22 February 2007 DESCRI PTI ON MASKI NG METHODS TECHNI CAL FI ELD 5 Thi s
invention relates to nethods of maski ng sem conductor substrates in the
fabrication of integrated circuitry. BACKGROUND ART I ntegrated cbrieyifady 26687
typically formed on a sem conductor substrate such as a 10 silicon waf'er or
ot her sem conducting material. In general, |ayers of various materials

whi ch are either sem conducti ng, ccmmtmnimour insulating are utilized to
formthe integrated circuits. By way of exanple, the various materials are
doped, ion inplanted, depositedMASKINGIMETHORS etc. using various
processes. A continuing goal in sem conductor processing is to continue to
.strive to I h I ize of individual 15 electronic conponents thereby
enabl i ng s ser integrated circuitry. One technique for

patterrmg ng and i©GReBliow réiglt RoNHBbe of Hzskingtemiddhdupbosabdtidiag mamay .
Such typically includes deposition of a photoresist |ayer which can then be
processed P8MGRYANO) NEeasAlB LBty of such layer in certain sol vents. For
exanple, portions of the photoresist |ayer can be exposed to actinic energy
through a nask/reticle 20 to change the solvent solubility of the exposed
regi ons vePAGKGRQUNDARLsed regions conpared to the solubility in the

as- deposi t ed Stﬁie@fat@@%fr&ﬁfsté?é tyﬁn&@lﬁ%@ﬁ&ﬁén ar sertEEERORE duipdfalid Qléh 68 be
renoved, dependi ng on otoresist, thereby |I|eaving a masking

pat t er 19 of siigee \mief F eLe selionsiiotBg BetiPatle In ggnaé evess ohyapRUY Haterials

substrate gexh 4@ biftr "RHEShdRElrld, MBhdG&MgDEr RERIRG este ﬁtﬂ’&e@’%"@nﬂ e
etching or ion 25 inplanting, to effect the desired processing of the

substrat e REIERIEHCIrGHE. rl%vSwmhgf eXpRIRe.i the varieuscaptesaly are et dan imRrianted) e

di fferent Léyah& 0bidPBA! Y&, Skic@r &sind 1 Jdriggél br@cé’ssgévem continuing goal in -
masKi ng/ photol it hogéaphl C step. Further, the photolithographic masking and
pat t er ni ngSerAFegfiuc @@ﬁ?ﬁsﬁ@d's\/\/ﬁq [FoBliISoto FBIVE 6t FRsiuce aPer $ze gheindivighal

- procesgs f Oéll%@trd’r“f@&odw&or%gtsctﬁ%@!ﬂlab{atfh%%Haﬂ& 4 éé‘hsé‘r infa8fHedBRditnover the
substrate prior to deposition of the” photoresist |ayer or Iayers The

resi st |ayer isOpfelecpaisive rfaeatteBnt aifp PEOCESS B stamipriucip ofbstratest r m
maski ng bl Bt%iélutﬁWg@épﬁWeSUé{ BRI inchldes HpEsiES i bSphdsBsist Bhedwighnhn the
photoresi st as a maskK to transfer the pattern of the photoresSist to the hard
mask. ThetheBdeegrogaspedio Magifyribe spleb¥iyrmdsueh lakerdacatain polvaris e &Pt @xampiar d

masks suchp@giohdSiithe photoresist layer can be exposed to actinic energy through a mask/reticle

20 to change the solvent solubility of the exposed regions versus the unexposed regions
compared to the solubﬂity in the as-deposited state. Thereafter, the exposed or
unexposed portions can be removed, depending on the type of photoresist, thereby
leaving a masking pattern of the photoresist on the substrate. Adjacent areas of the
substrate next to the masked portions can be processed, for example by etching or ion

, 25 implanting, to effect the desired processing of the substrate adjacent the masking
material.

In certain instances, multiple different layers of photoresist are utilized in a given
masking/photolithographic step. Further, the photolithographic masking and patterning
might be combined with one or more other layers. One such process forms what is

30 commonly referred to as a "hard mask” over the substrate prior to deposition of the
photoresist layer or layers. The resist layer is then patterned, for example as described
above, to form masking blocks over the hard mask. The hard mask is then etched using
the photoresist as a mask to transfer the pattern of the photoresist to the hard mask.
The resist may or may not be removed immediately thereafter. Hard masks such as just

35 described provide a more robust masking pattern than using resist alone, for example

should the resist be completely eroded/etched away during an etch.



35 described provide a nore robust masking pattern than using resist alone,
for exanple should the resist be conpletely eroded/etched away during an
etch. 1 22 February 2007 One material utilized as a hard mask i 32 agmupy@es7
carbon. Wen etching oxide material using anorphous carbon as a hard nask,

t he etching typ| cally rempves the oxide at a rate of about ten times faster
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remai ni ng porti N f F ecificatio raw ngs SUMMVARY.  The
vent 1 on Fbrabcfaai RtRE e baeRbo sl Ipdhaih oty ey
materi al ciomparitsirory decuomgdogredtanm: shacess qambformed; f Arowedingy ethe asifi@ediur e
formed,on 30 a sem ondu tor subs}rate The i hg, nater i a} [of0) r|| Ser at
| east %(gou?p%?e? e, éxse as a mask for a subsequen lg er dose source/drain implant to
complete the formation of the outline of the desired source/drain regions.
While the invention was motivated in addressing the above issues, it is in no way
so limited. The invention is only limited by the accompanying claims as literally worded
(without interpretative or other limiting reference to the above background art description,

. 25 remaining portions of the specification or the drawings).

SUMMARY
The invention includes masking methods. In one implementation, a masking
material comprising boron doped amorphous carbon is formed over a feature formed on
30 a semiconductor substrate. The masking material comprises at least about 0.5 atomic
per cent boron. The masking material is substantially anisotropically etched effective to
form an anisotropically etched sidewall spacer comprising the boron doped amorphous
carbon on a sidewall of the feature. The substrate is then processed proximate the
spacer while using the boron doped amorphous carbon comprising spacer as a mask.
35  After processing the substrate proximate the spacer, the boron doped amorphous carbon

comprising spacer is etched from the substrate.



