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A METHOD OF FORM NG A TEGCS CAP LAYER AT LOW
TEMPERATURE AND REDUCED DEPCSI TI ON RATE FI ELD OF THE
WERESEND21 NVENTI ON The present invention generBCT/¥S2004/021598
relates to the fabrication of integrated circuits, and
nore particularly to the formation of small circuit
A Mln?mm !(liFtSB‘ORM(INGaSTEgS dap eheerror Eo@f m{ﬂmd ; 4 ﬁ?.tnhREDUCED
ransi stor, on a subs sticate rimetc
techni ques requiring é&@?ﬁ&gﬁo‘i@]}ng schenes, wherein
the dinensions of the circuit elenents are
significantly | egs i barHEERESRSE V8l t he invol ved
i thographical technique. DESCRI PTION OF THE PRI OR ART
The trend in recent years to steadily decrease the
The preeat invent®n zewraly refates ti the dlbeiveuiinsofiinegrateé girati®dand more particularly
to the %r‘ir&'tlbﬁ §f lﬂ élrcgﬁ rHe'nﬁHﬁ élf&htalé]g g@% cilldﬁéjsp%fimeerfﬁbtntransistor on a

rep r od UCI [ e an r obust processes ave
substrase B3 OPFEALCH HHE AP Gghiies Fep et By aamed dna8kige ShAmser wherein the
dimensibnsi of ey atradt Glements t &e | sigraficusy 16dsf ihah @Ré rBRNIMRH . of the involved

sophisticated integrated circuits that are
hthoglpélﬁ&ﬁa%kmqas mass products include el enents having

di mensi ons which are well below the optical resolution

of the |ithographmgsappaneiuss vge@ri®K Arransferring a
pattern froma nask into a material |ayer forned on a

substrate. M nimum di nensions of circuit elenments are
The trprde srepecknyt e@Ortm staadily dsweasevitey Eaturd kigesnefv ek@itg¢ltments in integrated
c1rcu1t§ aQilﬁEéIQﬂuéj%? Ghef 19erar QRLiC Ankid tpRRLEE £Y Rt %E&%sses have to be

mas toth e substrate surface are In t he ep
estabhﬁnefi P lg«iwé{he lf(érle@gon ¢ &ht@ﬁ 3}.\;&)6@ ogtntezggfzgechcugﬁlas inR cost eff1c1ent manner.
PresentleC euphisyica@ly altagpad tieatini iatese alvaidgdpe ax imied etoguct® Indlie elements

havmgI cﬂmtallfklm?hs %Yc%la {gglp b&16%) Qf?e %[ﬁﬂgl r%Po%ﬂfolﬂtdf QAL R&O%Qéﬂa ?g%rlatus used for

nsm ssi ve e enses
transfea%s fPRternyfrem @) iBask Wo |a ﬁ’éﬁ*@ﬁ’é &y formed qrm ubstratp ddinémym qimensions

of cir@ft &b@ent@vdel ﬁ@@hﬂy 100045 ,andaése) Whérelﬂutﬁhb ﬂz@w&lb@th of radiation used for
sour C

optical \fe?rlsF trI(‘ilnsg %ems % Ilgltth? mask te%}e sugstra% Qfgcel (5?)}%[%? deeﬁ dlltﬁehyolet range,

OTMBT eve
for exprople i yunband rip lresvasit édveiqpemg@nlpmﬁdmmpmnwely 193 am. In this

waveleﬁgt‘hcrh'ﬂg"e @k ﬁﬁgéfﬂtl%n Gﬁ?fﬂti@gl fRehidkife SkAbis, QhcroR laﬁksalikdconmderable and

Thus ad nce rrm proce S ar required so
will d%tIC&BY dflﬂeﬂsﬁéﬂl Adprt ésﬁe?‘%a‘m& ﬁéﬁf‘s .Waﬁﬁ?wgz}ﬂq s WFWYn{ﬁﬁlvcmg the

waveled g tivexf Siglirsotdaest forrbno gyephaaah bigpaenths\is bdr arsegigbtforiveqit dev@eprognt and may
not eagll&tQQQﬁﬁHEXtemﬁgss ptr&ﬁcltl(%t @iJ cifchit @ e&h‘éht@% ﬁﬁ% E‘e%lulreagkéé of 50 nm and

t ransf erring circuit a terns roma nms
less. Thyrdvpnged thiml PESESSTSATH ée@mrg)(h 5 35t PRRITIR amalbciﬁs‘rwemmensmn from the
minimim divhension ﬂﬁpﬁ\a)C&l achiesdl with ReistofbatiiReby lithography

Hence pﬁkgttgdai Fg&q{lﬁp lablgﬂgah rsé}r#%t c11tcnﬁ %ngrng%to%r I Sntlasfg %o substrate is

erials 1 nvo o r aphi
detefmﬁ‘ﬁflt @ e 9ee bqﬂéc@s%le igrintic aetw@h@scﬂmnoofrt I@ttolamr@hgpal apparatus,

the chzﬂrﬁﬁtbndhef bﬁﬁ]ﬁ!eﬁﬁls GRRends tﬁ&ﬁ@tolltﬂ@g&aﬂk@l Pal'tﬁyﬂlﬁjgegro%&s such as the
hoto S n rﬁ i-18 cgl\';s cS Ctat ! e{Algﬁ t?l andlldnc? ize delet
photo st Pl o o SHiS PEEITUAE] B8 e FROAPY o e doteterions
scatter@gcamdmtwmwzys effects in the photo resist, and by deposition and etch procedures
involved in forming the resist and ARC layers and etching these layers after exposure. In particular,
the highly non-linear behavior of the photo resist, in combination with sophisticated ARC layers and
lithography mask techniques, allows the formation of resist patterns having dimensions considerably
below the intrinsic optical resolution of the photolithography apparatus. Additionally, a furiber post-
lithography trim etch process is applied to further reduce the feature sizes of the resist pattern that
will serve as an etch mask in subsequent anisotropic steps for transferring the resist pattern into the

underlying material layer. Thus, this resist trim process enables the reduction of the critical
1



10

15

20

25

30

35

40

involved in formng the resist and ARC | ayers and
etching these | ayers after exposure. In particular,
w0 b@sh249bt y non-1| i near behavi or of the photo reSI/E$2004/621598

conmbi nation with sophisticated ARC | ayers and

l'i thography mask techniques, allows the formation of
dimendi&iSbiShe PAS EIBEFRIe AP LinOmAt iFRAIS bBREA BRNFalEI8H I b thb Bhdlithography.

the intrinsic optical resolution of the

phot ol i t hography apparatus. Additionally, a further
It is, pavetybs, tofi ggead phyortantartcetchraphocey®l e egpipt eyl propess so as to form a

premsglﬁ ﬁéfﬁﬁa n{aglgﬁﬁ'%et NBseheat &Hlﬁ)tl%bl% %&h%octeﬁ@of ﬁa?ﬂeﬁﬁnéglﬁg LAE Myer stack,
serve as an_etc I.n subsequen

sine 4 VG141 G £ doney e SF B 1oy ARG yapggm f operating
speed bfthe flhhaieumdeﬂlhcyeltmﬁgcdmahlmus dtvideasgding réfuuses td Mitandrilsemitept of resist
trlmmlhgl P rlﬁﬁﬁﬁstoe %Qilneﬁx % irdd® géﬁﬁ& dognt(i)gal t(ﬂﬁensmn for a glilven exposure

11 ca | Mensi on O egaeeecroetoaSIZe
wavelqngthy,ghe| repist Eyer fl’f’ﬁl‘n%\}’@i; éh gt Rdyred tethsHBeeISFE Hesdpt Aptigrial removal
duringl the itSm IHO%ES{ @heretdf sighfifidntly RpRfibANLS tHeOoIﬁﬁﬁlum‘tae{eﬁstms of the layer

stack conelérgs% h§1e¥ reess{s§ tanctl }Zmbo{tm?lﬁgn% x%ﬁeczil ve coaI1 IrpzskgtC? Partlcularly the

reﬂectem tof ph@b@w f\Bﬁ q@ertlﬁl@rw pfecthidie Jhae ewﬂta;ﬁéﬁer §tea1@kography and causes
Varlatlﬁﬁsr‘tﬁ&e&fl}iat\/rﬁiy' 1t b BrfR{entth €0 hﬁitédefﬁgb? tidl uBetheht trim process within

. fransl at £s i nt rrespon vari ati on of operating
the tlggtﬂ’é% SSof efaweesfqoﬂ%tf‘?@ye@?ggs Ege t he continuous device
scaling requires to extend the concept of resist

