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[ 0001] The present invention relates to etching an etch |ay thr ou mask
during 5 the production of a sem conductor device. Mre sp%mwwmmﬂmmm he
present invention relates to etching a dielectric layer th

pseudo- har dmask, such as anorphous carbon or polysilicon duringstie
production of sem conductor devi ces. Anorphous carbon is a deposited high

t enperature carbon s chem cal vapor
deposition (CVD) wi S | ayers 10 may be
deposited at tenperatures greater than 400 C [ 0002] Duri ng sem conduct or
waf er processing, features of the sem conductor device are defined in the
waf er using well-known patterning and etching processes. In these
processes, a photoresi st BRRKGROENIADFTEYE DN VENIION ed on t he wafer and
then is exposed to light filtered by a reticle. The reticle may be a
transpare QU | es

t hat bl oc@mﬁl_) e’rﬁegﬁrgspe?‘ﬁb“{{g’ét?ﬁ‘tg&# ?gfgﬁnﬁ?r&g? :l%wth}f%%(%l]%%?fer passi ng

t hrough t reti he |igh
g? khe pr%%u&}o% (o] aeseml nhu&grnhg\%es tl\qgressl';l)re]:n 1c§lly, the present invention

relates to etching a dielectric layer through a pseudo-hardmask, such as amorphous
carbon or polysilicon during the production of semiconductor devices. Amorphous
carbon is a deposited high temperature carbon layer using a deposition process, such as
chemical vapor deposition (CVD) with some hydrogen. Such amorphous carbon layers
10 rnay be deposited at temperatures greater than 400° C.
[0002] During semiconductor wafer processing, features of the semiconductor
device are defined in the wafer using well-known patterning and etching processes. In
these processes, a photoresist (PR) material may be deposited on the wafer and then 1s
exposed tollight filtered by a reticle. The reticle may be a transparent plate that is
15  patterned with exemplary feature geometries that block light from propagating through
the reticle.
[0003] After passing through the reticle, the light contacts the surface of the
photoresist material. The light changes the chemical composition of the photoresist
material such that a developer can remove a portion of the photoresist material. In the
20  case of positive photoresist materials, the exposed regions are removed, and in the case
of negative photoresist materials, the unexposed regions are removed, resulting in a
patterned photoresist mask. The pattern may be transferred from the patterned

photoresist mask to a pseudo-hardmask layer, which may use an intermediate hardmask
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st material. The |light changes the chem cal conposition of the
st material such that a devel oper can renpbve a portion of the
st material. In the 20 case of positive photoresist materials,

exposed regions are renoved, and in the case of negative photoresist
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underlying material fromthe areas that are no | onger protected by the

st mask. The pattern may be transferred fromthe patterned

t he

e g S 1+ THERCR EBR Ve o s e e R B £ FEfove  he

pseudo- hathatrazskno tongen pretesisdl pr e nseudonkardimasks end theaehyr rroduge thadesiggder . The

pseudo- hardnmask al | ows deeper etching at high resolution. 5

SUMVARY  Ofeafirfs 1n\MeNThfeN [Th@Oskk Taf @ pbdududatdineask aillegsi degpaneching ac highdance
pur pose of the present invention a nmethod for etching features in

use of a

with the

an etch |
5
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15
20

AXETutioR conditioning for a patterned

SUMMARY OF THE INVENTION

[0004] To achieve the foregoing and in accordance with the purpose of the present
invention a method for etching features in an etch layer. A conditioning for a patterned
pseudo-hardmask of amorphous carbon or polysilicon disposed over the etch layer is
provided, where the conditioning comprises providing a fluorine free deposition gas
comprising a hydrocarbon gas, forming a plasma from the fluorine free deposition gas,
providing a bias less than 500 volts, and forming a deposition on top of the patterned
pseudo-hardmask. The etch layer is etched through the patterned pseudo-hardmask.

[0005] In another manifestation of the invention a method for etching features in an
etch layer is provided. An amorphous carbon layer is formed over the etch layer. An
antireflective layer is formed over the amorphous carbon layer. A patterned photoresist
layer is formed over the antireflective layer. A pattern of the patterned photoresist layer
is transferred to the amorphous carbon layer to form a patterned amorphous carbon
mask. A conditioning for the patterned amorphous carbon mask is provided, where the
conditioning comprises providing a fluorine free deposition gas comprising nitrogen and
a hydrocarbon gas comprising C,H4 or CHy, forming a plasma from the fluorine free
deposition gas, forming a deposition on top of the patterned amorphous carbon mask

wherein the deposition has a top thickness, which is a thickness of the deposition on top
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pseudo- har dmask of anor phous carbon or polysilicon di sposed over the etch

| ayer js 10provided, where the conditioning conprises providing a fluorine
free deposition gas conprising a hydrocarbon gas, formng a plasma fromthe
fluorine free deposition gas, providing a bias |ess than 500 volts, and
form ng a deposition on top of the patterned pseudo-hardmask. The etch

| ayer is etched through the patterned pseudo-hardmask. [0005]1n anot her

mani festatjon of the invention met hod for etchi eatures _in an 15 etch
| ayer is F 8 dpatiemag, W%Péugaarb% 5’&%% %w{ara ; C‘Fg‘?rfé&ﬁ%sér which & & | ayer .
An antireflective layer is formed over the anorphous carbon |ayer. A

pat t er nedmpahimwn ¢lsickitess ay exdeivsll§ of tne gpatiersed timerpdiots cabow otask,evlieaginithe A
pattern of the patterned photoresist layer is transferred to the anorphous

carbon | aysy thicknés@rifneiepattiviienae sﬂew_mmqul&eggrmﬁ:ﬂ.%tcmagmﬂ}du@%@g for
t he patterned anorphous carbon mask is provided, ere the 20 conditioning

conpri ses | dl i i L1.of i Si i &t n and
o Tydr ooaPhspat ifidpfols 4O o, SHHERIR [ aRs: SRTBERRE DR Hakad®
fluoripe free deposition.gas,. formng a depositiqgn on top of the patterned
hror phbus BEGOR PHESKY RAERGnTH B T Rt 8 Bk RIBAES S, i oh 1 s
a thickness of the deposition on top Page 2 of the patterned anorphous

car bon mafl006hd dnendibeminkniféstationes the imention; an apperatesdonatehingifedtures n on

sidewal I s of the patterned anorphous carbon mask, wherein the top thickness

is at | eask etoh B@ert Repdiidedal A plikntk pR&Sssil Elntr iH ereliedl, |ayprisinBraough
t he patterned anor phous carbon mask, wherein the conditioning and etching

are cycli ral i j us
oar bon. i ter Sl EREAEL Bl Rodcbitn® bk en DR PELH SR SATRERICLS |

t for.etchi f eat i tch | I i ded. A pl
R A ot g

processi ng chanber encl osure, a chuck for supporting and chucking a
subst tat ersgutatemior Hegyatingntheppressass imthechlasme preassding ghamber enclossrgr at 10
regul ator for regulating the pressure in the plasma processi ng chanber

encl osur eleadtt oh€@kctrode ol @it fod dfoiding0pdbwéroto [HeOPiadna JprDesssihg t chaiber pl asma
processi ng chanber enclosure for sustaining a plasma, a gas inlet for

provi di NG efASekdBr S0SaiRl IRGRE ©5 128 Gin el AP &ro RRGIZOBM Snto ARE AaGis

out | et fo? ef%%usting gagé??g%lfﬁé pﬁ%éng proc égﬁnggcgangé? enéﬁgsure. A
gas source is in fluid connection with the gas i.nlet and 15 conprises a