per cent boron. The masking material is substantially anisotropically etched
effective to forman anisotropically etched sidewall spacer conprising the
boron doped anorphous carbon on a sidewall of the feature. The >3ylgt@f £(75
t hen processed proximate the spacer while using the boron doped anorphous
carbon conprising spacer as a mask. 35 After processing the substrate
proxi mat e t he $pheraaspecthandonpamdoiatiensarerconismplaled.bon conpri sing spacer is
etched fromthe substrate. 2 22 February 2007 Qher aspects and
i npl ement ati ons are conterrpl at ed BRI EF DESCRI PTI ON OF THE DRAW NGS
Pref err ed BiiiE Niair e descri bed below with reference to
the 5 follow '?9% %H%BW&%#’MM‘& annoﬁ'a% dbsdribed b‘élo@xﬂm{%‘i‘érbﬁcest%‘%ﬁéona'
view of a sem con processi ng I'n accordance
with ah aé@@amng)éccphmanwn@dntammgs F| g. 2is a VI ew of the F| g 1 wafer
fragnent at a i Su ; t.hat i 10
Fig. 3 1s a vi evéj %Qgﬁfatéﬁrﬂiﬁcv\%%g&@Sﬁaegvsrrgfn Sgﬁ Hcg%‘am(:)tg gfgfeWragbwgBt &ra
subsequentprocmssmbatepdepbmﬁrwobymlﬁieg1aébecﬂ-'d)fghe iﬁvérstioan al ternat e/ addi t i on to
t hat depicted Fjg.. 3. Fiq. i other alternate/addi ont
depi cted by Fi 4103 Faign e P TG bt S PG T Pued e
depi ct ed hyatkdegictesl bylfigFi.g. 7 is a view of the Fig. 3 wafer fragrrent at a
processi ng step.subsequent t hat depicted. b s a.view of
Phe Bl " ver B9 BatRp ot Figr acurdel Sy Y evtdiesiionte d sthskrdudp ot e
by Fig. 7.thatidgpictd s Rigdt.agrammatic sectional view of another sem conductor
wafer fragnment _ 20 at a accordance with an aspect of the
invention. Fig.l4d 'F?ndﬂtg %?%@nttoﬂéohagde@c\ﬁéﬁgﬁq. agment at a processing
step subsequentFlgcs|sbhaﬂwed@lmnﬁdté/dd@yorﬁcgha&jepﬁt@ bylEigi 8. a view of the Fig.
10 wafer fragment at rgcessi ng, st S uent  t depicted by Fig.
10. 25 Fig. 12%:1% 6'%?%&%‘3‘?” aitsn\%ez &%P'\l;tﬁ?'éqg dFPﬁEr?&’rYt';'%ga processi ng step
subsegsent to Rifat isdepiewtddndFigEBovaidrlfragment at a processing step subsequent to
that depicted by Fig. 3.
Fig. 8 is a view of the Fig. 7 wafer fragment at a processing step subsequent to
that depicted by Fig. 7.

Fig. 9 is a diagrammatic sectional view of another semiconductor wafer fragment
20 at a processing step in accordance with an aspect of the invention.
Fig. 10 is a view of the Fig. 9 wafer fragment at a processing step subsequent to
that depicted by Fig. 9.
Fig. 11 is a view of the Fig. 10 wafer fragment at a processing step subsequent to
that depicted by Fig. 10.
25 Fig. 12 is a view of the Fig. 11 wafer fragment at a processing step subsequent to
that depicted by Fig. 11.
Fig. 13 is a diagrammatic sectional view of yet another semiconductor wafer
fragment at a processing step in accordance with an aspect of the invention.
Fig. 14 is a view of the Fig. 13 wafer fragment at a processing step subsequent to
30 that depicted by Fig. 13.
Fig. 15 is a view of the Fig. 14 wafer fragment at a processing step subsequent to
that depicted by Fig. 14.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

35 Exemplary masking methods in accordance with the invention are initially

described with reference to Figs. 1-8. Referring initially to Fig. 1, a semiconductor



Fig. 13 is a diagrammatic sectional view of yet another sem conductor wafer

fragnment at a processing step in accordance with an aspect of the invention.
Fig. 14 is a view of the Fig. 13 wafer fragnment at a processi ng 2tRpruary 2007
subsequent to 30 that depicted by Fig. 13. Fig. 15 is aviewof the Fig. 14
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20 percent boron.” An exenplary preferred odi nent includes a boron
concent r atfiosned pyen feahet! 41, @U@t Bﬁﬁ@nﬁé‘i‘a@éﬂitcoﬂl’@”é‘tﬁ)m lepgt abo &5 emigent .
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cent to 5.0 atom c per cent boron; from greater
about 1.0 atomic per cent to about 16 atomic per cent. Alternate examples, by way of

example only, include from 1.0 atomic per cent to 5.0 atomic per cent boron; from greater
than 5.0 atomic per cent to 10.0 atomic per cent boron; from greater than 10.0 atomic
per cent to 15.0 atomic per cent boron; from greater than 15.0 atomic per cent to 20.0

25 atomic per cent boron; and from greater than 20.0 atomic per cent to 75.0 atomic per
cent boron.

In one exemplary embodiment, the feature might comprise amorphous carbon
which is not doped with boron. In the context of this document "not doped with boron”
would mean not having any detectable level of boron. If at least the outermost portions

30 of feature 14 were amorphous carbon not doped with boron, masking material 18 would
be formed thereon (meaning in contact with) such amorphous carbon material.

One preferred example of forming boron doped amorphous carbon material 18 is
by chemical vapor deposition (CVD), and which may or may not be plasma enhanced.
Further, the boron doping might occur during or after the chemical vapor deposition. In

35 one exemplary preferred embodiment, the chemical vapor depositing uses at least one

of CoHg, CoHa, CoHy, CsHg and C;Hg. Further in one preferred embodiment, the chemical



than 5.0 atom c per cent to 10.0 atom c per cent boron; fromgreater than
10:0 atomc per cent to 15.0 atom c per cent boron; fromgreater than 15.0
atom c per cent to 20.0 25 atom c per cent boron; and from gr eaterrebhafy 26H70
atom c per cent to 75.0 atomic per cent boron. In one exenplary enbodi'nent,
the feature m ght conprise anorphous carbon which is not doped with boron.
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mTorr to 200 miorr, CsHg flow at from 50 sccm to 1000 scem, BoHg flow at from 100
sccm to 2000 scem, and with or without any He and/or H,.
The quantity of boron doping during the deposition has been determined to
impact the degree of conformality of the deposition of material 18 over the steps of
, 25 features. Generally speaking, the higher the boron concentration, the better the step
coverage. For example within the above parameter ranges, a B,Hg to C3zHg volumetric
flow rate ratio of 0.4 gave about 26% coverage over vertical steps as compared to
horizontal surfaces, while a flow rate ratio of B,Hg to C3Hg of 2.1 provided 64% coverage
over vertical steps as compared to horizontal surfaces. The 0.4 ratio provided an atomic
30 boron concentration in the material 18 of about 3.0% boron, while the 2.1 flow ratio
provided about 16% boron. RF power on the electrodes was determined to not be
particularly impacting relative to conformality. In one exemplary reduction to practice
example, step coverage of about 74% over vertical as compared to horizontal surfaces
was achieved with a showerhead/wafer surface spacing of 215 mils, power at 250 watts,

35 and precursor flow rates at 1250 sccm ByHg, CsHg at 650 sccm, substrate temperature of



pl asma deposition tool (such as those above) is from 100 watts to 800 watts
for a 200mm wafer. Further by way of exanple only, exenplary non-plasnma
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comprising spacer 20 serving as a mask to deposition of layer 26 immediately over

substrate material 12 covered by spacer 20. Fig. 6 by way of example only depicts some

form of selective deposition/processing to form a layer 28 over/from substrate material

12, with boron doped amorphous carbon comprising spacer 20 masking substrate

25 material 12 therebeneath from such processing. By way of example only, such might

constitute epitaxial silicon growth and/or thermal processing and/or other selective
deposition/formation method whether existing or yet-to-be-developed.

