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WO 2004/ 019394 PCT/ US2003/ 026487 ATOM C LAYER
DEPOSI TION OF CMOS GATES 5 Field of the Invention The

wonres@ndzdienventi on rel ates generally to senm coRQUAISBI03/026487

integrated circuits and, nore particularly, to atomc
| ayer deposition of CMOS gates with variable work
functions. 10 Background of the Invention Conventiona
n-type doped polysilicon gate el ectrodes in CMOS
technol ogy have two problens. Firstly, the polysilicon
I's conductive but there <can still be a surface region
whi ch can be depleted of carriers under bias 15

i ckness AREYEC EAYERRAPOS T ERids F LS’

depl etion and contributes to the equival ent oxide
thickness. Wiile this region is thin, in the order of
a few angstronms (A), it beconmes appreciable as gate

oxi de thicknesses ar eﬁi ﬁguﬁﬁd @el ow 2 rimor 20 A
Another problemis t ction is not
opt i munf re&% MhvenidaTcRid RndhiB; #GeHRMInd8Stor integrated

historically this was conpensated for by threshold
votitcaife and) e pamiculailygsb armic layas depesiion of CM@S ghtes with

devi ¢ econe smaller, wth channel |engths of |ess
thgﬂwﬁgﬁﬁ)%ggﬁﬁ'B%nsequently surface space charge
regions of less than 100 A, it becones nore and nore

difficult to do these inplantations. Thr eshol.d
vol t age control beddanks piithe fayentionnsi der at i on as

| 25 reduced 10 t f
Volt, ChbRsfio NN Biaiisen df lgratospe™Mna
NMBh oG9t NS pf®&ind OEul%ﬁy Qh@*)&?ﬁﬁb(tﬂh@ @ofRduclvebitthere
0.3 Volt A solution to the polysilicon gate

de@inetiilde amudbd:eewglos whoch eﬁml lmabpletmi ofsermriecomuiige biang

t t th t nduct
et T bl S el g i iRBE Anihs Py
t hleef&f’eh% & %ﬁ& ﬁ@%@tléﬂ‘&cﬁd &ﬁtrﬁ)tﬁ%@"t& el uRARNBOxiHOBA EBkbsY

conpatlb the transistor and the process.
Di Tfheleelnit repidrais sShidGn2BOdrdend o308 wROEAHBAO(Y, BDEABTes can

be enpl.oyed or t erties conduct i
ni #AERERDRA 381‘%%15%853 FERAg ﬁe%ﬁfﬁ? RRIRMoRIR of dfl dy i4ppther
problem is that the work function is not optimum for both n-MOS and p-MOS

devices, historically this was compensated for by threshold voltage adjustment
implantations. However, as the devices become smaller, with channel lengths of
less than 1000 A and consequently surface space charge regions of less than 100
A, it becomes more and more difficult to do these implantations. Threshold
voltage control becomes an important consideration as power supplies are
reduced to the range of one volt. Optimum threshold voltages for both PMOS
and NMOS transistors need to have a magnitude of around 0.3 Volts.

A solution to the polysilicon gate depletion problem is to replace the
semiconducting gate material with a metal or highly conductive metallic nitrides.
As with any new circuit material, the gate electrode must be chemically and

thermally compatible with both the transistor and the process. Different metals
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The work function of the gate el ectrode - the energy
needed to extract an electron - nust be conpatible

waizoda/onds4 bar ri er hei ght of the sem conduct or P&T/US2003/026487

material. For PMOS transistors, the required work
function is about 5.0 eV. Achieving the | ower work
function needed by NMOS transistors, about 4.1 eV,
has been nore difficult. Figures A and IBillustrate

t healesempldyaharthy plopbries di thg canductneni@ddmbaifiell t@pDvide
for NMOS and PMOS transistors respectively.
RefR QBHHHYR Wekdpactionke titani um (Ti) and tantal um (Ta)

Oxe 7 e TR R YondPLr A0 AR BbLT OB IR GGkl O Betact

One propose emTelli

" t uhelttrent-henbite doafadblWiliRue Dadicfthéigt ofWhd §dhiténductor
stabl e, under_ process conditions. Wen the Ta

c ofestat K rdMOS trrapisiprs thegequitadtwork fencdion gs/aout 5.0 eV.
| i cal i . | i dium.(R
oA G Bl BORPAb Gl b n TR ST AR p P,

behuetsen 4bbrpeifaeult. Figtreb4ARRHABMIustidethaldesiVed shefbydRAd
15 NMOS gate el ectrode. Prom si n% candi dat es i ncl ude

nedigrans aadtrqrk denctiencfor MMO8 and PYRS frendisters respapljvedind

)RR Tl O B S T
f UBlidaDProdBs @bhdifiofid OMCHBP Sscd SMIBEY ¥ the BssbldrRedicl 8f a
use in CMOS devices. The use of a m d-gap work

f unepedruheres-rotalue (Rirley alidyd whishtia giebleafddivipscean d

PMOS devi c S trical, in that, t magni f udes , of .

+ heongifatsn STufBY P Euet on s Beinty Doprtoett she B Shpatica
haypartiefBgahblédenibaiiga R akobdah o Fﬁt@ elestrOf, | WHBA the
with | ow power supply voltages. Recently physi cal

depaspndepimatiomis peimgen 40 pelserss abé &A peset, the alloy ésa gyl e
th Ltabili of sone ternary netallic nitrides for
us@i@éég?giegfré%err odes, these 25 included Ti ALN and
TaSi N.  PlowaMak caldi@s& 88 ARRAR difflileDYsubhYSiafBRlum nitride
deposition nof atomc | ayer deposition and only

caffeed)tand titaniwne nitride (Ridh.e Tarktalomi wikidedtitanivm titrades bd or s
B BB T S
2004 A3SBR M uRGH/ AR QR RS 4B e us@i&% b inQ8I8P W6rR function makes

Ref erences Y. Yee-Chia et al., "Dual-netal gate

t ethietloedp)d witagesipf NBOS mndsPMOSatevices symmetrical in that the
magnitudes of the threshold voltages will be the same, but both will have a
magnitude larger than that which is optimum with low power supply voltages.

Recently physical deposition, evaporation, has been used to investigate
the suitability of some ternary metallic nitrides for use as gate electrodes, these
included TiAIN and TaSiN. However, these were deposited by physical
deposition not atomic layer deposition and only capacitor structures were
fabricated, not transistors with gate structures.

Thus, there is an ongoing need for improved CMOS transistor design.
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“"Met al -organi c atom c-| ayer deposition of

woib@mieansi | i con- nitride filnms", Appl. Phys, PCEUS2003/026487

Vol . 75, No. 11, 1521 - 1523 (1999). J. W Kraus et
al, "Atom c Layer Deposition of Tungsten Nitride Filns
Usi ng Sequential Surface Reactions", 147 (3)
1175-1181 (2000). 5 R L. Pruurunen et al, "G owth of
al i MiRict 51l SEeRNoRARRYSoric 1k dBostiodfGitard i@ &ilicon-
chem cal vapor deposition", Applied Surface Science,
1681ridedBnat A pnl 2008) Lett.OV urdva¥y 16f 1324e 1539 €H9%n The

ab ntioned ,prob] ens tr i st.or.design as. .
el (7 RE0; ety Bi LA mietotiny SoBisah gy N Aol sqime
| NYSnEeN SaffeodRddctibies UTWIEES 1 oo 181 (206@di ng and
studying the follow ng specification. This disclosure
deBclk.iBrewunéreet alisErowthat foininhayeiriddepaoreussiliaatby atomic
ternary netallic.conductors where.thg .15 ¢ i t.j.0n
SRR EAOE SR I00 o B SUEBR SNtk Ry a2l d
vohhage of both the NMOS and PMOS transistors in CMOS
technol ogy to provide opti num perfornmance. In
particul ar, an enbodi nent of the present invention
includes a transistor having a source region a drain
regi on and a channel therebetween. A 20 gate is
separated fromthe igiiely 6€8kMWvdkioa 9ate i nsul ator.

