DOUBLE MASK SELF- ALI GNED DOUBLE PATTERNI NG TECHNOLOGY ( SaDPT) PROCESS
CROSS REFERENCE To RELATED APPLI CATI ONS 5[ 0001] This application clains
priority under 35 U.S.C. 119 (e) to U S. Provisional Patent Application No.
61/ 027, 299, WP POHIYM February 8, 2008, entitled "Doubl ePNHEEROSEEIA i gned
Doubl e Patterning Technol ogy (SaDPT) Process", which is incorporated by
reference her eippiigLEalthSRWIESSEICBASKIRONNE OEr Flen b NYENTHENOEQIPP02] The
present invention refates to the ftormation 0Of _sem condUct or devices.

[ 0003] Duri ng semi conduct or waf er pEREMERIBROCESSt ures of the semi conductor
device are defined in the wafer using well-known patterning and etching

processes. In these processes, a photoresist (PR) material is deposited on
the wafer and then is expoS8aSSREFERTYKE TRIRELAFRUARPUICATIONS | cl e. The reticle

is generally a SS i : i %‘ég% 48 it ry feature
geonetries %’lha{Og ﬁockﬂllﬂ%@th%&r%}é%&%? paga?iﬁlglet wgu%ﬁ?ﬁ(gmrogf]]xbl e,

[ 0004] Af t er paBwinignalfeugipplitation &ioi €1/€57.3Nefiledl ghFetwemy 8cX088 tenetislur f ace of
e, pnotores! StodBial o I Sy SHA0ASA 1RSSR AR soas an of the
phot or esi st ek @rcb@bratel vy tdigeiR0 baisen fof alppspeseve phot oresi st materials, the

exposed regions are renoved, agd ! %sgg f gﬁgative phot or esi st

materi als, the unexposed regi = c&o&;ﬂs .HQ fter, the wafer is

et ched to reneed2] he ThHagesdy imventivatrantealo the fmmithe cfsedsondhabr dveeno | onger
and thereb fine the desired

rotected by t hot or esi st, materi al d
Pt uree i1 HSUDY o B8 potBBT v Gt BTNt I G F FSICEEPEREeT ar o
known. The phokeicest géfiRait @ fafer hamewell-Riidvid gakmbigRBNStERg HGssesWRi ch may
be the width of the smallest f,ea(t%ée; The. u_niforrrit%/ inultra |arge
scal e i nt egr at/®d® BRFSHistPhOIOras]s) (FRa mategtiagis dgposped ofriat wifer W thingh
performance deypkesto HEREIRIBHafr@IdM. tBheirBidde g@rtLlyalRel fladena: for exanpl e,

15  patterned with exemplary feature geometries that block light from propagating

through the reticle,
[0004] 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.
Thereafter, the wafer is etched to remove the underlying material from the areas that
are no longer protected by the photoresist material, and thereby define the desired
features in the wafer,

25 [0005] Various generations of photoresist are known. The photoresist patterns
have a critical dimension {CD), which may be the width of the smallest feature. The
CD uniformity in ultra large scale integrated circuits (ULSI) is a crucial parameter for
high performance devices. The CD uniformity in the gate electrode, for example,
affects the threshold voitage distribution and the overall yield of the devices. As the

30  design rules of ULSI reduced, the roughness of t.he edges of the lines (Line Width
Roughness: LWR) of linear features patterned by phetolithography becomes worse.,
The LWR is a measure of how smooth the edge of a linear feature is when viewed
from the top down. The ideal feature has an edge that is “straight like a ruler”.
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affects the threshold voltage distribution and the overall yield of the
devices. As the 30 design rules of VLSI reduced, the roughness of the edges
of the tines (Line Wdth Roughness: LWR) of linear features patterned by
phot ol i t hogMdpHy)*Heténes worse. The LWR is a neasure of PREWFZMESM t he edge
of a linear feature is when viewed fromthe top down. The ideal feature has

an edge that i Howslerdightiobs KRo@ thalh@lfeature nblQWBMBHmed i9dtedapp@Hpgs@asons the
line feature ngy S me'gi_mas.'kn tggad aapzﬁear j agged. Jagged |ines %I .e., wth
a high LWR) ar géeéﬁlé‘F%ﬁl'Fy“’- P;‘ ndedt FaBierHE CauswitHalehrdtesdtired al ong
the liner featyefuweblody MalifefERm: PRSIIVLBNdR QQt%nttb?USitid'nequngn g operation
of the resulting device unreliable. 5SUMVARY &: THE [ NVENTI ON [ 0006] To

achi eve the f fPEHEPhE, ParesBttotf FerpEM%r ni ng features over an etch |ayer
conprises formng an organi ¢ Magk,LaYEHr P InVRSIchNOr gani ¢ nmask | ayer,
forming a silicon-containing mask Tayer OVEr the organic mask | ayer,

form ng a pattl@8¢Med rRsiehices/de fassesingt heedd fa oatesoing &anvirasgverasietchayer |
etching the sijlJ.fQnn0 SRLALNL 0% ORSHK 1LAYEL - - erned nask,
depositing a po):eyrrerpfqver th% et%ﬁ]e}d sglkl %g%n-%gﬁigﬁ%ﬁgg%@%e}’ayer,

deposi ting a dpiriiegmsidesntcaitaining nfask lyevaeer thihergaoik yreel laygpl @maing zi ng t he

si licon-contai_pi f LV ) i r. | eaving the

111 con- cont ey perre b M-S e I8P LA e R P

i nor gani ¢ 10ay epntziti5f 0RO7Thezeugrite pithmed frgslt, demesitiof a phigmpr@sett i nventi on
w Il be descriped i.n re. . ail, below.in.the.detailed. descriptjon of the

i nvention ande?ﬁedcsghﬁmg%%%?lgﬁ%vnﬁaf%gfﬁéggf’ SRR Sﬁgcofll’caﬁtfnélgl.g?%ﬂlol‘:‘% t&SCRI PTI ON
OF THE DRAW N@Symp:)pRsdriking tr @iseniconmivigtfilanseiestivdly raborviat e joyymeay of
exanpl e, and not. b of 90 .limtatjon,. in the figures of the

acconpanyi ng %‘é‘\’}\% %ﬁ\gﬁ‘é%ﬁcqn fIRS LR £ Qg?}gfoég%l?fgéyeﬁ’ Pehise et er to similar
el ements and inproakic ¢dyer. [ 0009]FIG | is a flow chart of a process that may
be used in.an odi nent of the invention. [QO010lFIG's 2A-]1 are schematic
cr oss-sec?? on@ﬁg’and T5° S g‘?ﬂméiesé’tt fewrosyineadelibe dsicabsign o¥ean

enbodi ment  of detdiebeldwianhd @hiled 883ddtoh Gf th3 ih&n@or M ¢ Eghatli®dyvifd @w of a step

of depositin ol ymer.
P gfoﬂoxgiz} B Tigures,

BRIEF DESCRIPTION OF THE DRAWINGS

{0008]  The present invention is illustrated by way of example, and not by way of
20 limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which: _
[6009] FIG. 1 is a flow chart of a process that may be used in an embodiment of
the invention.
{0016]  FIG.'s 2A-] are schematic cross-sectional and top views of a stack
25  processed according to an embodiment of the invention.
{0011]  FIG. 3 is a more detailed flow of a step of depositing a polymer.
[0012] FIG. 4 is a schematic view of a plasma processing chamber that may be
used in practicing the invention.
[0013} FIG.'s 5A-B illustrate a computer systern, which is suitable for
30 implementing a controller used in embodiments of the present invention.
[0014] FIG. 6 is a flow chart of another exemplary embodiment of the invention.
[0915) FIG.'s 7TA-L are schematic cross-sectional and top views of a stack
processed according fo the embodiment of FIG. 6.
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[0012]FIG 4 is a schematic view of a plasma processi ng chanber that may be
used in practicing the invention. [0013]FIG's 5A-Billustrate a conputer
system which | s suitable for 30inplenmenting a controller used in

