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sophi stica
not easily be 1mplemented in mass production of circuit elements having feature sizes of 50 nm and

less. Thus advanced trim processes are required so as to obtain the final desired dimension from the
minimum dimension that may be achieved with resist features by lithography
Hence, the total resolution of reliably transferring circuit patterns from a mask to a substrate is
30  determined, on the one hand, by the intrinsic optical resolution of the photolithographical apparatus,
the characteristics of materials involved in the photolithographical patterning process, such as the
photo resist and any anti-reflective coatings (ARC) that are provided to minimize deleterious
scattering and standing wave 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,
35  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 further 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

40  underlying material layer. Thus, this resist trim process enmables the reduction of the critical
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with the aid of a hard mask that, in turn, is patterned by a resist nmask
feaéétre, which is trimed by a correspondi ng resist trimprocess. 30
Fig. la schematically shows a cross-sectional view of a semiconductor device 100 prior to the
patterning of a material layer on the basis of an advanced photolithography using a wavelength of
248nm or 193nm and on the basis of an advanced etch process with the aid of a hard mask that, in
turn, is patterned by a resist mask feature, which is trimmed by a corresponding resist trim process.
30
The semiconductor device 100 comprises a substrate 101, for instance a silicon substrate or an SOI
(silicon on insulator) substrate having formed thereon the material layer to be patterned, such as a
gate layer stack 102 including a gate insulation layer 103 and a polysilicon layer 104. An amorphous
carbon layer 105 is formed on the polysilicon layer 104, followed by a cap layer 106, which may
35  conventionally be comprised of silicon dioxide, silicon oxynitride, nitrogen-free dielectric layers, and
the like, wherein silicon oxynitride may be used due to its capability of adjusting the optical
characteristics by varying the oxygen/nitrogen ratio. The amorphous carbon layer 105 and the cap
layer 106 are designed 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

40  discussed, the reflectivity of an anti-reflective coating during the patterning of a polysilicon
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EXPOSUT € duction of the resist mask feature 107A, depicted in dashed lines, after exposure and development

of the resist layer from the initial lateral size 108 to a desired final lateral size 108A, however, is
30  accompanied by a corresponding reduction of the initial height 109 to a final height 109A. The final
height 109A may not be sufficient to serve as an etch mask for patterning the polysilicon layer 104
directly, which is a typical process flow for semiconductor devices requiring a gate length on the
order of approximately 80-100 nm. For this reason, the amorphous carbon layer 105 is provided and
may readily be patterned by reactive ion etching, wherein the final height 109A of the resist mask
35  feature 107, after being subjected to a resist trim process so as to become the reduced resist mask
feature 107A, is sufficient to allow a reliable patterning of the amorphous carbon layer 105 and the
cap layer 106. The cap layer 106 is necessary for substantially avoiding a direct contact of the resist
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

40  chemical reaction between the carbon and the photo resist at the interface thereof, thereby
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30  Generally, the present invention is directed to a method for forming a silicon dioxide cap layer on an
amorphous carbon hard mask layer for patterning a polysilicon feature. Without restricting the
present invention to the following explanation, it is believed that the provision of a silicon dioxide
layer formed by a plasma-enhanced chemical vapor deposition at temperatures of 370°C and less may
significantly reduce the defectiveness of the finally obtained polysilicon features. Based on this

35 finding, the plasma-enhanced CVD process for forming a silicon dioxide layer is designed so as to
enable a reliable control of a thickness of the silicon dioxide layer within a range of 5-50nm, as is
required for providing the desired optical characteristics in combination with the underlying
amorphous carbon layer. Since typically a TEOS based plasma-enhanced CVD process exhibits an
enhanced deposition rate at lower temperatures, which, according to the present invention are required

40  to reduce the defect rate, in some embodiments the deposition process is controlled to provide a
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tenperature of ap FOX? nat ess to ayer wt
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€q %l fJeﬁX%tirvﬁg' GCa §p%ciﬁ9& g{pgiu%s %s%n@ﬁt%ﬂﬂ% gp‘proximately 2% or less.

In a further embodiment said silicon dioxide is formed by plasma enhanced chemical vapor deposition

with TEOS as a precursor.

30 In a further embodiment the method further comprises controlling a deposition rate during said
plasma enhanced chemical vapor deposition to a range of approximately 200 to 400 nanometer per

minute.

In a further embodiment said deposition rate is adjusted to a range of approximately 280 to 320

35  nanometer per minute.

