25 May 2006 1 DESCRI PTION METHODS OF FORM NG CAPACI TORS AND METHODS OF
FORM NG CAPACI TOR DI ELECTRI C LAYERS 5 Technical Field This i nventi on
relates to nethods of form ng capacitors and to nethods of Mg%m
capacitor dielectric |layers. Background Art 1o Capacitors are co Fy used
el ectrical conponents in sem conductor circuitry, for exanple in DRAM
circuitry. As integrated circuitry dens1ty i ncreases, there is a
continuing challenge to maintain sufficiently high storage capacitance
despite decreasing capacitor area. DESERMWPEUINcapacitor is conprised of two
conductive el ectrodes sepafaldiss by PIRMNEEAS dﬂﬂ?%tr‘@/g BI el ectric region.

The dielectric region is preferably conprise one or nore materials
preferably havi ng MEHHPDYCH EGRMING %‘ﬁé@é’rﬂR BHeLEQIRICAaXGERS cur r ent
characteristics. Exanple materials include silicon conpounds, such as
Si02, and Si3N4. Si3M4 is typically preferred due to its higher dielectric
const ant 5t hhechgiiegl Figdd Nuner ous capaC| tor dielectric materials have been

and are being deyel apediibRA ﬂé\t Eéegq gﬁ&hﬁ?@t of r?Srr’n{?u‘ér &4 'agﬁo:sst ri%rggqgt

requi renents associated wt uctron of sna snal

capaci t or deethasts ofifetining hammrd@nmmwllma?gr ated circuitry. Mst of
these naterials do, however, add increased process conplexity or cost over
utilization of 25 conventional Si02 and Si 3N4 capacitor dielectric

mat eri al s. BaekatpwheédAnti c region in use today includes a conposite of
Si11 con 101 e, 30do5iliceen Jie! TS BYRL e8Pl ighl Y oo SLRShcanact tor

electrod® is foffie a Silrcon’oxide I'sing ayer, “typi
silicon di ®dandeondottid Cmcmﬂ’yArf@stexnmptehm e[aRAM cSnuhrym gAB ilmdaegjmtaéd by

deposi tion, QL t:;’ nor e t ff) %/ g% i ent ole natlvE xi de format€ on due
to oxidati S GFTY HEENFY °r8f"§8 Y %ren'é?earlcé?f] oHge &RalipIeS donmAnIARI v
doped pol ysidfficien)ly Whigh storage capacitance despite decreasing capacitor area.

A typical capacitor is comprised of two conductive electrodes separated

15 by a non-conducting dielectric region. The dielectric region is preferably
comprised of one or more materials preferably having a high dielectric
constant and low leakage current characteristics. Example materials
include silicon compounds, such as SiO,, and Si;N,. Si;N, is typically
preferred due to its higher dielectric constant than SiO..

20 Numerous capacitor dielectric materials have been and are being
developed in an effort to meet the increasing stringent requirements
associated with the production of smaller and smaller capacitor devices
used in higher density integrated circuitry. Most of these materials do,
however, add increased process complexity or cost over utilization of

25 conventional SiO, and Si;N, capacitor dielectric materials.

One dielectric region in use today includes a composite of silicon
oxide and silicon nitride layers. Specifically, a first capacitor electrode is
formed to have a silicon oxide comprising layer, typically silicon dioxide,
of 6 to 10 Angstroms thereover. Such might be formed by deposition, or

30 more typically by ambient or native oxide formation due to oxidation of the
first electrode material (for example conductively doped polysilicon) when
exposed to clean room ambient atmosphere. Thereafter, a silicon nitride
layer is typically deposited by low pressure chemical vapor deposition.

This can, however, undesirably produce very small pinholes in the silicon




exposed to clean room anbi ent atnosphere. Thereafter, a silicon nitride

| ayer is typically deposited by | ow pressure chem cal vapor deposition.

Thi s can, however, undesirably produce very snmall pinholes i ?Swge@iohi con
25 May 2006 2 nitride layer, particularly with thin | ayers of’ '€8<tRan 200
Angstronms, with the pinholes becom ng pa(r)t icularly problematic in |ayers
of less than or equal to about 75 Angstrons thick. These pinhol es can
undesirably .reduce filmdensity and result in undesired |eakage current in
operation. SERE 'B¥ehnpRyticulasly With|thiny lRRIE ¢ 19881 Bani 209 An@strams.dwith t he
substrate, hRs @NABTkCbBEorHAE parfiORGry B RMINGIE GrPIAR5LTS: I dindieefli NG 5
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no greater ective to forma silicon ising’l ayer
over the sibeéipgnfabiricatate doxpodwentp 7898C. - B09°CnfanfrommpilSementitetsi 060 a

met hod of form a C Ltor includes, formng first capacitor el ectrode
mat eri al co%f)'{rqtggﬁg Ségﬁﬁg%ﬁpgbé?gayegsaéﬂi conductor substrate. A silicon
nitride conprising layer is forned over

15 Disclosure of the Invention

The invention includes methods of forming capacitors and methods
of forming capacitor dielectric layers. In one implementation, a method
of forming a capacitor dielectric layer includes forming a silicon nitride
comprising layer over a substrate. The substrate with silicon nitride

20 comprising layer is provided within a chamber. An oxygen comprising
plasma is generated remote from the chamber. The remote plasma
generated oxygen is fed to the substrate within the chamber at a
substrate temperature of no greater than 750°C effective to form a silicon
oxide comprising layer over the silicon nitride comprising layer.