For thls tbd80h NPpRYER tdcHhiyiehastiOceRf Bl Jebﬁo&@sth&eﬂoﬂo@&%@ Hormation of an
critical dimension. for a .given exposure wavel en

amorphqys qaEhop Slayqraipefombination gdl p fieletriqy gap, dJayst g & B%E% ARC, thereby
providingarseastdnte sitahcetbd@rol af the esfeviityd Addinigndllgetht carbon/cap layer stack
may r@lﬁﬁf sbatt%] & %pr}(es 611%1{ ffo ?Qtn{,]ﬁ{m?c?trgsﬁt %a%lje %tht Q%educegl resist layer

aracter ayer stack

thmkn?fﬁ thereby Ssming aghped f“H%‘ ﬁﬁ%ﬁ“tedmﬂéﬁﬁaifmln@ﬁl’ &ES V@k(r}g%ftlls Hepd to etch the
polysil{ocBR@yer. Particul arly the reflectivity of the bottom ARC

significantly affects the line wdth after the

i thography and causes variations thereof that may not
With refereaéd fociigntliyiccohpieakeoneehtipan pigcesshitovs (dySepiege geteictpctrode of a
field eﬂé& G883t Jnhh@betsn%fh 'c%&n/&?qgﬁ%§ StadiOk QERAGRSn Hod @drad

by the design rules. For this reason, a process

techni que has recently been developed t hat proposes

the formation of an anorphous carbon layer in

Fig. 1&%5’11%&&3@1&41@“@%&@ 3@ s%Lt?(ﬁlElr ku%wc@fpa s@MﬁBncﬁﬁto@ (QQJ:& Q6% prior to the

ere rovi a sig I can enhanced
patterning,ef, %F“aE?fla{}?éerr‘é’f‘ihé&’ﬁﬁlﬂ/ Pt 32 a%ameﬂupaﬁé lTthraPWeusmg a wavelength of
248nmaar1bsam QAP oh alychasBiodak atkyicddand prgcdde withtthesided a hard mask that, in
n t r [ ith.a,.
e, BHEAREPELDE: b AR b IRER ATy LR YRR ef i grocess
rrask feature in the carbon/cap | ayer stack that is

The seti$@ddicraletide tHE® cRHrked 4 kibRitatk AYEIfor iﬁeiahceraeélﬁmlnﬁlestia@e or an SOI
ent |

.. F . - t cal
ctcof g isplin) G Bove YBUEF tos DY SEoR Y e FORTST ( ARGl ot as o
gate lapat stdeke D2 mickidin aggatsaindudation dgyel Hpemd stpabykilicen WeeacliO# bdd amorphous

carbonl Bydi00§ i€l @dred on Eh@pol?slﬁ&lﬂqg%} '16@'1{0310@4?10%5&1 Qap layer 106, which may
cross-sectional vjew sem conduct or evi ce I

convergorly e GOPHBSAL CWER UGGt SR OBRH GRS magRaen e ERietrc ayers, and

the likeasihsredf sidinomadwnaticide nuyobo hsetlhdgr @phy cagbilily @f adjusting the optical

characwgyt%s%gg(;apylﬁ) 11%40§< n%trel%%ﬁ QﬂLanflheoaﬁn rpfoug%ﬁ‘rh&l ﬁéﬁlaﬂ)S and the cap

vanc etc pro e ald
layer ItOﬁa‘ife dgsigned in such a manner that they act in combination as an efficient anti-reflective

coating for the specified exposure wavelength and for the type of resist used. As previously

discussed, the reflectivity of an anti-reflective coating during the patterning of a polysilicon
2
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turn, is patterned by a resist mask feature, which is

trimred by a corresponding resist trimprocess. The
wa@egosopreict or devi ce 100 conpri ses a subst rat BC1/032004/021598

for instance a silicon substrate or an SO (silicon on

i nsul ator) substrate having forned thereon the

layer Byt ﬁ@hl@haﬂt@yﬁfecﬁ fhe DRIyt FTtHE EbsisB HGH p@&eﬁ itk dy | AoEihfluencing the

flnally-ofﬂ?%}geidl gate lerrllq%%og %rhg %Bﬁsig%{ﬁl | nr%u%‘gu% galg reonéﬁrcrf]sg %18&‘§s a deviation
of less tharf oxemagomeie hemq@datylsri tp irr@etnthb éyme sp@aificdtiging. oﬂe@ebg/ high degree of
uniforf@p of @x%ﬂea@ﬁty Mwmlm Y78 Ye SRONAN:VO Btiiny (gcE @mel 1@%& 106 and 105

ilicon nitri thr -fr
across Ghis PRt SRR} €5 aflls G PR (usaBies s TR oo o o reduce the
variatioxsyini sizei ofl@ mesist sk dsatde dOEhaving ttnslntuap batardli fize k9B and an initial height
109, adjusting the optical characteristics by varying the
oxygen/ nitrogen ratio. The anorphous carbon | ayer 105
and the cap | ayer 106 are designed in such a nanner
A typitdi@hockitefovatir formia®toisericommnctas deviveelfod iasiskivn in Fig. 1a may comprise

the fol"flo%m% él‘%f% Ee%t Ilﬁ%% C[ReaH:le galygrog:cack rl%z SOk f{lgd anla%ﬁpﬁé %5% insulation layer

resit s
103 mpy by ifq;@gql g)y A waceiseddation énqr/@‘f depesitian prycesfes ga as to obtain the required

thickné® thd fn@ﬂ‘ehﬁ%m\beslﬁﬁaﬂot R @atel Wieleb@ict B&bdé@ﬁehﬂfr Nh&olPilicdn layer 104 may
be degcfs1t¥(il l I Orgr{ae ure nﬁ%mlg) \Zalggrl { ano:met 031/1 gP%%/tDl)tnPI}e ljsgl(l: rmlgr thh well-
establiglred zfrmad tegipobt é"hnledftegathe amergoks eArbanhly¢rol psis| depesited by plasma-

enhand‘eg T Bom Ia:lﬁéroﬁmgé‘bl% -ufR8! Bn&fin AANEKRLs bARS layé’r 105 is adJusted in view
devi ati on Q ess than ane n dat or

anomne
of its qpiice! PARACIGRTHCE 85 THLAT 11 BEY Pbits etc‘f—!%%‘é?é“’“’é Wil S %“t anisotropic
etch ptessi fiirfpatterning tiof pdlysdicos ldyectOdy iNeyt, grecap dhydr 106, fdndnstance comprised
of sﬂi@gﬁ 'ox&rﬁ{r d%ctnhéeb& Qi%fxdsﬂgd fb9r15'§éj\7]’9y thQ&uJ Qly Elﬁckjngg lej the material

acr oss entire substrate 101 as rom_ ..
°°mP°§1HB% ©F theerap davs bt fsatelected s¢ agyin prayide Sora%e f‘iﬁl“’rrE‘HEﬂtaée fl@ing of the
specifivd ek mokire ﬁﬁav'bllanﬁh Zﬁhm@ﬁy fedi@8g, Sh coMmbikatidaivii eheldhiorplevds R@bon layer

105, th%q)aékn}e'ﬂi on ofi\ géo%urfesfﬁcﬁs O%Ql%%ug%jgw fi‘lﬁ'lo Eagfucgll ex (?su ht"l{hjege%fter a layer

proc sem
of phqy(e\r?se% lw@p%ste% hibowshpmactesisics af mdychc rprderted tt%éhe specified exposure
Wavelefng’dh| el n&lrﬁ\rgofhgsﬁlﬁﬁgraﬁiyr S\Iherehhﬁ ﬁiﬂi{ﬁes‘s a)fethe SteRiGK 1a402 substantially

ate |ns ati o ayer 103 may .
coresiggas ff FEavifl BGHNaR AT S it DY ARl 8 Ote o PR coran degree of
shrinkypeclogss ey [o- aEl fost-xptarabakh erocesspsi r@oactdmmish @ddghameblution of the
11thogr%§fyeﬂrbcﬁgs SRR %c'é tgiv@ﬁ‘ dép@ﬁ oiefogﬂt g 1§jﬁe%gs§§$f b Srowde the resist layer with a

uent o ysilicon |ayer
thickngsg (5 & P"é’amb'%" Y d\%—’ El &y, depeafiag; °c‘}a‘lhe \Féb?fi‘red&(b@iﬁ“ﬁhoﬁed The size
reductioh B&@)reslﬂ ma3R ffeuture 1197 Ay depicied lid ésshablineshaftkr prkpe@esind development
of the égsgsjt @egf%r gI@eﬁlg @Jlflﬁrlate{?h glzgg@gc%héjp&lr%@%gglnla e %{ze ]1Q§A' ﬁ’owever is