embodi ment s YOt 20HE?Br esent i nvention. [0014]FIG 6 is aP$TORPEANTE of

anot her exenpl ary enbodi nent of the invention, [0015]FIG's 7A-L are
schematic cross- secti ommammzmxpvioe\m:mzmasm@ﬁm@@ﬁmﬁﬁd according to

t he enbodi nent g{f% %31 6. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS [ 1§B08] ThEesreset mveptrpatngr Brideicnfgdynsisted edtrsipapccitiadet ai |

with refer encefewreae&eawmbﬁh@ﬁtﬁ edreanqoiiiRRt $n tReERRfpaRtnd dchwsky ahed in the
acconpanying drawings. In the follow ng description, nunerous specific
details are Sé{leﬁogwwgp?ﬁcgpr&@rmﬁpr%s(ggchg detatls gesrssLGHD iUy &2 BRBidRE of t he

present 'n\’jentth&@ugh|u‘i1dé’i4;thrld1r%eof®w&@ﬂtmvelﬂﬁﬂi@Vi?@vﬂl ﬁé)ap‘ﬂﬁl@ntsilﬁiv&clv&dto ethe art,
that the present invention may practiced w thout sone or all o “these

speci fic det aiskided rhern hat ihﬁﬁ’feé%égemmlﬂvaywmﬁfﬁ?ﬁddﬁlé@gf @mepsalhtrfd/ or
structures ha%}%s@ﬁ;feczhgg&a&e%&Behkﬁgstmaesd%@ bov: re&gl?&ﬁ& gm%tmld geessarily

obscure the prese invention. 10 0017]’To aC| frate rstan ing, FIG 1
is aflow chaﬂﬁ@ve@ﬁt%pepude@éb@ in ﬁ@t@ﬂ inetydas o v edngepssamly ehtsodtithramtsenf t he
i nvention. An; IR”% api ¢ mask layer may be fanned over the inorganic |ayer
(step 102), a silicon-containing nmask |ayer nmay be fornmed over the organic
| ayer (st é@ 109)7] ando dacpute emdwt&ndrias,lﬁﬁayfera ﬂmycltae of eproedks Gmemayime

s. a cro ctional view

silicon-conta 6

of an etch Ia%l’?qﬁ@%ﬁ’dw%fég%@g%t&gs% g d%Itc én YWY e JUME Olsk | ayer
210 fornmed ovée itchenetiglh: (sapd02204]ica- mntanmmgmmnhy&rmamge fas&ﬁ&@ dvayme 212
formed over the_organi a 214
formed over tH&e 67§ nl(%e @af] Batteﬁjfgmat%ﬁféj‘?g a%‘%?ﬂﬁ‘??g Oéieré 1&"){/)500

[0018] The s ub:sinraaﬂ@ REOR 1my(sm@ 1a@y FkG.nis athst-katiens Wl csn &csiakércon waf-er.
20 The etg; er & ;ﬁbe ectrijc tlerlzg1 such as Si 02, Si N or

S o wihi 0 TR o R R P s B 2 Odamter g i al | such
as Si. Al thougferpos, aisilicorsténddigity madk lhﬁﬁﬁgﬁﬂa}hﬁem&kthb@yg@ﬁm Yk Reerf Or med over
the etch lay 204 as IHUStL?Fdfg?r g . 7A. The organic nmask |ayer 210
may be any 0%3 2 RN RIS fAPierlf Aprme Gﬁﬁt%%oré‘i’ﬁ%‘f’ﬁ‘ﬁ%d%yeé%’rz@@ﬁmbl’n one
exanpl e, the femgadd @adxask. | ayer may be

[0018] The substrate 202 may be any known substrate such as a silicon wafer.

20 The etch layer 204 may be a dielectric material, such as SiO,, SiN or SiON, which
may form a hard mask for etching of a conductor material such as i, Although not
illustrated, an inorganic mask layer may be formed over the etch layer 204 as
illustrated in Fig. 7A. The organic mask layer 210 may be any organic hard mask
material, such as amorphous carbon. In one example, the organic mask layer may be

25 a 300 nm amorphous carbon.

[0019] The silicon-containing mask layer 212 may be any spin on glass (SOG)
material such as a known silicon oxide or Si containing polymers. In one example, the
silicon-containing mask layer 212 may be a 30 nm SOG material. The silicon-
containing mask Iayer 212 may also have an anti-reflective coating (ARC) layer (not
30 shown) formed over the silicon-containing mask layer 212. Typically, in
photolithography steps, one or more ARC layess, for example, a bottom antireflective
coating (BARC) and/or a dielectric antireflective coating (DARC) layer are provided
under the patterned mask. These layers minimize or eliminate reflections during
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25 a 300 nm anor phous carbon. [0019] The silicon-containing mask | ayer 212
may be any spin on glass (SOG material such as a known silicon oxide or
Si containigg%gpl ners, In one exanple, the silicon- contalnln% yer
212 may be G material . The silicon-contai ni ngPMe&iY] Q%@P 212 may
al so have an anti-reflective coating (ARC) |ayer (not 30shown) forned over
t he silicon- cogipaiuid stghdstembayetk wilich ma'}ypb@@dswndthW’QMI ghdntse@ghaphy

steps, one or nore ARC | aye for exa ottgmantirefl ective coating
(BARC) and/ or ﬁmﬁ?g?%8¥Wfé‘%%?SP%?F&@P%@ Edﬁ?? 6%?5Wﬁ€?mP§V€Pm§Fe provi ded

under the pattgicReds, BRskK forhheSEorl ﬂa)éﬁraﬁih(%‘bﬁ\def@f?%@ Rlterftd MisNadyer. T ef | ections
during exposure of the $atterned mask ich may produce st'andi ng waves.
Such standi ng W& @%ﬁ“%myﬁsﬁ%ﬁ@@ﬁgw§%@Hﬁ€§m@ﬂﬁﬁ%ﬁmﬁ@PdH@%hlIoplng"

of the pat ter neyé Qfﬁﬁiﬁo&! Sesnaklise m@kridiN@ of 91“‘%8 td Qe@ka &k the%aérn&j base of
t he patterned mask Ia% Ther ef or e, é&] | ayers ar€ general Ié
di sposed bel owakeBpR ﬂ%?%@&WW§§WY§Paﬁéﬁw&ﬁﬁﬁéﬁeveﬁéﬁﬁeﬁﬂd@@ﬁéemﬁﬁ erials

(e.g. Si02) tQhE.el Sﬂﬁﬂexfe&r&dd&ﬂlsttﬁlﬁ R dﬁd@{lﬂﬁ% d}@%ﬁ rs may

be organi c-based or inorganic-based are usual osed of Tdi f f er ent
mat eri al s t hann ineegapisde¥Ry japey reﬂyélleeemmqed nﬁtﬂtemwmlnlmﬁef’mékawmﬁeﬁ an

i norgani ¢ BA onposed of titaniumnitride (TiN) as well as
%iﬁkﬂgﬂ&%@ﬁ)@.

silicon oxynitr [ 0020] A patterned mask 214 may be forned over
the silicdf- c@Mﬂ&iniﬂQMﬁasﬁimM$y@ﬁH@126ﬁﬁmedewabwwﬂkbmempamngnmed mask 214

Is of a phot O'ia?éxj Ab B%ﬁ}%dlg l’be Spaggrflgcf( r%%%lzeffi 15 CE% p?f?tgj‘%aé nPrXatenal Arg 60 nm

phot or esi st eri al Pho 8 prdcessi ng
chanber. [ 002&7]351;3(& thé nmk masbheﬁﬁnmq:h&tpewstoﬁatamr Deesbitng Whanpee 400 t hat

may be used 151aﬂ Hmewl dﬁggpt The pl asma processi ng chanber 400
conpri ses conPlneﬁe%F Ags© an upper el ectrode 404, a lower el ectrode

