WD 2005/ 008763 PCT/ US2004/ 021157 Methods O Form ng Deuterated Silicon
Nitride-Containing Materials TECHNI CAL FI ELD [0001] The invention pertains
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as reservoirs of deuteriumduring hardening of a silicon/silicon dioxide
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Hot - El ect r-g%é%}‘ I abq:l%e'ﬁy I n H gh-Performance, Miltilevel-Mtal CMOS Using

Deut er at ed ier-Nqtri Lhg: EE: £l r Lee: letters, Vol.
20 o, 101090}, °5oateblHnchAEERRS ddetiobs P S RBse  have been
proposed for. form d rated silicon nitride-containing materials. The
met hods ut'icﬁ{”ld%gzoﬁ?a e @?%ﬁg "silicon-containing precursor (such as, for

exanple, SiD4) in conbination with a nitrogen-containing precursor which
may or may not be deuterated (with an exenpl ary non-deuterated

ni trogen-c Rl Yol i NH3, and an exenpl ary deuterated

ni trogen-c@&@g{aﬁldqﬁ&'%bmémvgﬁ#% ND3) . [0004] The met hods descri bed above
for form ngi &%gterat dsilicon nitri dfe-golgt a@ ng@m&teri als tend to be

rel ativel y @305dnsi ve! NSIRATSRYBPGHR PSS Tof deleigiad $Ien MG derGoupBi9nor e

econom cal nethods for formng deut ergt ed silicon nitride-containing

mat eri al s. MG SRICeRFIG! SeR97 HB0BFENGE SeHtesdgd Sicon he i nventi on

pertains to a nmethod of formng a deuterated siljcon nitride-containing
Mt er i al f FReZOMARIAG mMairdal deaitlieechas reseuAITE e AR eI AYINg hardening

of a silicon/silicon dioxide intetface, as described in, for example, Clark, W.F. et al.,

“Improved Hot-Electron Reliability In High-Performance, Multilevel-Metal CMOS Using
Deuterated Barrier-Nitride Processing”, IEEE Electron Device Letters, Vol. 20, No. 10,
pp. 501-503, October 1999.

[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

1
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aspect, t U enconpasses a nethod of formng electrically

e, - o ITEEL 1 cdPio)e aapiabe rbeMatcencmParsiaat BetPHs Cumsthduct or
e e e SR o]t oo SRR B P ShanihoBben e

i 1 ogen GURRTFRF SHEnorA SR8 TR GHaAEa0 ST R (OB IRRIE SORAE do not
oot o AR e SRR e A S S A B 4 PG &l Ot e

sidewal I's of the |line. BRI EF DESCRI PTION OF T DRAW NGS [ 0008] Preferred
enbodi ment ©PEFIRGYEr HigeHicB Hicxtds-tARinNG BRIl ol nigRosition of the JeUtefated

silicon nitride-containing material utilizes at least one deuterated nitrogen compound
and one or more halogenated silicon compounds that do not contain hydrogen isotopes.
[0007] In one aspect, ti'le invention encompasses a method of forming
electrically insulative sidewall liners along sidewalls of an electrically conductive line.
The electrically conductive line is formed over a semiconductor substrate. The line
comprises a pair of opposing sidewalls. A silicon nitride-containing material is formed
along the 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.



reference to the foll ow ng acconpanyi ng drawi ngs. 2 WD 2005/ 008763
PCT/ US2004/ 021157 [0009] Fig. 1 is a diagrammtic, cross-sectional view of

a sem copgyedoSnodned er fragnent at a prelimnary pr00€3ﬁtﬁ@sﬁf0@gﬁ1§f an
exenpl ary aspect of the present invention. [0010] Fi g 2 is aview of the

Fig. 1 waf g)'loflb]' agne Sthg‘éﬂjx rar%rr%‘h&’%?é% éb%tqﬁeﬁlggévrc?f Puhkigt of

