DE- FLUORI DATI ON PROCESS BACKGROUND OF THE | NVENTI ON
[ 0001] The present invention relates to the formation

wobos@sizeonduct or devi ces. [0002] During sem cROTWUS2007/080455
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waf er processing, features of the sem conductor device
are defined in_the wafer using well-known tterm ng
and et ching pr BESFJSUG)RIB&A;TI@N:PSR&C

photoresist (PR) material is deposited on the vvafer
and then is exposed to light filtered by a reticle.

The reticle is g I t IS
patterned with e%ﬁg‘ﬁoﬁg &i‘ikﬂiﬁ“@i&l t hat bl ock
| ijgdifn) f r ofhp,RRA0 RERUGD a1 b R ek @00hor
#?@r pagg]?l ng thr gtvlaﬂtgo{te ar et clf g ﬁ nlc(% gﬁrt]r1 cont a%rt seVICeS
t @00 f aDerind scnhieornpinoton mﬁr$tocﬁfw1@, ifedturesTbiethe kghiconductor
changes the chem cal conposition of the photoresist

n&FelF‘? ate defipefl infhe wateyaviag sysdirknoxmm pagaming andssshingproggsses. In
iGesP Pﬂ)tcggsgsc‘ ofFRLd t'(l‘-f"ﬁ%1 mhrikg dg&)%ﬁe(?r)n BRI Ak VAhd then is

pho esl st teria e exposed regions are

r erposed fo hgtd fillerddty TedeleoThaegrld iv geipdailyos glasaslilate that is

mat eri al s, the unexposed regi ons are renpved

ThaWeasd with exerapkiat feptureseeametiiay thas biqsindight fram propagating
erial fromthe areas that are no | onger

?%tg{egl{ehgg%[@%he phot oresi st material, and thereby

d@«bom t hﬁftd@ﬁisflﬁgl t}frﬁlﬁ?ghlﬂle&tic[b tlhﬁlg\l\iaf:@ftacts{ 0QQ4d{face of the
Various generations of photoresist are known. Deep

uIPb?f@m@lSéH@teﬂ(dbUU}e b changss g Ch@neﬁb%ewswn@ighwhotorwst
atl I tﬁgtlal &ev@oﬁ &9%1%8\%] 9 %«?‘ﬂbn Elf ﬁ%‘e rplh'%%éssm"il mater1a1

Tonal
S ulteséa@ebepds%e photdiesist ﬂﬂitérfafld’] efé dkb@ieﬂrregbﬁsl ark aefﬁdsvelilé’nd in the
over an ARL (Anti-reflective layer) 110 over the |ayer
1@886tqf nggative phe@resait magjials, reawrxpeed regmsarﬂaltemoesqi st

tereeglgerh ?h%l\%afc r1s Héa tr(r)gr:e{lnl?gnst g%iecrﬁ)%nhg B erlél n{m % tge areas that
2411% Immoa%g R6&ES by thelphBtdiadist @Rtdroi, dnbiehfbI! itis i desired

may be 2 250 nm usi ng conventional processes. Due to
ofiedteas inghepeferi es dependent on wavel engt h,

d.b t h
@%}ﬁ 1 b SRR RGeS e R il Yigspguy)
B@@}éé[sels]e%go%ﬂ)bytﬁg rﬂlnbﬁ% 18! Q"&qgcﬂlﬁf@&iﬂi@rsbﬂﬁmg, FIG. 1Aisa
photoresi st pattern, as shown in FIG [IB. Ideally, the

CBrlefimatiherdseataional(titne ofi ditylar 698 otes afsebituatee) 04 withgqumtterned

to,the CD 116, of the the ho Si st

| RIS et iRsote iRk, A Rkt % RS 26 R g or 108 o be
t RaRed hﬁm @£taékhﬁ)do hfeqiheadrSdist biderd Ugs 4 erifi@¢ alhdidion (CD),
erosi on of t1he photoresist,

which may be the width 116 of the smallest feature. Presently, for 248 nm photoresist

a typical CD for the photoresist may be 230-250 nm using conventional processes.
Due to optical properties dependent on wavelength, photoresist exposed by longer
wavelength light has larger theoretical minimal critical dimensions.