The gate includes aTernary metallic conductor forned
by at onTles dbmye medtmosi proldams MO8 dransistoodiésngmnds welkas other
tern nmetal lic conductor includes Ta | um Al unj num
Ni Erpﬁf%is as;{fﬁss.seqc By @ﬁ@reéﬁ%a‘f%ﬂle %a{m & h@ﬂﬁsmérg by

. . ani . :
(e in ROGHES B B W RPeqiliaian T AIRAALISS
c ongud amic hyeudpssifion afiteararBidetationcddd tictodsevifete BieN) .
In one enbodinent the ternary netal]jc conductar
i nEYTRRASELOR FAE Stoskh FURCHAR AgHaRFd 19 fd)@tre{/tkp N}@ME valfsgg of
e 'quﬁﬁb inl (WIO4AE f :
nmet aﬁlt or medl‘St %ﬁi}?ﬂgﬁ t%déllr%%gr?{/mnet al iihr%(l)cf l}%? g‘}v?aeyroﬁéléneum

angkrftrineniceenbodi nent's, aspects, advantages, and

features of the 30 present invention wil| be t forth
in par tﬁimﬂt%@roeéﬁs%ﬁbqﬁm@ﬁ C{m?/edﬁ_e%@at nn%@}ondﬁﬁaﬁ?? 2 part
W #&nsﬁ?&%ﬁ%m@ E@@{uf%g ﬁ'&fgtl&l Y Hﬁﬁﬁggi@hlahg d chihdeMtheflbktaen. A
re he fol"om ng -

erence tot
gate is separated from the channel region by a gate insulator. The gate includes a

ternary metallic conductor formed by atomic layer deposition. In one
embodiment the ternary metallic conductor includes Tantalum Aluminum
Nitride (TaAIN). In one embodiment the ternary metallic conductor includes
Titanium Aluminum Nitride (TiAIN). In one embodiment the ternary metallic
conductor includes Titanium Silicon Nitride (TiSiN). In one embodiment the
ternary metallic conductor includes Tungsten Aluminum Nitride (WAIN). In
some embodiments the gate further includes a refractory metal formed on the
ternary metallic conductor.

These and other embodiments, aspects, advantages, and features of the
present invention will be set forth in part in the description which follows, and in

part will become apparent to those skilled in the art by reference to the following

-5-
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WO 2004/ 019394 PCT/ US2003/ 026487 description of the
i nvention and referenced drawi ngs or by practice of

woOheo4ion93mt i on. The aspects, advantages, and fearwse®3/026487

of the invention are realized and attained by neans
of the instrunmentalities, procedures, and conbi nations
particularly pointed out in the appended clains. 5
Brief Description of the Drawings Figures 1A and 1B

| | hddst g Fieind 6ol d 9Erefctyedaaiflingdl 88D APTacAROLL MRS K
functi'ons for NMOS and PMOS transistors respectively.
Fi ipuergioR. iThe asppetpidviahiages, phdfestuedsed theomverttionrsire sealized

i ) atnog PN e PRIB R Lol RE e gyd iyabiRations
g;&&&%ﬂ SRkl 80t inThOMiRnded didiHst rates an enbodi nent

a transistor structure forned according to the
teachi ngs of the present invention. Figure 4

illustrates an e o,d'ﬂent, (%f a rX devi ce,
utilizing tgrnary—r—lig—ﬁ%_ﬁ&—\gﬁé’—fgﬁgﬁ%ﬁ‘ed by atonic
layer degeshihomd 1@01@195@91@%16?(1@51%@1%?%% hé dRlzrantdiid work

present i'nvention. Figure is a di agram of an
el fnttionsdbr NyKS®amd PV QY tooessos rdspesaitielysy st em

utilizing ternar talli tes f db om ¢c
tyer (Bt i argtaniakish BlokeEle e oa et th Sy

pr bRV & dsQRetalfid ntREA S£ Whibds@bdaith &8s of t
fo@gg%pn%?\get al%sl eﬁaﬁegcri pt ingﬁoﬁ the | nsventi (I)n, SoLHe
r eprescana®entionrade to the acconpanyi ng draw ngs which
forma part hereof, and .in.which is shown, by way of
i 11 ust rlglspr&rﬁ,l lusferptes anenzhad e pAHSg S tyTh Sormted

in I : RBE&EdinvEiidhe drawi ngs, |ike
nu%nggltg;l@kggg%tre? ég%u st a te% fn)y sf(;rrnpl ar conponents

t hr oughBigtirethidlusteates al ervboehivaent Bifi e seensnh delvioe nttidizengdernary
described in sufficient detail .to enabl.e those

s kinptele gaestipranedrty atemysylayar derositing, pepoEHRg thomigdiapnts of
e LJTERY be utilized and structural, |ogical,
a%ggkect?ﬁ‘éa chl:'hanges may be made wi t hout departing
from t heigaedpie adflodktiagramaéah elentrieal system, 80prbhessbrebassd

waf er and _substrate used in the follow.ng descri.ption
i n#vstege utilizing ternary metallic gates formed by atomic Tayer deposition,

according to embodiments of the present invention.

Detailed Description

In the following detailed description of the invention, reference is made
to the accompanying drawings which form a part hereof, and in which is shown,
by way of illustration, specific embodiments in which the invention may be
practiced. In the drawings, like numerals describe substantially similar
components throughout the several views. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention. Other
embodiments may be utilized and structural, logical, and electrical changes may
be made without departing from the scope of the present invention.

The terms wafer and substrate used in the following description include

any structure having an exposed surface with which to form the integrated circuit

-6-
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any structure having an exposed surface with which to
formthe integrated circuit -6 WO 2004/019394

WOCH4932003/ 026487 (1 C) structure of the i nveRCTmS2003/026487

The term substrate i s understood to include

sem conductor wafers. The term substrate is al so used
to refer to sem conductor structures during

processi ng, and may include other |ayers that have

beffh sihlizb 6218 0n AL UPAMerALIMR S indldosy RELERLE

oped an undoped 5 sem conductors, epitaxial
s esendcomdiuctbpivaleay €Tlse pmh"strem ibgls@auirdde refer to semiconductor
sem conduct or or insulator, . s ot her
s eFUSBRERAN B PEpGerstRe Aad may e u{ﬂfﬂi{xﬂ%w%%‘f lvebeg in

t et Aheq FIRUBSK MBGRNANGL AL siigtaloaddoph Gy

sem conduct or and the termi nsul at or
[ nsﬁlmek&ldaatxbrmapﬂxuaalsemﬁahducsor lhyesssuppetdd bycabisy
conductive than the materjials refer

c offavendustor er@sulator, s Vshj %%g)ﬂt?é@%mcr@ag%gé?rﬁm% Avells
t hﬁ{o%rpfoedne?%{llﬁa & ﬁ’l% aha kﬁl@ térﬁl &ll‘lld{l&blt fs é@@) & 'to H\‘g

t he scope O resent rnvention Is |ne

t heendipqgindieck, ahcatmerm akwlnigr W defined® 1hu]luﬂe smometeﬂﬁl that is
equi valents to which such clains are entitled. This
di lseg dedireallycondyasive thandhematesiplsgefsred tq agcopductors. The

depo%wg&mqfedtd%m% ni e?éfuk n§i28 AL GHRN $n X"ﬁgﬁﬁnél%‘ﬁse

conpaosi on 1s varre unction varie

segndhg sdope f tHedpresent moéntiolnes téfired alybwibk bhpgmded cllamhsb
the NMOS and PMOS transistors in CMOS technol og
pr gongieith shq fullreprs dlsduateats tp Whecrhewgléw@fraqi fre ehtitied

embodi P gisclol1fis Sebflol A8 uEDEr 4551 hydAeANitd] (Hibhnary

Ti SIN, an ernary rre nductors.

Comeglid cdnahctbis @ﬂie}ie e msﬂp@ﬁﬁg’@islwm% aed woid fuacticarwaried,
metals as W Ta, Ti are decgosmed over the netallic

c oml}"@gm 2, ogogirglthe Heedhaldevotose of hatk thed hitwind PMOS
ur e 3 1riA€NﬁFg¥\tho% t% rc?v1§e (éﬂtﬁﬁu%é)gﬁﬁﬁﬁé %é.i Eho’&le several

es a cere

r e@h@m&%s thesd iclalams Qllse SO AN &1 £DE TU8IRN) andAVgAMNeas the
310 is separat ed fromthe channel region by a

i ntstnaay mﬁtayaaconxl@@t@ﬁd |QV§V@1510F1F\1é1181é¥ éﬁP??bBOlbﬂﬂlftO%é)r refractory
Pnre{%%f S asl\gv?arl] t"IL1 are d git 3)&7% t%%gnetélﬂg F&Qﬁ%tog {o oép‘?{hg lga‘[e

onduct or atom ¢

| NstQReure §h@ﬂbﬂmlga@t3 tAseshb%riﬁ Figufes, ahé tr@nsimduntmmue
i ncludes Tantal um Aluminum Nitride (TaAlN). In one

errtmhldmam sommreg@mri%@ﬂya da@tranegluoa 3@6@1@@ henpel 300 des

R e LR aot LT S

Si {rsgiafdr B0g.r Weeorlihis S e tedcRin@s 6f SlepskenEinyertion, the gate 310
includes a ternary metallic conductor formed by atomic layer deposition. In one
embodiment the ternary metallic conductor includes Tantalum Aluminum
Nitridé (TaAIN). In one embodiment the ternary metallic conductor includes
Titanium Aluminum Nitride (TiAIN). In one embodiment the ternary metallic
conductor includes Titanium Silicon Nitride (TiSiN). In one embodiment the
ternary metallic conductor includes Tungsten Aluminum Nitride (WAIN). As
shown in Figure 3, in some embodiments the gate further includes a layer of

highly conductive polysilicon 312, or alternatively a refractory metal layer 312,

