ETCH NG OF NANGC- | MPRI NT TEMPLATES USI NG AN ETCH REACTOR BACKGROUND
Field teanEnbodi nents of the present invention.relate to the :
fabrication of structures using nano-inprint technol ogy. Background
of the Related Art (Onm) UV nano-inprint technology is utilized for the
fabrication of mcro- and nano-structures. Nano-inprint is a

mechani cal replication technol ogy wherein a nold is pressed into a W
curabl e resist that vvasajgl n-coated on a substrate. I rradi ati on of

the resist tHETQHING NﬁNﬂdMRﬂlNﬂ'ea'EMEBUATCEStUSlNG

pol yneri zati on and curing of i's then renoved

| eaving the inverted three M%Whr% mﬁj the pattern forned
in the resist. The thin portions of the inprinted resist are renoved
to create oBACKG&OUND the resist |ayer, ‘formng a mask that is then
utilized toﬁéiﬁph one or nore layers underlying the resist. This

techni que e es fast high precision printing down to 10nm spaci ng
and patt er njobifiel iBryborlnestd aof gibe epreeerit. inkG0i8d Helaty do , thep ftbrication  of

conventlona%trﬂlﬁgg §f” gerﬁérﬁﬁtecﬁh& as wet etching that tend to etch

i sotropically, are n obustly transferring such snall
patterns to_the under| KI ng material. Particularly, undercutting
phenonmenon Backasewnl idhp Belalsd A feat ures on the etched underlying

material thambeopre U\phammrﬁp@ihmeﬁhmeid ulindd dor ﬂh@tfah&?é&ordas friigeel and
straight, verti ¢ ere di_ nensi_ons

o Thant uat iestRotsr RERMTYin (5.8 Mbghar sl ferlioiing s Ron SHERT e

may over et chnoldhe pedsdedvinkd a W cirelEle vestst that was ghinaptedton asulodrate. UV
resul ting i Pra[‘i Eﬁonl 3P Ihe’ freélgetll(’ngu\gmltﬁgl Qaf‘iﬁr&ﬁho&}n&&d t{l‘@a @éaotsu{oeﬁ‘te

[ ow] Pl asma eECh Processin BV ‘et ocessing or dry
et chi ng, perruergaepmwé Caiﬂﬂ$9t thepresiskt 't"ﬁ[dnlsvtéw é@rﬁweﬁg'e@#‘éﬂ:ﬁ‘@ses.

The dry et ClpldMbaPihRsCaimeRasndlG8Mica AViRe [R1EHOHE& It Madertidt hinng
and to inprove the retention of the critical dinensions of

t he
phot omask f BH¥NSe e MREREHSPHE B rAYBAMEIIRSTealq PREBIE Fhine TF@EtHﬁYe&ues

Wi th strai githfihg slrﬂ&waihdtss #oal ufillzad tceétcrbaﬁd &HThore H@‘é&i&iﬂer[ﬂi@’theﬁéﬁ’m ng
Bpg%/t g\r/ﬁr et Cj?hl tec!hnaﬂg Censagleg fa t%lgh premsmn pnnkukg do'Ivn ttcr)] Y08 egplaarc]:%g and

pattern fidelity to a large extsnt.

o003} However, most conventional etching processes, such as wei etching that
tend to etch isotropically, are not suitable for robustly transferring such small
patterns to the underlying material. Particularly, undercutting phenomenon can
produce patterned features on the etched underlying material that are not uniformly
spaced and do not have desired straight, vertical sidewalls, thereby losing the
critical dimensions of the features. Additionally, the isotropic etching of the features
may overetch the sidewalls of features in high aspect ratios, resuiting in the loss of
the critical dimensions of the features.

[0004] Plasma etch processing, Known as dry eich processing or dry eiching,
provides a more anisctropic etch than wet etching processes. The dry eiching
process has been shown to produce less undercutting and to improve the retention
~of the critical dimensions of the photomask features formed using conventional
lithegraphic techniques with straighter sidewalls and flatter bottoms. However, dry
etching may overetch or imprecisely etch the sidewalls of the openings or pattern
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formed in the resist material used to define the critical dinensions
of the. underlying |ayer. Excess side renoval of the resist materi al
results in a loss of the critical_dinensions of the patterned resist
features, which may translate to a loss of critical dimensions of the
features fornmed in the underlying |layer defined by the patterned
resist. Further, inprecise etching may not sufficiently etch the
features t ofqyngd/mdbe rasisé Matatiabused jo defneitheatritigalrdimensians of thei ndedyingo

sufficientl gt CE‘xJeQ@sid@%h‘aB% of thd RRisE Haidrﬁa}esdwﬁ.né 1335 the LAHlcar T €d
to as a "galn of critical dinensions. Igl%ree of loss or %aln of

the criti caf""l?ﬂﬁ%’?’?s‘i’fd?'%p?tf?"i‘ﬁﬁje’eﬁ'ﬁ‘tfﬁ?tuﬁéy‘é'?'cﬂ y bppyistede 8 drsgof Tlicghi ng
bi as" or " Chinfehgisns of th® Sdaflrb ingbd inatse uﬁ@erﬁ]fngtlayé&hefd'leﬁﬂﬂah@ pamusucr ol

f ; | i
or obl enat § crrtJHBPaEG o9 FERAY rER Porsat Bl st e eBGres Pt
di mensi ons tie ndeessagt ¢réical dimensehsi nFdihe tonsiﬂrcieyztly\gtchatyerféaﬁyres to the
conpri sing Qm@ﬂ%rﬂgﬁs%ﬁs dgtréf&lrgd fPhs 9%&&*@?%}?@: Hirr?JJsFogé medédrgé‘laf

passi ng therethrou roduce nune efects
subsequent s hi agn @éﬂ‘@c@félcﬁﬂrﬁl@mﬁam the lpalat layerdig r@fyrreqh@ as “etchmg
phot ol i t hoggaetirect gla’c! €. The loss or gain of critical dinensions of
t he photomask can result in insufficient photolithographic

¢ .
B, 11t nolobBL ° i 05 oARRF Gineh G Suplin B PP BUE PG « ne
f ai ! ure of eppicadioos,dl is paltbgllaprprcblereancam ghaemaskiskripation.| Theeloshergyain
devi ce. Singg, ﬂ@ﬁ?%‘néﬁ% oh8 ot H—% ey e tﬂ%g%f?mé?@é V&ﬁf’?&gﬂ:& sing

apertures, convent | ona etc t echni ques

pattern trapRdtemaskoretiple ¢aa1yéﬁt§m(9ﬁ‘@$f Iafff—“ﬁgthﬁ hight rRgssing dberelbsqugh ang a
degree accepsoabéeemimyrodsq:tm@hr@wéam SuB&quEAtdtéhing &&&Q@Mﬂs&%ﬁ&r e,

there remai ns a nee rocess and chem stry_suitable for
fabricati onpi‘}?er'ﬁdrw&?%?[é@°'ﬁ'§99f&?hﬁdﬁtdflq nphe Aes ‘Pre%ﬂh%fl SRl digisORRRslor

THE | NVENTI & mﬁm&hedﬁ résm:rt :@tr@hﬂ:ﬁgntq:hw:mbg;bpryierpeuermgc@fbrlewﬁﬂgnt ed
resi st matefi

particul arl ig@tﬁsf’g '%{'Oswog Btm'?'fo? W%‘Qf%dZ%ch{ Oylt eoqsgre}ére{ﬁgl a{; rrtigal‘
f abri cat i ondimensions is severe enough, the failure of the photohthographlc reticle or
subsequently etched device. Since nano-imprint technology can produce very small
~ apertures, conventional etching techniques do not allow effective pattern transfer to
the layers underlying the imprinted resist fo a degree acceptable for robust

photomask fabrication,

[6006] Therefore, there remains a need for a process and chemistry suitable for

fabrication of structures using nano-imprint iechnology.
SUMMARY OF THE INVENTION

[o007} Methods for etching a metal layer using an imprinted resist material are
provided. The methods provided herein are particularly suitable for, but not limited

to, photomask reticle fabrication.,

[0o08] In one embodiment, a method is provided for processing a
photolithographic reticle that includes providing a reticle having a metal photomask
layer formed on an optically transparent substrate and an imprinted resist material

deposited on the metal photomask layer, etching recessed regions of the imprinted
2



[ 0000] I n one enbodi ment, a nethod is provided for processing a
photolithographic reticle that includes providing a reticle having a
nmetal photomai k | ayer fornmed on an optically transparent substrate
and an inprinted resist material deposited on the netal photomask

| ayer, etching recessed regions of the inprinted 2 resist materi al
to expose portions of the netal photomask layer in a first etching
step, and etesist n@tdriabtocaypose gogiond bbihe métalt pretamedshl layen ot anfhstketttinger

t hrough the ' i '

wherein at - PEAREOHER ] % Sl Frighs ot o nREF BRSPS 108 it e,
pl asma f or miseprinfedrresist ralsgbisi ngpcgadetching step.i whgreim abrgy ene obihe &rshorng
gas, a chl ogidgy %RHE?'s&ngtll&ééa%Mmﬁ 167He0%8h £HrabAlso s AFRpidrd0d] | 1

anot her enbodi nen rocess gas is utilized t he and
second et chPHges eaaining aa% dehlogne eanjairing easrangiahaiRgeg £entalgingigasr i ne
contai ning gas and a hal ogen containing gas. [0010]In anot her

enbodi nent , [opdeg prioeesthegeambodiment] thezedcess ghoishutilibed n bath thenfitsisadond

et chi ng ste Qnf g

chl orine cog g?ﬁ%ﬁ:hﬂg ste%%%ﬁ:ﬁ%dé?tghgﬁy t]r?t(8 é‘%ﬁ'lﬁﬁg& gaé%l%'ggcﬁ}' m?ﬂ]%%%er
enbodi nent a@m@hﬂlpmmcoamﬂmeﬂﬁénd etching steps are perfornmed in the
sane proceSS|ng chanber.