Fig. 1. Flg I's a Vi rament si?ownata
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fragnmen ocessin subs quent to that of
Fig. 3. [QQkhioki 9- 5|saV|ewof the Fig. 1 wafer fragnent shown at a
processi ng stage subsequent to that of Fig. 4. [0014] Fig. 6 is a

ch agr amat kb W O'rig QIR IS AL A EXAIRA B f prcBBligahon o

t he presen entio Iragram sRowi ng I cul ar

features osfu %%HP{DQR&OQ%" 1 of the Fig. 6 conputer. [0016] Fig. 8 is a
hi gh- 1 evel B diragram an el ect ron| c system accor di ng to an exenplary
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i nvention. TA| EDtEE[ﬁ Pél ON OF TH_E PREFERRED ENBC]_:)I MENTS [0018] The
i nvention Sﬂ)‘ reRieALe fbds of forni ng deut erated silicon

o SO "2 f bk e EPhe M R e DBl bk pe
nitride-cont 8l Mt L . 3.
[0013] Fig. 5 is a view of the Fig. 1 wafer fragment shown at a processing stage
subsequent to that of Fig. 4.
[0014] Fig. 6 is a diagrammatic view of a computer 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.

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

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 (SixNy, where x and y are

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



i ncludes any material conprising silicon and nitrogen, including, for
exanple, materials consisting essentially of, or consisting of silicon
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nitrogen-containing precursors in combination with silicon-containing precursors having

no hydrogen or isotopes thereof. Exemplary silicon-containing precursors are
halogenated silicon compounds that do not contain hydrogen isotopes, such as, for
example, compounds consisting of silicon and chlorine. Specific silicon-containing
compounds suitable for utilization as precursors of deuterated silicon nitride-containing
materials in accordance with exemplary aspects of the present invention are SiCl, and
Si;Cle.

[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
incorpbrated 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



reference to Figs. 1-5 in which deuterated silicon nitride-containing
materials are incorporated into a transistor device. [0021] Referring
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deposition of silicon dioxide over substrate 12 (such as, for example, chemical vapor
deposition) or by growth of silicon dioxide from silicon of substrate 12 by exposure of a
surface of substrate 12 to appropriate oxidizing conditions.

[0024] An interface 16 occurs where insulative layer 14 joins to substrate 12. In
particular applications, insulative layer 14 will comprise silicon dioxide, substrate 12 will
comprise non-oxidized silicon, and interface 16 will thus comprise an interface where
silicon dioxide contacts non-oxidized silicon.

[0025] Although insulative material 14 is shown as a single homogeneous layer,
it is to 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
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layer can be formed by deposition from at least one deuterated nitrogen compound and
one or more halogenated silicon compounds that do not contain hydrogen isotopes.

The at least one deuterated nitrogen compound can be, for example, selected from the
group consisting of NHoD, NHD,, ND;, and mixtures thereof. The one or more
halogenated silicon compounds can, for example, consist of silicon and chlorine, and in
particular aspects can be selected from the group consisting of SiCl,, Si,Cls 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
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volume. In particular aspects of the present invention, the volume ratio of the

deuterated nitrogen compound volume to the halogenated silicon compound volume will

be from about 1:1 to about 20:1 during CVD of deuterated silicon nitride-containing

material, with an exemplary ratio being about 10:1. If the silicon nitride-containing

material is to consist essentially of, or consist of silicon nitride, the only reactive

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. [f 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.
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[0032] The portion of line 22 shown in the cross-sectional view of Fig. 2 can
ultimately be incorporated into a gate of a transistor device. Accordingly, the stack of
layers 14, 18 and 20 can be referred to as a gate stack. Although the shown processing
patterns all of layers 14, 18 and 20 into a line shape in forming the gate stack, it is to be
understood that the invention encompasses other aspects (not shown) in which pad
layer 14 is not patterned into the line shape during formation of the gate stack.