408, a gas so{mzﬂ 41E)I,G amda ahereatitaitst of pUiredi}, chibergas taoui e wkdd
rofile gas

conprlses shr osi t as source 412 a shrink
source 416 Tﬁe ggﬁﬂ?ge%ﬁevgEﬁﬁﬁWF?ggéﬁﬁFP?”ﬂgFmﬁagm%ﬁﬁﬁﬁégméuch as an
etch gas Sourﬁ,@s4&;8 aADpbeR eBELFIIP RON Y 1GAS cROWGIRELN8 220k Bovddel 00 40 agt chi ng,

stripping, and,other ses to b erfaormed i.n the same chamber. Wthin
pl asma proces@?ﬁﬁt@ﬁgﬁ%g’%iE@%&PWEe 5#@a?é?q?§$ﬁ%@Fﬂﬁbﬁ€6fdﬂon t he

| ower el ect r oge a4R&ik pFoe kawsirceh BCt TROGs 4Q8cd MHOIROFSE RBiRAnAUkS abl e
substrate chucki ng nmechani sm(e.g el ectrostatic, nmechanical clanping, or
the |ike) fOWOWBFdWﬂb%ﬁW§“§@6%¥P§?61§§? SHRPIEHE PBFCeBH LUBBY ncor por at es

the upperzel eedhiRde-idds, dhSRASPebcdRed fmmeﬁélﬁtre%m@%etcﬁaﬁm hWamer
el ectrode 408. The upper el ectrode 404 ower
plasma processing chamber 400, the substrate 202 is positioned upon the lower
electrode 408. The lower electrode 408 incorporates a suitable substrate chuckmg
mechanism (e.g., electrostatic, mechanical clamping, or the like) for holdmg the
substrate 202, The reactor top 428 incorporates the upper electrode 404 disposed
25 immediately opposite the lower electrode 408. The upper electrode 404, lower
electrode 408, and confinement rings 402 define the confined plasma volume 440,
(3as is supplied to the confined plasma voiume by the gas source 410 and is exhausted
from the confined plasma volume through the confinement rings 402 and an exhaust
port by the exhaust pump 420. A first RF source 444 is electrically connected to the
30 upper electrode 404, A second 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, Both the first RF source 444 and the
second RF source 448 may comprise a 60 MHz and/or 27 MHz power source and a 2
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el ectrode 408, and confinenent rings 402 define the confined plasm vol une
440. Gas is supplied to the confined plasna volunme by the gas source 410

and is exhausteod fromthe confined plasma vol unme t hrough the confinenent
rings 402 anl’ &f&xffaust port by the exhaust punp 420. AVIPRPRE Sour ce

444 is electrically connected to the 30 upper el ectrode 404. A second RF
source 448 is BlHgbwecabicy. Miffarecbatiniotshe choeemnge gt tethd Bi8strddhanber

wal | s 452 surround e _confine rin 402, the upper el ectrode 404, and
the 1omer ol bt B bIRod TBsER o Fit Rer e i obs DHRb amcr GuoBthd Re
source 448 may(DFO)ELitSE n2ad6 By MHxI REGARR CZE;oMﬂZmDO&merﬁ&Mr%f@Hﬂ %1&1 MHz
power source. Different conbl natlog] of connectin wer to

el ectrode are PO HFEn APEEeRE cEROEMSPT PR IRREES. gﬁ?‘hdé? pOMETE A ?-évﬂﬁual
Frequency Gapagilet dRrceOntle vpHES @Hdmdﬂ&dﬁ)v@f sbAM Beseatcha (OnPRaLi onw of

Fremont, California, which may be used in a preferred enbodi nent of the

i nvention, bot¥FeHpE W‘Wpéhﬂecfoﬁﬁhﬁ g?“ﬁé%rln§@ﬁ?%@§’dﬁ&q@é‘> ths RFfpevwsecond RF

power source 448 CABNRStaGehRntPes l0BNME). 68 Lo er AR &J?ﬁ*oﬁ r el ectrode
is grounded. In other enbodinents, the RF power source nmay have a frequency

up to 300 MHz.comegighiortat REsomas 44 %&whwmﬁxﬂ?@m&qg@a spigct HE. RF sour ces
444, 448, exhays HrpUWReA2buPRdistdendase 59 rtgse 4104 z&a% a%&ec%%§fa§%} \qul d be

used when the layer to be etched 204 is a dielectric |ayer
sili con oxXPde seah a9 pijeanooxedeldr orgeeo gjlieptselas0022] FIG 's . 5A and 5B illustrate

a_conputer sysh@a 1394 N £ Spinaitllealotolof o) {%@gg%}ka%s ufpltLo! fer 335

used in enbodlne the present 1nven one p055|ble
physi cal for minofleménting e nputcder By sbaim e@bodipants ef tht pescaoimpertien. )Gt em may

have many phygA%ﬁ‘ so%sﬁaﬁs ﬁﬂ% ]Icfcgf M3 corr};[ %g%gs%nhﬁ(%{c%ursé the 15print ed

circuit board, evi ce uper- conputer.
Conmput er syst mpl:&@@yﬁmhmﬂﬁwemanpphysmal b302rangnglirsplaayntdgdfidd ciecuhalisi ng

1306, a sk_drive 1 e 12. Disk 1314 is a
conput er - ?;L’ead%%‘}ted T ﬁ‘h%‘% %/%gf}?‘gﬁ&e?gé&év&gtug 9 6%&“??8%3‘8%ut er system
: 1.288 [282([2?] FCh@npitEBsyﬁerflm?;{ﬁ))gaﬂﬁﬂeea(nfon&ozbmﬁﬁlﬁcﬂsp&gzrla{ﬂ faQ#’ouﬁ@blpM%?;[ system
ac 0. m. bu S a w of subsystens.
Processor (s) ig‘ﬁ“’éé?@ exte %elc]i'ﬁ%(ﬁmégm(%?ﬁgg? %Pkié’élslﬁ AGCURTES, or CPUs)
ar edcoupl ed tx@ac&bl@h&gﬁmdlﬁ‘ddi mgmefbmﬁitm:an@frﬁmrﬁemput&&%eml\ien@ry 1|3|24ki ncl udes
random access and read-o is we nown in
the art, [gﬁ?ﬂo d I&%faér“ﬂ%ﬁ fd%%} %/l?fge %‘FGH@P‘H’FF Srpdétional Iy to

the CPU amd RoMches tbl S@ekni HRI1G2D s ¥ viide &d&@ty&a‘f@ﬁbs?@aﬁé Pradasho@standetidoons in a
bi -directional manner. Both of these ty nori es mag){? i ncl ude any
BARES

sui tabl e of tfﬁféﬂ%‘ﬁﬁ&f?élﬁfalrpé%&a%‘rgeu%%d%f&%éfé)sﬁ FHBlEd freft visked di sk 1326

is also COUp'zﬁ%ﬂud&x&gxﬂézﬁ&?ﬁBﬂn%&% @3%%1&&22@(% BEQVindgsvaddinviippnal data
storage capacity and al so include any of the conputer-readabl e nedia

descri bed bel&\ionpi %@P%K%@Mis%ﬁrmaﬂ ewn deie e RNmets i oawierdata dat a, and
the like and gh$inkyREGR! n¥difectionally to the CPU and RAM is used typically to transfer

25 data and instructions in a bi-directional manner. Both of these types of memories may
include any suitable of the computer-readable media described below. A fixed disk
1326 is also coupled bi-directionally to CPU 1322; it provides additional data storage
capacity and may alsc include any of the computer-readable media described below.
Fixed disk 1326 may be used to store programs, data, and the like and is typically a

30 secondary storage medium (such as a hard disk) that is slower than primary storage.
It will be appreciated that the information retained within fixed disk 1326 may, in

appropriate cases, be incorporated in standard fashion as virtual memory in memory