After such processing of the substrate, the boron doped amorphous carbon

comprising spacer is etched from the substrate. Fig. 7 depicts exemplary such

30 processing subsequent to the processing depicted by Fig. 3. One most preferred

process for etching the boron doped amorphous carbon comprising spacer uses an O,

comprising plasma. By way of example only, an exemplary preferred process utilizes an

O, ashing plasma chamber having a substrate temperature of from 300°C to 650°C, a

substrate to showerhead spacing of from 400 mils to 800 mils, a pressure of from 4 Torr

35 to 9 Torr, an O; gas flow of from 1000 sccm to 2500 sccm, and a plasma power range of

from 200 watts to 1000 watts. Processing under such conditions can result in an



processi ng of the substrate using the boron doped anor phous carbon
conprising spacer 15 as a mask could include any one or conbination of ion
implanting into the substrate, etching the substrate and deposiXiHegruapoR007
the substrate. For exanple, Fig. 3 depicts exenplary processing in the form

of ion i ”pés%@F\l‘?’éllkr%thdBof%md? adhéédlﬁh Qrdn® Hid ke of B Sbroft dofE@aFictpiXRMP! ary

processing in thé formof etching to forma recess or trenc port|on 24
rel ative t@rb%omﬁnga&p@cermogstltstlr&%ﬁ%ﬁtg 137 RagPndh abrutnds secandfeposi ti on

process wher ebyIchQmEmlcﬁéfP\Rntr?ﬁ\e' SoABRREL AR chéﬁé‘éss%bﬁtHaéttFéer?dlschéﬂéd RR&ON

doped anor phous car r|5|n8 spacer serving as a nmask to deposition
of |ayer 2®rprmﬁ@alnatfémerd(ﬁélpn RIQydes éttéaqubbeweemzst@wevgagwngmr0f20
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car bon corrprl Si ﬁg pacer uses an 02 conprising plasma. By way of exanple
only, an exenpl ang cavabiligyr pkdsipg aoeﬁ%oazrhbﬂisiingaplaama i02tasiyg agaptifasatespabarnber
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shower head Spaci ng 0 S, RIS rom
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et chi ng una’éor ? D Ke- descri bed conditions ni ght be consi dered

Referring to Fig. 8, and in but one exemplary implementation, feature 14 (not
shown) has also been etched from the substrate. Such could, of course, occur before or
after etching boron doped amorphous carbon comprising spacer 20 from the substrate.

25  Alternately, depending upon the structures being formed and perhaps the type of feature
being formed, the feature might remain on the substrate for a time or constitute a part of
the finished/final circuitry construction.

Alternate exemplary processing by way of example only is described with
reference to Figs. 9-12. Fig. 9 depicts a substrate fragment 40 comprising

30 semiconductive substrate material 42. A pair of gate constructions 44 and 46 are formed
over substrate material 42. By way of example only, such comprise a gate oxide layer
48, a conductive polysilicon layer 50, a refractory metal or refractory metal silicide layer
52, and an insulative cap 54. Gate constructions 44 and 46 can be considered as a pair
of adjacent features over which the above-described masking material can be formed
35 and subsequently processed as described above. In one exemplary considered aspect,

features 44 and 46 might be formed by photolithographic processing using a mask



as becom ng unacceptably | ow sl ow. By way of exanple only, an etching gas
conprising 10 CF4 will etch an anorphous carbon conpri sing spacer

i ndependent of the quantity of boron doping. The capability of 22Skebguan20@7
conprising plasma in etching a sacrificial spacer froma substrate may
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formed 35 and s t d : I ary
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di mensi on di'réhension exemplified by dimension "A" in Fig. 9. Exemplary processing of the substrate

proximate the spacers has been conducted in the form of implanting to form regions 66
and proximate the spacers.

Referring to Fig. 12 the boron doped amorphous carbon comprising spacers 62

25 and 64 have been etched from the substrate, for example, using the processing
described above.

An alternate exemplary processing by way of example only is described with
reference to Figs. 13-15. Fig. 13 depicts a substrate fragment 70 comprising
semiconductive substrate material 72. A layer 74, for example a silicon dioxide, is

30 formed over material 72. Another layer 76, for example amorphous carbon not doped
with boron, is received over material 74. An opening 77, having walls 78, is formed
through layer 76. Walls 78 can be considered as part of adjacent features of layer 76
which define at least some portion of opening 77. In one exemplary considered aspect,
features 78 might be formed by photolithographic processing using a mask having some

35  minimum open dimension, for example, a dimension "C" corresponding to the separation

distance between the closest walls which define opening 77. As with dimension "A"



bet ween the structures shown on Fig. 9, for exanple depending on
phot ol i t hogr aphic 5 processing aspects and/or aberrations. In one considered
i npl enentation, such mninmum opening dinension (for exanple di mrebanary 2007
is ideally the snallest opening dinension utilized in any and al
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12 the boron? d@_ﬁ?e anor phous carbon conprising spacers 62 25 and 64 have
been et ched"{¢ fre substrate, for exanple, using the processing described
above. An alt erReferingxerfij. ardy npsttgSsategall80 has beén eumtallyoahlgoir@pncwscri bed
wth refer 0,.Figs. 13-15.. Fi S Sy strate .fragnen
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been etched from the substrate, for example, using the processing described above.
U.S. Patent Application Serial Number 10/463,185 filed on June 17, 2003, entitled
"Boron-Doped Amorphous Carbon Film For Use As A Hard Etch Mask During The
25 Formation Of A Semiconductor Device", naming Zhiping Yin and Gurtej Sandhu as

inventors, is hereby incorporated by reference.



8 22 February 2007 above, dinmension "C'" mght be slightly smaller or |arger
in the mask/reticle than the resultant dinension "C' between the structures
shown on Fig. 13, for exanpl e dependi ng on photolithographic pré2Eetng 2007
aspects and/or aberrations. In one considered inplenentation, such m ninmm

openi n J i (for exanple dinension "C') is ideally 5 the snall est
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Application Serial Nunber 10/463,185 filed on June 17, 2003, entitled

" Bo1r n- Dopeﬁj? Am)%)hou%.Car botE FEilm Froéi Use As A Hard Etch Mask During The
25 Formati on Of EL R R IR 8|d TEVPLRNY: nani ng Zhiping Yin and Gurt ej

Sandhu as ifov@imgras maskige medte riah conpmising codrynr ddpednaorhds ealsarar y
2007 \What | [ formn hrreaski ng

O Ry 5o P Tt & e, SRR DSl e e LOEPLAR
masking material is formed comprising amorphous carbon which is not doped
with boron, the masking material comprising at least about 0.5 atomic percent

20 boron;
substantially anisotropically etching the masking material effective to
form an anisotropically etched sidewall spacer comprising the boron doped
amorphous carbon on a sidewall of the feature;
using the boron doped amorphous carbon-comprising spacer as a mask
25 while processing the substrate proximate the spacer; and
after said processing of the substrate, etching the boron doped

amorphous carbon-comprising spacer from the substrate.

3. The method of claim 2 wherein the masking material is formed on
30 the amorphous carbon which is not doped with boron.