[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



t he mask, and subsequent renoval of the mask. The photoresi st mask can be
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devi ce. The,{,ar fBpid L8 ans%‘f’gés%ﬁf eradf_hrber QI%ﬂélgtrb? of8 o?%réBe&éFbt&anuféﬁco”p' I shed

ut|I|Z|ng COﬂVGﬂtIOHaI proces vention can articu

"aver of ST Sﬁ%%&g%}%i?%‘%ﬁ i
210ng the st HENAl LB AR RRGOL cSARMNELANE I S1 8o BeRER ol T or meti on

of source/drarn regions rrlng

ubstrat Eak@‘pi}ﬂf&é"ﬁéﬁ 3o B ehdlomosh bolte emv'?}‘@ ffceg%}ﬁ%égs‘?mﬁﬁ%‘é
| nsul at i ve TR e6) Bl 3o Bk SRR SR AN PR SoT R L o L ng, For

exanple q |con ni I con
DT . T eSS A 58 b ATB B

sidewall spacers (also referred to herein as sidewall liners) 34 along the sidewalls 24

and 26 of line 22.

[0036] After formation of sidewall spacers 34, conductivity-enhancing dopant is
implanted into substrate 12 to form source/drain diffusion regions 36 and 38. The
formation of regions 36 and 38 can be accomplished utilizing conventional methods,
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



nitride-containing materials. In such aspect, layer 32 can be forned by
deposition from at |east one deuterated nitrogen conpound and one or nore

hal ogenatasl2gdshéseen conpounds that do not contai n hydr pgeRst@obaRes,
utilizing processing described above relative to formation of deuterated

silicon ni ﬁrfrbgefmgﬁcﬁrne'daa orﬂetowc%ﬁartagénat@deﬁco%%m 99§§]haR@$%trédﬁ€bnﬁo Fig.

4, layer 32 ( i's anisotropical Iy etc hed to rm sid spacers

(al so ref epypal qs&e? L B cgé lihe { ygg%SI Sdribad fémefefefefo;ﬂngﬁc‘ﬁ%flas 24 and

26 of line 22.7 [ 0036 tion emal spa

cour col dr ol TR EIcBe A b o TR AT Gl o PR 1RG0 228 Pe0 36 and
38, oan e, ARSAIRE GRSl ke SRS B0 R HO e R by ey gpant

utilized in region e Sui or et T on

transistor deyiee o &u@%lﬁﬁ%mh&ﬁ nﬂfa%e%t#n%%lﬂhg HAferla! Yr?gro‘e Qﬂ-g;ru%h

transi st OI’ evice I n aspec nven on. cel/drain
gy

regi ons 36 onnected to one another through the gate
stack of |P%§grz'§9er2£°?6?‘%. ngﬁgél Efohe gate stack and source/drain regions

Fio Ezr an GPHEC ] IRty et Bbgel B4 BBrd RoalRpTE PrEBISY Stbl s
34, 40 i

ol ectri cal TG na%ﬁaﬁpéﬁgkfétoi ped e ﬁwsrnhbvé?q%n@arﬁrﬁ%és@?ee% i ompri 2o a
deut er at ed 4|co I’]Itl‘l h % terb b f L yer 40 cg rlses a
deut er at ed" iri |998 inipg {3 %@S iMFREAHEELPS Beneficiabing spspayah PiSesHidred

o oA TR e B e G oo
it o SPGB GO TR A Bl B SR B 20
Barrier er 40 cgﬁ%é) tr esuer r ed% ]g;\ ﬂ nste Ondto (e)%Jtaerrrlgt éj rS| aImlocon
nitride- co %ﬁaﬁPﬁB Uepit SUSCEPYRIPE Pt Sgh diiteiiace -C gragation which
could otherwise occur in thermal processing steps. An exemplary thermal processing
step is a passivation anneal which can comprise heating substrate 12, and accordingly
interface 16, to a temperature of from about 350°C to about 450°C for a time of from
about 5 minutes to about 2 hours. The passivation anneal can comprise conventional
processing, and accordingly can be conducted at atmospheric pressure, and while
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
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conprises a deuterated silicon nitride-containing material, in order to

di stinguish the barrier layer fromthe material 20. [0038] In accordance
with t hewmtdosdmesgy di scussed above, one or nore of ne¢BUSA0%08457 20 and
40 of the Fig. 5 construction can conprise deuterated silicon

