ETCH NG OF NANG | MPRI NT TEMPLATES USI NG AN ETCH REACTOR BACKGROUND Field
[ 0001] Enbodi nents of the present invention relate to the fabrication of
structures using nano-inprint technol ogy. Background of the Related Art

[ 0002] WV nano-inprint technology is utilized for the fabrication of mcro-
and nano-structures. Nano-inprint is a mechanical replication technol ogy
wherein a nold is pressed into a UV curable resist that was spin-coated on

area 1 cads (ETGHING GOF NANO-MPRINTIEMPLATES USINGS o 75 Theh
renoved [ eaving the invertgNETCH nEﬂg'lponepl ica of the pattern

formed in the resist. The thin portions of the inprinted resist are renoved
to create openings in the resist layer, formng a mask that is then
utilized t BAGKGROWNDor nore |ayers underlying the resist. This technique
enabl es fa; Jn gh precision printing down to 10nm spacing and pattern
fidelity to o | arge extent. [0003) However, nobst conventional etching
processes, [0sugh aEmmlmhtsh|0hgthehatesemtemenhnretrelhta dot thepfatwichyon afe not

suitable f cl’tlﬂgé’ﬁélwngﬁc? rﬁﬂécﬁﬁ’?{é h small patterns to the underlying

material . Particu er cut phenonenon can produce patterned
features on the etched underlying material that are not uniformy spaced
and do not Baekgrotdad iof the Belatg , vertical sidewalls, thereby |osing the

critical diggpsi ogg rﬁ%\fnotlﬂﬁnlfltel%tchﬁcﬁ@%a@qﬂihiéooﬂﬁlthé( 1fal§rt3:§tlbr§‘3¥ Hi&bc aR§ching of

the features may overetch the sid of features in high aspect ratios,
resul ting nancrﬁeiclu;g% Nano-impsing s & cechanierd eplingdorn fteghnelony avhgreis. a [ 00041

Pl asma et chopy @C&és%eeqnmkmwlﬁﬁmgrras.attﬁsi @é&ﬁﬁﬁ%bﬁ'ﬁd%n Qrsﬁbﬁf‘a@é“ g,

provi des a nore ani sotropic etc processes. The dry etching
process hakragistion sothn f%'%rtbfm'% ﬂh@s@olsﬂnd\eﬁflﬁjﬂmpwe%rﬁie@de@‘ﬂﬁpr{‘b\ﬁﬁet he

retention pGmbiiSush driccalrind B ARELOTh RRIP IO MmbRA aoRgfigs med_usi ng

convent i ona I'i't hographi ¢ techniques with straighter sidewalls and flatter

bott ons. Hswedes thrae wlm@m%q»nahgewﬁy @Jv@ﬁewaiwrrbrfowﬁr Bctheelepisht Ehe tie
si dewal | s ghribMeoPORB NinPASted refidti 4r8 rBmoved to create openings in the resist layer,

forming a mask that is then utilized to etch one or more layers underlying the resist.
This technigue enables fast high precision printing down to 10nm spacing and
pattern fidelity to a large extent.

[0003} However, most conventional etching processes, such as wet 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, resulting in the loss of

the critical dimensions of the features.

[0004] Plasma etch processing, known as dry etch processing or dry etching,
provides a more anisotropic etch than wet etching processes. The dry etching
process has been shown to produce less undercutting and to improve the retention
~of the critical dimensions of the photomask features formed using conventional
lithographic techniques with straighter sidewalls and flatter bottorns. However, dry
etching may overetch or imprecisely etch the sidewalls of the openings or pattern
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1 fornmed in the resist material used to define the critical dinensions of
the underlying |ayer. Excess side renoval of the resist material results in
a loss of the critical dinmensions of the patterned resist features, which
may translate to a loss of critical dinmensions of the features fornmed in

t he underlying | ayer defined by the patterned resist. Further, inprecise

etching may, gk u?ﬂ‘.fafrb%tﬁ-ﬁ&]eﬁal‘ﬂsﬁﬁ n% SﬁrTeetﬂ{a l%Fit?csal Eﬁne{ﬁ%@\ﬁ% O thel &?deﬂ@ﬁ? ssary

critical dinensions - ure to s |g:|en yetc . eatures t
critical diayemisEseessside ereovabgf the mesish majerial regifitsgnia iq;salofdhmmabns The

degree of du'n%&pﬂé 8ﬁﬁ1’e a‘i’tfarrFeBereéét' fhéﬁ?és %Eﬁ'?féd}){?é]s'i%ttﬁ cn{n?aY er is

referred to as ﬁ 0SS
critical ﬂ'm%ilobﬁ otmetfeeuure%fos'ﬂeréwn@emdeﬂvummbve@qumeﬂmt 8 Paﬁﬁpﬁﬁ cations,

it is part"&&'t qfdrMePrlﬁlBI'e%mtétEhlh?] n%&%ﬁlﬁuén?ﬁ%i%bqgatuﬂﬁol ;%ﬁdé’r gain

of critica I mensi ons formed he underlyi ng layer(s)
conpri si ngthe ngsgesanygylical @!m%ﬂs@f@an':@b'ﬁ tavevifieienty eichdbe fgeﬁgrepﬂgﬁ epassi ng

t her et hr ougfticaN@meR5iBAY S refbHES gu%.; BAGER' B Bi Bﬂucgﬁﬁﬁfdn.%loﬂgdﬂ%l begeeeRt etching

defects in substrates patterne e photolithographic retitle. The |oss
or gain of 10§ of igainl ofdhﬁ@nﬁtvaéﬁynwswnshe tbmm%aﬁswd%rﬁfe@s@m ap netehiBaf f i ci ent
phot ol i t hogizandi«eplfgdor mance for etching high aspect ratios of sub-mcron
features and, if the loss or gain of critical dinmensions is severe enough,

the failure of th hot |tho hic reticle or . subsequent|y, etched devi ce.
S e anolop: | ARG sk 6f oA AR SOV F & Rhperdn et AL NG
convent i onaﬁpleawmenlgnstwﬂmmlawe;ﬁoMmawmaplhmeastrmtcau@ pHid RES of gamsfer to

the layers nderl t he ed reS|st to cceptabl e for robust
bhot omask PHENERLATBREOTRLBE PAlaroraRad 1t - etnts FeAshETPT & pr oooss
and chem sphotomdsk a@tiom feah détﬂh@nmw lawecpfthétuguctpuss*nsg uﬁeramrdiwgapahdrrpri nt

t hnol UVWARY OF T t al
| ayer st nEroHE PPeiRps BallroY de R ubgpalen PEDgtp oot B SHBRAEE pr ovi ded

herein ar ep@warrhed:w melmomutrfogkdpa:cfrercle btrhenﬁtsdrlgaintcﬁd:rméammémtdnwk reticle
fabricatio éﬂ‘ﬂ I n one rovi ded forFIﬁrocessl ng a

ohot o  t hoie st Sy BSul Y R R e by Ehtas nri pBIaTaRe frodeRS o vet o

phot omask high aspect ratios of sub-micron features and, if the loss or gain of critical
dimensions is severe enough, the failure of the photolithographic 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 to a degree acceptable for robust

photomask fabrication.

[0006] Therefore, there remains a need for a process and chemistry suitable for

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

[0007] 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.

[0008] 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



| 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 nmaterial to expose portions of the netal

phot omask layer in a first etching step, and etching the exposed portions
of the metal photomask | ayer through the inprinted resist material in a
second et cpi g n%grf%rl t%ﬁ.?c?ée %ﬁ Aseéfsfneorﬂ&aPéh&Q%aEk rla%rﬂ{ a fﬁ&%i@l‘ﬂ gtching
steps utilizes a plasid ned T roce I'ng an® oxygen
cont ai ni ngs@asanchetchingrtha@xpmmWaﬂmg f@fatbe alrmaiaphoad:mgsmiawnmmughrtge gas.
0009 o TR, oBBAAUGREITh o dolSPEEAT S1cBRnbRrH b4k 8Fe bRt of e T 7!
and second ‘etching steps includes an o h'cont al ning gas, l"ori ne
cont ai ni ngseresd etohihgsterd Wijzes @olasmiariormpdgm a[mplngmaangmhwn@modi ment ,

t he proces e ng steps have
di fferent 8 ggbﬁtﬁ MH%}daénQg@ﬁ{lxﬁfﬁhﬁéuﬂﬁgghé grt'? %;ﬂlglngéﬁggﬁtg Qﬁ‘?cq% gas and

hal ogen contalnln gas. [0011] In another enbodinent, the first and second
et chi ng st [98%] ar p%!'}oﬂ?ﬁf’r?@bm menthiheglrerssransds sitifiepdoinhatle the first apd