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

°Celstus or less.

40  In a further embodiment said silicon dioxide is deposited at a temperature in a range of
5



In a further enbodi nent the nethod further conprises supplying helium and
oxygen to an anbient of said substrate prior to depositin SF? %PU ilicon

di oxi de. | n urt her enbodi ment the nethod further i Vi ng
reaction %’%p%ﬂgﬁ@ég? after depositing said silicon di oxicP % %%glg) whi | e
supplying heliumand oxygen with flowrates that are less than the flow
rate during the deposition. 20 According to still a further illustrative
enbodi nenproxipately 32¢)fGalvni 10280 8¢elsivh, a nethod of forming an
anti-reflective |ayer conprises formng a material |ayer to be patterned

b t d f ' . h foafi
i cknolst BRbtePrbnsm A uor 3R RPORER o SOPrel Tapfn Bl e, o &

second fCslddsness is forned at a tenperature of |ess than approxi mately 370C
on tde anorphous carbon |ayer, wherein the first and the second

t hi cknesse re selected so._as _to generate a 5 reflectivit i a

speci f | B BRPYT<Hbadifsy %ﬁ’@ﬁhﬂg f‘Hﬁ’F‘g‘f"é“pé‘ﬁ?frcS?(tir P&t §PogLiY} rafee%'sa.%wﬂ\ngaa

f ur t her pesdoedifEd (plasaé atnmisplieento adhgeiofl eppraxifmatelydd toy.pTasma enhanced

chem cal vapor deposition wth TECS as a precursor. 30 In a further

enbodi nent the nethod further conprises controlling a deposition ratg
during k3 ferthen epbadimentihe msthod ﬁgkhef:aampwaﬁcﬁdwa%%%ﬁ(% By do approgigarely 600
appt®xi maliglayh p2PRhidute skQésnanoneter per mnute. In a further enbodi nent
said deposition rate is adjusted to a range of approximtely 280 to 320 35
nanoneter per mnute. In a further enbodi ment said silicon dioxide is
deposi t bua &uther enchegisreat saik TEOS sppploitiadiasted (o B30ee efappioyimaiely pkwilligrgmpngr 5
furt her pgxdaodi 438 HinisAnoes Win@®n di oxi de is deposited at a tenperature in a
range of 5 16 FEB 2007 WO 2005/024922 PCTTUS2004/021598 approxi mately
320 Celsius to 280 Celsius. In a further enbodinent said silicon dioxide is
deptBi t &ula further dnhopioreat saiETEDS sypplyox adiuttes tp ag@roximakelysi0Qgnillipramh pey sipyte-her
enbodi ment the nmethod further conprises controlling a deposition rate by

adjusting a _pressure of sai | asma at nosphere to a range of ap xi.mat el y
25T o 805 bt Shtpdment therareh B R RS Je SRETRHH R g ARy
adj ust i agualH&® raesap laypldsma apprspheradhiiring yheGfma bphamicéd dhgmiral wpor deperitian. or

l ess. In a further enbodi ment said TECS supply is adjusted to a range of

approximately 550 mi|ligram per , . . .
20  In a further embodiment the method further comprises supplying helium and oxygen to an ambient of

said substrate prior to depositing said silicon dioxide.

In a further embodiment the method further comprises removing reaction byproducts after depositing
said silicon dioxide by pumping while supplying helium and oxygen with flow rates that are less than

25  the flow rate during the deposition.

BRIEF DESCRIPTION OF THE DRAWINGS

30  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 1a-1c schematically show cross-sectional views of a semiconductor device during various
35  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

40 silicon dioxide cap layer formed at low temperature in accordance with illustrative
6



mnute to 450 mlligramper mnute. 15 In a further enbodi nent said TECS
supply is adjusted to approximtely 500 m|ligramper mn In a further
enbodi ment the method further conprises supplying heliu é £3s @
substantl‘éllq"s?os@d??gtl flowrates to a plasma at nosphere &9 ?asrra
enhanced chenical vapor deposition. 20 In a further enbodi rrent t he net hod
further conprises supplying heliumand oxygen to an anbient of said

subst r mebogimegts Otfﬂled’é‘?ﬁﬁllt‘teﬂ'gmsal d silicon dioxide. In a further enbodi nent
the nethod further conprises renoving reaction byproducts after depositing
said silicon dioxide by punping while supplying heliumand oxygen with flow
rates that are less than 25 the flow rate during the deposition. BRIEF
DESCRI PTI ON OF THE DRAW NGS 30 Further advantages, objects and enbodi nents

