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MASKI NG METHODS TECHNI CAL FI ELD Thi s invention rel ates
to nethods of nmasking sem conductor substrates in the

w0 adwsiozztT on of integrated circuitry. BACKGROUMII/BED04/026517

Integrated circuits are typically forned on a
senm conductor substrate such as a silicon wafer or

ot her sem conducting material. n general, |ayers of
various nmaterials whi c conduct i ng,
conducting or insulati ngﬁéal?ﬁ |Hzc2[§§1 to formthe

integrated circuits. By way of exan‘pl e, the various
TEGHNICAILS FHFLD doped, ion inplanted, deposited, etched,

gr ownr,;& tn?\/ U(H,ﬁlﬁ) ?gat\é@rtb MetnBL® %??r‘?aesi( gﬁf’seﬁt?ggrio@%n%ug&%tes in the

in sem con rocessing 1s to rive
fabncadeldncoémtdmatedz:ecwtfryl ndi vi dual el ectroni c conponents
t hereby enabling smaller and denser integrated
circuitry. One technique for patterning and processing
BRCKGROUNDAREuUbst rates i s photolithography. Such

| h
et 6 SEREh B o Y RLRERY LB s as -
siifcoauedfel ay ether Bemimohdaiiating ohaterials . InFgeneest alapére, of various materials
g6 8 efer DBPBEHES hohVB! oL P50 HES o rom e
lstebxeem cm]Jntsble way oifexdnaolemhe&adousemammalsvae_sjasedi,hen implanted,
SBESRID < Prebe Bht Ther g Bl cPigkBissag” & "eonliuing goal i
sendequsetdr pootessing sato bent;)r&mtce@tnvéemer@ﬂuag e kntbf of individual
f al
SRR ssobRateen PG SpelSiarbrchs P Eblenr el Bty
t he sObest teahrdqureeXor tpattbhmmmldedrqmssmgmsermedmdnetor substrates is
GRS RBRry 25 PRER, DB NedBatn 2, iRb BRbL Ber which car
thelp be @mcegkfif mkdliygherablebmtalaf such:leyéran reltaiatsalvents, For example,
eren

i 5o ot GleB R Ut i RoBrP Y Bl B P S Frasiretin
tbf@apg@ttlm sblgagraupfmm:y ohte fb%p:raedi rpgibhse versog thd ghdxpbeed regions
GRALEE Yo b0 ReS AR VR PRy (RAEHET g, gpposed o

uresidsenlv portibie canlliet remtavedy deperidingd epahe ttiymn obfphbimesmt thereby
.S _the

B Bt PR 0 PRoTudel ol B Slrob BT CapBranl Feas of the
subskatahelat tuctke masiked tdoetiona rcdn resprocddsed hfer éxaragle bysetching or ion
R T R SN p——
matskKal.

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
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
described provide a more robust masking pattern than using resist alone, for example
should the resist be completely eroded/etched away during an etch.
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The resist may or may not be renoved i medi ately
thereafter. Hard masks such as just described provide

wa@2msnzetbbust maski ng pattern than using resiBCT/EBINE026517
for exanple should the resist be conpletely

er Ode(géet Cgeer ﬁfﬂ%éd %fér e %s‘?{té% mdAShdtR ISl When etching oxide

utilized I S anor phous carbon
raatehalnlgslm:g(ad"@rpiml,lem&ibomss ragham!nmph!o ube cichinn typicadly removes the

Qt'Ea%‘l% (?%Hptteﬁl?l L3t hah h¥er¥1§\é@r%vaﬁﬁorﬁog§r%s\?&§g8&m.at

rres faster
armr rimhasmaaklbgmetl@dmmmaddmpnmmmitfmgrmhm processing such as

QLT B SRR P8RS ElndTons g whcn
typicallyzeceivarbowtn atdhvaenegjaegaombf sﬂmncwcw,pve:aiatqnar e@mdusﬁlvely doped
Ui Te Pl TS MG B84 B ooosin sces o
that elianakl rregonnswnﬁr ¢hd ygate abveylyingc ef viedledyping pplaxzh repannel region
S5t P SR okl B Sy URG o scoss e
sveirdeddraini r@ic&nbesl;ghtér/lowerdmre aivdamateathd lebamtegbi ragion than distal

tﬁgr&h{)@r / cr OSW% [%5% ﬁ]ﬁ?éraérﬁglﬁl %ﬁ eld%rpg%t %rﬂfll? LN to first form a
dhssédllcohhmtmé rgzte ommermtehdbie alesiped chameahgedion of a semiconductor

FESFHE"8 5550 SOBRRL BB bRyl o8l Ty cam th b
provideceinto ¢ige tsemm‘onducﬂwen roatadal odfthe sauubsiratai with Ahe gate construction
bR S 8 ot T bAoA e can oo
comfeemialy depodited swebsthe age&e oan!;tl'udtlble ayalt anlsotrqmrau;zte'tdmd to form
BTN e g B BEhelsle el s ol huncion as
| I’measgawmcb doust rpnctbctenthamidemalls odifr tblpl gate| %obp[da:ludie*sca subsequent
@p&a&éﬁ?nu o%tgl:{r\éﬁgsbq%m@k h\?egélc \{efr r . agﬁcgzgr(dir\{élf itﬁe sidewall
spatérsprent ec ised be asmdsiv@rlassuh‘setqnhmt gwgrer aiode soerckldss implant to
Su R bl PAERE AL AR BRI By o

can bAhiste ingerdionasls ativatedso ladénqessang the ghove iskes, it is in no way

Sl "B PreeTodF pol bR hE bR e IRL & 4o kPRl worced

(wrthemttlmterprmasvmmothatlmﬂtmg’reﬂmieincasts|th1@abdne okgreund art description,
ssues he invention is

sl ririts e ReecBbidtan hfabithashe LOVPTLLoN 1

worded (without interpretative or other limting
ﬁ&me to the above background art description,
g portions of the specification or the
dr avvi Ttgs JnveidviViNEN dés anagkingninethods n clinudkes implskientation, a masking
hods.