-



10

15

20

25

30

ternary netallic conductor includes Tungsten Al um num
Nitride (WAIN). As 30 shown in Figure 3, in sone

wenbadiymnt s the gate further includes a | ayer POT/US2003/026487

hi ghl y conductive polysilicon 312, or alternatively a
refractory netal |ayer 312, -7 WD 2004/019394

PCT/ US2003/ 026487 fornmed on the ternary netallic
conductor 310. In enbodi ments having a refractory
”efoﬁhed ayelre,teﬁﬁ% th@¥Kit c3ddictdr Gl o! dﬁﬁerﬁ@ddlﬁéﬁtﬁ’ﬂhﬁnﬁ and
not by way of [limtation, refractory netals suc

t anfrattom metal la}mruﬂﬂﬁ ém/@r 8 Lhigsiudes fos empig,dmdoiot by Way of

Fornatlon o devel o

eéPP§a¥@§W %Egﬁm%%nn EW&mgg E@o be
call ed as alternately pul sed-CVD'. In this technique,
gaseous precursors are introduced one at atinme to the
s uMethraals of Formatien and 10 bet ween t he pul ses the
reactor is purged with an inert gas or evacuated. In
the first reaction step the precursor is saturatively
chem sogfagf fhydrTsepasilsh tékfoped M fiRCErly aoyls%%bdiﬂcétfbe of
subsequent purglng the precursor is renmoved fromt

r e@¥Daand chn alshde seltahd hﬁﬂp&ﬁbﬂh@rdﬁféb rEUhBNamnmue

i ntroduced on the.substr t he d fill ns
gr%ﬂﬁEWSrPé%‘EBf%OWF &H@éﬂﬁ?ﬁ%@ a??.\ totﬂ'I‘Fa ﬁfﬁ e purkace; By

Qfﬁl eﬁgs the rdadfor B i Wit B RRAS, a8bPeRiif8E Ruthe
fron1 actor When e precursor chen1stry 'S

f afnet mbcbtm,n stepethe pmeunmers lsatsmtlvalgfshemlsarbstdraeﬁmtsub\sttatﬁ
each other ggress one cl e can be

pr&Fi3renand ARrmg e sp H“ e am URSAS TR e frgm the
deghape Ctﬁftﬁeoyxcgyda&eﬁ %afeg gfe%urs&h@ istddukiden &r%%hysrtet@gtnd the

ALD i's e saturation he reaction and
p udegiredyfibhegrewiihicattionatkles ;ﬂah:e difentHat ﬁrxelréadtuombypmgucts and
This brings the large are uni formty_and
otﬁP BFSTHISPE SXcetsrEe Rggpd P mﬁmreﬁﬁ%rpewﬁ%@e@re%eer as
\é@ué is Y&/oYa é f feel.‘h@ ﬁl’ecﬁ@&e%is a?nﬁ rBAR DA each other
su rates, deep tTenc the extreme cases
of agngsSiMSly,Sd)ﬂel ADD cgold chi ‘gmpnefurfnad én Bxethas ohé sondith the

alum na powers. Also the control of the film
t HiteRgiBedssigaed flowi PR 1e85Misr d and can be made by sinply

25 cal Oi’ﬂ(fas‘thﬁ%étf%?%rg P W Q¥1?é s%&ratﬁln%t"ﬁié;h@ féa]%&?éddy

develope ture un1nescent an ectric

f i purginpergedhich redles thedrowihnselfdanitindi Thisdymgs dredagelatda
of effort has been put to the growth of doped zi nc
sulrfogaity Ard sondarmatity.dhs mast RpPEAnt PEeRertiRs of AL asshewwp in

ALR D afP68 asdh U 8P butstified a0 fehediahd B @R Extreme

cases of porous silicon and high surface area silica and alumina powers. Also

the control of the film thickness is straightforward and can be made by simply
calculating the growth cycles. ALD was originally developed to manufacture
luminescent and dielectric films needed in electroluminescent displays, and a lot
of effort has been put to the growth of doped zinc sulfide and alkaline earth
metal sulfide films. Later ALD has been studied for the growth of different
epitaxial II-V and II-VI films, nonepitaxial crystalline or amorphous oxide and

nitride films are their multilayer structures.
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epitaxial 11-V and II1-VI filnms, nonepitaxial
crystalline or anorphous oxide and 30 nitride filns

PCT/ US2003/ 026487 There has been consi derabl e
interest towards the ALD grow h of silicon and
germanium filns but due to the difficult precursor
chem stry the results have not been very successful.

React i OhSEAHENGS cOhdMdrFste Mibdbstlibliels RRVAT DYYSH ! of silicon
uni que and 5 unmatched advantages: Continuity at the

i narel geameniavofiidisimt dootd the didfi¢wepresinsdreheintiryrtbeieswlés have
that .are typical flor CVvD (<20 A) and PVD (<50 A
f i PHPEeRYEYSHFEHEU t his continuity, the substrate

sur f acerBusibn REqiRAEd xﬁbgﬁstmb?ﬁﬁﬁs KHvie@6¥dryl unifheintih
the first exposure of RS-ALD precursor. Unmatched

c owfroatpleddi adyambegas: t oughest substrate topol ogies with
robust processes that can only be achieved with a
| ayer - by-| ayer deposition technique. Typically, |ow

t enper agbfi@n @Rt el ifleYrnd i Bhd o R1yARERS Ruclddting réons
15 thought to"be a mmjor advantage for gate insulator
pr oc es sthagaratigriea] faldpBRI(t<i20 ) @hd RYD 650 Ap AlrbasBalachieve

dielectrics without oxidizing the substrat with.th
oxi dat | BHR SPLEIRS 9 SDSTeE st Mottt alond oo ifedly
abi | i tywitg HRGsNEGosillok RSANED phditppt e il s,

possi bly down to "nonolayer resolution, as well as
al t oy cOnpaghtdcdrnfbmsalidppeatougheds suliratertopelegied with robust

ability comes fromthe conbjnation qQf bei ahle to
cont r ol Pfoa%sﬁ?x%'ﬁ“ﬁ‘i GH %ﬁ’t‘?? Z:}EWB? ‘%‘E ag%s@&ﬁgﬁ%ﬁr gFRPS%t’r?é‘
abi | i ‘tytegﬁﬁ&igégosi t continuous nonolayers of anorphous
films (that "'I's unique to RS-ALD). Unprecedented

pr ocessTymbalbt toss &mpRiatik BndpmildbssadizargeprdcessesofThisiis st
waf er effects and the chanber _de ende{]ce. Accqrdi ngly,
RS- ALD 98ughde e & gl A0V aReeda FAF OIS RHRIERTS PR

devel Oplﬁ'é?é&%itﬁ)ﬁ o ﬁgxﬁgﬁkbﬁﬂas@@ ielé‘cfrfBg}véﬁg)ﬁg ?}ﬁg&ﬁl substrate

waf er s Thi ckness depends so er o

cycl es. (vilh thkoesiatic@prdoersor) dd amapbricoticeas a si npl e

res ' pe I%E% algi?i%t tione%gpn%ernnenell%lgyg{ la:?n?gailté Iﬁ?rgs% Ipossibly down to
monolayer resolution, as well as alloy composite films appear to be
unique. This ability comes from the combination of being able to control
deposition with monolayer precision and the ability to deposit continuous
monolayers of amorphous films (that is unique to RS-ALD).

. Unprecedented process robustness. RS-ALD processes are free of first
wafer effects and the chamber dependence. Accordingly, RS-ALD
processes will be easier to transfer from development to production and
from 200 to 300 mm wafer size.

. Thickness depends solely on the number of cycles. Thickness can be

“dialed in” as a simple recipe change bearing no need for additional

process development upon technology generation advance.

-8 WO 2004/ 8a'9882003/026487
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advance. 30 -9 WD 2004/ 019394 PCT/ US2003/ 026487

wabkonoadayer Deposition of Ntrides Ta-N PCT/US2003/026487

Pl asma- enhanced atom c | ayer deposition (PEALD) of
tantalumnitride (Ta-N) thin filns at a deposition
tenperature of 260 C using hydrogen radicals 5 as a
reduci ng agent for Tertbutylimdotris(diethylamn do)

t apnioMibMa e ISepagieibn deNmfidged. The PEALD yiel ds
superior Ta -Nfilnms wth an electric resistivity of

400 iflcmand no agi ng effect under exposure to air.