30secondary storage nmedi um (such as a hard disk) that is slower than
primary storage. It will be appreciated that the information retained
within fixed disk 1326 may, in appropriate cases, be incorpqrated in
standard fashPoNW* 4874 rtual nermory in menory 1324, ReKbVABIEYHIER 1314
may take the formof any of the conputer-readable nedia described bel ow
[0024] CPU 1322 135! #cmovARURerd 1t onag takafthclodn Of ariyitd die/@uppidt-rid@ices, such
as display 1304, keyboard 1310, nouse 1312, and speakers 1330. In general,
an 5input/outpHF@6@%$%@ﬁﬁﬁ “be any of: video displays, track balls, mice,

keyboards, i cfgapfionesputiUCHaBE B&ipldIea Jukd) 8¥i8putlohPNBANGEY, s&@ld I eaders,
magneti c or paper tape readers, tablets, styluses, voice or handwiting
recogni zers, b?@ﬂﬁﬁF¥%§¢V%ﬁﬂb¥§9ﬂﬁwﬁéﬂﬁﬁ%a%%ﬁﬁﬁ?éﬂ§?QCPu¢E@?@amptionalIy
nmay be coupi edmb&/oazgaﬁm%f@ﬁfawyw ofp{}idétécﬁéiiﬁﬁé&@]%k%%ﬁs{ iz, E@%&‘Q&k using

network interface 1340. Wth such a network "10interface, it is ¢ontenplated
that the CPU m§FIPheiss dpupb-sEnithe fiipiah hr@haser hard matoueriRagneiic eringber out put

| nfor mat i on t oubdig, Rt MALK, 4l 0RO RdRhACILAT AT bR BbRYE:dgsCT | bed

met hod st eps. er nore, ‘ odi ments o present 1 nvention may
execut e sol el yothgserm@rs. {F2P1GR opegpaBx senbecopld taamghonorkpeerch as t he

Internet in cqpj i WM ] . t . rtion.,of the
processi ng. [ggggilﬁhgﬁgﬁkﬁgﬁ%ﬂéﬁgg%ﬁheﬁ%@ﬁ%ﬁmfEgﬁ£5€§g%ﬁgﬁﬁggﬁﬁion further
rel at e to Wonpuercest oragengriod et $e WP mighicersputigiormeaddbhethaedi um t hat
have conputer code thereon for perf.orm vari.ous conputer-i npl epent ed

oper ati ons. Tﬁ%mﬁgﬁfﬁmgﬁgmggﬁggI?P“%%pgﬁﬁg§w paly 858“%%%6?&?3@ﬂ%g§igned and
construct ed f abovchiesqatiedyostded 0épst Fertiprasenhethod anbddonentosf thd@ysehmy be of

the kind well .known and_avail abl e t 20 having skill in the conputer
Sof tware arts BRSSP shblbeh SPULERS B air dd Bt Eee ot
limted to: lrrﬂgrlez_teinet ieehjmncaticita s retmﬂcﬁUlslt@s sh.a&dﬁg@mﬁdﬂiom&,prﬁﬁﬂmgagneti c
t ape; optica a such. as ROV a ol ogr.aphi c devi ces;
nagnetoPoBPicgﬂEdeii ’ﬁmééﬁ%ﬁﬁﬁ?FEEﬂw&W§ﬁgf“§WH” URa7 e ffevi ces t hat
are speci al | yc&opikdrgiafage pfoQu@s @1te 2 aaHpRXa 6Bl PicOBLAMHGRISonSIER as
application-specific integrated 25 circuits (ASICs), programmable |ogic
devices (PLDs ¥ RaN" dorreing HEIHE SEIPUEL AT @SN et OReGISTE die B16d@ i ncl ude
machi ne code, afuehpas: PUEOGUE BEMBY PedORIckiBfad ARdolsirh@Sd £ONEaLALRY hi gher

| evel code that are executed by a conputer using an interpreter. Conputer
readabl e medi & BeBresridBYBEE SRGY BYY Bodleht Fad ol kpesn By ayaibblrgathere dat a

si gnal embpdi Wiﬂﬁ@m i€ Bk EhBputa¥Bw AR Al GRAAPRNL Dthpted RAMDICH ]
30instructions that are executable by a processor. [0026] Referring back to

FIG 1, the patiés Heareneskmited/ier masnptipmegip piavse hd dislss, floppy disks, and

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
25 circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,
and files containing higher level code that are executed by a computer using an
interpreter. Computer readable media may also be computer code transmitted by a
computer data signal embedied in a carrier wave and representing a sequence of
30 instructions that are executable by a processor.
[0026] Referring back to FIG. 1, the patterned mask layer may be trimmed (step
112). This is illustrated in FIG. 2B, in that the structures of the patterned mask 214
are laterally etched to be made thinner, In other words, the features 216a, 216b are
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112). This is illustrated in FIG 2B, in that the structures of the
patterned nmask 214 are laterally etched to be nade thinner. In other words,
the features 216a, 216b are 6 made wider. The trimtine is adjusted such
that a pol yne? 2408%¥r¢%and silicon-containing |ayer may bE&CHUSHEYI3ATI3desired
positions. An exanple recipe for trimmng the mask | ayer is an 02-based

phot or esi st t 1 infRHPHRBE SEhe\Wih finR 1PLBSTAIBciOhaORRIRayePid WRLES are
provided at a frequency of 27Mdz. 100 sccm of 02 is provided. 5[0027] The

features are tFREWBIEREY Taths Piased &idriiEe od BeisaiA STRE sseinedyerimmiep 114)

through the patd.efRedyrask OAYRED pR& SO WM 'Efbc@s%nh%%res@ﬂe%mmh%npf a
reci pe for etching a silicon-containing mask | ayer, such as a SOG provides

a pressure of 2¥hidiere moddylat ¢ feececitV/Migd 140 seent ofdepientoyided. 27MHz. 100
sccm of  CFés ar gopfiovi gt 1Al Q0E8] AcRO! Y. Eﬁ?ilk‘?nbfonﬁ%ﬁxggfjlh%sﬁqgi%}é&[egt he

silicon-contai hi ng mask Isayer (step 116). As ustrat D, the
pol ymer 218 deplds Hroush theipaserned/mizd [avd]. as shedvnsin EHG 1 HatAn ¢remplatf aregpe216a,

216b are not c £ . \M - r —ln.an _alternative
enbodi nment , th%pg%}ﬁ%%hédﬁ&ﬁ%ﬁ?mgﬁ?%g% eggllﬁ%lglﬁ taesc%iil%rﬁ)r(%@eﬁjgg Pdeial (ffs of the
si | i con- cont ai AIMIPrmBOR whayee pRYZcdad frdysepatof é7TMEd. Wlsken afy@l; 2214 and not
on the bottom gvi%&ie features 216a, 216b. Furthernore, although illustrated
with the pol ynper eposited on the top of the patterned mask | ayer 214,

deposi ti onifon 06281t opA beymat mndesspasityd ofdd @R }Ehe cpoliying madBysrayedoe any

| ow t enper at ur o] v.er uc dro. fluorocarbons or hydrocaybons, that
may be confonr%gpfydl%‘g%%%feaéﬁgﬁgﬁigyﬁdjggy%&ggﬁ?pé’ﬁn%t”(“ﬁf“&%%?‘ﬁ{j“ ¥e&hosi ti on
phase and a pribdiitedesirapt itg, J1base noaduthpldhay fitikd 9ub thegbBel Y&, neaoval of the
pol ymer wi t hout renovi .or _danmagi n e sid ajls . of the .