B8 208 kRS b S5 AP b sy formea o
aséprbodwtdrosubstitaten 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.
After processing the substrate proximate the spacer, the boron doped amorphous carbon

comprising spacer is etched from the substrate.
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a sem conductor substrate.- The masking nmateri al
conprises at |east about 0.5 atom c per cent boron.

wab@soeski ng material is substantially ani sot rpEIl/v81004026517

etched effective to form am anisotropically etched

si devgje ra&&&garmmyé@ém&.&ﬁ%r@emamgﬁw anor phous

carbon on a sidewal | the teature e substrate is
then processed proximate the spacer while using the

BRIEH'DESBRIFABR G S BR WING%O"D“ sing spacer as a

trate proxi mte the
spacePrefarteg drohasimentp ofitheriovastion srecdesstbed belpwivgihrgference to the

he substrate. O her aspects and
f?ﬁ%@@%@%@ﬁ%ﬂ@ga{@m i enpl at ed. BRI EF DESCRI PTI ON OF

THE DRoW NGS dagsaromalid seolisnal viewtef apsemicendusiemyafenfragment at a
%Seé%ﬁ@%é&ﬁ%gégﬂdg%%&@aﬁ %Eq&%ﬁﬁ%e d&e‘hﬂ&n fol | ow ng

acconp nylng rawu n ranmmati c
sect i ldga? isvé @igwodt taesF@n ‘cwaiﬁu (Ertagmewaatea pfacagsieg steptsubsequent to

ep in accordance with an aspect of the
iﬁ%ﬁ ??%&ngy% P 2is aviewof the Fig. 1 wafer

fragnigigt 3 &t a alepir ofctbe §iig 2 watep fragimeatyatem pracessingstep subsequent to
tﬂgféeﬁv'iﬁ @y 1. Fig. 3is aviewof the Fig. 2

war e faghent - at a processi ng step subsequent to that

depi ctigdt b)anFalfgmaZe/aG“dlgon # that depickéd ey Rigt 8/ addi tion to

h :
ol Cerngtor andie) sitatefadiiof o et SeARGNETF0 2. 1y o

is stfflgl 6 ambtl Hmthaﬂ a@mﬁe/eﬂalddn ta that deplqtedaby HigpBcet ed

by Fi ﬁﬂ 7?’15 f VRw gf thé \5 \?/ epffraémgnl]: ath tc%@{h%?tep subsequent to

a process ep subsequent
tde&ﬂ&m@@iwﬁsl@} 3. Flg |saV|ewof the Fig. 7 wafer

f . 1

29Tl 0 B ASFETIEY G5B SMIBERYST hbRoblEbepsyppocent
thatedepistediipyolipef. senmi conductor wafer fr agrrent at a

pr ocq§1§| @ng %&lggrdn{hgtﬁcégcﬂw Qi epo 6#}&%(&3 éongpctgp\?/afe{ fragment

i nvent IS a VvVl ew
aia momsememmg asc@pascaﬂowua@asmcboimanm@emmt ed by

Fig. Iﬂ |g a \}réw o tHE nggsm%f‘ertﬁtéﬁp-’:e'n?ﬁ %[—:s&ﬁ@%t'%&hbseqdent to

at a p?oces& ng step stbsequent
thatdepiated N g 9.s a view of the Fig. wafer fragnent at

a pr qg&_Sﬁi 09 VP Br tRY I%?ge qﬁ%ertfpagment at a processing step subsequent to
that depicted by Fig. 10.

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
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
Exemplary masking methods in accordance with the invention are initially

described with reference to Figs. 1-8. Referring initially to Fig. 1, a semiconductor
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that depicted by Fig. 11. Fig. 13 is a diagrammatic
sectional view of yet another sem conductor wafer

WO e@gexsti7 at a processing step in accordance WeCTUSI004/026517
aspect of the invention. Fig. 14 is a view of the Fig.

é%fsﬁétefffﬁ%'i@ﬁ“is ﬁ‘l‘dlcétééf F@&%?élly%ntﬁ?&@reﬁ?@%ﬁmé%lt’iot olﬁltiﬂgtcontext of

depi ct ed IS a viewo

st e@cw%nm?%m %ﬁepvagﬁon@ubsteqie'é@bs:'eqnennduo@ve reabstrate” is

dEFRLS {8 fheBM aﬁ%}onétﬂrctn&#z&hb@n ﬁ)a_dc% ﬂ:atec{‘g}l:' including, but not
PREFERRED ENMB FTHS

ligditestadpdieseinicpndustive ﬁ'@éﬂﬁlﬂ chres 9 wmwmduytlvjae\safer tsitber alone or
IW'JSQe%SIfe%r EMeRishy Sth@S maferfats ﬁ%ﬁ% Z' %%lﬁbﬁd%}‘vé &a&erlal layers

) a sem conduct or substrate I's in
(Q@vﬁ_rraéme)pmm agpenilies éﬁ'@é”w]gré’ﬂ@r rma@arlals)t e taymt "substete” refers to

iyl @ﬁﬁ%ﬁhﬁﬁeﬁl;uctl}r@egkﬁuﬁ %ﬁf”nﬁp H&H&E 35 ﬁgbscetrﬁ %r?ducﬁve substrates

sem condlcti ve substra 't 0 nea
despdlhacuakaven Aleerpt thsi @@t@émfdlwadi@cumeet et mrmallayer" encompasses

HBoe tHacki ﬁblrlar%‘r\ﬁ tﬁ@ﬁlu}dl Uhl%@goﬁgn/w?é‘lnléhc% | conduct i ve

materi als suc sem conductive warer (either alone
or i Hndbgéﬁblcieése@m’ﬁdﬁ |934bﬁt§at§tTCe¢0mam®S|aabslktmemcmoys)allme silicon

&Bgtractsrﬁ'zc@grﬂé?ééﬁ?rer@ Erfhﬁ'nl\eci mé?éo%ef gxh;p enﬁ‘lJ % st‘?uctun%l feature,

assenbl i es conpri si ng mater i a
Wflﬁﬁ'ﬂ@t exasting <PreY@rf@-b§od%4¢1DP§dppﬁoﬁ@ntﬂlgpkatemcﬁyrway of example only,