of ®he present invention are dekragctkp petbereppended clains and wil |
beconme nore apparent with the follow ng detail ed description when taken
wth reference to the acconpanying drawings, in which: Figures la-lc
schenatWbaé Ithe shent tvestinsieotesayibad withewseradce do sleneiodimatons dbsirged dutlieng
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s ertiOc o nghuttduddr it §tiaCitel lembbdiments | distSosedyBbutf AHet! then Gesstibege Hiubnativeadhiekinens a

pol ysi lﬂtgrglg c{x@ﬁ(@ﬁfy Q?{e J&E‘%H? aé?:ofecté1 of ﬁfeb qg‘se%t Bgen[{&? lihéjsct'oggo@whéﬂ ihéqn]% ‘the

di oxi de ca forme owte erature 1 n’accordance wt rative
6 16 FEBPSBGY Sms2005/ 024922 PCT/ US2004/ 021598 enbodi ments of the present
i nvention. 5 DETAILED DESCRI PTION Whil e the present invention is described

wthr S{VI Oné}c renceotf) lflggreggb%d%e”%lcﬁher qﬁlégranvlélset[n %{u?tgndé 0 tthher senQ mv%ﬁfi({}lhgwig% %i led

descri erstoo
foI1I5ovmb¢g1€SQIé>P@ultle@redetgér| ption as well as the dravm ngs are not |ntended to
limt the present invention to the 10 particular ill ustratlve errbodl ment s

di scl osﬁn%, but rat her the descrlg)%d il lustr tlve ﬁﬂ) ment s s t¥t
exenpl i Ty B A B FTBGEY L pREET 240 fampFites &t SF'f‘.‘\‘?«% °6r'1“5‘3t“ﬁ% asséb“B& TP ch
i s def i ae8Obysiliche on dyppiattp substrate.ner. any diker ragprepriae subsizaté ihgving forgad therdde, a

furt hersetntéouatct@é 1ay@r tﬂmpétﬁtaﬁg %58 fglfmltg BirddftRRGRhts HRYERT WOt taya%4 tﬂa‘é jde
de% i bed in nore detail gure 2a, a semconductor structure
r

i sf@sbeatatétmgft jnponfonmily pEh sp%‘fieérft?@gn gules ip forgpd §tﬂy§ttteai"é?sﬁataﬁ° lscx Srein
(si |i come Gintérias tdyad 204) mSubS & rpattegf Dlayangtacki2er Fapfdsefats, ahe lyabaadkaloe havi ng

formed }epr%Ee%Qg gﬂe layer stack including a gate insulation 203 and the material layer 204 in the form of a

polysilicon layer. The layer stack 202 may, however, include any other appropriate material layers

that are required for the formation of circuit elements of present and future device generations. A

25  carbon layer 205 substantially comprised of amorphous carbon is located on the layer stack 202,

wherein a thickness of the carbon layer 205 is appropriately selected with respect to an etch

selectivity to the underlying material layer 204 that is to be patterned in a subsequent anisotropic etch

process to form circuit elements, such as gate electrodes for highly advanced field effect transistors

having a gate length of less than 80 nm and, particularly, of less than 50 nm. For instance, the

30  anisotropic etch process under consideration 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 thickmess of the polysilicon layer 204 to provide a
sufficient safety margin,

35 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 la 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

40  Materials under the names of Producer™ or DXZ™,
7



sem conductive layer that is suitable for formng circuit elenments therein.
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andys reactive conponent, such as oxygen, may be supplied to the gaseous
anbrent 220 so 10 as to provide an appropriate gas m xture and

concent erartisylag gmpodipents af the prepeay iwvemteyy, the gstafrlishmernd of the ghsgpuscamiuenit A2hmay t he

carri erbe@@ﬁecacnﬂ w%n@&ygﬁ&eaﬂmlmmm Is&gs afbr wag@gltﬁmts@dsuatsl 101 & thd OWired
rates, where epend ecifics of

deposi t? glﬁerta 316? wt}ﬁ%uttaﬁ% sxiggﬁxy %nt &flg ﬁbw or pumpmg t1v1ty t%r red%cmg the amb1enttprr]essure

prevailing around the substrate 201. Moreover, the distance of the substrate 201 with respect to a

30  showerhead delivering carrier gases and reactive gases during the deposition, may be adjusted to the
desired value as is used during the actual deposition step. Furthermore, a carrier gas, such as helium,
may then be introduced and, subsequently, oxygen may also be supplied to the gaseous ambient while
the pressure is adjusted to a range of approximately less than 10 Torr, but still significantly higher
than the pressure during the actual deposition step.