25 In one implementation, a method of forming a capacitor includes
forming first capacitor electrode material comprising silicon over a
semiconductor substrate. A silicon nitride comprising layer is formed over
the first capacitor electrode material. The silicon nitride comprising layer
has pinholes formed therein. The semiconductor substrate with silicon

30 nitride comprising layer is provided within a chamber. An oxygen
comprising plasma is generated remote from the chamber. The remote
plasma generated oxygen is fed to the semiconductor substrate within the
chamber at a substrate temperature of no greater than 550°C and for no

longer than 30 seconds effective to form a silicon oxide comprising layer




the first capacitor electrode material. The silicon nitride conprising

| ayer has pinholes formed therein. The sem conductor substrate with
silicon 30 nitride conprising layer is provided within a cha?;)%iyg% oxygen
conprising plasma is generated renote fromthe chanber. The e BI asma
generated oxygen is fed to the sem conductor substrate within the chanber
at a substrate tenperature of no greater3t han 550C and for no |onger than
30 seconds effective to forma silicon oxide conprising |ayer 25 May 2006 3
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Descripti ong

0 N eferr i ments of the invention are
descri bed be?rgnvé%%tv% q)ﬁ”gfsgﬁ%oﬁigxf%e ?ﬁ@%ﬁ%oyﬁ%ﬁé‘ acconpanyi ng draw ngs.
Fig. 1 is a diagranmatic sectional view of a sem conductor wafer io0
fragnment ingpr ss.in. accorda i th an aspect of the invention. Fig. 2
is a diagr aBple Destripion, SUIE Hrdwifids qui prent. Fig. 3 is a view of the
Fig. 1 wafer fraBrefetredt eenludimests g thiee hvestibs egpee afestibédhdielswowithby

Fig. 1. Fig. 4 is a,viegw the Fig. 3 wafer fragnent at a processing step
1.5 subsequEHFT e ﬁ%ttﬁghfg)&ﬂww éPg‘?mﬁ?‘"ﬁEQtdfﬁB‘ﬁ Sfor Carrying Qut the

I nvention and Di gigyl. 0B Us ea dfiagrirembtionsectidhal dicie! sfsar seMifcohbacionvgatdron i s
submtted in furtherance of the constitutional purposes of the U S. Patent
Laws "t o%pr BASEENE HB Bios§Rede ackpreancs ivdtic @nassPredeluthandnventiofsticl e 1,

Section 8) .. RefeiliNG Nuld@hinindik: Vel of prcd@idy duAsiiBAL 10 process in
accordance with a nethod of formng_ a capacitor in accordance with an
aspect of the invignt3d & a giemnh@f dheedggdnwatar ffaginent dfamsaeessingestap 10.
subsequent to that shown by Fig. 1.
Fig. 4 is a view of the Fig. 3 wafer fragment at a processing step

15 subsequent to that shown by Fig. 3.

Best Modes for Carrying Out the Invention and Disclosure of Invention

This disclosure of the invention is submitted in furtherance of the

constitutional purposes of the U.S. Patent Laws "to promote the progress
20 of science and useful arts" (Article 1, Section 8).

Referring initially to Fig. 1, a wafer fragment in process in
accordance with a method of forming a capacitor in accordance with an
aspect of the invention is indicated generally with reference numeral 10.
Such comprises a bulk monocrystalline silicon substrate 12. In the

25 context of this document, the term "semiconductor substrate" or
"semiconductive substrate" is defined to mean any construction comprising
semiconductive material, including, but not limited to, bulk semiconductive
materials such as a semiconductive wafer (either alone or in assemblies
comprising other materials thereon), and semiconductive material layers

30 (either alone or in assemblies comprising other materials). The term
"substrate" refers to any supporting structure, including, but not limited to,
the semiconductive substrates described above. Also in the context of
this document, the term "layer" includes both the plural and the singular

unless otherwise indicated. An insulative layer 14, for example doped or




Such conprises a bul k nDnocrystaIIine silicon substrate 12. In the 25
context of this docunent, the term "sem conductor substrate" or )

"sem conductive substrate" is defined to mean any constructi le\%&%bgsl ng
sem conductive material, including, but not limted to, bul k’senrconductive

materials such as a sem conductive wafer (either alone or in assenblies
conprising other materials thereon), andseni conductive material |ayers 30
(either alone or in assenblies conprising other materials). The term
"substrat e"undbees tsgliany dippite.i g silfami.unidridiencisudongedoutvarotbdlkmi t ed
to, the segq’&sq{lﬂgciéve substrat es described above. Also in the context of
t hi s docunen erm"layer"” includes both the plural and the singular

unl ess ot herwi seAi fikitc adpatitodn eletsnddat lnvaehayar’c“) 14, fohpedesaspliesdaped or 25
May 2006 4 'undopﬁg Si I| con di.oxide, rf Si | clogeé nitride, is fornmed over