[ asnmaenhance
accommn@ﬁMras@r@sp%ﬁ@s Eedyctipn; ofjthaciniial h?iﬂhttll‘?g tp a)f’é‘Pl 11%“ il@9A. The final

height ad9AJsﬁa9dmt Be yufﬁWeﬁxfto ISEISe @piﬂ etah nﬁhafoacpta@errhﬁg itiSpodyilicon layer 104

ctlvlt.
dlrectlg, %ﬁucla bse% ttypécr:ill? goc{cess fﬁ mlpc):?%dg 8%)& d v1 ces re 11f11('f’%1 r$ate lﬁrgth on the

order qf@bprokinjatedinsQ- é@,(énm]_(ﬁ‘qr thNg‘gason tth@az@qthuay@qboq_@@er 1‘0@ ris provided and

may rdaH‘ﬁ} &ngﬁte@ &salveflorsetkmﬁ@ Ry XY tHe A€ helgﬁ)ﬂd@ﬁ of the resist mask
elTgosted ﬁ? i? Wherelnthethlckne?hsjé . "
featur ef‘ teg) be Fief 0 2 gPS'Y AR AR ePsatfets PRsoTee E‘éﬂé@%"dres“ mas

featuresP7as ist .mfﬁm‘umt |toj elldwn relimblermtjerning df plirazeorglmub canhgn Lifyer 105 and the
cap la}lteg €06 pﬁlﬁa‘ cfak) %}e? M%Oé lt'l@(%ss‘ﬁ@t"i%k ?lﬁgttaﬂtualﬁfrb%ﬁmé rcﬁg:\:’tcéoﬂgtct of the resist

nbi nati on wth the am)rP ous, carbon ayer
layer with the underlying amorphous carbon layer 105, which may otherwise result in resist poisoning

and an increased defect rate of the finally obtained polysilicon feature. The reason for this may be

chemical reaction between the carbon and the photo resist at the interface thereof, thereby
3
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105, the back reflection of exposure radiation during
the lithographical exposure. Thereafter, a |layer of
wW@bwso02492xi st i s deposited, the characteristi cBCD1S2004/021598
whi ch are adapted to the specified exposure wavel ength
used during the |ithography, wherein a thickness of
p0551bl)hﬁtelhﬁ§ itised optidyledhatidiafibiaR tof @lel phofoOfekietSHRANASsih® idsiiciently developed

i oy 5 3 OB B AR S 200

pre- and post-exposure bake processes. To acconplish a
Fig. 1h h&@mﬁtﬁﬁﬂﬂf bﬂdw@ ﬁh@genﬁaﬁdﬁdﬁr Rie@EA PIdYarRF @&I@}ﬁ@tl&l\Mf ik Ie@istatrlm process

it is_nece to d
and 1 SRR SR PR ot A SERGH DA OK I BF Sl oy 1094 of
the carpop layepEXidind ghoresidine | @¥pafse eapviaxee [1eh by mearsed . thélteduced resist mask

featur@'l@@Areqil’l&Ehﬂa? e tOBcdaCHsRl IREKedBR! Y68 ]19%7 be removed prior to
dashed I'ines, after expaosure

amsﬁwg@%‘@o%%?ﬁ thg POy HoqdaY e 104, iy RO Fio 1P i 106 may also be
consuth@ll, @h#t tiei aZIE)rﬂlﬁ)Bs taba des iréstthe {1051 lprdvidee f@l ths tegeirddd8éy selectivity

uction
ond AU Elrsteh B HEATRAR R B PG RARARE: BB Bion ' The
final height 109A may not be sufficient to serve as an
Fig. Ietsdhlamﬁmky fsRdwspit tsenhidbii@ctbh @evide| 108 dlfte £ Bdinp1&ydRr of1t8é anisotropic etch
process S tlirhergb n}clﬂﬁ ¥I\'%Ir Cgolzssllécg)élt%%ur&allrolél%r gs%bnz {Iy F%l%l? ing 61he ]taheéal size 108A.
Although dfeer prodessafpqyy dhisweiedhbpve almallmfmrmﬁmn of pplysilicerstsatures 184 A having

a 1ater@1rai>iepﬂm@ms>f G84R AR 1Y &f tudlddud, %m?év@i”tﬁia%q RS r A8y hfgﬁ@@fehyrate of the
ive ion e (i ereln
g

ac
povsip Rt St EarL Ko Sen iR me SR eom 1o ntcn
that thafléfest rie ingrsiatgderitteiiie type af capdayst 10& Dbl fferclcéisimg i lasd mask 104A.
For 1n§tﬁlcp %Cc‘aﬂ?ay&hﬁm %ﬁ’ﬁﬂﬁ?eq of ﬁﬁbo%t oygﬁﬁjﬁde eQﬁ%Hg g s% ?1?1%%% laSFect rate, thereby

ficienf to allow a reli able patterning ,
fendef%ﬁof?&agﬂ%ﬁr%ﬁs Papglisble; griiile the rrpwsien ot p g9 fayeE06 iprfhe form of a
siliconGA¢xideary®r halOtheipdtenrd @s sadiiog thodef&t bd, ambiead 4 yorRyonding Gonventional

' I ' h .
depos1§orgfér5?e§| m g)p g&&%%tﬁﬂrggosllte{i; gnr {)%ﬁhﬁéa 1)1;1%1?}%1? éqé:%\{ld:i% t% ﬁ?ersreari}ly available process
recipept herwi se result in resist poisoning and an i ncreased

def ect rate of the finally obtained po[ysilicon
In v1ev‘6efl he é)rr]obtleh 8 1d%rﬁqlsé§ r:!lg(];]v%r h}%re lﬁﬁ élf%d {())é an élflpl‘gi(e%t ;H'gcess I‘or (%ormmg a cap
layer fonpaiciriese pelhslicoffeatutve b ypussel Hrybel hadimegkt weerein a defect rate is
reducc@Bhd SrdbesERARAGLAE Effah&d. Of the photo resist and

causing insufficiently devel oped resist portions that

may then be patterned into the polysilicon |ine 104.

Fig. b schemati caBUMMARMOFTHE BOFANIdONUCt or devi ce

100 after conpletion of the resist trimprocess and

t he subsequent reactive ion etchlng so as to forma
Generglly e pEcssat dyapiiqnsie direted the meskadforeiorning agiliqop diaxidesam layer on an
amorploay &ﬁrblﬁ)fhaﬂlnﬁhaim Riyérefor QldRerk @A Q(flyilf@nCﬁ@tufeay &Vltlib@ﬁrebtﬁctmg the

presen{Fﬁ@en%lo to Eheefo gvgllfllégg%lgne Ior% tlt {mbeﬁeve‘éq%xé{ tFquVlfbl? '&f r?,asﬂlcon dioxide

reatrter, I eési St mas
layer foyaed ém\péaﬁmpﬁnhﬁncwﬁhamlosb\tap@plee@ﬁlmgn as teknerajurehef 370°C and less may

mgmﬁ@iﬁi{ly Séduks ek Jls'ié(ﬁ'ilerﬁe%of whetRip oﬁaﬁﬁleﬁ rﬁo@sﬁﬁﬁn l;@¥@Es. Based on this

ue 10 so be co suned anmr
fnding, S5 AR eagp i FEEV R 5005 MBS SHP™ (e P aRr Pl Eted so as 1
enable @t Ichabslﬁetcelmol off 4 vhickmdssalf|timsilitom dioxadesfager withan aghegealf§ 5-50nm, as is

requlreq| f@nﬁbﬁﬁm%ot?h@‘ &e@fr@d ty Eﬁcaﬁ’qjh)ﬁ%&tklllﬁﬁp ha&/&r{blﬂa%%n VE i theC underlymg
schenati call e sem conduct or device 100 a

amorpI@Bﬁﬁ?rg?r} Blﬁerof S]{lﬁ:etygﬁillgfof ITEBﬁ doag_e(idﬂasma -enhanced CVD process exhlblts an

enhanced deposition rate at lower temperatures, which, according to the present invention are required

to reduce the defect rate, in some embodiments the deposition process is controlled to provide a
4
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process, thereby formng a polysilicon feature 104A
substantially exhibiting the |ateral size 108A
wQ@\dokozuyb2 t he process flow illustrated above apdDUuS2004621598

formati on of polysilicon features 104A having a

| ateral size 108A of 50nmand less, it turns out,
reduce'ﬂQl‘éﬁdéﬁfon rhtB83b adto®mEdBIE At @il%lé%cﬂt}oﬂﬁf tﬁ@ Iayéxadhﬁ;kﬂéss tth&@eby assuring the
i e e O e

defect rate is correlated with the type of cap |ayer

Accoréigg tdt’ﬁfedlll‘u@tfatf;@feiﬂﬂbdlgleﬁth& tlﬂ@rpﬁ:sémglfve;lgé]ﬁ a F8hod of forming a silicon
nce, %gﬁla er 106 co

i
dioxide, i B AR TR o i P L AP0 o T oYy depositing
siliconr devdléyr firovg TEDS i @phiama atmoprhocansheamebhabcapomiaydrat b anperature of
spo BRSO, 518 €30l A4Sty A0 Iy DB e A b i
S0mm.y 5t e, wherein a correspondi ng conventi onal deposition

process may not be controlled in a reliable nanner
In a qu‘ﬁlgxo g oﬁ?rhemp R rr%ﬁ%lgdr’(}lgﬂllytgem%}n%xagl Su cﬁrgge ﬁ{lwgnezﬁ{dp xy%enI a1 sabstantially
emmlﬂ@?”@ﬁt?ﬁ%@ﬁ@%ﬁiﬁF@ﬂ@§@ for forming a cap |ayer for
patternlng polysilicon features by nmeans of a carbon

