HARDVASK OPEN AND ETCH PROFI LE CONTROL W TH HARDVASK OPEN BACKGROUND COF THE
| NVENTION 5 [0001] The present invention relates to etching an etch | ayer

t hrough a nmask during the production of a sem conductor device. Mre
specifically, the present invention relates to etching high aspect ratio
features through a hardmask during the production of sem conductor devices.
[ 0002] Duri ng sem conduct or wafer processing, features of the sem conductor

densi ty. f oat SARDREESRIOPERGHAR ERCHCPR oML ECONTRAL WIF AR
critical dinmension (CD) of the featuresgp@Nch requires inproved
resolution. [0004]In form ng high aspect ratio features in an etch layer, a

har dnmask | ayer 15 may be formed over the etch layer with a mask over the

hardmask |ayer. In addition, | ti-Layer Si it has been widely used in the
fabrication process of the hi ﬁ%ﬁ%ﬁ%&@%ﬁ%es Mul ti - Layer
Resi st typi cgpdpq)! ncl udgg SR ih R g bHQe156é§ tdechiny 84 etch 18R} &ug@lm &as (SO5

interlayer, an a bottom resi st er. The pattefrning resist layer nay be a
phot or esi st . diiting thetprodncties b4 sdrmyemdmmy doeice. Mouet specdgtaliprthopre@éntf i I m  or

spun-on carbonfllm SUVMARY, OF THE | NVENTI.ON [ O o .achi eye the

f or egoi ng and™A I%Ibf?éart%satﬁ(?&: lh‘t'?f(‘_< APepUIRpS Sty L gﬁ@%ﬁé&ﬂé&ﬂi H}Eﬁ%% a
met hod for DondBUEF dQN&%. @ substrate and di sposed bel ow a
har dmask Iaygﬁﬂigl spose Il‘)‘E?)emow a nmas |s provi ded. The substrate is placed

in 25 a pl asf@002i ocessDuging semivenducidrewdfear phoessking afgeturds of dpeseedcdngdutioowi ng
a hardmask opening gas with a COS or 2 conponent into the plasnma chanber,
form ng B pl de¥iee e JriReEPRPHIEESE BHEni ng gas, and stopping the flow of

the hardmas k[0003] To provide increased density, feature size is reduced. This may be

achieved by reducing the critical dimension (CD) of the features, which requires
improved resolution.
[0004] In forming high aspect ratio features in an etch layer, a hardmask layer
15 may be formed over the etch layer with a mask over the hardmask layer. In addition,
Multi-Layer Resist has been widely used in the fabrication process of the high
performance ULSI devices. Multi-Layer Resist typically includes a patterning resist
layer, a spin-on-glass (SOG) interlayer, and a bottom resist layer. The patterning
resist layer may be a photoresist. The bottom resist layer may be a sputtered carbon
20  film, or spun-on carbon film.
SUMMARY OF THE INVENTION
[0005] To achieve the foregoing and in accordance with the purpose of the
present invention, a method for etching an etch layer over a substrate and disposed
below a hardmask layer disposed below a mask is provided. The substrate is placed in
25  aplasma processing chamber. The hardmask layer is opened by flowing a hardmask
opening gas with a COS or CS; component into the plasma chamber, forming a
plasma from the hardmask opening gas, and stopping the flow of the hardmask
opening gas. Features are etched into the etch layer through the hardmask. The
hardmask is removed.
30 [0006] In another manifestation of the invention, a method for etching an etch
layer over a substrate and disposed below a hardmask layer disposed below a mask

wherein the hardmask comprises one of a carbon based material or a silicon doped



opening gas. Features are etched into the etch |ayer through the hardnmask.
The hardnmask is renoved. 30 [0006] I n anot her manifestation of the
invention, a nmethod for etching an etch | ayer over a substrate and di sposed
bel ow a hardmask | ayer di sposed bel ow a nask wherein the hardmask conpri ses
one of a carbon based material or a silicon doped carbon based conponent
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openi ng gas, st Oppi hg t ow of the hardmask openi'ng gas. Features
are etched i rdditivhef S()Smrl(éﬁaentottm plasrha tlwentiearfdmeing .a plismafaodniask i s

renoved. [00 not her estatiqn of t nventjon, ,a nethod for
openi ng ag c a?‘ﬁ%ﬂﬁm’ﬁg%ﬁ“ﬁﬁgﬁ StPRRIRG 8?5%%3&5?1 h%%ﬁlnlé‘?]& RPYTHRSHaS ) \FERLUEPS
substrate is apr QViddasho ek farye fh@y@ﬁmaﬁaga SHRIBHRRKW R er ned

mask. The substrate is placed’in a | asma processi ng chanber. The

har dmask | ay §00073 openédahyhérlmnmﬁegaaomafrtﬂemsdenmqneramngh«ghﬁ)rlopaimgla ng a COS
conponent into th nber rmn asma from the hardmask

openi ng gas, %H?Bng’f‘%ﬂ gﬂﬁsg ayef maof‘%%ﬁgrl KT, @@%F%ﬁ&gow

har dmsk | ay he REnfiSl: IRELSs AlspBRBNRRANS pEREROmat. FRAGL AL R r bon,
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patterned usi tterned mask. Th n-on carbon | ayer is opened
using the pa%ftogthﬁgar laep%a%%ﬁsrmyeﬁuﬁ #PSIPEF Oopy 1 owi ng a har dmask
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form ng %apl !’ggggpf rom -t ﬁlh %{%’é‘n‘ﬁg" %lggntwn ﬁ?tﬂc%dgﬁﬁgﬁénﬂ‘%f OW 0

t he har dnmaskomgabomiyerds a niia- lh]mdasmmas]pénmg ogas endhyiayaniovées subsehtade 25
02. Features may be_etched into the etch | ayer through the opened, spun on
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apparatus for et%%%%gi]h?%h E‘gd(':cg\%? esgﬁ{lgjgtcg@gg lall}tepgarrllhg;ﬁl%l%énra above a
substrate andisppstdon theaxidecdbnsedniatirial Ager. The substrate is placed in a plasma

20  processing chamber. The oxide-based material layer is patterned using the patterned
mask. The spun-on carbon layer is opened using the patterned oxide-based material
layer, by flowing a hardmask opening gas including a COS component into the plasma
processing chamber, forming a plasma from the hardmask opening gas, and stopping
the flow of the hardmask opening gas. The hardmask opening gas may further include

25  Oa. Features may be etched into the etch layer through the opened spun-on carbon
layer, and then, the patterned spun-on carbon layer may be removed in the chamber.,
[0009] In another manifestation of the invention, an apparatus for etching high
aspect ratio features in an etch layer above a substrate and below a carbon containing
hardmask below a mask is provided. A plasma processing chamber is provided

30  comprising a chamber wall forming a plasma processing chamber enclosure, a
substrate support for supporting a substrate within the plasma processing chamber
enclosure, a pressure regulator for regulating the pressure in the plasma processing

chamber enclosure, at least one electrode for providing power to the plasma



har dmask bel ow a mask is provided. A plasma processing chanber is provided
30 conprising a chanber wall form ng a plasma processi ng chanber encl osure,
a substrate support for supporting a substrate within the plasna processing
chanber encl osure, a pressure regul at or for regulating the pressure in the
pl asma processi ng cha er encI osure, | east oneafeiﬁpctro%}for provi di ng

power to the HPeEsHife chamberuclpgpre FP&r?BgF‘m% RJasina SLORE =41 PAYRY SQW5F asma,
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encl osur e, antle plagfa pruttisatg dhambexdrlsie) gndiagasf outlet fohexlpmmamgg@rfmﬁslm ng
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processor ancddiRivpybite.r 2adahbliierreniréllablheonnedtpditocthe gadbalbdes theeRIF Bias
conpri ses conputer readabl e code for opening the hardmask | ayer, conprising
conput er r eadaBice, BddélepgroneRE pewdriguise ned mekseé pelsasigng agoceeﬁf)ala%. ng an

openi ng conp 0, openi ng
corrponent SO%IGCthePEeﬁ8£blL g‘%giat ?I\F}l% c%&p%& y‘?e %aono1 esgzéig %]iﬁ\g/e source
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t he hardnmask openin and_conput er readabl e code for stop the flow
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for form ng @Rifesitheladdiive beured tito gﬁqzlasmwbhemhsputempnemmlﬂe cadiefof or
stopping the etch gas, and conputer readable code for renoving the
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substrate W gdy, Bnd &nplterseRIaBleOsRAS $ongmohin Eéhﬁ”ﬂﬁlbﬂ&ure a pressure
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outl et for exhausting gas fromthe plasm processing chanber encl osure. The

appar at us f uart ¢rede-based material daygndispered oa thmsﬁunmndcae@memra ad apatiermede gas
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opened spun-on carbo ayer cl udes onputer r eadabl e code
and a gas outlet for exhausting gas from the plasma processing chamber enclosure.

The apparatus further comprises a gas source in fluid connection with the gas inlet,

including a patterning gas source, an opening gas source and an etch gas source, and a



for providing an etch gas fromthe etch gas source, conputer readable code
for formng a plasma fromthe etch gas, and conputer readable code for
stopping the etch gas. The conputer readabl e nedia al so conprises conputer
readabl e code for 15 renoving the patterned spun-on carbon |ayer.