P uior i e PREESHEE, GT 1% OGRS eI 8 SR Sps IS B BOmATE G | o
controllably is connected to the gas source, the chuck, and the at |east
one el ect PEMessHIE dvmbenenslesyimpri gassonrce ip Hstluigsenpcer sdibrthe gep inlet and
non-transi ent conputer readable nedia. The non-transi ent conputer readable
medi alfonpompesescofipoetirer free deaBitencgdesoline gadan elcingaasaoodi A cotitrodief or a
patt er ned pseudo- hardmask of anorphous carbon or

controllably is connected to the gas source, the chuck, and the at least one electrode or

coil and comprises at least one processor and non-transient computer readable media.
The non-transient computer readable media comprises computer readable code for
providing a conditioning for a patterned pseudo-hardmask of amorphous carbon or
20  polysilicon disposed over the etch layer, wherein the conditioning comprises computer
readable code providing a fluorine free deposition gas comprising a hydrocarbon gas,
computer readable code for forming a plasma from the fluorine free deposition gas,

computer readable code for providing a bias less than 500 volts, and computer readable
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20 polysilicon disposed over the etch |ayer, wherein the conditioning
conprises conputer readable code providing a fluorine free deposition gas
conprising a hydrocarbon gas, conputer readable code for formng a plasna
fromthe fluorine free deposition gas, conputer readable code for providing
a bias less than 500 volts, and conputer readable Page 3 code for formng
a-deposition on top of the patterned pseudo-hardmask wherein the deposition
has a top thigckness, which is a thickpess of the deposition on topof the
patter nedccﬁgeﬁa ORIng f dRPOSHIP T fcﬁ’eﬂgﬁe Ifa(ri'ie‘é‘}? é%sg‘,lg%ﬁ?rgﬂlag% VOSER RS um

t hi ckness on sidewalls of the patterned pseudo-hardmask, wherein the top

t hi cknessd¢ppsision| hegst tap thigkness; gl epdhickndss ok ribe depessigiuer ion ehdkbl e
code for etching the etch layer through the patterned pseudo-hardnmask, and
conput er paegeddl gsetdsiRariniasic wad bGalewallrtiekadss Nghichds dendatiam tgclarss
etching at | east twice. [0007] These and other features of the present

i nventi O.noﬂ"isgifw{aﬁ% desed h?@é}néd" ?ﬁﬁg—hardmasﬁfa%imleirpﬂleOWPLtgicifggsgﬂ?tagiléagp

description i nvention a I'n conjunction wth oW ng

e R e Ly

figures of the acconpanying drawi ngs and in which |ike reference 15nunerals
refer to Hiemattamedpasudathardmeski andrenrepiter rgadnb]aade far ¢ysligally ispeatingthe of an
enbodi nent of the invention. [0010]FIG 2 is a higher level flow chart

I ncor por ateniitidnieg deeldsg shiews twiceFl G 1. [0011] FI GS. 3A-H are schematic
views of a stack etched in an enbodi ment of the

[0007] 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

10 following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] 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
15 numerals refer to similar elements and in which:
[0009] FIG. 1 is a flow chart of an embodiment of the invention.
[0010] FIG. 2 is a higher level flow chart incorporating the process shown in FIG. 1.
[0011] FIGS. 3A-H are schematic views of a stack etched in an embodiment of the
invention.
20 [0012] 'FIG. 4 is a schematic view of a plasma processing chamber that may be used
for etching.
[0013] FIGS. 5A-B illustrate a computer system, which is suitable for implementing

a controller used in embodiments of the present invention.
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I nvention. 20 [0012]FIG 4 is a schematic view of a plasma processing
chanber that may be used for etching. [0013]FIGS. 5A-B illustrate a
conput er system which is suitable for inplenmenting a controller used in
enbodi nents of the present invention. Page 4 [0014]FIG 6 is a partial
view of the structure shown in FIG 3H [0015]FIG 7 is a schematic
cross-sectional view of a structure etched using a single deposition.
[ 0016] Flm | S op.view.of the structure shown in @h 7. 5[0017]FIG 9
s a scholth” o TaESB e PattAkioD Yl o SPTPRRErE LFEhaH wi t hout 4
condi tioni ng step.
[0015] FIG. 7 is a schematic cross-sectional view of a structure etched using a single
deposition.
[0016] FIG. 8 is a top view of the structure shown in FIG. 7.
5  10017] FIG. 9 is a schematic cross-sectional view of a structure etched without a
conditioning step.
[0018] FIG. 10 is a top view of the structure shown in FIG. 9.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
10  [0019] 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
skilled in the art, that the present invention may be practiced without some or all of
15  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.
[0020] To facilitate understanding, FIG. 1 is a high level flow chart of a process
used in an embodiment of the invention. A method for etching features in an etch layer
20  is provided in a two step process. The first step provides conditioning for a patterned

pseudo-hardmask comprising amorphous carbon or polysilicon. The second step
provides etching of the etch layer through the pseudo-hardmask. The conditioning

provides a fluorine free deposition gas comprising a hydrocarbon gas (step 104). The
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[0018]FIG 10 is a top view of the structure shown in FIG 9. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 10 [0019] The present invention

wi |l now be described in detail with reference to a few preferred

enbodi nents thereof as illustrated in the acconpanying drawings. In the
follow ng description, nunerous specific details are set forth in order to
provi de a thorough understanding of the present invention. It will be

appar ent, _however, .to one skil n the art th resen i o

may be pr JEPTRG e AenRS N ERis 17 Fngd fhig ptaéﬁtar{étgﬁ@&cﬁ e QR SR of her
i nstances, well known process steps and/or structures have not been

descri bedvolts Barravided fstay HED. {Therdasmaanslclowshins foymobhdengsisiontoa top of dhet
invention. [0020] To facilitate understanding, FIG 1 is a high level flow
chart of BsddeSRfEmALESSkep N 18)) vTHIO dbipRtes Ohe bhRlifidhigNblepNThA B U4}RE i Or
etching features in an etch layer 20 1s provided in a two step process. The

first Steﬂqeﬂr eﬁ?&e%CthSI qgls%%ﬁm@nt&ﬂé%@ﬁ%ﬁ%e?&@y ﬁﬂ[ﬂgﬁ?ﬁ%ﬁ%@r's' ng

anorphous carbon or icon e secon step provi des et

etch | ayer h th udo- hard sk. The c |t|on|n provi de

I or e PEEE <hipaxt | BT, L8 FarTBorige NeR Gt St HOneD e TR A4 The
Page 5 quoplne free deposition gas is forned into a plasnma (step 108). A
bi as of | éxetimeamose(tepol243. i s provided (step 112). The plasma and | ow bi as
forma deposition on top of the pseudo-hardnmask (step 116), which conpl etes
the conditioning step. The etch layer is then etched (step 120). In this
enbodi nent the etch etches less.than half the thickness 5 of the etch

| ayer. Th@&g&gﬁ@, the conditioning step and the etch step are repeated at

| east two tinmes nore (step 124). Exanple [0021]FIG 2 is a flow chart of an

e)ianpl €0 0(}2rl? nlyl%ptZI isa ﬂo’e\vnch%"rtuor arrltoeliltgm%?e oqi%lrt'e invention. An amorphous carbon