T {1 d h h f N fil

formh Bymnsridiecduei fowdeanriontrd R tebulfiie
hy@tra il A CalaSdepbditicHi@hbe@Rire bh2CRC H8RE ﬁ}rdrsgenf T iBls
are not anor phous, but 10 rather polycrystalline

St asurctedvaEng fgant ﬁnrtTethyllfﬁmtld‘éd@ﬂUimmd@D t@m}hmahwerﬁemy

f.th f ith.th ti
P R R il TS Blsied o Sehs ssistviof
an@b(geEnA;@rﬁ laRd 86 Tgm% eﬁ‘éct%@ép e%pc/é’u?é toCR¥, DPHE fileP&stty is ngher

t he LD of nms, hydrogen radicals are used
r ettiac thago BN ﬁhmssibea@ﬂ b))f tleeBL AlBj mhwhish Déhas wed anstead of

AN R B R RN e
t %&1%; g&%@s@ﬁm%@&u&uﬁm? cAbif ERQS IThi: qensm;;raﬁa %Hrsﬁauﬁﬁtylo%%he

Pa In reactor using (Ne
[ t Bmshncrghsesivdit the plse tinkpF hydrdgdn Eatnad. UFhe ﬁiBl‘EEaEélTa—aJsh in

a precursor f Ta. The uid SOL _1sS.co
 EspRend e tin e S Sl e Faa By S CALD
ar gor, N sI8RPSIn il c QY Qe%s&?ﬁ‘ﬁa‘dﬁél Téeﬁi‘%s?ééﬁ%?W to

a metal | organi c precursor 20 of a purge period

wi whickis ussdds ameagtanogasrie typocah ' d-rN)géIﬁ) Hikssae ddpositedwead
by.nter rge. period with Ar. The replod
£S %ég@gc"%ﬁgl ‘g‘i‘fﬁ’gtaé ége%’é%t%éﬁng%f@ﬁ“? é['a%f‘?)g ﬁ? anélaf’s poFLign
%‘ilfesoft ha P8GR ﬁgﬁeﬁer%acft&qm%qg\gz r%,qta@f\]bu‘-ro

ite an mai ntai n the hydrogen synchroni zed
WI [ctdsrtuulnsdlmldepisedlethplamma)ﬂaatalm ﬂ&fﬂaﬂ"@pzhsaerprshnwobf Ta. The

FL&%@V Bi<Guoh oIS She HGRAGIMERAL 1 SRhpted by 35 soom

b I
BB DR OBl RSB GSr  | PGB o
soefi TRTDREr apege ptriad wilvdr, oid ah@pdiure © hweccgea@ktshm

el ectrode. The | ower | ectrode, on whjc
mgilpwégva%%t o1, RS Rod e th ﬁhlet% EWH%E%"l%dn 15Seconds

instead between each reactant gas pulse isolates the reactant gases from each

other. To ignite and maintain the hydrogen plasma synchronized with the
deposition cycle, a rectangular shaped electrical power is applied between the
upper and lower electrode. The showerhead for uniform distribution of the
reactant gases in the reactor, capacitively coupled with an rf (13.56 MHz) plasma
source operated at a power of 100 W, is used as the upper electrode. The lower
electrode, on which a wafer resides, is grounded. Film thickness and

morphology were analyzed by field emission scanning electron microscopy.

-10-
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nor phol ogy were anal yzed by field em ssion scanni ng
el ectron mcroscopy. 30 -10 WO 2004/ 019394

WOCTI#I$2003/ 026487 Ta (AL)N( O : Technical WoOPKT@IS2003/026487

thin filnms have been studied using TaCl5 or TaBr5 and
NH3 as precursors 'and Al (CH3)3 as an additiona

reduci ng agent. The deposition tenperature is varied
bet ween 250 and 400 C. The filnms contained alum num
caTbhADN(I@): CTdchicalevdrkputhih ifitms haveebeeh Istudiadensingra€iis or
decreased 5 drastically as the deposjtion tenperature

i s TpRG ra@é%&.aswmor%ﬁnéeﬁéﬁse%ﬁ gy addgpnaloedugingagral The

| 1.C: . %.C ' | ° |
bl g AL 00, A0 0oL Qo
pr sloessas, cartich, iechlodiisd ingusitieke rEhelchldrine coidniNHBreased
TMA- TaCl 5- NH3, TaBr5- NH3, TaBr5-Zn- NH3, and )
Taffesucpili sl deppsition smperpirg & ingigased; The dilipdeppsited at 400
oV 5h i AR RO S o B8 L ERGHS

ar e3@0.Qdd 0 Fivdalifferent depsgit@t proedsyes vilThipalsise orders TaCl,-
introduced into the reactor through a mass flowreter,

a ANMENIN .y AMA TabhdNHs, dePendHa Radityén-Nike and eBidMATNH;
4 ! ¥ g
R SR TR P B A Bt T}

t hfeacigh Theeiperhtion amthesates irdaCa), TeBr, Patldsen ire90S140, 880
0.5 s for 15 TaCl5, TaBr5, NH3, and Zn whereas the
pulGdesnsafydly-oAmmanis 15 itsedueed Biq theapnactay throgglya mags s .

L.h ﬁoévﬁl%%r,ha Sged}ehx%hpeu rrngcf 2 ?olf%rﬁ)zd #'fﬁvg | TRy ﬁO\Q .'rgie oy afdjltlsrt]eél to 14

rogen gas I's used rafsportation o

pr siedr &iingad ¢bndigucusiFg i TII AR keptldi@ coha@umt l’c@hdﬁer@tﬁre of 16 °C
nitrogen is 400 sccm_ 20 TiN: Atom c | ayer deposition

( At pdseddhipush dipsnopilr and pelgnaid vaiveo Pplse times arel07ps for

an h b chieved by,the alt te su of

i eg?:é%’%a%gﬁu C%gggzﬁmhﬁﬁe@iﬁg éiéés)eﬁn 1 OF TR & vaHEP !)élrween

[ t eRraaliosy £t Thd 18R WF BePule) fuldedd alwis 0 BENVATiLro 2@t iBused
These reactant sources are injected into the reactor

i nfor e trasisperidtion of tlpeprecurspERAT as/apenginggase Thaflogaste of
pulie NH%_gas ul se and Ar gas pulse. Film 25

t hURRES 8 Fc%gtle saturated at around 1.6 nonol ayers

per cycle with sufficient pulse tinmes of reactant
sources at 200 C. The results suggest that film

t hiTE%n édemicdayer dypiséicnd WLP) of ewertphous/LiN fiheon Ry HBtween

oD L L D e S5 RS ORATEESRA Tocs,
Ti[N(C,HCH,),], [tetrakis(ethylmethylamino)titanium: TEMAT] and NH;.
These reactant sources are injected into the reactor in the following order:
TEMAT vapor pulse, Ar gas pulse, NH, gas pulse and Ar gas pulse. Film
thickness per cycle saturated at around 1.6 monolayers per cycle with sufficient
pulse times of reactant sources at 200 °C. The results suggest that film thickness
per cycle could exceed 1 ML/cycle in ALD, and are explained by the
rechemisorption mechanism of the reactant sources. An ideal linear relationship

between number of cycles and film thickness is confirmed.

-11-
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bet ween nunber of cycles and filmthickness is
confirnmed. 30 -11 WO 2004/ 019394 PCT/ US2003/ 026487

characteristics of TiAIN thin film deposited by atomc
| ayer deposition nmethod. The series of netal-Si-N
barriers have high resistivity above 1000 i @m They
proposed another ternary diffusion barrier of Ti ALN

TiITAAMNT ikdD &é%)@dlfsﬁéh SapbB& ths tstudGlof iR dharasfiikigesf TRAIN
consi der abl e contents. TiAINTilnms are deposited

usthimqilnt@p'ﬁisi@lld)}emqmodaypgﬂpgqsmommﬁhcpd hijlefr segigs of metal-Si-N

t. hypi di H- EPP j
TS P g bty shcye Tapbibies THRLBP08a wPu 1D
| i cﬁfﬂlﬁoé‘%arﬁ%r of HAINCTRRIN fith bQlb&ra NaCPsthld@ur&alpite of
chanber, which is supplied by a bubbler using the Ar

C amnmderaglasklwontwnm fILAIN filmsare lepwited using thecl10Mmad EPP

et R R e (CRERORER L i A,

NER BR8] SredlrS@s %ﬁ)@c@\%l}a TieRGk SBdorHas ﬁ%ﬂgth'etliﬁuﬁ' 2@\4’3 15
rate Is about 60 sccm Ar purging gas is introduced

f dIC artientrodpicé o stepAl Bichamberf which issupptied bua bubbler using

t ant | d
[ heer Bt asuiadivases TG Goo TR BT bfuswir e
' Sevlﬁﬁcﬁiateﬁ%[‘ 86 80tind thiRdBuleMAnfo?hs ALEPchEnBeMNyith the same flow

organi ¢ atom c-layer deposition (MOALD) achieves
neate-qidii€hc The Nihpas Buatsoaged s zemaetant gasand ob ﬂpwefeﬁes%algout

MSQECFecHvGga €6t SERRiFY i e SReBlTIF ApatiioR g & soboe
S %ﬁx‘d‘?@%c‘t@lt r%a%g PRt AINCA mE z{ré\l&%\@%)&gj & tl[lé féhfp@fﬁ'tv?res bel_tv|4vsaen 350