10



5 over a pair of spaced adjacent features forned on a sem conduct or
substrate, the masking material conprising at |east about 0.5 atom c per
cent boron; substantially anisotropically etching the nmasking ne Bébradry 2007
effective to forma pair of spaced adjacent anisotropically etched sidewall

spacers cogPri si_ng the boraon doped anorphous carbon on a sidewalls of the
features; 10usind'e Methed &4 RIped Wiiehous car bon- conpri si ng spacer as a

mask  whi | e tRE Q§a6é MOfelafGresURS forhr dDBY \WhFolitRBg i€ 'pYocadsingf dsihg wai d
processi ng of the substrate, etching the boron doped anorphous

car bon-B8Rp MY 1Y asPRBIUN {IRFA A S IQEHSIAT R D FBIMMUR pRering) IPEASPN

conpri eifg therdmalest dpSkKingadinmémdibalutiRelr inshRy dHy an slesedtragraphrus
carbon over a feature formed on a sem conductor substrate, the feature over
whi ch tR{ECeH%i8R; R thet SEMICONUEIGr nBPUBRlS: PSS ARSH ARSs @ bBRSHM%h i s
not dopfdthoM: tahdooron, the masking material conprising at |east about 0.5
atom c percent 20 boron; substantially anjsotropically etchi n%t he maski ng

mat eri al ef ftB8t3diacent apmatiopicalhi stheshsidawa)l epeeRi® rviSRRPIASHaRER
conpri s§HuddNediBRIneR, dABCshorRe®t! BRMMNCL BERRY) I64L 2 dRvBd hafbst Bﬁefwﬁ‘?ﬁ ure,
usi ng the boron doped anorphous carbon-conprising spacer as a nmask 5 while
process‘i“ﬁt?“tsﬁé‘-substrate proxi mate the spacer; and after said processing of
t hggsubstrate, etching the boron doped anorphous carbon-conprising spacer
fromthe substrate. 3. The nmethod of claim2 wherein the masking material is
formed on 30 t he'hoPpHAL Fafledm dhiered Abe Bas& avimAtasH ofonaigts 2

Febr uaryss2d@ially Hf bben RipeRdabrshaidedroMer ein, the adj acent features are
formed by photolithographic processing using a mask having a m ni num

openi ng di nensi on; said m ni mum openi ng di mensi on being the snall est

openi ng di meNsi onrul ihdth@d b ciilth an@nakéinPiMet fldSKiNg RRIYrfal Scdi36@S8t N9 of
the sem conduct or substrate before and after said nasking nethod; and the
adj1&c eorani dRabPMEAPNQUE CAFRAN-si dewal | spacers are separated by a

7. The method of claim 1 wherein the forming comprises CVD.

8. The method of claim 7 wherein the CVD is plasma enhanced.
20

11



shortest distance, the shortest distance being | ess than the snmall est
opening dinension. 10 5. The nethod of claim1l wherein the masking materi al
consists essentially of boron doped anorphous carbon. 6. The n@2HesHrusfy 2007
claiml1l wherein the masking material consists of 15 boron doped anor phous
carbon. 7. The nethod of clajml wherein the form ng conprises CVD. 8. The
nmet hod of cl gi m 7}\&%%?’8{‘9 Tﬁ@@boringr'ﬁfnagsnn enhanced. 20 11 22 February
2007 9. A nigkiing arehdsidngompieriaingompdsimign o eonmalopiedgamatrphoas caobpni si ng
boron d d _apor.phous .bon ver. a feature forned ' .
subst raggfgr tahgeoaftgﬁﬁ ﬂ’d%%%rr‘g iasi%r?g 'ch\?;\tﬁgrs&br??@g?bﬁﬁé&of%frﬁg{anggﬁ?p;}%dﬁ i ng
t he CVDCMhewhesknnbonat edomihg beccorsprdusingg the Codxt tlhdootasRirtyg ahateral per

cent _boron;: substanti all i SQ pi cal l ching the masking materi al

ef f edt i \98"\‘)(5'5'?%?ﬁreaﬁ??§‘rﬁé§g{yr’?s)r?ittérg'l'? ﬁereféﬂgéorslndewal | spacer conprising the
3or 03 dopedhsamntlaphﬁLIg gaisbtropicaly wtckeing th@fmhhf”bigﬁale_ﬁlal usffeivieheéo bo:gn
oped aporphous carbon-conpri sing spacer as a nask . i rocessing the
subst r al@mb Ak R ereRig SO o tee0S s BT Pacr Tbrit Bon e P RE ERREH P o o
et(t:)hit ngtah’ftmigoninachm_edn as?{]qmgmmfmmmu@rlrgr;si ng spacer L_romthte -
substrate. . skin od_conpri si ng; ormng a masking materia
conpri o1 ng bseR o BarndpmoLa RIPhee Chiadsoraiq e SRRE Fon sk *
senmi@ondundieqsrosabsingahe, s uldstrdterprorgn atenthei spavgr; 8@ wher ei n bor on dopi ng
occurs after _the CVD the nmaskin terial onprjsing at |east ahout 0.5
atoni c per c@h?r b5? n;p?t?ﬁéfﬁ}'ﬂigfl {T%ean?@&t?agﬁi cﬁ*cli'lnit @I’ﬁ ngofﬁ‘ﬂa Hﬁgﬁ? ng
mat er i almefrpR6LS Carben-cathgriging apaasr sroht ¢t eabstyard. ched si dewal | spacer
conprising the boron doped anorphous carbon on a sidewall of the feature;

usi ng the boron doped anorphous carbon-conprising spacer as a nask
10. A masking method comprising:

15 forming a masking material comprising boron doped amorphous carbon
over a feature formed on a semiconductor substrate, the forming comprising
CVD wherein boron doping occurs after the CVD, the masking material
comprising at least about 0.5 atomic per cent boron;

substantially anisotropically etching the masking material effective to
20 form an anisotropically etched sidewall spacer comprising the boron doped
amorphous carbon on a sidewall of the feature;
using the boron doped amorphous carbon-comprising spacer as a mask
while processing the substrate proximate the spacer; and
after said processing of the substrate, etching the boron doped
25 amorphous carbon-comprising spacer from the substrate.

12



whi | e processing the substrate proximate the spacer; and after said
processi ng of the substrate, etching the boron doped 25 anorphous
carbon-conpri sing spacer fromthe substrate. 12 22 February 20022 Féliruark 2007
maski ng met hod conprising: formng a masking material conprising boron doped
anor phous caH)on over, .a feature formed on a sem conductor substrate; the
form ng conptisi y MGG CIBRUF NGne of C2HB, C2H4, C2H2, C3H6, and
C3H38; and usfongired d eesdkirng onateoial Bty risdd §ilivo rmd d BpBEG mb heh oxes kiartgpn

mat eri al corrpfri §i ng,at Icfast about 0. 5 ataomc ggr fnemf bor on: sublstanti ally
ani sot r OFTcal IR ITP T R0 RaSRIMIEP LT SUPEIARE MFe TN NG, PRMEL'SINY

ani sot roOpCcasing #ttiehetl oaedefv@iHs, P IC thmisHs) agdt@sH Hamahusiogeat ieasbr phous
carhon on a.s ], of t feature; 10 .using, the boron doped anprphous

car Bon- S5 i g Bl Har apIEHeC R S moasits P el craheRe REURR AR aB8Pb i o o
t he spageratoarid pafrtcemt dairdnpr ocessi ng of the substrate, etching the boron