ni tride- caiit ALIITRGhAGISSS DRILSt of Feehnib@rabel pp.craB e tanefdeitel 1 n subsequent
processing. For instance, if interface 16 is a sili con/ si | i con dioxide

i nterface, s fgHbgEdUSLILEEBiNBss Qﬁ*daneftﬁa@-@!omawfglf%§ iFRMOYFETate to the
silicon/silicon dioxide interface to harden the interface and reduce the

suscept i b'ddn&NucQBn§UM@tHonl%@{/ BEMeiPedtht MGdftiohean dRARASER foaBrmtech coul d
ot herwi se occur in thermal processing steps. An exenplary thermal processing

step is a RAGHbY 8iH-Q8sNBAININEL-EonERMIMART | Se_heating substrate 12, and
accordi ngly interface 16, to a tenper ature of from about 3500 to about 450C

for a timegfaoirom ARRUENR ChAULER tbAFbaHbad dRaWeliordiBs sRESPANREL On anneal

can COI'TpI’I nventi ona processi ng, accor |ng y can conduct ed at

2228?PQFLg&aﬁffﬁ?@*%&“@E’“@OW@ TSR, M el o
frequentl y éﬁé‘ﬁmat  53%hk b g @ﬁwﬂﬁ%é cgdh'nn;gc{sn%ns %&Her?}%ﬂ( &éa{térﬁféﬁ s de

interface 1 e abs8nde o erial’s proxima

| nterface. gl QB%%[n‘Pr@’%o‘?ﬁpo [I Fipeictls h%é%(%t‘rteg{‘ i éﬁ%‘erg 8%‘eq H{v Relaii

materials "proxrma ace n aI YSUE (rsqd even

Bl Fernati vE Qo?@or@??eh%aﬂag%ﬁ?@ﬁhﬁ@@&ﬂﬂ&% g afod ﬂo‘?a‘a%‘ 0Rprp Bt
2 Real | 248 %ﬁé“a%&?gcﬁﬁéﬂ PR Bl Blec b i boding or BBl
252322?5‘ ‘%B%%&Eﬁata@%@gﬂ%ﬁb&%@@%ﬁ%ﬁ%ﬁ“ﬂeﬂeﬁ@ Mol gy Of gest of
Techni cal [&Pﬁﬁﬁ ' ppl'ra%szlgtor ngiclezéa ban be mcorp%rated into various semiconductor
constructions. In an exemplary aspect of the invention, transistor device 39 can be
incorporated into a DRAM construction. Specifically, one of the source/drain regions 36
and 38 can be electrically connected to a storage device and the other of the
source/drain regions can be electrically connected to a bitline. In the Fig. 5 construction,
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.

11



advant ageous to use SiH less silicon nitride-containing filnms in PMOSFET
constructions. Methodol ogy of the present invention can be utilized to form
the so-@ga@ JoeshoSids: | ess silicon nitride-containing filreru§004@)i154l t hough
it is desirable to have at | east one deuterated silicon nitride- containing

naterial irjoggajor at edohdituRticN fdrindatih Gitcdlantd with hietRioldydedfstheostesdiat
various of the materials 20, 34 and 40 can conprise conpositions other than

deut er at edingéntiof qBuché thdlebGRIICADSDWERITRES hhd TFAM aj2llé)otarche ubizeaht t ed,
if others of the layers 20, 34 and 40 conprise deuterated silicon

ni tride- CORlirabdLE GsSQTPRS! HcRidhg, RO exaRplaneeputdr SReVRAhd ofRACRICToRE

and/ or cap 20 conprise deuterated silicon nitride-containing conpositions,
barrier | aygfed® can be omtted in various aspects of the present invention.
[ 0041] Transistor device 39 can be incorporated into various sem conductor

constructi qgeaq)l N anFRX&MR|AENe8S tall0f bl PRay estd , blemst yowageyi ce 39
can be ingorp rat ed ii%nto a ISRE\M @%ﬁs’c}t ?uc io%g./ Specin?@%al ly, onz o?“dt he