[0010] In another embodiment, the process gas is utilized in both the first and
second etching steps have different ratios of oxygen containing gas, chlorine
containing gas and halogen containing gas.

[0011] In ancther embodiment, the first and second etching steps are petformed
in the same processing chamber.

BRIEF DESCRIPTION OF THE DRAWINGS
' [0012] So that the manner in which the above recited aspects of the invention

are attained and can be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to the embodiments

thereof which are illustrated in the appended drawings.

[0013] - It is to be noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to be considered limiting

of its scope, for the invention may admit to other equally effective embodiments.

[0014] Figure 1 is a schematic cross-sectional view of one embodiment of an

etching chamber;

[0015]) Figure 2 is a flow chart illustrating one embodiment of a sequence for
processing a substrate according to one embodiment of the invention; and

[0016] Figures 3A-3G are cross-sectional views showing an eiching sequence of
another embodiment of the invention.

[0017} To facilitate understanding, identical reference numerals have been used,
wherever possible, to designate identical elements that are common to the figures.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] So that the manner in which
the above recited aspects of the invention are attained and can be
understood in detail, a nore particular description of the invention,
briefly summari zed above, may be had by reference to the enbodi nents
t hereof which are illustrated in the appended draw ngs. [0013]1t is
to be noted, however, that the appended drawings illustrate only
typi cal enbmbi crmm'rfplaméd thhi featuresei bheambamiiment enaly ihe rbehefictalip dicotporaltme
consi dered : i nvention may admt to

ot her equal %F ?S&éah{esiyotﬁga QBE?JCF%@EA] Figure 1 is a schematic
cross-sectional vi ew of one enbodi nent of an etching chanber;

[ 0015] Fi gur pefalEDDESENIPFIAL |11 ustrating one enbodi nent of a
sequence foF processing a substrate according to one _enbodi nent of

t he i nventi @hgl ancf\SPB@iEﬂf Hhe Jpyestipn wib ba rdeseribgd shelow in Jpigrengs daan
showi ng an pHGHEgCc SeinDétc iR DIRIntLRY, smh@réumﬁveojcdub@dlpwmwmn

[0017] To facilitate ner ngi I dentic reference nu

been Used,  aIETRPCHR L AN il o GRS Rt PO, AR AR A

are conmon Decdupledf PigemasSource (DPS ™, DPS II™, and DPS Plus™)} processing
chambers, all available from Applied Materials, Inc., of Santa Clara, California.

[0019] Other process chambers may be used to perform the processes of the

“invention, including, for example, capacitively coupled parailet plate chambers and
magnetically enhanced ion etch chambers as well as inductively coupled plasma
etch chambers of different designs. Examples of such suitable processing
chambers are disclosed in U.S, Patent Application Serial No. 09/325,026, filed on
June 3, 1999, U.S. Patent Application Serial No. 11/554,502, filed on October 30,
2006, and in U.S. Patent Application Serial No. 11/554,495, filed on October 30,
2006. Alihough the processes are advantageously performed with the Tetra™
photomask etch chamber, the description of the processing chamber is illustrative,
and should not be construed or interpreted to limit the scope of any aspect of the
inventioh. It is also contemplated that the invention may be beneficially practiced in
other processing chambers, including those from ofher manufacturers.

[0020] Figure 1 is a schematic cross-sectional view of one embodiment of a
processing chamber 100 generally comprising a process chamber body 102 having
a substrate pedestal 124, and a controller 146. The chamber body 102 has a
conductive wall 104 that supports a substantially flat dielectric ceiling 108. Other
embodimerts of the processing chamber 100 may have other types of ceilings, e.g.,
a dome-shaped ceiling. An antenna 110 is disposed above the ceiling 108. The
antenna 110 compriseé one or more inductive coil elements that may be selectively
controlled (two co-axial elements 110a and 110b are shown in Figure 1). The
antenna 110 is coupled through a first matching network 114 to a plasma power
source 112. The plasma power source 112 is typically capable of producing up to '
about 3000 Watts (W) at a tunable frequency in a range from about 50 kHz to about
13.56 MHz.



It is contenplated that features of one enbodi nent may be
beneficially incorporated in other enbodinments w thout further
recitation. DETAILED DESCRI PTI ON pougAspects of the invention wl|
be described below in reference to an inductively coupled plasna etch
chanber. Suitable inductively coupled plasma etch chanbers include
the TetraTm fam_ly of photomask etch chanbers, or optionally, a.
Decoupl ed Plog2ind hasybsieaty praissiatrizathopd 2is covrigd Bivaugh & segondpmasehingsi ng
chambers, ahbwaMaldBk) 8 Hidsig fowilri drcbbidor | Phes biabi§ -soukk FANEBVIGEAT &,

Calif ia. N0191Q h b d to perf th
s e ShOE oL AR5 TS < e BT e e g
coupl ed par abduel1 fl abaui cliakier TharbiksimgosvatcecHIC produdea mutsetdi BA petveh

chanbers as [ Y C

it or ent - deaPub AR e Gohnd SRR TRRE BlsSa BERRNR bt
di scl osed i it ig.centepatatast thaidhe isource 340 Bay ialsb PrRyideCDIBBHNY DE, arid/drdiF on
June 3, 199%owé,1.o§tpuﬁatent Application Serial No. 11/554,502, filed on
Cct ober 30, 2006, 'and in U S. Patent Application Serial No.

11/554, 495, filed on Octoher 30, 2006 t hough t he prggcess are
advant ageou&’%# g‘ér?r@r r‘?@ﬁ’c’aﬂeﬂgt fhe &k gsu%ﬁgt B%‘E?I?Pe&%h 'r?ﬁ‘;ﬁ%eefn,

t he descr i pelectostdtict dhacloriéoe s The electrastatir cheki 1d0usdmpsiseseat laast @ieoul d
not be cons oL, r : 1 h ct ,.of
the i nvent: SATrp FelBREREELRS i Bobddlkl by7¥, HEAP RoRkr ApFI6E i
benefi ci al | pigspativei @rekpdimends,nibe pbstiais spadgsiahdPbenay comerisrdisuestraitos e
from other mREACHEGHRREms] OR80khs F SHE@pibr | farfh $HBSHRLAGUM chuck, a
cross-sectional view of one epbodi nent of a proceSsing chanber 100
general |y cBRphanigahgugk.sdéied&echanber body 102 having a substrate
pedestal 124, and a controller 146. The chanber body 102 has a
conducti ve a3 Al@ds tpane! $20ppoceupled wButhist protdssihg \chhinber dD@Ite qrovide
ceiling 108 i . j ave
other fypes PSP R gt Qﬁg%% N nﬁg B Ry e el 1
i s di sposedeabedimenttiepiter|in higuredsthemaa parel dfhia coumleEmieios BvreiEtsor .
nore | nﬁuclt W@fc{ﬁ%di irgb%ﬁﬁidﬂe‘ﬁl 1 %%ﬂithg%}ﬂﬁbﬁu 964 Gﬁmevﬁmbmg)épﬂérdyoidzeflt fst wo
co-axi al elenents a.an are shown i igure 1), e antenna
0T s coupFaeTRIFBE gret erars & Mok Glefa, o eanks RS 1 ing! biaiitt Thower
source 112. eddmplylirethercioye08 of shi precekiirg tisanthgpiio@l | y capabl e of
produci ng up to about 3000 Watts (W at a tunable frequency in a

range from @Gﬁyggé%r&éaretm tﬁ@%cggéng's@h%ﬂ?er 10&9502%%”@%@ uSHY 3t thakR ’

pedestal (catho 124 1's coupl ed through a secon chi ng net wor
142 to a bi ¥&lynitp vagsumRmpA P4 T vBrust Rgne 66 erd tueitigyalvg s
bet ween abodfe &paSle o mAlEHIind Baner bredstremhe radigh S absi@GUBRGYULi 2D t he
range of ab%uig 1 to about 10 kHz. The biasing source 140 produces
pul sed RF p P out put. Alternatively, the biasing source 140 may
produce pul sed DC power output. It is contenplated that the source
140 may al si®e3st dhe demperawres phitie widl Hiddmey brEoposled usingdiguid-dopteiningn

one enbodi i I rPRRQA Al
el ectrost a??@dgﬁjgﬁt ?60 T’ﬂag%el e%@ogqgfﬁﬁgﬁhu‘g’%ﬁﬁm Ci(\)tﬁ%ﬁésgggergl%y

| east one cMIRAINGS &tpReY 5 Hearesd Calstysi dVeigalyr1Be eambsy wall At isdopirer
supply 166. trbm aghitemi [(lé,bj, ‘a?mﬁ'i‘dmt_ CﬁtsﬂﬁééhsSstgéthncSﬂiéSﬂké}ih@d Eneda@te?ﬂ toJa2||4
may conprise_substrate r i on_mechani sns ,sNch as a susceptor cla
Fing, & vactERIER FENd  Of e Pdeseo SRamoes 109 dhe Gomibuses Boaftiondyag
panel 120 i systamsptoe@racess ¢untrpl, duesali diggnottisibed pdiotDdetectipnpendithegikecess
and/ or ot heﬁf’&nﬁ%@g‘g%’é?(gla&%ﬁéh%nQéﬁ‘},pgﬁ?]wsmﬁ“?hanber body 102.