[ 0011] These and ot her features of the present invention will be described
in nore det aijengellgngontoliably epnngeted b the Say soyrseothedtt bingsquice Akd dfdeashd i n
conj unction w i ' . W NGS
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way of |im tatidable thedis.Ehefdofipues raitiatilb enedGiaRASRYdOREPuEH R¥dABIS calélfdrn Whi ch
li ke reference nunerals refer to simlar elenments and in which: [0013] FI G

1 is a high |nsiteming theoxidabasesimataria dysa psing thegrattermed maslermomprter fgdableF| G
be .25 .used

2 is a schemati,c.view.of .a plasm processin hamher t hat, na

or Sercnt noopErahapthiy b RLERAROR 50T R 3ARERC4 e TR ity

sui tabl e for layehaindoniiiisés CiPuté! rbRlablé0de fdt fRFERE L ARdbfsPbpd, sesent
i nventi on. [0%?6] FIG'S 4A-E are schematic views g%i a stack %rdggge%{sed

accordi ng t o iegluding e diGfeenmprentiatd the plising procgesifHAEmbEr, Computes readablee
detailed T1ow,ghart, 9fin2a 3l8Ra AonPBE MG Ak RALANREK, LAY &Ml N Rpfiddi ti ve.

code for stopping the flow of the hardmask etching gas. The computer readable media

10  further comprises computer readable code for etching features into the etch layer
through the opened spun-on carbon layer which includes  computer readable code
for providing an etch gas from the etch gas source, computer readable code for
forming a plasma from the etch gas, and computer readable code for stopping the etch
gas. The computer readable media also comprises computer readable code for

15  removing the patterned spun-on carbon layer.

[0011] These and other features of the present invention will be described in
more detail below in the detailed description of the invention and in conjunction with
the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

20  [0012] The present invention is illustrated by way of example, and not by way
of limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:

[0013] FIG. 1 is a high level flow chart of an embodiment of the invention.
[0014] FIG. 2 is a schematic view of a plasma processing chamber that may be

25  used for etching.

[0015] FIG.’S 3A-B illustrate a computer system, which is suitable for
implementing a controller used in embodiments of the present invention.

[0016] FIG.'S 4A-E are schematic views of a stack processed according to an
embodiment of the invention.

30 [0017] FIG. 5 is a more detailed flow chart of a step of opening a hardmask

layer with an additive.



[0018]FIG 6 is a schematic cross-sectional view of an exanpl e of

mul ti-layer resist mask forned on an etch |ayer forned on a substrate in
accordance with one enbodi mrent of the present invention. [0019]FIG 7 is a
high level flow chart of a process of etching an etch layer 5 fornmed on a
substrate usin }é mul ti-layer resist mask in a(icorda ce with t

enbodi nent ofl i nverfllOof is  trhompts esosysqetional Vg Rdn exapple,P Iﬁ]éi‘lﬁV%Fsrra
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schemati c cr assbodindnt of e préseie iaterition. profile of a spun-on carbon | ayer
after the opening process in accordance with one enbodi nent of the present
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to a few preferred enbodi nents thereof as illustrated in the acconpanying
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t he present imyeanén.on my be practiced without sonme or all of these
specific details. In other instances, well known process steps and/or
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present invention.

[0022] FIG. 9B is a schematic cross-sectional view of the profile of a spun-on
carbon layer after a conventional opening process (without COS) as a reference.
15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0023] The present invention will now be described in detail with reference to
a few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
20  skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present
invention.
[0024] To facilitate understanding, FIG. 1 is a high level flow chart of a
25  process used in an embodiment of the invention. A substrate with an etch layer over
which is a hardmask layer over which is a mask is placed in an etch chamber (step
104). The hardmask layer is opened using an opening gas with an additive of COS
(carbonyl sulfide) or CS, (carbon sulfide) (step 108). Features are etched into the etch
layer through the hardmask (step 112). The features are passivated using a passivation
30  gas comprising COS or CS, (step 116) during the said etching process. The hardmask
is then completely removed (step 120).
[0025] Figure 2 is a schematic view of a plasma processing chamber (etch

reactor) that may be used in practicing the invention. In one or more embodiments of



25 process used in an enbodi nent of the invention. A substrate with an etch
| ayer over which is a hardmask | ayer over which is a mask is placed in an
etch chanber (step 104). The hardmask | ayer is opened using an openi ng gas
with an additive of COS (carbonyl sulfide) or CS2 (carbon sulfide) (step
108). Features are etched into the etch |ayer through the hardmask (step

112) . The fedhaibentien aggtchirgagtar00srapriseston coniial glectode 2o, kpRiesi ng Cos
Cs2 t j i i T i S .
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pl asma pr ocessitagmbehaaheso( attep ir[s&ﬁﬁdr@fn? 20N ahsulerss the topseedtrhlrelgdt@dt 2o ng t he
invention. In one or nore enbodi nents of the invention, an etch reactor
200 conpri sesremthsptop enter glectspdecio debattyan insulgtasiingr2 18 ieseatesdle botiompot t om
central elzect 0 out | 11 hin . a chanber
wal | 250. °A t%ggiﬁnei%‘?"&figra&r ﬁ‘ﬂ%% Boto oie glseg‘ﬁ‘{ee%igp %’cjzlg"n‘f"\%%é “mé &Pr ode 206

fromthe top reatst@r208| £eibsaae 2804s pAithakl emtopsithébsttorh icoigral tRcirfddb@8. es t he
bottom 5 central el ectrode 208 fromthe bottom outer electrode 210. Al so

within the etQpionaByiths batym centigl pleetrade08 ducorporpies p spitabdaisubntrate shegkinghe
bottom centr rode tional |y, . ho ral, el ectrode 208
i ncor por at esqgecghﬁ?%tg\gg"se%gg?srtfgfcémg %l%:%‘i;érllﬁltagj é’%a%% @gl%gffé{r ;%Ole 'Ceirostatic,
mechani cal clsabgotag2800r the |ike) for holding the substrate 280. 10 [0026] A
gas source 224 is connected to the etch reactor 200 and supplies the etch
gas intol@ pll@%6d regi dhemrourse 22fds canapcted icthe etch geaciur20A gnd seppdies the
processes. | .S r 4 [ an .openin S
source 264, gﬁ:th agﬁﬁégy Jssgf&rr%gﬁg%?oi% egcﬁé%t%(r% nggﬁt}ecéek}b%@?esvs\gsrc

provi de the gesesanusedhé gis dohifceP2r doRplisaaR@ipafing@as soubed THA2 44 &chigas RE
source 248, a first excitation RE source 252, and a second excitation RF
source 256 aPeures 204, ané aldQs ehprtonse 268, whisharevide digeasss webfarihough a
controller 2 { rovi.de_nower to the el ectrodes 204, 206, 208, and 210.
The bias RE g%gnﬁgpﬁﬁﬁh%%%gfates bi as RE power and supplies the bias RE
power t o135 he[002gh reaciAobia?RP soliceDes, altivds exch@tidll RE slzcd25® landaSeddbnd
frequency between 1 kilo Hertz (kHz) and 20 10 nega Hertz (Mdz). More
preferably, exatagpaRFRpuseréd areicciri¢ally paamrsjeddettheetah teaptay 260 threugitz. Even

nor e preferabl th i as R ower s.a. fr o bo ..
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source RE 25 power has a frequency that is greater than the bias RE power.
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1 MHz and 5 MHz. Even more preferably, the bias RF power has a frequency of
about 2 MHz.
[0028] The first excitation RF source 252 generates source RF power and
supplies the source RF power to the etch reactor 200. Preferably, this source RF
25  power has a frequency that is greater than the bias RF power. More preferably, this
source RF power has a frequency that is between 10 MHz and 40 MHz. Most
preferably, this source RF power has a frequency of 27 MHz.
[0029] The second excitation RF source 256 generates another source RF
power and supplies the source RF power to the etch reactor 200, in addition to the RF
30  power generated by the first excitation RF source 252. Preferably, this source RF
power has a frequency that is greater than the bias RF source and the first RF

excitation source. More preferably, the second excitation RF source has a frequency



[ 0029] The second excitation RE source 256 generates another source RE power
and supplies the source RE power to the etch reactor 200, in addition to
the RE 30 power generated by the first excitation RE source 252.
Preferably, this source RE power has a frequency that is greater than the

bi as RE sourcg_and the first excitati sour c re preferabl t he
second exci taﬁ%fltolﬁ gﬁﬁpeélgﬁpé’éeﬂ t%ﬁ((?mﬁeﬁ@f/t pret{"‘f?@%y’ %S 5‘?‘8&?%? PORERI#H2 equal
to 40 MHz. Mogéqueh8f&feBliyez. this source RF power has a frequency of 60 M.
[ 0030] The different RF signals nay be supplied to various conbinations of
the top and HO03UM el ecTheatifferenPRE fignalb may bielseppliades tvafiowsppoertiyativhs bhe RF
shoul d be 5 applied through the bqttom el ectrode on which the terial
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the bias RF s Brlce 24%,h teﬁe #i rst g&%ﬁ‘a@?‘gn RF source fgé;&eg%%pltaﬁég’second
excitati on RRviscuinctbis2x6mplEhe thedktonl deatral23é&ctoda2d®l s t he fl ow of the etch

gas into the reactor 200, as 10 well as the generatjon_ of the RF power
Prom the «nr 008 Cour conigoliey 535 ipeqanedterbtodhe 885 WYES 2gathedins RBog, * and
210, and_ the s@fﬁlaégéé,_tﬂéjm%t _mti&:@ﬁ%%b*lﬁeﬁgﬁ, nﬂ’iﬁémalcgnd %li%@%%ufe%ngs 202
are provided to provide contfinenent of the plasma and gas, I ch pass

bet ween t he @66f Thepenttoller 2Fcantd]sathe flowheHubd etch pys intvethe xtvhusict@0, asl5