Ep\é@' lﬁ‘&ud@bjétterr‘ d ;.g%df‘%o\@/lgt Itag?rgég ﬁra]&?ﬂ&e ch'ﬂ)t ex'tﬁg@feffect transistor

trates escri
gatﬁ or Qtf@u @émlt canstruetinnman| ejghad’ regienowithis sesubistrate, ete By way of

eiia]e ?é‘%ukhﬁt iRlFg.a is k)ﬁ::?e% & %Mo?r% df;bg t&%%g %ratSrial formed

exanpl e, subs te 1
%h@éb%ﬁ@tgl'ﬂa n&ush |Hagsoa sidgyellr 3 ovhich lFS(thEe iletaatad esrﬂlzﬂodlment is

shﬁst%ﬁféﬁ%\/\%&%ﬁ%ﬂf‘é? in or‘gﬁ‘fatioﬂer@k'tlvé fbbé@ ﬁétreug‘?lt s ﬁ'l&skmg material 18

feature et her exl st I Ng ope
ceBwrisingl eansistin@gssaajiallyf ofenaﬂwsestlogloﬁ bowxladqwleesammprhwecarbon is

f&ﬂ{éoe&%?c*eﬁ’lﬁ%t 94 54 th %Qé’lﬁlﬁ%mﬂer@ ln%lnsgg aP%@g &bSut 0.5 atomic

field effect transistor her "crrcul
pesest bereni An exampl?rwweéﬁrfeelgﬁrabpdmemtllmpllad@LaoMrpacencentratlon from

a%BGt 1. Bya o g cB¥ byator‘;1f?: ailc n%4AI&J}P§F%xaﬂngﬁe% by way .of

depi cte as sone form patter ed ma
exg@plesqiths inchide from 1 Quaé@mnmr genrtitd Svibatbmicgpaxiteohbdran;tftoen greater

thad 59t ét%ﬁ:dp@r@eﬂg d%6b étémﬁ:“;g%tc%ﬂf P@rlohyfrgrﬁr QI%F 0.0 atomic

in orientation re ative to substra
PREEEM; tal 150 Afomie Pegcent desins fiiony geestasribarall 5.9 at(bmloqmer cent to 20.0

afSHR et 1Bt %roﬁ%@fgﬁﬂﬁgi@w&ﬁhﬁb’é a‘ﬁf}ﬁgg{er'cﬁn{ %rfa'%e.g atomic per

over feature 14 I'ng materia rrses
ceelgrombout 0. 5 atom c percent boron. An exerrpl ary

Pr o .88 AT S 88, R DPE AT e caron
whight is naf pl@pedawﬁh REamp| Iesthe ispnigatyofdhis document "not doped wnth boron"
would mean not having any detectable level of boron. If at least the outermost portions
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
one exemplary preferred embodiment, the chemical vapor depositing uses at least one
of CoHe, CoHa, CoH,, CsHs and C3Hg. Further in one preferred embodiment, the chemical
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exanpl e only, include from1.0 atom c per cent to 5.0
atom c per cent boron; fromgreater than 5.0 atomc

w@ersozst7to 10.0 atom c per cent boron; from PCBEE®N4/026517
than 10.0 atom c per cent t® 15.0 atom c per cent

‘S5 BedshPB B U ach 078 of Byt B AR DB, gt gty o o
the amiocphmers cadaon to be Thsith karomilepgsbas-depnsittdr on. n one

oxe . . : .
ey SR8 AR, bR et SBEIEA ol e e
Anpliee Materfals GestuckBacesgor and thelBasidiced Priecéssoo availgblel fom Applied

TR 3 1 S A AP ) 8 Gl ol oo
movdeshexesnplanypreferred nuksipeds oficheminat vapor wepksiting material 18 utilizing

erj al uld b 1 ; ' '
Wb o selRhe R TATE Btss s, SRS IS R 38 PP Ak rate of from
30asypimetoddO0F socni, vgthifi0ostcthoipeing arapepific exaroplebddiHs is an exemplary
RO ERORes e Mhig v B LERa 4R St REHEERY £l el dfow rate of
foon orD0d eqinm go rA0I0t saat wlependinggnotheaflowe rratenef ¢iee ot sl gases and
. deposition. e . fer
PRBAR e, e Bole p6 SR R B! LG Hoped gorpious carbon
by deingnierroéd. CAdtlitior@l Exem@ait gardarcor@tirér.re&aiive loe nonneactive gases

/ di : :
185, B L LR AR, ALSOEIE oA YRS SRS S oo Ao
eglgmep:ljhrg gn_re:sjf:trgtz is?l:sjlaqtm tanspegaiubois fram FHOOTR Itts; BEO° G awithnan exemplary
AR eI eroBhey s Jor 38Rt 80 ke Plfitea spacing
fidimh _dah|1é gflrafer@:arfaw to #igas-essiting _zsgd\g/eﬂgea@ﬂa)?mme‘r%ﬁndm 5240 mils. An
a | .
ST ol ABM4 SRS Rt b, o siecoce
ﬁlaﬂrh:_m\delpgsitimro‘tduﬂe(sucdfxtes_mlhtmeya!pm@ |é$ fieth 100 heatts tf 800 watts for a
v | e i

5T 3Bh Ehe? SRR M= BCELE s bl OB errancea oV
examnpleas inciudeva temtperaifirel ofoimord Glhosie 880ICOtO8M °Se prasswiet & from 50
600 ; o B i

BB TR SR AR ot ort B8 Focht s 090 Fodf SSEE R EY rom 100
szonh tat2086 seorsauidawith ér withoubamry Idé ahd/onH100 seem to 2000

seem eeﬁ g[]%ljﬁtﬂg r?g rb(fgé}mle rdéhﬂ\é’ &ﬂ'fn% f?]fe & osﬁlloneﬁasg ﬁgﬁ ea%ﬂ-:»‘#mined to

depen or on~conceftration |
ilnpacinthe ogetea rob rgphfousality o dine |depesitidre oh natarahrd®@. over the steps of

ddi tiopal e . Lier r.r i r
84 EBho 817 1B, 558 e e SRR e BBAHBEP, B boter e sep
@vargokee, Fdieexamgleowithih dihe Bbova Rarameiartronds3) aseinto AjHs volumetric

| j
(PRt 7 Bl PP S AR [l A Brea 1
Heeizontaf swofac8s, While & fiow raf@ratio oB. Hx tn@iHarof 2pt prfogided 4% coverage