sour ce/ dr ajn: i ; ueal rage
hrﬂlrt]e{tfég ggfergt?oq[lrﬂgﬂ grg% :dggw})g?er%x%ﬁ{ 6@ !do¥o 1o% ﬁ%sb@ctg?flst;we g

device and the oth rain regions can be electric

connect ed g%sé'ntbiir‘iJeinﬂ&q. '”C&ngtgi gvs%rﬁggéérhﬁﬁﬁb%"a TGP/ 821 & Toggdon 36

is shown connected to a storage device and source/draln region i's

shown conngghednkBudh bl daica% K PaRLRAF 8 BhFRMeABIHTE Revllang

exanpl e, a capaci ectri connectl ons e source/dral’'n regions

36 d 38 | i | ' '
exaﬁgl e, b)a/l ex{1 2@8?@3%% g@ﬁ%@%‘?%oﬁ :J%ﬁq‘&vg nﬁﬁibgfoggﬁénd;gdséd%ﬂ%p e'fsﬁ%)t\?m)

t hrough | a?g%?gs\?ﬁﬂﬁggﬁﬁc%t Pé%éthoné%«{dﬁ%déﬁji 88 Oﬂ/?en;?o%g%?/ﬁ%? 4%%%%?

Anong t he ransi st or cé characteristi

oA L e o e

degradat i OB m%rr]éjo heMN(gr Tirﬁeessgnd bﬁ%ﬁ)‘d% cgll:s'. &I%mory device 408 can comprise an
array of memory cells, and such array can be coupled with addressing circuitry for
accessing individual memory cells in the array. Further, the memory cell array can be
coupled to a read circuit for reading data from the memory cells. The addressing and
read circuitry can be utilized for conveying information between memory device 408 and
processor 406. Such is illustrated in the block diagram of the motherboard 404 shown
in Fig. 7. In such block diagram, the addressing circuitry is illustrated as 410 and the

read circulitry 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



WO 2005/ 008763 PCT/ US2004/ 021157 [0043] Constructions formed in accordance
w th nmet hodol ogy of the present invention (such as the above-described
wor dl i negycadnds/ 684 cel | s)' can be utilized in nunerouspayssbi/inss?

i ncludi ng, for exanple, conmputer systens and other electronic systens.

[0044] Fi garrdyd éﬂw%{d@ﬁnsa&%@ﬁhgld.ﬁérerhycows%f 10 AR € DakUbtoRQl attife WaY Of
limtation, an enbodi nent of a Conputer system 400 according to an aspect of

the presegiq bd]ﬁ(ﬁﬁ‘int@ﬂ%ect@u%'ntt%rreﬁéf%ﬁ@%@%h:l&%é’%‘ﬁxﬁn ROAHcb&dedd01 or ot her
comuni cati on out put device, a keyboard 402 or other comuni cation input

devi ce, anqpodp]not hepRoderhaA0 peMitdeichag it dR4ndRNdSadNpR (FDO)) GRIAGESSOr
406 or other data processing unit, and at |east one nenory deV| ce 40

Mermory  deviyagh4i8ws dhta QQI%H% %eméﬁE)hpézh'iayaa'ﬂb‘F&stssto%fe éd&ﬁabl@‘é‘%@u‘t&ﬁ aﬁ@rst%' bed

above, i ncI ud| ng, for exarrp , one nore of the wordlines and DRAM unit
cells. elnt sTARIS I ﬁ&g uch
array can e c%ﬁ‘%’: e u agatgégﬁess|e'rc1jg?Ei?pg%rﬁ?r&%%dggg%gé?%ﬁég@ﬂu| Vi lgﬁ

a read Eﬂ%@?étd@fbéﬁg"’%iﬂagmf Lo P PR Yo g f%rt?%ﬁ TPy 'aﬁﬁ e
(ead o1 Subb 620 BSWUiddd B R RLENoRg WRLALATR pos e UGES, PEIRLY