[ 0033] Figures 3A and 3B illustrate a conputer system which is suitable for
i npl emen_? ng Wﬁf‘é@&&%@l@? obens Riceawann Q}edhrﬁﬁiésmaﬂﬁe%ﬁ% 23 thre
briesent 110V Bie@llies POAU®, 3ds shedto oA ROSSRRUGuRiprmigeal form of the
conput er system 300. 0 course, the conputer system may have many physi cal
forms rangi nf0B32dm an iImthégexatmplt, confinenient singy 202 arel peovidadi to ppoddel, and a

smal | handhel d device up to a huge 20 _super conputer. Conputer, system 300
i ncl udes a nﬁ‘i’ﬁffd“SFneQb‘Zf, tgﬁpli‘ﬁ@ﬁ pad ga5 which past Bstigesths confipgmgat gingyandsws, a

keyboard 310 Rctedb sk 314 is a conputer-readabl e nedi um used
to transfer eata fo gng %P%&n% glrg] uter system 300. [0034]Figure 3B is an

exanpl e b af0933rk di agigaresf3er a3 illBtrate idoapuid Qystédkh ] whibR Gk dutaBleFbem bus

320 is a wde variety of subslyst ens. Processor(s) 322 (also
implementing the controller 235 used in one or more embodiments of the present

invention. Figure 3A shows one possible physical form of the computer system 300.
Of course, the computer system may have many physical forms ranging from an
integrated circuit, a printed circuit board, and a small handheld device up to a huge
20  super computer. Computer system 300 includes a monitor 302, a display 304, a
housing 306, a disk drive 308, a keyboard 310, and a mouse 312. Disk 314 is a
computer-readable medium used to transfer data to and from computer system 300.
[0034] Figure 3B is an example of a block diagram for computer system 300.
Attached to system bus 320 is a wide variety of subsystems. Processor(s) 322 (also
25  referred to as central processing units, or CPUs) are coupled to storage devices,
including memory 324. Memory 324 includes random access memory (RAM) and
read-only memory (ROM). As is well known in the art, ROM acts to transfer data and
instructions uni-directionally to the CPU and RAM is used typically to transfer data
and instructions in a bi-directional manner. Both of these types of memories may
30  include any suitable of the computer-readable media described below. A fixed disk
326 is also coupled bi-directionally to CPU 322; it provides additional data storage
capacity and may also include any of the computer-readable media described below.

Fixed disk 326 may be used to store programs, data, and the like and is typically a



25 referred to as central processing units, or CPUs) are coupled to storage
devi ces, including nmenory 324. Menory 324 includes random access nenory

(RAM and read-only nenory (ROM. As is well known in the art, ROMacts to
transfer data and instructions uni-directionally to the CPU and RAM i s used

typically to transfer data and instructions_in a bi-directional manner.
Bot h of theseSeEYPpRE Beragemstivas(spelaszphard diskbabis logver thay neingary steeage. It

conputer-rea I i i . i . dg. i coupl ed
bi -directiona y%@%%t%ﬁggtb?&g?@%u ﬁlsfe aé’%iél1 ?’i?tglrlngq&éé‘a(ﬁég?ﬁ%rna zﬁcapaci ty
and nmay al so dppedpride cases, b inkbiPofeintstindirddakhidreasEehia i ednfeey Ow.

Fi xed di sk 326 may be used to store program; data, and the like and is
typically a @éeé%wyblgtdeﬁkafdé maydrkeihe Seenolany-of g eoraussnyreadabic medig| ower
than primry o] ¢ 1t will be appreciated that the information retained
W t hin firrged ds%crf(b%gg’glo%y, in appropriate cases, be incorporated in

standard fasljpggsjas vi ra¢R@B2PBMN0/cOupledRIR Wiricty 4f infpatdBumptd @ vibeskudl 4s may
take the formof any of the conputer-readable nmedia 5 described bel ow.

[ 0035] CPU 322lispdayad0dokestbapided Ot monse e andspeakarndift /logeperal, deiime/sutpgtich as
di splay 304, keyboard 310 . se;.312 nd ,speaker. 0., n.general, an

i nput / out put d ‘élé?%ea y%fn Sf'g’%e"odf‘szp}%)isnﬁaé’?‘é’.ag%“é@%,ﬁ‘c? ?%%%S’Bgfgﬁ%g;ﬁc’%ste,
keyboar ds, mitGicBRieasiese displupd) trafastdricuRl @h&d, dynetid o PUCape fatersy eaders,
magneti c or paper tape readers, 10tablets, styluses, voice or handwiting
recogni z&Ps, tHISpstylnses, oieeduhandwiiting feepgrizip bigpeiricapedageoregharonal |y nay
be coupl ed t ot he ut er | i i usi ng network
interface 34 ‘."%@F‘Fﬁ sbg@ﬁi% oﬁgkog\%gyk&llg%ﬁée:g&}z%t%%%bﬁgé%aﬁé%@n%ﬁat ed that the

CPU mi ght 1 eegéddenrhiiOdtioRt hew ol 0sihd hawdel edirface 840.MWIh suohlb pdtwdrRf or mat i on
to the network in the course of perform ng the above- 15 described net hod

steps. Furt héHebices, it ieeontanniaed Hapthe P mightacesiwesisfrmatior fromathe pefvaskecut e
| el . e X. .nat . | toi
So €T o CEu 2,y e SHGE, gt RE B R BB LS

[ 0036] | ni;addiédctibed peodistpht Burterinbfe, Redfdmboditietits 6Mtht prdsB@invéltiohe to
conput er storage products with a conputer-readabl e nmediumthat have

conput er cod@ay@xequés wigly 1pen GBUF BRrAr meayexeswe 8 Ve Gristv ek sugh Rethe Artegnet
operations. The medj.a and conput ode, may_ be .those specially designed and
construct ed PP iasn PR d8MRE Chu TR SadRy PRoBAST B PElhe) ey be o
the kind wel jooBgpwn anth #M@idn2BmBodithehROFehdgééaninsKhtidn futhbh@1LOmput er
software arts. Exanpl es of conputer-readabl e nedia include, but are not

limted to: ¢rgpriel storagaipradecis withs dempaptedireddablefmhestipy thitdiave cemputer code

20  thereon for performing various computer-implemented operations. The media and

computer code may be those specially designed and constructed for the purposes of
the present invention, or they may be of the kind well known and available to those
having skill in the computer software arts. Examples of computer-readable media
include, but are not limited to: magnetic media such as hard disks, floppy disks, and
25  magnetic tape; optical media such as CD-ROMs and holographic devices; magneto-
optical media such as floptical disks; and hardware devices that are specially
configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,
30  and files containing higher level of code that are executed by a computer using an
interpreter. Computer readable media may also be computer code transmitted by a
computer data signal embodied in a carrier wave and representing a sequence of

instructions that are executable by a processor.



25 magnetic tape; optical nmedia such as CD-ROVs and hol ographi c devi ces;
magnet o-opti cal nedia such as floptical disks; and hardware devices that
are specially configured to store and execute program code, such as
application-specific integrated circuits (ASICs), progranmmable |ogic

devi ces (PLEB% and ROM and RAM devi ces. Exanpl es of conputer code include
machi ne code, €%s produced by a conpiler, 30 and files containing

hi gher | evel de t . . j : j nreter.
Comput er read@@?gpnedigféggﬂgwgéﬁg%£%%%g%?g?ﬁg%§%h§&§ﬁ§%?59§§Slg%gﬁ@onputer
data signal esrbgieetdorabiltus@tion dva stkel0avitl epbssaadnpver saiphemceciof
instructions that are executable by a processor. Exanples [0037]To
facilitate un@¥rd08Aupieyidse, aveewhishardiardgpaskpaysr 41Ais proyided ipwppvhich a

Cross-sectd o i )4l iqgn_of . St 4 i e 4 over
S anCat ok 1S BBt Wi A58 0thid B ARNIQHS 18l | V€T
provi ded, ovesmbilitbntdf theiBgdntibhHthe Sutistais 40ads a eilieon Wateg and tiehwénlaged st

mask 420 is provided. In this enbodi ment of the invention, the substrate
404 is a sili408ns adicdactriglayerhaichiag g dopgreor unggpedssikicon euideinprganjcgrargani¢ich

as a doped ory undape {Jico I.dg i [ qﬁﬂi oMy K
dielectric nabtagrl aiR’, Q#%!aéckgcr %tgéil’ ff‘g;}’g?‘{‘%g l{r}sepg}r%frsp oﬁéhgglgr%g%r?%]’ t\tﬁﬂ-ﬁe mask
416 is silicanasdilges (iBed2gxide (SSOb) ctGilicox YRiAitridda S(GNONh. othet eRbMples @eanpl es
the 10 etch layer is at |east one of a silicon dioxide based material,

or gano- silPi c £t lgyeadsat lepsspng efgrsiligan dierdde hased mpsariali igancssilieate glgss. a
oxynitride baged, G‘Iﬁhﬁé bied n?dtéﬁa‘f,qanﬁiﬁ@ornbdx%it GSE e M Rafldaflsitichh chEPdk OF
poly-silicon material, or any netal gate-“material. Tn oU’her examples the
har dmask i s ®agddanattigsl esllicon @pody-silicorBmatekinl; onaamed] gaé Alakerlal Wirk dthé car bon
conponent. 15 [0038%The substrate 404, etch | ayer_ 408, hardmask | ayer 412,
and mask 416 exgpplepihgdaimaskinearborbpsed matesial oppsitisercbpsed materiphwitheisk 416
is etched thr toresist mask to pattern the mask 416, as shown in
FIG 4B. Cftgﬁﬁggﬁégﬁ%§%9416 conprises of a layer (DARC) or 2 |ayers

( BARC/ DARY) (09381 om AntThe Reistria€et404€etel Blvengigiheldatsk iaye AMLd, aitehlagie iy e
Coating). The usual gas to open this tﬁpe of mask 20 has a fluorocarbon or

hydr of | uor oc afeHdtreg as the egthaieneter 200 @GiepH 04y Themak414ris atshedthreuhi the on.