DESCRI PTI Obbdghid BriipidgRAMbSNAsIubE Ar loxyeent dbataidifg gB& i SHlonr ddhsiRing la8s above
recited aspects of the invention are attained and can be understood in
detail, a AdYahplepen eQMaiping®&eri ption of the invention, briefly summarized
above, may be had by reference to the enbodi nents thereof which are

i |l ustrateghoiop thia aotetdeshbodirmewtnie. prbé&k%Sdasl ik utiizddoinlsotindiecfirst hngvever ,

hat th d | nhodi f th
| nvent i on- SV, SepRGr e bartTGHrian ! VBR FroRg 9o NEE"Scope, 1 or

t he i nvent cemaininy gadamd halogen batairingahby ef fective enbodi nents. [0014]
Figure 1 is a schematic cross-sectional view of one enbodi nent of an
etching ch nmbodi ment
of a sequehce for'hadglg)gigéggg#gﬁf%gl}ﬁe?mi %ga\lg%%g? téH A#’&E% eg%br%g-ﬁ?r‘gnt of the
i nvent i on; inghe spr0e pejcersipuchamtan- 3G ar e cross-sect i onal views show ng an

et ching sequence of another enbodi nent of the invention. [0017] To

facilitat eghigepeseRiPTION O THE BRAWIRES! ence nuneral s have been used,

[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 etching sequence of
another embodiment of the invention.

[00177 To facifitate understanding, identical reference numerals have been used,

wherever possible, to designate identical elements that are common to the figures.
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wher ever possible, to designate identical elenents that are common to the
figures. 3 It is contenplated that features of one enbodi nent nmay be
beneficially incorporated in other enbodi nents without further recitation.
DETAI LED DESCRI PTI ON [ 00181 Aspects of the invention will be described bel ow
in reference to an inductively coupled plasma etch chanber. Suitable

I nducti vel . ' : LLy of

phot ormsk. CporRyr el thied of G BELdmeEiy B bEfagbal BEYSCAIRY 06 | 1y
DPS |11 TM irptharetedineariy withawd égthencecitatisanber s, al |l avail able from Appli ed
Materials, Inc., of Santa Clara, California. [00191 O her process chanbers

may be used to performthe processes of the invention, including, for
exanpl e, CE\EI&IBEQLEMREBQ& paral l el plate chambers and magnetically
enhanced | it Chaghiabs Shimtalidn 3 bBCUEhE! Yol RIR8"B, aft ch
chanbers o_fwhﬁ?ffeﬁ nt dgg??:;ns. Eﬁa?rrqules@o?‘é:‘;g:u_cﬁJ sﬁﬁ’t agri zggr ocessi?lg
chamber s ainduefivelylcoyplad iplasmasicipehamher ASpitabieinduetivelyrdodplefiplasow gols . 026,

filed on : b | ' ' . , 502, filed
on Oct ober “HP %ar%c@?'%;ﬂ%?ﬁaﬁﬁ%ﬁﬂ'&;?@ﬂ%ﬁ?ﬁ AR e berdior ot 75, os,
filed on OPeewwled3FlasmzoFourcal tRERIJH".t RBSph Ye cansle P& ElusdVinpresgssing y

per formed W\irﬁ'b rgfallg%ﬁﬁ%ﬂwrorﬁQ?b@émgteﬁéﬁgﬂﬁ’.h?f@ﬁﬁa cidi&, EaRGhiaPt 1 on of the

processi ng cha is 1llTustrative, an ould not be construed or
interpreted to limt the scope of aQ%bgs ect of the _invention. is al so

p | t
cont enpl at B8'9 hat OtRE Procees chamberayndebe diged e parfein meserocessesiHf het her

processi nginyBRBAC neiudingC fdd GixBepleh egacitiven colipled pariiul pateUétRintberd @A20] Fi gure
1is a schenmatic ross-sgétj onal vi ew of one, enbodi rocessi ng

f
chanbor - L0DBgBEEA B0 MERBIPE Pty SaRIIEED2S Yol ABRUTaY CURICHIRTGE o

et o1 Pt ot M s St st e gty
conductive wa hat supparts a substantiall. at _dielectric ceiling
108. O her Chaéﬂ‘?f'dﬂiaﬁeeﬁlsgioﬁﬁféjﬁ'h@sp @éeégsbipﬁbcaeﬂ'&%?ﬁ8¥| NeoOHes® ek digst At ypes

of ceiliNggunee3 01999, ¥.S.0PResNARAdatR Séra0 NoAN1/864,802Hiidd OniGcteber@ased above
cl eront s ¢ RTS. ) B ScPeEn AP AG0 PHE: Mo (ot B e 81 GREHALADs 110a and
110b are sbog®) iAMhbugkiee bloceddtd amnidaRRgddidly peroiitde dith theupraam f i r st
mat chi ng ngﬁc\ﬁg&gsklééhtc%a%bgg, ?l?engegc?i\sﬁc;n of the processing chamber is illustrative,

and should not be construed or interpreted to limit the scope of any aspect of the

invention. It is also contemplated that the invention may be beneficially practiced in

other processing chambers, including those from other 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 controlier 146. The chamber body 102 has a
conductive wall 104 that supports a substantially flat dielectric ceiling 108. Other
embodiments 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 comprises 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.



source 112. The plasnma 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. 4 [0021] The substrate pedestal (cathode) 124 is
coupl ed through a second matching network 142 to a bi asi ng power source
140. The bi asing source 140 provi des between about zero to about 600 Wat a

t unabl e pUto‘é@l]fTr%%lm@ﬁé{telpi%db&tﬁl fcathg |20f24 |§@Q&ﬂled1tﬁr&|ghb@§écoln@ risdighing he
bi asi ng source 140 rodgces pul sed R Al ternatively, the

ower ou ut .
bi asi ng soff¥ek 162 ja\P &aﬁ'&gc@“&l‘?@@eﬁ@%o Qigﬁ ng, source + 1405 ProMidE npl at ed
that the saumenﬂaﬁeumefoab %aomrmo veataa mstea;fmsaﬁe@mwc fin e rapgeef out put.

[0022] In o e od' trate s pedest a ncl udes an

el ect r ost af“ ﬂb O'I‘FTE ef P&g"ﬁa?quégegﬁﬁélf’r eﬁcﬂﬁ‘bﬁe%s%'lé RYWYef east one
C:arrpl ng eba@% dférﬁa'iﬁel@ﬂlde@as&%@oﬁﬂidﬂ@rbayﬁoldllmf&z;iulmc ;ﬁmépb&‘lp&@g I'n
al ternative, enbo nt e substr esta strate
et ent on MbErraAieciAted et dte 895 A8 el HoopRvA Aoraiapl DR ARERTR, o

mechani cal pewercdutpland the |ike. [0023] A gas panel 120 is coupled to the
processi ng chanber 100 to provide process and/or other gases to the

e of Ot PEAE CSIRGIARHE IOt dB. ol odEP 2Tl g5 o0 1

Figure 1, e gas ‘pané 'S cou nore inle ornmed in
a channel el8trostatichehgikd #6@l ITUE)ABIQEII'OHBEC cchatl:ﬁ)éBObm!hyprIBGS at| leasts one

t | at t b t
ocat 1 ono, CPapHtg sledfiodda3" sl cofirdtd BeS PRI BaBECKLAAP 168, TS 100,
[ 00241 The alierestiver embnditrieptspribe esubistigtec peddstat 1230 may comprisd [sebistteé ng a

hrottle Yabfonl fRcRlilys VAEHUA UMbt JhRpYARHUT PUTR 0,800, (r ot t1 @

val ve 162 are capa mal ntai ning c AThET ures i n the range of
about 1 tonwbban:ceﬂchuqﬂ'amdthe[hﬁa%] The tenperature of the wall 104 may be
controlled using |liquid-containing conduits (not shown) that run through

the wal | 1@des V)éld sts&mr@bursecdumeaefbefr@l bbbceé%d‘kﬁérﬂ@& 2bo QQOMBW@é degr ees
Cel si us. Typlcal t he chanber wal Is formed froma netal (e.g.,

al uni num | Brospes aadiorathen gasan ip Tﬂ’ﬁénfpi'%é)‘ theneroresschapiber bedy 102- % the

embodiment depicted in Figure 1, the gas panel 120 is coupled to one or more inlets
116 formed in a channel 118 in the sidewall 104 of the chamber body 102. Itis
contemplated that the one or more inlets 116 may be provided in other locations, for
example, in the ceiling 108 of the processing chamber 100.