[0005] A feature 120 may then be etched through the photoresist pattern, as shown
in FIG. 1B. Ideally, the CD of the feature (the width of the feature) is equal to the CD
116 of the feature in the photoresist 112. In practice, the CD of the feature 116 may
be larger than the CD of the photoresist 112 due to faceting, erosion of the photoresist,

or undercutting. The feature may also be tapered, where the CD of the feature is at
1



or undercutting. The feature nmay al so be tapered,
where the CD of the feature is atleast as great as the

w@DsN437he phot oresi st, but where the feature PEPESBOT/EBO455
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have a smaller wdth near the feature bottom Such

tapering may provi unreliable features. [0006] In

o e ) PSS pEdie BB PG i iedhe sty g cp Bave o

f S| r e | | ;
G
| [@006] Usinrgdgrhapevidel fbiturestwithl xmlland@Dotdaarres formed using shorter

technologi, a 90-100 nm CD phot oresi st pattern naé be

f Savelgnetidichire bsnamrHed- ok 58 Photprisist {ysipescgdydgp @m light.
o saisCEo LR g WP Buldtot. o 0 O AR B patern
S idytberfeinmel, esn@md3 ainpdbtdrethinThigyoddibe FMWle msrpoWide a feature

phot oresi st patterns rmay be forned. This woul d be able

t &ithragvPd 98- H0Ramy r B At phatosasist examiedby 1P@oorlighthd/sing

u o : ' - QVi

L3 LR BRI DI OOB SR B, TR ROt my e
wadreledN ghikswoul@ be bblaitd pfVide Lleamee With hReb dhasr€bi cal

limt the |ithography apparatus should be nore
pl@W7e T wh reer payelergh pheteresisienay previde additional

l'i t hogr aph ui nt. Presently 1 gagt si st
R T TR AP SRR it ettty oL BRRGY 3 Mg o the

hidgaredisal 1067 ée INWBYEhSRGPPaRABBH@E bS inSora Pebc¥BYwHRH &0uld

easi |y deform under plasma etch conditions. [0008] In

t FeuEE orirp gxsmsioe fichesrdphe eheipest. Heaehtind93 pmethetoresist and 157
B8 B G bt PGB o proorsis
Pahd A RGE easTMMIRY, alderTpis nhANMENTS fINi4RO09] To

achi eve the foregoing and in accordance with the

pl#98se ol thheicping o€penduptiemipyan saches indbe fasmatier of mgmory

a feature in.a layer is provided, A photoresist |ayer

g Yigrmta: ol Mgl BEHR TR SiBRRefnRipate pebPhance
patterned to form ghRIMARS OF TIERINVENTYONN

phot oresi st sidewallTs, where the photoresist features
h$00M99% f i Tsbchogvietthe folregdiimgeansli io accotddnice erithrtbe papo s ofithegpresent

conformal | r. i deposited over the sidewall of th )
oHBEBHELE S tod ot Paeiieg fratilrold 4 A dr Prfw%ﬁﬁ-'a ANl g dayer i
Oforh 28 RBOMOTASE STh HRAEES Loy (o ATk F BTk e i tBatures
the conformal "l ayer is renoved, while the remaining

natidrphatoresgstisefetvalln wieacthe phetatasise fabnes letve b dutstionitioal

the | ayer, erein the |ayer features have a second

c B_}r{lﬁ“ﬁiﬂn- dt ﬁ@mwntwg RoRermedayey FﬁaﬁLFPPﬂéedeVFgﬁle sidewalls of
C it ﬂ}f&?dregétrf@ﬂ@leb reE@%]t]Bé cﬂit?ca@ﬁf_ﬁtlcgl@{aon];? gbad! ﬁ@@)}esgéft features.

t he i nvention, a netho or formn eature I n
| e flubsngeaniinkelin the phnddionad &iyst islrayieved, s/hfle theadmaingng

the | ayer. The photoresist |ayer i atterned to for
p A & lekt 1 Rlags, rlcatugpy e 51@@%(@%%&@5%@%&%@9 dhe i deatures

t ﬂg\/e a second critical dimension, which is less than the first critical dimension.