D Mon- cont i ERor RGus 0 09 ag JB A AT b e PuBhot B sHPRIG T 1 m as

further di scussagaidaglcomaiting hakiehgsrent end Be Fitfarned Masd @IS @ a8 n@as the

nodul ation to deposit all ows t eposition to occur at a

! t he pal yner he d 1 _
tenperaturé | &8¢ ghiRe ieéﬁ‘re@,ﬂg%?&@i’- wiegneegevshddusgaageh therRobmsr budget ,
and uses | ess jBRafed dnlikd B bIME BartchiR SR 1298 11DCahOWIdRIINES Ab W ¢ POl ymer
will maintain a | ow thernmal budget for device manufacturing. [0030]FIG 3

is a nore detdff€d'¥ | ow chart of the step of depositing the polyner
100291 The polymer 218 may be any low temperature polymer, such as hydro-

fluorocarbons or hydrocarbons, that may be conformally deposited using gas.

20 modulation (providing a deposition phase and a profile shaping phase) and that allows
selective removal of the polymer without removing or damaging the sidewalls of the
silicon-containing mask layer 212 as well as a silicon-containing film, as further
discussed below with reference to FIG. 2. The use of gas modulation to deposit the
polymer aliows the deposition to occur at a temperature less than 100° C, which

25  reduces device damage, thermal budget, and uses less heat. Furthermore, the use of
the low temperature polymer will maintain a low thermal budget for device
manufacturing.

[0030]  FIG. 3 is a more detailed flow chart of the step of depositing the polymer
(step 116). As shown in FIG. 3, the polymer deposition comprises a plurality of
30 cycles of a cyclic process comprising a polymer deposition phase (step 304) and

polymer sidewall shaping phase (step 308).



(step 116). As shown in FIG 3, the polyner deposition conprises a
plurality of 30cycles of a cyclic process conprising a polyner deposition
pol ymer sidewal | shaping phase (step 308

phase (step
2009/ 099769338%%%%’3%6/ 031713 [0031] Preferably, the pol yRelUHe @éﬂlfon phase

(step 304) uses a deposition gas conprising at |east one of CxHy or CxHyFz,
and carrier gakési]s ucﬁreﬁ:sabHe;he@nlynmedeplﬁsiﬁox)@zm GtepNIoH euspy edepoatidnygas t he

deposition gas_further such as.argon, o

Nbr e preferabl?¥m¥ﬁ@gaﬁ%5%| g gu&?ﬁe?%?%ﬁﬁ?] %@S%?afg%s%réﬁéﬁbf 5an
oxi di zi ng addi X¢ ste, Rioe: }ﬁeﬁéﬁﬁlymhagep@ddbﬁ g%@urtﬁdﬁ@&nﬁﬁse@Rcarh@,gaﬁguch% NH3.

[ 0032] An exanple of a pql i tion.phase 304 rovides a flow
bf 100 scom O Sria et g YL Tie o Bubiias psTeabrigshalhmbpEe o the
substrate i maicRidiinedidatve and CRPRiRiddbRivefu20a@,, Tharseoand RE source 448
provi des 400 at a frequency of 2

f
MHz. During t\rf@&l?@dep%wﬂ}rﬂgﬁuﬂgﬁa@ém%@aﬁﬁww%ﬁwaéB4J.P§0v&ee>@ﬂaw t he

deposi tion gasobScdt @nsf Saned sicht . amplpasiie is28Go Ubarkhendangsit son gas is
st opped. [0033]Preferab| , the p §%¥ner si dewal | shapi ng phase 308 uses a
profile shapi r‘i’@”"éﬁéeqﬂtfﬂﬁ@@ﬂ“"? plotft thdhaeproad Rifopugas aneridsnp? Wattag at

| east one of GF, HedReyNT37 WS SidRreharRBltqudiBEoPs Ofi! Bushaplbng gas further
conprises a carrier gas, such as argon 15or xenon. Mre preferably, the

profile sHApi Hepagision Phise Hsiderasiven Basds Pravided ABs d@ﬁ@h@f gaa i towifdinsdrigoaddi ti ve
and a redUCIHQEQQQthggmnﬁggg(gﬁwg a5 %0 %@ or 10034] An exanpl e of
08)

t he pol yner si shapi ng phase step prOV|des a hal ogen cont ai ni ng
gas, such as l¥83kccire@rably.itke pohingr sidewpl S1apigEShiss S0hwconprypfigabaprovi ded

during the profdi I orr i g0 t he 20
chanber . The gg%ﬁaaE@B§§%$§§ ﬁf%ﬁ%gggfﬁkggggg]?fa Oﬁe (%¥¥fggﬂéncy of 27
MHz and 0 Wat Mereprefarabivethagrdie difipife fMsifurtidy wrngzctehecqutr}gme suckize enat: |

shapi ng phase,_ th fil a profile shaping gas
is transfgfneo)wnfoqw&cpg%ﬁgnxg%dg?%ggmgﬂgP ? Fra) g““ﬁfgﬁﬁgnﬁ%:stopped.

[ 0035] Pr ef er abl wdztzhgacphme%a resuqey ziddtttmdsvbletts/\ﬁg [ﬁizz\bt or2B:.cycles. Mre

ggﬁ{)ﬂ]g_[ ?‘glny whg'ﬁﬁ pl’ RS %E&%npllesof%e po%mr’re?'gldgv%glﬁ%gmg p abe %s?ep%%g)l pergwdflqe
halogen containing gas, such as 100 sccm CF,. In this example, CF; is the only gas

provided during the profile shaping. A pressure of 20 mTorr is provided to the
20 . chamber. The second RF source 448 provides 600 Watts at a frequency of 27 MHz
and O Watts at a frequency of 2 MHz., During the polymer sidewall shaping phase,
the profile shaping gas is provided, the profile shaping gas is fransformed into a
plasma, and then the profile shaping gas is stopped.
[0035] Preferably, the process is performed between 2 to 20 cycles. More
25  preferably, the process is performed between 3 to 10 cycles, The combination of
deposition and polymer shaping over a plurality of cycles allows for the formation of
vertical sidewalls, Preferably, the vertical sidewalls are sidewalls that from bottom to
top make an angle between 88° to 90° with the bottom of the polymer laver.
[G036] Referring back to Fig. 1, a silicon-containing film may be deposited over
30 the polymer (step 118), as illustrated in FIG. 2ZE. The deposition may be in-situ or ex-
situ, The silicon-containing film 220 may be any type of material, such as SOG, or
Si-contaiming polymers, that is able to fill the features 216a, 216b and be planarized.
In one embodiment, the silicon-containing film 220 may be the same material and/or
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deposition and pol yner shaping over a plurality of cycles allows for the
formation of vertical sidewalls. Preferably, the vertical sidemalls are

sidewal I s that _frombottomto top nake an angl e between 88 to 90 wi t he
Tfpszotgmsms

bot t om of tﬁ%%%?’??r‘%é(? | ayer. [0036]Referring back to FifF¢
silicon-containing filmmmay be deposited over 30the polyner (step 118), as

i Ilustrated i nhdslt@ saRE propheiedapasintiganc ey 11e. The Slidod-cftaige finsi2bel. The

silicon-containin of material, such as SOG or
Si - cont ai ni ng W%P%S‘“’%W&tt@éﬂ I‘P’ileS a}i%@ {:he features 216a, 216b and be
pl anari zed. | njoosm errb@d;ﬁnsemtcoma]iﬁﬁg Sivh @ the@ ®Rp@inki Y (fdpl 1P0RZ0 may be the

sane materi al ﬂnd/or s the sane properties as the inorganic |ayer 212.

h
The sili con- coMESEREARYEIS Fin S0 1HR) chaigRIsSem =8 My bg Plapsrved BERF WYl ess t han