[0024] The pressure in the processing chamber 100 is controlled using a throttie
valve 162 and a vacuum pump 164. The vacuum pump 164 and throttle vaive 162
are capable of maintaining chamber pressures in the range of about 1 to about 20
mTorr.

[0025] The temperature of the wall 104 may be controlled using liquid-containing
conduits (not shown) that run through the walt 104. Wall temperature is generally
maintained at about 65 degrees Celsius. Typically, the chamber wall 104 is formed
from a metal {(e.g., aluminum, stainless steel, and the like) and is coupled to an
electrical ground 106. The processing chamber 100 also comprises conventional
systems for process control, internal diagnostic, end point detection, and the like.

Such systems are collectively shown as support systems 154.

[0026] A reticie adapter 182 is used to secure a substrate (such as a reticle or other

workpiece) 122 onto the substrate suppon pedestal 124. The reticle adapter 182
5



el ectrical ground 106. The processing chanber 100 al so conpri ses
conventional systens for process control, internal diaghostic, end point
detection, and the like. Such systens are collectively shown as support
systens 154. [00261 A reticle adapter 182 is used to secure a substrate
(such as a reticle or other workpiece) 122 onto the substrate support

pedest al 1aénerJ§,<veme|%é§'aerowéa%ﬁronlﬁa'&: nﬁnea%eéalgr Yo t'ItfdelH4 pée lgpWge portion

184 mlled an u surface est al or exanple, the

el ect r ost ap¢destat 18k (fmva@)aﬂama the 9'@ptr<iﬁ§attc|<‘6hck_r )eadiadep pation 86 hagna 8s t hat
is sized apd opbARA QBQQhaﬂ% @rzbb%nalélﬂﬁ sdtEhdid the Et%t@%emﬂgThé%Bemﬁ% general l'y

substanti al | cen?ere respect %o t he pedestal 124 he ada 182 is
general |y f&% degeperghy §U§$tﬁ@ﬂ3§y rﬂ-’leét%e%ﬂ”“@t'@ﬁpq“%stp stharmedegiah {24+ e iR rat ure

resistant padRéd Qh2S|§C§erﬁe?aI90thn€Hdﬁorﬁeéaéﬁr eﬁ%eéhu%ftéteh AeSislahflhign reticle
adapter is disclosed in United States Paten 251,217, issued on June

26, 2001. RTRSGRJErer r%&t@@#ﬁva'cwéra%ﬁa'ﬂmd%éwm Pﬁéluaﬂépt%rsui@ieto t he

pedest al 1?étw|e[é)ﬁ W if\distibsedPCDRARIdSHa{b3 P dtént e 6,453 dm&.@,uar ohduse the
adapter 182, and hence, the substrate 122, onto or of the substrate

support ped@s?Oi1. 1A edge,8pg 12p, maycovar and/presaparg iy té@te'bﬁ%? adie 5
plurality péddstdfitiopins (one lift pin 130 is shown) that travel through
respective guide holes 136. [002x] In operation, the tenperature of the

substrate 122 i ontrol.l ed, hy. Zi the t at t he substrate
edest al 19807/ 18 REFhRua: e Voo sty st e ARBle? et apitos

conpri ses thehmmbesate 142, aitd oabff@]btheoslﬂnbtrﬁtealrpﬁdmkedbgﬂal 1ItlneGehe|atly3rthé.44 may be
one or qu d.cor]I Its confl owah r ig

t her et hrougfﬁ a'?ﬁ‘mt%g é‘tﬂS‘Bﬁt ﬂYﬁgm{H%‘Fe‘?nﬁ ﬁcﬁ%ﬂ g\a | east one
heati ng el B’Mlhr&ﬁﬁl.IBBBéc’tlvsgﬂidghblaBGGS.by a heater power supply 168.
Optionally, a backside gas (e.g., helium (He)) froma gas source 156 is

provi ded Vi 10%5eABAUNG torkiatife SHARE Srad ¥4 B Sorl BIGEY Lpiiify Pedest al

surface un strate as 1s used itate
heat transthertebpewbar of e pekhirateapedestpl 184. In nee sutbotiment tmezubsmrte ng

Ot ady- st af PR REREE! Foe Cofpfit, & RodlBE Lot o SPio B REA L PAE B o e
gas, faci| healeetd4may be oneeanmorsiiuid cenduits gonfigueaddo figw a heat transfer fluid

therethrough. In another embodiment, the heater 144 may include at ieast one

heating element 134 that is regulated by a heater power supply 168. Optionally, a

backside gas (e.g., helium (He)) from a gas source 156 is provided via a gas conduit

158 to channels that are formed in the pedestal surface under the substrate 122.

The backside gas is used to facilitate heat transfer between the pedestal 124 and

the substrate 122. During processing, the pedestal 124 may be heated by the

embedded heater 144 to a steady-state temperature, which in combination with the

helium backside gas, facilitates uniform heating of the substrate 122.

f0o029] The controller 146 comprises a central processing unit (CPU) 150, a memory
148, and support circuits 152 for the CPU 150 and facilitates control of the
components 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 setting for
controlling various chambers and sub-processors. The memory 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
6



[ 0029] The controller 146 conprises a central processing unit (CPU 150, a
menory 148, and support circuits 152 for the CPU 150 and facilitates
control of the conponents of the processing chanber 100 and, as such, of
the etch process, as discussed belowin further detail. The controller 146
may be one of any form of general-purpose conputer processor that can be

used in angloRisidchBbr /2 ﬁ’iché ng,ef Q{ppoﬁ%ﬁ}g&' 'Idgn&evc‘%ﬁb@!isio HRABPES F50f8

sub- processors. The meno be one or nore of readily

avai | abl e FenESfngstie wra@eSﬁarnmoancaewﬁ@nmnyr T("RAWP“W'@&GC'W# gasheror y

(ROM, flop Weﬂétﬁ:‘?he@%‘i&k%n@lﬁlts, QipudBitpat BRjuithOCars ijsgétGi'n%aland %éﬁl&r age,
| ocal or renote he support circuits 152 are coupled t U 150 for

suppor t i ng Thadnyshbvaegetiod 8 genesily sstered din theranemary 1’fﬁé§e°tﬁ$’r%‘!ﬂ“?‘§e'"r ncl ude

cache, pov&rdasnunnéa.% acte86HKe Qb tRe!IOrR 1sma§ta/ wwr'é r&nh@umémamd,
subsystens, and t I ke. The inventive nethod is general stored in the

menory 148S¢gh @qu{@re (EQWB@t"BW alsg bg-Hpred og o Pracuted By ) @CPB MY 150 as a

software r Q%Wrg%at'ﬂ feRidialy 10681 fronPthehafidrdBEiflg LOMEJIBE b the @qu spe stored
and/ or execut by a second CPU (not shown) that is renbtely |ocated from

t he hardware_ bein ed by the Uil 030] Wi | the ol | ow ng

process deé"(‘,’i”qlpti@'ﬁ'ﬁ f'ﬁ??" QAYRI, PERRESR Wfpi@ﬂt'"%gateét%qﬁ ﬁﬂ'%g g Fate using

pr ocessi nge@amgsa mbdmermsh&;l ph&ﬁ&clng gabes laevmmm heeilt, ahpliadertionh he use of
de the d herei for performng

[ d
hi's”pr ocagaRpPaI<Erae he SLiBer e raite 0GP rafleh Car iR hobor
and for di :jdrewe&mrmmgbﬂ'ﬁsr @tm:es? ziesjnfferamhammraxbm,t sikdht he gt ajifferentr etthiod Eag 0; (i]r
200 strate oce55|n r oge
il e the Pafmesty e e BHteret BuSe Bl GER, bR Rt Rl RIS R0 oo

sequence f am ahd/br 30D nmaftﬁlbstratpepmcessmg.h as chrom um and chrom um oxynitride,
as photomasks in photolithographic reticle fabrication, it is contenplated

that the ERSEPrdRBYs be used to etch other materi al | ayers formed on
substr at ES%IS‘% bm}tﬂ congﬁct or and photolithographic reticle manufacturing.

[0032] Cenerally a photolithographic reticle includes an opaque |ayer, known
as a phot Pk, WeWedne Mowrngaqaiﬁ%pﬁtmdIlus;rat%m@p%mb@ﬁ'mgnbg& AREESThe opaque

| a%/er FBK SEQUEREE $6 AcHIRY Alotd! B4RYs, sLOY a8 ¥RRIIEN aRBTAMINMDM S4niBRRt her
mat eri a nown or
photomasks in photolithographic reticle fabrication, it is contemplated that the
etching gases may be used to etch other material layers formed on substrates in

semiconductor and photolithographic reticle manufacturing.

