Met hods OF Form ng Deuterated Silicon
Nitride-Containing Materials TECHNI CAL FI ELD [ 0001]
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[0003] Various methods have been proposed for forming deuterated silicon
nitride-containing materials. The methods utilize a deuterated silicon-containing
precursor (such as, for example, SiD,) in combination with a nitrogen-containing
precursor which may or may not be deuterated (with an exemplary non-deuterated
nitrogen-containing precursor being NH;, and an exemplary deuterated
nitrogen-containing precursor being ND3).

[0004] The methods described above for forming deuterated silicon
nitride-containing materials tend to be relatively expensive, and accordingly it is desired
to develop more economical methods for forming deuterated silicon nitride-containing

materials.

SUMMARY OF THE INVENTION
[0005] In one aspect, the invention pertains to a method of forming a deuterated
silicon nitride-containing material from at least one deuterated nitrogen compound and
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[0005] In one aspect, the invention pertains to a
nmet hod of formng a deuterated silicon

waoRdosioessexont ai ni ng material fromat | east onePCT/US2004/021157
deut erated ni trogen conpound andone or nore
Grid drandte GibOMREMMtAIGING @BMPYNLs thibdo Klst contaircioairagen isotopes (i.e.,
hydr ogen i sotopes (i.e., do not contain hydrogen,
dtendtebhtam Bdrédeint deln@riund betrigimn). cDive sildvhadontagng compounds can
conmpounds can be, for exanple, hal ogenated silicon
65 frQExaah®les hhlegéreted sitytntdampoundpsatedniad Bbinnige gfouficGhlsting of
Si2C1 6 and m xtures thereof; and the at |east one
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selected fromthe group consisting of NH2D, NHD2, ND3,
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deuterated silicon nitride-containing materi al
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i nvention enconpasses a nethod of formng electrically
$iliconl rdttidie-eorsthid yahatetial néilizes &t @agt erieddandédrbied oiitraggien compound
electrically conductive line. The electrically
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Joeowal | s. Indneidspednthaiitventien eraohaiansesga mathedicéforming
fornmed along the sidewalls and over the sem conductor
slatistaligtiresultivé siziewgll Enetie ploag sidewalls afranadledtidedy comictive line.
deut erat ed nitrogen conpound and one or nore
Tisd elgetriediigdondudtive inecisipmenids/et haemibondadtorcnibsizata. The line
hydr ogen i sotopes. The deuterated silicon
corhprisde agairtchbpposingnsidewallal Al silicaninidde-cpitainihp ynagérih esdormed
to formthe sidewall liners along the sidewalls of the
hlongthe sidewalls and over the semiconductor substrate utilizing a deposition from at

least one deuterated nitrogen compound and one or more halogenated silicon
compounds that do not contain hydrogen isotopes. The deuterated silicon
nitride-containing material is anisotropically etched to form the sidewall liners along the

sidewalls of the line.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Preferred embodiments of the invention are described below with

reference to the following accompanying drawings.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] Preferred
enbodi nents of the invention are described below with

wOo edosnestee to the foll owi ng acconpanyi ng PCT/US2004/021157
drawi ngs.[0009] Fig. 1 is a diagrammtic,
£0009§ - S eCtHignak awigyrammatic,seodscspation] olevwe facgerficangioetot wafer
at a prelimnary processing stage of an exenplary
fRpPRet atd pichiranepebéssineaid efan d@hblry Bégbct af ths peesent
view of the Fig. 1 wafer fragnment shown at a
ivegiesSi ng stage subsequent to that of Fig. 1. [001 1]
Fig. 3is aviewof the Fig. 1 wafer fragnent shown at

qaopcessimg Bisagevd bl Gite Ntwdfer frdtmterd Ehdwigat £processing stage
0012] Fig. 4 is a viewof the Fig. 1 wafer fragnent

SIPOYGUEAL todh@ FFREIL Ny stage subsequent to that of Fig.

3. [0013] Fig. 5is a viewof the Fig. 1 wafer

focagpent shevmisatviéw pf e dsg iingafsit fagenaii BRemiad pilooessing stage
that of Fig. 4. [0014] Fig. 6 is a diagranmatic view

fbsequxpmuherofiFid. @st rati ng an exenpl ary application of
the present invention. [0015] Fig. 7 is a block

foca@] am s hrayi 1ig apasv bfihkFig. fegdfer fesynadnt shewmat ) piobessind stage
of the Fig. 6 conputer. [0016] Fig. 8 is a high-Ievel
dlbesductt Rghanafdig.@n el ectronic system according to an

exenpl ary aspect of the present invention. [0017] Fig.
90018]a si rfY.i 8 isedvidl otthedliggredafeofagmert skoph ar g/ processing stage
el ectroni c system according to an aspect of the

fubesquEnt toiandfiFig 4. DETAI LED DESCRI PTI ON OF THE

PREFERRED EMBODI MENTS [0018] The invention pertains to
je01agds ofFi§.06 s rgdidgmatrenaticedes idfi e oomputer illustrating an exemplary
application of the present invention.

[0015] Fig. 7 is a block diagram showing particular features of the motherboard
of the Fig. 6 computer.

[0016] Fig. 8 is a high-level block diagram of an electronic system according to
an exemplary aspect of the present invention.

Fig. 9 is a simplified block diagram of an exemplary electronic system
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[0017]

according to an aspect of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] The invention pertains to methods of forming deuterated silicon
nitride-containing materials. For purposes of interpreting this disclosure and the claims
that follow, it is to be understood that the term “silicon nitride-containing material”
includes any material comprising silicon and nitrogen, including, for example, materials
consisting essentially of, or consisting of silicon nitride (SixN,, where x and y are

numbers greater than 0, and where x and y are typically 3 and 4, respectively), and



nitride-containing materials. For purposes of
interpreting this disclosure and the clains that

wo odos008763t is to be understood that the termPET/IUBOH021157
nitride-containing material" includes any materi al
raQsls sbm@rising,i consistinitegsehtialig f) or bowdistithy g siliéadr oxynitride
exanple, materials consisting essentially of, or
(SUNSD 5 heg Xty aidlZ are Mumbkrs greateSinahly). Aberdingly ahd term
are nunbers greater than 0, and where x and y are
‘dgdierzaéd dilichnaiiddd-contampRahategaly gnconpdisséedéadrated silicon
conprising, consisting essentially of, or consisting
Sfyniide-Maitiny fatdriatte (Si XNyOz, where X, y and z are
nunbers greater than 0). Accordingly, the term
'[oEng] er at eOns héper06f thé invieonte atratayniignnivdter digrificant expense
enconpasses deuterated silicon oxynitride-containing
a8beinicalviith dridP A brddeesaxapiizdd fof forfihgi silicen hitdde-tahtaining
recognition that a significant expense associated with
hiefitls 3 HuPtoane atizatiod ofl dettdatbasilitan-oomagindiglcogpbunds as
nitride-containing materials is due to the utilization
precutesrsdsrbmehtidnlof therdeutarhiat Biliogn sitritecsonttsniag materials.
precursors for formation of the deuterated silicon
Addordintgly, abé Indémtiongndided methsdoldwcsyr wihioly byutetatte silicon
i nvention includes nethodol ogy by which deuterated
sitride@ontaiming meteriale thaibeifognadetitoublitization deelierared
wi t hout utilization of deuterated silicon-containing
glicontoostziring presticad, Ihdiead, thesintenion wtiizes zeateted er at ed
ni trogen-contai ning precursors in conbination with
sitrbgeretontanih@brécogopy iaCombimatomaith sifjcorecdntainiog @neanrsors having
I sot opes thereof. Exenplary silicon-containing
Ny BElio$or & isutepdsahageh diethpidrl siticon-catigining geedursats aie
not contain hydrogen isotopes, such as, for exanple,
lcaogematedissilicon sbsipomgistthatsdd nat containchyddgen iisseopeSpachfascfor
silicon-containing conpounds suitable for utilization
aanmple conpousdsodondistihgofadiliedn and ichlorineni pedifes-siliwob-@ontaiming
materials in accordance with exenplary aspects of the
resentls suitabid fooatilaadorSiyrécarnors Sif AellitbratgdEROh nitride-containing
Met hodol ogy of the present invention can be utilized
fnateribisrimaemprdance with exemplary aspects of the present invention are SiCl, and

SiyCls.

[0020] Methodology of the present invention can be utilized for forming
deuterated silicon nitride-containing materials in any applications in which such
materials are desired. Exemplary aspects of the present invention are described with
reference to Figs. 1-5 in which deuterated silicon nitride-containing materials are
incorporated into a transistor device.