doped anorphqus carbon-conpri Si spacer fromthe substrate. .15.12. The
rerhod of ol SHERaA AR RO RE D FENTG-te Baehinddmeranafiet ettty of
cl ai m librhaheaniddiopgidhlly stobéd pdidewallespacercdomplrising hthemdiohod dbped ai m 1
wherein_the sidewalls are subst nttj ﬁl l%ﬁ 20 perpendicular to the substrate.
15. The®MRfMEY HFAAL af 2 ?\ﬁEW@i Pt RE 88 eng material conprises from1.0
3;1010' C per C@ﬂhg_tmeSb@roat _aabédmﬁowﬁusbeamnn-%mbﬁisiﬁdlhepagég@d afmasiai m 1
erein the maskin terial conprise romgreater than 5.0 atom c per
cont t ovhiS #TaeorA o Fae Subiral POt male thi SPRGERGT ! Cl i m 1 wherei n the
maski ng nat esftéd €HAProroesssihgorvrgrtrat eubktrare, 10st@haigonine pesrarendoped 15. 0
atom c per cent boron. 30 18, The matpod %f claim.1 wherein the masking
mat er i afMOGRIY S ERPAY GAMPFIS L PPRFRNTTIT Bt WhittatSer cent to 20.0 atonic

per cent boron. 19. The nmethod of claim1l wherein the masking materi al

co ises 35 fro reater. than, 20.0 atom nt to 75.Q atom c per cent
bor oh. 1E’2. ng method of cﬁaim 11 whererpn?hg%’vﬁeis plasma enhanced. P

13. The method of claim 11 wherein the CVD is not plasma enhanced.

14. The method of claim 1 wherein the sidewalls are substantially
20 perpendicular to the substrate.

15. The method of claim 1 wherein the masking material comprises
from 1.0 atomic per cent to 5.0 atomic per cent boron.

25 16. The method of claim 1 wherein the masking material comprises
from greater than 5.0 atomic per cent to 10.0 atomic per cent boron.

17. The method of claim 1 wherein the masking material comprises
from greater than 10.0 atomic per cent to 15.0 atomic per cent boron.
30
18. The method of claim 1 wherein the masking material comprises
from greater than 15.0 atomic per cent to 20.0 atomic per cent boron.

19. The method of claim 1 wherein the masking material comprises
35 from greater than 20.0 atomic per cent to 75.0 atomic per cent boron.
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13 22 February 2007 20. A nmasking nethod conprising: formng a nmasking

mat eri al conprising boron doped anorphous carbon over a feature fornmed on a
semi conductor substrate, the masking material conprising at |e33Febman20975
atom c per cent boron; substantially anisotropically etching the masking
material effective to forman anisotropically etched sidewall spacer
conprising the boron doped anorphous carbon on a sidewall of the feature;

usi ng the boroib do%ﬂw{%@ﬁﬁ%‘t’ﬁof%ﬁﬁpns rising spacer as a mask while

processing the Substr icer, the processing of the
substrat e usi ngrmire ba)rmasumpednahenuaphmmptiainborbocmrpdbsémgampalc@us as a

TSk COMPELRLASof Ol A% SRS A £iscioAlidh: STUBIOCHR AR, the

substrate, etchi oron anor phous™ car bon-conpri si ng spa?cer from
t he substﬁ‘@t@lalmmﬂﬂfmng@ﬁﬂwtcﬁbwﬂ& $nalomk¢ep%|¢ﬁrtttb@rpﬂoce33| ng of the

substrate usi Sth@a f NG SPARE as a
mask corrg)rl segslgolsg%&'ﬁ%r gﬁns??]’r@ﬁﬂ:a"l’lg[’étl?ﬁﬁ’\gutggt &%ggm%omtéﬁ%gﬁié n&wﬁhod
ous

conpri si nrN¥ ap Anigeteopiaaiy sichnasd sidieallceraner SamPHyrerthgdpen

car bon 0V§ﬁ10?pﬁdi?§é‘ér%of1%d*§%u@é\~§lléﬁméfélﬁluﬁ or substrate, the masking
material conprising at |east about 0.5 atomi c per cent boron; substantially

ani sot r opi cal | ysiBgcliiengofae daperdi Agarabeys é!aré?‘l"@@mﬁf@”ﬂ% SRasehn &% 2

ani sot r oppadk! whigd %h@ébs%}.ﬁ@\mélsu%@,%% p@@ﬂmdtéltne dHe e Ot phsRadinginor phous
carbon on a sidewal | feature; using the boron do ed anor phous

car bon- cofprths; ﬁ5b§t;5%lt@er“5é{’59 athenﬁ§k°r\‘/\hq"?%edpr%%%°§i°h‘§ R %”u'ﬁgmpétsén%rom mat e
the Spaceépaéé}ﬁhspéWﬁ@d:d}ﬁprl@fngté‘t@hﬁfgbﬁ\brﬁlb%tﬂﬁé ngnd he boron doped anorphous

car bon-conpri si cer as a I Sihg a elec i ve depositi n upon
Che Sunetr ot o A0 oA GROSRSE RaxPL 1S, GUBHER e IP GG e BOrg 1
porti on o&miohghopesmdion- mdpaﬁihgrsmedfmmmsmmraé. t he substrate, etchi ng
t he boron doped anorphous carbon-conprising spacer fromthe substrate.

21. The method of claim 1 wherein the processing of the substrate

using the boron doped amorphous carbon-comprising spacers as a mask

comprises ion implanting into the substrate.

22. A masking method comprising:

forming a masking material comprising boron doped amorphous
carbon over a feature formed on a semiconductor substrate, the masking
material comprising at least about 0.5 atomic per cent boron;

substantially anisotropically etching the masking material effective to
form an anisotropically etched sidewall spacer comprising the boron doped
amorphous carbon on a sidewall of the feature;

using the boron doped amorphous carbon-comprising spacer as a
mask while processing the substrate proximate the spacer, the processing
of the substrate using the boron doped amorphous carbon-comprising
spacer as a mask comprising a selective deposition upon the substrate
which does not extend to over an elevationally topmost portion of the
spacer; and

after said processing of the substrate, etching the boron doped

amorphous carbon-comprising spacer from the substrate.

23. The method of claim 1 wherein the etching is with an O,-

comprising plasma.
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23. The nethod of claim1l wherein the etching is with an 02- conprising

pl asma. 14 22 February 2007 24. A masking nethod conprising: formng a
maski ng material conprising boron doped anorphous carbon over 22 Featary@007
formed on a sem conductor substrate, the nmasking nmaterial conprising at

| east about 0.5 atom c per cent boron, the feature conprising at |east one
of conductive or sem conductive material; substantially anisotropically
etching the masking material effective to forman anisotropically etched
si dewal | space?4-corfpPiaskify MeehebeeMPASE®d anor phous carbon on a si dewal |

of the featUreforMﬁigWthM%sthoﬂnéi@Piﬁﬂ @d?ﬁbrﬁélﬁgs b@adsrboaoﬁwpém@rm@spacer as
a mask while processing the substrate proximte acer aftﬁr sai d

processi n@aFBP”t‘Pl‘éersﬁb@ta YeelormedhPRP tsﬁé"ﬁ%?%‘fftabﬁé‘as‘" Forthrolaskin

car bon- comatersalrworﬁpﬁ@mg &1 eaBst b ibe br afodiic gt aémeme@ dthprwaes@ ng of
t he substrate, etc east .one o