[0032] Generally a photolithographic reticle includes an opaque layer, known as
a photomask, deposited on an optically transparent substrate. The opaque layer
may comprise a metal layer, for example, chromium, or another material known or
unknown in the art suitable for use as a photomask. For example, the invention
contemplates that the opaque fayer 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 uitraviolet light having

wavelengths of 248 nm and 193 nm.

[0033] Figure 2 is a flow chart of cne 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



unknown in the art suitable for use as a photomask. For exanple, the

I nvention contenplates that the opaque |ayer may conprise a non-netallic
dielectric material. An optically transparent naterial of the substrate 122
is broadly defined to include, but not |imted to, a material transparent
to light having wavel engths of about 300 nanometers (nm) or less, for

exanpl e, trans nt to ultrayj ol et t having, wavel engths .of 248 nm and
cxaple: L RGUPREI BR! ol Soatoh 4] e onkleho NG ighCHE P Mgl 2.
sequence obhotamaek folnning ppocess s wal @sdurthen blustrdte thesprobessylescritetdedbolvay er
through an. | ed resist layer. The flow chart is provided for

Il lustrati \P'PglffF 0ses and should not be construed as |[imting the scope of
any aspects of the invention. Figures 3A-3G 7 illustrate the conposition of
t he phot ol (008 gr aphe subsiiate 122, aypipallyntosnpiging ran @M@allsph@msﬂm nfajenial ng

process S 6! budkS of UiBaY gbdiy!ShbR: Crukbe oRCRIRAELSABURRILAPGEGe 1 FI gur e

2. [0034] Th€ substrate , ) rrsing an op y transparent
material  8405), smolybdenupt sikoan guaitiide; (MadiNyOz)f @gbwnsﬁluocde nmalevnaal ,

mol ybdenumggily E i ge co&%&éns e db? dg W&h&éd {oC 2 Hm?&@églhb rdnd ﬁb@?@?"bm o )

cal cium fl uori alum na, sapphire, or t1ons t ereo I's provided
to a proce&id. r@chhamm@ﬂssmlgd‘bﬂmbﬂlltﬂo @flﬁtgvf%té t he processing chamber 100 of
Figure 1. [0035) The substrate 122 has an opaque netal |ayer 320 as a netal

phot omask 5o@sjer , TheY Blissivatey 1 ZORRY &S bpahuehhew) 1Hiar 30SR0S AfbtA phblamaskbst r at e
material 310, as shown in Figure 3A.  The chrom um| ayer be deposited by

convent i onkaver haRicANY CORMERIRG] ShrerAlwma disposert gn dke Wbﬁfﬁ%lfﬁa@i?yﬁ}a”d& ageposi tion

(PVD) or chgswea F dgfﬁ@Q;A denqs chioRtiurh Gffdr nag iy augés.tea’h@ EBhntibayer 320 is
typically deposite t hi ckness b%t ween about and about 100 nm

however , ~ t REMHAGSdRAWE N Gie ahsuRRAgIbY Ahygies! vaper dappsitipR (RYDhaseemicthn t he

requi rerren'g,gp@fdebbgn B)Qbéﬁrﬁ%:e@nd' hhRetacig (320t!$ &/picaly Héﬁbsﬁ@d efaals of
t he substrate or LI t| ona an anti-reflective coating

(ARC or ARtitkaoes B’etﬁ‘ﬁ?" BE Lf‘cﬁ"r?é‘é' abght '&'Bnkiﬂ"Y &r Whg thickpessof the P8l t ed net al

| ayer 320. |alBe 3862 ¥ier Ibéséaﬁhpwemb Pél;uwéﬂ?@ﬁt@Vcﬂ mbqhﬁahufé&%f@abltﬁe preci sion
In patterning features to be fornmed. in apa que | ayer. The ARC | ayer may

be a metal CP’H?%?’“QW(S’?%B‘F‘E&"FWQ” Hlﬂﬁ‘@ﬁ%tﬁl% metal layer.

[0036] Optionally, an anti-reflective coating (ARC or ARC layer) may be formed
on or comprise part of the deposited metal layer 320. The ARC layer is believed to
improve photolithographic precision in patterning features to be formed in the
opaque layer. The ARC layer 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
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contam nants or inpurities to form for exanple a netal oxynitride |ayer,
such as chrom um oxynitride. Chrom um oxynitridé may be fornmed during
deposition of the netal |ayer or by exposing the netal |ayer to a suitable
at nosphere, such as an oxidizing and nitrating environnent. Alternatively,
the chrom um oxynitri de | ayer nmay be deposited by conventional nethods

known in t s ch as) b i_cal e em cal
vanor dopodia dasesiedareREl, Ao Be Rrer 48 BEkeM I ficRiedy of the SfiA S oror se
up to the tntqmaIZEyep@QOerTltheothrommm oxsmitndlmfllukrsetsehemsfd tohiee nmaéndlmao 320.

[0037] Th €e gﬁgﬂﬁ\oo)@Rgri gf&féaals t] ntc¥|Pdn9 ﬁJnl f}fm%, 0 rj\nﬁgu@éd Q\PB@'H;J? l'?)ggg(i’e ﬁt ween

about 10 owever, the tThickKness may differ
based upon the precessingi gasmaat ke u$ectMﬁmmﬂdeMImcmmjrwmexwﬂmﬂmsﬁrtacen of the

material s bt hgg \SURRHEHSIk of b AbmbRE oy it itehg, Ml Nl Y concent rat ed

i n the upper aceé o depo such as the upper 30
percent of the thickness of the original net aI Iayer 320. The chrom um
oxyni tri de[9oB8Im i é rpeipt layes B304 ip cleppitedantbp tmetal layer 3A0cHibiepk@d0h lBxygen

radicals thgpe eg. thé }é@fst ae@er ﬁﬁ%ﬁﬂlsmﬁﬁ;‘lo@fterﬁﬁé’@% d3ist hfferial, 0CESSI Ng

gas may be use ectively etch the um oxynitride surface
conpar ed t@-’hélhclfﬁ rﬁ’gflﬂﬁﬁib hegir @$ a hrolyreefiti Materiat hthetn thermally edegrpde [43038] A

resist | ayggy ﬁé&ﬁréssamomlﬁdzs%ndéa}ge eflud, Aehxaiflo At NG Incidlds | n - one

enbodi mant e resi st g material 1s usual | ow_t enperature resist
material , ‘4RP.cinangfagarechay Hrvacberparation.nongethersnaiies resistdayer 38088 nal | y

degrade at jg?é@ﬁ%ﬁieklﬁ@ﬁhé@ﬁé&& IQP&‘Q%ZQQ ad% ﬁéénnﬁeérsétHén méthoBXafpke of

whi ch inclu EP," manufacture Cor porati on, am)ng others.' The
ic

resi st | ay&@sitInateriata3dodemay e é@pqscieg weomrélﬁ%rneltwéyerm {9 a thickasA- coati ng
or other mgkRpdn a‘b'la@tzoro%ﬁﬁﬁﬁa Hﬁétﬁ%b@'nn‘?’%@%h@@quq%%%@s' ted upon the netal

| ayer 320 to a thickness etvveen about 200 nm and about 600 nm as shown in
Fi gure 3B. [0038] bl ock 230, resist .layer 330A is i ted to form
an inprint é&? esi éfbbFlé%%q thespeigis s e"smﬁn's IpPiigd fd’UBﬁé‘émgB af%%sh n

Fi gures 3Cidyer |3B0BNGas @ﬁmdnﬁeme sédil%n&@sdleﬁiictécﬁyiﬁrﬁéﬁn@é 86-oniraghed by a
patterned surface 392 of a  nold . The s resi st c{mm?”al of the Iayer

330A conf offPoHahdNp JBFiEh lRuer ?ﬁﬂpd IS %‘Iﬂ“?“é b%é’zpa“eme ace 392 of a

moid 390. The soft resist material of the layer 330A conforms to the patterned mold
surface 392.

[0040] in one embodiment, the mold 390 is generally made of a material that is
transmissive 1o energy that cures the resist material. Energy is provided to cure the
resist raterial 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
396, as shown in Figure 3D. The recessed surfaces 398 may be coplanar {i.e.,
have a common depth relative to the raised surfaces 396) or may be parallel at

different elevations.