devi ce 408 a processor S I bl"ock™di agram of

cirouitry PO S ST tﬂ#ﬁﬁvﬁr%@% il AR s

412. [0045 [ pects of the invention, nenory deV|ce 408 can
correspondbeb gfﬁgﬁnﬁ$ﬁ"§§ For exanpl e, S|ngle in line menory nodul es

il erent atlo i cn s BT SEERE R PP p T 4 e %e‘j?rﬁ@a'ﬁ RHE' The
menory device can_be orated into a qns whi ch

orovi de d fl@réorusn%m%der'ﬂ%%%rd@@nre@%%mpﬂ?dyfee&?ﬁ*&ﬁ&ve%n?@g 8 e ety e of

the device ysct)gm 945 Ral® c;[orr]r%gpcgnd %ohef\orp r‘[gdg compu etrls())/gfem 8 procegg control

system, or any other system that employs a processor and associated memory.
Electronic system 700 has functional elements, including a processor or arithmetic/logic
unit (ALU) 702, a control unit 704, a memory device unit 706 and an input/output (I/O)
device 708. Generally, electronic system 700 will have a native set 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 I/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
ilfustrated 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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operations in a DRAM are defined by the nmethod of accessing a row of a
menory cell 12 WD 2005/008763 PCT/ US2004/ 021157 arrays and randonmly

accessi ngyglhdobesseed col ums of the array. Data stored apctfa€00992116nd col um
intersection can be read and out put while that columm is accessed. [0046] An

al ternate gm&%&c’f de#ib?@%%gﬁr@ﬁﬁ@éb%@@@@g% B QH@R%V&I .%F@br‘lliﬁ'ﬁgﬁ’@’varm-é ch

al | ows dat red at "a array address to be avai e as output after

the addre ; I i~ TH r i
: SPESHIRRh 4T} y%gpﬁ@&r)? R288nic [HsBnTREB! yTﬁ@ar%y‘s@H %@@anﬁéﬁe%uac ' ng

comuni catl on speeds W ng shorter access signal's w thout

the tinme i i ,ry%r’@(y i i JERG her
alternati v@ewgt}ggb(l) de%}hgggggﬁglﬂ%gaofsn%@h? C%?)%?%%RA SLDRAblé/?Ibé\}/t%AI{/I%nd

o | Pl st mdesd kil o8B, BH[IANSAcED SnPBY! Radfs hofRgRE SRy R0AF Fi o

8 illustrates a sinp C agram-of evel organi zation of
var1 ouS SrBA G paflond SHEFRLALIGS SELTS AR FONRP el e HESRPTE
Drocess, COMgils MHELFL BN LR S SIMA PO YSeR GBS,
s (R U L TR SR
o ety ontCcPhl 100 1k BB PR il RS bl vt 1
et O, eSS e e R ol R B S e R R
DS S IR e o % kP s o 9B, Ressurdons 1o
Che. memr yOBBINCESE 68 PRUHIGCTE. B SThBHSHS i TEdosom: SRHBH dECHes 2 momory
(RAN eVt B bsdoP 85 B rlermiary ControlRriar memory Sacesang. Pe ! pheral devices such

[0049] The memory device 802 receives control signals 824 from the processor

822 over wiring or metallization lines. The memory device 802 is used to store data

which is accessed via /O lines. It will be appreciated by those skilled in the art that

additional circuitry and control signals can be provided, and that the memory device 802

has been simplified to help focus on the invention. At least one of the processor 822 or

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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as a floppy disk drive and a conpact disk CD-ROM drive. One of ordinary
skill in the art w1l understand, upon reading and conprehending this

di scl osuky 2dokiaés7eény of the illustrated el ectrical conponericesaiigscapabl e
of being fabricated to include DRAM cells and wordlines in accordance with

vari ous as of t i ' td ;