100 C. [003¥7] ThewsiptdceQNueotadieRth&Obdk bfbcBRYr tcihlﬁﬂc@ﬁqea{a%@; Zdoﬁﬁﬁlng(o%t ep 120),
as |IIustrated|n FIG 2F. The silicon-containing film 220 may be
pl anari zed usﬂ?‘f‘@efémgSknovm process, such as an etched back process or

chem cal mechapasgl Pek 'p§1|91n'89an9 rpat\ﬁ;ffﬁed%é‘sﬂ'kﬂgr mh? 038Ld ] &%CHQQW Igggovgdﬂ'd

patter ned rrask | aye hen be sel ectivel'y renoved as shown

in FIG 2G TH@%@%@'@ r’wnriéﬁtﬁ/a?ﬁ Gﬁleﬁﬁ@ctwerw@m @féMOﬁjanrmngms sayps
features 222 top?cratu%sf?Zﬁ era{@gf%&{ @h&@@le? mir %ﬁ}o I;ﬁﬁg adJ H&?ai
romthé sane patterned

additional 10 features are fornmed wth
mask | ayerl0214eatimet analpimeyl wittosewedlet @Dtﬁi@atthaﬁzenm@ttteljﬁa@gledda)[eﬁea@]nﬁhe pol ymer

218 and patte aBsk noved by an ashing step using an
Wi, lg&étbm%ggg&ﬁot undercut the silicon-containing film

oxygen ashi ng t hat pre era

220. The pol yf@ﬁ9]218’i"ambipa¢rt2é8 methatteskd ik Mynazligoerb@veﬁeymzvaﬁmgn a- wet -
f.ilm220.

15sol ution that s N i.ve ds,. t ai n|n
[ 0040] Ref erri ng back’ Oxy%ﬁ%é% hie th\%t ﬁfraé1 dg”?"en thuéﬁ3 rCé’tt Connccin i gani c
(step film 220. The polymer 218 and patterned mask 214-may aisgmbe-,removed-mﬁa wet-

| ayer
15  solution that is non-reactive towards the silicon-containing film 220,
[6040] Referring back to FIG. 1, features are then etched in the organic layer (step
124), as illustrated in FIG. 2H. The organic layer 210 may be etched vsing known
etching techniques, An example recipe may be that a pressure of 20 mTorr and 400
W at a frequency of 27 MHz is provided to the chamber, 100 scem of Os and 5 scem
20 of CH;sF is provided. The features may then be etched in the etched layer and the
remaining mask layers may be removed (step 128), as shown in FIG. 21. A
conventionat etch recipe for etching the etcher layer 204 may be used, for example, a
pressure of 40 mTorr is provided to the chamber, An RF source provides 1000 W at a
frequency of 60 MHz and 1000 W at a frequency of 2 MHz. 15 sccm of C4F; and 10
25 sccm of O; are provided.
[0041] Additional steps may be provided to complete the formation of
semiconductor devices. This process provides etched features with half the CD and
double the features formed using the same photoresist mask using a conventional etch
process.
30 [0842] Some of the steps in the above preferred embodiment may be omitted or
changed without increasing CD. Other steps in the preferred embodiment may be

omitted or changed, providing an embodiment that still reduces the CD and/or



124), as illustrated in FIG 2H The organic |layer 210 nmay be etched using
known etching techni ques. An exanple recipe may be that a pressure of 20
mrorr and 43{,}) W‘a}t a frequency of 27 MHz is provided to the chanmber. 100
sccm of 02 ANY"87E¢EM 20 of CH3F is provided. The feat uFeXUREYEHEN be
etched in the etched | ayer and the remaining mask | ayers may be renoved
(step 128), asinshapwrheinumbbiGf f2ituresA Foosetild, andkcueied Absecihppatdfegied @taghi Ng t he
etcher |ayer 204 e _us ar ex |l e, a pressure of 40 mlorr is

provi ded to th’@ee%ﬂ‘%?{?ﬁg?mm ‘ﬁ%ﬁﬁfb‘g%f?%@%gr ovi des 1000 Wat a frequency of 60
M4z and 1000 Wed3ja frigsenciovodhar oMmothel oxemgary efbbdimes. angliskRamsle SCcCm of
02 are provi deg. 3&00481%%@ di g(iggnal. steps may be provided to conplete the
formati on of SBWEER 1S HEVTTEREE 4 RAPQIYSHBE el PBrtBYRHERPlEY ched f eat ur es

with hal f the &Bodir@adaublinsddia ih eat.ures 71 QloiBdlis] 199k e 2SaE, Bhot or esi st
mask using a conventional etch process. 30 [0042] Sone of the steps in the

above pref er r e IEFRIEAT TEHLS ARGTIHETS fRstordsHice PaticHn d fietrprogiting AP &dsi ng CD.

Qt her steps i thaﬁ'% RIcell Rlefdnth1 8RO RRRLp188Yis BEAHL td RtteRE afehf’aﬁkgtg%f
provi di ng an enbodi nent that still reduces the CD and/or 1ncrease the

nunber of feathfragy oFeH! resiempibich Paeyides sapaaaiel feasvewithanengsetstdy ned nmask
need not be trinmed. éﬁ%td%{sjtptgf{H?%&%ﬁ}?%gﬁe&@@]dﬁ[ G 6 is a flowchart of

anot her exenpl ary enbodi nent . I'S exanp the patterned nmask is for
formi ng a lAembidhr r Byfegtiggo FIG 6t i isorsrenpiashy hySenyddiforend ovealas eich
illTustrated i | A ' [ V] region for |ogic
devi ces, suchﬂgés:1 (z% %g%z’gﬁeo%%ﬁngéﬁ%ggs?%y %le@?%%é%ﬁ%dedrvgﬁéi%oﬁ%# & F&hmi ni ng
chip for an abpPZaye scogebitainmginonk 238 mayrbetthinedexartiyd egaiit lays (dgsirabl e to

i ncrease the NS a cell region, .which provides repeatable
features, wit o&ta”%é %geéﬁfrg i%lmﬁﬂ :Iag%:/rrlggaysbleﬁlan?eﬁé)% etﬁ%?lpgmb%omg%ngl%aﬁ? c or

peri pheral r e@yoristepl&@o). OB T Ref eerpisrgeticaalbfids: oftan eaah lhyep Ppadieca mask | ayer

may be fo d over etch layer (step 600 n ani sk, | ayer may be
f or med ov%grmt %b“faﬁeofbgagﬁ’f: 4 %V%fgr‘ (45'1 lgﬁl%%?ﬁ ',aé]%lﬁg‘?’“%)g@ﬁy @%%F%‘?Vﬁé&ﬁask | ayer
may be for medetdvieyer Ve anbgami enaklalaedr 708 trap b6 Ohned avd ta ipatdnerned mask | ayer

may be fornmed ov the silicon-containi mas aye step 606). FIG 7A is

a cross-sect ﬂ%&?é@fié@c‘?ﬂ'm IIEP%W&TT@%@F g%ﬁa%&%""ﬁe‘ﬁ%’%ééﬁgﬁgﬁﬁf 2302, such

as a wafer. Anyer Nt gadd gatleBel masyiaver 708 s0@yas hehboredRdnauehat aogtegh | ayer
he i norgani c mask | ayer

704, an organic pask | ayer 708 be fornmed over ,

706, a sili cd)ﬁ’?rc'g%fiﬁ?rﬂ? %‘@Skﬁﬁ%f’ﬁ—j@éﬁe%?fﬁw %@’%ﬂgénﬂ‘f iBYErNE Reskor gani ¢
mask | ayero 71er 20thndy Rabin@kimet MsKichay@ice khdh asStteRindsysBaRNotosegi st mask,
may be formed_over the organic pask |layer 710, thereby formng a stack 700.