In the enbo pl C I'gure e gas panel 120 is coupl ed
to one or nore inlets 116 forned in a channel 118 in the sidewall 104
of the chani9®8l Bugljcia agapigr18eis yss e ApAUER 2 aubsiale (Byrb asiforelivle Rppiker
inlets 116 wikpieee)Pr2e\dnite thel sub&tieie suppeRaededns 1240 ITHRX@NRE @dapter 182e
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[ 0025] The tenperature of the wall 104 may be controll ed using

| i qui d-contai ning conduits (not shown) that run through the wall 104.
Wal | tenperature is generally maintained at about 65 degrees Cel sius.
Typically, the chanber wall 104 is formed froma netal (e.g.

al um num stainless steel, and the like) and is coupled to an

el ectrical ground 106. The processing chanber 100 al so conpri ses

convent i onapgersyallyensludesr a flovwer gestiono B4 oiilied itotoeveradn dppey resface of dred

int detectj
E‘JLBortes%Fé@%ﬂ?“’“i Bl e SHCHE (AR 1BOFY B pbiLR o AP °3
substrat e (8ueReHRY 465 that @l@earanétahéped/@rh@éﬁ @éé}lbame b?ﬁ oT'ﬂernepenlng

substrate sygp@l berﬂﬁﬁl@s&ﬂ]lstaﬁﬂéhy &h%ré@%tﬁ'r@sp%@laﬁi % dtiésfal 188nefral |y

i ncl udes a Iovver ;l)ort,l on 184 ggrmeé f[rto cove er surf.ace of the
C

pedest al 12893Ry, 188 ds,geperay, B SN @Wﬁ% f198) repigtant, ¢
portion 186tdﬁq:)éi'a1@’eaﬁs@cﬁﬁﬂ‘lma@nél8&chfﬁt polFmiiezasiarmio cbr Juaped A euitabled

t he substrat e S tial

conterod w (9P cCRRet SRRl faite fedS HELR ¥ SEAT 5B g sune
general ly feﬁnmmf r dmegigs inng| ¥6pney ol apdioh seage shaatiaptbi 32 to the
tenperature g Nt material such as polyinmde ceramc or quartz. A

sui tabl e replc e adapter is disclosed in Unlted St at es Pat ent No.
6, 251, 217, issued on Jun over and/ or

Seoure the BEEbERI DEBTETL 18 BAEL CAloWEDH ol ey pooRT 6. FELFEARPm

138 i s usedtHeubsimis 128, ohidi & fftdf headdpliate sudpdr paﬁﬁktahemeﬁehéreuy, the

substrate 1 Qnto o ff of the St e t
Cenoratly, (hmerrBriiadtondied 3P RN BLanS BB Bn F3F B rPordifas o
(one lift ptravel Bough respectivp guldaholes 481 t hr ough respective guide

hol es 136. [0028] In operation, the tenperature of the substrate 122

' SdCO?t Ir 0|1|2®628|Wn spariidni ﬁeﬁ@mbé‘@tu?éﬂﬂﬂlﬁé aﬂwratteoff&tlé]@orﬁr?hgﬂ lﬁyﬂ‘itiﬂmlltzmg
pedest a n_on e su I esta
conpri ses al tS‘PB?raﬁ"ﬂgPﬁa Sﬁﬁé}@fﬁ P%cf?éizvﬁéiat "s‘?”t‘i"ke ‘msﬁﬁgﬁﬁéﬁqsgﬁ €144
may be one wppnmpedédtallmmzomdmetssa beandri igdrand anaplibraivheathsirt 128; aref er

fluid ther eh%@%ﬁ m eaﬂ?'n%to?ﬁ‘gt_)éeeﬂ?tﬁgé%@é con?%}.ﬁ (rf%g ﬁf l‘qe%ﬁtr er ﬂﬂ%l ude

at | east one heatl ng ene i IS re power
supply 168. ff@ﬁﬂi@m I !ﬂ anpties csodtodisnegb sthe élegfef 1%“&!@({'%@) yit llea@mna gas

source 156 heatiRg %\é‘rr%@'ﬂd t?aaﬁlsgé@ﬂeﬁ@cﬂg*'h%e&éﬁp&u@br%hﬁd}g%é bbidnafly, @

formed in the ge destal surface under the substrate he backsi de
gas i s usedPesifegns (et heliypsie)) raneraes sa%%%ﬁfwwdﬁed@a%s copdhitang
t he substratss f2¢hanhbis ta@ apy REASSE iNPe pbb@stan%dﬂsdeahndézmer@wstbe&e heat ed

by th nb t 144 t -St at t
conbi nat 1 on 07 PRORERR Shefs darciia e hEaRb e bR B Hamesti Aol ng
of the substheatubsti2@.12RlenDdring prosessiog.| the pbdéstalotddr mse be cheatedt hyathe

. e ¢
Phe’ Py 100t Abirdplsptel 708 1o% BB farg dtnnchither DD coblrlipd et 0 | ©"
processi ng bﬁwﬁackq@m@nt@cmfa@sw&wm hefatinghe! tig @hsimiede’s, as

di scussed below in further detail. The controller 146 nmay be one of
any form of jpgenahalconttli@osie comprisdsey cetralGescasing ieit (OFa) 1b6, axsetiolyn an

I ndustrial ?tﬁ':t ténrgigsnjp%ort circuits 152 for the CPU 150 and facilitates control of the
compenents of the processing chamber 100 and, as such, of the etch process, as
discussed below in further detail. The controller 146 may be one of any form of
general-purpose computer processor that can be used in an industrial sefting for
controlling various chambers and sub-processors. The nﬁemory 148 of the CPU 150
may be one or more of readily available memory such as random access memory
{RAM}, read only memory (ROM), floppy disk, hard disk, or any other form of digital
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controlling various chanbers and sub-processors. The nmenory 148 of
the CPU 150 may be one or nore of readily avail able nenory such as

random access nenory (RAM, read only nenory (ROM, floppy disk, hard
di sk, or any other formof digital 6 storage, |ocal or renote. The
support circuits 152 are coupled to the CPU 150 for supporting the
processor in a conventional manner. These circuits include cache,
power suppl semgecioodloreemelai Thy Stipwputdrmitspﬁe agd caupiadrty taanGPU 150 for

subsyst ens, $ rtingGhé ipkfRessbith h%\éﬁ@nh ﬁ%dThe%egc%ﬁifsauh{:MdéﬁéUhSd in

t he nenory or "ot her conputer-read I um accessi ble to
CPU 150 as ﬁo‘gﬁ'f%%'l'eé Flack F'FFé"ts AFELE’PH‘BPF ‘E}@P@W apd sHosyseMRapRd HsUene

may al S? lbeT;Ené Q{vteﬁtn%nﬂémb?ﬁé(g@nﬁrﬂﬁ dired |r$£ﬂé0rﬁ§l'n6i?ul4l(8né}totﬁé'r%m)putdﬂ-at
IS renote OC rom e n con 0 e

20, [o050] warge s At hs Hrie sBU Tl £ Sphiteirpiting: AlfEatvBle
enbodi ment  efichedotivaregroatisaiinay rasbdeusong apdfocmutag by asexons Ciesont bed
herein, thesﬁé%zﬂwta‘t “reu%%[ﬁ% tfttn th %a#é%ﬁrefoéeirﬁ{ c%%ﬁ@%h%?trpeaéﬂm?é&r S

OUtSIde the ran escr erern 1or per I S"Process I n

di fferent apparatus, such as a different etchi ng chanber and for
different s r at¥hilg fhesfollayipg P&%"%ﬁ&?ﬁ”i’l“ﬁbﬂl‘ iﬂ‘ﬁscmeetel“@f’@g‘%f?‘ 200
mm and/ or 3Q@hi & Bhisdtiatd asifg QrRREEING gasesead dascyibéd elbreit, aB€ SBvention

(ot U L heuhish Ot 0 o e e S S SRR °

chr om um ox{ati geriothsing abis pitotesas kdifferent pdppaciiust hsogh apha cliffegdrit odttEhlng '

fab t D t
abricationgyddnd,S a'n%C?E‘F ﬁﬁ@%@%ﬁ%ﬁ%@érz&suﬁmﬁ%ﬁ{Bh&ghtﬁ@giﬁ]v i duct x 0

etch other nmateri l'ayers formed on sUbstrates | and
photol it hogmpﬁnd@fr?@ﬁ"(tfﬂéubﬁiﬁt?flﬁﬁfte@ﬁMg f 00323CGeneral ly a
photol it hographic reticle includes an opaque |ayer, known as a

phot onask, dreaplsheBichProcesspti cal |y transparent substrate. The
opaque Iayer may conprise a netal layer, for exanple, chromi um or

another TRt ghdid!  SORWNG 1ohSNIROUELCliflioh Mfisfdibs BHE bABLAMER! ofs? BroRSsdd

phot omask. exanple ention contenplates paque
| ayer may cmﬁn%foaewbwgmt@hme& Gieh acghrerpiufgansk ghagmiumpxgpitide s v

t ranspar ent prRbBsdE! |n0$hdt$lﬂwo§|=3?.>ﬁfcr ti€le Jfalé’nohﬁorbﬁpaﬁbt{ntéﬂﬂflbﬁedthhp the
i ncl ude, but ot Iim

ri tran re avj ng
wavel engt hs CEARRSBES 66 PRAEHAT B8 QmyaLs aT BUws pgled . SHpaates i
t ranspar ent sérmmﬂmmvamdﬁtotdhtr@btaphnavemg mam&ic&mgg.hs of 248 nm and 193
nm

[0032] Generally a photollthographlc reticle includes an opaque layer, known as
a photomask, deposited on an optlcally transparent substrate. The opaque layer
may comprise a metal layer, for example, chromium, or another material known or
unknown in the ari suitable for use as a photomask. For example, the invention
contemplates that the opaque layer may comprise a non-metallic dielectric material.
An optically transparent material of the substrate 122 is broadly defined to include,
but not limited to, a material transparent to light having wavelengths of about 300
nanometers {nm) or less, for example, transparent to ultraviolet light having
wavelengths of 248 nm and 193 nm.