Ina furr)tr%%rceemsq)gglgﬂéa ag xqee{htod %.Ilrgl ee(hntg)ﬁlrégsgs%p]gsﬁm ! r&dﬁ%}&cegﬁ Ecn (%rgen to an ambient of
said sulbpUARNITAQOIKD @-met‘lag $a}d sitignm daexédeent i nvention is directed

to a method for formng a silicon dioxide cap |ayer on

amor phous _car hon hard nask | ayer for attern

Ina f“;SE‘S‘FS/“é‘?‘P TSRt the élfteHPE TuRifer FOPRTSPRETIOY O FHiGH ?‘h'é‘/%?‘;é‘gtg ter depositing
said siliconetidxiderbyt pouiphng Wiolel sopplyige eoljplametoxpgen with flew kedsi tBateck less than
he flob 1k ahids M5 ¥osition of a silicon dioxide |ayer formed
the og {¥§ %%ﬁénced chem cal vapor deposition at

tenperatures of 370 C and less nmay significantly
AccordiggltécsgillthmrtialiBadtiavenanisodifient bethé ipreadnt ynvehtidh, Aegkthod of forming an
antl-reH?Jtls(/naalylgrﬁoﬁlﬁ)nge tf%rweﬁ%a %%tsé?gl lgyer ttclg {)es %Ittlepncéld ggdvle }algsgllg]strate and forming
an amfefphfwis gerbpmipger ofn Hess ﬂgﬁ@assyéovaasth@ @la@mb lagera Fusthien sl licon dioxide

layer &Ocﬂﬁd'c@ﬁd efick@edshik QKﬁféaSathf telnipBrafikd bl Qs @iaﬁ?dpgﬁ)xhﬂﬁf 370°C on the
or

smorplits CrsB b et 4 SR P e lnd BEE airrenBfef g 2 Penerate o
reflectinity ht 4 $pecilipdienpbsuiragawhangihtbaids apprdsomtélpg¥ror 1Ss.nce
typically a TECS based pl asma- enhanced CVD process
i bits an enhanced deposition rate at_ | ower
Ina fuftgeﬁ.ﬁgllb% lﬁFlgsgald\R/H]rCEH leéléi& bsrfafnﬁegi b plaspa eﬁlfaélgeélrﬂhemlcal vapor deposition
with TEQS ens pecursre required to reduce the defect rate, in
sone enbodi nents the deposition process is controlled
provi de areduced deposition rate so as to enable a
In a f\lré‘t}er SBbedipigpt thg| meihod ﬁ)éthpramprtspﬁ Eqyeling g ﬁé}?oegﬁy)n rate during said
plasmadé&hbiced ghdnki€al VesHH dephit@ft to Godanghélr @gfoRimdadly 060 @f 4601 8anometer per
silicon dioxi de/ anor phous carbon | ayer stack.
Pccordlng to one illustrative enbodi nent of the
present invention, a nethod of formng a silicon
In a fhRX bgsom&tlsameaeps@m FBCR {stHanNg AhingdTef RHRYEmately 280 to 320
carbon .| ayer above a substrate and depositing silicon
nmmmﬁ?%&?ﬂ%m¥¥on1TECS in a plasnma at nosphere on the
anor phous carbon | ayer at a tenperature of

In a further embodiment said silicon dioxide is deposited at a temperature of approximately 330

minute

°Celsius or less.

In a further embodiment said silicon dioxide is deposited at a temperature in a range of
5
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approximately 370 C or less to formthe cap layer with
a thickness in the range of approximately 5- 50nm 1In
w@2doane49e2r enbodi ment the nethod further conprPGEES2004/021598
suppl ying helium and oxygen at substantially equa
flowrates to said plasma atnosphere. In a further
approﬁﬁm@gf' B REelsibeomb REMsfMr t her conprises suppl yi ng
hel i um and oxygen to an anbi ent of said substrate
prior to depositing said silicon dioxide. In a further
In a fretibochivdintent $aal sikidonaitbxiderit Heposicdrpa tegpsratveerofapprpximately 300
ocelsih€act i on byproducts after depositing said silicon
di oxi de by punpi ng whil e supplying helium and oxygen
with flowrates that are less than the flow rate
In a fuilthet ¢igpotientidap akibod GurtheAciprdéstgniralisg a Hépositibuiraidieyr adjusting a
st f t on, a
e T S U Uas e ag U
formng a material layer to be patterned above a
Ina flﬁﬂh@ﬁéxﬁlﬁﬁﬁaeﬂﬂﬂie Rl MGHIRP cAPsE HAHSH AT IO supalyab apfrodmately 600
1l first thickness above the material |ayer. Further, a
milligant pex gHlT Hyfe | ayer of a second thickness is forned
at a tenperature of |ess than approximately 370C on

In a fﬁrhl%r BRRYIRAY $2i & REOS RuppdY BladjudRE kL Pink 6 dpbfoximAQY s5M Rilligram per
cond thicknesses are selected so as to generate a

mmut?‘é’f‘ﬁ@é‘t‘} \BraPL Mt heci f i ed exposure wavel engt h t hat
is approximately 2% or less. In a further enbodi nent

Ina flﬁﬁlelde[édo}ﬂnfeﬂpsa?d helgp isy i 9&;9&% mgﬁkﬁﬁﬂmﬁmmﬁg@m per minute,

em cal vapor deposi |on W t as a precursor
a further enbodi nent the nethod further conprises
In a fEEHRE Eﬁbddﬁrﬂ@t ahedleansd further éoa{pﬁséitkﬁj)p’lgng ablehnp ks 6%y gen at substantially

equal EQVIJ ol gsetg) atpeaI% %ﬁws&;@e&%@a % lgs g%nl‘ia%ce% dheffG w%%or deposition.

proxi ma m nute.
furt her errbodl nment said dep05| ti on rat e is adjusted to

Ina flﬁrtlfeﬁ&g&)dﬁﬁen@ﬂﬂrrﬁ@ﬁlidl&ﬁﬁhét c8BPride® supgBinkARAGMQE oRFYen to an ambient of
id rgtr e.. In a0 m ner ol gl ngnt said silicon dioxide
said sybstrafs BHas tp dgpositing %8&@8?‘5 '0¥'8%of approxi mately 330

Celsius or less. In a further enbodi nent said silicon

In a f&ihféi‘ Ed6odlent %%étﬁ&fjfuﬁheracoﬁlﬁﬂﬁg rr@}ﬁdﬁr%eﬂeibu@n ‘Bﬁ?ﬁg@ucts after depositing
of approxi mately 320 "Celsius to | sius.

said sigpi HGFIOR R BRI Iie P B ing el arbsvaet vih E&Bdéﬁei gt are less than
the float rag& dueifp ercaleptisitionf approxi mately 300 "Celsius. In a

further enbodi ment the method further conprises

controlling a deposition rate by adjusting a pressure

of said plasma atnosphere to a range of approxi mately

4.5 to 6.5 Tor BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages, objects and embodiments of the present invention are defined in the appended
claims and will become more apparent with the following detailed description when taken with

reference to the accompanying drawings, in which:

Figures la-1c schematically show cross-sectional views of a semiconductor device during various
manufacturing stages for forming a polysilicon line feature by means of an amorphous carbon hard

mask according to a conventional process flow; and

Figures 2a to 2e schematically show cross-sectional views of a semiconductor structure in various
manufacturing stages for patterning a polysilicon layer by means of a carbon hard mask using a

silicon dioxide cap layer formed at low temperature in accordance with illustrative
6
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In a further enbodi ment the nethod further conprises

adj usting TECS supply to approximately 600 mIligram
w@erso4et e or less. In a further enbodi nent seCTUIHOB021598

supply is adjusted to a range of approxi mately 550

mlligramper mnute to 450 milligramper mnute. In a
embodiHék G th£pERET iTRAkiosal d TEOCS supply is adjusted to
approximately 500 mlligramper mnute. In a further

enbodi nent the nmethod further conprises supplying

hel i um and oxygen at substantially equal flow rates to
a plasma at nosphere during the plasna enhanced

chem cal vapor deposj_tion. a_further enbodi nent the

met hod furt her coonE§@§L§%5E§§ H'H-1 i um and oxygen

to an anbient of said substrate prior to depositing

While Stfi]é gregén:; tl&H gxélegcerlbe!i Nyith iéﬂér%&@ "to qﬂpgﬂb&ﬁﬂgntg I}? 1111tlstrated in the

urt er conprises renovi ng reacti on rod
f°11°WH'rgtdéI‘=aﬂs% peseiiRtiogs Steflche o HiccAvaB D theulg,pe plaﬁﬁsﬁtﬁ@d thiat the following
detailed UREIripitiog ak @leil L thN ra@xipg Qe WittitehdeaWo i€ shet Ikragenaﬁﬁennon to the

particuﬁ%@]ﬁ tE;i?JIn t rx]r%o_cfh!ﬂ%% B&%ﬁﬁ%&{nﬂg a%hgrtﬁleg gsz:iﬁlt)edo nllusPra ive embodlments

merelyotsjcmphify thedaréowp @sticpte of sheafresepleinpingionribe sqepe nf iwbwhass defined by the
appendd@fciaitegd i n the appended clains and will becone nore
apparent with the followi ng detail ed description when
taken with reference to the acconpanyi ng drawi ngs, in
With refiaiente toFigytes @8 td 2Ze, figthec Hbwaitive ainbydigbmgyvof the present invention will now
be des&iRE 31 S6Glde@al views of a sem conductor device during
various manufacturing stages for formng a polysilicon
line feature by neans of an anorphous carbon hard mask
In figuAcZx) b dermigortdactar GMOMEN1i0a0mbrifs @Gatsaratk 20 Wor disthnkt, giudil&‘bn substrate,

an SOlzgsilEcgn % 1§§1ﬂ?ﬁggﬁb§§lltla Yo Sﬁﬁ"l{t&eﬁ %E%rog’r?a% Elﬁ)@f’i‘{ue \fla\e ¥1\§’ fo rme9 thereon a

m conduct or truct Lfre
semicogfluptize lapefythyds sudtpblp &y farnpes ysqultuel%wnqs &Beagin.ph rﬁaéﬁrﬁé layer 204 that is
to be pattelasdamrbohmhdumak spEBifitg dRsifh hil&as f(dkn@d( ablee QEeDsu'béWﬁé 201, wherein

the matcir} 04 m%yn%egpp%rrtac{f uar ﬁyer ﬁ,]acﬁ CZ%E %ﬁf 1ns¥n\ﬁa\r/1<é% tthe Hiyer stack 202 may

aUS ra%l ve rese
represeDET Aite ERCIDRGER RGN B¢ insulpting %@ﬁ @sétie nateyighlay o0t én the form of a

polysﬂdﬁﬁ Qi}iepedhé’\’lasré} iRk ONENGS, fl&vetvble 1&(&@@hﬁ%ﬁ1§§aﬁ§oprlate matenal layers
n t he fol | ow | ed de tjon

that an s e odog, it el ehS 5 B GrIGHLE Gseioe Raterations. A

carbont lhwerOBIsubutmakltebanﬂ»er o€ acwiphbdusocarize sdbdatedsort the layer stack 202,

wherelgrﬁﬂlglgl%ssa&eth@oéarﬂoﬂt ﬁ?&eé’ost & Hp%g)tna gnﬁ sdit ee'?rlel;%h res ect to an etch