bul k subst'P4EE WS (PUBhaOF tRFE %Ta@& i Ithtle iRfocessi €leQFede over
i nsul ati ye mhaygal 1143 |étuntmh§taopl Patte ledbed@tal! htbak&me Hdsh@ PIfReEsS,
electrode 5 material 16 is ultimtely patterned/ provided into sone desired

first capac§arscitar elestivie shape. Exemplany Maledalpaios gleptrede e syduds
i nclude  sidifGap f@?%x&@a%agmw@ htaR) | BRtd e FRAGHELE, %Ha%%fx' des,

and any ot her nduct exenp | ckness I'n one
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material 16, for le b osure to clean ro ent ThIS xi de
layer is n&Vehr &0 rrng %h &F‘n ﬁfszncae?af%f@f Biec ﬂdgzgéseé\%lelxﬁ B ot her
I's oxi di zalhethedbfdrr fr@ingl Y@jeral stiBi DK RRESHzING al dYiesr PSrtioh bEefedtitafe Or
equal to 15 Angstrons. Layer 18 preferably consists essentially of silicon

di oxi de, . m%trer'fahaﬁ PR P?‘ﬂ@%%rﬁyr ?’;@PWW&?e‘PIGQO rPeny grmbiRntoy dPis pxisie

capaci tor |ayer is not preferred, but rather an effect of an exposed silicon or other

15 oxidizable substrate. Typical thickness for layer 18 is less than or equal

to 15 Angstroms. Layer 18 preferably consists essentially of silicon

dioxide.

A silicon nitride comprising layer 20 is formed over first capacitor

electrode material 16 and in the illustrated preferred embodiment is formed

20 on first or inner silicon oxide comprising layer 18. An exemplary

thickness is from 30 Angstroms to 80 Angstroms. In but one

embodiment, silicon nitride comprising layer 20 is formed to have a

plurality of pinholes 22 formed therein. Such are shown in exaggerated

width/size in the figures for clarity. In the illustrated embodiment, at least

25 some pinholes extend completely through layer 20 to silicon oxide

comprising layer 18. Silicon nitride comprising tayer 20 might be

deposited by any existing or yet-to-be developed technique, with chemical

vapor deposition or plasma enhanced chemical vapor deposition being but

examples. One exemplary process whereby a silicon nitride layer 20 is

30 deposited by chemical vapor deposition includes NH, at 300 sccm,

dichlorosilane at 100 sccm, 750 mTorr, 600°C, and 60 minutes of
processing.

Referring to Fig. 2, semiconductor substrate 10 with silicon nitride

comprising layer 20 is provided within a processing chamber 60. The




el ectrode material 16 and in the illustrated preferred enbodi nent is forned
20 on first or inner silicon oxide conprising |ayer 18. An exenplary
thickness is from30 Angstrons to 80 Angstroms. In but one :ﬁﬂ?g iU
silicon nitride conprising layer 20 is forned to have a plura |?y6@$

pi nhol es 22 formed therein. Such are shown in exaggerated wdth/size in
the figures for clarity. In the il lustrabed enbodi nent, at |east 2s sone

pi nhol es extend conpletely through Iayer 20 to silicon oxide conprising
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provided within a processing chanber 60. The 25 May 2006 5 processi
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WIl m ngton, MA. Fig. depicts a suitable oxygen gas feed and an inert gas
feed to ther&inaligr a?ﬂfﬁﬁla geneeatef 21 asma generator 62. )

An oxygen comprising plasma is generated remote from

;s chamber 60, for example in generator 62. The remote plasma generated
oxygen is then fed to the semiconductor substrate within chamber 60, with
the substrate temperature being no greater than 750°C, effective to form
a silicon oxide comprising layer 24 (Fig. 3) over, preferably "on" as
shown, silicon nitride comprising layer 20, and effective to fill pinholes 22

20 with silicon oxide. More preferably, the substrate temperature during the
feeding is maintained at no greater than 550°C, and even more preferably
no greater than 500°C. Further preferably, the feeding is for no longer
than 1 minute, with a feeding of less than or equal to 30 seconds being
more preferred, and a feeding of less than or equal to 15 seconds being

25 most preferred. In the most preferred embodiment, layers 18, 20 and 24
constitute a dielectric region 27 of the capacitor being formed, with such
dielectric region consisting essentially of an ONO composite which consists
essentially of such silicon oxide comprising-silicon nitride comprising-silicon
oxide comprising layers.

30 The oxygen comprising plasma is preferably derived, at least in part,
from a gas selected from the group consisting of O,, O, N,O, (with "x"
and "y" being greater than zero) and mixtures thereof. Further as shown
in the Fig. 2 embodiment, the oxygen comprising plasma is preferably