é\%ﬁ&é&%@%@éﬁ@é&? fogmm@a%%{)tomjc{régﬁtgl %%ﬁ?laihg Q..ﬁ’ft rtajcig grovided an atomic
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,
and precursor flow rates at 1250 sccm B,Hg, C3Hg at 650 sccm, substrate temperature of
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exenpl ary preferred applied power range in a
capacitively coupled, single electrode plasna

wale@sseision t ool (such as those above) is fronPdD0S2004/026517

watts to 800 watts for a 200nm wafer. Further by way

950%%&!‘%%&3&%%&% B N &h&&%ﬁ%cgﬁ%ﬁi%ﬁ%ﬂty%@ o may not be

paranmeters include a tenpera
desirgd @lependging o8 trecapplic#tioom 50 nTorr to 200 norr, C H

flow Réfe?ﬁ@%g@?%e%ésﬁiné%g&eﬁﬁle% h8s efehOé’t’ab@%/an&él@"&nisotropically

100 seemt séem a or wthout an
elicbigd effertive Tieefogmaan ianipoigdpically caichish sidgwaliispacert 2{e comprising the
o : : . th
580 oo BT RanE ST SUOEh 16 of RRAGL 14" 3P S8L 8% pimple oy,
gt epenmpliary epogesss forGanisptibpigallyp etekingg sucthenatiegéle includes using a
n rat i t .
ORIk 38" g I B 388 SPYSEY Ry 20 scom
$0y at fromat 20 scdnh dm60 stem raandi @ aff fram H0gsocen whtad s@B% An exemplary

i Galro 0 hor
SRERIRTIIC 4 5 8 B0P T HOBRL Blashec GRS Ao to 15
wiow, ateidscduss plesroa pgwenaisirony d60ite 250 YYaifssarmisbizo ppaereat from 30 to
quo\?nggté égpﬁ@dmrﬁ%ﬂv@fe?%lamm& 0.4 ratio provided an

oron concentration in the material 18 of about
3. 0% Plz beronwoped amioep@us catbon coaprising spacet éxinat atilized as a mask

V4 BB RS ol S 9853181 5 8 Bl oy such

ronéssingedfithe substrateasing terdoaory dopsdiartérphotsocaybart torogrising spacer
f .4% . '

B AT RUERAZE by OB R BB subtte

gthiing rtive sdibsteste ang Wiepasitings ppan thg sidbsirate. nFbs examapler Figt 3 depicts

. . t 0, H ,
St e B0 ¥ BR3P 0 B, Mo BRAAER fobizz. i
derictd exempplerysprpecssingsn Ter form idF gichitigde éamod recess or trench portion 24

: i t ' [
SRS Y. By SRR RSP SHBAR BBregs whores
d 8ayeis2® ge ndepdisitechmvienlsupstaaie s, r with clxirby depededmorphous carbon -

) ; , . ) ) '
St 57 o . TOROACIS B ety 3 5 il over
substrateanaietiald? dovatedriy spacerRp. Vidg. Glby wannbdanuié gnly aepicts some
| _ ; > ral , .
HTD ol RS BhodRU3 6 B E e U Ebte ot
0, heith fdoor iddeed ameriphdusy cgrver scamprisirgmspaceee2fl nwasRlg  substrate

56 2oL IR oD PR, B ATYTE ucn

exe
¢ansfitutemepitaxial osilicoB, gudvdinrband/qr thesuale patcedsingn amdidFoother selective

et o Abro B ST, BRI e Fh b © 250

of wedftar slichnptoeessirthef lilne snbsicaie,dthenboehodepetiaatmorphous carbon
c?o%mrsinﬁi ggacsepaigeétchgd r}% tHéiéJb‘éﬁ'gteas Fgfg.msgepicts exemplary such
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
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
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whi | e processing the substrate proxi mate said spacer.
By way of exanple only, such processing of the

W@ aiwseste usi ng the boron doped anor phous carBORUS2004/026517
conpri sing spacer as a mask’ could include any one or
C i nat.j f i [ '
SRERING e et LTS HE g Wk P S bR Saoped amorphous
cemist campEisingeapacsraromistiuting @.5%3todieffte diosoreinepolitifyseconds.
processi L 1 _an i [ OF :
o s TRSARERr Y AR 4RI BB RN 14 S ihoreros e
hwrare elepinp goanneitetioh gerovidés et icddengff betwasnnstap reoversge aand ease of

: h [ 4 | At | t - Fi :
SEPACPRYN oS b e kSR Bl R oter s
covemges tH26higberdtheoboroa cconventratiobstheamerel diffiamittih msyrlgnto O2-only

g e , .
R TR LBR A A RO BS BT BAGE oy AT Stomi por
cnh QD ratleplaamarateiing: ondardice biyovepdeseribetDcorfiitipns aiplyt heagonsidered

of , _exanpl e an ' S e tive., . .
SRR atE g B RSB RSIA oo poscomeriing
GEpwillr ettie amedraoiiphbusl 2arban tdonpoising spapedindapensieot sf the quantity of
car bﬁn .conprising spacer 20 maski ng substrate materi al

beson feRii%ieneat h from such processi ng. By way of
exanplte capapijlitys ot hsing gint Og oorapriiging plaemiat inxetehing ial $acdficial spacer

h .and . ' d :
R ety DR alitTbITh pRRESER BARARRCHS St REhing,sap, by, gonducted
widey tHe-dbove eonditierisondtantiilyeselestivhtopanyod silicoy divkidehsilicon nitride,
Bt e, iEeh PR FORET A MIBE. FRRR7sGRTRE SRotuiy i
?nman?tws)egdw;tequ gt least g ofsthbsbewedﬂp:dcanﬁdgphmlwm egnpared to
epicte =1 0. 3s 1 ed. L
SEPACHEoploot s AL BRGNS BUB5 2858 ol hgatin sicon.
Agractingly Sk theas a2 aaypf issicingngieresrexp®@edvary thef sebsinafe enmediately

only, an.ex l.ar. ferred.nr S i n .
Bty PR B RS S  aeop comrsin
syfacér foom 3O s strate; SQciCeiching Ldas tadsiartageoushyove sdlectve to any of such

spaci ng of from 400 nils to 800 nmils, a pressure of )
?’&8?‘5&9‘?%('#%0 9 Torr, an O gas flow of from 1000 seem

to 25RéEfesimgnto Eipd8aapd drs et poevexemplage inpplemeotati@g Ofeature 14 (not

Y7 g€ SRy (EEPB AT S5t SR, S0 B corore o
#iteg stching bdron kdoped mmwipreub cradwndapemistngospgaiceud0 frambihe substrate.