[0010] In another embodiment of the invention, a method for forming a feature in
a layer is provided. A photoresist layer is formed over the layer. The photoresist layer
is patterned to form photoresist features with photoresist sidewalls, where the
photoresist features have a first critical dimension. A fluorine-containing layer is

deposited over the sidewalls of the photoresist features to reduce the critical

2



phot oresi st features have a first critical dinension.
A fluorine-containing |layer is deposited over the

waeaemed7bes of the photoresist features to reduR€r/UR®07/080455
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critical di nensions of the photoresist features. The

depositing_.layer over .the si I'1s of the or
¢ dlperisions 36% glosesish fgafyres. PYifiBRIaxFE B eaqwf Sﬂfﬁ‘twaﬁs of the
gﬁo&f&%m fhiuye *chE)HEJE‘ afifde 'Eiéﬁosﬂﬁﬁ%'tﬁ b ﬁ&tghmlstﬁﬂt‘é f8rm a
cond deposition wth a second gas chem Stry to form
afise dopabitttersinid, and pkasnd depdséioni with eecbnd gis gamistry to form a

chemstry is different than the second gas, chem
THRFONT ARSI GBRRR: HOGTei U (st apRgrigyy }Sad;}f%?remstﬁan thie second

r

s HLR AR eshafly WA OERRTLASI) RYBhel, LAl
t hat bbthe dep@ired tagsr i dafeingpl s@c deakuassiatd etaheddhtoahs lagear, wherein
wherein the second critical dinension is not greater

t Higrlayedeasnres haverq sesendegriticpedimensipigliessin ﬂpmml}d qrifical
aﬁﬁﬁéh%{on‘%?‘g&g%rgﬁéﬂth% 76%%f tHEVRY v\h{] rﬁﬁaﬁﬁln‘%ﬁﬁ?ﬁ.at us for
orn1ng afle ure a er, ereln the ayer 1S

S p(adi t ednlyiotheserhbddimbnt gk iR edtinmntapparaiy €6r flosming a feature
covered by a photoreS|st mask w th photoresi st
f &b [fyess Wik Bieflayes is sepporieddyghsuleate angagie the layer is

8&3?&? l%;ng Bl%lgﬁp &l mﬁﬁq rpg}?lﬁ bﬁ(?tg efisE ﬁ%pe% Blﬁ!l tlrsft e‘ﬁqu r}]Jgoxﬁded. A

essi n enc osure,

s pm@ﬁmtpr(foeﬁsnﬁgkﬂﬂﬁ’fbtﬁt REmMPriSéssdhaaiber WhI(l l“drﬁnﬁg‘lﬁpnbrﬁs PBocessing
processi ng chanber enclosure, a pressure regulator for
r mbariengloste asubsiEle @anﬁrttfﬁresu@pfa@ﬁﬁ asplpdasivitlyin the plasma

?%@%m@é&%&%@%@?losy& e‘L'l g?@? gurg re&ru oer%{ %gulaplg%gle pressure in the

emalsﬁaa Wieb g GHagibai eidissuse, Bl 1@§gtrane ale&@&iel 8t pilovidMg power to
provi ding gas into the plasna processi ng chanber

e Hiel Rdaumasnroeaseing chasbesignflesure éor se%h@m 3 plgsram g gap oiet for

the pl.asna chanber ¢L.osy S _sou

A RSB RIBE PB A Foi R e Sy a8 Y P ror
f eXIfdus @D IfEdn® theGASnFTA}HERsind cﬁzﬁﬁlﬂﬁ‘én@l@ﬁﬁ’@l A QR s@ase in fluid
source, a de-fluoridation gas source, and an etchant

ga@m@gmn:wth Ahecgsatinlol ¢osrprisona Fiot ﬂ@;tﬂsylo@cgaﬁ sotredd atsecande
urce an one electrode(%% ri ses at
Ghat

| .
P Rt Sies §<§’Fafi\‘}%1%§§?%’p%ﬁse§fmﬁc8a%1§tﬁnee s 3G A

C ORIIRE coRAMRBlyR ofRL A t6 @Mm%ds%s&cs QAP HeQF 1hgashakleRtrode
code for prOV|d|ng at | eas hree deposition cycles to

f gvmplasers labilgaitroae praseston dbcannpleevabddalilepogdia.i She eamputer

t k.to f th
RS PR SO PSSP R P cogb v r I e dh prdhree
g;%sftﬁﬁl Jy@l@w ﬂ%&ntaﬁﬁlofrlnHQBhﬂaﬁlll@ﬁH@Wﬂ?&pbﬁtlbﬁ' Bn a photoresist
deposi tion, conputer readable code for

prrm\?k th ffmgmafe#thmwmtﬂl agecatdcbnwithiaghd plotortehiet fettoleantomputer

th fter..
FTEE Fof fof it B dRehe LS aisalF o ytabigion.
la ggrg?%ﬁ%%%g)w &3ab} SrosRER £ 6w Bt GRLRAaT 8L HESShE BchdIf gas

source to the plasma processing chamber after completion of the at least three
deposition cycles, and computer readable code for etching features in the layer, using
the etchant gas wherein the features in the layer have a third CD. The computer code
for providing at least three deposition cycles to form a sidewall deposition on a

photoresist mask to form features with a second CD within the photoresist features
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t he etchant gas wherein the features in the |ayer have
a third CD. The conputer code for providing at | east