35
In a further stabilization step the pressure may be reduced to the actual deposition pressure while an
increased amount of liquid TEOS, for example 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

40  as to adjust the TEOS supply rate to the actual supply rate during the deposition, as is specified
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220, durjng the actual deposition of sili i oxi de. To thi |
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the plasma excitation means and/or by discontinuing the TEOS supply. Thereafter, a pump step may

be performed with the TEOS supply interrupted and with a reduced flow rate of the carrier gas, such
as helium, and a reduced oxygen flow rate. In one embodiment, the oxygen flow rate may be reduced
by more than 50% compared to the deposition flow rate, while the helium flow rate is less than the
30  oxygen flow rate. Finally, the oxygen supply may be discontinued while maintaining a helium supply
and, thereafter, the supply of all gases may be discontinued while still removing reaction by-products

by continued pumping,

In one particular embodiment, a deposition recipe may be used for establishing the gascous ambient
35 220, stabilizing the same, providing the plasma atmosphere 220A and removing gas by-products by

pumping, wherein the recipe may include the following steps:

Stabilization of the ambience of the substrate 201 at a temperature of approximately 300°C with no

gas supply for 8 to 12 seconds;
40
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25  reducing the helium and oxygen flow rates while discontinuing the TEOS supply and the plasma

generation, wherein the helium flow rate may be adjusted to approximately 1000 sccm to 1200 sccm
and the flow rate of oxygen may be adjusted to approximately 1200 sccm to 1400 sccm for 2 to 5

seconds;

30 discontinuing the oxygen supply while maintaining the helium supply or increasing the helium flow
rate to approximately 1200 sccm to 1400 sccm while still pumping off reaction by-products;

discontinuing the supply of all gases while still removing by-products for approximately 9 to 13
seconds.

- 35
Figure 2d schematically shows the semiconductor structure 200 after completion 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

40  an incoming UV light beam 222 that is scattered back into the resist layer 207 as a reflected or
10
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af t er coeiphtef itlenreaft lave 2¢egapprokiontedyf 300t ineoséven o di oxi de | ayer 206
according to any of the above-descri bed deposition nethods. Mreover, a
re3|§ | ayer 207 is formed on the silicon dioxide |ayer 206, wherein the
si | £ onFt&“Ef‘x?fd@hP‘&Vé}albze@WSr? PIRigHE; ¢fROIMSHIcAR £oaturesc?0f Ar iU FoVSEg L bY SBOM iCh 5 g
an ant i ngtilnerk fsaeurés08A, hilohe kRidue dfithe chpRydreXob @ad beem “@hsumed” during the etch

process for patterning the polysilicon layer 204 to form the polysilicon feature 204A substantially
exhibiting the desired lateral size 208A. Due to the low temperature plasma-enhanced CVD process,
a defect rate, i.e., the number of polysilicon features 204 A that are damaged or that do not conform to
25 the specifications, or that otherwise exhibit polysilicon residues, or have significantly deviating
lateral sizes, is reduced, so that polysilicon features 204A with the desired lateral size 208A of 50 nm
and less, for instance, 45 nm and less, may be manufactured with a 193 nm lithography or even with a
248 nm lithography. Depending on the specifics of the photolithography and etch process, a defect
rate of the polysilicon features, such as the features 204 A fabricated on test substrates with a 193 nm
30 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.

35  As aresult, 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

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



40 an incomng W light beam 222 that is scattered back into the resist

| ayer 207 as a reflected or 10 16 FEB 2007 WD 2005/ 02492 FEB 2007

PCT/ 1JS20 scattered |ight beam 223 having an

apprOX|rna?]%{ﬂ)%sl(&/‘gt | ess. As previously discussed, the%&ggﬁépﬁﬂg%%§ 207 is
adapted to the photolithography, i.e., the specified exposure wavel ength,
wherein additionally a thickness of the resist |ayer 207 is selected so as
to prorbECcigProcasfopwstess g P ayiling thej m@enaalsfeb@éfaerequeﬁ@ﬁné op disctesip g 3