[0041] The substrate 122 is then transferred to an etch chamber, such as the
processing chamber 100 described above, for forming the patterned 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 etching the imprinted resist layer 3308.
Regions (later referred to as “pattern 325"} of the imprinted resist layer 330B

9



[ 0040] In one enbodinent, the nold 390 is generally nmade of a material that
Is transmssive to energy that cures the resist material. Energy is
provided to cure the resist material which remains in contact with the nold
390, such that when the nold 390 is renoved, the pattern 392 | eaves an

i nverse inprint 394 on the cured resist material to formthe inprinted

resi st layer,.330B. The inprint 394 ner a includes a plurality of
recessed sdPHNgdRyY %regg%%&m@ae%gggam ﬁl’chg? ttrﬁf%éh f‘h%%‘lfesm%ﬂ,se € 396, as
shown i n Fingidl @ay@P320 hideredy esanitlg SUpdtrerasl B398k 830C hemcibplimpanted irestst, have a
comon depth r ive,to the raiged. surfaces, 396), or be parallel at

i T T erent ” vet Sodt a8 SnpBp i Rioh B, TBFimpt e SRl he dRth MRy PE gt o "a

et ch chanbasing $ug Buitablé beemiptrpcarsgithnthe Gaaebehenifify dlitised tdethabewetalf or
formng th atjrerned. resi st S and et chi he nmetal,. | ayer 320 at bl ock
230, 1 onYBRIRTCRERd ek, B mmettopSeris B havngthe e o0er" 550 or
formed by ehttérhrgpst hbtilizing thet &ging eBérpistry &y etch33dB.the Raprirted r¢disttiayerr ef err ed
to as "pat 3255") of e i inted resist |ayer 330B 9 defined by the
recessed sé%@c""@é 8m§|,ay?%\ie5[% ?ivraBE?@ﬁo‘fSiy &cﬁég%t B FEmERs fﬁ’éocer?ﬁt al |ayer
320, ther elggsey msid, algng withtsirapliiging obarkba3fd6ighr diid revidep bbiht @dostasdst | ayer
330B, as shown .in Fiqure 3E. The inprinted resist |ayer 3308 nma e etched
o g any” ST oetPt =titiue; 53 oM onfa, onh soutarldt and bhfar Geine DRLBEo et ch

t he nmetal eliminated320 descri bed bel ow, for form an opening 335 having the

di nrension of the pattern 325. Uilizing the sane chem stry to etch both the

I mprinted St . reduces
t he nunber I’[@?‘hpr Ojégésfrgétwggégus% %%m%%%ﬁv(\ﬁ 'ﬁ%?ﬁiﬁﬁ%ﬁ%ﬁﬁ@ﬁgﬁé%em gn.
Thi s provi itethebprobessingoshambed 100Hnoorilepilt usity anesgyepaiterming davigaoedy gas
connection ; ; L i, nat [ r L4ely, the
patterned %Bgtﬂg%%{@q ﬁ%;éﬁ %hﬁ%{%@% rdieglr:é’%&gl ‘gsggrr"reen%%%b nbbé{ahﬁ er}ﬁtE)écr etgsi ng
chanber 10@ortnthe paiternl32) thatiisgsed tbaetine thatdireensions addve ieetuse defniticertot her

radi ative %Q%rg.pédgrg&;eﬁhg&%n?gé}ed\ébpe, such as an electron beamenitter to

formthe pattern used to define the dinensions of the feature
definition to be_forned in the netal |ayer 320. [0043] The opaque, netal
| ayer 320 {9983 | sTke eRagre. MmetpldaysrodOsipnds elchas & the processing chamber

100 at block 250. The patterns (i.e., dimensions of the pattern 325) are transferred
to the metal layer 320 by etching the metal layer to expose the underlying optically
transparent substrate material, and optionally, an ARC layer, as shown in Figure 3F,

by extending the opening 335.

[0044] Etching of exposed portions of the opaque metal layer 320 occurs by
generating a plasma of a processing gas by supplying a source power and/or a bias
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 oxygeh 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, Oy, or
0;), 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 etching radicals. Carbon monoxide (CO) and
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100 at bl ock 250. The patterns (i.e., dinensions of the pattern 325) are
transferred to the netal |ayer 320 by etching the netal |ayer to expose the
underlying optically transparent substrate nmaterial, and optionally, an ARC
| ayer, as shown in Figure 3F, Dby extending the opening 335. [0044] Etching
of exposed portions of the opaque netal |ayer 320 occurs by generating a

pl asma of | v S pomer
Fo the pr o 2Rl HSRTILATSette WRR Sdied iy bR EATH Hadhebld2,
| ayer 320 (eming passiyakingpalyaendeposits; which mayiimpeaye etehi kias.| ayer 330B)
generally includes an oxygen containing gas, a chlorine containing gas and

a hal ogen [g@edjt ai Thé@ehiBAse cdMaifing gBERAAINBAIYe, atshst BRS bf SAGHR chncl uded in
t he proce55|n

The ox en cont ai as my inc e at |east
one of oxy§aty oot%tre@'éfme (c},g)) O §Y ﬂeWH@Q?%QhEgO%mOGQ %‘Q?'B‘on Wi de
(CQ2), anDRenbRHIARINS, thé Bhibie cEAIAA GBSTs, ca; hehOuaE Condifingighgisdaedi S oxygen

The ox cont ai ni r ovi source of etching

I s oxygen (02) en n

radi cal s. é%\?‘!ﬂﬂ'y Ry 5%5—!"6( @é)caf;ﬁa etcpghcg Y8 %EP&S'O(‘@E)EW‘@‘&?@&“MW

sel ected, wudé@%vgdﬂ;eceaof%wﬁﬁgera@fcawﬂrd oﬁéms dueh ik RArtdRIEiracHidride pol yner
deposi ts, rove etch bias The chlorine cont?lnlng gas

may i ncl udéc%) 9%%15?'9“3%@’ Brovide & spyree Q&g“aé%\a or 1ogRIRY FASTAUINI ARG de (CCl 4)

or hydr ogeiepsdital Whigh (alimproesens tidshers. I'n one enbodi ment, the chlorine
cont ai ni ng gas is Cl2. he chlorine containing gas is used to supply highly

reactive r als.to.etch the nmetal |aye onta dal g, 9as
oy ovi dos al®slrcoThe BN OTIATG gt MATche. ShiFeRbRCS of Dyfifsd tRPRs)
t et rachl ori(dBr), bfoden dedide t(HE)I triflproprethvange (GHRHU switur oiexatib@ideal(SHgpr f or m ng

passivatin ne d wWhi ch e et L as The

el ogen coneRmiteiRe hane Feks bbemier@UaFRY st eBh et o s PP baneha )

hydr ogen i @ds cmy(bdl gelected thlinmeaneshb atvh sgEcfaly of shilofrium he phdtbresist, dad ( SF6) |
hexaf | uoroet neﬁg&ZFG) or ammoni a (NH3), anong others. The hal ogen

cont ai ni ng "% sel ected to increase the etch sel ectivi ty of chrom um

to photoresist, and reduce etch bias. [0048] In one enbodi nent, the hal ogen
cont ai ni ng [a948] i sIrhpde cyelredimenti the halogen containing gas is hydrogen bromide

(HBr). Hydrogen bromide may also be delivered to processing from an aqueous
solution or have an aqueous component as hydrobromic acid. The halogen
containing gas may be used to supply both reactive radicals to eich the metal layer
as well as hydrogen, which may reduce photoresist and metal etch rates and
passivate the photoresist and metal sidewalls to minimize overetching and preserve
desired critical dimensions, and improve etch bias.

[0049] - The chlorine containing gas and the halogen containing gas may be
provided in a molar ratio of chlorine containing gas to the halogen containing gas
between about 10:1 and about 0.5:1, for example, a chlorine to hydrogen bromide
molar ratic 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 inctﬁding 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.
Consequenﬂy, the inert gas helps to control the radial etch rate. The etch rate may
be controlled to be center fast or center slow. Examples of inert gases include

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



(HBr). Hydrogen brom de may al so be delivered to processing froman aqueous
sol ution or have an aqueous conponent as hydrobrom c acid. The hal ogen '
contai ning gas may be used to supply both reactive radicals to etch the
netal layer as well as hydrogen, which may reduce photoresist and netal
etch rates and passivate the photoresist and netal sidewalls to mnimze

overetchin | n qetch
bi as. [0048?5}%% Il%%ﬁl¥ °"%§§t“2?ﬁ'ﬂ?%é %as alr\l(gkgﬁ ?h@{ﬁ%rt@%@corﬁﬂé ?‘3‘%% gas my
be provi dethay wr@prmlbatwee@tat@ubﬁ velmgrieneent end abeiitidg »@aan percert, sidhogen
cont ai ni ng a%%%twé’lﬁ mma%mhel&er&erﬁ%ﬂd%euﬂzé)v&urﬁe pfe%n%ﬁﬂ?'t&al Sj'asChl orine

to hydrogen brom d nolar ratio between about 10:1 about 1. [0050]