generated, at least in part, from a suitable inert gas in addition to an




An oxygen conprising plasma is generated renote from 1.5 chanber 60, for
exanpl e in generator 62. The renote plasna generated oxygen is then fed to
t he sem conductor substrate within chanber 60, with the SUbfgﬁf ? 6
tenperature being no greater than 750C, effective to form a’s ¥ 89 oxi de
conprising layer 24 (Fig. 3) over, preferably "on" as shown, silicon
nitride conprising |layer 20, and effectiae to fill pinholes 22 20 with
silicon oxide. Mdre preferably, the substrate tenperature during the
feeding is Bﬁ%géﬁl'ﬂféij ado -gkeRiMEs tihaudS0T, ArdapdemdIor Ongy ebelcaidy no
greater than OC. Further preferably, the feedln Is for no longer than 1
minute, wtBXampéednglgdes arb%ysmr?%mpf&qa%m?aﬂ@od%&%%dét mﬁffgm R8fle
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oxygen conprising plasma is preferably ener at ed, | east froma
sui t abl e i ngenerghan;ef Wigdarameie plrsma- Zézlgféhfrzﬁf%‘e@tg%yaﬁ 9%@'839 the
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conprising plasm derived | east in part, fromfeéding 02 and
Anot her exeqhq!illm ythenferdingnt thiere by quieNgnEag anyhstam afimation ami dhe
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15 with O, and 1000 sccm of N,. Pressure within the remote plasma unit
was maintained at approximately 2.9 Torr with microwave power provided
at 2000 Watts. Temperature of the wafer was 650°C, with pressure
maintained at 2.9 Torr. By way of example only, and with respect to the
above-identified reduction-to-practice equipment, pressure is preferably

20 maintained within the system at from 1 to 8 Torr, power supplied to the
remote plasma generator at from 500 Watts to 3000 Watts, and
temperature maintained within the system at from 500°C to 750°C.
Preferred flow ranges for each of O, and N, are from 0.5 slm to 5 sim.
Temperatures as low as 350°C might be used with other equipment.

25 The above-described preferred embodiments, in the fabrication of a
capacitor dielectric region such as region 27, reduces the thermal
exposure as compared to the prior art, in the most preferred embodiment,
from in excess of 750°C to less than 550°C, and further with the
preferred embodiment reducing the exposure time even at the reduced

30 temperature to well less than 1 minute. Properties of the capacitor
dielectric region formed as described above appear comparable to ONO
layers produced by prior art methods. For example, exposure of the
dielectric region nitride to a remote oxygen plasma at 2000 Watts for 10

seconds resulted in a capacitor dielectric region having capacitance and




generation of the renote plasma. Further preferably, and contrary to the io
prior art described above, chanber 60 is essentially void of hydrogen
during the feeding, thereby preventing any steam formation. %5an hezooﬁ\ont ext
of this docunent, "essentially void" neans bel ow detectabl e Tevels.
specific exanple with respect to the Fig. 2 processing wwth the ASTEX and
Applied Materials equipnents includes aZeed of 2000 sccm is with 02 and
1000 sccmof N2. Pressure within the renote plasma unit was mai ntai ned at
appr oxi nat abgkag8® dpproxinakelyi eroivalenppbdoea piwvadedontbl 2030oXdation.
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further with the referred enbodi t Al ing, t e ti ven at

t he reduceéh'.cg@est% e%ﬁ?ﬁr@ {Sg?r\%’h e@gﬁgﬁéwsltomg Bté'?g%tbgpse'rt%%&o t he
capaci tgf el fidtefigi040 might reunpssel ¢ise rsiabesl oalitiffereap peaterialsniramabl e t o
ONO | ayers, produced by riorhgrt nmet hods. For exanpl e, exposure of the

di el ectri c firdgegstradermaenta Prenote oxygen plasma at 2000 Watts for 10

seconds resul t egh iddndhiRARBCKRIthE! ShARL! e IMEMIbNNANS Heepagesdribaich and 25
May 2006 7 | eakage approxi mately equivalent to a prior art control wet
oxi dat i on. larRuadeemoranon iggsoveReific AR tor slinelovd ol traghodinal tigatweso watt,

10 second {f feqh MR, 131685 EhHoder 2hatN HE FRREhtORPRC nbfNESited 3o B&uCed
/5 specific features shown and described, since the means herein disclosed
comprise preferred forms of putting the invention into effect. The
invention is, therefore, claimed in any of its forms or modifications within
the proper scope of the appended claims appropriately interpreted in
accordance with the doctrine of equivalents.

20




t hi ckness m ght be feasible, also. 5 Referring to Fig. 4, and after the
feeding, a second capacitor electrode material 40 is fornmed over silicon

oxi de conprising layer 24. In the preferred and illustrated M)o% nt,
second capacitor electrode material 40 is formed on (in con%g ay, 'OBE)

oxi de | ayer 24. An exenplary thickness for layer 40 is from 300 Angstrons
to 600 Angstrons. Second to el ectrode ma8erial 40 m ght conprise the sane
or different materials from first electrode material 16. In conpliance
with the statute, the invention has b&dAlMEscri bed in |anguage nore or

| ess specific as to structural and nethodical features. It is to be
under st ood, however, that the invention is not limted to the r.5 specific
features shown and descmietiesy ofifocmindha pepastdrec@nprisingcl osed conpri se

preferred forms of putting the i.nventign jnto effect. The inventjon is,
therefore, clai n&i”ﬁ'ﬁg ah?gof:ap?%'p rore:]@cgg)qclmiaf "t PYRs R tsﬁf’}‘lcorldd‘lé:t?ﬁ oper
scope of i heupppgiaded cl ains appropriately interpreted in accordance wth
the doctrine of equivalents. 20 25 May 2006 8 CLAIMS 1. A nethod of formng
a capacitor conpfarBiing:a fgligamgitrides Compsieing daye &ver oie AestecrpACiERier a
sem conduct Q[actradeUst&@de; forming a silicon nitride conprising |ayer over
the first capacitor electrode material; providing the sem conductor
substrate with sptavishng ihe rsedeicondpetos istgstratey withwsitieem natridikaedreprising