Con or
e o ona enbusihgral Pds are BhcopgutinenSt semicBnguliye SHEral 55 The met hod
of claim 24 V\/rajtfsitahtsawdaiﬁsatrupe:alus athingothler masking matdxsair effectafkt ®r t he

b dopgd h i Si '
A T e T
maski gg gmherpl:adt#sc@ambnsor?g smfjm” oflthgefbatumer, phous car bon over a pair Ef

adj acent_.features for on mcon maski n
material sompunfg e BRrebaPer gmalpiSt GLPSE AL Hess A o per
cent boromaslsubsteapﬁdcabbmgahemthsb}arte:arcb)ymelte:hnengpamf masking materi al
e f oot ve L0 AMmsdid3hrlocals RGP AraULAEERLNLANL AhEabkYo £1 ARt o) deval

spacers conprising anmor us car on si emal of the
f eat ur es;amgrmtmealbonmprdmpeidgaﬁmcphﬁa@ ther pobpstedependi ng spacer as a

Task whi | e processlfifeddifia YHBELLNE oPHIUREBL LR, SRAGRE S et REsFal d
processi ng of the substrat etc g the oron
one of conductive or semiconductive material of the feature from the

substrate.

25. The method of claim 24 wherein said feature is etched from the
substrate after the boron doped amorphous carbon-comprising spacer is
etched from the substrate.

26. A masking method comprising:

chemical vapor depositing a masking material comprising boron
doped amorphous carbon over a pair of spaced adjacent features formed on
a semiconductor substrate, the masking material comprising from about 1.0
atomic per cent to about 20 atomic per cent boron,;

substantially anisotropically etching the masking material effective to
form a pair of spaced adjacent anisotropically etched sidewall spacers
comprising the boron doped amorphous carbon on sidewalls of the features;

using the boron doped amorphous carbon-comprising spacer as a
mask while processing the substrate between the spacers; and

after said processing of the substrate, etching the boron doped
amorphous carbon-comprising spacers from the substrate using an O-
comprising plasma substantially selective to at least one of exposed silicon
dioxide, silicon nitride and silicon.
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anor phous car bon-conprising spacers fromthe substrate using an 02-
conprising plasma substantially selective to at | east one of exposed silicon
di oxide, silicon nitride and silicon. 15 22 February 2007 27. 22 Faskirpng007
met hod conprising: chem cal vapor depositing a masking material conprising
boron doped anorphous carbon over a feature formed on a sem conduct or
substrate, the feature over which the masking material is formed conprising
am)rphous carbon which is not Fﬁqbdped wi th boron, the masking nmaterial

conpri sing frdmh abdutaskingamng PRPPEENE t 0 about 20 atomi c per cent

boron; subst arghemityl aripset Heposiahyy aehtduking trhetmkicampmﬁreg i pbroaf fective
to formn‘g isotr plcall}/etched si dewal | &P C{J rrgrlsm e, boron
doped ‘?ﬁﬁ‘igu?s!“%r 088 GATROTN WRlad TBRTY R T9TER sPRY! Y% on doped
anor phoussuastizes - henfelatiengy erpatieh ths raasl(mg Imafenlae|$fmamscmmptnbmgsubst rate
pr oxi mate t he s dacer ; and after sgi n he supst r at t chi ng

t he bor on®ASHNPUSAABIRAO UL ¢ B JIL gﬂﬁ?‘i? %%BEer‘ ?r'Bﬁ]sF'ﬁg gl?ggﬁ'elate usi ng
an 02- coepnpdsing tnbasraaosubISOamttanablgerseleetttovebcbuu ap dteadt¢ pmETeceit exposed
silicon (di OXI de, silicon nitride and silicon. 28. The nethod of claim 27

wherein t?¥Paski ng material is formed on the anorphous carbon which is not
doped wi t h borsubstd@rgiallfhanigetrbpidady etthing thé mbekingnmatdrealseffeativattof eat ur es

are formeg by, phal sodt}otdg%fﬁB{Uh%dp&B%%%ﬁ'éb%ce?%‘ oiitpr ?sbﬁ’?%e ‘efbggrda g ni mum

openi ng dinensi on nmens est
openi ng damermfiosss aarbbh xeda |Sni%mayl ahtil\%tﬂelaturphot ol i t hogr aph| c processing of

the sem condugi o SHEShaAE BERE Erdftho! ek SRLBARg S REROL sand the

adj acent ani sot ro i cal S devva spacers ar separ
short est mMAsk adle, prh@S%'ﬁGrthéﬁubét@t%ﬁt@‘”ﬁéf%@‘q é@%cqfhaﬁdt he smal | est

openi ntg di mensjahy. s3l ptBEedHhHOOr Ahe ChabrAR, WIRhRIG thBC BRI dipsamt eri al
consi sts
amorphous carbon-comprising spacer from the substrate using an O,-
comprising plasma substantially selective to at least one of exposed silicon

dioxide, silicon nitride and silicon.

28. The method of claim 27 wherein the masking material is formed

on the amorphous carbon which is not doped with boron.

29. The method of claim 26 wherein,

the adjacent features are formed by photolithographic processing
using a mask having a minimum opening dimension; said minimum opening
dimension being the smallest opening dimension utilized in any and all
photolithographic processing of the semiconductor substrate before and
after said masking method; and

the adjacent anisotropically etched sidewall spacers are separated by
a shortest distance, the shortest distance being less than the smallest
opening dimension.

30. The method of claim 26 wherein the masking material consists
essentially of boron doped amorphous carbon.

31. The method of claim 26 wherein the CVD is plasma enhanced.
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essentially of boron doped anorphous carbon. 31. The nmethod of claim 26
wherein the CVD is plasma enhanced. 16 22 February 2007 32. A nasking

met hod conprising: chenical vapor depositing a masking materi al 22behsnargi2Rg7
boron doped anorphous carbon over a feature fornmed on a sem conduct or
substrate, the chem cal vapor depositing not being plasma enhanced, the
maski ng material conprising fromabout 1.0 atom c per cent to about 20

atom c per cenj_ borpon; substantially anisotropically etching the masking
material eff ecé?'ve ‘ga‘aim%“aeﬁh%%?gﬁt%tn%a| |y etched sidewal | spacer
conpri si ng thectemieal dogpedt  deposipingusa caadidng omadesaldewmmhprisihgt herdreat ur e;
usi ng thedgo%c?n rglgpehdoufsmgaqgghlso & bﬁ‘;’“f'e%?d@r ifglinqu SPRCg’ s%?nigonmac%gr whi | e
processi ng PRe FWBR T4 proxi mat e the spacer; and after "sald processi ng of
t he subst salbsdratet ¢iné repentieabwapor depesitingnuatpbeing plasbon-ecbapreedi te spacer

fromthe r g = C I.SiN l 2B m Lalsd.y ctive to
at | east %lrégﬁgfgaexap%gllgggcsoﬁ.\q?@%ﬂg ﬁimg{(i e?,ugs?'loﬁcon ﬁ#?@%@g{egﬁc}%si@?%n. 33. A
maski ng e ademioper esitrigpropheni cal vapor depositing a masking materi al
conpr i sing bor Qi otdaRar aRRCRANSGABAMOUR nAskERS HiAefif BREAR b