The i nor gani ¢HEERISILGand R5aikfay e kTR AR poEfHnpadi Ipyes 89 ®®BUr ce such
as tetraet hoxysizb@ng idoF&ER)masR nfikdriatOn oxide nitride, and the like. In one
exanpl e, the inorganic nmask | ayer 706 nay be a 300 nm i norgani c mask
mat eri al . [0045] Although not illustrated in the flow chart of FIG. 6, the patterned mask
712 may be trimmed as illustrated in FIG. 7B. Features may be etched into the
25  silicon-containing mask layer through the patterned mask layer (step 608), similar to
the process described in the previous embodiment and as illustrated in FIG. 7C.
{0046] The logic area may be covered (step 610), as shown in FIG. 7D. A cover
726 may be formed over the logic area 728. In one example, an I-line photoresist may
used to create the cover 726. This type of cover can be a low resolution cover.
30  Preferably, the cover 726 has a sloping surface 730, instead of a vertical surface at the

edge so that an undesirable spacer can not be formed in the subsequent processes

along the edge of this cover 726.
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[ 0045] Al t hough not illustrated in the flow chart of FIG 6, the patterned
mask 712 may be trimred as illustrated in FIG 7B. Features nay be etched
into the 25silicon-containing mask | ayer through the patterned mask |ayer
(step 608), "HIMYE1* 0 the process described in the preVioUE"@lbdti ment and
as illustrated in FIG 7C, [0046] The |l ogic area may be covered (step 610),
as shown in FI@47]D. Apciomer maRte denysibeofo rhanilicov-eonthihig nogh yvarnae 728. In

one exanpl e, -line toresist, may us o create the coyer 726. This
ormear over Wah A Rid PSS ettt &5t SSeRrariRa iy o Miskeiod To6
has a sl opi ng tBatifeefuré3MB4 drrsdteatlplok!vaiee iithahd pEUhdrIce. Blefcddg, 8dge so

t hat an undesirabl e acer can not, be forped jn the subsequent processes

al ong the edgd bt EEAEREATY e/%).cs“e@@ YOS SR e a0 oS TP [0047] A
pol yner may beadep@sited éﬁu@ﬁedmkwef TIONmE a6 & MNé B@toxRsKhd RNBles (54 ep 612) .
As illustrated in Fig.. 7E, _the polynmer 732 deposition tine may be adjusted

such that the 2 BpAES" Y8478y e not conpletely filled with the pol ymer 732.

Preferably, thg4Bp!ymBE pdidRelX ORILY aPElodapasihad R es sidewakbseof the
silicon-containing mask 5 | ayer 710 and the patterned mask |ayer 712 and

not on the both@ePisFionrrmiadipan eyl mabeggniormybtdeneséigd piinggag mogmatiqn0048] The
pol ymer 218 ,o@@mgwﬁl&m@a ﬁ%@ﬁrﬂféﬂr@ﬁl@?ﬁzﬁb rh@_&g%ﬁ&‘d%@@ﬁ'bo@gove in the

previ ous enbodi ment “and nmay be conformal |y déposited using gas nodul ation

(providi ndla H¥d%si t Refurjsissaek ardte. & prilsfonicentsivasi fHg phdsarragediscussed
Gepos t od ovel PRTSE YRSr( o1 Levan Ao P ST FALIARE Bl S TR e
deposi ti on mayitbyedihe-sgicourcortaiaieg Sirt G2Gmay bdvarygitel of daw come@iund siigeofi | m 220
TRy be oy gl SRS LR R SRR, 2,
t enper at ur e | épssitchamn: @&@Per@urtenghaa 180G prigeesSeG process.
15 [6650] The silicon-containing film may then be planarized (step 616), as
illustrated in FIG. 7G. The silicon-containing film 738 may be planarized using any
known process, such as an etched back process or chemical mechanical polishing.
[0051} The polymer may then be selectively removed (step 618), as shown in
FIG. 7H. The selective removal of the polymer 732 results in gaps or features 736
20 that are formed where the polyrmer was removed. Thus, additional features are
formed with smaller CD from the same patterned mask layer 712 and having
sidewalls that are straight and not jagged. The polymer 732 may be removed by the
processes discussed in the previous embodiment.
[0052] The cover may be removed (step 620) as well as the patterned mask layer
25 (step 622), as shown in FIG. 7H. Features may then be etched in the organic layer
(step 624) and inorganic layer (step 626}, as illustrated in FIG's. 7] and 7],
respectively. The organic layer 708 and inorganic layer 706 may also be etched using
knowr etching techniques as discussed in the above embodiment. For example, a
recipe to etch the inorganic layer 706 may be that a pressure of 40 mTorr is provided
30  tothe chamber. An RF source provides 200 W at a frequency of 27 MHz. 100 scem
of CF. is provided. The features may then be etched i the etched layer (step 628)

and all mask layers removed (step 630), as shown in FIG,’s 7K and 7L, respectively.
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15[ 0050] The silicon-containing filmmmy then be planarized (step 616), as
illustrated in FIG 7G The silicon-containing film 738 may be pl anari zed
usi ng any knomn ﬁrocess such as an etched back process or chem cal
mechani cal WHIHY® [0051] The pol yner may then be sel BEVIH&¢4P31éhoved
(step 618), as shomn in FIG 7H The selective renoval of the polynmer 732

results in gapposy] fenthile ess ifdotddhdshain @neiteaim@enddreserd Bergrkymer was
renmoved. Thus, additional features are forned with smaller CD fromthe sanme

patterned rmaskSTERANRCHF Bleredee YETHIAY: THBGHIONS PERBHEtons 8¢ F4i¥Rt and not

j agged. The poliyiRiitc 32vANaYs, BBick RIOV:ath DY stdpe PHRCESSHaSH. ti: SEMESEE e t he
previ ous enbodi nent. [0052] The cover may be renoved (step 620) as well as
t he patterned hﬁt%m?l\%‘@@t @B”@@ﬁ)wayéé’f@%%mﬁﬂgﬁ}e@ﬁ‘gﬂs afpat ur es may
then be et chedypiad.fi8 oprhg?fys&nl@mron(ﬁh@%@%é irfddled aagfr@@mlswi yer (step
626), as illustrated in and 7J respectlve y. The organic | ayer
708" and i nor gaPerdrdsiaims o & eraspica s e lyding el esh altsizhepskmodificasioahi ng

t echni ques as ipe to
etch the inorégﬁﬁggﬁggg?&gm££§&%g g q tﬁgkgéggéﬁggmé%%ﬁgghﬁ%?ﬁiJggprOV|ded
30 to the charée prasent RFvestiwr ce prOV|des 200 Wat a frequency of 27 Miz.
100 sccmof CF4 is provided. The features nmay then be etched in the etched
| ayer (step 628) and all mask | ayers renoved (step 630), as shown in FIG's
7K and 7L, respectively. WD 2009/099769PCT/ US2009/ 031713 [0053]Wiile this
i nvention has been described in terns of several preferred enbodi nents,
there are alterations, nodifications, pernutations, and various substitute
equi val ents, which fall within the scope of this invention. It should al so
be noted that there are many alternative ways of inplenenting the nethods
and 5apparatuses of the present invention. It is therefore intended that
the foll owi ng appended clains be interpreted as including all such
alterations, nodifications, permutations, and various substitute

equi valents as fall within the true spirit and scope of the present

i nvention. CSLLP
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CLAIMS What is clainmed is: A nethod for patterning features over an etch

| ayer, conprising: formng an organic nmask | ayer over the etch | ayer;
formng a silicon-containing mask | ayer over the organic mask | dyesilp
form ng a patterned nmask | ayer over the silicon-containing mask | ayer;
etching the silicon-containing mask Iaﬁer t hrough the patterned nmask | ayer;
depositing a polyner over the etch con-contai ni ng mask | ayer, wherein
t he depositing a polyner conprises at |east two cycles of a sidewall
formati on process, wherein each cycle conprises: a polyner deposition
phase; andha ipokinmerissi dewal | shapi ng phase; depositing a
silicon-containing filmover the polyner; planarizing the
silicon-containing film selectively renoving the polyner |eaving the

si I'i con- qont ai NiReholiithMat@PEn EEa-Ah Lhs, LY RA -J.ayer. The net hod of
claim1, further cgnprg%?ng e é%ing t he étch§$§§é?3®%§ﬁgThe met hod of cl aim

2, further coApuiisg agorgemsviasy layee overghmetch trigsk | ayer, the

si licon-contai:ning mask |ayer, .and the patterned mask lLayer. 4. The nethod
of claim 3, mﬁ%?%g%aﬁﬁl0%8%§W3F@686%Q?¥$8Hmb Sgéﬁgﬁﬁﬁﬁﬁgé¥¥°providing a

pol ymer deposiférong @stterh@l Mbddaperhvastie sflicomcbhRirteresiid ph; gas; and
stopping the flow of the deposition Eas, wherein a tenperature is |less than
| 00C. The net Rsaingfthe sifipen-aontaipiweanaskdaysr gupysheihe shidened Magihlapimg phase

conpri ses: depositing a polymer over the etched silicon-containing mask layer, wherein the
depositing a polymer comprises at least two cycles of a sidewall formation process,
wherein each cycle comprises:
a polymer deposition phase; and
a polymer sidewall shaping phase;
depositing a silicon-containing film over the polymer;
planarizing the silicon-containing film;
selectively removing the polymer leaving the silicon-containing film; and

etching the organic mask layer.
2. The method of claim 1, further comprising etching the etch layer.