10  layer is formed over an etch layer (step 204). A hardmask layer is formed over the
amorphous carbon layer (step 208). An antireflective layer is formed over the hardmask
layer (step 212). A photoresist mask is formed over the antireflective layer (step 216).
FIG. 3A is a schematic cross-sectional view of a photoresist mask 316 with photoresist
mask features 320 formed over and antireflective layer 314, formed over a hardmask
15 layer 312, formed over a pseudo-hardmask layer 310, formed over an etch layer 308
formed over a substrate 304. The antireflective layer may be an inorganic and organic
antireflective layer. A common inorganic material used for the inorganic antireflective
layer is SiON. In various embodiments, the layers may have one or more additional
layers provided between the various layers. For example, one or more layers may be
20  between the etch layer 308 and the substrate 304. The etch layer 308 may be an
interlayer dielectric layer where one or more layers of devices may be between the etch
layer and the substrate. In another example, a silicon nitride layer may be placed below

a silicon oxide layer, which is the etch layer. Preferably, the etch layer is a silicon oxide
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10 layer is formed over an etch layer (step 204). A hardmask |ayer is
formed, over the anorphous carbon |ayer (step 208). An antireflective |ayer
is formed over the hardmask | ayer (step 212). A photoresist nmask is forned
over the antireflective layer (step 216). FIG 3A is a schematic
cross-sectional view of a photoresist mask 316 with photoresist mask
features 320 formed over and antireflective |ayer 314, formed over a

har dmask 15 | ayer 31 for over a pseudo-hardmask | ayer 310 or med over
an etch |§9S€fl n@é@ﬁioﬁ%ﬂp@% % tﬁﬁs@bfwbg@@&r coppfetasn P FIEREPREF Mf&%%’yer Ry
be an inorganic and organic antireflective |layer. A common inorganic

mat eri al wemporfent. t he inorganic antireflective layer is SION. In various
enbodi ments, the |layers may have one or nore additional |ayers provided

bet ween t Ng022Rr i OLife dudYR4ts 30605 pRxad Mt @, pliter ProcBRING dhaydes wiel & &0
between the etch |layer 308 and the substrate 304. The etch | ayer 308 may be

an interl el i e 1 i .y be
betveen ¢ AETECIRE PEebe BelfBRd SERER 0T ShelBCHcRY BL 3 i PHEEN Y
nitride |ayer may be placed below a silicon i d ayer, whi is the etch
| ayer.>Pré& aé?*aﬂarﬁép tpmay ysgg, dor pre gr Bory eg@f‘oﬁiliﬂ@%a@% %@59@ ma
material. Mre preferably, the etch layer further conprises a nitrogen or
hydr ogen poepssingnehambe040f] ‘heprised senfmemesoringsst03) (altlaangh wtler ginkediments
processi ng chanber where one or nore steps may be perforned. FIG 4 is a

schemat i ¢ ndyawe @fhed cphfsdienpdeciesss) APuppet kbsthode 404) 4 loater Re¢trbée 4e%Kdh f or
one or nore of the follow ng steps. The plasma processi ng chanber 400

conpri ses §t§§) QRN tnd A Eshaf Gl 4780 Uiy 4?1‘ﬁ§ém?g§@grg§.se h%m%%y«ﬂﬁ gheot her

confi neme evices), an upper ‘el ectrode 4 ectrode 408, a gas
source 410, and exhaust pu 420. Wthin a 0Gessi ch 400,
The subst PUrEaoR0% & potFtne hn o o v Sledule B AhE e o8t ik Tiver

el ectrode 408 10 incorporates a suitable substrate chucki ng mechani sm

(e. g. 10el éecorppsates csuitalele rathsteass chicking mychasism He g, jdkesjrostatic, hopeiapigak he
substrate 304. The reactor top 428 incorporates the upper el ectrode 404

di sposed icramsihg@toeltle Dot heldinpethk Qubstratd 84, r THE rebofdr tdpn4281Rerpoedtect r ode
404, | ower electrode 408, and confinenent rings 402 define the confined

pl asma VOltl‘t’e”ﬁpfe%i;ec{ﬁdé!4@4)msggsehQH%iaﬁEl?fdpﬂggteoﬂh@qg@eﬁ/QE&f@e%. thgough a

15 gas inlet 443 by the gas source 410 ahd 'is exhausted fromthe confined
pl asma vol une through e, confinenent  rin 402. and _an. exhgust, port. by the
exhaust pL']lHBer4§]6?t"§gs ﬁ{HAQSIWeGF p?lﬁcérr$8 %(igna%@t @ 8165"6?3{,3 g @hgfﬁ@?e é 420
hel ps to regul ate pressure. In this enbodi ment, the gas source 410

conpr i ses canfigadrdesmaeiugas Gas i siprhabto the senfined plasgyiotune 44) thapugha
nitrogen gas source 418. The gas source 410 may further conprise 20 ot her

gas safr ceas ikt 438 Batie gas dtied 41 Oednglcik ek kaistey foom ecicadintd plak@a lvolvete
el ectrode 408. Chanber walls 452 surround the confinenment rings 402, the

upper el eqfa6e 1O dontifrthehh SinkOWBD Alaesd 'E:Qﬁizﬁlsflglglét & tHeelanhstCHR) @bi ons  of

connecti ng power to the el ectrode are possi . In a preferred

enmbodi rTentBes%dtc]se he%gin'glfg ’exl?a%st% gg‘sr,] Qhezex%st I}D‘)%gl% 4720 helps to regulate pressure. In

this embodiment, the gas source 410 comprises a hydrocarbon gas source 412, a etch gas
source 416, and a nitrogen gas source 418. The gas source 410 may further comprise
20  other gas sources. An RF source 448 is electrically connected to the lower electrode
408. Chamber walls 452 surround the confinement rings 402, the upper electrode 404,
and the lower electrode 408. Different combinations of connecting RF power to the

electrode are possible. In a preferred embodiment, the 27 MHz, 60 MHz and 2 MHz
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power sources nmake up the RF power source 448 connected to the | ower
eliectrode, and the upper electrode is grounded. A controller 435 is
controllably connected to the RF source 448, exhaust punp 420, and the gas
source 410. The process chanber can be a: CCP (capacitive coupled plasm)
reactor or an I CP (inductive coupled plasma) reactor. 5 [0023] FIGS. 5A and