[0033] Figure 2 is a flow chart of one embodiment of one process sequence of
an etching process 200 suitable for etching a metal layer through an imprinted resist
layer. The flow chart is provided for illustrative purposes and should not be

construed as limiting the scope of any aspects of the invention. Figures 3A-3G
7



100331Figure 2 is a fTow chart 'of one €nbodi nent of one process
sequence of an etching process 200 suitable for etching a netal |ayer
through an inprinted resist layer. The flow chart is provided for
illustrative purposes and should not be construed as limting the
scope of any aspects of the invention. Figures 3A-30 7 illustrate
the conposition of the photolithographic reticle at points during the
phot omask f tostiate tipr @ospssitsr welthe ghotolithdbdraphic Iréiickt aatpeintd eufing dhes s
descrt bed ABRNGmhdk Blibh frofecel AORLT AP ATERFe Bfocd B AR aKove
conprising an ransparent nmaterial 310, "such as opti ca
quality quaﬁt&QW¢ased silica material, nolybdenumsilicide (MSi),
nnlybdenun1si|icon oxynitride (MSixi ?ly0z), calciumfluoride,

al um na, sappdi I e THe! subelidk nap| @ﬁaawfwmpﬁémg kb opficaMy «&aﬁbptamna material

t t h 00
0605105 Rl e bl e i P B
a metal pho{hssil kmblplydenymt yrpuomab:kyyntmﬂmrrpﬂm&ﬂh@zp heataion Nfjuoddles paﬂsra'tia,o n

t he subst ragf&pﬁgé &g mb:ﬁr?aq?n@ﬁlef V\’Fﬁ'n%ld;kin ovmp'%@ésis-gg ch%F{bgsuc 2y er

may be depoSi 'by conventi ona as by
physi cal vaptd sudpassthe posessnadhamberctirafFigute vapor deposition (CVD)
techni ques. The netal |ayer 320 is typically deposited to a thickness

bet ween aboybasp0 amé subSikdte 12DhauTaN bmawretal idyer 830 &4 aftal photbmgsk
nmetal |ayer,K 320 i rements o

diff d th
manuf act ur ePY&nd pf%gy Iff%’ﬂ%i?mgt ‘ﬁﬁ?f"ug‘oiaf’?gt) : eq#]gl Yibgyate Hréatgr%g%g Pf% or
net al | ayer shdwdO86 Figote 6Aal Trlye chrorrduh |layeefrhaycbe wiepositetli g cémidalionel ARC

I
350° The. AREESEE R PR fs afid a%grﬁﬂ%%cg?‘w%?@?%%ﬁ%ﬁ% PPy o
i n patterni wapor damqﬂiles (%Db@chirmueed & Mejtre [aypalRikis typjaally depesitesiRga
layer may bﬁmﬁnga%ttﬁk\?é&ya%ut' AP AL 108G PBEEYR! the Ehékﬂ@é@dﬁr&ﬁﬂétéi or

inpurities to form exanpl e a netal oxynitride |ayer, such a

chrom um ox{Aet P30 BagtHiftati hﬁ’ﬁ?‘%%?‘?ﬂ the @é“‘f?d@e"{?fe ok thermanyiastyag and the

deposi tion eémpidiRionet ik MaterRls BPihd¥ubIO 6l Matid@rmet al | ayer to a
sui tabl e at nosphere, such as an oxidizing and nitrating environnment.

Al ternati VetuXa nbt Egodﬁiafgé’l{“ i Yeﬂb&f"b %Satlng%ﬁhcr@yAﬁlf’ ﬁ?@rﬁ?ﬂﬁz{ytb%%med

conventi ona vapor

deposi tion erpvo)ormnsemsmot:ﬁ\p d&aﬁﬁﬁpdwﬁﬁmﬂaiw (WD)H @uﬁrnsqg@yed the

metal  oxyni jfdrsle Fﬁd{&ﬁnd&éﬁh&o kiR .ngéngmmefeta%@% REr Ridd #f wehe

total thickness of the_netal |ayer
opaque layer, The ARC layér may be a metal layer incorporating nonmetallic
contaminants or impurities to form, for example a metal oxynitride layer, such as
chromium oxynitride, Chromium oxynitride may be formed during deposition of the
metal layer or by exposing the metal layer to a suitable atmosphere, such as an
oxidizing and nitrating environment. Alternatively, the chromium oxynitride layer
may be deposited by conventional methods known in the art, such as by physical
vapor deposition (PVD) or chemical vapor deposition {CVD) techniques. The metal
oxynitride layer may comprise up to the top 25 percent of the total thickness of the
metal layer 320.

[0037] The optional ARC layer is typically formed at a thickness between about
10 nm and about 15 nm; however, the thickness of the layer may differ based upon
the requirements of the manufacturer and the composition of the materials of the
substrate or metal layer, and may be mainly concentrated in the upper surface of

8



mai The optional ARC |ayer is typically forned at a thickness between
about 10 nm and about 15 nm however, the thickness of the |ayer may
di ffer based upon the requirements of t he manufacturer and the
conposition of the materials of the substrate or nmetal |ayer, and may
be mainly concentrated in the upper surface of the deposited
material, such as the upper 30 percent of the thickness of the
origi nal et ddpasird ndedérial, Beh ehﬂ'@m'ppaﬁ Ixpecent bidkAe thidkbsssoflied orgiad t o

i T ol Safh: TH Cein RN ARIGAE bER Bl B Pl e

to effecti vetchingtwith qu@nohdzoais thano;b;ommmufms shiréduced amopetrad dxygen in

etching the . gé@n
| ayer gSOA |%UA éce%fglln% Bgs on t gb%{oﬁe@e@@tﬁ@%hrﬁ UHLE 0(i rf§{:)ene
embodi ment, CP'ﬁEafP‘é!ﬂ fehingine Dulipef mranalrl@g gRrgByuy MatsRek enper at ur e

resi st materlal which is defined herein as a polyneric material that
thermal |y dmmde miesnalayer ABON iesiepbsited oa hiodinefdb Qiyelegateatbidck|220Udn  an

anong. ot er one Sfpolfel 8 redirlaver AR AS LD ol onh S fre TR Bl
| ayer 320 viwhich ispidefinedahémipy as @tm&ymemt hatbrlarrmmtrtsinsallynQdeealat

330A may bet&‘ﬁ%gﬁbrtegdabﬂpé) Eﬁezégﬁg&heésaﬁ%mﬁzgn %Qarﬂgéhdfcﬁﬂgﬁﬁmludes

bet ween abo nm and

[0039] At bl 56%P.2@@nuiepiureddyi deva ﬁ%eram,amogguqﬂiﬂrs ' Thel resist fayer a0

i nprinted rﬁﬁiyiﬁe épﬁ\)}{&f 1&&@%@5@4}% \hzﬂat ﬁﬁ &ﬁﬁ@&c&héﬂeﬂbﬁb@d THe
Figures 3C-D. . In one gnbodl nment,. the (gg 330A i s contacted

by a patt er it Satgrial 3@ may; be, deppsiie *r'ﬁemétﬁ\‘ layeredddio AdRERNESE of
the layer BBMesmaﬁmmmmbebmtsoem@dsgmiv.dusaignm.wz. [Oat o] I n
one enbodi nent, the nold 390 is generally made of a material that is
transm ssiv engr, t '

provi ded to?oc% e t'ﬁe&%ﬁgtgﬁgtth%ﬁfag%vi?ﬁ%ﬁtpe"%}jﬁési% a(r:‘onF figd +e§‘8
the nol d 39tRyes 38PB.t Rt ShAWENINt e AeAUENSD Wepisted eifp Fighrest Bk %at't‘e?'?ﬁ 392

| eaves an i @}mbﬁﬁuehmé rlsisB Re0830AR é‘dﬂfa%@drtﬁ‘ysé Eﬂémé&%m?dcethf&rzm
the inprint esi | ayer

plurality of“oll‘g g S8 f?%&?‘%‘@@qéfeﬁ'%ﬁa%Gwmg‘%gglrn%}%‘ﬁlvgﬁ il

rai sed surfamﬁme&gﬁ., as shown in Figure 3D. The recessed surfaces 398

may be coplanar (i. ., have a common depth relative to the raised
surfaces 39 %n@%n%&nﬁle'n?'th@hoﬂ'égb‘?é Sﬂ{erﬁ&%‘{ 'd?'?asmatéﬁéi‘iﬂdt@e
substrate 1 |s en transferred to an etch chamb such as

transmlsswe o energy that cures the resist material. Energy i |s ‘provided to cure the
resist material which remains in contact with the mold 390, such that when the mold
390 is removed, the pattern 392 leaves an inverse imprint 394 on the cured resist
material to form the imprinted resist layer 330B. The imprint 394 generally includes
a plurality of recessed surfaces 398 surrounded by a plurality of raised surfaces
398, as shown in Figure 3D. The recessed surfaces 398 may be coplanar {i.e.,
have a commoen depth relative to the raised surfaces 396} or may be paralle! at

different elevations.