3. The method of claim 2, further comprising removing the organic mask layer, the

silicon-containing mask layer, and the patterned mask layer.

4. The method of claim 3, wherein the polymer deposition phase comprises:
providing a polymer deposition gas;
forming a plasma from the deposition gas; and
stopping the flow of the deposition gas,

wherein a temperature is less than 100°C.

5. The method of claim 4, wherein the polymer sidewall shaping phase comprises:

I3



MOSLLE providing a profile shaping gas different than the deposition gas;
formng a plasnma fromthe profile shaping gas; and stopping the flow of the
profil e shaping gas, wherein a tenmperature is |less than 100C. 6.xJ%e p
method of claim 5, wherein the polyner is a |ow tenperature polyner. 7.
The method of claim6, wherein the silicon-containing filmis a |ow

t enper ature sifrpdemgraretiicahapinggasthicigst thae thef deppsition Zas; wher ei n t he

depositing a sili.con-6o i ni i . ) ri ses a SOG process,
wherein the t?g{)ng%%{% rqaesgga?l%?ge érhgfgsif%@%%%%e met hod of cl aim 8,

wher ei n t he patdppimetle faskofltiaygofilesshapipbehgr esi st mask, and wherein the
formng a patterned nmask | ayer further conprises: trinmng the patterned
features in tEHHBAMFBRIALTGRARS thapg V0Fhe method of claim 9, further
conprising: formng an anti-reflective coating (ARC) | ayer over the
silicon-containing mask layer. 11. The nethod of claim 10, wherein the

si | i con- dont ailliemgethed o @mch 3. héhesiih ilegmlyroons ailev ngmpastkrd @ygnerare a spin
on glass film 12. The method of claim 1, further conprising renoving the
organi ¢ mask layer, the silicon-containing mask |ayer, and the patterned

mask |ayer.  The method of claim 6, wherein the silicon-containing film is a low temperature

sificon material.

8. The method of claim 7, wherein the depositing a silicon-containing film further

comprises a SOG process, wherein the temperature is less than 100°C.

9. The method of claim 8, wherein the patterned mask layer is a photoresist mask,
and wherein the forming a patterned mask layer further comprises:

trimming the patterned features in the photoresist mask.

10.  The method of claim 9, further comprising:
forming an anti-reflective coating (ARC) layer over the silicon-containing mask

layer.

11.  The method of claim 10, wherein the silicon-containing film and the silicon-

containing mask layer are a spin on glass film.

12. The method of claim 1, further comprising removing the organic mask layer, the

silicon-containing mask layer, and the patterned mask layer.

13. The method of claim 1, wherein the polymer deposition phase comprises:
providing a polymer deposition gas;
forming a plasma from the deposition gas; and

stopping the flow of the deposition gas,

14



13. The nmethod of claiml. wherein the polynmer deposition phase conprises:
provi ding a polyner deposition gas; formng a plasma fromthe deposition
gas; and stopping the flow of the deposition gas, MC SUP wherein a
tenperature is less than 100C. 14. The nethod of claim 13, whefeFh.k he
pol ynmer sidewal | shapi ng phase conprises; providing a profile shaping gas
di fferent thaVieHan ddpBRIRES a8 thand0Rilhg a pl asma fromthe profile
shapi ng gas; and stopping the flow of the profile shaping gas, wherein a
tenperature is |l ess than 100DC. 15. The nethod of claim11, wherein the
pol ymer ild. a [Tdwneingeoiataimel potheroin the pbBmeThalemetibhabiog pedsai m 1, wherein
the silicon-containing filmis a |low tenperature silicon material. 17. A
net hod f §P™BRtTerni ng features over an etch layer, conprising: forming an

organi ¢ mask Lawedin@¥eroftlhehak e odsa Berent tRAIHR e ﬁﬂi&daggp-cont ai ni ng mask
| ayer over the organic nmask layer; formng a patterned mask | ayer over the
si | i con- cont aif®iHee rakkmpdips: thegrelie sbppitgegasi hikon- cont ai ni ng mask | ayer

through the p%})&%@% ﬁmto?’cﬂeep%ﬁlte sﬁ%sl’rifg gas,

wherein a temperature is less than 100°C.
15, The method of claim 1, wherein the polymer is a low temperature polymer.

16.  The method of claim 1, wherein the silicon-containing film is a low temperature

silicon material.

17. A method for patterning features over an etch layer, comprising:

forming an organic mask layer over the etch layer;

forming a silicon-containing mask layer over the organic mask layer;

forming a patterned mask layer over the silicon-containing mask layer;

etching the silicon-containing mask layer through the patterned photo-resist
mask;

depositing a polymer over the etched silicon-containing mask layer, wherein the
depositing a polymer comprises at least two cycles of a sidewall formation process,
wherein each cycle comprises:

a polymer deposition phase, wherein the polymer deposition phase comprises:

providing a polymer deposition gas;

forming a plasma from the deposition gas, while maintaining a temperature of
less than 100°C.; and

stopping the flow of the deposition gas; and

a polymer sidewall shaping phase, wherein the polymer sidewall shaping phase
comprises:

providing a profile shaping gas different than the deposition gas;
15



depositing a pol ymer over the etched silicon-containing mask |ayer,M@#hék&in
the depositing a polynmer conprises at |east two cycles of a sidewall
formati on process, wherein each cycle conprises: a polynmer deposition
phase, wherein the polynmer deposition phase conprises: providing a polyner
deposition gas; . formng a plasma fromthe deposition gas, while

mai Nt ai ni ng a [PEWPEAMAFE B tesmofisahaning gas, vanlg maipispiings oRwerdiow of t he
deposi ti Qir183%and00°C: ang @ POl ynmer sidewal| shaping phase, wherein the

pol ymer sidewal | shaping phase conprises: providing a profile shaping gas
di ff erent t hantappmgdbpfstdfeie gadie shRACSELP formng a plasnma from

the profile shaping gas,. while .maintaining a tenperature of |ess than
100C. ; and stgfgg(?s t&%g%%h?cf%wrg?m’t”ﬁgﬁ‘Brod’Ff%Spgiyé‘br@ng gas; depositing a
silicon-cont aipmn@gzgﬁgltﬁg Qyﬁj‘n_édﬁ@ajﬁgéﬁﬂﬁ’r; pl anari zi ng the

silicon-containing film selectively renoving the polyner |eaving the
si | i con- cont aistieefg el Temovateche nglynise legyiganhesiliegreeontaindgdtiohi ng t he etch

| ayer. 18. The . itedin claiml, wherein the deposited polymner
does not cover %Qﬁgﬁgg%P&?%%%ﬁggs of the silicon-containing rmask | ayer.

etching the etch layer.

18, The method, as recited in claim 1, wherein the deposited polymer does not

cover bottoms of features of the silicon-containing mask layer.
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