[0021] Referring initially to Fig. 1, a semiconductor construction 10 includes a
substrate 12. Substrate 12 can comprise, for example, monocrystalline silicon lightly
doped with background p-type dopant. To aid in interpretation of the claims that follow,

the terms “semiconductive substrate” and “semiconductor substrate” are defined to



deuterated silicon nitride-containing materials in any
applications in which such materials are desired.
wE2@apbsIsy aspects of the present invention arBCT/US2004/021157
described wth reference to Figs. 1-5 in which
iesk anat@trabtiontdmprising isdgicontticiva integemantieslidihg, bak ot limited to,
incorporated into a transi stor device. [0021]
iRk esrhicoguchvd matdrilstsuichriag a sbmicongadtiveavedac(eiitier alone or in
construction 10 includes a substrate 12. Substrate 12
SRRMDISPEIreSrisifgosthexraamptigls tHepew) ) ik tinicareiusiive rarial layers
lightly doped with background p-type dopant. To aid in
(efth&r iored Gitin assafblied ompasing othbahafepblshwWihd feemt‘subsirate” refers
"sem conductive substrate"” and "sem conduct or
pubytsupp@tingsituciet] ineiddinhgmaRcBimitedanshe geiiconductive substrates
conprising sem conductive material, including, but not
légatib&tabave. bul k sem conductive materials such as a
sem conductive wafer (either alone or in assenblies
qooaz]i si NngA alyaen 4 abéledttiedlly induefie® materkinid formed over substrate 12,
sem conductive material layers (either alone or in
ashie Bhbwe foreredpirestiynpaiishan uppdrauiadesyf.subbieaté @2 mLayer 14 can,
"substrate" refers to any supporting structure,
fon exarblagzonipiise eWinsist 83deatially @f, drlkensistrof eilicshudibkide, and can be
substrates described above. [0022] A | ayer 14 of
efferadorto @slal padi laytloatipad oxeeedjedl is formed over
substrate 12, and is shown fornmed directly agai nst an
Jpeas] sur figents serhsilisesisticdi2diokidy ethe layeceam bd formed by
exanpl e, conprise, consist essentially of, or consist
ddpasitibh obsilictinakdxide owndulssratd €2 (st as gdr xangde,ahpmital vapor
| ayer or a pad oxide layer. [0023] If |ayer 14
depusitios)es Ly drowihrof dllioan diexidé freml silicen of aubdiratef 18 geekpogure of a
deposition of silicon dioxide over substrate 12 (such
anfack of sebsaal 12 tocippriptiate axigioing ceplitoingi on) or by
grom h of silicon dioxide fromsilicon of substrate 12
HooB posur An dfteréaceulisf aeersafhesal nstilativeclafst tdgoins to substrate 12. In
appropriate oxidizing conditions. [0024] An interface
ddrtiodanapplicstions, insuativaidyee 14 ajlleroniptise ailinen tioxidetsibsiadte 12 will
12. In particular applications, insulative |layer 14
pérhpriseorpraxiizesl diliconrardi interfdes 16 wilthusat@ndrisewnl ihterface where

silicon dioxide contacts non-oxidized silicon.

[0025] Although insulative material 14 is shown as a single homogeneous layer,
it is o be understood that the insulative material can comprise multiple layers of
electrically insulative compositions in various aspects of the invention.

[0026] An electrically conductive material 18 is formed over insulative material
14. Electrically conductive material 18 can comprise any suitable conductive
composition, including, for example, metals, metal compounds and conductively-doped
silicon. In particular aspects, conductive material 18 will comprise p-type doped silicon,
and will ultimately be incorporated as a gate for a PMOS field effect transistor. In other

aspects, conductive material 18 will comprise n-type doped silicon. Although conductive



conprise non-oxidized silicon, and interface 16 w ||
thus conprise an interface where silicon dioxide

W@ oovsmed763 non- oxi di zed silicon. [0025] Alt hougPCT/US2004/021157
insul ative material 14 is shown as a single
ratengeisds BisSows€ A single hdndgenbsustage B iso tetunderstdoe that
insul ative material can conprise multiple | ayers of
singadtive eadiéial i Beeh @binpBsCmuNipiei e 8f differirgrdleutiscally conductive
aspects of the invention. [0026] An electrically
Ripdelibny i@ vaRibes hedectofitise ihosried. over insul ative
material 14. Electrically conductive material 18 can
(o027 i Se amyelstlritallyligsul0ne weitériee 20 WpaRéd oW conductive material
i ncluding, for exanple, netals, netal conpounds and
18) add i the shywa epdddiidnt BAormdddifeatly hgalhdticoad eticd Mmaterial 18.
conductive material 18 will conprise p-type doped
Eledtiican insairgivéindterid RO 6ad ednipi® dnycurtfisle aitshial InAudiayg, gor
for a PMOS field effect transistor. In other aspects,
S@ATIE; bhy er Mateoi dlicon Bliordel siicwmaiitrisie, and gilRen degpeide. In
silicon. Although conductivematerial 18 is shown as a
et aBpemg 6MNiBe s/ehBore insuiativé MatediabB0 bordprists @odbutdrated silicon
conductive material 18 can conprise nultiple | ayers of
iihiritiéebhtathire) waterialc ahd i tieh dugddiy @atpiaP2Bedr conspriss, consist
vari ous aspects of the invention. [0027] An
&sentially of lok yomgist o &ir iexample} @td al baof deuteratee diliovre hitride and
conductive material 18, and in the shown enbodi ment is
doutaraidd dilices bkynitdgai nst conductive naterial 18.
Electrically insulative material 20 can conprise any
$00283b| e ntdager 20 compriskadidegierdtod sitiz@npitriele-containdig matesial, the
of silicon dioxide, silicon nitride, and silicon
layer et bie dermddrbypdepbiiton romas past sneodeutdratedmitestieh@ompound and
insulative material 20 conprises a deuterated silicon
griet arintl@re halviganated gilioat eom@dundaticht do neuadntais pgdrbgen isotopes.
material 20 can conprise, consist essentially of, or
Trandtiledst ofie tleutemtahmitregercstenpount il bef fodexdngplatsetbcted from the
silicon nitride and deuterated silicon oxynitride.
¢ro02 8nsidting af NH.LQNIdDsIND:sasd mixtieas dreadat.d Thé bne onmore
nitride-containing material, the [ayer can be forned
Hajogbaptasli silicon compourals daeaiet exameplearvnesisadfesilicon and gorine, and in
conpound and
particular aspects can be selected from the group consisting of SiCl,, SizCls and

mixtures thereof. The deposition utilized to form the deuterated silicon nitride-containing
material can be atomic layer deposition (ALD), chemical vapor deposition (CVD) or a
mixture of ALD and CVD. In particular aspects, the deposition will be low pressure CVD
(LPCVD). The LPCVD will be conducted within a reaction chamber, and will typically
comprise a pressure of less than or equal to about 5 Torr within the chamber during the
deposition. The LPCVD will typically be conducted while a temperature within the
reaction chamber is maintained at from about 500°C to about 850°C. A typical
temperature utilized when the halogenated silicon compound consists essentially of, or

consists of Si,Clg is from about 500°C to about 700°C; and a typical temperature utilized



one or nore hal ogenated silicon conpounds that do not

contain hydrogen isotopes. The at | east one deuterated
WoRE0s0eI conpound can be, for exanpl e, sel ectedr/ismnm/ 021157

the group consisting of NH2D, NHD2, ND3, and m xtures
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can, for exanple, consist of silicon and chlorine, and
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(60293 t i OrThet ratio aRdbuierafedmiirdgea cdmpbandiodthicjdnatzdrsilicon

nitride-containing material can be atomc | ayer
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about 5 Torr within the chanber during the deposition.