Pl 2004 85052 [)&8‘1@?@?3& BemE o eﬁ?ﬁ%ﬁ? ?6?8@%?%@@9%3}95%’@? a

hi gh-1 evel 1 i i i e ctronic
cyar em o0 ] B o e Ly el PPy

of memory gehlss %@?oes@&%&@ﬁeé{'%ﬁ@%ggl%cr%gﬁn-sﬁé?érﬁc_ Rodfes f‘ﬁPI;‘?éV ih&MgB08, col um

access circuitry ‘810, read/wite c circuitry controlling

operat L onSmufiifel ARMIhRURBM eS| Sa dicknd Ldn s Ry BE AU HodifHbRRy BOZ LA D"

i ncl udes power ’Ci'rcul , Senso , suc rent sensors for

det er 1t g QEHAST < BaPURICCELbAl 3 Ly @oh 4 iRIOL deRangari St at e or

in a high-thiésho non-"'con ing’sta ustta ower "circuitry

216 ) 1 UOSSBENEEIS YRBLXFS S Y B RR, O Pri 19,2

pul ses, 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 nenory controller for nmenory accessing. [0049]
The nenory device 802 receives control signals 824 fromthe processor 822
over wring or netallization lines. 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 additional circuitry and control signals can be
provi ded, and that the nenory device 802 has been sinplified to help focus
on the invention. At |east one of the processor 822 or nenory device 802
can include a DRAM cel|l of the type described previously in this

di scl osure. [0050] The various illustrated systenms of this disclosure are

i ntended to provide
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a general understanding of various applications for the circuitry and
structures of the present invention, and are not intended to serve as a
conpl ete description of all the elenents and features of an electronic
systemusing nenory cells in accordance with aspects of the present

i nvention. One of ordinary skiél ka%the art will understand that the
various el ectronic systens can b bricated in single-package processing
units, or even on a single sem conductor chip, in order to reduce the
communi cat i on Fhﬁﬂweﬁgyhg@H“FH% processor and the menory device(s). 14 WO
2005/ 008763 PCT/ US2004/ 021157 [0051] Applications for nmenory cells and
wor dl i nes can include electronic, systens for use in nenory nodul es, device
drivers, power lnodufe@ethashof ferming 3 frangistasdevice: 6eB¥HINGindul es, and
application-specific nodules, and may include nultilayer, multichip

modul es. Such &rming argate stadku(22h eveba semicdructarsiistrate §12)atheegate of

el ectronic systens, such as a clock, a television, a cell phone, a personal

conput er, stk o y bR elédtricaifunbulatie paal(14), ad ¥t Bneadledtricamaf t, and
ot hers. 15 CLAl The invention claimed is: 1. A nethod of formng a

Lo, PRI mBGrRl e S B Bl SR EBp v,

sem conductor substrate an e
i nsul ativ ad (14), at least one electricall conductive material .(18)
over e Tiarhl dne Blecl iy songushE Al L e S48 SpaASmPEHEs APaibast one
electrically conductive material; the gate stack conprising a pair of
opposi ng §f 8ppesing sidewallsd24@nde28)axdending at lasst alongoihe anfeobmer®r nor e
conductive materials and the cap; formng an electrically insulative
mat eri al cdAductivenpatenalsanic v tap;
forming an electrically insulative material (32) along the sidewalls;
anisotropically etching the electrically insulative material to form sidewall
spacers (34) along the sidewalls;
implanting dopant into the substrate proximate the gate stack to form a
pair of source/drain diffusion regions (36 and 38) gatedly connected to one
another through the gate stack; and
depositing a deuterated silicon nitride-containing material (40) 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; the deuterated silicon nitride-containing material being a

deuterated silicon oxynitride-containing material.

2. The method of claim 1 wherein the electrically insulative material formed
along the sidewalls and used to form the sidewall spacers is a deuterated silicon nitride-
containing material deposited from at least one deuterated nitrogen compound and one

or more halogenated silicon compounds that do not contain hydrogen isotopes.
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anisotropically etching the electrically insulative material to form

sidewal | spacers (34) along the sidewalls; inplanting dopant into the
substrate proximte the gate stack to forma pair of source/drain diffusion
regions (36 and 38) gatedly connect ed to one anot her through the gate