) titanium | ane 20 (Si
amhdaﬂl@ﬁﬁﬁll and (tdtalB)resdnasis ﬂ{epircodﬁaﬁlto ibe twatmtr.eval uat ed
the Cu diffusion barrier characteristics of a 10 nm
Ti-Si-Nfilmw th high-frequency GV neasurenents. At

18pisind 2{’(’@5‘1’-(?%8?% LeIRe [%E:l“c[e%o?lﬁbxh gﬁ@mﬁ&ﬁfé‘vl&%ar— erfect

separ at e sequénce 0 I se ane
put&ecovatagde slep aadomiticd procissly. thd thécknsss| and@nmgpomtlem of § grswn
the deposited filns and the dep05|t|on t hi ckness

indfilns. AMOAED teghmpne Rrdamagnhti-SirN f@maflsmg«oaéweeﬁ%z

45 R I DS BB PRI A ST

C O$iI€))} anddepacaie ONH, ), Basticen kle\mgdgeddnd tedleattd thedin diffasion

¢ olana\ér(?er:]rtclllgrr;l%tlengtlgc%rgf c:«;»allo_n\rlriJl %l-gi-N film with high-frequency C-V
measurements. At 180 °C deposition temperature, silane is supplied separately
in the sequence of the TDMAT pulse, silane pulse, and the ammonia pulse. The
silicon content is the deposited films and the deposition thickness per cycle
remained almost constant at 18 at. % and 0.22 nm/cycle, even though the silane
partial pressure varied from 0.27 to 13.3 Pa. Especially, the Si content
dependence is strikingly different from the conventional chemical-vapor

deposition. Step coverage is approximately 100 % even on the 0.3 pm diameter

hole with slightly negative slope and 10:1 aspect ratio.
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deposition. Step coverage is approximately 100 % even
on the 0.3 mdianeter hole with slightly negative

woehop®igard 10: 1 aspect ratio. 30 -12 WO 2004/ 8¢9294003/026487

PCT/ US2003/ 026487 WN:. Tungsten nitride filnms have
been deposited wth the atomc |ayer control using
sequential surface reactions. The tungsten nitride
filmgrowh is acconplished by separating the binary

I eN: 0n L YWbnitei dHBms RavPMet depdsited YA thatbRfi®laldontrol

hal f-reactions. Successive application of the 6 and
NHBsitgpdeluerBial ewrtace osestions. dine ABYBten. mtnde @ﬂmrgc@mbrl@ duced

tun ni.tride de t

et AEERIHG b0 A P AR For™ TAne P

' némf %ﬁo @d&& hikrSREGAS Cﬁl‘éé&&ﬁvgﬁﬁbﬁc@ﬁ&gofﬂl@ WeVAaue, ©fif
* surface species on high surface area

palretwtmnesn am}xmga t.freqWBGe predupddduhgstdn nitiletdeperition athe

FTI tro coere I ted th 6

na SRS GTRa R bt i el EEha Toderl s o \%uﬂgp Gsiom

etlrﬂﬁ‘%fe% HTRS) pellficdby Ill&llﬁ)'réd‘lthé REGLS C and NH," surface
| pso try m)mtoredthefl m growt h on i (100)

s ufpstieabe high. sutfecqereaparticdeaddingtbadiBrand dpdsifreactians.
t ungs nitride depaqsifion rate_of cle is
BBk Shecttons oY dengmsitt T VR S R At fons bre

ex%bt%g;ﬁ € afd 300 Rk te ;Q%R;p ., 60088, pﬁ%l’cuvs‘fké’tros%%ﬁlély

ectron spectrosco th-profiling'1
e xq:lhpsanrmﬁfcysmoiﬁtcﬁemma éidintgtmmhtdmeSl(hOK))rwbls‘aate as \AEJNperature and
stoi chi onetry vvlth | ow C

C RERRRUSHPPBAS, AYunesien ity r—genqsawn rﬁR?éé?ISaa‘Vr‘\&q“syde is
" CHEREL 4189 - BOFK fobE tag@mx tLdcBit EdodBred! $000 L and

mcrocrystalline. Atom ¢ forcé€ m croscopy
mebl00Ehaetctifely.hK-de phsbélecrdn dpastrasbeerdepth-profiling

kably fl f nd h fil
;,?%'s‘ie%a%en%@gae%ér% e B R arzfé'ﬁqtm@@m Ggnd
di ?PI&?I o (:Q)nngtll Fléﬁ?% r)@%é}‘dl%acﬁﬁﬁ’ H{Vgst%? dlUVI < dthat the

contro on cont act
Alfngstbnmitidentilnistare ohécrekisthllihas Abmein f@temorosnopyr ous

silica by atom c |ayer _chenical vap sitjon
( Anesgmyerpenghok the AercRieddikms ahssrved: %ﬁbgyﬁ WA indicating

pr ﬁﬁ&ftﬁ (ﬁzxﬁ gﬁéﬁbﬁ %%é[% oMg%tlé% ﬁ@ﬁ&;?f fﬂﬁe Bﬁfeﬁ%lﬂ{]&omlc

separat e at'urating rea aseous
priageircdatrsl shiotild Hehsed ad dittusioh sbtad] s Ca Micoraid aadyiarficdes.
are reacted at 423 and 623 Kelvin (K), respectively,

on silica which has been dehydroxyl ated at 1023 K

Pr gi e %1&9111‘0{1& Btri”"c{y@%f‘ha%tbegg grolé\ln on porous silica by atomic layer
chemical vapor deposition (ALCVD) from trimethylaluminum (TMA) and
ammonia precursors. The ALCVD growth is based on alternating, separated,
saturating reactions of the gaseous precursors with the solid substrates. TMA
and ammonia are reacted at 423 and 623 Kelvin (K), respectively, on silica
which has been dehydroxylated at 1023 K pretreated with ammonia at 823 K.
The growth in three reaction cycles is investigated quantitatively by elemental
analysis, and the surface reaction products are identified by IR and solid state
and Si NMR measurements. Steady growth of about 2 aluminum atoms / nm?

silica/reaction cycle is obtained. The growth mainly took place through (I) the
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The growth in three reaction cycles is investigated
guantitatively by elenental analysis, and the surface

woeemoigae4 products are identified by IR and soPCH/USL@BB26487

30 and Si NMR neasurenents. Steady growth of about 2
alum numatons / nn2 silical/reaction cycle is

obt ai ned. The growth mainly took place through (1) the
-13 WD 2004/ 019394 PCT/ US2003/ 026487 - reaction of
TNB M ST TNEA W i @febiflted Uh E@Ee A 1=-NTE add 8li-Sie-dvburl ando@l) the
and (11) the reaction of anmonia which replaced .

al neadtioinuafaordédwhish mgplacgd elwseinigim-honded apating ggevps pyth

Ammoni I . [ ith. il -
e PP oy ASTRG e Forc e i bt SlcoreBRRg RRgh
TR farfitd RXBO8isIciAbBRactibMd I TM & a6itedowhid bridp@s. TMA

i
am no groups, as it did wth surface silanol groups

anacied with tles amind dgwps, a5t Génetesuriaghslanpl sonpssd siloxane

interacted str I i.th the silica substrate t
e i sehEah XN e it Rt R bR e v,
f oyl theloBivd Fe%@tiorﬂ@cle%lﬁ-@’ﬁé 8itdk rAay VR FYmEkAVi Ce i 'S
illustrated according to the teachings of the present

i nvention. The nmenory device 440 contains a nenory
a;ﬁqé 442, row and colum decoders 444, 448 and a
sen€8’@nplifier circuit 446. The nenory array 442

consi st 19by@ AMUABRSryAevick W lustREd &%I,Id%%%qhe RaMiing of
ternary netallic gates formed by atom c 1ayer

detho pidsewrinventios.e Thomambiyndsyictg@d 0znutabista memotyreey 442,

are co I rran [ o rows and caql unns.,

r e@&e@%@w‘%ﬁ‘ 3%‘?361’8?'?4’ ‘ﬁsr?gg S4B CSRHE %I‘Iﬁ?ar“ihﬁy
442 - RAbR, £RYR0BEki§Oof NEUABHT t@iBétbi dcBls 400 HeMire terhdhs
while its word |ines 480 are connected to the row

demetdBic gates forhukdriystomianiayer depastlons whosel wordimes Aiandobpit
address/control lines 461 into th nory devic 4Q.
e JAR i iy SR G TeE o B Fesprgiyen. The bt
a Cﬁs{4‘6@ lof e hbthdryAfiGy 308 2R QohQMAGE AtEen S @ANehr RirBuit

use 0 gain read"and”wite access, anong ot her

t 46y svhile tits woné linesrvg0\araconaypctdd B, th hew dedadend4de chdiiess
448 is connected to the nse amplifier cirguit 446 . .
i B GRIPOHERRATE SR aiFes COQI?EHQI%E% i e mEp lerice
i Lddl ' ' i I8 9nd

| puSe It BB LI ELG il pD SRS g

outopud ez odatdd4rapd drefusedriat geén repdang waite aogestd@nongeother things,