orecor oSy Qevickated piogeh tomibsincie pebwidesidn W drantber can be defined as

tenperature within the reaction chanber i s maintained

atledteramdativegensdddipound valbme] aidbé) Gtal valumypofahd one or more

tenperature utilized when the hal ogenated silicon

letogentted slicos cempowrisgndviddd ix tiod chamiibet @as be Wsfimdd as a

Si2C16 is from about 5000C to about 7000C;, and a

hajgyebatedtstiicpe camnpowindadlume eTivdtio toh dedtatategbmitdgsh precursor in

silicon conpound consists essentially of, or consists

thé cRartbdr relatife rhaddyentied@0i06h precalsottar8d Hported AL 8volume ratio

The ratio of deuterated nitrogen conpound to

dfdheodanatatd! rdirddenaonpoopd voldmeitd tHerhaldyenatsacilicom compound

chanber during the chem cal vapor deposition can be

apltand. | Ingdagtibuées aapeadd ointbe perseertihaandionSf thd soluseatimlof the

ni trogen conpound relative to a vol une percent age of

dealtergied afitend)es icompound: woiproe halthe Sptagiehateed Islligon eorhjpdumid volume will

vol ume of the one or nore deuterated nitrogen

l=ofinquro abdgt fpt tvatgbed 201 dulieg CNNdfeleussated eilickaT mitniedd-castaaing

deut erated nitrogen conpound vol une, and a total

matetialewith at lezeroplaryontiorbeieg habwg®rat Iethesdilicbe aitride-containing

conmpounds provided in the chanber can be defined as a

atledglés &t @nhsst bsseatiallyafpeodsistalf siieon Aitriler tieionlyakactive

deuterated nitrogen precursor in

components present in the reaction chamber during deposition of the silicon

nitride-containing material can be the deuterated nitrogen compounds and the
halogenated silicon compounds. If the deuterated silicon nitride-containing material is
instead to be deuterated silicon oxynitride, an oxygen-containing precursor can be
provided in the reaction chamber in addition to the deuterated nitrogen compounds and
the halogenated silicon compounds. Suitable oxygen-containing precursors include, for
example, oxygen (O,) and ozone (Os). In alternative processing, deuterated silicon
oxynitride can be formed by exposing a material consisting essentially of, or consisting

of deuterated silicon nitride to an oxidizing atmosphere after deposition of the material.



t he chanber relative to hal ogenated silicon precursor
can be reported as a volune ratio of the deuterated

WO R0 conpound vol ume to the hal ogenat ed sPCT/U82904/021157
compound volume. In particular aspects of the present
Furthentthe bxydeheorhtio daitératedfsiliche ogikias aiststiantars iog ém
conpound vol une to the hal ogenated silicon conpound
peticuta aspedts HRcrbasyt Bspbsing Ihd marbalb ad@xibizhy atmgsthdre.
of deuterated silicon nitride-containing material,
[003v]an exretrigyo Fif olapasng, edand 20 Aielpatiefnddigto a line 22. The
silicon nitride-containing material is to consi st
eeppbhaldsya RtangllacBIBek iBtth@Eross-kectdnaniiéw bHRig. 2,faad it is to be
only reactive conponents present in the reaction
witRrIesd that ihadind erierdls intnaraf odt e thei gdge eslative to the cross-sectional
nitride-containing material can be the deuterated
View bPBign2 Cc Rife @2ruas uiinthtél ee hidiliegenat werdiné inkogemiconductor
conmpounds. If the deuterated silicon
sonistructione Qe ha¥ch palE Srdppbsing sidewhikeEl 4 D&
deuterated silicon oxynitride, an oxygen-contai ning
OGN Sor Tienpadteerfin@wi [hed2 dantdamprieadbi amnipls ibretation of a
addition to the deuterated nitrogen conpounds and the
eatepgRivah sidofphbtorenist ¢rutRhGMG)SovebHipoatiinef materials 14, 18 and 20, a
oxygen-cont ai ni ng precursors include, for exanple,
subggeuent SLh tarshezargmetl)of ldyersail 4, eligramii 20ethtr a6 @sispro@cted by
deuterated silicon oxynitride can be forned by
s passknanchsusbaudnt keroamab ofshé Reisks Faraphatbtasisbmask tan be formed
consisting of deuterated silicon nitride to an
atiizidy phowlibg@phbereceasihgr deposition of the
mat eri al . Further, the oxygen content of a deuterated
§00325on oxVind particeciiink @2ishbwa dntheesrodsrsgationial eielvaot Fig. 2 can
aspects, increased by exposing the material to an
aitelieli beginadrpoppdteine. a 416 304 trRedistor dedcd. AAdebdlingly, the stack of
| ayers 14, 18 and 20 are patterned into a |line 22. The
layere 1dppeand 2@ sarmbe edéraatiolsara dete stack.nAttiigh the shown processing
cross-sectional viewof Fig. 2, and it is to be
pateerssdloafdayelna 4, ti8eandi 20entexd limedshapa irofoanidg the gaté stalk, it is to be
page relative to the cross-sectional view of Fig. 2.
indeest@® ihahthelinventidrebrycobrgpansed othedhspscta (natrstibwn)en iwhich pad
sem conduct or construction. Line 22 has a pair of
laperoi<li ingospatiewedd isto2de Enedshape duaod igrmatien gfahé gateistegkof
line 22 can conprise, for exanple, formation of a
[0033] The gate stack is utilized to align source/drain regions 28 and 30 which

are formed proximate the gate stack. Regions 28 and 30 comprise conductively-doped
diffusion regions extending into substrate 12. In particular aspects, regions 28 and 30
can be of appropriate dopant type to be incorporated into an n-type metal-oxide-
semiconductor (NMOS) transistor device, and in other aspects regions 28 and 30 can
have appropriate dopant type to be incorporated into a p-type metal-oxide-
semiconductor (PMOS) device. The formation of source/drain regions 28 and 30 can be
accomplished utilizing conventional processing. The invention can, in particular

aspects, include steps in addition to those shown. For instance, a thin layer of oxide



patterned mask of photoresist (not shown) over a
portion of materials 14, 18 and 20, a subsequent etch

W 200500806 segnents of |ayers 14, 18 and 20 t he€T/E8M04/021157
not protected by the mask, and subsequent renoval of
{rivd shasik). cafibe fpinmddaaies) bk sivesklls 24 ahe 26 of cordiudtiviel materigl 18 prior
phot ol i t hogr aphi ¢ processi ng. [0032] The portion of
td foen@dnsdi @oorcefrdih eeglone28-aaeic3d. onal view of Fig. 2
can ultimately be incorporated into a gate of a
t[0a34]i st or Reeriieio FAG.@) adielegtricallyt insulstiveakatefiall32yefamed over
14, 18 and 20 can be referred to as a gate stack.
e 2@ agdh ovdresubbieats 1pr bMaesial 8@ extahdealosy siléwalfs d4aarer 26 of line 22.
14, 18 and 20 into a line shape in form ng the gate
fisalzkiye natarial 8D cdrecamgiizezing aditddi@tnatenial, intieiitg, oy example, one or
enconpasses ot her aspects (not shown) in which pad
hayeof dibonitriad, siiati dioridd and silicdrhexynitride. shaaeticdlar aggects, layer
formati on of the gate stack. [0033] The gate stack is
82 miill amabrise, edrisighesseutially/olraiconsisigf @ns o2 hoende Béravdal stifvon
are fornmed proxinmate the gate stack. Regions 28 and 30
oitiiver cadriciog chatdriale | Iy sdapaspedt, Idyes 82 nan bgfavimed by deposition from
extending into substrate 12. In particul ar aspects,
nelgastirthe2Rutanated Qitrogen bampduraigrdaiel cineore bplagéndtye silicam
be incorporated into an n-type
nehpburaisitics slemot cordain thgdrofBiVSSjopes artiizing procdssing descaibed above
in other aspects regions 28 and 30 can have
egiqiivejo famatiolopladevidrgtpd stlicorbeitridecsmniainiad sdtariatsdoralayer 20.
p-type netal - oxi desem conductor (PMOS) device. The
f[003&1t | on Ekfesing todfigldalayer 82)(Fign 3) BBarasudroBidaltyeeticive to form
acconpl i shed utilizing conventional processing. The
pidewalt spaTeca(@lsoirefepad ta learbiarasadgesct|dineish84 alkdeg sHeegdewalls 24
addition to those shown. For instance, a thin |ayer of
end ge phlote Zhown) can be forned al ong the sidewalls 24
and 26 of conductive material 18 prior to formation of
d46036GJe/ dr aiAfierfegnation of 8idawalll SBacef08B 4bndRetidtyréningntiog dopant is
Rg. 3, an electrically insulative material 32 is
froplanded vt sublsitrate 2todonth svece/drabsdiffedtien ERiony86@ndB8. Jhe
extends along sidewalls 24 and 26 of |ine 22.
fonatiert ofvreginas 88 aad 33 2art be acamplisked aiilizing wobhadnitienal methods,
material, including, for exanple, one or
and the dopant utilized in region 36 and 38 can be suitable for formation of an NMOS

transistor device in particular aspects of the invention, and a PMOS transistor device in
other aspects of the invention. The source/drain regions 36 and 38 are gatedly
connected to one another through the gate stack of line 22. Accordingly, the gate stack
and source/drain regions together are incorporated into a transistor device 39.