generating gn A Wsing plasma renote fromthe chanber; feeding
the renote pyggyﬁ%g@nag%%é{&%&ygen to the sem conductor substrate within

t he chanber at agendratingtan beyger somprisidg plagnaaeerote tfhan {heOchahbent i ve

to forma sili Co{e'egi(r{gd e % %&eSIpﬁlgs%gygeerne?ggd ton?gen to the semiconductor

substrate within the chamber at a substrate temperature of no greater
than 750°C effective to form a silicon oxide comprising layer over the
silicon nitride comprising layer; and

15 after the feeding, forming second capacitor electrode material over

the silicon oxide comprising layer.

2. The method of claim 1 wherein the substrate temperature
during the feeding is no greater than 550°C.

20
3. The method of claim 1 wherein the substrate temperature

during the feeding is no greater than 500°C.

4. The method of claim 1 wherein the chamber comprises a

25 rapid thermal processing chamber.

5. The method of claim 1 wherein the feeding is for no longer

than 1 minute.

30 6. The method of claim 1 wherein the feeding is for no longer

than 30 seconds.




silicon nitride conprising |ayer; and 15 after the feeding, form ng second
capacitor electrode material over the silicon oxide conprising |ayer. 2.
The nethod of claim1 wherein the substrate tenperature duré§ﬁ1tgﬁ geedlng
is no greater than 550C. 20 3. The nethod of claim1 wherein &7 strate
tenperature during the feeding is no greater than 500C. 4. The nethod of
claim 1l wherein the chanber conprises a9 25 rapid thermal processing
chanber. 5. The nethod of claim1l wherein the feeding is for no | onger

than 1 minute. 30. 6. The methodd obfclaimail nwhewgdiertbenfeeding éedongia orfger no

| onger thap 30 geconds 25 May 2006 9 7. The nethod of claim 1l wherein the
feeding is ?ﬂﬂs' than 15 seconds. 8. The nethod of claim1l wherein
the chanber is essentially 5 voi d of hydrogen during the feeding. 9. The

met hod of claim 1l wherein the oxygen. risin asma _, i s .at Iea n part
derived froma gés seflRetB§Nh r#tﬁ@mbr dﬁh%fgf{g tg?l HPMBET @9, e%%en WY)X Ioand

m xt ures st hgsigohs hilroken -drbﬂng?ﬁhéol‘ée@fngd aim9 wherein the oxygen
conprising plasma "is at least in part generated froman inert gas. 11. The

met hod of claim1l wherel n the oxygen conprising pI asma 1.5 is at least in

part derived frog T t | Blfidnd heagyoen
conprising pl asma W”%Qég qf é’i&'g{r"? ‘ggﬁeﬁaﬁ éha\gganpg até :Beast one of
Ar and He. iBOatlBaasThe mmmweﬂ frbm m dasvsetasied tfmnd%?g@lﬁ)t@oﬁﬁﬁii@i"ﬁ@

pl asma of 0, O, N,O,, and mixtures thereof.

10
10. The method of claim 9 wherein the oxygen comprising plasma

is at least in part generated from an inert gas.

11. The method of claim 1 wherein the oxygen comprising plasma

/5 is at least in part derived from O, and N.,.

12.  The method of claim 1 wherein the oxygen comprising plasma
is at least in part derived from N,O and at least one of Ar and He.

20 13. The method of claim 1 wherein the oxygen comprising plasma
is at least in part derived from N,O and at least one of Ar and He, the
feeding being void of feeding of N, but for N, produced from dissociation

of N,O in the remote generated plasma.

25 14. A method of forming a capacitor comprising:
forming first capacitor electrode material over a semiconductor

substrate;
forming a silicon nitride comprising layer over the first capacitor

electrode material;
30 providing the semiconductor substrate with silicon nitride comprising

layer within a chamber;
generating an oxygen comprising plasma remote from the chamber;
feeding the remote plasma generated oxygen to the semiconductor

substrate within the chamber at a substrate temperature of no greater




is at least in part derived fromN20 and at | east one of Ar and He, the
feedi ng being void of feeding of N2 but for N2 produced from di ssoci ation

of N20 in the renpte generated plasma. 25 14. A nethod of fo# i %’
capacitor conprising: formng first capacitor electrode mate mﬂ 07378? a
sem conductor substrate; formng a silicon nitride conprising |ayer over
the first capacitor electrode material 4930 providing the sem conduct or
substrate with silicon nitride conprising |ayer within a chanber;

generating 4n-oxygan HRMR AbNBnBLAHE [BTBLEAdOEHEREVE N8R o JiRH N9

;
the renote pl'asna generated oxygen to the sem conductor substrate wthin
t he chanberoxiieacsupssingt layeemyer dharsliedn mitrigeceempriziiovaye?n@ed10 t han