I nput/output (FO data lines 463. Data is read from
t ht themeriosy 2Rt 4denory array 442 by activating a word

The column decoder 448 is connected to the sense amplifier circuit 446
via control and column select signals on column select lines 462. The sense
amplifier circuit 446 receives input data destined for the memory array 442 and
outputs data read from the memory array 442 over input/output (I/O) data lines
463. Data is read from the cells of the memory array 442 by activating a word
line 480 (via the row decoder 444), which couples all of the memory cells
corresponding to that word line to respective bit lines 460, which define the
columns of the array. One or more bit lines 460 are also activated. When a
particular word line 480 and bit lines 460 are activated, the sense amplifier

circuit 446 connected to a bit line column detects and amplifies the conduction
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line 480 (via the row decoder 444), which couples all
of the nenory cells corresponding to that word |ine

of the array. One or nore bit lines 460 are al so
activated. Wien a 30 particular word line 480 and bit
lines 460 are activated, the sense anplifier circuit
446 connect ed to a bit line colum detects and

anghiddi tBdu %ﬁmteflcelralﬂ MR R84 PR Ane 460 by
PCT/ USZOOS sensed through a given transistor

c ehbasarniog theemﬁa‘rﬁalrcaﬁelteoca hedwhint the actevate@diblyne 4fﬁ§)mdral ng

hegpot il ol Lt ence, Beueen e tetl 4ot Mo e

' %ﬁfde‘f@ iBh brhi gﬁr%n cABRIBuple o & Q‘%uﬁ@éﬁso@tﬁ%ﬁﬁ& bpﬁréyl}ﬁate
source reglon of a given cell I's couple to a grounded

sdupcsovmg. The eperatjonpifadensy(device shtsmyn.phﬁhle in@escrlbddo hor

ST o A BRSSPI ol S

5 W@@%&hn%idggﬁé' gned to M cron Technol ogy Inc.

Figure 5 1s ablock diagramof an electrical system
or pr océigeersibadbebk dagsie wf abectivallsystemgor pracssetimsed

3? e Py B Ber v aiode beas s me elt g by
oﬂﬂ{celﬁgé}td \AB&Y‘L%H a}c%‘ndi §0£5 theet)éédmjlg‘%'of @ﬁ/e nPinvEXAP 1or

an not imtation, nmenory 5 I's

C oaxatmplis; 1bg dvaymf axaopld am‘:aotvhyt\m}t drfé1mmmanmenrmn5eﬂt2i isn

to have transi st or cell having ternary netallic
geoBSTiSFhBeRRFdancE it tfla%qseraérg fen phlavediRagiser oglise

[ [
b S S R B
syiaveattionGnotesplienisedcandhe emesyas tapply tatrpnsites sn deriRG) etc.
system or any of her Sé)stem enpl oyi n‘g a processor and

asglafcwra@eéaor gysteh00 MIebeaf gD FHYFTHe & PERCEERORPL
FrAFERR Al B e sy TR AR gy, T

d eyystes H08ncvées scentrsl fradékssing tnitISPUPEOY) Gtgedt Ihh&tprd)dfeesor

bus 520 may be a, series of buses and bridges commnsy
26@%@&@@%%%@@&@@%@2 89 e i dsijicePgp over a bus 520.

R SRS TeEhDRZRR: PV day bOF 1 o B 8 bHEER cppmonly
i |hsed in apedessobbidsed Systah, bue f@ssavenidnoe pﬁ@oﬁesml}t, Itl&: bus
i nvention. The processor-based system 500

i n%aq}@éwreawswp@awls bpRapeend Vé?wélewli%é plwarated
e géﬂlgsot@n%g% g&g &&@%E%qﬂﬁ IguJA Gﬂ%é&’de%%r% LhoBsy84 500

can also includes read-only memory (ROM) 514 and may include peripheral
devices such as a floppy disk drive 504 and a compact disk (CD) ROM drive 506
that also communicates with the CPU 502 over the bus 520 as is well known in
the art.

It will be appreciated by those skilled in the art that additional circuitry
and control signals can be provided, and that the processor-based system 500 has
been simplified to help focus on the invention.

It will be understood that the embodiment shown in Figure 5 illustrates

an embodiment for electronic system circuitry in which the novel ternary
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25 that al so communi cates with the CPU 502 over the
bus 520 as is wll known in the art. It wll be

wappuaadated by those skilled in the art that PCT/US2003/026487

additional circuitry and control signals can be

provi ded, and that the processor-based system 500 has
been sinplified to help focus on the invention. 30 It
wi || be understood that the enbodi nent shown in Figure
5 thbhRtdafd ©hsisRR EIMD /R ‘B?r afdic $yRF &éf%gﬂtl@n SHE LS. The
circuitry in which the novel ternary

zaaluttﬁm@ﬁ@ﬁ s%m maesmmnﬂguwét &l mteudegiauo@rowde a general

transi st ls, f b t I t
Ly ERtstamingd ong pp CeRen roa e B s i Sheoig o bRt
Fi gy&ion; aﬂdsls Bt BRAesh fo%eﬁfe%ﬁ 'a@%m?l&@&%&ﬁﬂ)tlon of all the

under st andi ng of one application for the structure and
ci elemerts yndfeatunes qfae skeatronit systerh using thentbviektermaty metalllc

S A et S S e e
f (r}fqnggy g%})lfc%l@% f@ieadnél't e FA Qe ROUs e ﬁ(?Je'l fornary

atoric | ayer osition. Further, th
i nmetatlicoatd sansistpuaklly fappedibyabingc ﬂayeadgposnma, "amids n9pe

Criniebed By i Eermibys sk ooyl Ot SEfigh the art
an\gﬂi En Rtand! B réﬂ%gec{rgmpgyiérﬁ‘cﬁ £6 E@rit{tad 1rﬁs%§élEleQﬁ&ge

above. oné o nary s In the art 10 W
u npiecesbmg dipits we Iav«anonazi sogle semTosgwta@whgaim drder to reduce the

fabricated. in,si e- p ckage pr SSi its, or

e ERTD R DB E O ALY B e MY derict o
reduce

5052 N4 4TS L O g
nofoeed by admic geradebbsitigabeddserivesliin ttlns dselobwe, méludered

by atom c | ayer_ depgosition as described.in this
di Jeqtessi wstemidpiis 1 Begione mogpies, dsyise 3{%@%0“(% gqdnles,

Tt T b ) MR BB IER gt o,

apgld raayg inohirds pettilhyes, modichpanoddesd Swely cirewdtrydan further be a
mul til ayer, nultlchlp nodul es. Such circuitry can
f UFAbRIPD g Of %w%h%fcﬁ%@ﬁrpn@fsyge%rﬁu@h §s flogh.adelewision, a
e Kan
=SB ne 5l Qpfth B op Redrfole, B Bucifg) ol BARRE an
cogitorgtt, sppotiem. an 20 aircr af t, and ot hers.
CONCLUSI ON Thi s di scl osure describes t he use of
atom c | ayer deposition of ternary

CONCLUSION

This disclosure describes the use of atomic layer depositibn of ternary
metallic conductors as transistor gates. The composition is varied and work
function varied to control the threshold voltage of both the NMOS and PMOS
transistors in CMOS technology to provide optimum performance.

It is to be understood that the above description is intended to be
illustrative, and not restrictive. Many other embodiments will be apparent to
those of skill in the art upon reviewing the above description. The scope of the
invention should, therefore, 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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metal lic conductors as transistor gates. The

conposition is varied and work 25 function varied to
woaoni4road3othe t hreshol d vol tage of both the NMOBCafuS2003/026487

PMOS transistors in CMOS technol ogy to provide

opti mum performance. It is to be understood that the

above description is intended to be illustrative, and
not restrictive. Many other enbodinments will be
apwarents ceAmiresg:of skill in the art upon review ng

t he "above description. The scope of the 30 invention
shoul d, therefore, be determned with reference to the

appende cl.ainms, al.ang with the full scope of
equi val @HESHIGL (RTRHS 88ch clainms are entitled. -16 WD
2004/ 019824 Red/ /323086026487 WHAT IS CLAIMED IS 1.