[0037] Referring to Fig. 5, an electrically insulative layer 40 is formed over line
22, spacers 34, and source/drain regions 36 and 38. Layer 40 can comprise any
suitable electrically insulative material, and in particular aspects will comprise a
deuterated silicon nitride-containing material. If layer 40 comprises a deuterated silicon

nitride-containing material, the layer can be formed from at least one deuterated



nore of silicon nitride, silicon dioxide and silicon
oxynitride. In particular aspects, layer 32 wll

W@ ovpoiEe3 consi st essentially of, or consist PET/US®00021157
nore deuterated silicon nitride-containing materials.
hitrogerctomsqedtandloay @f midZe halbgareatédsilioan doynpdapssihtt dmnot contain
fromat | east one deuterated nitrogen conmpound and one
bydrogereisttapeg tmproeskstrig of tlantype ipsaribdd ptdviduslydomniotmation of a
contai n hydrogen isotopes, utilizing processing
dederatduesiicah oitddg-edrasinvg nhateiial forddyieo 20.0 Bartizvlagend@dan be
silicon nitride-containing materials for |ayer 20.
fderBs) toRafeesacond déwteraita sibon|rityiés-cARaigganatadial] ilayer 20 also
ani sotropically etched to formsidewall spacers (al so
caheigesd dedtdratedishicars nitriddeswatdinihg natssipl, dorakpiogiistinguish the
sidewal s 24 and 26 of |ine 22. [0036] After formation
bairrisk ldpevdtdm Beanatesdal®2d, conducti vity-enhanci ng dopant
is inmplanted into substrate 12 to form source/drain
do63s]si on mnegiconiandbwiinthe38ethdtislodyodis@issemalodvel @@ ondore of
36 and 38 can be acconplished utilizing conventional
metanaiisi4, 20dnt 1o ofithedfg. Sutdnstraetibnican cegipase J&utamtbd3licon
can be suitable for formation of an NMOS transi stor
diidecmntainipguriatetialsarSueh peatétalotart bebenvfieiat inaabseyudnbprocessing.
PMOS transi stor device in other aspects of the
Fonviestanam) if iMfbdaceold is @/ silican/silicagdioxide Blertaed, GRitexiven from the
gatedly connected to one another through the gate
dewtedatant métierials 22n migratertditimgsiligontdiieog diogidetitteKa@entth harden the
source/drain regions together are incorporated into a
inteaxfase anhd rediliew itteesUd8ept[bdib\Bat] suBk ireerfacedo hot-derder degraaation which
electrically insulative layer 40 is forned over |ine
edyld sthawdses o@Ay inghernsad pracessing steps.e4n eramBBryathern38 processing
Layer 40 can conprise any suitable electrically
stap id apassivatian enneall whizhdan comarise bedtiag salsgietd $2,vandl accordingly
conprise a deuterated silicon nitride-containing
imietrizce 4B, told teimpyturd ©f romEbios E3508Cde abeut d66WC &ir lai titmanof from
nitride-containing material, the |ayer can be forned
abbainbaninlitea $d aloni 2 deutse rldegessivatogpemnealimao wothpase comentional
or nore hal ogenated silicon conpounds that do not
ponéessting, Apd pocepedingly otiw pe spndutiqer Wedreesahgriopreskaret gmmbwhile
descri bed previously for formation of a
construction 10 is exposed to an ambient comprising about 10% (by volume) of

hydrogen. The passivation anneal would frequently lead to hot-carrier degradation of a
silicon/silicon dioxide interface 16 in the absence of deuterated materials proximate the
interface. Methodology of the present invention can provide deuterated materials
proximate the interface, and accordingly can alleviate, and even prevent the hot-carrier
degradation.

[0039] In additional, and/or alternative aspects, conductive material 18 can
comprise p-type doped silicon. In accordance with observations of Tanaka et al.
(Tanaka, M. et al. “Realization Of High Performance Dual Gate DRAMs Without Boron

Penetration By Application Of Tetrachlorosilane Silicon Nitride Films” 2001 Symposium

10



deuterated silicon nitride-containing material for
| ayer 20. Barrier layer 40 can be referred to as a

W@ ewsnaB7eeut erat ed silicon nitride-containi ng PEL/E81084/021157
if layer 20 al so conprises a deuterated silicon
on Ye$ldkechnolbgy Digegt dftiieehnicdl Paparspppler23tamddiogy, iituginibeh
the barrier layer fromthe material 20. [0038] In
ahvantadancsetowist ISil-hesssitidvaduidg gontainihgSirad iralPIOSFEINe
or nore of materials 34, 20 and 40 of the Fig. 5
apeBuctions. Metrwalbloge Bptheseestauinestiondas ibkiwittred to form the
nitride-containing materials. Such materials can be
drecaiibd il lesgsikaohsrigueabntpinigditas.ng. For instance, if
interface 16 is a silicon/silicon dioxide interface,
denaodr i um Althoogh ftds dediableab ddvarat ledst ahs deaterated sikdéad nivide-
the silicon/silicon dioxide interface to harden the
¢ontahih@oataiatinceguored int constragtionkiol it isyio®le Uhidelrstood that various
interface to hot-carrier degradation which could
aftthe matesialsao; B4 ahd 40van rBpRsocamsisitons bees thafrdeuterated silicon
exenplary thermal processing step is a passivation
@itnicle aontaimirgdcaragosition® rdreitor lcaa be enitsath § ottadre oflthe 1sy@ek 20, 34 and
accordingly interface 16, to a tenperature of from
4bhcomprdeRGiaratedbiticdn dilrliCohtinivg tommositfonkr Bor iabilante, i sidewall
m nutes to about 2 hours. The passivation anneal can
spanpisi Bleancorcep L0 @oalprips dewsmitatsilican titdds-oordainmigycoapsitions,
be conducted at atnospheric pressure, and while
lorist layes 0@an b ansttekiposeadud aspentsaritiiegpresan inveniomg
about 10% (by vol une) of hydrogen. The passivation
Joo13l wouTrdnéisteqdevidd 39 taalok inoorpotaterhinta v@rious semiconductor
degradation of a silicon/silicon dioxide interface 16
camstrhatioabs brareexampday taspedt etithedatentiad, drapsietor daties 8hean be
i nterface. Methodol ogy of the present invention can
ipcapodédieioteeD RANDcomatrectioal Sppceifiodliprdre dfiee souires/fiateregions 36
and accordingly can alleviate, and even prevent the
drat 38 earr heeeleddcaligdahnared {oG086jagk nlevidel ahd dreadtheranidieor
al ternative aspects, conductive material 18 can
soongE/draim rpgibppeardiog eldcisicdllyconnedted o bitlidan trethei Ridy 5 construction,
observations of Tanaka et al.
source/drain region 36 is shown connected to a storage device 50 and source/drain

region 38 is shown connected to a bitline 52. Storage device 50 can comprise, for
example, a capacitor. The electrical connections to the source/drain regions 36 and 38
can be accomplished by any suitable method, including, for example, by extending
electrically conductive interconnects (not shown) through layer 40 to connect with
source/drain regions 36 and 38.

[0042] Among the improvements in transistor device characteristics that can be
accomplished utilizing methodology of the present invention are, for example, hot
electron resistance, reduced silicon-dielectric interface degradation, and DRAM refresh

improvement.
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(Tanaka, M et al. "Realization OF Hi gh Performance
Dual Gate DRAMs Wt hout Boron Penetration By
wa\ppsioesrss on O Tetrachl orosil ane Silicon NitrPdBUS2004/021157

Fil ms" 2001 Synposi unon VLSI Technol ogy Di gest of

TIOOAB] cal Rapeirgstiopp . forb®8 mndccb?dgncei withe amethalology of the present

advant ageous to use SiH less silicon

imveniiate (stioh tesi the rdpote-Hescribad RIMBBIRES andr3RAMCddlisNsan be utilized in

Met hodol ogy of the present invention can be utilized

tnomiecous adsembles; ahdleindsifek exaesgde sedmmuder systems and other electronic

nitride-containing filnms. [0040] Although it is

dpsiemabl e to have at | east one deuterated silicon

nitridecontaining material incorporated into

ci®44} uct i &iy. 10, illustrates yendvallyy rigke way oofd exdrapley dui oot by way of

of the materials 20, 34 and 40 can conprise

Gowtpiisn, tanoermbodiment bhancodguiteT syistin I0Di axedrding to an aspect of the

ni tride-containing conpositions, and/or can be

prasetednvérttiont heCemptiter heydtery e 10 2thcludids aad rddhitor 401 or other

conprise deuterated silicon nitride-containing

compusicatiomsutpiatevicasa aeytmard 405 ordetinad dongpadention 3put device, and

and/ or cap 20 conprise deuterated silicon

ai mpihdboamh#@d.niMugherbogrd 404 eamscarbaa mhieroplargesor MDBcaother data

be omtted in various aspects of the present

iProcessing nunit] @pd 13t Epsinsne troemdiyv dedee3408an Meenory device 408 can

i ncorporated into various sem conductor constructions.

comarseYasiopk aspeds peibe infentibre desoribad iabave, incuding farexample, one

devi ce 39 can be incorporated into a DRAM

oomesre ot theowordBpescaid DERIAN unibrellsof Memens device 408 aam comprise an

regions 36 and 38 can be electrically connected to a

gtray @f enerovryceellanand lsactotirey cah heheowmen edthdadaressing circuitry for

regi ons can be electrically connected to a bitline. In

abeesking.indlvidual sneroayicelis irstharacey drfairiher, dige oren8#y icsll array can be

shown connected to a storage device 50 and

soupledlda seav eieyitdor 1@8ding dateofromabe merbed celts. aThe Bbidmessing and

52. Storage device 50 can conprise, for exanple, a

teqgeaiicuity cambe ublizectior caiveyiog méartriatios betweeh enemory device 408 and

source/drain regions 36 and 38 can be acconplished by
arppessart4fbl Sushtihidstratea Inutbie idpckfdiagramantshee molhyerboard 404 shown

extending el ectrically conductive interconnects (not

ghibany- thhsoeyhlopblagiiagrane, the addrassioy airctitry soillustertet as #10 and the

regi ons 36 and 38.
read circuitry is illustrated as 412.