sem conductor substrat’e, wherein boron doping occurs during the chemi cal
vapor defsssi anranisetnepinakkiete)aths siemall srAReTi eAmirisingnthablerion1dered oni ¢ per

cent to amggh 84 HTnCoP 8 siGENAI BRI featyRst anti al |y ani sotropical ly
etching the nmasking material effective to forman anisotropically etched

si dewal | space¥siBanihiei PR t4RPESoRHIPTRBRYY CAERDN1FIMRITRE bIRAEH 25 A dewal |

of the femfddkauhiltspritesbmgDPeOLLIRRE pRETMARHIE USe §PEEOMN-HINPT i Si Ng spacer as
a nmask while processing the substrate proxi mate the s&aeer; and after said

processi ng of oY SALPrRCcessiBECRf nifer FELBBREn BiEHie WRFoPPRRTsdoped

car bon- cOBRIorghd\es SiRBEA-doiAdiNG Spdlsdrm floeh UhleNguBBtrlte €NAPI kAT BY- pl asma
substantially selective to at | east one of exposed silicon .
comprising plasma substantially selective to at least one of exposed silicon

dioxide, silicon nitride and silicon.

33. A masking method comprising:

chemical vapor depositing a masking material comprising boron
doped amorphous carbon over a feature formed on a semiconductor
substrate, wherein boron doping occurs during the chemical vapor
depositing, the masking material comprising from about 1.0 atomic per cent
to about 20 atomic per cent boron;

substantially anisotropically etching the masking material effective to
form an anisotropically etched sidewall spacer comprising the boron doped
amorphous carbon on a sidewall of the feature;

using the boron doped amorphous carbon-comprising spacer as a
mask while processing the substrate proximate the spacer; and

after said processing of the substrate, etching the boron doped
amorphous carbon-comprising spacer from the substrate using an O,-
comprising plasma substantially selective to at least one of exposed silicon
dioxide, silicon nitride and silicon.
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dioxide, silicon nitride and silicon. 17 22 February 2007 34. A masking
nmet hod conpri sing: chem cal vapor depositing a nmasking materi al rising
boron doped anorphous carbon over a feature formed on a sen1coﬁaﬁﬁghwﬂy2007
substrate, wherein boron doping occurs after the chem cal vapor depositing,
the masking material conprising fromabout 1.0 atom c per cent to about 20
atom c per cent boron substantially anisotropically etching the masking
mat eri al effec d% forma anléotroplcally et ched sidewal | spacer

conpri sing the "b%%‘é%ﬁ iy ?%ﬁ (¥ C%0n on a sidewal | of the featur e;
usi ng the boroch@homad mmnrprdmwsasdmgbm roesigngsimajesphcaamprisiag pasdn whi | e

processi ngo{DQc? H%ﬁﬁﬁt?ﬁst HE gtyﬁh n%‘i/g%:)%gfe%g@nr%?rfﬁrrﬂgﬁl %t &r s%?ﬁlgom@&S?S' ng of

t he substra oron ous carbon-conpri si ng spacer
fromthe sulbsiratat whgselngbmnozopiogr@ppu& atiepthesete didad vaper depgsidiebect i ve to

at | east e St 4 go rigde. idpiogPn. 35. A
maski ng net Sﬁésé‘g’r@?'?aggﬁ@ cg m'stl:ﬁajq q@arg%rb ép10§| %Ondeaé%asgﬂﬁggén&toerl al
conpri si ng0semic pelopent Rerenphous carbon over a feature formed on a

sem conduct or st one
SR o IR bR PR AR el Shestyd g0,

B41- 110 afRIMBRBGMIseliepicaly etehedaidemal) smrm@mgsmedﬂwa%r@m qome%uom c

per cent bRoRPRMs cabo SiaCsi@eWalk @RthdeDie;SUbst antial Iy ani sotropically
etching the nasking material effective to forman ani sotrﬁﬁalcall et ched

si dewal | spacer'ESnﬂﬁ DoAY tIRPasH AT TABPEY CHRBPIAPMIRIIYAY b 353 dewal |

of the fea{dgkmhwbngsetsamgﬁmw@mmd pRORIFAE Uhe GPEBON a:rmprl sing spacer as
a nmask while processin e substrate prOXI mat e t he S@‘ﬁo ; and after said

processi ng of oHer S ProcessBgc Rl nie KYbBBREN §iRNEYo Blysdope
car bon- coOgpiorghé\gs SEA66h- d‘ornepmlst.hg splbcsdrrm UlenGudBtrdte €HAYPT bAI 0g- pl asna

substanti g(')ln ri%?nlgegFals\r/nea tsgbgtankla y sePec(ta'lv toea)ﬁplgggpoﬁ!alolfcexposed silicon

dioxide, silicon nitride and silicon.

35. A masking method comprising:

chemical vapor depositing a masking material comprising boron
doped amorphous carbon over a feature formed on a semiconductor
substrate, the chemical vapor depositing using at least one of C,Hs, C>Hy,
C,H,, CsHg, and C3Hg; and using at least one of B,Hg, B4sH1o and BH;CO; the
masking material comprising from about 1.0 atomic per cent to about
20 atomic per cent boron;

substantially anisotropically etching the masking material effective to
form an anisotropically etched sidewall spacer comprising the boron doped
amorphous carbon on a sidewall of the feature;

using the boron doped amorphous carbon-comprising spacer as a
mask while processing the substrate proximate the spacer; and

after said processing of the substrate, etching the boron doped
amorphous carbon-comprising spacer from the substrate using an O,-
comprising plasma substantially selective to at least one of exposed silicon
dioxide, silicon nitride and silicon.

36. The method of claim 26 wherein the sidewalls are substantially

perpendicular to the substrate
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di oxide, silicon nitride and silicon. 36. The nethod of claim26 wherein the
sidewal | s are substantially perpendicular to the substrate 18 22 Februar
2007 37. A masking nethod conprising: chemical vapor depositi ng?&chmiaw

mat eri al conprising boron doped anorphous carbon over a feature fornmed on a
sem conductor substrate, the masking material conprising fromabout 1.0
atom c per cent to about 20 atomc per cent boron; substantially

ani sot ropi cal | 7 ’R the ipng material effective to forman

ani sot ropi cal I% etc '&%\%ﬁ gpcggborr sé'?ﬁf‘prl sing the boron doped anorphous
carbon on a si desvaldal oframdfre depaisiting, aisinagkinge nideoal daqu'enIrlamur plooers

car bon-co r n he r oxi mat e
t he spacerg%%ﬁegg‘r 2@@653%{ n@aﬁ-bﬂp gﬁgkséf‘gga?%r%qu@ﬁ%b gPle bos%on éégﬁe 0gm)rphous
car bon- coﬁrpbstsatngth@m%@ﬂnasnatemélcomwmglfrm@ @tbo?hli g0 ttemiwiper cgné; and
after sai ¢ BpOGESS L RS %,hge,ﬁ bhate, etching the boron doped anorphous
car bon-conpri sing spacer fromt substrate using an O2- conprising plasm
substantial |y sebstantialdy ﬁaISé’ttrqpe@aJty eieding thec nEsMatedal etpetiyeléd silicon
nitride amms'ah'ﬂ@otré&caTﬁ%t@Fé&‘%%éﬁalpEﬁé@r%%%ﬁbr‘thteh%rmn()&@ééd ng of
the substrate wusing t oron anmor phous car bon-conpri si ng spacers as
a mask camorpReus Férr’qu'h?)’I‘ &rﬁ'ﬁﬁ‘darl‘i’tféh? fRAatd(strate. 19 22 February 2007