A transistor, conprising: a first source/drain region
55 a secosmosbsouce/diriairegioegi on a channel region

bet ween the first dth con our cef{ drai n, reqi ons

2 gat o SepERdlrEaon POmerh e R G A gEreEoRs

I nsul at pgate Bdrdh%he GRLEC rOSIVBLS gite I uNAGLY wherein the
netal li c conductor forned by atom ¢ | ayer deposition

t ogatgpmolriddea teneary metedlioycanduetbt formedhyl atormie laget depasition to
conposi tjion engi neered to provide 10.a desired }
¢ HPBERs s penaaas corp g Sypposihagitivgres o provide

100|§?&%%dﬂﬁgg&ﬁiﬂﬂ&’§ ternary nmetallic conductor
i ncludes Tantal um Alum num Nitride (TaAlN). 15 3. The

transi stor according to claim1, wherein the ternary
met al |1 conduct or includ?s Titaniu Aluninuq%mh%ride

( Ta-ALN) They fransiston qesonding (9 et do PO 16 (OPE i

WheSRhto ﬁ@1uhs§fﬁﬁmm&§¢A1a{r1(iﬁLﬁ% NioRAyEL AN el udes

Titanium Silicon Nitride (TiSIN). 20 5. “The transi stor

according to claiml, wherein the ternary netallic
conduct gor includes Tungsten. Al um num Nitride N) .
156 The. Thes ranaiior scsgdoticlo At ATt Berangy aueaing
cl g Sl {*r-&epﬁng@h i NFBOEFiAIqE! udes a
cdﬁgﬁggfgglﬁb ysﬁ I con nger fornESHOn fhe ternary
nmetal lic conductor.
4, The transistor according to claim 1, wherein the ternary metallic
conductor includes Titanium Silicon Nitride (TiSiN).
20

5. The transistor according to claim 1, wherein the ternary metallic

conductor includes Tungsten Aluminum Nitride (WAIN).

6. The transistor according to any of the preceding claims, wherein the gate
25  further includes a conductive polysilicon layer formed on the ternary metallic
conductor.

/

7. The transistor according to any of the preceding claims, wherein the gate
further includes a refractory metal formed on the ternary metallic conductor.

30
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7. The transistor according to any of the preceding
clains, wherein the gate further includes a

woebraatony netal formed on the ternary netal | PCT/US2003/026487
conductor. 30 -17 WD 2004/ 019394 PCT/ US2003/ 026487 8.
The transi stor according to claim7, wherein the
refractory netal includes tungsten (W. 9. The
transi stor according to claim?7, wherein the
ref, I acteWriBisRk abddedibE Sclaitn ¥, aMicadid M rEEhctoROnetihi@cludes
transi stor according to claim7, wherein the
r ¢fmgstangdW). net al i ncludes titanium (Ti). 10 11. A
menory cell conprising the transistor according to any
of the preceding clainms, and further conprising a
sayir cel G mAMpr %900?(911% REc18RYY Geheréif PherR fra&Eryametal includes
transm ssion line coupled to the drain region. 12. A

5 meamalpnafTaay i ncl udi ng a nunber of transistors
according to any of the 15 preceding clains, the
transi stor array conprising: a nunber of cells forned
oM S Rk Rior WhEhP 1£AGI 78k herbil thd @8 actBEy mb@Pskludes
one of the nunber of transistors; a nunber of bit
| ititessiumg{pl. ed to the drain region of each transistor
along rows of the transistor array; and 20 a nunber
of word lines coupled to the gate of each transistor
al gng gy i1 i i any of the

19 seﬁ“f con‘ggllclzt or 825/?(%2&? nc ug%r?gglggaﬁ%cﬁg%;/ng‘;tro r a3}/’
agmesedingrlaimscdrgi forthé, compoimipgiasomgeliRkEconpledrta thersource
addr ess gecoder, coupl ed to the nunber of wordlines; a
i BIOR 49 A FRBSEISTIER BRI diF 8RB Ruber of
bitlines; and a sense anplifier coupled to the nunber
of bitlines. 14. An electronic systemincluding a
melory Amiemyorgaray thichigirtge minahamol ansiGrs nberding ¢¢ amgnofche
system conpri Si ngr:ansaistgr ocessor;. and -18

15 “preceding claims, the I array comprising:
a number of cells formed on a substrate, wherein each cell includes at
least one of the number of transistors;
a number of bit lines coupled to the drain region of each transistor along
rows of the transistor array; and

20 anumber of word lines coupled to the gate of each transistor along

columns of the memory array.

13. A semiconductor device including a memory array according to claim 12,
comprising:
25 a wordline address decoder coupled to the number of wordlines;

a bitline address decoder coupled to the number of bitlines; and

a sense amplifier coupled to the number of bitlines.

14.  An electronic system including a memory array according to claim 12,
30 the electronic system comprising:

a processor; and

18-



WD 2004/ 019394 PCT/ US2003/ 026487 a nenory device

coupled to the processor, wherein the nenory device
wonoed4odew4t he nenory array. 15. A CMOS devi ce PCT/US2003/026487

conprising a PMOS transi stor and an NMOS transi stor,

5 wherein: at |east one of the PMOS transi stor and the

NMOS transistor includes a transistor according to

any of clainms 1-10; the NMOS and the PMOS transistors

each i nchbgeraiesRdcegpledtdihdpfbcessor, GlREE theBE@NOH device
t her ebet ween,” a gate separated fromthe channel region

byinaludest tee nkfoinamdyat or ; and t he gates of the NMOS and
the PMOS transistors include a varied conposition and
a varied work function to achieve a | ow threshol d

vol4 ageg (dosevieP Qérﬁﬁi{fﬁ% & IPYIEY Hahsi IRt sdeM ODtradistor,
The CMOS device of claim15, wherein the threshold

5volbbages of an approxi mately equal magnitude include
a threshol d volt itude of .l.e an 0.4 .Vqglts.
T rhe ey e ror gn fravuds Bt iR

Y%efxﬁ%‘c’o? aBlor@Rlg 1 fhyd¥Rii el Mefce! y equal  magni t ude

i nc e a threshol d vol tage nmagni t ude of 3
appr oxi the NS And thANOS tiBsisthhecaCiviDBlutke\d soarass a drad, m

15, wherei.n gne_of the gates of the and the P

¢ ropend regian (b gRIEE. %ﬂhmfa%ﬁ&igﬂm HE GO Lo Wt ate

t hy 425 i ncludes the ternary netallic conductor.
10 1338@?2&% device of claim 18, wherein the binary

met al | i the gatasloftthe NMOS cind desPMOSi tressigtoneinalulde @ varied
conduct or sel ected. fr the gro of fant al nitride
(TeRgBostiop Rt vt FPHopeano A6HaVE & pgetEr o o aEss of
( i 200 19394 PCT/ US2003/ 026487 20. A
C}\/&apggc\%l%le 0 ur]iqs# g a PMOS transi stor and an NMOS
~transistor, wherein: the NMOS and the PMOS

t i st h i i

15 ' 1a6r.]SI STlcl)er (SZM%aSCde\)icrzaCclf%?a?mai 5?\% 1£:r%1en' thzé1 th(}gs?{o[]d vo%tages of an

approximately equal magnitude include a threshold voltage magnitude of less

than 0.4 Volts.

17.  The CMOS device of claim 15, wherein the threshold voltages of an
20 approximately equal magnitude include a threshold voltage magnitude of
approximately 0.3 Volts.

18.  The CMOS device of claim 15, wherein one of the gates of the NMOS
and the PMOS transistors includes a binary metallic conductor and the other

25 includes the ternary metallic conductor.

19.  The CMOS device of claim 18, wherein the binary metallic conductor
includes a binary metallic conductor selected from the group of tantalum nitride
(TaN), titanium nitride (TiN), and tungsten nitride (WN).

30
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channel region therebetween, a gate separated fromthe
channel region by a gate 5 insulator; and at | east

wonadafiodme PMOS transi stor and the NMOS transPeTmIS2003/026487

5
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includes a transistor according to any of claim1,
wherein one of the gates of the NMOS and the PMOS
transi stors includes Tantal um Alum num Nitri de (TaAlN)
as the ternary netallic conductor and the other of

t hep gat £ OStdReicBVERpASHs b PRIAS trEAdSort 4N TS transistor,

i ncludes a binary netallic conductor conprising
Tawhetkmm Nitride (TaN) to achieve a | ow threshol d

G dee QB8 oA Ry O Gty o AR e F iy o
U1 aR3hQt&ion th%?bb\éﬁee%ﬁ' Doatd §HaPIdGAnthd d]ﬁmlf’é‘l/%lon by a gate

transi stors each includé a source, a drain, channel
r eigsdatot;@riebet ween, a gate separated fromthe channel

regi on t [ tor; d.at | f. t.h
s ¢ gt P TR ki A BB riiiudenytes
t f@é}%is%r%ccﬁ&ﬁ kil hﬁ‘_sgoit Qaift, vﬂferé;ﬁ 8hdbilthe WS 6F the X OSfand
th PRe

e gates of NVIOS he PMOS transi stors

i nihb PYESS ﬁlansastons rindlhalﬂm Twmlm:h tAdurdmu(nﬂ\Tm&Q (BeAINDies the

t [ d.th t
of TG T e o PRt Eufe shibr SRS End fieery
”BPﬂcL &mﬁgf&m@&esa SeRlicl édnaﬁaemmﬁfbﬁﬁﬁgi@ar{tgmﬁo

to achieve a I ow threshol d voltages of an
apNitdde (D Ity acttersd a 2% theegiold wdkages 21 artaPpSndiealy egral
conpri,sing a PMOS transi stor and an NMOS transi stor,
whBrgdes he NMOS and the PMOS transistors each

include a source, a drain, a 30 channel region
t herebet ween, a gate separated fromthe channel region
by2h gaAe&CMOSsieh &t epmpeisidg « PV OO 20040 04839NMOS transistor,
PCT/ US2003/ 026487 at | east one of the PMOS transi stor
15 anyheRE: NMOS transi stor includes a transistor

2601 (ARl S e ant, e
Tusigahe redbu therdbetvidichy d giee §dpatahdd fasm tteechannel region by a gate
insulator; and
at least one of the PMOS transistor and the NMOS transistor includes a
transistor according to any of claim 1, wherein one of the gates of the NMOS and
the PMOS transistors includes Titanium Aluminum Nitride (TiAIN) as the
ternary metallic conductor and the other of the gates of the NMOS and the
PMOS transistor includes a binary metallic conductor comprising Titanium

Nitride (TiN) to achieve a low threshold voltages of an approximately equal

magnitude.