élgegﬁ%tlel?,'sdneg)gﬁgﬁé g,l_rpoﬁ ?Ilgez %tj!rl.hcnltﬁcr'{eg geﬂ%?&%ﬁet%h%ndog/@rﬁgﬁsotﬂe it)ﬂ)e of feature

T on
lediyy formed,cthe feadunerigbseinain om thehsubstreterfoda simevaroedstitute a part of

DR hsBR AR BB SRR oLl P ovL e o e ol

pl asnlteehathi expméyl pracesgieg byowan an‘oampleaomlpnis described with
ek AR et P Y PR 4 BB R o5 o
$8naisoraluetivchs ubstratemasterialad2. A pain oftyates cdrstruetions 44sariottoare formed
glvo risﬂgstrea)fé: %ea(gesria?tﬂra.m é:y 835 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
and subsequently processed as described above. In one exemplary considered aspect,
features 44 and 46 might be formed by photolithographic processing using a mask
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cent, O-Only plasma etching under the above-descri bed
condi tions m ght be considered as becom ng
warasoeptably | ow sl ow. By way of exanpl e onl yPCHIS2004/026517
etching gas conprising F widl etch an anorphous carbon
A n OAn
%gga-h%arggﬁggp¢rp§.§m§%ﬁs¥onr%fxa& B %%ﬁ‘r%h%su%{rh A Pare%@ondmg to
fhe sepatation digtanae biefviesndhe slosewrwdlls @xfrf@tts'a@ g mﬂélmmensmn "A"
[ r : [ e nan
Bl S SIY EA o BRI EE AReo O BT ot imension *A
lsstiveen ithee stractanes shbwsi ¢n Eign Aiferx extenpls idependingionr phi:éollthographlc
talll Pqly stall
%&g%%m@g Sa?é%c%t? é’e'JI %g?rrat%trﬁs | ﬁh Gl éoﬂkldé%%l %hlbﬁw%ﬁtatlon such
linmiratImlmsmgztirmemﬁon tier ®@nuie dm&n:%noalr’rw Yib ddesally threbsmallest opening
| 0, itride, .
GRRREEG o B o i o ALY bicoBRdf th Femiconductor
st\tbnstratdsl mjblye and aftérethe raadﬂramyneuﬂodsandh mlEﬂlh@:fSi béding described herein.

8RR Ty BBcHIRLIN S PR L oS 235430 AHlicimooraon
pracdmmgcmrght ibsithg sepziiestr difmeosion hechnologicaiit eftaisatgé in a production-
SR o0 QSRS PYRPHL® S PRl Bl feoons 0
Imuerhmlearfqrmadp’blamtoa&ubematef@at ure 14 (not shovvn) has

o0 RERREL B"EH, 10.0Mebifa Hhald P corifihd Bel gd¥ed amorphous

cour se, of'e of after e
: mbwrpisoimsmeduobemtheohq}atnasadﬁyaumm and BObétraben 1Shueh material preferably

gﬁd} ?titﬁe sA4nt ee{ H%b%ﬁyas %%ﬁg@%yglgovlé%&eéegg?%tté Lllr%slil( n% material 18

aps pe’ of
éfdherﬁlt:tt de:*.wbédsambommmtﬁt remai n on the substrate for

a ti nﬁ f%Frl ons tl{; uﬁ s kﬂ%%napena{ 88 hagrb ? %gt'raﬂﬁ‘AIlg( alnri]sgotropically

‘ CIrCUI ernat € exenpla ocess
: dstyhaoaqff&n:t toeformplaies oh$paced-adsenti abm!btrwplchllyr ﬁﬁlmobsidewalbspacers 62

azﬂogﬁidea/aﬂzspggérg 64? d&@b&énﬁsﬁbéot%gtcaw %F?ggﬁ%alﬁ%pacers 62 are

em conductrve
s;ﬁnaratexl bgaet ehartast distertcedls whichaisdthé@bgrless thanettie aneallest opening

(? Hw%ﬁg Bﬁteﬁelﬂgﬁf%ﬁ'bg rﬁghauﬁ'y " mgf&f 2 Cogﬁhﬁ{f@o&ss?ﬁb(:& the substrate

aye
mroklynaté thecspakerpdrasSgenacondéicted irothg foew af ingelantigrtadoror yegions 66

n&l? ecfhgesphgé/rgr 52, and an insulative cap 54. Gate

|ons and 46 can be considered as a pair of
ad j acléeferrh'eablﬁl@s1 Dtherbarbin dhpedhemalpives dagoni deatprising spacers 62

%F‘é#”ﬁa 'iogétl\ aétcﬁ:;%gf}g% ftl‘?er %gstﬂ’ﬂg ?otilbg)?a%lpqgt hglng the processing

processe 85 Ueser above. offe ‘exenpl ary
descdbetbaleyeaspect, features 44 and 46 m ght be f or med

2 288 G RROEIAL AP ABERAT By 4t BB Wgernea win
referemasr rt@slflgsmdnﬁgSo t Rig. spalepictsorm dubsteate efrdgrbenwtei0 comprising

ée%cc%a%%ﬁ\?et s?ﬁ@tlla?e ?r(atér?a‘?tﬁr. €A I%ﬁ}era%, ?b@e%ensé' %ﬁcc;nAaioxide, is
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
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"
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m ght be slightly smaller or larger in the
mask/reticle than the resultant dinmension "A" between

w0 b@ssexsutt ures shown on Fig. 9, for exanpl e de@EENSI04026517
on photolithographic processing aspects and/ or