SBillustrate a conputer system 500, which is suitabl e for inplenenting a
troll 435 d t f th t h
Cont hoss . R R SRR KPR e ot B PG E N Db el i

system may have many physical forms ranging froman integrated CI rcuit, a
printed cthecupper d@@tmfﬁf 13 egovndsdra i CMTvdilﬁéHgS irevangellahlytconeedtadge thafdy
conput er. Conputer 10 system 500 includes a nonitor 502, a display 504, a
housi ng S568urcea44B, gkhalist pemPp @30, amdkky hasgotirde4 0. éﬂ’hépiodfﬁsmslmnﬂﬂci.caﬂﬁ)s k: 514 is
a conputer-readabl e mediumused to transfer data to and from conputer

system 50g (tgt achﬁggouprlﬁi ﬁsxﬂ AP EnACPH Il e ShPHIPRHR) r&RRUL er

system 50 to sy tem us 520 are a w de variety of subsyst ens.

e cotpl H2R’S 1%%533%% Sheht it %ﬁ%@pﬁ@fﬁ%ﬁkfﬂﬁéﬁﬁ “Veibry B (8 udes

random access nenory N{ﬁand read- only mem)r¥ As is well known in
the art, RaNeBensng @Ctmtmi 435 aaqdamaﬁﬁréquﬁg@mae ﬂ@ngefifﬁt ingepté i Bitalky to

the CPU and RAMis used typically to transfer data and instructions in a
bi - di r ect kltvd of@possible Paydicabffoinh@fehd ypaputef syseamr i@Scomye, ithe cordput2d any
sui tabl e of the conputer-readabl e nedia described below. A fixed disk 526

IS al so CoURlRUnR neld Righy %ﬂ@élw fofin CRM o2 Frobhl aRiRUEEARY @flSlit hofdltedlat a

storage capacity and nay also include any of the conmputer-readabl e nedia

descri bed bel Fi xed dis be use stare progr and
the |ike §Hﬁllf)§lo?r9’p'f’% R ? gg%ga(}'ewcgtu rg)g%%lgge Su%er Fret U (suchﬁ-jter

hard di sk) that is slower than g)rl mary storage, It will be appreC| at ed that
the i h6 or KEsterdHOP dpelhdrsch WORKPTSY3. aedislny ROS 25 housing 5% doypogrvatd chses,

be incorporated in standard fashion as virtual menory in nmenory 524.
Renovabl e keytlard 340,nanyd 4 akmse [5¢2f ddisk dfl4then conpuitiereadabdel alddainmeded to
descri bed bel ow. 5[ 0025] CPU 522 is al so coupled to a variety of

i nput / out puh YA RSandSHMD cAfpiteSRis@n S04, keyboard 510, nouse 512, and
speakers 530. In general, an |nput/output devi ce may be any of: V|deo

di apl aye, 0TSl C%Facﬁesa%ﬁ@"aﬁ%ﬂgne PHEGRRAR R RS M et
styluses, voice or handwiting recognizers, bionetrics readers, or other
conput er s At@phgd to system bus 520 are a wide variety of subsystems. Processor(s) 522 (also
15 referred to as central processing units, or CPUs) are coupled to storage devices,
including memory 524. Memory 524 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 include
20  any suitable of the computer-readable media described below. A fixed disk 526 is also
coupled bi-directionally to CPU 522; it provides additional data storage capacity and

may also include any of the computer-readable media described below. Fixed disk 526

may be used to store programs, data, and the like and is typically a secondary storage
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10 522 optionally may be coupled to another conputer or telecomrunications
network using network interface 540. Wth such a network interface, it is
contenpl ated that the CPU m ght receive information fromthe network, or

m ght output information to the network in the course of performng the
above-descri bed net hod steps. Furthernore, nethod enbodi nents of the
present invention may execute solely upon CPU 522 or may 15 execute over a
network such. as the Internet . .i,n conjunction .wth a remte CPU th ares a
or 11 on oPet it anEhg i BT HoMaEeR 8rMebhu e Gk eRet &l o
invention further relate to conputer _storage products with a

conput er - hahdbd inforaafiamTeiziaed athin damdutdis dBaY h 8 APRIPHALEHEASEDr PR ng

vari ous conputer-inplenmented operations. The nedia and conputer code 20 nay
be those &pegoaditd/ irdeandné dashivth aonistuplniesdryf or meherp G240 Resmavhblehbskpr esent
invention, or they may be of the kind well known and avail able to those

having skk{4 ma tdiddehERMYREe SAFHE RadbiSmediX 8BRYBSd Bélohangi bl e

non-transi ent tonputer-readabl e nmedia i1 nclude, but are not limted to:

' ' har,d di fl di sk : ' ;
opti oal mBBEAT sucrt daTess HEAES TR oot DL B0Bio ARG Te i RIS,  °P°

medi a such as f|loptical disks; and hardware devices that are specially
conf i gur ed04.dcezbesrd SAAdmenssc it Fpdograkiere o, ks aensrals am utoaPHbACE fReCi f i ¢
integrated circuits (ASICs), programmble |ogic devices (PLDs) and ROM and
RAM devi camy Eexanplas videof displagps)t eackc balés, imick,ukleyboaclsj meciopbeness tsichas
produced by a conpiler, and files containing higher |evel code that are

execut ed BahsAiveONBMER tHfkdieR Ratd tQIUBSE hfignetfO 0P Wapér fapadaktiess, able, May
al so be conputer code transmtted by a conputer data signal enbodied in a

gi;;h?;bl 8\§E g%%g{cgg)égglg rvxtn!lt?r% raecggenqéje?g%?or%triicsn Iseglﬁéfg,tc;r%%ertcgﬂﬁ)uégse CPU

10 522 optionally may be coupled to another computer or telecommunications network

using network interface 540. With such a network interface, it is contemplated that the

CPU might receive information from the network, or might output information to the

network in the course of performing the above-described method steps. Furthermore,

method embodiments of the present invention may execute solely upon CPU 522 or may

15  execute over a network such as the Internet in conjunction with a remote CPU that
shares a portion of the processing.

[0026] In addition, embodiments of the present invention further relate to computer

storage products with a computer-readable medium that have computer code thereon for

performing various computer-implemented operations. The media and computer code

20 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 tangible non-transient computer-readable

media include, but are not limited to: magnetic media such as hard disks, floppy disks,
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10[ 0027] The pl asma processi ng chanber 400 may be used to transfer the
pattern fromthe photoresist mask 316 to the hardnmask | ayer 312 (step 220).
The pattern is then transferred fromthe hardnask 312 to the

pseudo- hardmask | ayer 310 to form a patterned pseudo-hardmask | ayer (step
224). The hardmask 312 is renoved (step 228). FIG 3B is a schematic
cross-sectional view of the substrate 304 after the hardmask is 15 renoved.
O her enbodj ments. wi t hout an interpediate hardnask may transfer a pattern
i rect |y FRORAEHECHRS GPU Siediasuenas SDsBOM AMERRLR RS ABYiEes megpdis-
transferring the pattern to a hardmask. [0028] The etch |ayer cycle is then
per f or medoptsabmedr3pch philepfical dislss dinfhardwarhdevaeas fhat ayegpeeighy eonfigurede
process of the flowhart shown in FIG 1. In this exanple, the 20 etch