d f I h d [RY{= [l i
cCompr 51 ng | ayer"Tlens Feodrg) RN, fr i ERRHROT Sl RATR. Mahs oud¥ 12

f eedi ng, fothel BiYcse wXide capasidiog leyectrode material over the silicon
oxi de conprising layer. 5 15. The nethod of claim 14 wherein the substrate

tenperatdre during the feeding is no greater than 500C. 16. The net hod of
claim 14 furtherq1zonNpricimstHodr &F Ndaitn S14 iviiesreirl Ahexsdisstetaptdrapagtliryer
over the first capacitor electrode material prior to formng the silicon
nitride corfuring Hee Ifagéing isheocaisaten H@MePAGCf ormed to have a dielectric
region consisting essentially of an ONO conposite consisting essentially
of said silicon oxide conprising layer and said silicon nitride conprising
| ayer. 15 17. TH®.retThed nodthot adfrctedmwié rigirther eormpeginggfaratingra sdidosnger

than 15 1§ecé)xr|19es'comprising layer over the first capacitor electrode material prior to
forming the silicon nitride comprising layer, the capacitor being formed to
have a dielectric region consisting essentially of an ONO composite
consisting essentially of said silicon oxide comprising layer and said silicon
nitride comprising layer.
15
17. The method of claim 14 wherein the feeding is for no longer

than 15 seconds.

18. The method of claim 14 wherein the chamber is essentially

20 void of hydrogen during the feeding.

19. The method of claim 14 wherein the oxygen comprising
plasma is at least in part derived from a gas selected from the group
consisting of O,, O,, N,O,, and mixtures thereof.

25
20. The method of claim 19 wherein the oxygen comprising

plasma is at least in part generated from an inert gas.

21. The method of claim 14 wherein the oxygen comprising

30 plasma is at least in part derived from O, and N..

22. The method of claim 14 wherein the oxygen comprising

plasma is at least in part derived from N,0O and at least one of Ar

and He.




18. The met hod of claim 14 wherein the chanber is essentially 20 void of
hydr ogen during the feeding. 19. The nethod of claim 14 wherein the oxygen
conprising plasma is at least in part derived froma gas seé %e fromthe
group consisting of 02, 03, NYOX, and m xtures thereof. 25 g #18%et hod
of claim 19 wherein the oxygen conprising plasma is at |least in part
generated froman inert gas. 21. The netifod of claim 14 wherein the oxygen
conprising 30 plasma is at least in part derived fromO02 and N2 22. The

met hod of cl ai m 24, whEhei mdthed oxygerirmortar iviigrgin [thas BRygén atohm@aising N
part derived fromN20 and at |e E{gone g_f Ar_and He, 25 Ma 200& 11 23,.
The method BIASTIaiit Al4leRREARIRAT HETRFHRTE St AEANg! I<hstspbe 1% Af anchst i n
part derivegdd rpm Niaghahg! esiat oPI8e8ihgAbf Adbubiaor e dreadbed hehng
void of feeding of N2 but for N2 produced from™ dissociation of N20 in the

remot e genefligsediatioaseaaN.9 i the regidie desterp@dnPiRgnaad.capaci t or conpri si ng:
formng first capacitor el ectrode material conprising silicon over a

sem conductor substrate; formng a silicon nitride conprising |ayer over
the first capaci24ér Aamethext oddermungeni eapacithe coiniprisimg:ni tri de conpri si ng

subat rate wi th STTRE Tt prBRCRS SIRLRHE R P PalRRe Slihicove’ &
gener ati ng semizongentasosgisigiteg pl asma renote fromthe chanber; 15 feeding

the renote plas ener at ed oxygen to the sem conductor, substrate within
the chanber at oOSTNNE oSGy Sy FRMBYISHYY dr¥el; Guer the st capscilor

10 electrode material, the silicon nitride comprising layer comprising pinholes

formed therein;
providing the semiconductor substrate with silicon nitride comprising

layer within a chamber;
generating an oxygen comprising plasma remote from the chamber;
15 feeding the remote plasma generated oxygen to the semiconductor
substrate within the chamber at a substrate temperature of no greater
than 550°C and for no longer than 30 seconds.effective to form a silicon
oxide comprising layer over the silicon nitride comprising layer and
effective to fill said pinholes with silicon oxide, the chamber being
20 essentially void of hydrogen during the feeding; and
after the feeding, forming second capacitor electrode material over

the silicon oxide comprising layer.

25. The method of claim 24 wherein the substrate temperature

25 during the feeding is no greater than 500°C.