ﬁﬁber %&g%éml"gaﬂﬁ&&gﬁ%?h l?eﬁnélgplo?%ba Hrremhésn%gﬁ/?e&i'p&e than the
reeultanteﬂhbysmdn&"strmlvda@fsme@p'enw@ siowresi g 18 fariexaaplendepending

nd, al | ho r th .
oBchraiitafurehcohBebialitl SBRLE BAAEP I peRAide " [y ne, consideres
imetmedtation] sueb honisubeopepingedinenbied (ﬂq>e example dimension "C") is ideally

58 SRl P BEP R RAE R Sy Sh B phdeDfnodrabie Bockdsing of the
semidohdsdtord suistete mefore havol afjerc td ynaskingi methiod &nd anethods being
B R ATRRE B 3Rl e UpalilG ddnie@ oGP N Bbtures 78 by

on regi ons
phewlithbgraphid pretessingenigbt lsei et sraallesnmmenefoertecm*gnlqgmally attainable

Lokt B P o el B FBResi g8l B

f eat Wmaasiamgimateniat 8Gtempriirghborat epped ampprpheus barpoh éssformed over

any of t a attribut

by RS0 21 LUREbRS, SEpF FRABHBgRBBC I Sl or e same

a&ﬁh@tés aie riescrilféelf atfove mthtresipeay to iribsking siaterial it efrthe ffirsd Gescribed
g been substantially ani sotropically etched effect

Dairs of spaced-adjacent anisotropically
et ChER:éfa‘rld@\mlFlig Qpaomskin@ZnatadalsB(ﬁbmbéem palotargiabyl anisotropically -

ST B3] B oS R BB e spacers

8t2heAeryedt@ﬁsdrbphaﬂmetcbemlsidm\lallcqpanersgﬁZjaresaepanated by a shortest

TR nver ™ e Bl Btstr el s Bl oPenhd e pigmted by

dnﬁaﬁsmofmumFegj 1i3n Exeendlary pradessing lofi ke ng)stratemenmate the spacers

oS0 MR 0067830 4T P o s

rsgtads 72 rﬁ&qmaté mcm\ae been etched fromthe substrate

;lotr er e émg}%% nl?vytb %&E ezdI %ﬂo%agﬁg grg)gré %gﬁéﬁ%iﬂé;epacers 82

begn deet iffoardtheisubstrasé e‘mee»@en;tle; u§|ngsthe pBcaSsingrdescriib8d above.

Som bRabaBry St SEBRIeAr 19358108 RE on Juns 17,2003, enitec

"BympDepeal Aiorghons dbarkonl &Filn $of diseeds oV ¢tardretel iN@sk7 Buring The

regpatn i proronch8or SR angPRe" sibRe T 9k Cler sanahu e

ieERioreds hiérebl inconmratad by réf8rencs. f or ned t hrough | ayer
76. Walls 78 can be considered as part of adjacent
features of |ayer 76
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whi ch define at |east sone portion of opening 77. n
one exenpl ary consi dered aspect, features 78 m ght be

wo evosoekelby phot ol i t hographi ¢ processi ng usi ng BCTYES1004/026517
havi ng sone m ni num open dilfrensi on, for exanple, a

di mensi on "C' correspondi ngci giphide separation di stance
bet ween the cl osest walls V\%{"C"\—defi ne opening 77. As

with Whgﬁggia o A above, dinension "C' m ght be

slightl'y smaller or larger in the mask/reticle than

the resultant dinmension "C' between the structures

sho on F g...k R dependi ng on

phoml'i t ho%?‘gsﬁﬁ% n%%ocessi n%ﬁgSpect s and/ or

aber rfamiog . masking mederial gempdsingpklosore doped amorphigus carbon over a
e i ; . o e ) "

POl P S LSRR dubifite R TR FEHRP ombriing at feast

aboyt @A chtarhic pehogrdlbiotdmogr aphi ¢ processi ng of the

f’rg{n hgsglggt%ﬁ{laﬂ@t %rﬁ%p?org&ta% %%?g;@g&ﬁgglbgrﬁéﬁﬁglrgﬁQlw to form an
egxmnﬁbiealllyﬁ dstgezjm%dé;]v@l spahérsmmprbm/tbﬁ bortgh@lcﬁedamolalmows carbon on
EXo8H8] Gibd BBREPDLE oy poosel oo, Tont e the smal et

Ologically attainable in a
pr odusirigothectagraibldeped @owsshaus gshigort compriding spaces sisng) mask while

the subst e | [ a O conprising boron
p&%%eéa'“aﬁr%‘{ %&%ﬁ@%@%@ﬁ@@%&?%&%@er the illustrated
f eat wafies saitt psadessingtad. thEusibstratee reteliing itieg dnoady! ylopeds amorphous

any of the. r but descri bed above with
%&oﬁe%ﬁqrg'rﬁgs?é?%}o@aF%rsﬁjz?ﬁﬁtg' of the first described

enbodi ments. Referring to Fig. 14, masking material 80

has en S | al [ L call h : ;
oftecki ve (5 M st Bl F chlh s %aBE SRr which the masking
rastedaltis fopmed lcbypaseshadorphalenedrborswhick issn@2iopédijvils baton.

ani sotropically etched sidewall spacers 82 are

separated by a shortest distance "D' which is thereby

| ess 3.han THeenmettald efstlaiop@niimeyeidi tive mpasiing: xextglal fis éimed on the
by di nensi "G [ . | ary processing of
%nﬁ%rpé%%ss?sarrg ewﬁF %kﬁnnﬁgtdgp?%‘g[tgfﬁ)g%g s has been conducted’

in the formof etching of layer 74 to form an opening

84 to, sub ter No)'d - .
Ref erAFi ngstr(()eatlte?@ggf E EItaﬂyl‘e 1 é@ﬁ@%ﬁ@’éﬁéggﬁ@ ?r%li%%ls é?g?r%eodnover a par
of crtijadest feptwpsctbe subgtabiiadly artisoiredichliyoriching lsaihgs effegtive to form a
for .ex ._UsSi.ng: : [ ] above.
T SRR B3l AP A R B b8 " 8s 1 e
on June 17, 2003, entitled "Boron-Doped Anorphous
Carb Fi | For . ra.Etch Mask During The

'@e e@gﬁ%f @Tglgﬁ4 b\'ﬂne

For mat’i on em -conduct or vi ce", nam ng Zhi ping
Yi n ahe a@iacenf feSunethareafermen by tphow|ithograpbicaiypcessing using a mask

r%ar\]/ﬁ"n%rBorqw%tlrﬁgmbgpernﬂgeEil‘?ﬁ]e%%loﬁ‘élahésm\m%hni %pgljﬂﬁlé 'ﬁﬂeﬁsﬁén 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.