| ayer cyctee siose phdVvéxdedte i prograiiv@odd, equchrBCagiicatidiesetifiet insdgefied refrenitke s
conditioning for a patterned pseudo-hardnmask conprising anorphous carbon or

polysili CSIQ?IIQESJ' ﬁr@%‘&wﬂﬁbﬁt i8e\Rlest(PEDST &l ROMETand RIGVCRRALEL | BRinies

provi des orin ree deposition gas conprising a hydrocarbon gas (step

104). Prefegerabl t he hydrocarhon gas is C2HA or Page 10 CH4. r

or of erb 9t coRBty P HER Fagths %8s ehat axdinse %5 4 Somalits b oy as
woul d provide 1 - 200 sccm (standard cubic centineters per mnute) of C2H4,
10 - 2000cerairingf highalevghgode thapgee suequtesk bpa gemputer asiggran gterpreter1 00
mrorr. In other enbodi nents, the fluorine free deposition gas may conprise
a sili conCompusir neddgble medipamnsnilso ba coinlpeter entdo damseritted bhe Sniputandata
cont ai ni ng conponent may be provided by silicon or silicon dioxide chanber
parts. A WBhArerhERQS Al HEgrief waod WRE Ropr&BniRfa GediRnd20f B8GuionS HARIaRt ai ned.
The fluorine free deposition gas is formed into a plasma (step 108). In
this exanpl e : 200 Watt of 2 MHz RF power and O - 600 Watt of 60 Mz RF
power is TSV aggeal?y PIEFEEf 1 ess than 500 volts is provi ded (step 112).
The 10 conditioning is nmaintained for between 1 - 120 seconds. The pl asma
and | &% bi®371 or nThi¢ Rlassersprocessingrehemperat00 Hay beussddo Handertbk potisre from 6) |

whi ch conpletes the conditioning step. FIG 3C is a cross-sectional view of
t he subst et phaddrésiaf mask Bhe te ek haddansk dayet 8p2 stsp R2a0)redha pde@asistthan 324
on top of the pseudo-hardnask 310. The deposition 324 has a top thickness
328 and auhhNekae Somd 38e HardBRK! @!23K@Stt}llepﬁsrehd&-ilarﬁh_ﬁsQﬁay%rd?WIté fotR 4 hi s

enbodi ment the top thickness 328 is at least two tinmes the thickness 332 of

the thickes art of the sidewall .d i t4.an, r ef erably, op

i ckness PR pseity b Ref B3 (PR, ThiRerdiBE 2 5 Rk el P8Er, o
the sidewal|l deposition 332. In one_experinent the thickest part of .the

si dewal | dEpo3B i aschxmatigggossnwgional wigwaatitherrabsteise 8Pt afterebe harimagk ds
greater than 5 nm In another experinent, the thickest part of 20 the

si dewd$ | deposidt i@ther3dRbaimehts sathtohamn intermedratk hdrdmaspmenireksfesspB28& was
greater than 2 nm Therefore, in this second experinment, the thickest part

of the togikhiCkRes he3 pBotdRSisdt6xhe 'psbid@ hdrdRalll RBfobh &irdthirglceStinpand of
the sidewal|l deposition 332.
pattern to a hardmask.
[0028] The etch layer cycle is then performed (step 232). In this embodiment, the
etch layer cycle is the process of the flowchart shown in FIG. 1. In this example, the
20  etch layer cycle is provided in a two step process. The first step provides conditioning
for a patterned pseudo-hardmask comprising amorphous carbon or polysilicon and then

an etching of the etch layer. The conditioning provides a fluorine free deposition gas

comprising a hydrocarbon gas (step 104). Preferably, the hydrocarbon gas is C;Hy4 or
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[ 0029] The etch layer is then etched (step 120). In this enbodi nent the etch
etches, I ess than half the thickness of the etch layer. FIG 3D is a
cross-sectional view of the substrate after the etch layer is etched for
the first cycle. Al though no deposition is shown in FIG 3D a few angstrons
of deposition may remain on top after the etch step. 5Because the etch
etches less than half the thickness of the etch layer, the conditioning

step and e etch step ar lically re ed at | east ti mes nore
(st oo 124515 BisopRrcmos et raioneab i Faties AR iPiie ohé tilirnes af ter
a deposition in a second cycle forns a top deposition 340. FIG 3F is a
cr 0ss- secwpeldairovide o000t ssemd siprdard eebia persimeiers @erminute) oh £2He dOm2@WPc| e.

FIG 3G is a cross-sectional view of the 10 substrate after a deposition in
a third cyeheof Nmnd 1 op20@poahtdfo0, 3¢4 pleksare I 3 s BOC hoksr. sdat otheral vi ew
of the substrate 304 after the etch is conpleted, which forns |ines 348

fromthe ghehefchay e Mrfyohe QUSRI LRI iieofhoiesl PicdEsfaifyy e up

to 10 angstrons o tion t" on the pseudo- hardmask. After the etch
is conpleted, the E_‘fetgldo-h n_a separate,renoval
5

rdmask .310..may be renoved j
step. -L15[ BIRHI°FA B¥st g@@?‘ﬁ%ﬁﬁs tg? 8\}\5§°‘¥ CPRIRYIE COMROReHILRY PF RECYSEt ur es
with reduced wiggling and no CD gain. FIG 6 is a top view of the forned
| i nes 348by silicemar glceredinxigy chembgr@arts. Phwefer Franneraias of between 80 dgg Ght wi t h
no or mnimal wiggling. In experinments with a plurality of cycles, lines
wi th m ni mal20niegyCi ingnaistatmepr dthedbdring (B8] epnsitibn gaeisbfodhedemto wipldsman
anor phous car bon pseudo- hardnask, the
(step 108). In this example 0 — 200 Watt of 2 MHz RF power and 0 — 600 Watt of 60
MHz RF power is provided. A bias of less than 500 volts is provided (step 112). The
10 conditioning is maintained for between 1 — 120 seconds. The plasma and low bias form
a deposition on top of the pseudo-hardmask (step 116), which completes the
conditioning step. FIG. 3C is a cross-sectional view of the substrate 304 after the
conditioning step has formed a deposition 324 on top of the pseudo-hardmask 310. The
deposition 324 has a top thickness 328 and a thickness 332 of the thickest part of the
15  sidewall. In this embodiment the top thickness 328 is at least two times the thickness
332 of the thickest part of the sidewall deposition. More preferably, the top thickness
328 is at least five times the thickness of the thickest part of the sidewall deposition 332.
In one experiment the thickest part of the sidewall deposition 332 was about 1 nm and
the top thickness 328 was greater than 5 nm. In another experiment, the thickest part of
20  the sidewall deposition 332 was less than 1 nm and the top thickness 328 was greater

than 2 nm. Therefore, in this second experiment, the thickest part of the top thickness