pat t er ni4B@mt did 9b amaitbog2dphy.and 205. For instance, in a 5 193 nmlithography
process, the resist layer thickness is restricted by the depth of focus of
the |ithography tool and, hence, typically thinner resist |ayers are

r equi r Fartbemedifientions andeHatiqns of Fhetmwmalﬁmmwwél boarmaEnii thosesktlied i 28| e

de]E)iGS' talrtOin viNvO GBS cfeEUnpﬁéH Ncb@dinpg, ﬂie|de§c@1@t1611 R%6 Becdndty®a as A0Birathvewalyeand t he
refl ect,i

ensi.t rat t he beans 2 e
reduced® t% ¥ tx“zp/“rB?see(\fé‘??c?lgé ghose Fe e %?r@’?tﬂfen%ener R %ﬁcgﬁf?%igééft C‘H
f or med inventior dt thatn e understood Hkat [tnfotigs o@hpewamtwnéhwrwéﬁsqa@s‘é h?fb’édma‘@d’@e
Provi dggies a8 el drGe iy pr¥restpbivoaintn@l face with the carbon layer 205 and
al so reliably suppresses any chem cal reaction between the photo resist in
the layer 207 and the carbon |ayer 205, thereby significantly reducing the
defl@ct rate in the finally-obtailnétgdtap@icastity pol ysilicon features. After
- exposure and devel opment of the resist -layer 207, a resist trimprocess
may be perfornmed with a well-established etch chenlstr to. obtain the
final | y'hq@seseriginyention gglatesity @ rpnuipetpring grocess feffaRpBing éaéfFfs‘fsefﬂ ELPFtugiicth | s
t hen usE@sadsdafitbgdicimsty if ébviqat terning the | ayers 206 and 205.
Corresponding etch recipes are well-established and allow the patterning of
the | ayers 206 and 205, by a breakthrough etch step and a subsequent
ani sotropi c etch process, respectively, with an initial height of the
resi st |ayer 207 of approximtely 300 nmor even |less. 20 Figure 2e
schematically shows a plurality of polysilicon features 204A still covered
by carbon etch hard mask features 205A, while the residue of the cap |ayer
206 has been "consuned" during the etch process for patterning the
polysilicon layer 204 to formthe polysilicon feature 204A substantially
exhibiting the desired | ateral size 208A. Due to the |ow tenperature
pl asma- enhanced CVD process, a defect rate, i.e., the nunber of
polysilicon features 204A that are danaged or that do not conformto 25 the
specifications, or that otherw se exhibit polysilicon residues, or have
significantly deviating |ateral sizes, is reduced, so that polysilicon
features 204A wth the desired | ateral size 208A of 50 nm and |ess, for
i nstance, 45 nmand | ess, may be manufactured with a 193 nmlithography or
even with a 248 nmlithography. Depending on the specifics of the
phot ol i t hography' and etch process, a defect rate of the polysilicon
features, such as the features 204A fabricated on test substrates with a
193 nm 30 |ithography resist may be approximtely 10 tinmes |l ess conpared to
features fabricated in a conventional process flow using for instance a
silicon oxynitride cap layer. The significantly reduced
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defect rate is believed to originate froma reduced degree of resist

poi soning that may be caused by a reaction between nitrogen and the 193
urn resist. 35 As a result, the present invention provides df fiEgpgpved

t echni que {8hofsAhi9,79 @ silicon dioxide layer by means pErT@sioonn21598
tenperature pPasma-enhanced CVD process- that enabl es hi gh process control
due to the noderately | ow deposition rate, so that the optical
characteristics of the silicon di oX¢BE8INIGyer may be precisely adapted to
-the underlying carbon |layer, which then act, in conbination, as an
efficient anti-reflective coating having a reflectivity of 2% or |ess.
Moreover, the | ow tenperature 40 PECVD deposition produces a reduced defect

rate conpared fo copyent.i onal proaches, thereb : 007 WO
5005/ 24525 PEHACSbTDIsaEa SRGTRING T8y 6k dus Mebd PG b ovi o ng
the potential for further device scaling on the basis of a 248 nmor 193
nm |ithography. Further nodifications and variations Bé t he present

i nventforoningian amerpheus earben layesd202kabpeywy ajstibshiate £2Q1)% i n view of this
description. Accordingly, the description is to be construed as - ‘
illustrative only and is for the purpose of teaching those skilled in the
art t hiepositiegasilicemudesxide (266) fronyTEOS inte passse etmoppbers (240) an seid t o be