[oo41] The substrate 122 is then tfransferred to an etch chamber, such as the
processing chamber 100 described above, for forming the pattemed resist mask
and etching the metal layer 320 at block 240. In one embodiment, the openings or
patterns in the metal layer 320 for formed by setching the imprinted resist layer 3308,
Regions (later referred to as “pattern 3257) of the imprinted resist layer 3308

9



processi ng chanber 100 descri bed above, for form ng the patterned
resi st mask and etching the netal |ayer 320 at bl ock 240. In one
enbodi nent, the openings or patterns in the netal |layer 320 for
formed by etching the inprinted resist |ayer 330B. Regions (later
referred to as "pattern 3251 of the inprinted resist |ayer 330B
defined by the recessed surfaces 398 are etched through to expose

]E)ort i OES t helefiRidatly hay@éesaa&)suﬂai&gg gga afd e:aﬁémg:r@gnabteepwgdp‘ sEdmiéh Bs30C
romthe inpri i,st er as .sho re 3E e.
o nted 1o B Ry g 2 e R agb e mited oSt
chem stry, dayend3OB, ahehavane Figvendst Mpe imprintedadsisidayer 680 tnay be etthed

| ayer 320 d?ﬁﬁﬁ gnﬁ Eﬁle 5@&&&9@9} 8 sﬁﬁuﬁ%gﬂisﬁ‘?ﬁhﬁ@& ‘n?gtcmﬁe meta)

di mension o ern 1'Z1 ng
bot h t he i mayeh8dHdesssbed belayeior 53BN ARENINGeSIFehaying| t!agé#mmn of the

advant ageouphiferh %@ycq%mhhs tﬁwgéiﬁé cRémielh BIP f°83n BafeMe NEBhte@ reuRg 13yl h
sinplifying chanber desi his provi a cost and throughput

advant age aso@&ang t@%é@@a '@&%‘ %@nﬂ@@ﬂ?@?@syn@dﬁ?ﬂsg@edwl@é oheyoqees
el i m nat ed. 95%4%%&\' Aot simbmymg hﬁarmtrtdeé@edma%vme%mva/cmand

f d I t i 100 t | 1
usi ng a1 asdPo kB EHARRGOn 25icxES ghees Sa T er R R AN YRS ShsRyY Bo

patterni ng ébuingied. such as an electron beamemtter to formthe
pattern 325 that is used to define the.dinmensions of the feature

definition tRede frﬂfe?r%ﬁﬁdeﬂ{ hé B&maék%b&%efhm

metal |ayer 320 then is processi ng nber 1 OWI ock
250. The paift BerEoqessiag Ch%FPH%'nquot?Vs%S'Fa'fYH@"]Qa% i@?hpé?y)'"&ﬂé‘ﬂce or by

transferred ab&hémdﬁmeabnd@y@aue%ﬁg lonévies, datin s tancels@ionl bdany emitle? to

expose the cal | I substr erial,
optionally, %l %ﬁ\%ﬁﬁ‘%{“%‘s g%%{/m%ﬁﬁpéﬁ‘@a\”?”??"s ?N;'eeggﬁng‘\ﬁ%lfj?‘f@'tpﬂgo
openi ng 335beﬂ‘c0ﬁéd]rﬁhei‘net@lagér@0posed portions of the opaque netal
| ayer 320 occurs by generating a plasnma of a processing gas by

supplying ap I CeTHRONRIGuENHAET Ia r%z@sthé}m@eétcﬂe@ ih fige Ffo@@&'ﬁﬁ' ¢Hmber

chanber 100 e roceSS|n or etching e netal |ayer 320 (and,

in one enboap%trﬁ th"ﬁg Tﬁﬁﬁ’?ﬂ?"@ﬁ(‘@eéji"%‘i"si"a?@ﬁhgi?éﬁﬁmg'%ﬁ)e?rﬁlt’IaQSfe”ed
i ncl udes antmyg@mam@&t aeunbylgtcgmg theametal 1aydrne efpab A imiBrgag opit@iyd

hal ogen con a|n|n ne. e nert

ot oded. i n et SBStethinJatEs g SRT, a0 AGURVRE AR PR A G4E Fray

i ncl ude at bgaﬂ&mﬂnﬂhebpmxmgﬁm (0, 02, or 03), carbon nonoxide (CO,

or carbon di oxide (002), anong others. In one enbodi nent, the oxygen

contai Ni Ng fafy i S ML B bﬁpd&é&%ﬂmﬁ% theTB@aném&a |ﬁ§>é?t:§§onbd&9rsgé\,s

provi des a source of etching radicals. Carbon nonoxide (CO
generating a plasma of a processing gas by supplying a source power andlor a blas
power to the processing chamber 100. The processing gas for etching the metal
layer 320 (and, in one embodiment, the imprinted resist layer 330B) generally
includes an oxygen containing gas, a chlorine containing gas and a halogen
containing gas. In one embodiment, no inert gases are included in the processing

gas.

[0045) The oxygen containing gas may include at least one of oxygen (O, Oz, or
Qg), carbon monoxide (CO), or carbon dioxide (CO;}, among others. In one
embodiment, the oxygen containing gas is oxygen is oxygen (O.). The oxygen
containing gas provides a source of efching radicals. Carbon monoxide (CO) and

10



carbon di oxi de (CO2) gases, when sel ected, may provide a source of
material for. form ng passivating pol yner deposits, which may inprove
etch bias. [0046] The chlorine containing gas may include at |east one
of chlorine gas (O 2), carbon tetrachloride (CCl4) or hydrogen
chloride (NCI), anong others, In one enbodi nent, the chlorine
containing gas is Cl2. The chlorine containing gas is used to supply
hi ghl y r eactcaben digxidedCO:2)k grses.cihameeleptadamay pyeide igeurss obpatpsial for
cont ai ni ng %&iﬂﬁ¥éi@ﬁg§p@ﬂﬁf@%o&fs, %ﬁi@ﬁ'hﬁg ihpelec@bispiagld components,
such as carbon tetrachl oride (CCl4) gas, that may provide a source of

it ¢ . . . _ s . .
ctch bias. OM7 T BRREEBMEAMIRAL KB indiBR APha onditk ol aek TBEL Y ©
hydr ogen br eaibde t¢#Bhloridd(@Ebhen hydrdbere cilptide, (HGI), famangontbedsantn one
(CHF3), sul ferhobimedd, ltl‘réocf]h'ldiiﬁe (:§ﬁ§i}1ingp§§(%fdlz‘ﬂofhg%rbﬁﬂ@c&%ﬁngbaﬁfs used

ot hers. The halo as nm e

ammoni a (NH3), arr[)a!rig1 I I 3en cont al ni.ng ga; y b

sel ect ed t o !¢ siAPlyEghI% IRactive fadicals te slchiie Rrelahlayaty Bie difaripe cpMeinipe 838 st
and reduce etfiteliaddurck @04Bhihg rNRIsREREnIBRNnts, bith dxafdRnerRlonta NY
gas is hydrz en)r brom de (HBr Hydr o%ep brom de rraé al sq be de|ivered
to processi ‘gC‘F % U1 NP B0EdesRSAYPO AT BrRteRahfar imig RastIating MeYMERt
as hydr obr orfeposits, whichlmgy inpregerchdgayt ai ni ng gas may be used to supply
both reactive radicals to etch the netal |ayer as well as hydrogen,

whi ch may r%hﬁe | [fYeX g I, | Ghe
phot or esi st " an rrte*mtc\falilI Hélﬁ%éfmgﬁﬁm?%généma% E)%eatcf\%ées‘r?zjtngy nkga?%gr\(%? eslggve
desired cri (i@l hyireaensiogig , (Han driflugfamsthanat EhiFph syifurs brsglyioride (SFe),

chl orine combgdiibREhEAS (GRS o Bpnttalaqeer), 8ABAGALAY TEA$ald8d &taining
provi ded in r rati a

a nol of chl orine containi s to the hal ogen
Cont ai ni ng. §45BEPRSERCER SnerFaReriha Aleh SpBHGCE g o piclysPat
chl ori ne t orddude eghbidsr om de nol ar rati o between about 10:1 and about
0.5:1. [Ooso]Optionally, the processing gas may al so include an inert

1 To i on: ; . _
gas whi ch, vl [ Ol cedeABodiAbh, e msgs@egtfrgm?éﬁaﬁgé Mooy bromide ng

processing gas, results in sputteri ng € > se ' the et
rate of the (fRat (ivaegenrpeomife uycaisobe dpliveied e PiREesHRI Famt arppauenis

plasma may absforeBNIACE i GRBUAJoRPoRENt tAREhAREHYRICPEEE.C SThd) GaBases .
Consequently, the inert qas hglbcps t& cggtrgll th(g rladleill ‘gtch rlgte.
The etch ratB"ARPIKES CENDEHSFRE PHPYLULREMe radtels P ehia mady iver
Exanpl es of aknediit agagdregem clhiche may geduceAphotorbedti and (el etahecates( hled |
xenon ( Xe), i j ‘ . i n
and el i utn ZASVALE o 5fbabresREG GER) HBMA0 T mbldRE Blerolnd hd HroBlid
conpri se betagited chticsdidimgnsiona, ard pwrevereichdnad. about 40 vol une percent,
such as between about 15 vol une percent and about 25 vol une percent
of the totaleogs ftHunchibine BentdIhiAG @R6 - arkiOthe MalseldB dontairihdigad Gnay be

initiate the plasnma prior to troduci ng.the etchi rocessi.n as,

Lhe | aort " Doebidd TR s heeliah of MG pR S ik Peb e ais ghe

100 vol une pewmeenizbadt fohicamt simms 8.5¢0a forleedple, a chlorine to hydrogen bromide
molar ratio between about 10:1 and about 0.5:1.