328 was greater than two times the thickest part of the sidewall deposition 332.
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20 nitrogen has been found to harden the anorphous carbon pseudo- hardmask,
to reduce wiggling, wthout chemcally nodifying the anorphous carbon
material. In addition, the nitrogen is used as a diluent to regulate the
concentration of the deposition conponent to provide the desired
deposition. The use of a fluorine free deposition gas, Page 12 not only
provi des a protective deposition on top of the pseudo-hardnmask, but has

al so been f d tq prqvjde a fluogri fr d ition..lt has been
unexpect e[f.ﬂoggpou etqligl faéerflﬁ (s %helgre(étgp 32@0?53]%8 ﬁ“@’@g%%@%e ert?thgtrcp??e
acting as a fluorine sink in a way that protects the anorphous carbon

pat t er nedlesaghanfhabinthe Ithiekness ofitheaatth kver. r Bl§u s isor crospsastioral yigmef fieggl i ng
of the anorphous carbon mask. 100331It has been found that during the

deposi t i OgubsfrateVifelr e Rhelal¥r i aeted ot fthes itkt egcler adthengty nofdepdsiti@nst 60
MHz than RF power with source frequency bel ow 60 MHz inproves the

deposi ti ogqbogfrpﬁlep@, hg%)g wztfﬂggsggc |o\rf]id§}|[1|(% idﬂrmgﬁspreﬁl:airpgﬂ‘%\&éf,&rQﬁé)é’tl:lqgt‘ép.at a

frequency oW 6 requency RF po the 10 pressure

be, kept bet 5 and 150 nir |t .has beep f hat | RF
T eauehor Beottay eoek shhen e meprar by udiiRacSEln SDio R Bl tiioriice i on

damage. For exanple, a 2 Miz RF power alone would use a pressure above 150
mTorr, suster a8d §BCtehTsen are cpdioply repegted alsledsd 8o Hmghmorhigtera 2/)-gh fr equency
of equal or greater than 60 MHz and | ow pressure provi des reduced ion

darmage. Prag3ef abl BiG. t3teisdha asosssedtimal vieanofl Be0Mbswitt safteMar deppsiéberiabd y t he
bias is less than 300 volts. A low bias further reduces ion damage i nduced

lplolnf;s:N: ?g%%d&gcli n&g%gﬁﬁgﬁ 2208t NbsiBBRBA0MBRIG. G RISHIQeORIAMRKy bF the
substrate after an etch in the second cycle. FIG. 3G is a cross-sectional view of the

10  substrate after a deposition in a third cycle forms a top deposition 344. FIG. 3H is a
cross-sectional view of the substrate 304 after the etch is completed, which forms lines
348 from the etched layer. In every cycle after the etch step, there may be up to 10
angstroms of deposition left on the pseudo-hardmask. After the etch is completed, the
pseudo-hardmask 310 may be removed in a separate removal step.

15  [0031] The cross-sectional views illustrate the resulting features with reduced
wiggling and no CD gain. FIG. 6 is a top view of the formed lines 348. It can be seen
by in FIG. 6 that the lines 348 are straight with no or minimal wiggling. In experiments
with a plurality of cycles, lines with minimal wiggling were produced.

[0032] In this embodiment with an amorphous carbon pseudo-hardmask, the

20  nitrogen has been found to harden the amorphous carbon pseudo-hardmask, to reduce
wiggling, without chemically modifying the amorphous carbon material. In addition,

the nitrogen is used as a diluent to regulate the concentration of the deposition

component to provide the desired deposition. The use of a fluorine free deposition gas,
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enbodi ment, the diluent can be 02 instead of nitrogen, since 02 may be used
to both harden the pseudo-hardmask and as a diluent. 20100351Although it is
preferable that the deposition and etch cycles are perforned at | east three
times, it is possible to conplete an etch using a single deposition. FIG 7
is a cross-sectional view of lines 708 on a substrate 704, after an etch

that uses a single deposition on a pseudo-hardmask 712. The |lines 708 have

a slight ta r, so,that the Pgage 13 CD at e bottamof the lines is

i ncr eased?‘owlﬁﬁé’mv"i)eéi %@rogeﬁﬁﬁﬁgggf’sft}?é‘o%for’i (ftttpg pﬁ%}dlog‘?é‘ﬁn?sﬁfagutpféa}sf%wm ng a
single deEosition foll owed by a subsequent single-step etch that etches the
full thickeestoued tq prevideehflyazips irqerdsgysitiom eltdiaa pecrornexpectedl v derndrhrtmask

wi |l becone tapered during the etch, leading to a tapered sidewall, thus a
t aper ed sifldeMad lfrek ndepbsitien chavehgssefluadiet actirgr gen Hodrirensiab iasa stagwhat n FI G
7. FIG 8 is atop viewof the lines 708 on the substrate 704. In

exper i ”?nﬁ])ﬁoéé&é R 8mdiheLe cIPBRSIdieRRI hAKCESm AubBit Gk RNadd rdllubd bNg was
acconpl i shed, although there was sonme wiggling in the lines. [0036]FIG 9
IS a cross-sectional on a]§ubstrate 904 after an etch

proces tHH?@HBQE”ﬁﬁﬁﬁﬁfwbﬁg8héﬁﬁéﬁgg$?|%Hw%Ver a pseudo- hardmask 912. FI G
10 is a 10top view of the lines 908 on the substrate 904. This illustration
shows t hat08331 hoult has been found that during the deposition, providing more RF power with
source frequency of at least 60 MHz than RF power with source frequency below 60
MHz improves the deposition process. More preferably, low or no RF power is
provided at a frequency below 60 MHz. With such high frequency RF power, the
10  pressure may be kept between 5 and 150 mTorr. It has been found that lower RF
frequencies may be used, but higher pressures would be needed to reduce ion damage.
For example, a 2 MHz RF power alone would use a pressure above 150 mTorr, such as
500 mTorr. However, it has been found that a high frequency of equal or greater than
60 MHz and low pressure provides reduced ion damage. Preferably, the bias is less than
15 500 volts. More preferably the bias is less than 300 volts. A low bias further reduces
ion damage induced line wiggling,
[0034] In another embodiment, the pseudo-hardmask is polysilicon. In such an
embodiment, the diluent can be O, instead of nitrogen, since O, may be used to both
harden the pseudo-hardmask and as a diluent.
20  [0035] Although it is preferable that the deposition and etch cycles are performed at
least three times, it is possible to complete an etch using a single deposition. FIG. 71s a

cross-sectional view of lines 708 on a substrate 704, after an etch that uses a single

deposition on a pseudo-hardmask 712. The lines 708 have a slight tapper, so that the
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conditioning step significant wiggling results. [0037] An alternative etch
pr.ocess may provide a passivation gas during the etch. It has been found
that an etch process that provides a passivation gas during the etch

i ncreases the CD of the Iines. 15[0038] By reducing or elimnating w ggling,
the inter-device and intra-device yield may be increased. The reduction of
pseudo- hardmask wi ggling provides |line features wwth a CD of |ess than 20

nm and a | ckness (or . height) .greater 0 nm. ich be to. 250 nm
[0035) vii £ SREoTHERE e iBafefe vt Rtink BodmE oot & ifiefRly o' oo
20 enbodi nents, there are alterations, pernutations nodifications, and

vari ous stigsperfarminge singleldspesitionfnllowet dyla supsaquentisielessep etcbthat giches
invention. It should also be noted that there are nmany alternative ways of

I npl ement thedfull higickmdshofitheztudh lappa76e8)Lthe shaje dflike pseadehtrdntugle mtill baconhd i s
therefore intended that the foll ow ng appended cl ai ns be Page 14

interpretegfle.ag dulfk Wl &h, akddif o @hired HdeRB8, thREL MRERNIsRISall 3R the/@ER OUS
substitute equivaléents as fall"within the true spirit and scope of the

F;g:??% Ciopp\é/%néridgg!arger '(A)‘{tclyg Cﬁ'as S (I;rV%Itl P1119 gléof lglthC @i 99 tI)}? eltelilvr &F thie Mind0 78§ ch
on the substrate 704. In experiments using a single deposition process, a reduction in
wiggling was accomplished, although there was some wiggling in the lines.