26. The method of claim 24 further comprising forming a silicon
oxide comprising layer over the first capacitor electrode material prior to
forming the silicon nitride comprising layer, the capacitor being formed to

30 have a dielectric region consisting essentially of an ONO composite
consisting essentially of said silicon oxide comprising layer and said silicon

nitride comprising layer.




t han 550C and for no |onger than 30 seconds effective to forma silicon
oxi de conprising |layer over the silicon nitride conprising | ayer and
effective to fill said pinholes with silicon oxide, the chan?gﬂ#bghﬁﬁ 20
essentially void of hydrogen during the feeding; and after t ®ed'ng,
form ng second capacitor electrode material over the silicon oxide
conprising layer. 25. The nethod of claiq224 wherein the substrate
tenperature 25 during the feeding is no greater than 500C. 26. The net hod

of claim24 further COWBIinghiad fo¥dThing 2B inkt&iRNthe OfbedmaC RMRIr §6 NEndayer
over the first capacitor electrode material prior to formng the silicon
nitride comasilbyseageds. the capacitor being formed to .so have a
dielectric region consisting essentially of an ONO conposite consisting
essentially of said silicon oxide conprising |layer and said silicon

nitride conprisi@g. | aybe. nkshipty of00&im2 2247 whgteintghdodxyderc| edmpddingher ei n

the feeding | - ng. | : ds. .28 d | ai m 24
ner o o PhaP B o T, PP BebEe O pA2 B BR S B
gas sel ect edofsisting hef Qr,0QQ, N;)siasti mixtafesOther68f. NYOX, and mi xtures

thereof. 29. The nethod of claim 28 wherein the oxygen conprising plasma
is at least in part generated froman inert gas. 10 30. The nethod of claim-

24 wherein the oxygenTRENMR{dthbad of PLIASHR 28S werbPadhe | BxRr d@hpnsieigf rom
02 and N2 31. The nethod of claim 24 wherein the oxygen conprising 15
pl asma i s aPlasgwsis g Igapt i SenerdpANDOMaAl AeT €3St one of Ar  and He.
32. The pethod of claim 24 wherein the oxygen conprising plasma is at

| east in part derived fromN20 and at | east one of Ar
30. The method of claim 24 wherein the oxygen comprising

plasma is at least in part derived from O, and N,.

31. The method of claim 24 wherein the oxygen comprising

15 plasma is at least in part derived from N,O and at least one of Ar

and He.

32. The method of claim 24 wherein the oxygen comprising
plasma is at least in part derived from N,0O and at least one of Ar
20 and He, the feeding being void of feeding of N, but for N, produced from

dissociation of N,O in the remote generated plasma.

33. A method of forming a capacitor dielectric layer, comprising:
forming a silicon nitride comprising layer over a substrate;
25 providing the substrate with silicon nitride comprising layer within a
chamber;
generating an oxygen comprising plasma remote from the chamber;
and
feeding the remote plasma generated oxygen to the substrate within
30 the chamber at a substrate temperature of no greater than 750°C effective
to form a silicon oxide comprising layer over the silicon nitride comprising

layer.




20 and He, the feeding being void of feeding of N2 but for N2 produced from
di ssociation of N20 in the renote generated plasma.. 33. A nethod of

formng a capacitor dielectric layer, conprising: formng a B)@itc
nitride conprising |ayer over a substrate; 25 providing the %i y@@@ W th
silicon nitride conprising layer within a chanber; generating an oxygen
conprising plasma renote fromthe chanbgqry and feeding the renote plasma
generated oxygen to the substrate within .30 the chanber at a substrate

tenperature of ng4greghgr mia ﬁoﬁaﬁﬁfﬁtWN@reﬁrﬁ) ther Shampb} 'c%?rgbr%)éisdﬁ
conprising |layer over the silicon nitride conprising |ayer May 2006 13

34.. The nef#wd tberorhipeaSsitecbpmbehe chamber conprises a rapid thernal
proce55| ng chanber. 35. The nethod of claim 33 wherein the substrate
tenperature 5 during the feeding is no greater than 550C. 36. The net hod
of cl ai m 33 wher@5n t hbesmb#tadaiod ¢laimpeldtwhereirddhe ngubistraté etedipegatiseno

greater tha 500 7. The neth claip.33 wherein the feeding is for
no | ongers HEWS Cf\hﬁl %&%&ng S Noe ':tm) g?ai m 33 wherein the feeding is

for no | onger than 30 seconds. 15 39. The nethod of claim 33 wherein the
40. . The nethod of cl ai m33

feeding is for n n econ
wher ei g t he cha i “és‘E@ﬂ'\qd ?yﬁ WS Rim e oﬁ@?tr@&‘?l ﬁa’pteﬁ% Yeeding.

41. The m%‘tBeﬁld@fthél@emrfg&éfvﬂer@*e@.témwmgmconprI sing plasma is at
| east in part derived froma gas selected fromthe group

10 37. The method of claim 33 wherein the feeding is for no longer

than 1 minute.

38. The method of claim 33 wherein the feeding is for no longer
than 30 seconds.

15
39. The method of claim 33 wherein the feeding is for no longer

than 15 seconds. .

40. The method of claim 33 wherein the chamber is essentially

20 void of hydrogen during the feeding.

41. The method of claim 33 wherein the oxygen comprising
plasma is at least in part derived from a gas selected from the group
consisting of O, O, N,O,, and mixtures thereof.

25
42. The method of claim 41 wherein the oxygen comprising

plasma is at least in part generated from an inert gas.

43. The method of claim 33 wherein the oxygen comprising

30 plasma is at least in part derived from O, and N.,.