6. The method of claim 1 wherein the masking material consists essentially

of boron doped amorphous carbon.
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A maski ng net hod conprising: form ng a masking
mat eri al conprising boron doped anorphous carbon over

wa2dosarasie fornmed on a sem conduct or substr at ePCT/H82004/026517

maski ng material conprisindglat | east about 0.5 atomc

per cgnt b%c—?%etﬁ%’%’f %@n‘u ail M{er% t%%Ql%iﬁ&'nhéie%l%hQigts of boron
t he maski ng materi al ective orm an

dopesigmarphaiad ¢arbat.ched si dewal | spacer conprising the
boron doped anor phous carbon on a sidewall of the
feature; using the boron doped anorphous carbon

conpr 8si ngThpawthoday claimeskhakkinitiee forvimssinmyises €VD.
substrate proxi mte the spacer; and after said
processing of the substrate, etching the boron doped

anor pdous the betharoofmidiviSghespiadke CVDompldsmaserthsnced. e.

2. The method of claim1 wherein the feature over

whi ch the masking material is fornmed conprises

anor ph@aus The bwthodhifctaim$ wisdreid dipe 6\l is mobplaema eBharided.
met hod of claim2 wherein the masking material is

formed on the anorphous carbon which is not doped with
bor oni1.4. The matiduoaf ctHim @ wheareilh befer dopind becunsadikingghe CVD.
material is formed over a pair of adjacent features,

t he substantially anisotropically etching being

ef f ect2.ve Tbe hmthndeofgiEim Sofhespiadedn daljirrecdurs after the CVD.
ani sotropically etched sidewall spacers. 5. The nethod

of claim4 wherein, the adjacent features are forned

by phm ol i Th@g’f@pﬂd af qdmmc‘ewberagw thsiforgniag carakrisesvCVig uaing at least

m nl Qg@.{4ﬂ% ,ﬁi% ﬁ;é’q”degf ﬁq%&%%g{]glﬁeq of BoHe, B4H1o and

Bt—lj;(l:d)zed in any and all photol |thogr aphi ¢ processing

of the sem conductor substrate before and after said

maski ng net-hod; and the adjacent anisotropically-

et chetd.si d€ha hetrayplaaf efedm dBevieesia tret @UDby plasmh@nhasded.

di stance, the shortest distance being |ess than the

smal | est openi ng di nension. 6. The nmethod of claiml

wher eih t h&heraskhauigpf cketine M3 avheozin $hesC¥Dds aetnilasmhad gniednced.

bor on doped anor phous carbon.7. The nethod of claim1
wherein the masking material consists of boron doped

anor phdus The boethod. of THeimelt wbereni thé afieatute \divweilinist suebstantially

e AR csmm ennanced.

17. The method of claim 1 wherein the masking material comprises from 1.0

atomic per cent to 5.0 atomic per cent boron.

18. 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.

19. 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.

20. 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.
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10. The nmethod of claim8 wherein the CVD is not
pl asma enhanced. 11. The nethod of claim8 wherein

wWheros028opi ng occurs during the CVD. 12. The netTo82004/026517

cl ai m 8 wherein boron doping occurs after the CvD. 13.

The hod ' rei ' r 1 i.se .

Vb eing K rEaBbT et SR E ISR 8! Ring FRRERS Soprisee from
@eblter tem2QUG atogniapet @8 fo The atimiBper cenBbblaand BH CO.

14. The method of claimwherein the CVDis plasm

enhanced. 15. The nethod of claimwherein the CVDis
not p2asnaTke hetoetof dém Thberatn Hedprotessing of the wlubsteata using the

B3 e GUE L AR AL P8 REDE bl B

sutskateg material conprises from1.0 atomc per cent to

5.0 atom c per cent boron. 18. The nethod of claim1l

wherein the masking material conprises from greater

t han 23.0 aTbemetipet ofcdaim 1 whkirD theet protessigy ofctbatsubstrate using the

oron, 19  Th t had of ' erein the masking . .
PR ot amb U8 Aoy o sbald s R plfRgSpt i implaning

menthetsabdtfat® at om ¢ per cent boron. 20. The net hod of

claim1 wherein the masking material conprises from

greater than 5.0 atom c per cent to 20.0 atom c per

cent bar onTR4 mefimel ofedldiod1 ehedimtha drovdssirgj of thbsubstrate using the
ski terial conprises fro ter_thap 20. 0 .

R RPad At Rousc B B R e (= BURER rDMidses gemositon

updrhtbd sabstedtai m 1 wherein the processing of the

substrate using the boron doped anor phous carbon

conpri sing spacer as a nmask conprises etching the .

subst 2ait e. TRS.mdthed roftded dfwhereinnthé etbidngiis withean O, comprising

@rocessi ng of the substrate using the boron doped

ﬁ%?ﬁhous carbon conprising spacer as a nmask conpri ses

ion inplanting into the substrate. 24. The met hod of

cl ai wherein .t h r Ssin f_the subsirate using.

the b87on aspdertd B B8 C L sh cobkfrRt s 5k Bocaing of the
subsirate, eichipyitse featurd @posthe isobstrgbean t he substrate. 25.

The nethod of claim.l wherein the etching is with an O

conpri sing plasma.
27. The method of claim 26 wherein said feature is etched from the substrate

after the boron doped amorphous carbon comprising spacer is etched from the

substrate.