[0045] In particular aspects of the invention, memory device 408 can correspond
to a memory module. For example, single in-line memory modules (SIMMs) and dual
in-line memory modules (DIMMs) may be used in the implementation which utilizes the
teachings of the present invention. The memory device can be incorporated into any of
a variety of designs which provide different methods of reading from and writing to
memory cells of the device. One such method is the page mode operation. Page mode

operations in a DRAM are defined by the method of accessing a row of a memory cell

12



[0042] Anong the inprovenents in transistor device

characteristics that can be acconplished utilizing
woreiokooksbogy of the present invention are, forPEREIPDL921157

hot el ectron resistance, reduced silicon-dielectric

artgs bad eardivgiyadaddseing diffeteMRANMmeS ofeiblb array. Data stored at the row

i nprovenent. [ 0043] Constructions fornmed in accordance

ahtl boloanhioerdeotinn @in Heheap mad @otput wiviEnthaioeolren Ehacessdede

above-descri bed wordlines and DRAM cel I s) can be

ufoolézed | Anralisarael $ypassiaddviceds the Bribndidgatafcutput (EDO) memory

exanpl e, conputer systens and ot her el ectronic

sinithediews [da@idbrddi 41 .a Membhustayedditegen dreadajiabléas walput after the

of exanple, but not by way of limtation, an

edthedsetkodlumh hasdeepuileyeds Talsanedo) amciacidasg sbmeasdmmunication

aspect of the present invention. Conputer system 400

ispeddsdasaliowi shiarter 403eg3r sigiidhe withaumediohat ihertinesl irpwhich memory

devi ce, a keyboard 402 or other conmunication input

datput eatasischvailaid berdbomerbryl Bds. Othiehatdoaié ¥Hds oadevices include

carry a m croprocessor 406 or other data processing

SDIRAM,aDIDR &D R AN SSLDREMTERBMyardeDirast REFAM NManwélyas others such as

devi ce 408 can conprise various aspects of the

SRAMMbI Blesldeeatoribed above, including, for exanple, one

or nore of the wordlines and DRAM unit cells. Menory

deodtke 408 Faa®s ikusirptes sesimpliftedrdyckadiagremosfya ligh-level @ydnization of

such array can be coupled wth addressing circuitry

arowscaralsadimgnts rufliavi ekealplang mtEcirodie Isystemn7athef thier@gsent invention.

Further, the nenory cell array can be coupled to a

Sgsdnc 7€ wah dooespaadion dordetaanile,oacomputee reystent el bsacess control

The addressing and read circuitry can be utilized for

systory ionganynbinenedysiem biedtwermmplog® reo ipyoadesorc end Gfssacidied memory.

processor 406. Such is illustrated in the bl ock

tHemtrpaimsy$tenhz0OnhetsHendiivaaldeldiidnts hiosinding akirgecesgor dmarithmetic/logic

such bl ock diagram the addressing circuitry is

uhit (AltW)at e aanirdiOuranid4, lrememary daviceuirtitr§06i and an input/output (1/0)

illustrated as 412. [0045] In particul ar aspects of

thégce M0&nCeoarallyretentionitesyisteen 208 willbrevear natpa@etl of instructions that

specify operations to be performed on data by the processor 702 and other interactions
between the processor 702, the memory device unit 706 and the I/O devices 708. The
control unit 704 coordinates all operations of the processor 702, the memory device 706
and the 1/O devices 708 by continuously cycling through a set of operations that cause
instructions to be fetched from the memory device 706 and executed. In various
embodiments, the memory device 706 includes, but is not limited to, random access
memory (RAM) devices, read-only memory (ROM) devices, and peripheral devices such
as a floppy disk drive and a compact disk CD-ROM drive. One of ordinary skill in the art
will understand, upon reading and comprehending this disclosure, that any of the
illustrated electrical components are capable of being fabricated to include DRAM cells

and wordlines in accordance with various aspects of the present invention.
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to a nenory nodul e. For exanple, single in-line nenory
nmodul es (SI M) and dual in-line nmenory nodul es

w@ DiovbBs763ray be used in the inplenentation whiPBEI/US2004/021157

utilizes the teachings of the present invention. The

meo4s]y devFigeo eaa sheplified bloplo tiateen bihd Bighnsved brganization of various
vari ety of designs which provide different nethods of
embodimgnisr A skepidry Ribctronicesyeteyn 80D sTié siystem 800 includes a
devi ce. One such nethod is the page node operation.
PearacbcBEY diat BAS ah ran@y [FRAMMracre caid 804 chddyesstacoder 806, row
nmet hod of accessing a row of a nenory cellarrays and

5E0RES IEiryuiRg ®08S bolgmili ddcess vircuit®) 8NSreati/viriie cantidYcircuitry 812 for
Data stored at the row and columm intersection can be
teradliag bpetttiphs, aMtl inpuiididbut oirtuitip 818, aieesmsmdry HOBLHB02 further
An alternate type of device is the extended data

polugesd pOREIQircOliyE 1%, Whd eénsakd 83 sdet as stiveidsedbord for determining
menory array address to be avail able as output after
whethads e celbisUima |hvashresiend cdrritiethg SibieSorn®e BMigh-®iedshold non-
I ncrease sone communi cati on speeds by allow ng shorter
aSrRStngs @Rl Tha illdddted pslusr ciguitipes e imeludes \pdiveh supply circuitry
menory out put data is available on a nmenory bus. O her

880, viroaitriy \882tfyipeRvidingte véfeeBice Nolkagee cittdRAMBSDRIR [HOIAN the first
SLDRAM VRAM and Direct RDRAM as well as others such
asrdifAMithrpuldess bircoiipp B8& $or [roAding thé Gecdhd Wordiihe alithpudses, and
simplified block diagramof a high-Ievel organization

cifcuitayr 8881 soreprooidingethesbitlihe avithepelsgd. artheesyaedni @00Calso includes a
system 700 of the present invention. System 700 can
pocessHp 622 dr menfiay cexteslipl By menwoyrpetessingyst em  a

process control system or any other systemthat

qopd9]lys a Phoarssoy davick 863 ctevbe donesizignalsEB2cirano thecprocessor
system 700 has functional elenents, including a

2D cesrSwiring for ametalhratibn dinke.giThe umémoryAddv)ce 7802, isaused to store data
control unit 704, a menory device unit 706 and an

whighti¢ aotgssed (ia/ KD lides. dewill(R: agprodatat by, these skilaxhincthe art that
system 700 wi Il have a native set of instructions that
aqiaiitorfal cicpéryadnidacomtrolosidrenlpearf log predided, ahaltthatttyie nte@nory device 802
processor 702 and other interactions between the
paiObessomplifed, to thekp foeunory thedrvertiontin At le@Stcorendt thdyprocé€3or 822 or
devi ces 708. The

memory device 802 can include a DRAM cell of the type described previously in this

disclosure.