I.nvention the particul ar trative
selectiyjysie |ﬂafs1§’&,eﬂsﬁ{zﬁ mAlgR ARy R WasE 9 Y UpTPd it sbiegaent anisotropic ctoh

proces€tvbfocth RRbEiS clemend, Yuaxangald dyctiobe foAhighlyaddaRer fisld@ffect transistors

having ah@:%tﬁ rle%%ﬁlngf fépsvﬁn+ 88'11’111 ta!?ds p%ﬁl%&lgrl}o fofVYhés ttﬁarll 30 % def ! ?‘grd instance, the

amsotroplc etch process under con51derat10n may define an etch selectivity of the carbon layer 205 to

the polysilicon layer 204 of approximately 1:10 or less, so that a thickness of the carbon layer 205 is
selected to approximately 30 to 50% of the thickness of the polysilicon layer 204 to provide a

sufficient safety margin.

A typical process flow for forming the semiconductor structure 200 as shown in figure 2a may include
processes as previously described with reference to figure 1a and, hence, any detailed description
thereof is omitted here. It should be noted in this context, however, that the carbon layer 205 may be
formed by plasma enhanced CVD with any appropriate deposition tool. For instance, in one
embodiment the carbon layer 205 may be formed with a deposition tool available from Applied

Materials under the names of Producer™ or DXZ™,
7
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Wth reference to figures 2a to 2e, further

illustrative enbodi nents of the present invention wl|l
woewshosioeescri bed in nore detail. In figure 2aPCHUS2004/021598

sem conductor structure 200 conprises a substrate 201

for instance, a silicon substrate, an SO (silicon on

i nsul ator) substrate, or any other appropriate

, rate fornmed thereon a conductii [ er .
Figure O GG, SN oo pderos ST R0 b St ateey Fuapiibring stage.
The seiipextdectbraktrichye 20Q Gexphsetl th s gasedme ap&tetntaﬂmsdwlur:h may be established

W1th1nQQQE£ﬁeml Ysitthed ﬂaolsﬁ%évfléugﬁif HES e tbfstion Sr iy &?&i)nqmy 805, or any
the substrate wherei'n the material |ayer

other %gergntpaé)p{opgpte geqog}t;gp tqo) may b@wd lI;IbYle\iV ﬁ§ {oahu.téhzatlﬁtéand t}{roughput in
one paréyeler sibakm&,2 thaeabovefpeeisiedtdeposgmnetoblagrem Spgld Materials may be
emplo% cl Hlﬁte?%aegc%ugaatn@ol dSHo afnyg%ez%%m% ghyérgespgﬂhg{ ﬁéss&r@yﬁﬁgmg from

orm 0 ilicon
aPPrO’%%*&W DPFordg 6 5#&%@% rmstanr%labefé 5aﬁ1“§°f6t114@ﬁ°‘§pmﬂdp?ff garger gas, such
as helila{ edd afeattazy ebﬁpdnlaﬁtt sith s bRgdh, rrﬁwt ‘tfeQ;[lpﬂlfé& td thiergasdoNarient 220 so

esent and ture Vi C
as to Browedlréaatn %pﬁ) oprll&e %lasbné%{ r%l ag : c%razgntralt OISI toa‘{ﬁ ?haeI Ta)%/bon layer 205. In one

partlc@@nmhoéwnéfth@mrrlpmwsanéathbewges aroemppbell dnapprximafglyrsimilar flow
rates, ﬁﬁé’i@l'ﬁ tlZeOQalueWHaEf ﬁhgb degehdif K beaR spdcifidd Q)f %&95‘51&@%@61 208e range of

ate I ected wwth r
2500 s 308 oY {000 o RGP P e A | By e St Yigtianid TEOS
(tetra-¢tByltaythoesiljpate) men belsupplied Hubseguepmidingrliqeut inpeiian ote as is typically

1ncorp91raQiQQ§ %oﬂv@ntfo%ﬁl@é‘d\fﬁ tUots eA %ﬁgf §rpp1§Lf§t|3 o@ﬁ‘E@@tn%y range, depending on
el ectrodes for highly advanced fiel

the gegmelre spaciics OEH\?Idﬁbosgloﬁé?% frem 69}f{061fnategfsé§)0t%ﬂergemﬂtﬁ.]m 600 mg per
minuteq ik, infrauide] Qipkcﬁlrhgtely b0 hesiser tnkiAmne. 5Muring tHeGaxposust aMhe semiconductor
structqu?O@[tU ﬁl%t a@&)lug aff 1%Ht Pfoo‘it? schfbytcﬁgig 501‘:?}@2 bg qﬁa@ftt‘a‘ﬁg%gp? substantially

I ne an tch selectivity e ca | 'ayer
consta{nht@mp@;pvy Wh%ﬁnﬁyaﬁﬁeqqugﬁﬂ ogﬂesag}gp OX? et} V‘ q_ne]_@rtyrular embodiment,
the subs®@fe, 203 Omdyhid ket b EipeRTurO bt tﬂpeo;@ﬂrtmgmsbayar 3308, fo$ instance, the
substra%ef E?]ﬁttngyd%ﬁt I?lal%f) Pneg ?r{)g%o?ceraééyl {)%LCFSJ?IO{V Iogfasetogs l?ern? 59& Htestabhshed S0
as to 'émﬂ@tej thgrsgmnondnctolypr@atre BPO Eass snﬂtsmwelttollontgmmratgret filicon dioxide
deposifi6dll 19%&?21g;d§§555t%t 1icCis %Q@lc?e%tlﬁ hé&ﬂ@ed‘ §b Qd &Uérﬁbl%ath%bfntrol of the

thicknsg gpd. S Ahg PR i of e b SR ioaligon gipide tayer,

description thereof is omtted here. It should be

In partﬂ%a@ gmb&%ﬁtt%tsc‘ oictﬂyf)%ggnt nb%}{eﬁl esttmghrhéﬁ? of @k ?Qs@odsaa){rﬁ)ﬁent 220 may

or ned asrra en ance .
be preaipﬁ:flol?yr 08§ QO d@gssqtetbirlbzﬁu?rbéteps £ DIinging thee subistﬁatan%)l to the desired
temper@tibOtHth@intang kigniciaido @Bs flevy @F paipingayig bordaedngiticintient pressure

prevalﬁﬁjgr%uﬁr(rzfe gl O{gb%%ate ‘?I ll\?%ﬁ%%elf tﬁ%?égﬁ% efﬁhclav%ﬁb%{r%t%ll%l l%Nngxelrespect to a

showeigdbfrbiy prang qayries rses&s apheeadfivigisasss dudnpihe sifsmamonr rayboadjpsted to the

desuecﬁﬂalé’éj%éaﬂ cad dUﬁﬁﬁlﬁréﬁ&tuilldeﬂ)tsﬁioﬂQ&p FoRhsAMCHBAHEL @E such as helium,
uct ur.e ex 0 a ga us
may “\7‘% %H‘“r?ﬁve% én%Sﬁb&Bﬂ“gg‘??’e R ﬁ‘ta fﬂg §‘é"r‘?§%8’%& ?tse‘?i’ﬁ ambient while

the presgut ingljptavio aushge afsworokioratdlhéess drand0ilonr, dft stilesignificantly higher

than th%%&é%gﬁe h@r}’r%rth@%al @Jpoﬁﬁb!n &g;her different appropriate
deposi ti on tool be used. In view of tool

utilization and throughput in one particular
In a fuetiiodatiization tthe thalpossenrs pag ibé reltdcaap ok 4ctwah déposikiof pessure while an

increaé%‘@ pa!n{oﬁgt Mafuﬁ{lﬁ aIIE%S[n?yr Q&%mple in the range of approximately 700 milligram per
minute (mg/m), is supplied to the gaseous ambient 220 so as to "flush" the surface of the substrate
201 and the gaseous ambient 220 with gaseous TEOS. Next, an adaptation step may be performed so

as to adjust the TEOS supply rate to the actual supply rate during the deposition, as is specified
8
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enpl oyed. The gaseous anbi ent 220 nmay be defined by a
specified pressure ranging fromapproxi mately 4.5 Torr
WO 2006/0549IDrr, for instance, about 5.5 Torr. MPEDUS2004/021598

an inert carrier gas, such as helium and a reactive
conmponent, such as oxygen, nmay be supplied to the

above, 3896 QMG rGARN @tand Mt 59 18Sart HpRipANkH 8o BiliRRPHSREE 8dpBsition rate.
gas m xture and concentration over the carbon | ayer
205. In one particular enbodi nent, the carrier gas and