[0050] Optionally, the processing gas may also include an inert gas which, when
ionized as part of the plasma inclﬁding the processing gas, results in sputtering
species to increase the etching rate of the features. The presence of an inert gas
as part of the plasma may also enhance dissociation of the active processing gases.
Consequenity, the inert gas helps to control the radial etch rate. The etch rate may
be controlled io be center fast or center slow. Exarﬁp[es of inert gases include

argon {Ar), helium {He), neon (Ne), xenon (Xe), krypton (Kr}, and combinations
11



[ 0051] The total flow rate of the processing gas, including the inert
gas, may be introduced in to the chanber 100 at a flow rate between
about 40 sccm and about 2100 scorn for etching a 150 nm by 150 mm
square photolithographic reticles. The oxygen contai ni ng gas may be

i ntroduced into the processing chanber 100 at a flow rate between
about 5 sccm and about 1000 sccm for exanple, about 20-50 sccm The
chl ori ne conberkef eigvhichsaraeryanshslivm parigaretslly nsasl. (The inprasees iwhgn obethber
100 at a fl quuy c%gg‘;r@é b&%&#%bu@B%ﬁjn%ﬁ)e%ﬁ{‘ar%‘%oﬁpm%ohﬂrﬁé)ﬂeré&ﬁrébchf or

exanpl e, about 300 sccm The en_contai ni ng
i ntroduced ia%t§Wass ahedlcEx\Qlge E‘?’fﬁ‘?ﬁiéﬂd fbeyi£p V&‘“f‘led‘\‘ﬁ’?%‘l gf %? Hdt9REen

about 0 sccrwarter mqubcewo Fs:cmmmé @mk.ﬁg mhume the blaema pﬁbmt intlodaciBgcm
S utl

When the in il[é l%%s h I_kwrate bet nao i(im and
about 100 scchf P8P Pé‘%?ﬁﬁ%’r‘-’eg% ES'"% gAY MRAYOBRISS ‘?"%Pé' H€5 Aml

i ndi vi dual epred:ehbaraiabgasm‘olwmlnleqferttehemph@mesmsrggsgaaies may vary based
upon a nunber of processing factors, such as the size of the

processi ng &b@ﬂberTﬂ&fbtalﬁIBﬁ r%zo@tﬁgprﬁ)@l%sﬁ? Bas idiRinkABe Rk hs, may be

processed, and he specific etch |nq rof i desired by the operator.
gl oss] Gener é'l'tf"gﬁ“"%g 'Ed%hf’ecrﬂlf'bﬁ'bma 1a8e ratsy belesn aboyb AP sqem pad ghoutess
i's applied toag@Bcdnifbi@tcBihg @IS0 nirf by @ B8 Fiad &;uambmwtmgﬁpmcpét@%amé

bot veen abolTTRNRIBE M TRIE oo Tar B &Rtse-PobResrerla 2 6oy o
800 Watts oratalbetweeBCGBo@EDsddat arsd abw*sﬂhf@esmcmbmeexmmble Gabputrd-8escom.
sufficient Basyp Ré cérﬂﬁmﬁégg&%ﬁlﬁk%g urﬂfagﬁéeeld ave n@&é‘s%ing'&ﬁarﬁb'@r%aaﬁe

surface. The reci ed sou éen obsérved to
produce suf fa taverate of bpiwagn uab@utc?él sscarrhdpabioyh#900zsecing forrexdinglgl sbdut om

the processig. Sﬁé‘%@zﬁnt ?h@h&lbgém@on ?éi: AR} 5d m&réd’lﬁc(ed ‘thé BRS%8:8ng he

substrate while provi a su ICI en | ow power | evel conpared to

prior art nehamber 1y fb‘r%g@ﬁ’s‘é‘@ °ffllﬁtw?%at$%‘5§t§c§{"eartdeﬂw AP0sEEM 7 be
?bouttﬁSO d%gér:aﬁla E@M@b:?l&b_@ut i- Bséi:_cm nﬁ%ﬁﬁwmgl %hs .ta dmnaa? ltaoaw rddé
ess than a i s i o _the, substra 0 incyease
di recti onal %Fbj”e{}{ﬂ Q’I‘?V\aé ERT Y %@ﬂ“ﬁgpé S{FPhioF &3eple 2?’ ‘E%ﬁ@"%lﬂ’?ya Fé of
t he substratpeoviki®d. A bi as power of |ess than about 100 Watts nay be

used in the etching process. A bias between about 15 Watts and 20

Watts has be@Bjobsehe @iiivichal bRy téll gabf fidved smhedbrb@é‘sfsingr@sb&w A vary
etching radicals duri 2‘8’ the etchi nfgwprocess [ 00551Ceneral Iy, "t he

processi ng CREFFHEPOHR SUabeE of Brogesshgpried: sethwes Heaties, of ‘i‘erﬁr?qqsq'BQr

and about 4@hambéri T, rthe lsize 0dicthe reapstiat@ b2 Helhg pro€sesed, CandSthabdpatiae ned
bet ween abou orr about 8 mlliTorr during the etching

process. gl 3&3‘:“'(9 pgﬂﬂ)esqersg?%gg%ﬁ OP€ 50 mai ntai ned at a t enper at ure of

about 150 degrees Cel sius or |less duri ng processi ng. A substrate
t enper at ur e W98ow @peRIRlYL BosQies BEspawser dovgh ob abpidsEH0RB SWaltsh prgss Heat

degr adat i on aphlicdad ah irdustor §oiléd &%rét@&h@éusf@ﬁ sbnaéﬂng of e RRAELEGT, gfked he
substrate durlglggthe hotolltho L?C reticle fabrjcation rocesses
with the pr QUi %‘g@ég‘)@@%cﬁ il ggleqemee?@gog%yapgtagdta;\%é PR ure
bet ween abowVat) sdtﬂg ba&&er@%beutwﬁ @800 abatist orl&kbud @go-e6S vfaiss hes be&®r
exanpl e bet ut_ 20 de ) and about 50 I ees.
Coter e, P BEh Lol bicithe SHRY iarel 87 kR o B 3NG, $R%af ek Re dbe
degr adat i on sobstiate: surfase. dhs pexsted sonrcehiBF golst leakle Have fimee . observed to
produce sufficient etching radicals and polymerization radicals from the processing

gases to etch the exposed metal layer disposed on the substrate while providing a
sufticiently low power level, compared to prior art metal etch processes, for the
substrate temperatures to be about 150 degrees Celsius or less.
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t ownAn exanpl e of the etching process is described as follows. The
substrate 122 is disposed on the.support nenber 124 and a processing
gas as described herein is introduced into the chanber 100 and a
plasma is generated or naintained to etch the netal |ayer 320 by

i ntroduci ng a processing gas of oxygen containing gas, a chlorine
contai ning gas, and a hal ogen contai ning gas and generating a plasna
fromthe prde®dsi néegerally, Fhblap pawersof issyybae chedR00yWallp isyappliedtoshar ce

RF power to @Bs&aﬁ@%& % wfé:%alsefdﬂe&ﬁﬁa @Bﬁm@%nﬂ%&%&w%iﬁ' essRt & hihe
processi ng gases url gﬂ he et ching process ias power 1's applied

to the subst§uipee elippSsHbstau 122rhA biasdinwe oplest thee aﬁ"g”‘pkqofWPﬁ%ﬂ‘aY §e
et ch t hr oughusebien (rRCaBHingl pfeegsNA bids bdtRedrTalidub tiedvaiRsShred 20 Y6 1380B,

h h h 320, h h
el asnm TR RCAPOPY B rHEofR AU ool el 44 Fasls (P e

of the procesgshiggwomsaponents may be adjusted to be different during
the resist and netal etching steps. Endpoint of the netal |ayer 320

etching pr oqaﬁs%l nameh@rampmetﬂac?e%s;hycﬁé}nmwééa.hre%ma%d%thrabout
control. poss ternativel an ARC materjal as described herein

is formed on' PHECHeAN aqogg,@ m"ﬁ?é’ ARenRamiedimentdie BEssiEeR aaniped

the netal | ayaweshlibbiid3 Wi offeind kbba Banilligbre Bumg tis OEWAG pREedsRY be
renoved by an etching process before etching of the nmetal |ayer. An

exanmpl e of érl b?bg hs'uﬂ afi’c{ 2%5@? a%'Bdm faftled! %\pfrten‘?ﬁquihr%gﬂﬁli@&ﬁslﬁo' S

nore fully at'es tent I'T cat
10/ 803, 867 Cfeigre@a Qﬁ*ﬁwa@rclnsqgurmgmesanm énsubsiralel terparaticeSiaigy ph@iess