[0050] The various illustrated systems of this disclosure are intended to provide
a general understanding of various applications for the circuitry and structures of the
present invention, and are not intended to serve as a complete description of all the
elements and features of an electronic system using memory cells in accordance with
aspects of the present invention. One of ordinary skill in the art will understand that the
various electronic systems can be fabricated in single-package processing units, or
even on a single semiconductor chip, in order to reduce the communication time

between the processor and the memory device(s).
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control unit 704 coordinates all operations of the
processor 702, the nenory device 706 and the 1/0O
wa@leasoess6¥08 by continuously cycling through aPGEUSIN4/021157
operations that cause instructions to be fetched from
tjoes1Tenor yAgistichiichs 16i6mameryeseiis dhé@ dordliRey 8dn ipbiaide electronic
enbodi nents, the nenory device 706 includes, but is
sterhs for Lsdlint riembATAGINIAS dedse amErs, poBAMbddies cdsmunication
read-only menory (ROM devices, and peripheral devices
#lda8ma spracdssonpydules land abpcadttlspediediled]iafl nidy-imiMe
drive. One of ordinary skill in the art wll
phadielyet, andtichifnesdulea ds i cﬂmdi_tr?@ﬁﬁ fethendé aGubdriponent of a variety
di sclosure, that any of the illustrated electrica
elsIEaRARt sy, Sepadd £clotk, babladisionbd calpiiRmel ® pbidshaldéemputer,
DRAM cel I's and wordlines in accordance with various
as peh®bid, dhhiedustrs edltrol B)ssth AMaitcPaid 3hd btrers.9 is a
simplified block diagramof a high-Ievel organization
of various enbodi nents of an exenplary el ectronic
system 800. The system 800 i ncludes a nenory device
802 that has an array of nenory cells 804, address
decoder 806, row access circuitry 808, colum access
circuitry 810, read/wite control circuitry 812 for
controlling operations, and input/output circuitry
814. The nenory device 802 further includes power
circuitry 816, and sensors 820, such as current

sensors for determ ning whether a nenory cell is in a
| ow-t hreshol d conducting state or in a high-threshol d
non conducting state. The illustrated power circuitry

816 i ncludes power supply circuitry 880, circuitry 882
for providing a reference voltage, circuitry 884 for
providing the first wordline with pulses, circuitry
886 for providing the second wordline with pul ses, and
circuitry 888 for providing the bitline with pul ses.
The system 800 al so i ncludes a processor 822, or
menory controller for nenory accessing. [0049] The
menory devi ce 802 receives control signals 824 from
the processor 822 over wiring or netallization |ines.
The nmenory device 802 is used to store data which is
accessed via I/Olines. It wll be appreciated by
those skilled in the art that
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additional circuitry and control signals can be
provi ded, and that the nenory device 802 has been
wa@reoplod7sed to hel p focus on the invention. AtPCEES1004/021157

one of the processor 822 or nmenory device 802 can

CoalMgle a DRAM cel |l of the type described previously

in this disclosure. [0050] The various illustrated

syst elfee diveittionsldingdliosure are i ntended to provide a
general understanding of various applications for the
circuitry and structures of the present invention, and
are not i nAenstech didosainyg @ deatctated sificet wiridesoniaptingmatetial
all the elenments and features of an el ectronic system
osmpidsimeardepositioh|uilizing aideastdas deuterdidd aigpgert sompounteand one or
present invention. One of ordinary skill in the art
wiokd silicvthesamitedring tdrapounide tiv tomoes caltain hydridgen Bypipess

can be fabricated in single-package processing units,

or even on a single sem conductor chip, in order to

r educ2. t heThbemethodad ciaom 1twheeeib dianditertted silicoc eiddde-containing
and the nenory device(s).[0051] Applications for
mearial/is@edduterated siicordbxymitgdes aontaininl uxkgerddl.ect r oni ¢

systens for use in nenory nodul es, device drivers,

power nodul es, communi cati on nodens, processor

nodul 8s, ahhle meplodediciaim -1 syeeéin e dapdsities js enecbripaih of an atomic
include multilayer, nultichip nmodules. Such circuitry

lexer daposiien abéa ghemisebrgpondenosiiona vari ety of

el ectronic systens, such as a clock, a television, a

cell phone, a personal conputer, an autonopbile, an

i ndusfr i al Teomethed C&?@tf@ﬁqu‘@rﬁelﬁﬁhﬁﬁ@PﬁmO@mﬁ chemical vapor

ot hers. CLAIM5S The invention claimed is: 1. A nethod of
ferasitien canduairceata Rrgsire ptlens Wianor geua tmelkauh Srigrr.

material conprising a deposition utilizing at | east

one deuterated nitrogen conmpound and one or nore

si | i c®n- confamethed of Sl dderein e dideashone detitaiated nitrogen
hydrogen i sotopes. 2. The nmethod of claim1l wherein

F%MMI%F%l?@ad Pt ArovProe NS singaH k=R NoiDaehlidy. igaf mixtures

a deuterated silicon oxynitride-containing materi al.
thereof.

6. The method of claim 1 wherein the one or more silicon-containing

compounds consist of silicon and chlorine.

7. The method of claim 6 wherein the one or more silicon-containing

compounds are selected from the group consisting of SiCl,, Si.Cls and mixtures thereof.

8. The method of claim 7 wherein the at least one deuterated nitrogen
compound is selected from the group consisting of NH.D, NHD,, ND3, and mixtures

thereof.
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3. The method of claim1l wherein the deposition is one
or both of an atom c | ayer deposition and a chem cal

wQo apenogieposi tion. 4. The method of claiml wheeEUSRMDNER1157
deposition is a chem cal vapor deposition conducted at
a presgsureThé meass df oim @ wieneialthd eneadratibreSsilitoncontaining
The nethod of claim1 wherein the at |east one
depeuraisete halbgagesd sitlvpaoriboundss elhecdiethef depasitioccurs in a
group consisting of NH2D, NHD2, ND3, and m xtures
tdxeti@othantoer, Miseremtaniothl olumbai thelatVdast hddédieratdtbni®dgen
nore silicon-containing conpounds consi st of silicon
aordpeuridqirovided in.thd biearnigdrio defivied @l @i doutersttedrftidyehRempbend
or nore silicon-containing conpounds are selected from
vdlemgr whereibGnidies Vblogeadt i1 érledor ntbréd Ghgansatedisito €Smpounds
thereof. 8. The nethod of claim7 wherein the at | east
providad it tieahethbsi isdefiest aoapalvgehatsd SddRdoptholih@Wollifve; and
group consisting of NH2D, NHD2, ND3, and m xtures
vhereod vAumEhatinsftthe demérméoamum@nmwund tyBRINNO i halogenated
nore silicon-containing conpounds are hal ogenat ed ,
sili¢ancanmpoong oolnche, dunng ties degobition Bfash hbeut 10T BB UL PO:A.
reacti on chanber, wherein a total volunme of the at
| east one deuterated nitrogen conpound provided in the
chanb#®. i sToefrietred dislaim Geviersiabadmpératurg uithincthg easiction
vol unme; wherein a total volunme of the one or nore
bizd rolgprrisanethtasmndd atdront elngud 5ARC fprabouit@id Crdurihg trehdeposition.
is defined as a hal ogenated silicon conpound vol une;
and wherein a volune ratio of the deuterated nitrogen
conpolihd voheimetitod af kleirh 4D edersin e @rassbiecwithic thepeacttbn chamber
vol unme during the deposition is fromabout 1:1 to
istrorintaped Bt lesg thanTirequeltthabiowfs Toraduring thé deposition.
tenperature within the reaction chanber i s maintained

at from about 5000C t o about 8500C during the
depos@ i onThe method of claim 1 wherein the deuterated silicon nitride-containing

material consists essentially of silicon nitride.

13.  The method of claim 1 wherein the deuterated silicon nitride-containing

material consists of silicon nitride.

14.  The method of claim 1 wherein the deuterated silicon nitride-containing
material is formed directly against an electrically conductive component of a wordline in

a semiconductor construction.

15.  The method of claim 14 wherein the electrically conductive component

comprises p-type doped silicon.

16. A method of forming a deuterated silicon nitride-containing material
comprising a deposition utilizing at least one deuterated nitrogen compound and one or

more silicon-containing compounds consisting of silicon and one or more halogens.
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11. The nmethod of claim 10 wherein a pressure within
the reaction chanber is maintained at | ess than or
W@owalod763 about 5 Torr during the deposition. HCI/UIINe4/021157
nmet hod of claim 1l wherein the deuterated silicon

ni t r ilde- c dhe mathaothofradimriitavhesein $hesore eryverstsilisbn-goritining
silicon nitride. 13. The nmethod of claim 1l wherein the
caapewdstaothpsise atleastranerdf §Clcant SibGls.ng mat eri al

consists of silicon nitride. 14. The method of claiml1
wherein the deuterated silicon nitride-containing

mat edBal Themsathastofdiaimcttl whesgjaithesat laast one devietaied pitrogen
conductive conmponent of a wordline in a sem conduct or
cemratndis spleated fom thegrenn ¢nsdisting efl Nii2R, NHIM) 8Dai andkmistures
electrlcally conductive conmponent conprises p-type
thesed silicon. 16. A method of forming a deuterated
silicon nitride-containing material conprising a
deposition utilizing at | east one deuterated nitrogen
conpdfnd Arethad obiormipe@ dautaraled sdisen aitriflerepriainipe etpsial
consisting of silicon and one or nore hal ogens. 17, The
PrRXMRIE apfinterfegeet Bdicam diogida witheoprrxidizediailicen, comprising:
silicon-containing compounds conprise at | east one of

Si Cl 4 and PEIVEMGA CanBtruslien GREIRTISHNIGT siiqog dipxide-earéairing material
the at | east one deuterated nitrogen conpound is

disasty agatnst ¢ swaaecogIbiging FeRSXsized gilispn:pe lteﬁﬂq@ﬂ thrgicon
and m xtures thereof. 19. A nethod of formn
digxisleangiterinei-pYidigrd iligqn QRSUEHEVKICHT ﬂ\g sfigra |dl°3£|de containing

proximate an interface of silicon dioxide with
m?é?flaé'xm%?hfélﬂms‘?"{'q'@%ﬁ”'cé’ﬁrﬁifﬂ’l%‘idng providing a
construction conprising a silicon dioxide- contalnln%

mat eri al gppc&ttqua %ﬁ?rﬁﬁﬂd %‘CQEPF%&CWWSQ%@H' overthe silicon
non-oxi di zed silicon; the interface of the silicon
digiisier@itaiieg TRieriab i dsuipraied sdicen pifesentaining @r\e\m@# eing

the silicon dioxide-containing
deposited from at least one deuterated nitrogen compound and one or more

halogenated silicon compounds that do not contain hydrogen isotopes.