44. The method of claim 33 wherein the oxygen comprising

plasma is at least in part derived from N,O and at least one of Ar

and He.



consisting of @2, 03, NyOX, and m xtures thereof. 25 42. The nethod of
claim4l wherein the oxygen conprising plasm is at |least in part
generated froman inert gas. 43. The nethod of claim 33 vvhergg Mﬁ‘t E%g)ogxygen
conprising 30 plasma is at least in part derived from 02 an Y£47° The
met hod of claim 33 wherein the oxygen conprising plasma is at least in
part derived from N20 and at |east one off Ar and He. 25 May 2006 14 s 10
15 45. The nethod of claim 33 wherein the oxygen conprising plasm is at
| east in part derived fromN20 and at | east one of Ar and He, the feeding
being void of feddingTole Neethod fobr clPmpB8dudedeir dhe dxygeri a@monsttg N20
In thg remt ?a&r?é]elrsag?q Bgfiﬁ aﬂGUeF}OgdnﬁBan\l% é:rl]é“él? "I)’é)’a{]tu%bgeﬁf Ar
conpri sing Pornlng a%si'frcon BRide conprising 1ayer over the first

capaci t or ehedtHodtentdartinglbging oroid of feedimigngf Nad i flor denp ridudedefrom

conprising layer, .the paci.t.or l , e a dielectirc region
consi sting g's%‘gﬁﬁtléllnl 9F@F6alﬁ t%ﬁé%goﬁr%oieﬁ{egggecoéﬁlﬁsgﬁi‘ng essentially of said
silicon oxide conprising |ayer and said silicon nitride conprising |ayer.
47. The nethod of .claim1 erein, t.he.,gx N- CONMMI.I.Si Ng : [
generated at | ead? | nlrﬁ]ﬁrq’ewooc{*notr%alg} ?ga‘%ﬁg%eﬁi %Wﬁ%g,g @iméﬁgrgaﬁg;ﬁcog)

m xture of @2dancbr@fsing) laeyemi outeurtdeofirsd T apadithe @lectrodd naatemiaktouice tof 02,

03 and N20.,48. The nethod qf. .claim 14 erei.n the ox -, ISl
ol aema 15 gEtE dge A qunalrieR BuPe e ranrsre Be: ALk (8 BEPEE2 ang
03; b) a mixdws ea odielktaadrddlOn cPnsistinygt dssertfall3 cindnNEIN Oocounhpogite

10 consisting essentially of said silicon oxide comprising layer and said

silicon nitride comprising layer.

47. The method of claim 1, wherein the oxygen-comprising
plasma is generated at least in part from one of: a) a mixture of O, and
Os; b) a mixture of O, and N,O; c¢) a mixture of Oz and N;O; or d) a

mixture of O,, O3 and N,O.

48. The method of claim 14, wherein the oxygen-comprising
plasma is generated at least in part from one of: a) a mixture of O, and
Os; b) a mixture of O, and N,O; c) a mixture of O3 and N;O; or d) a

20 mixture of O,, O3 and N,O.

49. The method of claim 24, wherein the oxygen-comprising
plasma is generated at least in part from one of: a) a mixture of O, and

Oj;; b) a mixture of O, and N,O; c) a mixture of O3 and N;O; or d) a

25 mixture of O,, O3 and N,O.

50. The method of claim 33, wherein the oxygen-comprising
plasma is generated at least in part from one of: a) a mixture of O, and
Os;; b) a mixture of O, and N,O; c) a mixture of Oz and N,O; or d) a

2 mixture of O,, O3 and N,O,



20 m xture of 02, 03 and N20. 49. The nethod of claim 24, wherein the
oxygen-conprising plasma is generated at least in part fromone of: a) a
m xture of 02 and 03; b) a mxture of 02 and N20; c) a mxt%&a&fm@g and
N20; or d) a 25 mxture of 02, 03 and N20 50. The nethod of "tla :
wherein the oxygen-conprising plasma is generated at least in part from
one of: a) a mxture of 02 and 03; b) &g xture of 02 and N20; c) a

m xture of 03 and N20; or d) a mxture of 02, 03 and N20 30 25 May 2006 15

51. The nethod of any of clai 4, 33, .47 0 erein
the renote pl asm®lgendrst B¢t g@@éﬁ” ff‘éa'”ﬂ%%t Hg &8 ggoégu 45 10 at e
for a periog,Rfretd e P&nb@g%rsnﬁél@@nb%@@cmrats fedthsitd aemlccbredﬂqn(ﬁbat ure
of from550C to 750C.. s 52. The method of c

| a
oxygen- conpSH8pHgte ppagneeiied Qindnst e l%rggereggqn 1# ﬁ%‘l’?g‘% 6’rtneb§u§§“ajﬁ1e

met hod of Clté’rhﬂbﬂé'tur%%ﬂ%rﬁ‘ sisecoypsgronprising to plasma is generated
at least in part fromO03 54. The nethod of claim 24, wherein the

oxygen- coﬁrprl sing plasma is generated at least in part fromO03. IS 55. The

met hod of claim 33, \Ah%ree'n@etthf&% QY SRAINCONPLiNSdBth PleASERy dom-gempriaiaf at
| east in part from 03
plasma is generated at least in part from Oas.

53. The method of claim 14, wherein the oxygen-comprising

10 plasma is generated at least in part from Os.

54. The method of claim 24, wherein the oxygen-comprising

plasma is generated at least in part from Os.

’5 55. The method of claim 33, wherein the oxygen-comprising

plasma is generated at least in part from Oa.