For Et ching ﬁhodégfﬂé%‘@elsmé 8PRss ThS nﬁﬁlﬁﬁl Réht %?ﬁé@ﬁ%nd&%ﬁétbmﬂg Juek @k N
provi des good critic i mepnsion transfer o

inted featuyres
phot or esi st rP%l?eWa'PBgﬁhF’?Rﬂsﬁ?ﬁ rayBE . SUE%tb”é%]dAF’?%Fheeggq‘??'ﬂl@gﬁpht"n@t' Het al
ls%gr 320b| Sfamﬁﬁdrg‘pl?dt.essbh@lth&ﬁ@lpmcﬁgsuﬁgégazééb deBéribet dHeredd. THmesdbamﬂé
may be .renmpyv r.om t trate at [esi
e ey BR Gk e At AL RrdBesoats B i tf Fol e Qi B S,
ot her resi stexampb\mmaeemnutﬂmdegae_esﬂmmm aral dEpgtLBOGdefgfées Celsius, may be
poenQpt | O”a'J tﬁ” 4R 9d E{E.‘reesr \iith mmﬂsﬁ%]t@e Y materi
S Br cClal on of Eh

attenuating ase ot onasks to | ncrease

et chi ng pat t& serqﬁrrﬁba Sb‘?ﬁt'lﬂtﬁesuﬁa@ﬁstrate by increasing the resol ution
of the light passing through the photonmask. An attenuating nmaterial,
such as nol ydanumAsiekarapld ef (hb/tbﬁih)ngqrrodéss iswRbtribed bb ellows. wStMetrate

di sposed bet pPAaHe t he o tical .
ranoparent 28 dlBERARE IBhAY moE! 137 dnd A brh{SaER opf 3 dbsgrvgd
deposi t ed orhetdireisaptddgedd ipto the nuelreg 100 2ot 8 pleate ingenemtede Maittegedt ed
in the optigal

opt 1 cal 1y + rareh the MRARRRF a2 W SfcBlng WIS TR PGl BELA0 etalking
material i s WasHShleEng sopRBing gss: ARE & kalegeaceontaining ga aﬂ@;@@smmma of
the metal | a¥fmaddh thelBoddlsbifg yad. TRE piBkgIid eénefmé/d Qeaﬁp%@.dsm‘ce RF

depositing and 1patternl n a second resjst material on th

pattened netPgiveiq r'ﬂ%%J g1 Iagsaerate Y sHskin 7 plasga ﬁﬁ%@ﬁ%swg gAsae k
270. The seainﬁmb theséteiingrpioeedsalA mwp@.earp@hmvéado s suwrratetsungmam

t chi t
Chctor 15 o LB SRR Pl SR md SELARH gl 0 e
substrate i tlrsglirﬂed fesisp fRyepB3aa, ehenrm;oubh tmmmetalbtayett 82k dtilizing hheamthout

etching gas lshiﬁ@ 'uﬁ @9 m& e d RS Hebriel PQ*l' 06&;?@@ tdﬁqm}a

of etching t transparent nateria I'con- based
mat eri al , aﬁ’i!?- &@t’%ﬁﬁtﬁﬁ%@mﬁmfﬁ may de erlusied te bp siffezant dqvm tﬁg repist @nd

]tlu: leé gﬁs% 'nﬁt@ﬂ didhitdisleBd. FERlpSAt BANRNmeAPRIyEL 8bd QRnNG- prdQsé 3day’ 89
: ¥nomtored by an optical emission endpoint contral,
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2003, and entitled "Methods For Etching Photolithographic Reticles",
and U.S. Patent No. 6,391,790, filed on May .21, 2002. Noes] The above
descri bed processing gas conposition and processing reginme provides
control |l able etching of openings or patterns with desired critical

di mensi ons. The etching of the openings or patterns is generally
anisotropic with the use of the processing gas described herein. The
ani sot r opi ¢ [958k es Allemativalys ihan dRCaMmatddploss destribad beéreinbistfomrdosn thee

openi ng at ambtagﬂﬁér, hetand ma@nmﬁ&rue%m@veém‘ tﬁé %ml Sr &J‘nng bR metal

opening. This results in materials on the sid t he Openi ngs

bei ng r enpve@Y&teANGORIBFESS A é“%yrﬂfn’el’f‘&t'@r 2 eEH'"B Pﬁ’é’cﬁﬁﬁ P‘éfﬂ’é’ gghing

openi ngs. Anthetredalphpee 6 &aiplebicate ARC hchigdsrobdsk san@fméthiiagp edhings
at a slower rate

211w ng. T or PR S REre L Rphad IR U B PRI abP r e & 03 peT e
openi ngs bei filed e Maed, 18a2a04, aitbentitiedtiulti-Btgp PracesnBortbicting Pladohadks’. e
the foregoing is directed to the exenplary aspects of the invention,

other .and f ugpidger a-‘ﬁeeéiérﬁng)bmt:&% aémdw me.womsd@o\bu%ﬁmcwirh%on

departing fromthe basic_ scope thereof he scope thereof is
det er ni ned bkﬁrlsf?é%‘r‘%l“ﬂ%"ﬁ‘ PatPEﬁSIPBW‘Ws'S’\Héi’S'ﬂ%Wl“ﬁb‘éyﬁfrs 1. A

nmet hod for processing a photolithographic reticle, conprising:
posi tioni ng mesbl d After atchingeof td medd iler 680 é cahpleted,pibs admeining resist

reticle havi fidhe efaiBR R 1 Qpééﬁi‘?ﬁ.ﬁé‘béx%oxfe‘arfm%?t “?u%Qtré}?HbEraalt'b)éq 260.

transparent SU strate; UI’ resi st materi
removi ng t heTheotegist walegahpaybe fomSVEh by B¥PosWe te @n edygessilasmanpipesss 0T

pﬁs'n{) i oni ng §iher rediRiréRbRihecBitihed, 8s Sbwh is FRRBRIdg.menber in a processing
channer; :

[ooe1}  Optionally, an attenuating material may used to form an attenuating
phase shift photomasks to increase the precision of the etching pattem formed on
the substrate by increasing the resolution of the light passing through the
photomask. An attenuating material, such as molybdenum silicide (MoSi) or
derivative thereof may be disposed between the opaque metal layer 320 and the
optically transparent substrate surface 310. The atienuating material may be
deposited on the optically transparent subsirate or may be integrated in the optically
transparent substrate during manufacturing of the optically transparent substrate,
For example, if an attenuating material is disposed on the substrate surface prior to
deposition of the metal layer 320, the attenuating material may be formed by
depositing and patterning a second resist material on the now pattemed metal layer
320 to expose the underying material at block 270. The second resist material may
be pattered by imprinting and etching, as described above, or by conventional
techniques. The underlying material of the attenuating material, or the exposed
substrate itself if appropriate, may be then be etched with an etching gases suntabhe
for such materials at block 280.

[0062] An example of etching the optically transparent material, such as silicon-
based material, and attenuating materials of the. substrate 122 is more fully
described in United States Patent Application No. 10/437,729 filed on May 13,
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etching recessed regions of the inprinted resist nmaterial to expose
portions of the netal photonmask |ayer using a plasma forned in the
processi ng chanber; and et ching the exposed portions of the
nmet al phot omask | ayer through the inprinted resist material using the
pl asma, wherein etching recessed regions of the inprinted resist

material further corrprlses Erow ding a first gas mxture from
whi ch the pl2@)%aand mﬂeﬁed\ﬂ@tbowﬁorp sbiag Sthelplitiearapbic | Retiglest.i asd Wis

M Xture conppitghtid. grggwy@emm%aygl pgh0as, a hal ogen containing gas
and a chl ori ne contal ning gas. The nethod of claim 1, wherein

Compr i Ses. Bt T3 Q?megéegﬁ’wﬁ?&a% oo SRR AL ROl B e

inert gas compvides rmgntadlieble Btchingalb uipedBgpeorc gatterns| u'mle désirethecritioslal
ggf . Toﬁtsugfe %na r[%e ﬁﬂt@h%tﬁ’@ n@fa{(ﬁﬁleadp%ﬂx?ur t;ﬁéﬂ’e n%;%ﬂérﬁ@ LhSstRpR R
providing a %’éé’@ﬁd’f Q@spfﬁ?%lugéﬁ ﬂﬁﬁfm berein. Eih@gnrﬁotrcwlcr poeRsg TBMoYEse

processi ng cma@hﬁrde Béi@d%%qa@@oﬂaﬁ offinét dafin %Wrﬂtg?'lei“ﬁaté‘%a‘ﬁxrﬁ%ﬁal on
cont ai ni ng gas Pﬁ_'eacont ai ni ngégas an orine contalnin

gas. 4. Thé ﬁe?q?a"é' PRAMNG- WHBIP JFFHItE IR HNFiriale OB J8e gidewdin Ak heT

t he : rrp[] i nt e@behfe.lgs Beingiednedvied lat anﬂvegm@tmg rﬁdfana@mme@oﬂmé bogpenmgs.t he
net a pOtO sk er ar.e or.ne