[0036] FIG. 9 is a cross-sectional view of lines 908 on a substrate 904 after an etch
process that does not provide a deposition over a pseudo-hardmask 912. FIG. 10 is a

10  top view of the lines 908 on the substrate 904. This illustration shows that without a
conditioning step significant wiggling results.

[0037] An alternative etch process may provide a passivation gas during the etch. It
has been found that an etch process that provides a passivation gas during the etch
~ increases the CD of the lines.

15  [0038] By reducing or eliminating wiggling, the inter-device and intra-device yield
may be increased. The reduction of pseudo-hardmask wiggling provides line features
with a CD of less than 20 nm and a thickness (or height) greater 100 nm, which may be
up to 250 nm.

[0039] While this invention has been described in terms of several preferred

20 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 appended claims be
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a) providing a conditioning for a patterned pseudo-hardmask of anorphous
5carbon or polysilicon disposed over the etch |ayer, wherein the
conditioning conprises: providing a fluorine free deposition gas conprising
a hydrocarbon gas; formng a plasma fromthe fluorine free deposition gas:
providing a bias |less than 500 volts; and formng a
deposition on top of the patterned pseudo-hardnmask; and 10b) etching the

etch layer through-the patterned pseudo-hardmask. 2. The method, .a

oot e | Fespi s gl STk SR RSy S5 R ot e b st

twi ce and wherein the deposition has a top thickness, which is a thickness
of the deppdyal¢ensnachlltviphinthetiue spintrand seepesy digireseat Hygskomnd a si dewal |

t hi ckness, which is 15 the maxi nrumthi ckness on sidewalls of the patterned
pseudo- har dmask, wherein the top thickness is at |east tw ce the sidewall

t hi ckness. 3. The nethod, as recited in claim2, wherein the

pseudo- hardmask i s anor phous carbon and wherein the fluorine free
deposition gas further conprises nitrogen. 20 4. The nmethod, as recited in
claim 3, wherein the top thickness is at |east five tinmes the maxi mum

t hi ckness on the sidewalls. Page 16 or CH4.
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6. The nethod, as recited in claim5, wherein the etch layer is a silicon
oxi de based 5material. 7. The nmethod, as recited in claim®6, wherein the
etch layer further conprises nitrogen and hydrogen. 108. The net hod, as
recited in claimb5, further conprising: form ng an anorphous carbon | ayer
over the etch layer; formng an antireflective | ayer over the

pseudo- hardmask | ayer; form ng a patterned photoresist |ayer over the
antireflegii | ayer; and transferring a pattern of the patterned

phot or esi rer to the pseudo-hardnmask 15l ayer. 9. The nethod, as recited
in claim5, wherein the fluorine free deposition gas further conprises
silicon containing conponent. 2010. The nethod, as recited in claimb5,
wherein the formng a plasna fromthe fluorine free deposition gas

conpri sesproviathelodforfdchsh@ftaturéfin ah etchdsfer,adnigrizingnd a pressure of |ess

than 5 nmforr
a) providing a conditioning for a patterned pseudo-hardmask of amorphous
5  carbon or polysilicon disposed over the etch layer, wherein the conditioning comprises:
providing a fluorine free deposition gas comprising a hydrocarbon gas;
forming a plasma from the fluorine free deposition gas;
providing a bias less than 500 volts; and

forming a deposition on top of the patterned pseudo-hardmask; and

10 b) etching the etch layer through the patterned pseudo-hardmask.

2. The method, as recited in claim 1, further comprising repeating steps a and b at
least twice and wherein the deposition has a top thickness, which is a thickness of the
deposition on top of the patterned pseudo-hardmask and a sidewall thickness, which is
15  the maximum thickness on sidewalls of the patterned pseudo-hardmask, wherein the top

thickness is at least twice the sidewall thickness.

3. The method, as recited in claim 2, wherein the pseudo-hardmask is amorphous
carbon and wherein the fluorine free deposition gas further comprises nitrogen.

20
4, The method, as recited in claim 3, wherein the top thickness is at least five times

the maximum thickness on the sidewalls.
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Page 17 11.The nethod, as recited in claim5, wherein the formng a plasm
fromthe fluorine free deposition gas conprises providing an RF signal of

| ess than 20 MHz and a pressure of greater than 100 mlorr. 512. The net hod,
as recited in claim5 wherein the bias is |l ess than 300 volts. 13.The

met hod, as recited in claim2, wherein the pseudo-hardmask i.s polysilicon
and wherein the fluorine free deposition gas further conprises oxygen.

1014. The pethog, as recited. ip claim 2, wherei he etching the e | ayer
forms o pbur ar by T Ao o DR e RlP G s BriRsenGae w it hs
of no nore than 20 nm and thi cknesses of at least 100 nm 15. The nethod,
as recitedr£Hsclaim2, further conprising: 15form ng an anor phous carbon

| ayer over the etch layer; formng an antireflective | ayer over the

pseudo- hardmask | ayer; form ng a patterned photoresist |ayer over the
antireflective layer; and transferring a pattern of the patterned

photoresi gt |ayge n{e?hd:db% %ﬁé{gﬂ'@zﬁfnd%rein the etch layer is a silicon oxide based

5  material.

7. The method, as recited in claim 6, wherein the etch layer further comprises
nitrogen and hydrogen.
10 8. The method, as recited in claim 5, further comprising:

forming an amorphous carbon layer over the etch layer;

forming an antireflective layer over the pseudo-hardmask layer;

forming a patterned photoresist layer over the antireflective layer; and
transferring a pattern of the patterned photoresist layer to the pseudo-hardmask

15 layer.

9. The method, as recited in claim 5, wherein the fluorine free deposition gas

further comprises silicon containing component.