Qpt i onal | 'y flowtfer Még%ﬁsnd:@déaﬁmsﬁk@ﬁ () H@Iﬁﬁj@eaFPi%rﬁ@rPf'O'g@s'nml@mg when
i oni zed as pAk{ch éﬁr@@es@i'n@%@ ih'é%é#@gt I Ia@%oﬁ{gﬂgé’%?{%%n%%ut ?@%HI'an% in

sputtering specié€s to Increase the n features. The
presence ofpesent w@i@bcg&éooagluwarner@nteﬁbeproggqiﬁagamsedl so enhance
di ssoci ation of the active processing gases. Consequently, the inert gas

hel ps to cqudsiol trhe tétatficw ré G)htﬁeaiﬁr@ees'gh? dsCiciuding th@hertogase fiaywel | ed to
be center fast or center El OW.

t | ud A
el | om ( Heynirasugert TrB)the cBaBRer S0 a0 4 i fesn bpraopn abet 40 e and shed 11 )

t her eof , of21\obls6&m@<5rgaréhueg1§l1belmrwmyase nﬁﬁ@@u@élphowﬁmdgraah@ rbtitfdsl To@ses, when
used, né)rl se .between a ercent, an t 4 9vo| une

u
o cent | SRR O T B RSB0 MG D B PRResing A ameAT 094 o dBHi
percent of rhiderdtWéet atshsd 5 dcb@varidoabdub oy Q&assor dx@pid, %Hﬁt m-sm kidmg to

initiate the plaspma prior to intr tchin essin t he
inert gas ney Plcé‘ﬂtaﬁté‘!%mabgﬁt‘m@‘@%k?%‘i FFbt?‘e @gﬁ'ggé GmB%ﬂ?Oq"’l‘oo vol une
percent of g héw patecs? Tengah s5RA 25[&%1&ndTa@om qnab skbWdr alxample, aB6ut

processi ng i nclu the inert ntroducgg In to the

be
chamber 1001%9’(3 09 E‘I“’F"E’J?wd‘—rhét logen GoBRing H?S E@¥§€§W%89%%% e BIPERFSEYcm f or

etching a Ihdmber byo PG fmw@adfebdftmérohbmcmrsa@hmmdrﬁdwI1ee scEMe foroxygen
cont ai ni ng gas ma){) be |ntroduc d int o%@e I5r ocessi ng nber 100 at a flow
rate betwedraEBueBVast A ¢t -2 566D 1 sie et gas ﬁd‘ﬁ’ﬁ?eé’ 4 13Hta®’0- 50

sccm  The pelbsdni Aifod @kedridhd gt MBY deemi, iér exxingRéel JoM sédne, MapPeesSSi ng
chanber 100 at: flow rate of between about 25 scan and about 1000 sccm

for exanpl @M%
[0052] The individua! and total gas flows of the processing gases may vary
based upon a number of processing factors, such as the size of the processing
chamber 100, the size of the substrate 122 being processed, and the specific
etching profile desired by the operator.

[0053) Generally, a source RF power level of about 15000 Watis or less is
applied fo an inductor coil to generate and sustain a plasma of the processing gases
during the etching process. A power level between about 0 Watts and about 1500
Watts, such between about 0 to B0OO Watts or about 300-350 Watts, has been
observed to provide sufficient plasma of the processing gases for etching the
substrate surface. The recited source RF power levels have been 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
sufficiently 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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150- 300 sccm The hal ogen contai ning gas may be introduced into the
processing chanber 100 at a flow rate of between about 0 sccm and about 100
sccm for exanple, between about 1-5 sccm Wien the inert gas is utilized,
a flowrate between about 5 sccm and about 100 sccm for exanple 20-45
sccm may be provided. [0052] The individual and total gas fl ows of t he

processi ng égdg?]e eYzﬁlgya d?féﬁ%%pnﬁ% %ﬂbﬁ?upﬁoé) 8! it

fi @t&% such
as the siz t he processi ng Sl ze o h su rate 122
bei ng pr ocesbelnte 428 mhecrspm: dirgationaity lof thg ¢liching Iradickis wtbdeﬂgecc e theper at or .

[00531 Geneqably f fheS EIIeRFQZpOWaJ ?d(/ﬁ;lr o‘?flesgl?f?éﬂ a&éﬁ%o\’\\ﬁé@{r&? HeBSS 18

applied to anIn uctor to genera and sustain l'asma o
processi ng uggddn thejgtChmg proeesst cAibiag Imtyeersgbout kﬁ)W@rﬂSI angef0 N%Qﬁ@e'@&ﬁ about 0

Watts and %@Ht%asmd WbtovideS Hgﬁcig‘ﬂt Effé%:ﬂo%;ﬂ <o ?tchfh BPth \Q&t HﬁnrRJf' tt‘%ﬁgm

300- 350 watts been "observ to provi ICI asma
processi ng Qj@mmpmwssetchl ng the substrate surface. The recited source RF
power |evels have been observed to produce sufficient etching radicals and

pol yneri zathgagy r adiematily the PrédeSsiRg eR@nbér HessASIB IndiMaped betitRnappased met al
| ayer di sposed on the substrate while providing a sufficiently | ow power

| evel , conphfilifarpang aoutAG miidios iBrqne qipkrdimentstheripssurie is waiplained o

t enper at ur asepseraabawilitEP aHeapeas rﬁmhsrrleﬁr.@ﬁitﬂeeeﬁmnglaro&9&54] General ly, a
bi as power of |ess than about 200 Watts is app to the substrate 122 to

I ncrease directionalit the etchin dic fth r C 0.t surface
of the subdPP&e 125 8 ﬁf’":fs"%% PS(S’f g'ﬁlﬁf@%"%ﬁaﬁa mﬂer B 9@?@% n@ be used
in the etchieggedarOslsias or fessi dwmbqirmsmgbwtsuﬁﬁra%te&@ewdr&ﬂewmfabsuhas been
observed toksg) gw de é fi CI irectio % chi N |cal during the
etching procesSIFH058 '”ée?{efeﬁﬁ gs "E"H'B‘ag 8l aqu‘dg? eB?%s%‘[f &5 s

man{) n'é ai ned rpsisvweaterialy) Wepodited bhltlﬁerSfubaMeadﬂmng tﬁ@ pihdtd:litﬁﬁyraphld netiolee

enbodi nment , '

&y L1 Tor rabAreIe B g e, Hthahd, PRieBEene Rtak feerrBed bpti e T9sal"g) S0°
mai nt ai ned tatnparatieapeivaicuraboof 2t Begreed 68lsivd @gd @absutOtiosdaysessr Célsies folur i ng
processing. exém%}ébt%t\;«géne agou%%ru%tgyerees é)e?el‘,it?gv ar?db %Jc;ut 50 degrees Celsius, may be

used to etch photomask features with minimal heat degradaﬁon of material

disposed on the substrate surface.

[0057] An example of the etching process is described as follows. The substrate
122 is disposed on the support member 124 and a processing gas as described
herein is introduced into the chamber 100 and a plasma is generated or maintainéd
to etch the metal layer 320 by introducing a processing gas of oxygen containing
gas, a chlorine containing gas, and a halogen containing gas and generating a
plasma from the processing gas. The plasma is generated by applying a source RF
power to an inductor coil to generate and sustain a plasma of the processing gases
during the etching process. A bias power is applied to the substrate support 124,
The etching process is performed to etch through the recessed regions of the
imprinted resist layer 330B, then through the metal layer 320 utilizing the without
extinguishing the plasma formed from the process gas. Optionally, the flow ratios of
the process gas components may be adjusted to be different during the resist and
metal etching steps. Endpoint of the metal layer 320 etching process may be
monitored by an optical emission endpoint control.
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150 degrees Celsius or |less has mninmal heat degradation of materials, such
as resist materials, deposited on the substrate during the - h
photolithographic reticle fabrication processes with the processing gases
descri bed herein. The substrate tenperature between about 20 degrees
Cel si us and about 100 degrees Cel sius, for exanple between about 20 degrees
Cel si us and ut e U ; ot
Foatur s wi RS i/ ABrap B T ARG Patdfal b BestifEp fif £ TRt B RS
substrat e smefahlager, ff@OSIT materiat maylbe refmovedwith tiiei mefaplayeralising thegwetel | bed as
foll ows. Th : ' i ,ﬁgp 4, apd a
processi ng %y%“g?“ﬁgéﬁFﬁﬁiéf“ﬁg?@?ﬁﬁﬁggfﬁ?ﬁhzﬁ%e Pﬁ%%ﬁ?ﬁﬂggﬂgééé_aloo and a
plasma i s gémenetakldyer Amienamplecel an 4REt Pphingeravessrnd ayedal igpay 4ighing
| nt roduci ”gpr%céhrsqgﬁﬁﬁé ﬂﬂly%écﬁbfed%wﬁéb Q%%safbélé@gt\ éﬂ@étionﬁ\l&hlo?gds%T,