[ 0039] The har sk. | ayer,is. .o ed usi a_Cos or agditiye (sten,108).
HG 5 s a RENERss By mrh R e 4fe ah st fEE AT ek ok
l'ayer using asm OF a (a5ér @WRT)H ¥e2 1 BARCYDARRS) (HoktBrPAn@AFlebtvR | S
flowed into theljg%tﬁcszh %?crhar-rberb(_steae’eggM. In thi)s@exanplrel_, an otpeni ng gas
conpri si ng 0€oatgediclastiipbridReflgctive Conting). dhe ubual gauipi apenl thiThweoparskg gas

nar dnasic? F1 e oG e G Rrotttosad OB R SR G o HEREE AL 85180 a1 o1

t he openi ng pidasass has opened features into the hardmask | ayer 412. Once
the features are opened in the hardmask |ayer 412, the flow of the opening
30gas i s stol939 (st epThalardmpsiskaydriik epgned aingragC@Hios CSt editive éstephifiS8or esi st

(PR 1aver aes sSOmDlet Sl L AR i LPRAS D SSBMRE e SRS er BB
COS or CS, additive. An opening gas with an additive is flowed into the etch

25  chamber (step 504). In this example, an opening gas comprising O,, COS, and
possibly an inert gas is provided. The opening gas is formed into a plasma (step 508).
The plasma is used to open the hardmask. FIG 4C is a schematic cross sectional view
of the stack 400 after the opening process has opened features into the hardmask layer
412. Once the features are opened in the hardmask layer 412, the flow of the opening

30  gasis stopped (step 512). Most likely, during this step, the photoresist (PR) layer gets
completely removed.
[0040] An example recipe for a hardmask opening provides a chamber

pressure of 20 mTorr. The electrostatic chuck temperature is maintained at -10° C.



pressure of 20 mlorr. The el ectrostatic chuck tenperature is naintained at
-10 C.  An upper electrode tenperature is maintained at 140 C
Alternatively, the electrostatic chuck tenperature is naintained at 30 C,
and the upper electrode tenperature is maintained at 110 C. An openi ng gas
of 200 sccm 02 and 10 sccm COS is provided. 600 watts at 60 MHz is provided
for 52 seconddn upRar elegiredetemppragurs isragingainediah d4Q o h Altgrmatiyelys @govi ng t he
hardmask is ' 0. f r ' etch

| ayer thr ougﬁerl %@g%ggg@l ﬁéﬁl r%sge ’?%aé@g%‘g{lg%qg)aﬁﬁ%ﬁpggélg%}ot@ged depends

on the type atmpaheid Blmidikainedas1 105 eArbpéRck ok 20666m BRSfl 10 ¥énk -
dielectric, FSG, SIN, etc., different process recipes are required. 10

[0042] FI G 4608 iprovidedrab@ wattsor S0 iivpravided &y 3rseenss skerdhis gaamplet er

t he features have . be etched into 1h tch | ayer he mask 416 may be
the sanre. fat drit. (et e AEmoMad e Rarfil b B 0o AlRy, °ar i ayer
408. As a reqobd1] the gRheedsiard ihddhABe efchgayel GodgdBE ofdiRd AaRiniAIR Mask
416 may be very low or approxinmately 1:1, which would cause this nmask to be

et ched away dayer fien hi@) etfbdrrasipersedepeads o e type aftieateniad that geto b08.

Because the hardmask. r ha . ffere [0 ties than t.he etch
Cayerqon ¢ R oRs TS e, 083 MRS & BT B Rk Bkl ey

har dmask. [ 0Qé3khiirét her enbodi ments of the invention, the etch layer may
be undoped or doped silicon dioxide based material (e.g. TECS, BPSG FSG
etc), ordBnol@M2icate GRS saemptic propoiestiomtviesy of e stapk 400 afderdhe ed

material, silicon pxynitrid e rialnaoSkdico bid ased
matorial | Lol reufaders PR AR e FRhdiep 0 Hit AR FTY ibha FRE% <
exanpl e, t henfitGaedr mephiveasmahcetopdbyticest theerR 1dye6%08.] Asbhtsulewanpl e, a
chanber pressure of 20 niforr. The el ectrostatic chuck tenperature is

mai nt ai ned aselectiyitg bepyeen pipretclelagen 408daditeapasiad Lfrmay ke verydewioned at 140 C.

A 25 passivating .gas.of .200.sccm. 02 and .10 sc i.S. provi.ded. 0 watts
AR R N T A R S e AR L T ol
the passiyat bPRafiddVih dRSctéh RFET408! Heb@lse P HL8haski Bgerel 8 had aifRfendbichng
stripping or renoving the hardmask | ayer. Modst |likely the S bonds to carbon

from t he anopjepetics duntemettlb layerd8s theietahulapss 408 s selesiifigly Ctebed wild-resf@eiC
bonding. It |s bgl i evelg' that this type of 30 conpound has a good etch
resi st ance. {odbi M8 ar dmask i s removed (step 120). A normal organic

| ayer stri ppjopd3) In other embodiments of the invention, the etch layer may be undoped
or doped silicon dioxide based material (e.g. TEOS, BPSG, FSG etc), organo-silicate
20  glass (OSG), porous OSG, silicon nitride based material, silicon oxynitride based
material, silicon carbide based material, low k- dielectric or any metal gate material.
[0044] In this example, the etched features are passivated (step 116). In this
example, a chamber pressure of 20 mTorr. The electrostatic chuck temperature is
maintained at -10° C. An upper electrode temperature is maintained at 140° C. A
25  passivating gas of 200 sccm O; and 10 sccm COS is provided. 600 watts at 60 MHz
is provided. Without being bound by theory, it is believed that the passivation
provides a barrier that protects the etch layer during stripping or removing the
hardmask layer. Most likely the S bonds to carbon from the amorphous carbon
forming structures containing C-S or C-S-S-C bonding. It is believed that this type of
30 compound has a good etch resistance.
[0045] The hardmask is removed (step 120). A normal organic layer stripping
process, such as providing an O, stripping gas may be used. The passivation layer

may be used to protect low-k dielectric and/or organic dielectric layers during the

10



process, such as providing an 02 stripping gas nmay be used. The passivation
| ayer nmay be used to protect lowk dielectric and/or organic dielectric
| ayers during the stripping. In the alternative, an additive of COS or CS2
may be added to the stripping gas to further provide a protective |ayer

during the stri.pping. process. .A wet-clean ce may be ysed after the
renoval of th%tnﬁglf‘arrggﬁbe CInatys, an 3 “Y%ﬁfaé{qgﬁé%&@@&aﬂaﬁﬁ(’a‘s@?@m%hout
damagi ng t he s =Y AT z ect Lap i ew of
tho ot ack. aft B D FaTKE PraRdlia plsclivy By KT s B ARE prgde] Ml Eiea

exanpl e, the ppeessnpydesisedaftdrios tenmvhl afehe Mirdinhek tofiemove mey fefnaiisiegl depends

on the material of the hardmask. A fluorine free gpening gas i.s able to
open a har dmelsivation laygsnwithent dgmaging ithe efhlayen Moty d %‘%ﬁﬁ‘ﬁﬁ%?f%er e the

har dmask. Ry elecfiihy 9] b 50 DaOORE Mol R RO BB 123

a fluorine
conponent. The uorine 10 conposition has t roper adj usted in order
to have enoudif046] ect i vintoneteRarhpie, tiediserdidgdsdy Euorihdfddel| Wheaddlhoge ko COS

or CS2 the stripping gas preferably conprises at . |east one of 02, CQ2,
N2, or H2. Motsed gerends amhe materialiof iﬂt?rm%‘%s A Brerinesiaee epepingiess d #de to

conponent sucf.gy Héf-dn%ér\{gﬁ@ePE&ItEB&Q'I%’siﬁJ%ﬁ. i £A&P%%gaxﬁg%agrfl%ydl§ﬁ§d%s > or

N2. Most preferabl tripprng©gas conprises her exanpl es
do not provi deyea hpas silived canpaierp theropehidgigdehas piscrineaionponwt! ThefluerifeOS
and CS2 aigdi ti ve.éig0049] In one exanpl e, the hardmask can be anorphous

car bon ortVi t coaWosHAR Bastode nropestyrdiusteddn prdes te hve sasrgintsipctiv iy fhthe
structure. MpystaRghfeabl y, the 20 hardmask |ayer is anorphous carbon. Such
a hardmask may Ee spun ‘on or chenical vapor deposited (CVD) or nmy be

deposi ted by [6047¢r net HeddditibmtCOSIor €3 @eppihfgadpetbi@mak coapseshas a
carbon conmponent, such as a carbon_based hardmask, such as anorphous
carbon, or alest onedf QeaStl. Naroa fhs Meir Preferablytho sripping @At FRMPIIES i nvent i on

can be used i e i i . . 25
[0050] Pr of e SmBhLls oFhe, SO RERhord BifGatlif 3t (Bophe Bt oAp BT, =0
t he mask1$ ayer Nantdshprefiratily, thy stiippidg @as téthprades €,ch properties. Preferably,

the hardmask | ayer may be selectively etched with respect to the mask | ayer
and the etchl004gdr rmay Qbkersapmpler dengt prorided pabsivatioasipar providhia har dnmask

or oater 30t Ryl Wiyl COSMRT JORREL  UET  Ton Brovi des. a hi gh aspect.
rati o etch ofoe9gat er théde ekaimble, HRORAdhiskaaa Bedaideshods chrbener adagdi nent  of
the present invention, a nulti-
contain Si incorporated into the amorphous carbon structure. Most preferably, the
20  hardmask layer is amorphous carbon. Such a hardmask may be spun on or chemical
vapor deposited (CVD) or may be deposited by other methods. In other examples, the
hardmask layer has a carbon component, such as a carbon based hardmask, such as
amorphous carbon, or a silicon based hardmask with a carbon component. The
invention can be used in order to etch any aspect ratio feature in such a layer.
25  [0050] Preferably, the mask layer is of silicon oxide or SiON. Preferably, the
mask layer and the etch layer have similar etch properties. Preferably, the hardmask
layer may be selectively etched with respect to the mask layer and the etch layer may
be selectively etched with respect to the hardmask layer.
[0051] Preferably, the invention provides a high aspect ratio etch of greater
30 than 20:1. More preferably the invention provides a high aspect ratio etch of greater
than 25:1.