20.  The method of claim 19 wherein the deuterated silicon nitride-containing

material is a deuterated silicon oxynitride-containing material.

21.  The method of claim 19 wherein the at least one deuterated nitrogen
compound is selected from the group consisting of NH2D, NHD,, ND3, and mixtures

thereof.

22.  The method of claim 19 wherein the one or more halogenated silicon

compounds consist of silicon and chlorine.

23.  The method of claim 22 wherein the one or more halogenated silicon

compounds are selected from the group consisting of SiCl,, Si>Cls and mixtures thereof.
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material and the non-oxidized silicon join; and

depositing a deuterated silicon nitride-containing
WOoreosn0osIb3 over the silicon di oxi de-contai ni ng PEL/881084/021157

the deuterated silicon nitride-containing materi al

bei ng4depdetraihdd afimlaim 19%wwreiotiee tentoxdiaedlignntis ogen

conpound and one or nore hal ogenated silicon conpounds

mangeryaialiinesilicont ai n hydr ogen i sotopes. 20. The net hod

of claim 19 wherein the deuterated silicon

nitride-containing material is a deuterated silicon

oxynitbr i ddhe sratbecheiripimelOdiitizgr. copprisimg éormindaitielggtrically

claim 19 wherein the at |east one deuterated nitrogen

cernHsE v tajesiabeves thecsllidon siiaxideecatainipg owieriad tandgvhefein the

NH2D, NHD2, ND3, and m xtures thereof. 22. The method

dekiterated afliqom Mikide-epntaining rolerialis fesmed Hixeetyagainetithe electrically

silicon conpounds consist of silicon and chlorine. 23.

COR@UCHE WEtPriel. cl ai m 22 wherein the one or nore

hal ogenat ed silicon conpounds are selected fromthe

group consisting of SiCl4, Si2Cl6 and m xtures .

t her é8f . 24heasnarkelitirim a6 Wheseimthieelgpideally pondictive material

non-oxi di zed silicon is nonocrystalline silicon. 25.

cqmerisastityge dpped §llisan19 furt her conprising forming an

el ectrically conductive material over the silicon

di oxi de-cgntai ning naterial, and wherein the )

deut &fat edN8 i"l'%’f%?ﬁofrﬁ'%'miQééuré'aﬁﬁtcsmr'ﬁag piching;the elestrically

fornmed directl ainst the electrically conductive

C%C{LQF'Y%T“?@@ agﬂqtgg Revissicd silicandiittdesoniaining materal into a

el ectrically conductive material conprises p-type

Bgéa'silicon. 27. The nmethod of claim 25 further
conprising etching the electrically conductive
x: :rF g: ﬁ'ﬁg ggegﬁodd g%ﬁa?r%%g?/vqlesrcleiln Itk?eo\p/orréhlger hgsea ggipct)fa olprfalogi g

sidewalls, the method further comprising forming deuterated silicon nitride-containing

liners along the sidewalls from at least one deuterated nitrogen compound and one or

more halogenated silicon compounds that do not contain hydrogen isotopes.
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wordl i ne. 28. The nmethod of claim 27 wherein the

wordl i ne has a pair of opposing sidewalls, the nethod

wo enoshes7exonpri sing form ng deuterated siliconPCT/US2004/021157
nitride-containing liners along the sidewalls from at

| east29pne Tihe uhathed eicklaiimt 270gieaTeindng dentdradattsilinoe nitrideroordaining
hal ogenated silicon conpounds that do not contain

riateiia ¢ean fiiss b eased?Slicon méridee tdraaininf nedtaiial) Eitereihdnewardline has
the deuterated silicon nitride-containing material is

appdii dfDoposing sitenalis; and theanethod furitier camprising, afier forming the
material, wherein the wordline has a pair of opposing
viordewsal | s; and the nethod further conprising, after

formng the wordline: form ng deuterated silicon

ni tri de- cdorngiagelatatesilicon Intinge-tdreaining dinas| sdorfgrtbersigewalls

| east one deuterated nitrogen conpound and one or nore

fioah ageastioad dsideraied nitrog@ocomisoundaind daemdimare halagenated silicon
hydr ogen i sotopes; and form ng a second deuterated
cdnipoands thiat do tlet-contairelyirogenrisdtepdsabndver the first
deuterated silicon nitride-containing material and

over the deuiey atsecbrii daubmatedistlicom pitriterdcataining mateviaf ever the
the second deuterated silicon nitride-containing
firsttdeutctdted eilican dividomdntairimn abteriekbstd aee trealdutarateddilicon nitride
ni trogen conpound and one or nore hal ogenated silicon
coptgrongitsers; g setond oeueatedsilicdnymiridgenntagdigpeterial3@ing formed
The method of claim?29 further conprising formng a

fpomh At leéstone deatedatad nitogen omsp@rebandane o npae hialogeisted silicon
the wordline to incorporate the portion of the
subrpsbuihgethahtonet donteiishysdrogendestbees. 31. The net hod of

cl aim 30 wherein a passivation anneal is conducted

after formng the first deuterated silicon

ni t r i 3e- c offteanethng ofrelaior 2&furtheheorsmisingdodieing emair@f source/drain
silicon nitride-containing material, and the

régione peixiokts il pocimn afithe wordinpiotiaganpergtel the @pgion hthe wordline into
passi vati on anneal conprising heating the silicon
atrandisle-deyiveai ni ng material and the

31.  The method of claim 30 wherein a passivation anneal is conducted after
forming the first deuterated silicon nitride-containing material, the second deuterated
silicon nitride-containing material, and the deuterated silicon nitride-containing liners; the
passivation anneal comprising heating the silicon dioxide-containing material and the
non-oxidized silicon to a temperéture of from about 350°C to about 450°C for a time of

from about 5 minutes to about 2 hours.

32.  The method of claim 30 further comprising incorporating the transistor

device into a DRAM cell.

33.  The method of claim 32 further comprising incorporating the DRAM cell

into an electronic system.
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non-oxi di zed silicon to a tenperature of from about
3500C to about 450C for a tinme of fromabout 5 m nutes

W@ 200808163 2 hours. 32. The nethod of clai m 30 Par/Ukm®N4/021157
conprising incorporating the transistor device into a
DRAM3gel | .A 33thodivé foreirgodeadically aisniaBPe Sidewdikliners along sidewalls
conprising incorporating the DRAM cell into an
ot he etectritally symriuetivelibe, donmedsimgd of forming el ectrically
insulative sidewall |iners along sidewalls of an
el ect ri calfbynisgad eletiricallyl dondyctiveiipe osémmgserhioomduatpr anbstrate;
el ectrically conductive line over a sem conduct or :
thel vt camh@]sirigheepair ofcopposipg sislewglisa pai r of opposi ng
sidewal | s; depositing a deuterated silicon
ni t ri de- calkpasitingg devtemteddilicharitgdé-bentainthevwahiesalatohg the
over the sem conductor substrate; the deuterated
skddwiatl® andh byerithe seraicbirdution gubstitade;ithe dbwemtedsimoainitéde-containing
fromat |east one deuterated nitrogen conpound and one
nditerial beingalepgsiteat fetn ai Ibast @ne cdeotecated sitrobert calopastd and one or
contai n hydrogen isotopes; and anisotropically etching
rhdre hdimgeratat atlicen tormpounds that de nobedraainihpdrogert spfoaks;tamd
formsidewall liners along the sidewalls of the |ine.
35. The neaiisattopitalty eichin@thewleateeatad stieordeip@etdontamimg material to
the deuterated silicon nitride-containing material is
fome sidewdlblineroéload tha siddvaajle of thepiosi ti on and cheni cal
vapor deposition. 36. The nethod of claim 34 wherein
the deposition of the deuterated silicon
ni t r i3%e- coiteanethnd ohelaiar 34whéreindhe iepeditionagi dire deuterated silicon
deposition conducted at a pressure of |ess than or
réitjdedcontainidgonateBalToone odyuth Thatomist layel dspositien andehemical vapor
wherein the at | east one deuterated nitrogen conmpound
depositidrect ed from the group consisting of NH2D, NHD2,
ND3, and m xtures

36. The method of claim 34 wherein the deposition of the deuterated silicon
nitride-containing material is chemical vapor deposition conducted at a pressure of less

than or equal to about 5 Torr.