W@ broge4deposi tion cycles to forma sidewal | depOBUS100T1080455
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on a photoresist mask to formfeatures with a second

CD wi thin the photoresist_ featuyesc ri.ses c uter

r g%gj&;eé cg@@gta? Eﬁadﬂ?lﬁ{-}?(& fﬁbplgi 1RR\? | ggé)ffaif],rgttd%ggsmon gas from
daRosit 4HBsiflas ohd QMRS tid ﬁ;%éstmadﬁl%@e%'si‘hg QRarHBS ROBERE, dothputer
t he pl as pro§e55|ng charber encl osure, conputer

r ezadallk eodrofthe stopping tiepiow gf thedirft depowfiort g ffam gie first deposition
deposition gas fromthe first deposition gas source t

t B8S PSR i RIR RS PIREE S RE B b FaF 98P eComgs deasiable code for
r f i di: f :

BT SRR el O Do By B P RPERD gy pourc o
t chet flasnpl @eo@sipg ohasbdrrgclohaohfter tha bosufrtiee fifst égpokition gas is
flow of the first depositiaon gas.is_stopped

d
c 8PPt And eeraR PRl sk fat Spmminggthe Flevr ofghe geopddeposition
bl < o
S SECHE P4 P06 O TEERE 5003, RS
[ 88dl@durd.n anot her enbodi nent of the invention a nethod

of formng a plurality of conductive lines is . )
pt¥2¢ed. nAneharerabodimentnf dhe ingejoacanehoed pf fprming a plurality of

S rate. A. 4.5 1,0 - 1 i -
1] R, SIS LS SO, A
mMesknel] WBSe thhhgk ddiiedRpkir8RAcLSadkalvieesavitd Ehdk spacks between

wherein the mask |ines have a width and have '
s theaneskl lnes. aviare Beinprsk eprea hayaigwidsh st yhgreinge maplslines have a

SSRATA RIS, 2 BRI Paflh 5o 0P PR e o

r eglbwalls $thBe SRR OTHEfludraié@oniathel € thel ddnRIr@@Elayeki€removed,
conductive layer is etched through the nmask to form

c ohdla ¢hd fget dfithreeonieranad haeiais lgemidags. t e eandueitreilgyer is etched

li,nes ere the conductive |lines hav w dt h and .t he.
L 1S3 PR RS IS BrE RBREY Rt kel Fefiath iectfie Bines.
t R@ieid tHE BSnRETIENS Pases wieh \WBE thet pgces ®BEMEH tE-dnt @ Bve line
is less than the wi dths of the nask spaces, and where

t havenw dithss wheretthe webtirdefdhé spaced bréwednsthg cerrdustive hieas is lees than
wi,dt hs .of .the |ine masks. [0013] .These and qther .. .

U R of e et KSR IIOH AT B aBuFF diggs fgrate
MR8 (Behiths &rehOnhd maliRe detail ed description of the
invention and in conjunction wth the foll ow ng

f {{UBes. Brs&EmdOEBaREATIONT OR predenORAMINGSVill0giigeribied in more

present invention is illustrated by way of exanple, .
D AER B Lo Aipilod deserintion o ey dpuiopiage] in, CoryIctigg with the
ACARRRALYILMGs drawi ngs and in which like reference
nunerals refer to simlar elenents and i n which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:

[0015] FIGS. 1A-B are schematic cross-sectional views of a stack etched
according to the prior art.

[0016] FIG. 2 is a high level flow chart of a process that may be used in an

embodiment of the invention.