20 10.  The method, as recited in claim 5, wherein the forming a plasma from the

fluorine free deposition gas comprises providing an RF signal of at least 60 MHz and a

pressure of less than 5 mTorr.
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| ayer. 20 16. The nethod as recited in claim215, further conprising
removing the pseudohardmask | ayer after etching the etch layer. Page 18

17. A method for etching features in an etch |ayer, conprising: a)
form ng an anor phous carbon | ayer over the etch layer; b) form ng an
antireflective |layer over the anorphous carbon | ayer; c) formng a

patterned photoresist |ayer over the antireflective | ayer; 5d) transferring

a pattern pat ned photoresi.s er t e anorp ous rb n | ayer
to formal gattg}e‘?\ B?\‘Lrﬁh’f?ﬁge‘i i’ﬁmnﬁ Sein the' S m’ the

condi tioning for the patterned anorphous carbon mask, mhereln the
condi t i onflngrimefres depesition gas comprises providipg @VRHlsr@alaOﬁ‘lmdham%O Mhéreand a
deposition gas conprising nitrogen and a 10 hydrocarbon gas conprising CH4

or CH4; f gfeddurgofgrehtestiian lo@mTone fl uorine free deposition gas; and
5 12 The method, as recited in claim 5 wherein the bias is less than 300 volts.

13. The method, as recited in claim 2, wherein the pseudo-hardmask is polysilicon

and wherein the fluorine free deposition gas further comprises oxygen.

10 14.  The method, as recited in claim 2, wherein the etching the etch layer forms a
plurality of lines in the etch layer, wherein the lines have widths of no more than 20 nm

and thicknesses of at least 100 nm.

15. The method, as recited in claim 2, further comprising:
15 forming an amorphous carbon layer over the etch layer;
forming an antireflective layer over the pseudo-hardmask layer;
forming a patterned photoresist layer over the antireflective layer; and
transferring a pattern of the patterned photoresist layer to the pseudo-hardmask
layer.
20
16. The method as recited in claim 15, further comprising removing the pseudo-

hardmask layer after etching the etch layer.
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form ng a deposition on top of the patterned anorphous carbon mask wherein
the deposition has a top thickness, which is a thickness of the deposition
on top of the patterned anorphous carbon mask and a sidewal |l thickness,
which is the 15 maxi mum thi ckness on sidewalls of the patterned anorphous
carbon mask, wherein the top thickness is at |east twi ce the sidewall

t hi ckness; and f) etching the etch |ayer through the patterned

anor phous  car bgn S wherein steps e apnd f are cyclically repeated a
pluralityléf ti‘\rfﬁgt,%"gfor ete g{;’% ilﬁénFWquygf’tCQPWé‘dm&’rmr phous carbon nask.
20 18. The nethod, as recited in claim17, wherein the providing the

condi ti oni ng f arfomeimgeormprdrglas saten ddyvegorerthaeich ayer;t han 500 vol ts. Page
19 19. An apparatus for etching features in an etch |ayer, said apparatus
conprising: a pj fsihgdneeisdidagyehasser the@mvpisius @arban tdyeryber wal | f or mi ng
a plasma processing chanber encl osure; a chuck for

suppor ting and .LRUGKI NG AeSHASHERIKisMAyBI Svek iR RhiASTRPPLGGESSI NY chamber

encl osur e;
5 d) transferring a pattern of the patterned photoresist layer to the amorphous
carbon layer to form a patterned amorphous carbon mask;
e) providing a conditioning for the patterned amorphous carbon mask, wherein
the conditioning comprises:
providing a fluorine free deposition gas comprising nitrogen and a
10 hydrocarbon gas comprising C,H4 or CHy;
forming a plasma from the fluorine free deposition gas; and
forming a deposition on top of the patterned amorphous carbon mask
wherein the deposition has a top thickness, which is a thickness of the deposition on top

of the patterned amorphous carbon mask and a sidewall thickness, which is the

15  maximum thickness on sidewalls of the patterned amorphous carbon maék, wherein the
top thickness is at least twice the sidewall thickness; and
f) etching the etch layer through the patterned amorphous carbon mask, wherein
steps e and f are cyclically repeated a plurality of times;
g) removing the patterned amorphous carbon mask.
20

18.  The method, as recited in claim 17, wherein the providing the conditioning

further comprises providing a bias less than 500 volts.
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a pressure regulator for regulating the pressure in the plasnma processing
chanber encl osure; at | east one electrode or coil for

provi ding power to the plasna processi ng chanber enclosure for sustaining a
pl asma; 10a gas inlet for providing gas into the plasnma processi ng chamber
encl osure; and a gas outlet for exhausting gas fromthe plasma processing
chanber enclosure; a gas source in fluid connection with the gas inIet,

conprisin 154 fluorin e deposi t.i on sourc an etch
sour ce; . &@Bﬂ?rfi%llsl %rret‘sﬂ?ﬁ fegfulr?fk}f‘)?n c?gcﬁ‘ag%c(reﬁl(f@p?ﬁ ST PESH Ce, t he
chuck, and the at | east one electrode or coil, conprising: at |east one
processor; anda Ebﬁ@ﬁchémm&ﬁihamﬁ?mmmméadabl e nedia, conprising:
conput er readable code for providing a conditioning for a patterned
pseudo- har dnmask of achampigwealicfarhing agplagped precéssimgrehanbgeaeidswueer the et ch
| ayer, wherein the conditioning conprises:
a chuck for supporting and chucking a substrate within the plasma
5  processing chamber enclosure;
a pressure regulator for regulating the pressure in the plasma processing
chamber enclosure;
at least one electrode or coil for providing power to the plasma
processing chamber enclosure for sustaining a plasma;
10 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, comprising:
15 a fluorine free deposition gas source; and
an etch gas source;
" a controller controllably connected to the gas source, the chuck, and the at least
one electrode or coil, comprising:
at least one processor; and
20 non-transient computer readable media, comprising:
computer readable code for providing a conditioning for a

patterned pseudo-hardmask of amorphous carbon or polysilicon disposed over the etch

layer, wherein the conditioning comprises:
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Page 20 conput er readabl e code providing a
fluorine free deposition gas conprising a hydrocarbon gas; conputer
readabl e code for formng a plasma fromthe fluorine free deposition gas;
5conput er readabl e code for providing a bias |ess than 500 volts; and
conput er readable code for form ng a deposition on top of the patterned
pseudo- har dmask wherein the deposition has a top thickness, which is a

t hi ckness of the deposition on tOﬁ of tﬁﬁﬂ at%frned pseudo- hardnmask and a
si dewal | 10 thickness, which PEPPHE nifR CKREYS N %i dBUHIS s"BF t he

patterned pseudohardmask, wherein the top thickness is at |east tw ce the
si dewal | dé¢rositioagges comprising a hydrocarbon gassonput er readabl e code for etching
the etch layer through the patterned pseudo-hardnask; and
conput er readabl e code for cyebmpatet Yeddableatdde Sot antingndi plagni Higml fand
etching at |east tw ce. Page 21
fluorine free deposition gas;
5 computer readable code for providing a bias less than 500
volts; and
computer readable code for forming a deposition on top of
the patterned pseudo-hardmask wherein the deposition has a top thickness, which is a
thickness of the deposition on top of the patterned pseudo-hardmask and a sidewall
10  thickness, which is the maximum thickness on sidewalls of the patterned pseudo-
hardmask, wherein the top thickness is at least twice the sidewall thickness;
computer readable code for etching the etch layer through the
patterned pseudo-hardmask; and

computer readable code for cyclically repeating the conditioning

15  and etching at least twice.
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