Thanber " AR fouor e i b8 ISl b of e cRobings RUSRBRSE By wi o
conpri si ng: less likely ip oearetclo tiergideavalio hithwing far ifripreved Ipa@sewamdn ofdlse ertical

material dis {?@ﬁﬁor%’bfﬂmerogytﬁblﬁéﬁgégﬁé’ér%daaﬁ?hﬂ}s Eﬁ’é;%& rtmé B formed

on an optica ranspar ate;  'curin mat'erial on

the reticle; renovi nhq the nold to | eave an inprint on the cured
resi st mater le the foregoing is directed to the exemplary aspects of the invention,

other and further aspects of the invention may be devised without departing from
the basic scope thereof, and the scope thereof is determined by the claims that
follow.
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positioning the inprinted reticle on a support nenber in a processing
chanber; etching recessed regions of the inprinted resist material to
expose portions of the netal photomask |ayer using a plasma fornmed in
t he processing chanber; etching the exposed portions of the netal

phot omask | ayer through the inprinted resist material using the

pl asma; depositing a second |ayer of resist material on the etched

net al Sggt o.g_%sa!k.laéer_; patterning the second | ayer of resist material
to expdsgdy ing material; and pl asma etching the
exposed portions of the attenuating nmaterial through the patterned

second of resist material to forma phase-shifting photomask. 6. The
met hod Tof cPanei®d fehBraseasipata mqiolﬁgogrﬁéh@é@tmg. ¢ppRising: resi st

mat eri al _fubbﬁ%n@@%oﬁﬁ%n E”ngéP&# i éﬁﬁPBg !aé%erongé bk Having a
mat eri al ; et ching recessed regi ons of e |Hpr|nte second
| ayer ofetalshaibmank éayieaforhedexrpas epficallyi temspaferit Bebsttdtenuat i ng

material. 7. A pethod for processing.,a photolithographic reticle,
conpri si ng: cunngﬂ?eri@@gsitmag g Pt ?é?[ig"%?'e on a support member in a

processi ng eAABRARE theViRIEtdchlE ahGinpfih€orf HEEUrEE fedstTRbRkiaphot omask
| ayer fornmed on an optically transparent substrate and an i nprinted

resi st nmat eppailiodiagdke freprigad refécleren a1 sypRerianeker i@ processing chamber;
Ly ehc! 10 RiBPRERSLA BatnCOILESHARD, RUSHaCAN B DSRS0 o
pr oces shenmetdi pioenask layer using a plasma formed in the processing chamber; and
etching the exposed portions of the metal photomask layer through the imprinted
resist material using the plasma, wherein etching recessed regions of the imprinted
resist material further comprises:.
providing a first gas mixture from which the plasma is formed to the processing
chamber, _the first gas mixture comprising an oxygen containing gas, a halogen

containing gas and a chlorine containing gas.

2. The method of claim 1, wherein etching recessed regions of the imprinted resist
material further comprises:
providing an inert gas in the first gas mixture, the inert gas comprising about 5 to

about 40 percent volume of the total gas mixture.

3. The method of claim 1, wherein etching the exposed portions of the metal
photomask layer further comprises:

providing a second gas mixture from which a plasma is formed in the processing
chamber, the second gas mixture comprising an oxygen containing gas, a halogen

containing gas and a chlorine containing gas.

4, The method of claim 3, wherein etching recessed regions of the imprinted resist
material and etching the exposed portions of the metal photomask layer are performed

in-situ in the processing chamber.
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etching recessed regions of the inprinted resist nmaterial to expose
portions of the netal photonmask |ayer using a plasma fornmed fromthe
processi ng gas; and et ching the exposed portions of the netal
phot omask | ayer through the inprinted resist material using the
plasma. 8. The nethod of claim 7, wherein etching recessed regions
of the inprinted resist material further conprises: formng the
pl asma from an oxygen contai ning gas, a hal ogen containing gas and a
chl orine containing gas. 9. The method of claim8, wherein the

et chi ng, r ec@sgRthddedr gr&e@&ngmephdmﬁhag@ghrc%tuab é&ﬁs.ryﬁé further
corrprl ses: provi di ng an | nert Xygen cont ai ni ng

Wi
gas, the halPegdianivers aiokd ﬂ@ agfst laver Q‘%@S'@hﬁt&t@l‘l?é dispased Anrigreggle, having a
i nert .of a total

gas. vor gl EARGrRk ey flimou oo oL rRREERRN SHEUITE 7 7

wher ei n t he cpling the msimmate:naildrythécveﬂ;cle;ot i nclude an inert gas. 11.
The net hod of cl.ai n_etching, the expo ortjons of the
rotal phot oRBRVINERs Mol 1 ERve Gmealon the SR GEsB TR s

fornmed frompasitieNingaRe %Bﬁﬁbﬂ'r@ﬂ:l@é&a sugperiodempeP i élbfbdégsﬂ@%héﬂﬂbe@
chlorine containing gas. 12. The nethod of claim 7, wherein etching

recessed re§t@Wg mcecSﬁ@d|rﬁglpnﬁtcédheémpglntq%te@tstana@ﬁal & eNpoRg perdions of

expose . r situ
oXPDsCth 29821y P B LGB B R BB

conpri si ng: etirasthe exposed gooinhs afitbe nodtal ﬁimtemas‘aﬂ@jaraihroogh ttheeimprinted
et ched net patterning the second | ayer of resist

mat-er i §?5'§§néﬁeﬁ'8£ﬂs'ﬁﬂ%ﬁef %ﬁ%l ng material ;

depositing a second layer of resist material on the etched metal photomask layer;

patterning the second layer of resist material to expose an attenuating material;
and

plasma etching the exposed portions of the attenuating material through the

patterned second of resist material to form a phase-shifting photomask.

6. The method of claim 5, wherein paiterning the second layer of resist material
further comprises:

imprinting the second layer of resist material;

etching recessed regions of the imprinted second layer of resist material to

expose portions of the attenuating material.

7. A method for processing a photolithographic reticle, comprising:

positioning a reticle on a support member in a processing chamber, wherein the
reticle comprises a metal photomask layer formed on an optically transparent substrate
and an imprinted resist material deposited on the metal photomask layer;

introducing a processing gas comprising an oxygen containing gas, a chlorine
containing gas, and a halogen containing gas into the processing chamber;

etching recessed regions of the imprinted resist material to expose portions of

the metal photomask layer using a plasma formed from the processing gas; and

17



and pl asma etching the exposed portions of the attenuating
material through the patterned second of resist material to forma
phase-shi fting photomask. 14. The nethod of claim 13, wherein
patterning the second | ayer of resist nmaterial further conprises:
inmprinting the second |ayer of resist material. 15. A nethod for
processing a photolithographic reticle, conprising: provi ding a

reticle havi .a tal phqotomask |ayer fo on opt,i cal .

{ ranspar ont LS i SndRad i ke aLnomask e tiePotihe impinted
t he metadisiatPiaRaking ¥¥eplasma. etching recessed regions of the
inprinted resist material to expose portions of the netal photomask

| ayer in a first etching step; and et ching the exposed portions

of the ta i i ; i } J

o secotl et CRiICERAS AAKET, MBRHPBICHIE (oRBEA) REidREb e TR o
st eps umatkrizldughed asnprifest med from a processing gas conpri sing an
oxygen cont ai ni.n as, a chlorine containi,ng.gas, an hal ogen. .
Contai ni ng JANG 1S Pasinadiom Ncpo@y; santsMiny aei 4 Nelpeshy caddining, gas
utili zegdiachetihe gmafﬂiﬁgs@a@nd second etching steps have different
rati os of oxygen containing gas, chlorine containing gas, and hal ogen

containing gas. 17. The nmethod of claim 15, wherein the first and

second et chifig SLERY & Bakf's UHBGin! el AENRBTRCREQRPRR)IGHE S Mhprinted

resist material further comprises:
providing an inert gas with the oxygen containing gas, the halogen containing
gas and the chlorine containing gas, the inert gas comprising about 5 to about 40

percent volume of a total gas volume used to form the plasma.

10. The method of claim 8, wherein the plasma substantially does not include an

inert gas.

11. The method of claim 8, wherein etching the exposed portions of the metal
photomask layer further comprises:
forming a plasma formed from an oxygen containing gas, a halogen containing

gas and a chlorine containing gas.

12.  The method of claim 7, wherein etching recessed regions of the imprinted resist
material and etching the exposed portions of the metal photomask layer are perfermed

in-situ in the processing chamber.

13.  The method of claim 7 further comprising:
depositing a second layer of resist material on the etched metal photomask layer;
patterning the second layer of resist material to expose an attenuating material;

and
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plasma etching the exposed portions of the attenuating material through the

patterned second of resist material to form a phase-shifting photomask.

14.  The method of claim 13, wherein patterning the second layer of resist material
further comprises:

imprinting the second layer of resist material.

15. A method for processing a photolithographic reticle, comprising:

providing a reticle having a metal photomask layer formed on an optically
transparent substrate and an imprinted resist material deposited on the metal
photomask layer;

etching recessed regions of the imprinted resist material to expose portions of
the metal photomask layer in a first etching step; and

etching the exposed portions of the metal photomask layer through the imprinted
resist material in a second etching step, wherein both of the first and second etching
steps utilize a plasma formed from a processing gas comprising an oxygen containing

gas, a chlorine containing gas, and a halogen containing gas.
16. The method of claim 15, wherein the process gas utilized in both the first and
second etching steps have different ratios of oxygen containing gas, chlorine containing

gas, and halogen containing gas.

17. The method of claim 15, wherein the first and second etching steps are

performed in the same processing chamber.
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