39. A masking Bhgothe Yapbh de}:ged Cah@&ﬂpﬁahsvmsnmmg.hags@aéasgsrw
mat eri al conprising boron doped anorphous, carbon over a feature fornmed on a

senmi conduftask WB{idrpgessing HBen%&é”r?dje REPEIMaP ENPRIEMENe PERFATHNE 1. 0

atom ¢ pebf cpBt subStrakkoulsi?y ﬂtieorﬂdioﬁeﬂoﬁ@dﬂarh@F[SHbusSltﬁ?rbaﬁlldoﬁ{dr}Smg
ani sot ropi cal I etchlg(ggt he maskin rraterl effectl ve to forman

ani sot r opFRafF 2L (hRr SPAeNgINg %tﬁg&gr h&o ﬁ@ﬂ t8y2%%e boron doped

after said processing of the substrate, etching the boron doped
amorphous carbon-comprising spacer from the substrate using an O,-
comprising plasma substantially selective to at least one of exposed silicon
dioxide, silicon nitride and silicon.

38. The method of claim 26 wherein the processing of the substrate

using the boron doped amorphous carbon-comprising spacers as a mask
comprises ion implanting into the substrate.
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anor phous carbon on a sidewall of the feature; using the boron doped

anor phous car bon-conprising spacer as a nmask while processing the substrate
proxi mate the spacer, the processing of the substrate using the2bebwarydifd
anor phous carbon-conprising spacer as a mask conprising a selective
deposition upon the substrate which does not extend to over an

el evationally topnost portion of the spacer; and after said processing of
the substrate, ,etchjng the horon, doped. .anor phous carbon-conprising spacer
fromthe subst?it e '{]Q%wsd('%% "628°%8R§W55.% pl asma substantially selective to
at | east one ofhexrpatedamir idepositihgoxd deasksingi owmteriat ré¢ateprsidgsibbraon. 40. A
maski ng ”EBEQ&’ Sé?{épﬂsﬁétg‘gcar%ﬁmo%i é’a%%‘iu,%e%ﬁh%a ”gnaa”as%‘fﬁiegn&%tsr' al
conpri sing boron ~doped anorphous carbon over a feature formed on a

sen condustbstrateultise maasking meateniakicamprisire fraim abopt i1sP rjomiopealsent 1.0
atom c pet, 5?{’1& 2(%9 cﬁ.p%ué 20 AtdYFL G- Per cent boron; substantially

ani sotropically e chlng fe mas Ing material effective to forman

ani sot r opi cal | yukstantiallys adisedndpicgiycetchinanfire giasfintha aterighetfepline tanor phous
carbon onrénsLANRLL Y BbichlE dtERd!sRietil BpaddiccARbAGINGORRILATR BERE
carbon-conprising spacer as a nmas Il e processing the substrate proxi mate
t he spaceeMmogpheys safpnpemacddewa!l of thvéadurstrate, etching the boron doped

amor phous car bg@ngofHY indr&e Wranidr?ﬁbwecawbﬁtdﬁ@mabngpa?d“eroas a
conprising plasma substantially selective to at |east one of exposed silicon

di oxi de, §1askcWRilgrrprersingdheisyhsyiate aPr’iaXiﬁTactSrth§a$QP°pﬁ"oé'é%Qrﬂﬁe%?f‘“‘-i he
substr at e of efhehispgstrie: fiahgr el A h@op&dibshbAlous2 &atBorRBIMATING 007  41.
The nmet hod of claim40 wherein said feature CI s etched fromthe Slﬁg trate

r

after theSBBFn28opePalofYRBUSINGar pFICERMH IR Upapan ithe sbs fromthe
substrat ewhich doee met hodeall © aivey 24h Whevatiohaig Gopraaturpdriion edfcliigsl from
the spacer; and
after said processing of the substrate, etching the boron doped
amorphous carbon-comprising spacer from the substrate using an O,-
comprising plasma substantially selective to at least one of exposed silicon

dioxide, silicon nitride and silicon.

40. A masking method comprising:

chemical vapor depositing a masking material comprising boron
doped amorphous carbon over a feature formed on a semiconductor
substrate, the masking material comprising from about 1.0 atomic per cent
to about 20 atomic per cent boron;

substantially anisotropically etching the masking material effective to
form an anisotropically etched sidewall spacer comprising the boron doped
amorphous carbon on a sidewall of the feature;

using the boron doped amorphous carbon-comprising spacer as a
mask while processing the substrate proximate the spacer;

after said processing of the substrate, etching the boron doped
amorphous carbon-comprising spacer from the substrate using an O,-
comprising plasma substantially selective to at least one of exposed silicon
dioxide, silicon nitride and silicon; and

after said processing of the substrate, etching the feature from the

substrate.
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substrate before the boron doped anor phous carbon-conprising spacer is
etched fromthe substrate. 43. The nethod of claim40 wherein said feature
is etched fromthe substrate before the boron doped anorphous 22 February 2007
carbon-conprising spacer is etched fromthe substrate. 44. A masking net hod
conprising: formng a nmasking material conprising boron doped anorphous
carbon over a feature fornmed on a seniconductor substrate, the masking

terial st t b bst anti al |
e ) ooy LS 8RS i S ER SoBeeR L AR AR

ani sot r opscbstrateetftbedhsi benwal Idoppacaamoqmqm| sargpri-bemipoisory dppeedr isnor phous
carbon on of tgetfeature usi ng the boron doped anor phous

car bon- coﬁ%ﬂ 9 ﬁ%msbg &'%  mask while processi ng the substrate proxi mate
the spacer; after said processing of the substrate, etching the boron doped
anor phous car bon-conpri sing spacer fromthe substrate; and after etching the
boron doped anor phous carbon-conprising spacer fromthe substrate, etching
the feature fré2ht hEhemmsthpdta.claim 24 wherein said feature is etched from the

substrate before the boron doped amorphous carbon-comprising spacer is

etched from the substrate.

43. The method of claim 40 wherein said feature is etched from the
substrate before the boron doped amorphous carbon-comprising spacer is

etched from the substrate.

44. A masking method comprising:

forming a masking material comprising boron doped amorphous
carbon over a feature formed on a semiconductor substrate, the masking
material comprising at least about 0.5 atomic per cent boron;

substantially anisotropically etching the masking material effective to
form an anisotropically etched sidewall spacer comprising the boron doped
amorphous carbon on a sidewall of the feature;

using the boron doped amorphous carbon-comprising spacer as a
mask while processing the substrate proximate the spacer;

after said processing of the substrate, etching the boron doped
amorphous carbon-comprising spacer from the substrate; and

after etching the boron doped amorphous carbon-comprising spacer
from the substrate, etching the feature from the substrate.
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