[0052] In accordance with one embodiment of the present invention, a multi-

layer resist (MLR) mask is used in etching of an etch layer formed over a substrate.

11



| ayer resist (MLR) mask is used in etching of an etch |ayer forned over a
substrate. FIG 6 schematically illustrates an exanple of nulti-I|ayer
resi st mask 600 formed on an etch |layer 604 fornmed on a substrate 602. As
shown in FIG 6, the nulti-layer resist mask 600 includes a spun-on carbon
(SOC) layer 606 fornmed on the etch | ayer 604, an oxi de-based material |ayer

608 di sposed B Oriehapaticalinilbisigenan expamleomnultingys resiss smask 6A8 dormegions 10
di sposed on the i.de- eri.al L For J t he
patterned mas %%fag%yﬁ%%zglgn pa Jeérlﬁ)gté&tg}ég%'orggg?%‘%@%ﬁi %hélﬁg(rﬁg@l'% fa

thi ckness of rabietthask20nmIuddie sﬁ&-@ﬁ%hrb@ﬁ@S@@)’la €r OBt fbahebsh m'etetbhtlgﬁar

i mrer si on 193 nm phot ol i t hogr ap %/ haviig(%sa CD about 70 nm The oxi de-based
materi al | ayt04paBordsbpwdmieriad fayer §)DHdisprsed an thetsepn-on cadgs haygs 666.99n- on

10 gl ass (S l ayer. w t hi ckness_ of. .about. 45 nm _Th pun-on car bon
oo 806 Sy kBTN sk 816 aloPhiclai e Sl SRR rieiliay R Boe PU- 01 B8 o7
| ayer 604, ardossgy al S@dﬁ@xﬁrﬂ%@!ﬂh@@a&&p&ﬁmﬁ%ﬂaﬁ@é SpRenddSitoresitie

spun-on carbon | ayer 606 nm ave a thickness of about 350 nm Conpared

. Y
wi t h anor phouBRe iaplohaving & Hucknessofaboutetdaun.mehe PRwprsk 610 ypydgl pastemedyui r es
a sputter fil m.d iLtion ces .ne spunson 15 ,bon-layer..is formed by
2o coati ng T B8 ek R GR Hhotclilarb g il 3 FRAL D BEE it Ve,

Spun-on car basddsmirerial 19k B0 hraly bk @n-18 Gf b ISU9,-bAkE efatdridRuaiy PEHSnCar bon.
Conmpared with other organic filns, on the other hand, the spun-on carbon

has hi ghdP calsemMO@l lager with a thigleiesaelchbopid naodbe spyaen eatber lagss¥n. The

spun-on carb | Loy, be farned.using.an organi | aparization material,
shoh a0 NeC, 0y EYEbe Y nfi atenRe P8 R RARY GeBhEREE 6B pilpiY.” ane
ot her mat eri alsobeetfedsd to HOpuf-SAihardAhsEasOHN) ThSPn(SHatbdalay 605 RE)

avail abl e from Shipley Co. Inc., Mrlborough, MA TOK, Japan, JSR Mcro,
Inc., and th&ayq x@ickupss aftabeut| 330aym. 60amparag Wik anorpig®s carbon in the previous

ot Rl ek R B AR R et o °

t hi ckness of ma

25si | i cors basg8oiriyer is rmedtbyspaiéddtiRe usias @ dofveatiohid) st @688 arldtHeNfeboON 1S
not limted to specific materials of the etch layer or the substrate.

[ 0054] FI G 7eXpengiveyi §pun-ew edrben vinetepolynesi-likepnd mssolierthamgmerpheuch | ayer

formed on a supstrate using.a lti-layer resist sk.ipn accordance with
thi 5 enbod; nelipoby CoReHE i orani . PE P TRRLr Pe BEEROEROTha « ne
etch layer ORfk hbheil@6hdenRREbrABRAELOARAUSHEr Rficeratibh UBbLydeh Y TheX@MIdEL. The
substrate 602 with a stack of layers is placed in a plasna processing

chamber (st eparb@phayerrnay begformedusing ematgasioplanarisdtion phtagatasyshas dF Y, ng
chanber 0 that b d for the invenii.ve etchj in accordance with
ona oot mehape fibm i Miteo, fie, SnBrudle: TalitpBednd olffe Bl o frmer 800
conpri ses cogbCNSpRDON Ualtidh), 3TH (SPIn O BhArdeaSEf 1vafl&o18 @dm ShibRYRTo. BlceCt r ode

808, a gas source 810, and an exhaust punp 820 connected to a gas outlet.
W t hi n pl asnapbeoroughiMg, TOKepangiR Mitre, bybond ttedikg0 2THentelnlaybeoit ack of

l-ayers) is posiiioned upgn t | gwer...el ectro 808. The r..el ectrode 808
i ncor por at es™® ée a ? §?{Sa@$@e§ﬂ§s F Rl (Cffm aﬁ‘_’gﬁ?@'(iﬁgme)s?ﬁ I%Eg&&QS%aYef

el ectr ost at i KavinFRClRRRhER of GhSUTRID Gm. OThe B stkdtk 802 Ay bR AL RY SiNCorDdRst rat e
602. The reactor top 828 incorporates the upper electrode 804 di sposed

i medi at28l y sdigenshasesd mhterihlowlsheuld be motéd tBO8he fiasent pyentied isgiot biohited 6,
| ower el ectrode.808, and nfinenment rings 802 define the confined plasna
vol ume 840. Segdfif glagi?&ﬁp]sl (?f& ?tSR?E’ﬁ'Sr %roth? Fﬁ&&aﬁr asma vol une 840 by the gas

[0054] FIG. 7 is a high level flow chart of a process etching an etch layer

formed on a substrate using a multi-layer resist mask in accordance with this
embodiment of the invention. The multi-layer resist mask 600 and the etch layer 604
30  described above are used as an illustrative example. The substrate 602 with a stack of
layers is placed in a plasma processing chamber (step 702). FIG. 8 is a schematic
view of a plasma processing chamber 800 that may be used for the inventive etching

in accordance with one embodiment of the present invention. The plasma processing
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10 source 810 through a gas inlet (holes) 843 forned in the top el ectrode,
di ssociated into reactive plasma by the RF powers applied to the | ower

el ectrode, and then is exhausted fromthe confined plasma vol unme 840

t hrough the confi nerrent rings 802 and an exhaust port by the exhaust punp

820. Besi des t o exhaust as, exhaust., pu O helps to
regul ate prescg'l? er 0 gampraise mﬁﬁé@aﬁ’é‘%ﬁ?@&%@é ises a
patterning g t chi ng
gas sour ce gi%.&Pf*ﬁ%%ﬁa’?%%sséﬂ%%éﬁ?'%égsﬁ?ﬁ?gﬁhe%ﬁﬁ%%’)?”ﬁéﬁ I PR et
source, an 02Within ﬂmmprpcmmg@hhmbmﬂot)ythetstﬂstra@a(ﬁ)zs(mmmhs stédfk)cbf layoyirip

dependi ng on the opening gas reC|? as source 810 may further
conprise ot heRostioged BpRBE dgwes ehec fgﬁfcgpgas lewey ¢lpstrpgle $98 IWQ?étef Br the

o ocessi ng B UehsRaRREREE s bREwkih (a (kRRNe ApplfnRETABRERE, OF 11C
el ectrical |y thelikgdbekbiting thesubswe 662.eThe rdeoBOP. 828hminpcrramatﬁea1p§6:2

surround the confinement rings 802, the upper el ectrode 804, and t he | ower

el ectrode goglectiode B disprsed gmgdiaie)y ernesis the lawer alegrode’ls. TheiRRRET a 60
MHz f f
connact s ng. rtiSode 84 Boid Mo HEE, RS entr heq HRnE HENARRLETS ©

Resear ch Cor plasata vabise D] @ad is isappgHed o Hiﬁsbaﬁm&plahnasol&el%ﬁ(b&)th@@’sl es,
made by LAM Research CorporationTM of Freno

[if whi ch
used in &0pr ePwice 840 Ehrorgh 1astinist (bolse) $Ar%/fé>ﬁp%wcﬁ? IFRPO@rifr?lcltTaﬂﬂ‘E 'zs%rahﬁedylawd 60
MHz power 30% five Hggrﬁaﬂ tﬁJlé*lI: E\E\{vggggﬁheﬁq%ﬂeelogféﬁeﬁ%&%&f’ h%:f?lsl he | over

el ectrode, the upper I's grounded. A contro er 835 is
control | abl yeghmxsedtfmﬂn the dohfinddplamy eluBé 840 exbagisthe punfinddddnt ringd8he gas
source 810. The controller 835 may be m’g%errent ed in.the sane manner_as the

control | er 238d a%e@raiumrtdtyd%emlém G Rasesiss hglring{g exhaust the gas, the