28. 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; and

after said processing of the substrate, etching the boron doped amorphous
carbon comprising spacer from the substrate using an O, comprising plasma
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26. The nmethod of claim1 further conprising after
sai d processing of the substrate, etching the feature

wo papyioedse? substrate. 27. The nmet hod of cl ai m 2BCTWIS2004/026517

said feature is etched fron8the substrate after the

r I, i S _
S B RGOk BARBER Sion i an

glingpr i si ng: cheni cal vapor depositing a masking
mat eri al conprising boron doped anor phous carbon over

a feature formed on a sem conductor substrate, the
maski 2y nafee ira¢thed mbrdaimngs mhereiaibatfeatuce avemivbicpethe masking

S&fkiaf iQ f@rn‘%‘d o%%ri@éﬁ TnbrdPBls E88bn ARNs nd @P ith@droin.

ani sot r opli ca etching the masking nateria ective
to forman ani sot rop| cally etched sidewal |l spacer

conprigsi ng?-ﬁ%l f QQWQQW@EQH% n?%rkpig%gf&nal is formed on the

si dewa ure usi ng t oron

amombhwsarban wrcho@npirdwedgwtbpb@m as a mask whi | e
processi ng the substrate proxi mate the spacer; and

after said processing of the substrate, etching the

bor on3‘dopeah@nnmﬂpmbg‘é;clem B8 wheseiprthe inmaskingamaterigl isrformed over a

Hllggf?%’oiac’%ernﬂe% | a% ntﬂe ggrﬁtf%']z bébﬂ?p Fallg e{tCh"?T% be:}ng effective to form

@pplogfasba@ed,u astiacedt mswie:,plqally gtcbed aidewaliepaneds.si | i con.
29. The nmet hod of claim 28 wherein the feature over

whi ch the masking material is fornmed conprises
anor pdus The ethoghif clainm $1mwdereloped W|th bor on.

1o e S 55 WOECRD BRI RS « oo
fhavingn a m]nlmmeon@t"h@cﬂlménamraisaidzsnmmnempenhe dﬂi@hsmg being the
Llﬁ‘a%{ Eé?rjuﬁ fd%%ﬂ%‘fjonoh’t‘ﬂ&?@ npghg a]ﬂﬁ A, bl‘?‘oqglﬁﬂ?]d‘égﬂ]ilg ?osc'essmg of the

e Su ani sotropic hin
mne@tdw@rtsgb$tmt¢rbafomarrd @‘rer§puana§klrmdpathed1 and

ani s

et hgtgéoa?fjéﬁ%h ¥n1§<§t%&$llzbf?sﬂ@?ﬁ!§ie§%ﬁ“s§5§ rs %e S%teg b a shortest
distanesl tihg sidvtesbéistahog beipdiess rblnan:tesww@esisipngma dnn@ksnon

havi ng a m ni nrum openi ng di nensi on; said m ni mum

openi ng di nensi on being the snall est opening di nensi on
utili3®d i Ahemgthoddfaldim@8ovhsrein oy magking nateriat sensigs essentially

f (g,g strate before and after said
&b tl ng rret%'q Héd d£ rﬁéérpadj acent anisotropically
etched sidewal | spacers are separated by a shortest

34. The method of claim 28 wherein the CVD is plasma enhanced.

35. The method of claim 28 wherein the CVD is not plasma enhanced.

36. The method of claim 28 wherein boron doping occqrs during the CVD.

37. The method of claim 28 wherein boron doping occurs after the CVD.

38. The method of claim 28 wherein the chemical vapor depositing uses at

least one of C,Hg, CoH4, CoHy, CsHg, and CsHg; and uses at least one of B,Hs, BsH1p and
BHsCO.
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di stance, the shortest distance being |ess than the
smal | est openi ng di nension. 33. The nethod of claim28

wob@se2as1t he maski ng material consi sts essentieCT/ySmD4/026517

boron doped anor phous carbaw. 34. The nethod of claim

28 whgrei nt he D,i |.as enhanced. .35. Th hod :
of cl %m 2?’%‘? 2pg ﬁh(ga'ﬂ\/%gi \@H@{g{n eagﬁurgnﬂg%@{j.’s Substantially
B peridieulantb ol suifstrateal m 28 wherei n boron dopi ng occurs

during the CvD. 37. The nmethod of claim 28 wherein

boron doping occurs after the CVD. 38. The nethod of

cl ai @8 wik¢ eiethddef otdirASoaherginrthe petepesing bhihelssibstraté using the
| east one of H H, CH. CH, and CH : and :
PURE 4Pof Ry PRl GToR oMPHSIND SRACHALR 8ok GafRtses stehing the
soistratd. of cl ai m 28 wherein the feature sidewall is
substantially perpendicular to the substrate. 40. The

nmet hod of claim 28 wherein the processing of the

subst4fat e Tisé ngtidteofatzim2sdoeeinan® ppitessing af thersubstrate using the

conprj sing spacer as a mask. conprises etching the . . .
QAR EpRee AmETPHONR & Fhei SR RIFING| SRRRY 248 QTIASK M PHges fon implanting
iptotbesabsteptef t he substrate using the boron doped

anor phous carbon conpri sing spacer as a nmask conprises

ion inplanting into the substrate. 42. The nethod of

cl ai n128 winks aiethddsf Jai@8sshdrginahe blutessihg bf b Bubstraig using the

t he boron doped anorphous carbon conpri si ng, spacer as .
BpTRR, JBPED ABIMRRUS CARaL COmPISING, BRAPeY S & 7St CRMBTSeg3a deposition
dgoa thetsbiostrané. cl ai m 28 further conprising after said
processi ng of the substrate, etching the feature from

the substrate. 44. The nethod of claim43 wherein said

feat u4® i sTied efetitbd bbolainh @8sfulibér edreprdirige aftdérheaid @Fad@ssing of the

LRRRL TR RIGHS (SR BR RIRIASIAY SPacer IS etches

44, The method of claim 43 wherein said feature is etched from the substrate
after the boron doped amorphous carbon comprising spacer is etched from the

substrate.