Figuret foascigmatjesilysshewsthp pémieqjldamleqmmm@i IPAtdetiyg the mrtuglrdepdsgion of silicon

d1ox1dg aggﬁl%uls %@Po%ﬁ'ﬂxﬁﬁi Iﬂﬁno\éﬁleﬁ’@Zﬂﬁyls eﬁ@ﬁﬁhe@@pﬁﬂdét aod'&vrﬂé gdlng plasma

deposi tjon t00| in th ran%EVB 5
exc“"‘%‘é’e‘r‘i‘r"’%{ﬁo(n%@@wg)eé‘ﬁ]‘ pBicatin groxKieg in éB‘bVFBtk‘?“ﬁJaF “rmg the
deposiie Nthe Abraiiders alvthe t gase@ps hinbidntd 2 EQEScribed with reference to figure 2b are

substalgt‘ia%&rn?au?t&%w S &Howgér&h %Qltefc)snm%atg & a%ﬂi%%d lﬁqh@%nge (Tf approximately

espondi ng |qU| I'njection systemas 1S
200 njre AOf ot el MR tes o HgRASL S rfigPosHiTm3ty tfo*’r“§f1°19¥ﬂb’)}bglb & ad to assure 2

reasonfBlp ﬁ{ryuglhﬁﬁtewﬁh’ﬂe Py =T oﬂﬁy h&rANERAtrolERENRkNGs PGB dTQ silicon dioxide layer
206 fongf)({m g | hreactasqpecia}mbg {)?n acrgsa{ngf)%%le& égglp%rg%la’tel}jnsae%tmg the deposition

time. f or i nstance, approxrnately 500 ng per mnute. During
t he exposure of the sem conduct or structure 200 to the
ous substrate . .
tn one JgricblaT BEPuLtont ELBPSATY GPY § SEBHEL SHE F BB AR (ickmoss 2068 in he
range gitrppivxineatelp & neqa @D ninp awt in| oglees pahiewd a3saibCdianed(s of Appprdmately 8 nm to
40 nm%ﬁﬁﬁ Qé!r@ﬁm@t@@oﬁio%rgeconhpeA§ lﬂkéﬂoﬁﬁ%%s@@s%eme c%%c!ﬁeoﬂgractenstlcs of

eratare of approxi mat el i
the Sq“ﬁ’é‘t @ﬁ@ée lp¥se 206083 Bt @dipged rPé{y“’é‘éW‘rlr’&B bgithignesy 2008 such that in

combigytiph Owidtimahe lcyrbdD Qayer 2051ethg adesnets lewrrefiaativiB2 @t ithe specified exposure
wavele%?{h Rlolbrcémeg c%%he Srde gferg?rgalont&%w 8%@51%@:5%0‘0 d10x1de is well
00" 16r guent lowte ature F'i’c
knowngjjop Xhel eorgespersling @)"ﬁa n}aﬁ rmﬂé’hbet H@er@@{‘fiﬁ‘s of thh a]acgle@‘pecsfled deposition
param&b&fs foly Gﬂe@ﬁﬁir@ arcﬁﬂbb@@riﬁu‘igoteﬁ%uﬁs@raﬁr}ﬁblhl@ fdri@d 6RRdoh @lsilRbn dioxide layer
ness ca

producgrli %{[ %lb afpleg}?lgtg?e&o%g%ﬂ Rargie t%% ag aggroar ﬁ% Qgsgrgé Vefclue Por the thickness
206B mpar b @mrameé bt anree pnd the flepasisiop mes dlrem bie rwetnctlleé nn thethasis of desired
thickn&st abl i shment of the gaseous anbient 220 nmay be

preceded by one or nore stabilization steps for

bringing the substrate 201 to the desired tenperature
The pmi:etsh ofifiepasiying sigjtnf dicddd togfasn fileduyeo BO(DmB}D beigisamtinvddtby deactivating

I‘
the plasﬁlr[i e&ﬁ%&?f} %a&s%ﬁi@%&%&@%ﬁﬁ%ﬁe %‘gjﬁ;’ses\gﬁﬁ LY, 2‘? r@'ﬁ&&‘ r&fjpump step may
be perforped pith EheBROSFuPRLy BigpERied g withsh Frfased dlogy 191 9fhs pasgjer gas, such
as heliGA[ finded re@ﬁﬁ&ﬁx@eﬁi floRagt.| I/rﬁor@&&fbﬁdldidﬁﬂ g olj¥en flow rate may be reduced
by modet%oS 6“'/ cofnp T é’ to t% % osf% ra{e qee ﬁler Hu q’lo% ra% is lésss than the
Used a the"act i 't Sh si
oxygecHow irate. E;Jalelly, gmya@ snmﬂy mfry bﬁﬂchnﬁewdu@llemmm@me@ hehum supply

and, 3RS URSE ngéi? B A1y as@(ﬂ{ﬂe& AEYn @A whee P RINRhgtieactiBeby-products
ent |l e the pressure is adjusted to a

b n?aseous a
y co 5W§ém8P“§pprOX|nately | ess than 10 Torr, but stil
significantly higher than the pressure during t he

In one%;t%lar qgl@@(ﬁfﬂftﬁtoy d&Io%Bon H&l}ﬁ IﬁzﬂlrﬂehﬁEd %r%%i)lﬁs%ﬂl%‘ tR{ gaseous ambient
the pressure may be reduced to_the actual

tep
220, S@B%grgtthwnm BERHTE G PIAEa AT HRIES L0 SHCHSHEvigE as by-products by
pumpihg, Gthieckinlth©Tgcipe Giay éxchirdp e following steprnige of appr oxi matel y
700 mlligram per
Stabilization of the ambience of the substrate 201 at a temperature of approximately 300°C with no

gas supply for 8 to 12 seconds;
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mnute (mg/m, is supplied to the gaseous anbi ent 220
so as to "flush" the surface of the substrate 201 and

W0 b@sgamenus anbi ent 220 with gaseous TEGCS. NeRCT/US2004/021598
adaptation step nay be perfornmed so as to adjust the
TECS supply rate to the actual supply rate during the

conflgﬁjﬁﬁéw |c$ﬂré%Bondﬁ}% ﬂr&e@ﬁﬁmfbblegs%%w, i. esosef?lﬁlgtaodlstﬁﬁ&ﬂféfﬁeen the shower
ri at.el oW, S

appr

head sy s M EAR D) 1 ST it Y b oo ensdinus R gpeiging no sas
flow gnkemsigtainingn tha ctempergturey et theed@@tiohu tinmpgratire fac apgrbximately 8 to 12
seconddeposi tion of silicon dioxide. To this end, a plasm

at nosphere 220A is established by activating a

correspondi ng plasma excitation neans (not shown), as
introdicéng yqpiu@aivitly apitcw rale that sutscmtight toreaponE@Vilet dzpbsition flow rate for

SMEERG @sosulon the paraneters of the gaseous
appro an%t%egntt g%% escrl bed with reference to figure 2b are

substantially mai ntai ned constant, wherein a
establisl@p® Slict fREbuk aldidns 226 by aveslying &ch@enrﬁiﬁgeheoﬁepositlon flow rate of, for
1nstanc%p aé;gf%()lfum%ttﬁgfr %/l()tOé IQ%IH Sah?iP 1g<|:r%ar§?cf) yreﬁsuren o% gpprmggt%l’gé I:}%rr for 8 to 12
Secondlseasonabl e throughput, while, on the other hand,

control of a thickness 206B of a silicon dioxide |ayer

. 206 _f d on't carbon a be accomnp

sctivarfiy e DO S POIR oB AR ORod, RIS TBE 6ot I GH ARPIOYRIGrS0 ms t
850 mpaget niwkeaawhibmsdeineeiht ambh:et pepos toi the dépropition greseire doreistance, to
approx®Ratd§ stPrePt ai n the thickness 206B in the range of

approximatély 5 nmto 50 nm and in other particul ar

enbodi ments of approximately 8 nmto 40 nmwi thin
rampingPihe RO beldtyntS whithinl he Seaane ambisit L@ Wb GUsdqyired deposition value by

reduci% thE %g;zp%?j raatJe {3%?8%&{&%1% é@ﬁcét%g% ﬁ‘% f%g (r)ngrﬁurt% ﬁ?llﬁ 'gtl) itlzggconds while
malntatW&Wﬁ&@‘@%Br%S ‘qu?é‘@mi‘ yéemYhat i on with the

carbon | ayer 205, the desi red | ow refl ectivity at the
d_ex yavel

estabhﬁchD %{he 6) asma Pmos ere t&nfS algl %naﬁoarr]lggq Paramcﬁers quele controlling