[ 0056] Ref err i b
patterned thr ouc}j‘l‘g@éﬁj eIS pa(ﬁt]egg Je%g%ng%g‘gioﬁﬁgj?sn%m%&%ﬂgﬁter}%ég S(ggge % step
704) . Anys coowmptises ngattgdingsiis sadnce 81 ardhask@pprihg gansdiged Siet adiade- based

material | ayer 608. The spun-on carbon |ayer 606 is then opened through the
patterned oxFEBIBLEsowCH@kler Thehardipask %@nggaw)uacm?ﬂmweam 8% gas

Component. | s e SR Ryt Efla opdirall2oRERS SRERL fite IRSFRIBNIhEEn " O
processi ng ctharopefiing SaPtedipeP The gﬁ@idiiﬁ@ Slm}tﬂlﬁhbﬂfdiﬂi;&&léoﬂrb@ BN@uPRSs)SO as

to open (etch) the spun-on carbon Iagfy Then, the flow of the har dmask
openi ng gas # §v@m§aﬁmpmnagmm or (he sHbsgAIR SEPHEoesBsaster the pr esent

i nventi ofh tﬂardx%gk nLpg tﬁgﬁ{ aﬁsi@e‘}’hﬁh’@g‘lé@ 02. Preferably, the

har dmask™ openi ng gas c nS|s S esse and a dilutant gas
such as Ar. possy nativgk yhowlhﬁl ey, §MBSKF P@0E BYS BagediBoallytehndedeche at

| east one of 02, CO2, N2, or Hz, and opti onally Ar. CO or CH4 may further
be added to lomer hlaﬁmﬁbsﬁ%oﬁﬁmbgr galésS Zrsugropné thereanfiserasntrrigs 802Hbe har dmask
openi ng gas contai ns 5 1t0,400.s 2 d aho 1 to 50 sccm
COSs, prefer alfﬂpfl'r © ntgﬁfqgﬂ & Odfhg@n@? eﬁgf%lgﬁ/g%%gﬁy cg@p}g%

Al ter nat i vel y MEESowdotRe APG0MHLpdvier $60ce, b 261 7aMIHY, folbel 8oulib86 nor e
preferably about 10% of the total flow of the hardmask openi ng gas. An

exanpl e 25eciPiéferant camhaluatiwm C@pmlna Rt powied ¢ the elestioe prepossibler dn dfe 20
nmlrorr. The el ect t t.ure tai ne An upper
20 el ectrode?® e?é;‘%?’é%?eé“ Wﬁgﬁﬁ@a lﬁ?m‘ikf’gfhgsays% So%‘@ﬁahg éﬁ‘% oFIISH0 scem
02 and 10 sGRaBIT A RERYicH %&%ﬁk%f@eﬁ&tsehmla GAkitl nak b Sképes a
cross-sectional view of the pro

a preferred embodiment of the invention, the 27 MHz, 2 MHz, and 60 MHz power

sources make up the RF power source 848 connected to the lower electrode, and the

30  upper electrode is grounded. A controller 835 is controllably connected to the RF
source 848, exhaust pump 820, and the gas source 810. The controller 835 may be
implemented in the same manner as the controller 235 described above referring to

FIGS. 3A and 3B.
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of the spun-on carbon | ayer after the opening process in accordance with
one enbodi nent of the present invention. For conparison, FIG 9B shows a
schematic 25 cross-sectional view of the profile of the spun-on carbon

| ayer after a conventional opening process (wthout COS) as a reference. By

addi ng COS to the hardmask openin as, the profile of the spun-on carbon
| ayer 606 is Ehﬂéﬁ}ficanwfymngmaébgnlgl i’nthe oxpsigrhased watepallays 6RBis | i ke

pol ymer and s e r p r TN | un-on
carbon | ayer 49 Jsute%fitetﬂggg}g{ef%tl g&‘éi&tl gﬁtﬁ%grﬁégﬁl?h%g\%%ﬁ%@@%a% gsgéeﬁ?% and t he
l'i ke during thmverklghsRiR4Es for e&mﬂigv;fa&efnsngrwexideiba@hd/raae'eﬁaaaag%es. such
as CH3F, CH4, C21-14 and CO as an additive to the hardmask opening gas to
control the pHistipus-opicarbion laysn A0GH therr epened Hyeygh theygattesiasiooxd basex%s

unexpected y _inpr.qved e .profil t i ntainin gh etch rate.of the
opent ng. proscBuIREELES ch BBk S hpidna®bplRad e (e 208, T B et ey o

ot her addi ti vi@sdmiRUp8hirRe ke édntinRaACOY cothfonedt isustrdtictd frofnhté hayaaiace
spun-on carbon |ayer as a hardmask, features are etched into the etch |ayer
604 using an &% spHregyingathe plases pEocEoENg chamber.oti plasaep isdorsredt{rgashef r om t he
gas. Tho ot orinrbR Prl%e Balh PR pbHE R s Zaol Meeti AR IR detier o
the previous oFmRoghirdmmk opehindRys Restdpel OlRdordahdOyidinin EQBYE MehO6tahe et ch
process suitable for the etch layer (TECS in this exanple). In the
subsequenf priRsesisinyentiop, the bprdmask openiemeasifurtss ib@ﬂ@%:& refleiablye isved. 10
[ 0059] Whi | e this. ipvent.ion has_.heen rided A4u t . ever al eferred
cmbod ment s, Tt SPRNLE By QR b . SR AR R A SLA! o AF

vari ous substAlteiiveiih¢ dafinbSk o}%ﬁiﬁ% ghahhy Wctdde CO9)at Ragtpae of OLNTS,,

i nvention. It should also be noted that there are many alternative ways of

i npl enent i ng Neher Heand aptiensdly £5p 41QuousHs may funtleer be addast tojths/bavdmask | ij s
her ef ' h | Qwi 5 i .
therefore | ”}asggggﬁg%ﬁ. fﬁel rat ?eefelragie eg(er %%t, é}e.h%p(ﬂﬁﬁﬁeogeVlg?;gggsc&l?m{l)sg%b%ql E«gﬁ ed as

i ncl udi ng al i ons, i'ons, an ous su I'tu

equi val ens s eas40@édenv®} fidablolie] td SEseRi COB, pafkralpRBoat 5 (o' REAEDS,
i nvention. CLAIMS What is clainmed is: 1. A nethod for opening a

car bon- basedmes Biefesably aheut 10seern @@ Aleraatitely, 4Y may b abowleta 28%, t he
car bon- based har duasle | 2% dL2R0SELuRS3M ook 3t " DEFnS% s the hardmask

opening gas. An example recipe for a hardmask opening provides a chamber pressure

of 20 mTorr. The electrostatic chuck temperature is maintained at 30° C. An upper
20 electrode temperature is maintained at 110° C. An opening gas of 200 sccm O, and 10
sccm COS is provided.
[0057] FIG. 9A schematically illustrates a cross-sectional view of the profile
of the spun-on carbon layer after the opening process in accordance with one
embodiment of the present invention. For comparison, FIG. 9B shows a schematic
25  cross-sectional view of the profile of the spun-on carbon layer after a conventional
opening process (without COS) as a reference. By adding COS to the hardmask
opening gas, the profile of the spun-on carbon layer 606 is significantly improved.
Since spun-on carbon is more like polymer and softer than amorphous carbon, it is
believed that the spun-on carbon layer is more susceptible to undercut, bowing,
30 tapering, and the like during the opening process. Applicants have tried various gases
such as CH3F, CH,4, C;H, and CO as an additive to the hardmask opening gas to

control the profile of the spun-on carbon layer, and found that COS unexpectedly
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conprising: placing the substrate in a plasma processi ng chanber; and
openi ng the carbon-based hardnmask | ayer, conprising: flow ng a hardmask
openi ng gas including carbonyl sulfide (COS) into the plasna chanber;
formng a plasma fromthe hardnask openi ng gas; and stopping the flow of

t he har dmask openlng gas. nmethod as recited in claiml1, wherein the
car bon- based ravasthe pefile yqtgn%al@ntgfa I&%Ffﬁhéﬁl}% OEQ&emﬁmngﬂrocv&ﬁe @@bhod as
recited in cl i Iayer i s made of
spun-on carbd%kghétmﬁﬁgﬁg Pﬁo%%aSQ%ggﬂ?&%?%%”E A 'm L. wherein the hardnmask

openi ng gas freosgler i ncRéfe@mg®ack toOFIGT Meudiml tm@@nﬁ&‘opéﬂéﬁ f-dntaioni 18ye4

wher ei n t he hardmask openlng gas consists essentially of 02, COS, and a
di | ut ant gas.as aardiheskpieatiers aasetehesd intagthp gtclilayien P4 uma@ptﬁhmacgahéﬂth k

f lud
e ou as3r e AL b ing 4R B s FRR 8 8 e 8use Wil a pfismi g fie &
provi ded bet g@iodshdnRdpRidBE cith ks, 2NKE &g of (e tdhasRs 3 HEPRS6rhay 81 |

the nethod further conprising: patterning the oxi de-based nmaterial |ayer
usi ng the patat%mﬂ@dnmk as the previeusenmtiodire¢nt, QrH@asc@rMm@a@ seinganymask | ayer

dth t t d t hod
for “openi ng SOUoRR RS HERAF syBbla e BRRGh PR TEBS MBS bamd: talid on
an etch Iayersu@ééqﬁcxﬂpmésst(&@pe,lotHﬁzﬁmmasklrﬁmewﬁplaelmﬁl&vwcl udi ng the

spun-on carbon | ayer, an oxi de-based material |ayer disposed over the
spun-on &8rbd003%yer, aNbilethirsinventioadiagrhedn described in terms of several preferred

embodiments, there are alterations, permutations. modifications, and various
substitute equivalents, which fall within the scope of this invention. It should also be
noted that there are many alternative ways of implementing the methods and
apparatuses of the present invention. It is therefore intended that the following