37. The method of claim 34 wherein the at least one deuterated nitrogen
compound is selected from the group consisting of NH,D, NHD,, NDs, and mixtures

thereof.

38. The method of claim 34 wherein the one or more halogenated silicon

compounds consist of silicon and chlorine.

39. The method of claim 38 wherein the one or more halogenated silicon

compounds are selected from the group consisting of SiCly, SizCls and mixtures thereof.
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thereof. 38. The nethod of claim 34 wherein the one or

nor e hal ogenated silicon conpounds consist of silicon
w@pwsobd763 i ne. 39. The net hod of clai m 38 wherBCTUS1964/021157

one or nore hal ogenated silicon conpounds are sel ected

from4phe gheupethensf ddimBy wiier&in@s Si [2&3t®naniduteratéd nigregen

t hereof. 40. The method of claim 39 wherein the at

compstindisseltetdddront i@ grotip cgsisting opHER] NI4D s elDgcaretimixtures

fromthe group consisting of NH2D, NHD2, ND3, and

tharsdfur es thereof. 41. The nethod of claim 34 wherein

‘the deuterated silicon nitride-containing materi al

consi sts essentially of silicon nitride. 42. The

met had. of Thleaneth&dlodiaimedawhdreindee teutatadeb slidongitride-containing

nitride-containing material consists of silicon

rmaterial densié8 esdemialiyhafcsilicbn hitide. ng a transi st or devi ce,

conprising: formng a gate stack over a seni conduct or

substrate; the gate stack conprising an electrically

i nsuldat i v&heavethed of daist 34omieereindioe degtatatsd glinodudiride-eontaining

materi al over the pad, and an electrically insulative

roztpriad censisthef siticdnedsitleone el ectrical ly conducti ve

material; the gate stack conprising a pair of opposing

sidewal I s extending at | east along the one or nore

condud i veA methedichfamingd transiderrevicer eemigising:

electrically insulative material al ong the sidewalls;

ani sot r opifeainy a getsstagk avee aspeiqonpedpn subssiiatg] theigate stack

material to formsidewal | spacers along the sidewalls;

dompirising ianceletbjnaly insulative pad, atilsestraneelqaiinglyeensuctie material

gate stack to forma pair of source/drain diffusion

queythermadgaitdan gleciipallydnsidptive capeverribe aticastiong fipeticaly

gate stack; and

conductive material; the gate stack comprising a pair of opposing sidewalls extending at

least along the one or more conductive materials and the cap;

forming an electrically insulative material along the sidewalls;

anisotropically etching the electrically insulative material to form sidewall
spacers along the sidewalls;

implanting dopant into the substrate proximaté the gate stack to form a
pair of source/drain diffusion regions gatedly connected to one another through the gate
stack; and

depositing a deuterated silicon nitride-containing material over the gate
stack and over the sidewall spacers; the deuterated silicon nitride-containing material
being deposited from at least one deuterated nitrogen compound and one or more

halogenated silicon compounds that do not contain hydrogen isotopes.

44.  The method of claim 43 wherein the deuterated silicon nitride-containing

material is a deuterated silicon oxynitride-containing material.
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depositing a deuterated silicon nitride-containing
materi al over the gate stack and over the sidewall

WG pase0Es3 t he deuterated silicon nitride-cont aPeii/ng004/021157
mat eri al bei ng deposited fromat |east one deuterated
ni tragen qoepeeticd ainslhicnes wiieralrtee bietwigellydhadative Imatenial formed
conpounds that do not contain hydrogen isotopes. 44.
aldhg the bidedaky arel @icantd Sormithe sidawalhepaberd isaadertbratiet istioon nitride-
nitride-containing material is a deuterated silicon
coXMMig merriaddpakitddigorirat leastaine4futeFated mittdgen competiral and one
43 wherein the electrically insulative material forned
AR g halbgersdieke winddnscoaipdundsetihat do horaontdivehydrogareibotopes.
spacers Is a deuterated silicon nitridecontaining
mat eri al deposited fromat |east one deuterated
ni tragen Cihepoethdd ahdaionds wheraibribe blicoigelhainadatiiel dap asa
conmpounds that do not contain hydrogen isotopes. 46.
dEnteramet Biidorohitrideadanmtad3ngvnatesinhddfosited eorhrait akl gne deuterated
insulative cap is a deuterated silicon
ritrdgendemponhd@iand bge orerd falogdapteslisiliedn tompoatdsteaisio not contain
one deuterated nitrogen conmpound and one or nore
Hyatooge met@bssi | i con conpounds that do not contain
hydr ogen i sotopes. '47. The nethod of claim46 wherein
the electrically insulative material formed al ong the
si dewdl. | s Emednetbed of daifrottiwhéreinsthel eleatricalypinsdatéve; rgatgrial formed
deuterated silicon nitridecontaining materi al
alempbe sEdwalandiusdogadormothe sifiewnl spacsts isia degrrated silicon nitride-
conpound and one or nore hal ogenated silicon conpounds
donteiniop materiabdericsited tignirad ipest dreolesiiristed 48rogEN €oMPPHIfHand one
of claim43 wherein the depositing is chem cal vapor
atepws ihbloganaied dilicerecbropoundp ihed sanet eintaie ydrogeiniseiopes.
equal to about 5 Torr. 49. The nethod of claim43
wherein the at | east one deuterated nitrogen conpound
i s sed8ect ethef meinod lvéclginpddwheiedt e idegoBlinaNsiZeMiQRiDEPOr
ND3, and m xtures thereof. 50. The nethod of claim 43
wdpesitipmcenriictndeat arpresauee eidessgbampeenusl Iq @yt 5 Torr.

49.  The method of claim 43 wherein the at least one deuterated nitrogen
compound is selected from the group consisting of NH.D, NHDz, ND3, and mixtures

thereof.

50. The method of claim 43 wherein the one or more halogenated silicon

compounds consist of silicon and chlorine.

51.  The method of claim 50 wherein the one or more halogenated silicon

compounds are selected from the group consisting of SiCls, Si>Cls and mixtures thereof.

52.  The method of claim 51 wherein the at least one deuterated nitrogen
compound is selected from the group consisting of NH,D, NHD», ND3, and mixtures

thereof.
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conmpounds consi st of silicon and chlorine. 51. The
nmet hod of claim50 wherein the one or nore hal ogenat ed
wa@RdospesTexonpounds are sel ected fromthe groupPCT/US2004/021157

consisting of SiCU, Si2CI6 and m xtures thereof. 52.

The n83.hodTioé metreidrof Blhimide mbierein the deutdretad ilicorenitride-containing

deuterated nitrogen conpound is selected fromthe

oetuipl cosisissessagtialf oNsiikdon M2, ND3, and m xtures

t hereof.53. The nethod of claim43 wherein the

deuterated silicon nitride-containing nmateri al

consi $4.s eshemethaid|of clafm 48 Wihewin thietdeutkeated 4ilicarnmitride-containing

met hod of claim 43 wherein the deuterated silicon

mitaripbeonsisia ofisilicogynitrideer i al consi sts of silicon

nitride. 55. The nmethod of claim43 wherein a

passi vati on anneal is conducted after form ng the

deut eb@t edThe method of clain 48 wherdiraa passivatian anined! js ¢dnelucted after
assi vation anneal conprising heating the substrate to
rmiggike deuieratastsilicoo mitédsocanta6i0g Materiakitbe paskhedon Aonea

time of fromabout 5 mnutes to about 2 hours. 56. The

eRImpTisingdfeaina the seBsiraie tha terorerpiures oifepm albart B60HR forapout 450°C

the transistor device into a DRAMcell. 57. The net hod
for adimgi ohfroe ahaut heringesisrabouhg hpwsor por ati ng t he DRAM
cell into an electronic system

56. The method of claim 43 further comprising incorporating the transistor

device into a DRAM cell.

57.  The method of claim 56 further comprising incorporating the DRAM cell

into an electronic system.
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