[0015] FIGS. IA-B are schematic cross-sectional views
of a stack etched according to the prior art. [0016]

wWOo-R@@8/085756 a high |l evel flow chart of a procesBCT/H81007/080455
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may be used in an enbodi nent of the invention. [0017]

F 3A-E are schematic cross-sectional V|ems

sbﬁ?] pr ced- é&’@og%‘?%mt%o%ﬁe%t%ﬂ%ﬁYWﬁP 6ﬁtaf1ﬁgrocessed

| QUERGHER arl imBh(Ge o nSertighOr  detailed flow chart

of the Step o epositing a | ayer over sidewalls of

p 18] esi EIG. fléai uroeesdétmlerdetmbm eh£dDof thOO@P bf &dBsitingiadayaer over

schematic view oQ | asma _processing chanber that may
beidgwalls ¢ rplﬁeFOA%%lﬁté?%re% Kerefpedn®i on. [0020] FIG 6 is
t
L R D R o R S T
f Qredan pedtticing thke@sntidnon | ayer. [0021] FIG 7 is a
schemati c cross-sectional view of a deposition |ayer
w281 on| lith fRds 3 sheRtie eynsshectionalpieys et ¢ denssitiondayer ghere only
. ?%SSsttd(rgg? ion @‘Easé 8 p%%ﬁ?%ﬁl {us%ﬁ f{)/\]ﬁ%e{%ltlré (Qe %g%log Il ?{; 08A B

er Ssys
| pgu2ane ntm;g 78s & @d]iefrﬁhl: efosél§&<ﬂiohzﬂ ves oflh BBt RioflayleR@/here only
present invention. [0023] FIGS. 9A-C are
c fhesssceslcdepesitipn ph?éﬂsiemsﬂpmdﬁ @i*eéisfpfs @n PriER defasition layer.

P FR27 SRR A G ot AP R S v b SRuhe 6

v hrﬁ}ﬂ%m‘éfltu@g &@&ﬂfb@l&f YRdliRYRboRhRABTT Bk REEAl HivBgtidn0 an
enbodi nent” of the invention. [0025] FIG 11 is a flow

ch28] of EhSePdHC steecmossmaﬁﬁﬂal Fe@Sof pieEsiar masks for producing
vi ews of a conductive |ayer

h ct
gg%fgﬁigé"é%h‘g%g%?’a{ﬁ@% '!togﬁ%\ﬂn%rrfﬁ'bdl ment of the invention.

[ ﬁ%ﬁ] FISGSI B0A T e SORGIRE icfosh sbMRhARLERNoO] ccfhdqgtWquyer
that nmay be used for practicing the invention

epoitessgd eomdliog fovan ¢ralyelimentDETH inEEMtIOBESCRI PTI O\l G: THE
FERRED 0028] The present invention
wﬁﬁ Eﬁow%gwggé?%arwﬁﬁﬁd’ 1[l é%‘l"éF}I‘S th reference to a
285 ef elflfﬁdlfg@gje%tltc%%sgggct@ 1 \M:\Hﬂ)f Q&ﬁﬁllulsﬁ]ve layer
t e acconmpanyi ng draw ngs. In the o|El oW ng

deseeispd hatording nfeztmbcmmemtfdf chdievaitlom. are set forth
in order to provide at orough under st andi ng of the

pf@dht (e A? ivhschematyg Hussaiogmsardenice thigpgwydie usefor
OBficihb itAnl il Soldilnind BaauLAR BE&sent | nvention may
W or a 0

practice out
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0028] 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
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.



these specific details. In other instances, well known
process steps and/or structures have not been

wa@le®sniied in detail in order to not unnecessaPCT/yS2007/080455
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obscure the present invention.[0029] The invention
provides features with small critical djnmensions ( .
w@‘?@g pecl 5 18xMtpn Foddssrgtpes St disisak e (CD)

i : t [.St
Y e e R B A 8 R H i
upfl e phatotk sivg patkdriouséd tostch the flatdrevel fl ow chart of a
process that nmay be used_in _an enbodi nent of the
i i onlo lacpiidte spdrstiantipe. diles? &2 WaR ke vektlpy shatgla process

( .%ﬁa? Hlag%g)ufed:llncén etibodinéhe %g gﬁg@%é.nﬁoﬁ.r g:psagtgrglgl &)H%}egighfnask is

VI ew 0 ayer to be etch over ate
Wptdvidedastep e04he d-16hdA dt £sihetatiasiosSdetiohdllviaw beatayeeto be
314, over an ARL 310, over the |ayer 308 to be etched

f 8ichechd0%osr acRbbat: 30t wItBRGErEd shotaissist mask 312 with a feature

p u :