15 appended claims be interpreted as including all such alterations, permutations, and
various substitute equivalents as fall within the true spirit and scope of the present

invention.
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di sposed on the oxide-based material |ayer, the nethod conprising: placing
the substrate in a plasnma processing chanber; patterning the oxi de-based

material |ayer using the patterned nask; and openi ng the spun-on
carbon | ayer using the patterned oxi de-based material |ayer, the opening
conpri si ng: fl owi ng a hardnmask openi ng gas including carbonyl

sulfide (COS) into the plasma processCp@gissnber; formng a plasnma fromthe
har dnask openi ng gas; and stopping the flow of the hardmask opening gas. 9.
The nethod as recited in claima8, wherein the hardnmask openi ng gas further

i ncl udeswBa.is cthinedlihe net hod as recited in claim9, wherein the hardmask
openi ng gas consists essentially of 02, COS, and a dilutant gas. 11. The

el udesal- | AE A5l st ed Pup B DS AR AR LOFE Py 1

claim 8, whers@bdirateOthel cartdobised Hartimmadoiy&f disgdged Bdlad affa@émell nidiR, har dmask
opening gas. 13. The nethod as recited in claim 12, wherein COS is about

5%to 15% of cPm@risivgal flow of the hardmask opening gas. 14. The method as
recited in claj i ' 9 .fhe total flow of the

har dmask opeﬁ?%gkéggﬁmgﬁgglﬁaﬁgﬁﬁggw?%gag%ézﬁ%§§5%£6tch | ayer over a
substrat e usiopeniag thelcarbonahysed hadmask lapakcdmprign:t her eon, the nulti-1ayer
i do- based mat er M ey BI AR SR SR Pt S B BHTU SRR (parmo Sicplisma
patt er ngghARgk di sposed on the oxide-based material Iayer, the method
conpri si ng:

forming a plasma from the hardmask opening gas; and

stopping the flow of the hardmask opening gas.

2. The method as recited in claim 1, wherein the carbon-based hardmask layer is made of

amorphous carbon.

3. The method as recited in claim 1, wherein the carbon-based hardmask layer is made of

spun-on carbon.

4. The method as recited in claim 1, wherein the hardmask opening gas further includes O,.

5. The method as recited in claim 4, wherein the hardmask opening gas consists essentially

of O,, COS, and a dilutant gas.

6. The method as recited in claim 1, wherein the hardmask opening gas further includes at

least one of Oy, CO,, Ny, or H,.

7. The method as recited in claim 1, wherein an oxide based material layer is provided
between the patterned mask and the carbon-based hardmask layer, the method further
comprising: patterning the oxide-based material layer using the patterned mask,

and wherein the carbon-based hardmask layer is opened through the patterned oxide-

based material layer.
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pl aci ng the substrate in a plasma processing chanber; patterning the

oxi de-based material |ayer using the patterned nask; openi ng the
spun-on carbon |ayer using the patterned oxi de-based material |ayer, the
openi ng conpri si ng: fl owi ng a hardnmask opening gas including a

COS conponent |ntho ihe |.asma processi ng chanber: . form' n asglfas fromthe
har dmash- opef RGA% 0T OPRADEASBRR-AE CEREN FYERgr i islaperarRe S BRSO
et chi NgefcRadyer B%criauBstidAe 118t ﬁbltﬂ-%y@ﬂ reﬁiﬁrﬂ%&hnélbﬁng BRNSHN-DRWARA 15RE AN

| ayer; and renoving the patterned spun-on carbon Tayer. 16.An apparatus for
et chi ngoside-bagsd maiguial lagee dispossdipyer the epwrspmgarbomdalyen, ahdiy pattaresi masknask

formed theregn, .the. ti~layer resist mask.including a spun-on carbon
| ayer fglrspr%sﬁ SR tlg%%mg%"-%ﬁefl%%?r}al %eﬁililedlgfa 8g§8m%§lgg'i al | ayer disposed on
the spun-on gREiAEHhd @ﬂj@ﬂfateﬁﬂﬂpasrﬁabf@_éﬁﬂ%dmﬁlbeﬁi sposed on the oxide-based

material |ayer, the apparatus conprising: a plasma processing chanber,
conpri si ng: Batterrins e wada-based matrgiablaypesing the pedasedigaghiandber encl osur e;

bstrat ' i PN .
chanber  oncl SRR the i3t BRALA LG, Qi thE BBl blil-Bulll R IRPRE o7, 0
pl asma ppandesingisatganber encl osur e; at | east one el ectrode for

provi ding power tQ the plasma processi ng chanber enclosure for sustaining a
pl asma; at | east gﬂ%‘“ﬁlﬂl}% askaopgring gar Betydinggarhonyb B EOP binfnbe plasmaast

one el egltQdRiz Ra®iBS; i Nl et for providing gas into the plasma processing
chanber” enclosure; and a gas outlet for exhausting gas fromthe plasna
processi ng chanbeformmg oplasneg framghs hardurasleopaning ghsdarsbnnect i on with the gas

inlet, including atternin S.source, an opening gas source and an etch
gas source; and &o;?pmg file ovxgoigt%e har%masf opening gas.

9. The method as recited in claim 8, wherein the hardmask opening gas further includes O,.

10.  The method as recited in claim 9, wherein the hardmask opening gas consists essentially

of O, COS, and a dilutant gas.

11.  The method as recited in claim 8, wherein the hardmask opening gas further includes at

least one of O,, CO,, N», or H,.

12. The method as recited in claim 8, wherein COS is about 1% to 25% of the total flow of

the hardmask opening gas.

13. The method as recited in claim 12, wherein COS is about 5% to 15% of the total flow of

the hardmask opening gas.

14. The method as recited in claim 13, wherein COS is about 10% of the total flow of the

hardmask opening gas.

15. A method for etching an etch layer over a substrate using a multi-layer resist mask
formed thereon, the multi-layer resist mask including a spun-on carbon layer formed on the etch
layer, an oxide-based material layer disposed on the spun-on carbon layer, and a patterned mask

disposed on the oxide-based material layer, the method comprising:
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a controller controllably connected to the gas source, the RF bias source,
and the at | east one RF power source, conprising: at |east one processor;
and conputer readable nmedia, conprising: conput er readabl e code for
patterning the oxi de-based material |ayer using the patterned nask;

conput er readab) e cod for e t he spun-on carbon | ayer using the
patterned oxPlgémgé]%eeﬁl ﬁlé?t%mgpfg‘?@ 8FOCeEs %p&ﬁagﬁbﬁb conmput er readabl e code
for flow ng tf&‘ﬁlﬁgﬂ%)@&eﬂés@&lnﬁ?&la! Ih%%ﬁggthé‘ CEEn&PaRaQnent into the

pl asma processing chanb conput er readabl e code for fornming a

pl asma from mellﬂmﬂldmskomp@hom@ygta@;naﬂld patterned @odpbased materdd bdyer,codle f or
st oppi ng the flow of the hardnmask etching gas; and conput er readabl e
code fofP WP 8% ures into the etch layer through the opened spun-on
carbon Iayer CO”HBWﬁigrlﬂiardmask o;ﬁﬁﬁiglgtaﬁnchﬁmba@CQS oh8t iRfoaNE pliafifla an
etch gas fromthe etch gas source; conput er readable code for formng
a pl asnproressingtdhamberch gas; and conput er readabl e code for stopping
the etch gas; and b A the patterned spun-on
carbon | ayer. f?%@r%e%ﬁ %ﬁggrg%e#gﬁgﬁgﬁgﬁ 8%?”%?@%?& over a substrate and

di sposed bel ow a hrapsinpeic flay ef thdihalassk cledingvwas, mask, conprising: placing

the substrate in a plasm Procesm n(%hchanber
etching features into the etch layer through the opened spun-on carbon layer; and

removing the patterned spun-on carbon layer.

16. An apparatus for etching an etch layer over a substrate using a multi-layer resist mask
formed thereon, the multi-layer resist mask including a spun-on carbon layer formed on the etch
layer, an oxide-based material layer disposed on the spun-on carbon layer, and a patterned mask
disposed on the oxide-based material layer, the apparatus comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma processing
chamber enclosure;
a pressure regulator for regulating the pressure in the plasma processing chamber
enclosure;
at least one electrode for providing power to the plasma processing chamber
enclosure for sustaining a plasma,;
at least one RF power source electrically connected to the at least one electrode;
a gas inlet for providing gas into the plasma processing chamber enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber enclosure;
a gas source in fluid connection with the gas inlet, including a patterning gas source, an
opening gas source and an etch gas source; and
a controller controllably connected to the gas source, the RF bias source, and the at least
one RF power source, comprising;:
at least one processor; and
computer readable media, comprising:
computer readable code for patterning the oxide-based material

layer using the patterned mask;
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openi ng the hardmask | ayer, conprising: fl ow ng a hardmask

opening gas with a COS or CS2 conponent into the plasma chanber; formng a
pl asma fromthe hardnmask opening gas; and stopping the flow of the hardnmask
opening gas; etching features into the etch | ayer through the hardmask; and
removi ng the hardmask. 18. The thod as recited in claim 17, wherein the
har dmask conpri ses onec%‘?lp‘éte%@ﬁ‘ﬂ?gﬁe% E’]rﬁﬁ@ﬂ%gitg? SW‘%%@&?%]@Nﬁdoped car bon

based material w L8 5Remeg OIRRIBM mateljigl-lﬁ}]-é??cdi‘i?rﬂg%: as recited in

claim 18, wherein the hardmask | ayer 1s anorphous carb 20. The net hod
as recited in claim18, wherehputtheadrldeomskKoofeningashafdmiskerpeniogpri ses at

| east one of 02, CO2, N2,. or H2. . The thod ag recited in claim 20,
wherein the hard mask 8?J§elﬁg]b‘gglgfauﬁ:(5%§?m88?ﬁg?frg‘ég‘elﬂie.‘smazz. The nethod as
recited in chricBsinb chwh®egi n the mask is of a silicon oxide or SiON.  23.
The nmethod as recited in claim22, wherein the etch layer is one of a
silicon dioxi de based mat er Femputer gadebles¢ddedar wryirgssplasmairpingbe nitri de
based material, a sili iteide based material, silicon carbide based
material, silicon or pgﬁgmgl%ﬁ{?éeghd%atse%dgl , or any netal gate material.