22. A CMOS device comprising a PMOS transistor and an NMOS transistor,
wherein:

the NMOS and the PMOS transistors each include a source, a drain, a
channel region therebetween, a gate separated from the channel region by a gate

insulator; and
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ternary netallic conductor and the other of the gates

of the NMOS and the 5 PMOS transistor includes a
woiomrogoavet al | i ¢ conduct or conpri si ng Tungst enPCRiUSR06©26487

(WN) to achieve a |ow threshol d voltages of an

approxi mately equal magnitude. 23. A nethod for

formng a transistor, conprising: 10 formng a first

source/drain region, a second source/drain region, and

a  chanpelasf §Qi?ihd BHORDSIRER ahd iR MO fralsRitorliMdidRa

a gate opposing the channel regi on and separated

t heamsfston avdoydiag td amysaf ofpanel , wisteimoms of thegatehed the NMOS and

form he gate.includes forning a nar alljc
cohaBRRRS Hantith it d el ABgalroV e o SRt a
c Ot%gﬁj %bﬁﬁic%ﬂﬂw £ hOotREDF Rl Aes H9BE NRADS and the
t hreshol d. 24. The nethod of claim 23, wherein formng

5 a BMOSaransiser aldlides e bt tnetallipyconduden @nimasarg Tungsten

deposi tion includes form t al Al um.
N B0 torsehieny iy e i voifide et AP Or B el
V\nﬁ?ﬁiﬂ]dg_orm ng a ternary netallic conductor by

C

ato ayer deposition includes formng a Titanium
Alum num Nitride (Ti ALN) layer. 25 26. The nethod of

claim 23, erein formng a ternary.nmetallic conductor
by23- at o‘grrr%e\@ﬁ%{/fgi: ?%B%"i‘ frgl}fﬁft‘?rn%‘?‘ﬁlb‘één&' ormng a
1o 1 tani nlg'a ﬁh}d'e}’(?%rzlg%%ﬁ, Wsecdn@¥Bfirce/dgalin YWdion, and a

2004/ 019394 ~PCT/ US2003 7 27. The nethod ot claim
2 Zhantd region fhercbetwgen it #sutatrgtenet al | i ¢ conduct or by

atom c | ayer deposition includes form a Tungst en
Al uni nulRFININE S S QRRRFIRE the Ci%?e.? regiompandgpazisdegetiom by 2
aQ@@fQ#@ﬂm ﬁu@ﬂ%ﬁpf claim 23-27, wherein fonning a
gate urther includes formng a refractory netal on
t he t erwheryinrfetnan itlee gatidolnties formit@.a tdimarynmetaict conductor
accor di ng1 to any of clai ng 23-27, .formnpng a ggate .

15 £ st atepuc Tnyre idgpRsitiand it dea eRRRAEIGNDSHEIPSIt PrQYHic 2

| ayslred BLOEGIgON the ternary netallic

24.  The method of claim 23, wherein forming a ternary metallic conductor by

atomic layer deposition includes forming a Tantalum Aluminum Nitride

20 (TaAlN) layer.

25.  The method of claim 23, wherein forming a ternary metallic conductor by
atomic layer deposition includes forming a Titanium Aluminum Nitride (TiAIN)

layer.

25

26. The method of claim 23, wherein forming a ternary metallic conductor by
atomic layer deposition includes forming a Titanium Silicon Nitride (TiSiN)

layer.
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10 conductor. 30. A nethod for form ng a CMOS devi ce

conprising: formng a PMOS transistor; form ng an
woluB/onszamsi stor, 15 wherein form ng at | east ®8a®/US2003/026487

the PMOS transistor and the NMOS transistor includes

formng a transistor according to any of clains 23-29,

and wherein formng the NMOS and the PMOS transistors

includes formng a varied gate conposition having a

vapy.ed RS kefhol Gl ciin 0B, WR&EBInfespag hitst@arytrhéfisic $bductd? by
order to control a threshold vol tage for each

r estowig layer depesion inghudepfonpgmeml Eesies 4 vminamy Negida (WAIN)
magni tude. 31. A nmethod for form ng a CMOS device
co Fri'si ng: forming a PMOS transistor; formng an
NMOS transistor, 25 wherein form ng one of the PMOS
transi stor and the NMOS transistor includes fonning a
5t r a&s,| sThe mgthodradénding do atyedirplam, 23a2ﬂj Whereth figtinga gate
i stor he NMOS t.r.ansi
ek Faforym 4 eAAar BBl wb NpdN e Aoy et
met allic conductor by atom c | ayer deposition, the
binary netallic conductor including a Tantalum
Ni 29.i d eTbermmhoﬂaty@qrd@g dh ansheliclaime 2RMISi@ming agale Surdrer

ey £ Rl a5 P o SR Rl
10F’Caféde1§8t@93/ 026487 32. A nmethod for forning a cwos

device conprising: formng a PMOS transistor; formng
an NMOS transi stor, wherein formng one of the PMOS

transis i stor i.ncl udes form ng

?&ans}\srf‘gﬁ ‘g@ég?lal?l% pgw@gilew]c%gomgxﬁ%ng orm ng the
ther oforfnite o PMSS tiRn&drst or and the NMOS transi stor
i ncl udes form ng a transistor gate wth a binary

met al | |fDrmmgchMO$J§ra1mmn c | ayer deposition, the
bi nary tall

153 £ 71 deW PRy o et SRR ORIt SRS PR g
taggﬁrgé)%%ﬁellﬁge%' fohing RaMEsikiF 8:BRiAL ¥Rl aFemifl 2829, and
wherein forming the NMOS and the PMOS transistors includes forming
a varied gate composition having a varied work function on each respective
transistor in order to control a threshold voltage for each respective transistor to

20 an approximately equal magnitude.

31. A method for forming a CMOS device comprising:
forming a PMOS transistor;
forming an NMOS transistor,

25 wherein forming one of the PMOS transistor and the NMOS transistor
includes forming a transistor according to claim 24, and forming the other of the
PMOS transistor and the NMOS transistor includes forming a transistor gate
with a binary metallic conductor by atomic layer deposition, the binary metallic
conductor including a Tantalum Nitride (TaN) layer such that the NMOS

30 transistor and the PMOS transistor have threshold voltages of an approximately
equal magnitude.
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10 equal magnitude. 33. A nethod for form ng a CMOS
device conprising: formng a PMOS transistor; formng

wanoMMDBIt r ansi stor, 15 wherein form ng one of PCNAISRNBB26487

10

15

20

transi stor and the NMOS transistor includes formng a
transi stor according to claim 26, and form ng the
other of the PMOS transistor and the NMOS transi stor
includes formng a transistor gate wth a binary

nmesal | i & mansllfdr Goriiig a0MODS dbeivetordgiisg:t i on, the
binary metallic conductor including a Tungsten
Ni tri deformrge 4 BMEN Bapsistathat t he NMOS 20 transi st or

and the.PMOS tr ' . have threshol d vol tages of an
appr oxi %%?lgfgyan @Q@%%m{f&?‘ﬁ ude. -23

wherein forming one of the PMOS transistor and the NMOS transistor
includes forming a transistor according to claim 25, and forming the other of the
PMOS transistor and the NMOS transistor includes forming a transistor gate
with a binary metallic conductor by atomic layer deposition, the binary metallic
conductor including a Titanium Nitride (TiN) layer such that the NMOS
transistor and the PMOS transistor have threshold voltages of an approximately

equal magnitude.

33. A method for forming a CMOS device comprising:

forming a PMOS transistor;

forming an NMOS transistor,

wherein forming one of the PMOS transistor and the NMOS transistor
includes forming a transistor according to claim 26, and forming the other of the
PMOS transistor and the NMOS transistor includes forming a transistor gate
with a binary metallic conductor by atomic layer deposition, the binary metallic
conductor including a Tungsten Nitride (WN) layer such that the NMOS
transistor and the PMOS transistor have threshold voltages of an approximately

equal magnitude.
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