and a hal og n

cont ai ni ng gas, en containing gas an erating a plasima from
t he processiiledonMarchTHh 28045rd anditlebdultaBtep Rypcessdioy Eiehing Bhalevaskl  power
to an inductor coil to generate and sustain a plasm of the processing gases
during the @bsefi NOTHY BRARG: procddisafesBAVEY hér%inaﬁdébikjeéi doBd tdifica Uasbhade support
124. The etching process is perforned to etch through the recessed regions
of the i npianefes@f thedmpfintedjeaturgs photorasist layar 19 FYFPIHE R¥Ral | ayer 320
utilizing the without extinguishing the plasma forned fromthe process gas.
Opti onal |y, jobeog f|mrrei(th'ri]|ﬁ§ obthe trieeal gam&sliga;@rrmwmh rtaetrSma‘mjnOgl;bmsij ufst eﬁ
to be differepnt. during t resi st .an me chi t . En |.nt of the
retal | ayerm3EiaLoichP Ay aREIna 48 TRV RPTdPEdUBsin Tapiat SHeRadss  on
endpoi nt coTig Adsist iiatdri0bfay bal featonad by ekyosurd toain dGengiasmaaproaessiescri bed
herein is forned o thel tal Iag/er t.hz:.ARC terial may be renoved with
the netal |9Ye&ye ﬁ{]ﬁeﬁﬁ’v?ﬂg&f%qugl'a PG} in t‘%‘?ﬁé‘?process or may be renoved by
an etching process before etching of the netal |ayer. An exanple of an ARC
et chi ng propeds ar@ptioptly, amadengtiopi mgteripk owgsesdds tordoren fanl herdating | bed i n

United Stat P ' i . Lls 2004,

and entitl e@%sﬁ/aﬁhﬁ? é'ﬁgﬁggégéé@%e%r thé%%ig%%r?gﬂtor}eo%gﬂgﬁg'p.%e%é%dl%he

et chi ng pr othes suldrater itlye ihchamsingn thpr gesalgiongobdherlight crassihignneigin tha r ansf er

of the inprj at t Or eS| I r 1L UM .ayer 060) After

ctching of PRASHEyC M SeRSe BRldh,) SR ed Aol aLITIEHE magisP
derivative thereof may be disposed between the opaque metal layer 320 and the

optically transparent substrate surface 310. The attenuating material may be
deposited on the optically transparent substrate or may be integrated in the optically
transparent substrate during manufacturing of the optically transparent substrate.
For example, if an attenuating material is d.sposed 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 underlying 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 it appropriate, may be then be etched with an etching gases suitable
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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material of the |layer 330C may be renoved fromthe substrate 122 at bl ock
260. The resist material may be renpved by exposure to an oxygen plasma
process, or other resist renoval technique, as shown in Figure 3G [0061)
Optionally, an attenuating nmaterial may used to forman attenuating phase
shift photomasks to increase the precision of the etching pattern forned on
the substrajgsb n o 0 : sl ough the
phot onask. naa%étngn%gfm?%g%tﬁ%rgl g(ﬁsescﬁfglﬁ ﬁhc%htf:% ‘!é“r%%meéﬁ% i g (H{/g
derivative Palentdd. 681,199, ﬁﬁdpbé@%e?%n t he opaque netal |ayer 320 and
the optically transparent substrate surface 310. The attenuating materi al

may be depgsssj ed e ddiRe @l@&d:rfb%ﬁ'p&‘odersﬁﬁ? Ras ebhpssRs 4 FroREsdimy redfne
integrated in the optically transparent substrate durjng nmanufacturing of

the optical provigles egpiielatie sei6RINg afk . OPEREIgS e PANPATENS £ Wil %%’@Hu&f‘?q@b

material i sdiflehfiosLdTRE eid?ﬁ]g'séfbtﬁbro%feﬁmgélbf @ﬁ@erﬁé hs)geﬁé?auyd@mé&rdpicownmf t he
metal |ayer 320, the attenuating materi al miﬁﬁ f or med depositing and

pat t er ni ng the dise s dhe 89°§§3"Pﬁ39%9r pegcrigpd hgeein ep%(‘t'%‘-'é‘ioﬁ@cprﬁﬁﬁsél remayet 320 to

expose the wagasl d’ép@grtéﬂibﬁﬁﬂeabotﬁim Bt efekopbfithg dthe hREPRAe KR hbtefBL&H | al may
be pattered by i mpr.i nt and etc as descri bed above, or by

convent i onalhe” SIgRYAlfs cﬂfnégg ORgAINgn dEP'F‘ y'ieﬁ'dtsn‘&t watesiplsoen g sidewalls, of ity

materi al, Oépénh@s%p@&@ﬁhovwbsé ToWeErAté%anfmhtfené!B@hQﬁé bafidins GRY ém]g‘ehen be
et ched vvlth an etchin %ases suitahle for such materials at bI ock

[0062) An eRARIFLPEIres: bRl ﬁﬁh?%g‘eo%‘??"&%'ﬁl%mer SPRIEsEAta Riawer rale W'"s*EPch as
silicon- ba@@sﬂuwterdva}e;cmnd sitfchansallowii fBRiRprodédp r@EeﬂvBﬁ)rﬁszﬁé eatical 122 s
nore fully  described in United, States Patent Ilcatl Qn . 10/ 437,729

{11 ed on NegmeBsons typ BeeniagRbein FEhet andulbwr, Atiaia Se'iRg g

Phot ol i t hographic Reticles", and U.S. Patent No. 6,391,790, filed on My
21, 2002. [p@6aEg] 'Mdbuleahe\ieregemgris bmttqﬂmaeemrgplgaﬁaspemsaﬁlthe ibnerttiod,

processi ng ovi des con ral | abl e etchl eni.n atterns

B Chdest el T tBhSY BEHCPoTe Tnvebof oy ik, e BREL MBRaBha MRBL L { or ns

i s gener al | the drisieodooppitberadf; landtthe sospe tierddids petrmiredny gwscldiescihabed
herein. The, ani sotropi c process renoves nmaterial deposited on the bottom of
t he openi ngocf ‘a higher rate than material on the sidewalls of the opening.
This results in materials on the sidewalls of the
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openi ngs being renoved at a lower rate than materials on the bottons of
openings. An etch process that etches the sidewalls of the openings at a
slower rate will be less likely to overetch the sidewalls allow ng for

i nproved preservation of the critical dinmensions of the openings being
etched, and, thus, reducing etching bias. |oos] Wile the foregoing is
directed to the exenplary aspects of the invention, other and further
aspects of WhatisGlaimedis: ngy be devi sed without departing from the basic
scope thereof, and the scope thereof is determ ned by the clains that

fol ow. 15 jMhat Alfethb@tdFpfbdeSsing a phofdRthBSAphie retRie) e6mplidigg:2
photolithographic reticle, ¢ rising: positioning a nold on a | ayer of

onp oni_ ] {
resi st naterial PEsHQNIRGH Mald an adayes obresish material diggesed g fdiFRNavingyer f or med

on an opti cakiayphdichadabfstiorddsdy & sbticai trdhdparBht dudsirate; material on the
reticle; renoving the nold to |eave an_inprint on the cured resist material;

posi ti oni ng t he Sitifstharesistmateral en e glidéipport nenber in a processing

chanber; et chi ngehy 8UndI€ W IBBVe A1 infpgiRt bl dukRfvebRBimateriERt €Ti al to expose
portions of the metal photomask Iqa%glr using a plasma forned in the

processi ng chanpastioning, dne(marintgd  IRHCIR xb S JUPRAT iMRBDEST It BePIRSESIINGD hot omask
layer througfanipde inprinted resist material the using the plasma. 2. The

met hod of claim 1, wherein curing further conprises: transmtting energy
that cures the eichingirengsed iragionshpliigrmpriatedsesistimaterialdoavaose RITIRS nat er | al

whi ch remai gisthe aANSREEmAdK ﬁﬂéﬂ;ﬁiﬁ@b%!as%\a onfed®d RdpRkesdi®y Bhambepher ei n

etching recessed regions of the inprinted resist material further
conpri ses: ?ﬂdovi ding a first gas mxture fromwhich the plasma is fornmed to

the processingefhMgbtle ekdtRed i gortior@ast HeXindt? pHIGMask RYe hrovg &b
containing gas, a hal Oq%a,rn cont ai nj n% gas and a chlorine containing gas. 4.
The net hod BPrigtedirgsisd matpia! heLsREhe RFSM@cessed regi ons of the inprinted

2. The method of claim 1, wherein curing further comprises:
transmitting energy that cures the resist material through the mold to cure the
resist material which remains in contact with the mold.