24. The nmethod as recited i gop@tiieddablordirledonstdfigndtedisRsés the of a carbon
based material and wherein the renoving the hardmask is an oxygen ashi ng
and wherein the etch | Byrdmasketghinggps;and| ectric | ayer, further conprising,

passi vating sidewal | s of fe@é’ﬁ?ﬁ% LLehed.ddatg: étaﬁn%?ejaqlr&liﬁtb daver before

renovi ng the hardmask, conprising: providing an ashing gas conprising
oxygen with an additi vetchiayeOBraurgh@s2opdnod spurgomcgpbashaged, r om t he ashi ng
gas; and stopping the ashin as. 25. The nethod, as recited in claim 17,
wherein the hardnask o%ﬂ?rhgg“%gas has a COS

computer readable code for providing an etch
gas from the etch gas source;
computer readable code for forming a plasma
from the etch gas; and
computer readable code for stopping the etch gas; and
computer readable code for removing the patterned spun-on

carbon layer.

17. A method for etching an etch layer over a substrate and disposed below a
hardmask layer disposed below a mask, comprising:
placing the substrate in a plasma processing chamber;
opening the hardmask layer, comprising:
flowing a hardmask opening gas with a COS or CS; component into the
plasma chamber;
forming a plasma from the hardmask opening gas; and
stopping the flow of the hardmask opening gas;
etching features into the etch layer through the hardmask; and

removing the hardmask.

18. The method as recited in claim 17, wherein the hardmask comprises one of a carbon

based material or a silicon doped carbon based material with a carbon component.
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conponent. 26. A sem conductor device made fromthe nmethod recited in
claim17. 27. An apparatus for etching high aspect ratio features in an
etch | ayer above a substrate and bel ow a carbon contai ni ng hardmask bel ow a
mask, conprising: a plasnma processing chanber, conprising: a chanber wall
formn | gsma processi.ng .chanmber epcl osure, i a substrate
suppor?lsof 3@56%?@¥Hﬁr§“ BRE€ é?égmw'ﬁ?ﬁ”ﬁﬁEmﬁﬁﬁgﬁEWﬁﬁ%ég@gﬂWGSE%ﬁ%%er

encl osure; a pressure regulator for regulating the pressure in the plasna
processi ng chanber encl osure; at | east one el ectrode for

provi di 2. povie nmethadhes rpdigdnie claimnd 8 sehargindhahdrdmasgnepensuas éurfler comptisdsni ng a
pl asma; , at Iea%g)ogg @§1p0ﬂ§r source electrically connected to the at | east
one el elPFoWE-OTP20402iM 8F Beor provi ding gas into the plasma processing
chanber encl osure; and a gas outlet for exhausting gas fromthe plasma
processi ng chanber enclosure; a gas source in fluid connection wth the gas
i nl et, ébnpr ils mythogdris serdieil iig clobnpBnehereiodbe bard nzask epethgagdertbenoowrisendr.an
additive source; and a controller controllably connected to the gas
source, the RF bias source, and the at |east one RF power source,

conpri sphg: ahe hedrld Qnecifed &€ elaien 7, whdein the mask is of a silicon oxide or SiON.

23. The method as recited in claim 22, wherein the etch layer is one of a silicon dioxide
based material, organo-silicate glass, a silicon nitride based material, a silicon oxynitride based
material, silicon carbide based material, silicon or poly-silicon material, or any metal gate

material.

24, The method as recited in claim 17, wherein the hardmask is of a carbon based material
and wherein the removing the hardmask is an oxygen ashing and wherein the etch layer is a low-
k dielectric layer, further comprising, passivating sidewalls of features etched into the said etch
layer before removing the hardmask, comprising:

providing an ashing gas comprising oxygen with an additive of COS or CS;;

forming a plasma from the ashing gas; and

stopping the ashing gas.
25.  The method, as recited in claim 17, wherein the hardmask opening gas has a COS
component.
26. A semiconductor device made from the method recited in claim 17.
27.  An apparatus for etching high aspect ratio features in an etch layer above a substrate and

below a carbon containing hardmask below a mask, comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma processing
chamber enclosure;

a pressure regulator for regulating the pressure in the plasma processing chamber
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conput er readable media, conprising: conputer readable code for opening the
har dmask | ayer, conpri sing: conput er readabl e code
for flow ng a hardmask openi ng gas conprising an openi ng conponent of at

| east one of 02, N2, O H2 fromthe opening conponent source with an

addi tive qf COS or CSZ fromthe additive source into the plasnma chanber;
comput eF¢'8¥E&bl e code for formng a plasnma fromthe hardmask opening gas;

and conput er read%@l'e@st%ﬁ@@letz@&desffop nd P&Vgrlt YYleOJla RBaLIIBKaAB&N! NY
PBRARR P tlah e tpeig

gas; conput er e code for ‘et ures Into the
et ch | ayedlosune bughsttinmghwaplekmeessk, conpri si ng conput er readabl e code for

i di tch s fromthe etch S so readabl e, code for
Formng 3 plasrm P owPRERERORgaereanaenioally Sapfideit o f sl ee clsteodor

stoppi ng the et chagasinl@msk H8MRIH Ias 198 URPI8 LB LR o BAMYENG cldiEre; and
har dmask. 28. The a%paratuslﬁas recﬁted inclaim?2 % mﬁereln thg hafdﬁésk i's

of a carbon based2gat etleafor exhaisiingged fiomHlke plestov pregesshng dhambemeicldssrean

oxygen ashin e he et ch l Iomk dielectric |ayer,
wherein the g S‘PQ}M %giaada nnecnodngl urtgﬁ%l”nl o‘rz%?]imsé%g conput er readabl e

code for pa55|vatamgpanﬁgwmmpdhamsohﬁa;ures etched into the said etch |ayer
before renovi ng the hardmask, conprising: conputer readable code for

provi di ng an ashlﬁ@eﬁéga%%WﬁF$§m%g oxygen fromthe

an additive source; and
a controller controllably connected to the gas source, the RF bias source, and the at least
one RF power source, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for opening the hardmask layer,
comprising:
computer readable code for flowing a hardmask opening
gas comprising an opening component of at least one of O,, N3, or H, from the opening
component source with an additive of COS or CS; from the additive source into the plasma
chamber;
computer readable code for forming a plasma from the
hardmask opening gas; and
computer readable code for stopping the flow of the
hardmask opening gas;
computer readable code for etching features into the etch layer
through the hardmask, comprising
computer readable code for providing an etch gas from the
etch gas source;

computer readable code for forming a plasma from the etch

gas; and
computer readable code for stopping the etch gas; and
computer readable code for removing the hardmask.
28.  The apparatus, as recited in claim 27, wherein the hardmask is of a carbon based material
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openi ng conponent source with an additive of COS or CS2 fromthe additive
source; formng a plasma fromthe ashing gas; and stopping the ashing gas.
29. The nmethod as recited in claim1l, wherein the opening the carbon-based
hardmask | ayer is perforned after opening an anti-reflective coating |ayer

formed on,the carbon-base ardmask |ayer. 3Q. Th thod as recited in
cl ai m 287 WREIEE (e FHEOWRE Fos B ek v Lo ﬁﬂ‘lp%ﬁféf wheeBBagEh S How-
F1 uor oc prdRB1R¢ 1:R¥ARAkEHOIRCBIPAR: PaRSt e GRAM SEth¥r condbbises Qsm?gfeb Péadﬁxﬁe
recited in claim8, wherein the spun-on carbon |ayer 1s a hardnask [ ayer,
t he oxi dedefas passivatieg sidewhlbsydifedtgreantched inte thiclseidtctabdlapardiefarg remoing (START)

PLACE SUBSTRATE W TH ETCH LAYER, HARDVASK LAYER, AND MASK | N CHAMBER 104
OPEN HA ISRVERSYABTH ADDI TI VE 108 ETCH FEATURES | NTO ETCH LAYER 112

PASS | VATE FEATURESmpdier REMBYECIRREMALding an ashing gas comprising oxygen from the

opening component source with an additive of COS or CS, from the additive source;

forming a plasma from the ashing gas; and

stopping the ashing gas.

29. The method as recited in claim 1, wherein the opening the carbon-based hardmask layer is

performed after opening an anti-reflective coating layer formed on the carbon-based hardmask

layer.

30. The method as recited in claim 29, wherein the anti-reflective coating layer is opened using a

fluorocarbon or hydrofluorocarbon based chemistry.

31. The method as recited in claim 8, wherein the spun-on carbon layer is a hardmask layer, the

oxide-based material layer is an anti-reflective coating.
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