I'on~"0
the denwmn tiae Wl@nr\/\m intekabefirapproximately é &9 B eeppudrdiong taelitain ieefinal silicon
dioxidé 82dthY iP@e REEbMppRdinAd1y e BBOVE; speci fi ed

deposition parameters by neasuring a correspondi ng

test substrate having formed thereon a silicon dioxide
reducidgatherhepiniocud eckylgyn flbe ratos whils déscorftinetig dkp@EDS isopply and the plasma
genera?@ﬂ HRLS Se h@lﬂm@ﬂ% QQE 'n@a %eQGﬁlkt%g go Xﬁw&n&% lb&?sclf]:m to 1200 scecm

|ckness 206 ermned 1 n_ advance” and

and the) gy Jpte; r?xﬁﬁy It‘%(e‘i‘? ‘B‘éuséeér?f’ raBP’Pé’&”{ﬁlV 1300 s55mite 140 scem for 2 to 5
secondstesi red t hi ckness. The process of depositing silicon

dioxide to formthe [ayer 206 may be di sconti nued by

deactivating the plasm excitation nmeans and/or by
disconfipudhihe joNYHen Guriie Wirkomainiginng theielinm sppnby or Hcisasipe thedslium flow
rate to EBMoRBaRBT 1200 BRe iLldD dcbR WHECSHS BRibiNg bl k@bAMDEEodEh;

wth a reduced flow rate of the carrier gas, such as

helium and a reduced oxygen flow rate. In one
discon@nriyeg] iheesupply tofi @llogagesewhild etill remoyingelyy-freducedioc egpioyimately 9 to 13
secondfOr e than 50% conpared to the deposition flow rate,

while the heliumflowrate is | ess than the oxygen

flowrate. Finally, the oxygen supply may be
Figure did sclentaticalig dhawd the semaicartdacton stgpcaurdz10i afrer sarydétion of the deposition of

the silicon dioxide layer 206 according to any of the above-described deposition methods. Moreover,
a resist layer 207 is formed on the silicon dioxide layer 206, wherein the silicon dioxide layer 206 in
combination with the carbon layer 205 act as an antireflective layer so as to reduce the reflection of

an incoming UV light beam 222 that is scattered back into the resist layer 207 as a reflected or
10
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and, thereafter, the supply of all gases may be

di scontinued while still renoving reaction by-products
whoosomoenued punpi ng. In one particul ar enbodP@ENS2004021598

deposition reci pe nmay be used for establishing the

gaseous anbi ent 220, stabilizing the sane, providing

sca’ttelte!i1 Qight @eﬁ[ﬁazﬁtlﬁﬂﬁQ BE hiRendP O @;ﬁﬁ‘oﬁﬁﬂf@l\fu@g oJRSs. As prev1ously discussed,

roducts e
the rePo R PGt A eRRrE. (R pheiPh SRk S ot 6, SoestTRH Bl wavelengtn,
wheretohaldgiitnslly attbm@ms af tha regspleyatiies ctlectphsoxs tapedvide the required

covera%QQqu‘n ts!ﬂ)s%eﬂae‘fchsﬁg&ky fofr (ﬁﬁtté?‘nﬁlg t};]ezl ie?§%@5da§rd 205. For instance, in a

confi gurl ng a corresponal n process cC eone
193 nm lithography PHEFSA G5 §?Sélsltlé@’ebg}f%@@ﬁ sestEpghSy ﬁ%é‘&l’tgrﬁﬁ focus of the
lithogiapky $ablDndahénc@ 1Qpichlly cdmfedredidtylaydrd Aret fequitk@ip osnfare@into a 248 nm

lithogl%gl%ITE Ly tMe ells%dnltljollﬁ)rlé)}{e %Elﬂgn {IBE gsg%oI kQQWu%nth silicon dioxide layer

tainin eratu eposi t
206, howpyssr he ue cfﬂetfy, aepﬂwnmlelrytleoﬁ the Poamsed’Grang;222, may be reduced to

2% oﬂ &leh QQs'dClﬂgthEl@hrhél ﬁmw th sdlidoh Qiexidt ﬁydrhﬁime&ullﬂsdcad}ﬂarﬂe |With the low

rres ond osition OWI‘
temper 15? (5){( efvl%ﬁé [ago g é)\élg?]s X sutfﬁmtegtb)( siaple 1nte1if?]ce w1th the carbon layer

205 almmtscemlabzz@umyeseea ppy yheﬁgcaéxe,agfeqn mtwwntthpepma‘éw@stt lundhe layer 207 and
the caftdoBVayeRb6s, QheretfyQdi grifiahay 6Rucidp ﬂ{e%fe@ﬁlﬁa@é ¥ 80 @Qalﬁe&fﬁlﬂéd patterned
crease% ressure gf appr oxi e Tor o
polys@czonsgetafeas A H:Etei\}v)éﬁe ﬁl@ tdﬁ%erl) tQ @ﬁ mlelyﬁr a res1st tr1m process
may bt pefeasé d/lmuprgﬁllyestaaﬁshed)ét;ch klamistrystoah e thafﬁlpalbo(dqmecbla;eral size of a
correséé%lr% éﬁst%@a@urggvlﬂa{ 18 @ﬂeﬁ Lﬁts«% Mh lef%h rnﬁlglyﬁ)'r B&tetrllﬁﬁg ﬁﬁbﬁy@ﬁb% and 205.

ressure to e osition pressure, | nst ance,
Corresgﬁbcpﬁg( Ftﬁlétr%:mes gregwef]oesfa,bhf}gﬁﬂpﬁ éllqvh éhe ng)(gno(f é?ﬁ gyers 206 and 205,
by a babdkfliroughhfchgASLaIdSa aubkiqe&it adidGrdpic etcli @epdéss efdspectively, with an initial

heightgo% Qesrlegmtq %#@ﬁ%x@%&yﬁ% tnbgr e%ylp f%lsy rate to

FoXT et mnute for 13 to 17
seconds mhlle mai nt ai ni ng the renalnlng par anet ers

Flguresﬂ@ﬁlé‘tﬂitio@il} YhoW@ Qsﬁlﬁllﬁtltyb&%ﬁﬁilicsm 'fdéﬁlréshf’@4ﬂ| sgiﬂmvered by carbon etch
er t Sups nti nge " .

nard G RBG, ©5 G i e PP B R ot HBETRER Sopmaned” during te s
procesgi foh patteaming tieepolyailicod lzezptszMonmleltye Bolywli@nsfespreddd4dosubstantially

exhlblﬁﬁg R LBt ll’llteltar| 624 hawal 151!14 ﬂo‘-‘tﬁ’é']b@' t@?ﬁ%&@tuﬁeml&lﬁﬁ%ﬁaﬂc& CVD process,
raneo rOXln'ate%/ reducl

o deefidpicyn oie TG BhPAT BfoRd wdeqpfReleadt ﬁmrﬁbaqtdﬂém conform to
the spEEEGatfmppbry than dihktwasepéasiin polesiBeomt fesidpesyoe mevensighidicantly deviating

lateralhs%es l"l?]r;d%g\gogoatﬁlgt #?élc]iig&h #u?}e%tZ%gAWthQ?eO&egﬁemteﬂl¥1Zt]:QQ&QA of 50 nm

ow rat oxygen
and Legg ij;gtl%@w S apAnd-pseta B maofossdiitio: 1900 LRAprorven with a
248 ninQlitho SO NDEpending 60 Mhd ﬂidblﬂ's bhﬂleq»mgﬁmo@uﬂpﬁ amdetH process, a defect

rate o{&l \RIO]%SIIPIC(I;] egtplrees hs%!:lll %lil th %leD eré/s 2%4A fa rlcgte ges{ %stra%s &iﬁl a 193 nm
lithography resist may be approximately 10 times less compared to features fabricated in a
conventional process flow using for instance a silicon oxynitride cap layer. The significantly reduced
defect rate is believed to originate from a reduced degree of resist poisoning that may be caused by a

reaction between nitrogen and the 193 nm resist.

