethod of
claim 21, wherein the titaniumnitride |layer has a

step coverage of greater than 75% over topographi cal
S 0 . .
e dh kBRI AP, el BRI Al o
di sppsedafeboimadidle 15011 3M0°Q] 4rd e preaysbr clidficalltentaining
method of claim11l, wherein the nmethod is at |east one
15 of tifpninm peyapEsesefakisdicthylamidesitangme conductive pl ate
on a capacitive device, a nethod of formng a
conductive signal line on a transistor device, and a
mstZlhod Ghe fretimidngf cdaimelniy m&lerbéivtmeitétﬁumﬁﬁlﬁdmmyeoﬂasﬁ
[ hetlt elaerlsfor d
SheThEah el OGNt gtiees Payol Teputihs tsasayiel Suesulighsoo
at grghgn tayer deposition cycl e form ng a continuous
20m)nol ayer of titaniumnitride approximately 0.1 nmin

22.  The method of claim 21, wherein the titanium nitride layer has a step

coverage of greater than 75% over topographical steps of the substrate.

23.  The method of claim 11, wherein the substrate includes a conductive

25  layer disposed below the titanium nitride layer.

24,  The method of claim 11, 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

30  amemory device.
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t hi ckness. 26. The nethod of claim 23, wherein the
conductive layer is annealed in a H2 anbient after
wo evoriondg24 he conductive |ayer into patterned PCT/US2006/028041
netallization lines. 27. The nethod of claim 26,
wherein it is a nethod of form ng an el ectronic device
i n&5udi rigie methoadaidbiny €1, veyesin tentitanininngtrate layais formed by a
| ayer deposited.titgniumnitrjde |ayer .ip an .
i ntpi‘@rﬁgtt&f HaTRic dpet denasttispaGlopspeh g@%? L fpgsifign cycle
t etf&ﬁﬁihé Qi c%hﬁ‘ﬂdo%ﬁhﬂﬁbla?y@ﬁbﬁﬁhniﬁﬁﬁﬁﬁid% aﬁﬁl’dx)m@t@ﬁz ©RhrRAR
nmonoxi de (CO), and having a step coverage greater than
80%ickmrss.a resistivity of |ess than 600 ohmcm
wherein the titaniumnitride filmhas a formula of
Ti NX, where 0.7 < X< 1.1, and the titaniumnitride
fi 128, conel B&Bo@oPtlbingR3, twhedin €I ddnabiGie 19176 aRhled &f a H,
titaniumnitride, each nonol ayer having a o
sutsstbagntiafipy fpring the gonducixaleyer inte pettemsd anchallization lines.
0.05 to 0.15 nm 28. The nethod of claim 27, wherein
the el ectronic device includes a nenory having the
ti 2ani uhrirh¢thetbobdaiat 26, edsdein ids aimetiiodutderthinigrag electronic
portion, of signal netallization trace in a
IOtréﬁgwgpﬁ?wﬁ@ﬁice and an overlaying portion of a
si gnal ,Zatl [ ' : i :
The mot ad afe S e sy @ig & fobl AR Hepli o iy eride
i ndayed esamin@igied ciansi;stor in the integrated circuit,

t he transi star having the titaniumlayer .as at .

| east  ora® tdeiehyas oy tespkisghey fpmidoliianitm, Smmonia

el eNH;Parll i APndadd {(RD), and having a step coverage greater than 80%,
15  and aresistivity of less than 600 y ohm-cm;

5

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.

20
28. The method of claim 27, 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.

25
29. The method of claim 28, wherein the electronic 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.

20