under st ood, t hat _t.he for t j | h I j-n are
o be EniatebRUaariEn ISR Al ol (BRI a8, s oRRtaBERT0 TERIER T
appl i qeds {0 foymTeapriagen(206Meith iacthiokakeas & the rangant appraxinaielyrptes9 f or
a cappi n% | %er used in mcrostructures. Thus, industrial applicability is -
obvi oU¥NCMLEE FEB 2007 WO 2005/ 024922 PCT1US2004/ 021598 CLAIMS 1. A :
met hod of formng an anti-reflective |ayer, the nethod conprising: formng

an anor phous carhon, | ayer. (205) above. a .substr at o Lting silicon

di oxi de (2d6F mﬁﬁ}ﬁdl'e?ﬁﬁ?’ﬂ‘ i ‘6?‘8%%s'&‘tﬁﬂﬁ%‘ﬂiFé‘)"d@%é’jzgéé"%'g‘?e%%?mr phous -
car boqeh‘f@é%tu@g%bp@tmﬁim@mgesaouCels(wxs epjgsexi mately 370 Celsius or. less
to forma cap layer (206) with a thickness in the range of approximtely 5

to 50" nanoneter. 2. The nethod of claim1, wherein said silicon dioxide

i s deppsit qfeafethod OTREAIAT I whefeiaRRIDSIi0ON eioxid80s Bepstitsd @t d ess. 3. The .
met hod of claim1, wherein said, si ki c%a dioxi.de i 32 %e sited at a.
temperature in ‘a range of approximately 320 “Celsius to 280" elsius.

4. The method of claim 1, wherein said silicon dioxide is deposited at a
temperature of approximately 300 °Celsius.

5. The method of claim 1, further comprising controlling a deposition rate by
adjusting a pressure of said plasma atmosphere to a range of approximately 4.5 to

6.5 Torr.

6.  The method of claim 5, further comprising adjusting TEOS supply to-
- approximately 600 milligram per minute or less.

7. The method of claim 6, wherein said TEOS supply is adjusted to a range of -
approximately 550 milligram per minute to 450 milligram per minute.

8. The méthod of claim 7, wherein said TEOS s_upply is -adjusted to
approximately 5600 milligram per minute.
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tenperature in a range of approximtely 320 Celsius to 280 Celsius. 4. The
met hod of claim 1, wherein said silicon dioxide is deposited at a .
tenperature of approximtely 300 Celsius. 5. The nmethod of claim1, further
conprising controlling a deposition rate.by adjusting a préskilr#bf said
pl asma at W%’G%’gﬁf a range of approximately 4.5 to 6.dprh@¥ab04/001599 he

nmet hod of 'C |r{1 ;further conprising adjusting TECS supply to
approximately 600 mlligramper mnute or less. 7. The method of claim6,
wherein said TECS supply is adjusted to a range of approximately 550
mlligramper mnute to 450 mlligramper mnute. 8. The nmethod of claim?7,
wherein said TECS supply is adjusted to approximately 500 m|ligram per
mnute,. . 13 16 FEB 2007 WO 2005/ 024922 PC‘F{?(L)JSZ 04/,021598 .9. . A net hod of
form8g arAanethodarffepningan apdi-reflacdivadayiial WSFQ?@_‘“W%‘P% ng a
material |ayer (202) to be patterned above a substrate (201); form ng an
anor phous carbon | ayer (205) of a first thickness above said nateri al

| ayer for@M2) a metarialdayer(P0R}) 60 bei patteraedabove@ebpstata (2&bend t hi ckness
(206b) from TECS at a tenperature of |less than or equal to 370, Celsius on
sai d anor phous carbon | ayer (205), wherein said first and second .

thi ckpgpfeg amﬁaouecbasrboaslatyer @208y ef @ first tkickeess \ahaveasaigd Byaderial ed
exposure wavel ength that is approximately 2 or less% 10. The nethod of

cl ai nlayer{#@¢ki n sai d second thickness is adjusted to a range of
approximately 5 to 50 nm 14

forming a silicon dioxide layer (206) of a second thickness (206b) from TEOS at a
temperature of less than or equal to 370 °Celsius on said amorphous carbon layer

(203),

wherein said first and second thicknesses are selected so as to generate a
reflectivity at a specified exposure wavelength that is approximately 2 or less%.

10. The method of claim 9, wherein said second thickness is adjusted to a range

of approximately 5 to 50 nm.
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