As a result, the present invention provides an improved technique for forming a silicon dioxide layer
by means of a low temperature plasma-enhanced CVD process that enables high process control due
to the moderately low deposition rate, so that the optical characteristics of the silicon dioxide layer
may be precisely adapted to the underlying carbon layer, which then act, in combination, as an
efficient anti-reflective coating having a reflectivity of 2% or less. Moreover, the low temperature

PECVD deposition produces a reduced defect rate compared to conventional approaches, thereby
11



10

rate to approximately 1200 seemto 1400 seem whil e
still punping off reaction by-products; discontinuing
wo b@sseqpt y of all gases while still renovi ng PCT/US2004/021598
by- products for approximately 9 to 13 seconds. Figure
2d schematically shows the sem conductor structure 200

enhanc"i’r.tgt ﬁﬁce@pmhﬁﬁésg BnPhrotibiB e AP b ORr @fritleN Bevidel ScI@1E on the basis of a
di oxi de | ayer according to any of the

206
248 no, o1 98 1o MRPE BN depositi on nmethods. Moreover, a resi st
| ayer 207 is fornmed on the silicon dioxide |ayer 206,

Furthemggi?iic il @ncgl/alriaﬁm & itfpe)(%lgﬁanjt BY&ltiof G811 1B af it R iHo@skilled in the
w th the carbon [ayer 205 act as an antirefl ecti

ye .

art in yigy @f thipdeseriRtign  AOeh dhe depqrBipR b0 f C%ﬁtfiu‘f«f’cwﬁhﬁmw only and
is for 1hk @aipoleaifeatBihigtihat skifled atht ertehk Haedal matmer bhearryésy @tt the present
invent'loral.y 1? ris t%Q)Z, u%ﬁ rﬂo&f&Lﬁﬁ% ﬁQmQ Blsﬁl"éltlﬁv%ﬁtfgl Jhg)/gﬁ]tamf)@é@ﬂ?ea %erein are to be

haV|ng an 1 ntensi t of approximately 2% or less. As
taken g5rtha/protegily pigfested smbdimemie resi st | ayer 207 is adapted

to the photolithography, i.e., the specified exposure

wavel engt h, wherein afj%sttiia nalﬁc\ébi?itt hi ckness of the

resist |ayer 207 is selec edPRE*AM o provi de the

required coverage during a subsequent etch process for

The prB@hi SL0HRE r&ihes {ody BEirrAARind PebcdQFor £ @Jplpinﬁﬂﬁﬁﬂ G&d ih icostructures.
1 ayer thickness

193 n Ilthogh%phx‘ﬁrocess, the resist

Thus, jodustriad @pplicpBIHOHS OB RWSdept h of focus of the Iithography
tool and, hence, typically thinner resist |layers are
required conpared to a 248 nmlithography. Due to the
wel | -control | abl e deposition process for formng the
silicon dioxide |ayer 206, however, the reflectivity,
i.e., the intensity ratio of the beans 223 and 222,
may be reduced to 2% or even |less. At the sane tine,
the silicon dioxide |ayer forned in accordance with
the | ow tenperature process descri bed above, provides
a sufficiently stable interface with the carbon | ayer
205 and al so reliably suppresses any chem cal reaction
bet ween the photo resist in the |layer 207 and the
carbon | ayer 205, thereby significantly reducing the
defect rate in the finally-obtained patterned
pol ysilicon features. After exposure and devel opnent
of the resist layer 207, a resist trimprocess may be
performed with a well-established etch chem stry to
obtain the finally desired lateral size of a
corresponding resist feature, which is then used as an
etch mask for patterning the |layers 206 and 205.
Correspondi ng etch recipes are well-established and
all ow the patterning of the layers 206 and 205, by a
br eakt hrough etch step and a subsequent ani sotropic
etch process, respectively, with an initial height of
the resist layer 207 of approximtely 300 nm or even
| ess. Figure 2e schematically shows a plurality of
pol ysilicon features 204A still covered by carbon etch
hard mask features 205A, while the residue of the cap
| ayer 206 has been "consunmed" during the etch process
for patterning the polysilicon |ayer 204 to formthe
pol ysilicon feature 204A substantially exhibiting the
desired |l ateral size 208A. Due to the |low tenperature
pl asma- enhanced CVD process,
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a defect rate, i.e., the nunber of polysilicon
features 204A that are damaged or that do not conform
W(Dm()BAOe49speC| fications, or that otherw se exhiBCT/US2004/021598
pol ysilicon residues, or have significantly deviating
| ateral sizes, is reduced, so that polysilicon
features 204A with the degingfs ateral size 208A of 50
nm and | ess, for instance, 45 nmand | ess, may be
manufactured with a 193 nmlithography or even with a
248 nm | ithography Dependi ng on the specifics of the
p Q t g;gpghy f e of
L entiegfcl) dy(Js}l I con 12%? S?’Té‘gg Cg{lﬁggzt;h’et (telg) é:g{ﬁ ?Jégé 204A
fabrlcated on test substrates with a 193 nm
formirgl AnROQFAPRYcafRS lGkr (703) dbeveadpubsata@bely 10 tines | ess
conpared to features fabricated in a conventi onal
process flow using for instance a silicon oxynitride
depositiag siliagredioxitth@0®)i fepm TEQS it 4 playeschimewhere (X290 oR gaigamaerphous carbon

layer @@&)Ia%x %Qnﬂe&t@é bjgdppﬁ)&ﬁnaftenp Bﬁ(ﬁpdeﬁﬂié(b? ths6lRObRE s cdpasyes (206) with a
thick |son| irgfggﬁ Ea n_xl % ?@ P%tea reacti on between
1ckn St‘?H’ﬁé GHARPRE yﬁr’ﬁ’ 8%8P™"s a result, the

present invention provides an inproved techni que for

2. f ?ﬁﬂn@tﬂo@oﬁdldlfnclo Anote@%hid §i1lcaY BloxidY isRAOHe @bt PrehPMature of
nper at ure pl asma- enhanced CVD process that enabl es

appr°’1ﬂ“@tﬁlyr§l38(:€%l§‘“%6rdf’stsoI due to the noderately |ow
deposition rate, so that the opti cal characteristics
3. ojl“ht{ ﬂgthg’d {)jfc(’r\aﬁﬁ 1d %ﬂéjelq%ald@?iﬁ:gn H8¥id f)@sgtlacf’gl] ayteﬁ’lga‘%?eqn arange
car bon en act
of appwmtﬁaﬁ%?ﬁelw taﬁs‘é?(?eil%‘isent anti - r ef | ective coat | ng
haV| ng a refl ectivity of 2% or |ess. Mreover, the | ow
4, tgﬂ;g%ﬁc %’Qg%ﬁ OSI fs%ﬁ:gﬁl Ql;oglgl?] gsgd(??ﬁosne(? ata t%lglpergtupe of
appromlh@uc’efki’)@éﬁﬁdﬁm ng pr ocess robust ness and providing the
potential for further device scali ng on the basis of a
248 n ithogra Furt d fications a
5.y Befinar it b3 PRRR Ying Gl s AdePe=isd T FAAGRTRe o
pressutecoftshid passik iatnhogpherato tahv@nga rof appmoximatety @S tolg. $Torr.
description. Accordingly, the description is to be
construed as illustrative only and i s for the purpose
6. ofhg Bgked piflaiRos Brdigy omersing a%ﬁ%mé 1EotsrféPF§%PPe"‘rpa¥°xmately 600
milligriBnRe mitfe &déssyi Ng out the present invention. It is to
be understood that the forns of the invention shown
and described herein are to be taken as the presently
7. pies apthedofefiin g rhereid sai JREQStupRly isadpisice 4hp rongg offpgroximately 550
milligRfrE5ee Rlindt 630 n@ifigfagl Rt @Sk a manufacturing process
for a capping layer used in mcrostructures. Thus,
industrial applicability is obvious.CLAIMS 1. A nethod
8. ofhd wethbdof digi, wbemindaidxXTERS waply ivadiustedith eppretimeigly 500 milligram
per mifk@@pri sing: form ng an anorphous carbon |ayer (205)
above a substrate (201); depositing silicon dioxide
(206) from TECS in a plasma atnosphere (220) on said
9. aAnfighaus fa@ilod dndyefieciZOhyerathe metlodpen@isinge of
approximately 370 "Celsius or less to formsaid cap

| ayer (206) with a
forming a material layer (202) to be patterned above a substrate (201);

forming an amorphous carbon layer (205) of a first thickness above said material layer (202);

forming a silicon dioxide layer (206) of a second thickness (206b) at a temperature of less than or

equal to 370 °Celsius on said amorphous carbon layer (205),
13



thi ckness in the range of approximately 5 to 50
nanoneter. 2. The nethod of claim11, wherein said
wa@edoso4922li oxi de i s deposited at a tenperat ur ePOf/US2004/021598

approximately 330 Cel sius or less. 3. The nethod of

claim1, wherein said silicon dioxide is deposited at

a tenperature in a range of approxinately 320 "Celsius

) God of claim fied

wherelynfd ) P EHR SREEISTIOS HBEIE 88 °5E0 BTN eEy Byt @ specfi
exposwap pacekdngtht tedtys FPOxinGedlg 29s les®o. The met hod of cl aim 1,

further conpri si ng controlling a deposition rate by

adjusting a pressure of said plasma atnnsgpere to(ﬁ ‘
10 Bhgmets of A8, PrprEtnysalf sgoong Ugjclness s paluged oy fcrapgs gl ggproximately
5to 500imcl aim 5, further conprising adjusting TEGCS supply

to approximately 600 mlligramper mnute or |less. 7.

The nethod of claim6, wherein said TECS supply is

adjusted to a range of approximtely 550 m|ligram per

mnute to 450 mlligramper mnute. 8. The nethod of

claim?7, wherein said TECS supply is adjusted to

approximately 500 mlligramper mnute. 9. A nethod of

form ng an anti-reflective |ayer, the nethod

conprising; formng a material layer (202) to be

patterned above a substrate (201); form ng an

anor phous carbon layer (205) of a first thickness

above said material |ayer (202); formng a silicon

di oxi de |l ayer (206) of a second thickness (206b) at a

tenperature of |less than or equal to 370 "Cel sius on

sai d anor phous carbon |ayer (205),wherein said first

and second thicknesses are selected so as to generate

areflectivity at a specified exposure wavel ength t hat

is approximately 2 or less% 10. The nethod of claim

9, wherein said second thickness is adjusted to a

range of approximately 5 to 50 nm
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