3. The method of claim 1, 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 mixmre 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 further comprises:

providing an inernt gas in the first gas mixture, the inert gas comprising about
5 to about 40 percent volume of the total gas mixture.

5. The method of claim 3, 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.
16



resist material further conprises: providing an inert gas in the first gas
m xture, the inert gas conprising about 5 to about 40 percent volune of the
total gas mixture. 5. The nethod of claim3, wherein etching the exposed
portions of the netal photomask |ayer further conprises: providing a second
gas m xture fromwhich a plasma is formed in the processing chanber, the
second gas m xture conprising an oxygen contai ni ng gas, a hal ogen

contai ning gas and a chlorine containi n? gas. 6. The net hod of claimb5,
wher ei n et chi ng Thedeetbed of &lginaPs whereime thﬂgrfleﬁ?"@éd rpgions of the mprigtedand

et chi ng t hegxpRaRMiaPoid | bﬁﬁmg Qlf'le bﬂf‘oseatp@hmnw ﬂmaﬁ.gtah BHSIbMALR 1ayBebfeor Med
in-situ the processing anbe . The nethod of claim1 further conprising:

deposi ti ng RErOERBH - Q‘WB? PES’P‘*?W@W"P?&[eH al on the etched metal photomask
| ayer; patterning the second |layer of resist material to expose an

attenuating  material; and plasma etching the exposed portions of the
att enuat i ng’-mat JF‘P&'PG“E‘WQ;LF@WHHH"“%’WW@G second of resist material to

form a phase- shighpbdithgPh QbsKyerdi rddist MARLMD GnGhe @ldhet fetal\BifstErhask
patterning the second | ayer of resist material further conprises:

i mprinting layRt: second | ayer of resist material; etching recessed regions of

the inprinted S@mém.nbamr sétfont':lelﬁyesrt oi”?és@d’t'rﬂhteh@l IC¥ROSR BAT AtePatif the
attenuating nateri al . A nethod for processing a photolithographic

reticle, coﬁﬁﬁ'érﬁ@d p05|t|on| ng a reticle on a support nenber in a

processi ng champgfsma'dighify the &pRsEEhoALSs SIONB tERTatiAg TRABlaIRRRUENRRK | ayer
formed on an optically transparent substrate and an inprinted resist

mat eri al eu%?meé’cﬁeﬁﬂnq Wéeﬁ'é"t'ﬂﬁteﬁﬂd? maphageshifingRholdiRskng a processing
gas conprising an oxygen containing gas, a chlorine containing gas, and a

hal ogen cont ai ni_ng gas into the processing chanber; ? chi nr% recessed regions
of the inpréntedhpaigtaqd piglaim %IW'IGEP'%%'&’B'“BH?% $95R8d 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.

9. 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 metat 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

etching the exposed portions of the metal photomask layer through the
imprinted resist material the using the plasima.

10. The method of claim 9, wherein etching recessed regions of the imprinted
resist material further comprises:

forming the plasma from an oxygen containing gas, a halogen containing gas
and a chlorine containing gas.
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of the metal photomask | ayer using a plasma fornmed fromthe processing gas;
and etching the exposed portions of the netal photonask |ayer through the
inprinted resist material the using the plasnma. 10. The nmethod of claim9,
wherein etching recessed regions of the inprinted resist material further
conprises: formng the plasma from an oxygen containing gas, a hal ogen
containing gas and a chlorine containing gas. 17 11. The nmethod of claim
10, wherein the_etching recessed regions of the inprinted resist nmaterial

further conphisdbe PebpAdphnglalini 1helhergastng eishipaceessAsanTBaPnilify gas,

t he hal ogemmn@alr&.ggnatgﬁ@fmrbaﬁp.@@gor| ne containing gas, the inert gas
conpri sing about t o about 40 lSercent vol une, of a tot al%%as vol une used to

formthe pl asrrap’%?'”gﬁfémﬁﬁt%‘ﬁd‘" fthe. pyiaRn epntaiping aasnqthehialqgen cpptaining

subst anti al as Qﬂﬁﬁler&lorhgcdobl%mga@aé ﬂﬁ@fneﬁeg%s cbﬁlpnl_lhﬁ amethedo abo@tl4w M to,
wherein etc t he exposed portions of the netal ot omask | ayer further

conpri ses: P%F?ﬁtl"l@“@emfééﬂ*é Sy Yolang F?ﬂﬁ’l‘ﬁl’\orﬂk‘?@é‘ﬁsﬂﬁnt ai ni ng gas, a hal ogen
containing gas and a chlorine containing gas. 14. The nethod of claim?9,
wher ei n etchl ng_recessed regions of the inprinted resjist material and

et chi ng t helexpd&edn$ibee Pbﬁ'g'“bfwt WeerRiE: P ARsotAtHRsRantaleroas ot Rvdeor red
in-situ theapiheetgasi ng chamber. 15. The nethod of claim9 further

conprising: depositing a second | ayer of resist material on the etched netal
phot omask | ayer; patterning the second |ayer of resist material to expose

an attenuatizg matzﬁéth@dl of a8 nb&ﬁlﬁmerﬂtéiéﬂlrggthbf&p%wﬁ@donﬁmbi fhenfetaf the
h the patterned second of resist material to

attenuating rraterl t hr g
forma phas%h‘%?ﬂ‘?% ﬂ)ﬁ’rb‘l‘fg’t‘a RRER"S€$6. The met hod of claim 15, wherein
patterning the saamf d PRMDForhRY Fbm &Rt B%jgah EoHtdihiey §&TPAT BEsgen

containing gas and a chlorine containing gas.

14. The method of claim 9, wherein etching recessed regions of the imprinted
resist material and etching the exposed portions of the metal photomask layer are
performed in-situ the processing chamber.

15. The method of claim 9 further comprising:
depositing a second layer of resist material on the etched metal photomask
layer;
 patteming the second layer of resist material 0 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.

16.  The method of claim 15, wherein patterning the second layer of resist
material further comprises:

" imprinting the second layer of resist material.

17. A method for processing a photolithographic reticle, comprising:
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inprinting the second | ayer of resist material. 17. A nethod for processing
a photolithographic reticle, conprising: 18 providing a reticle having a
nmet al photonmask | ayer formed on an optically transparent substrate and an
inprinted resist material deposited on the netal photonmask | ayer; etching
recessed regions of the inprinted resist material to expose portions of the

metal phot omask plr&l((ﬁﬁg 'anreﬁclg' ﬁ?FnPe& ?rmtélgpr%ﬁcﬁlﬁlaska@?er%ﬁnédqgn dd?te geamsed

portions of the netal t omas ayer through nprinted resi st materi al
in a secondirispRieRy SS‘P@batevﬁf@r an rimé’f'"‘leéafﬁlsbﬂ@t@‘fm td?@%'lﬁds?ndhe rBetebnd

et chi ng Stemt%éémaﬁé a plasma forned froma processing gas conprising an
oxygen contai ning gas, a chlorjne contalnlna gas, and a hal ogen contalnlng

gas. 18. The ne oecesserrregions ghiedmpriptd resisidaaienalde axpass PRk an

oxygen Conéﬁhé‘kﬂ%l%ﬁ%nﬁsﬁmyei‘h%ﬁ;r%md‘ﬁ s, and a hal ogen contai ni ng
gas is utilized in t first and second etching steps. 19. The net hod

of claim 17, wh&iding g"f?e ebﬁ’Qﬁ?QsB""Ej% gt the madali phaterpask H’é’e'f threwahie second

etching st eﬁffbnh@wqesistfrﬁ%ﬁatm hakb6fd &EhiRY xﬁs rwﬁé}aﬁ]adt MaRPoskRst the AtsPbi Ne
cont ai ni ng gas, and hal ogen_containin The net hod of c¢laim 17,

wher ei n t heS4cond etching %%dﬁﬂz%&%ﬁiaﬁ'@agqfﬁﬁg f@ﬂéé PRRSEFYRGERS FOMRTRNGs3The
processi ng ghaERebntaihfhg gas, a chlorine containing gas, and a halogen containing gas.

18. The method of claim 17, wherein the process gas comprising an oxygen
containing gas, a chlorine containing gas, and a halogen containing gas is utilized in
both the first and second etching steps. '

19. The method of claim 17, 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.

20. The method of claim 17, wherein ‘he first and second etching steps are
performed in the same processing chamber.
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