stack; and depgsiti erated sj |co co taining material (40)
over the gate stac&ﬂﬁﬂ@qBQFL?{cﬁ @ 1sz ItFeg'i?&&  INPYRINESAPEF 4t ed sil i con
nitride- cont ai ni nﬁ| mat eri al bei ng P05| t ed from at | east one deut er at ed
ni trogen caitide- °8F‘ta|‘ﬂ9?9emﬁ*§ 6'9‘&?8?'&9& fgqm@&@ﬁsmmg hat do not

contain hy dr ogen i sotopes; the deuterated silicon nitrjde-containing
mat eri al E?Bioﬁe §ompeyRdand ene imeredizlagepated siligen eympeyndsibatdonat cantainy . The
met hod of claim 1 wherein the electrically insulative material formed along

the si den&YHrogemi$olePes to form the sidewal | spacers is a deuterated silicon
nitride- containing material deposited fromat |east one deuterated nitrogen
compound and one or_nore hal ogenated silicon conpounds that do not contain
hydrogen i sot ofles. Tesnethootgiaimotwberetn the alectrizaly iepwativeomatesakipieed | y
insulative cap is a deuterated silicon nitride-containing material
deposi ted afqngﬁﬁ‘%@'dﬁ‘é@!ﬁa"@d@edé@f@i“éh@&'deWﬁ‘! pRAErP ig grtaTatedrsilicen ditige- nor e
hal ogenated silicon conpounds that do not contain hydrogen isotopes. 4. The
met hod of centaininganaledaldenositeg feare ot lepstaneydeiesatpanitipgeneomppand arg oRsl  al ong
the sidewalls and used to formthe sidewall spacers is a deuterated silicon
nitride- oomose halagenatedsiicon agaposndsitat donetaontairnkydrogen ideiopes.at ed ni trogen
conpound and one or nore hal ogenated silicon conpounds that do not contain
hydr ogen i sotopes. 5. The nethod of claim1l wherein the depositing is
cheni cal vapor 5. depddetethod oficiaiot whereindhe depssiting isichémical Yapon or equal to
about 5 Torr.

deposition conducted at a pressure of less than or equal to about 5 Torr.

6. The method of claim 1 wherein the at least one deuterated nitrogen
compound is selected from the group consisting of NH,D, NHD,, ND3, and mixtures

thereof.

7. The method of claim 1 wherein the one or more halogenated silicon

compounds consist of silicon and chlorine.

8. The method of claim 7 wherein the one or more halogenated silicon

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

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

thereof.

10. The method of claim 1 wherein a passivation anneal is conducted after
forming the deuterated silicon nitride-containing material; the passivation anneal
comprising heating the substrate to a temperature of from about 350°C to about 450°C

for a time of from about 5 minutes to about 2 hours.
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6. The nethod of claim1l wherein the at | east one deuterated nitrogen
conpound is selected fromthe group consisting of NH2D, NHD2, NO3, and

m xtures thereof. 7. The nmethod of claim 1l wherein the one or nore

hal ogenat ed silicon conpounds consist of silicon and chlorine. 8. The

met hod of claim?7 rein the one or nore hal ogenated silicon conpounds are
sel ected from H}lue \é\ﬁgﬁﬁn%%’%?féﬁ?'ﬁﬂ {B‘thi ‘@W”sﬁ%ZE‘F%pgﬁH“Qﬂhftt[ﬂ"é@tofher eof .

9. The methad of claim®8 wherein the at | east one deuterated nitrogen
conpound 18Vice N2 ®RAN 68t he group consisting of NH2D, NHD2, ND3, and

m xtures thereof. 10. The nethod of claim 1l wherein a passivation anneal is
conducted after  formng the deuterated silicon nitride-containing materi al;
the passi vati of2annd8f Metemheh daimy! hisgherremprsinginrarpeieting the PRAMSEY at ure of
from about 350C to about 450C for a tinme of fromabout 5 mnutes to about 2
hours. 17inf@anelestrapic §¥HeBf claim 1 further conprising incorporating the
transistor device into a DRAMcell. 12. The nethod of claim 11l further
conprising incorporating the DRAM cell into an electronic system 18
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