Do AR TARY A b i b g BEREh Aol o i 0o e
pehstoidsBt add hitse. phidtcessditiféature fedificad 48mensi @Y 8Bichima be the
typical CD for the photoresist my be 230-250 nm

udiigryt BUholihe MadthI3 1pobthesamdlestnoeolhlp fonturgy Eresprtly, P48 nm

SRR 5 DR 08 Uy B OS2l cqenion

sehreREs.C Cross-sectional view of the patterned
phot oresi st mask 312 with a fluorine-containing |ayer

3M03d b posh tavgr ven dapesitiddugithe sidgivallhef the ahotoeesdt patures to

Var | t [ be. dto.f 1th

r Pt e 8RR poTo R B R Rty 5850 B! Py e

S EQ@M@{L& shobdrediftan R ORAR StudrBRKeoRladninONEeP3 Bf ®po&itkd over
C

oice is to use fluorine-based chem stries, which
d &sosdewatls @b therdeatingci1dd ddripos et of mafehalamay be used to form the
fl.uor.ocar han. pol yner (with CH F gas). The .
f ﬂﬂB??%%Q“g%ﬂPgidﬁf;%teﬁ i%%%oe%velr Q%esﬂ‘l%‘?és Qb edihgtoresist mask
f Bupr one prepd iREWhe e 306, usd $lubBhd-bAed Chdektrie¥ PeBic® tieposit
materials. [0032] The fluorine-containing deposited

| flyeringOlvded pelymetespdsit Bebrpeayleon fadanen @viBX2Hi gds).nThe
the photoresist feature 3 where.t he deposi.t | ayer

¢ BpRRS SRR chS Tt et Br ot et e ST IESLE T R Rl o
CoulBpef ot AGeRiIQt Or esi st feature 314. Preferably, the
reduceéd CD 324 of the deposited |layer feature 322 is

al0032hst BeAlEms-cohaminhdepCBitRNByaf320 Hemnmphrodaposigiddayer feature

f ure.(i.e, not, greate han 70% of the CD 316 o

{ R BHGiroE ShaibisDieanes | MOV E e AErabrg ot egrodEs o

CR 3¢ €D 3MenASPRS hefl (cRYB1315 SRIH HoRRidt Seahire BERST

40% | ess than the CD 316 of the photoresist feature

( Preferablgyt the reduced CD 324 of the deposited layer feature 322 is at least 30% less
than the CD 316 of the photoresist feature (i.e. not greater than 70% of the CD 316 of
the photoresist feature). More preferably, the reduced CD 324 of the deposited layer
feature 322 is at least 40% less than the CD 316 of the photoresist feature (i.e. not
greater than 60% of the CD 316 of the photoresist feature). Most preferably, the
reduced CD 324 of the deposited layer feature 322 is at least 50% less than the CD
316 of the photoresist feature (i.e. not greater than 50% of the CD 316 of the

photoresist feature). For example, the deposited layer feature may have a reduced CD

6



greater than 60% of the CD 316 of the photoresi st
feature). Most preferably, the reduced CD 324 of the

waolepesitred | ayer feature 322 is at | east 50% | BREUSINATIO80455
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the CD 316 of the photoresist feature (i.e. not

greater  t 50% of t f the hotor si st

7 aX6 tha 95%}%%5?&%16 &%t’ﬁg géﬁdﬁﬁﬂf%ﬁﬁlﬁt Sppres Uit e dfgigpble
h%@ tifd (ff: géiﬁ:@ql ﬁlré Q@i hésssuggce@t Sfeftﬁﬁf‘513a'%l§@2§ ls@hlch are

of the p otore i st feature. I'S a desi rabl e 't h:
t hgh@emmmmﬂ ad shpem. fﬁaaexmqaleﬁl?a fhbstagtid bt wenti¢ah kidgwall is a

s
A ) LA 6o

C@mﬁsmnnally tiedemalthiskieayfrom theppsd lthedmttlo&y@frthé ﬁaturhaNon-

substantlally the sane thickness fromthe top
beerfgrnYsidenalls eay fon a NsadRPIoY brand kqa&ég\écrm@tl%whleb Rjovide

ngﬁg% 'tz[ﬁ%aﬁ)#; a?' 1@51%%1\%39]: T ré(psrlﬁ%dlﬂ ?{aroﬂ)[qhg Elcptﬁt%vfoﬁﬁatlon)

non- subst ant verti cal
S balewad-lefipg rsﬁﬁwhhﬁmhﬂﬁﬁireal@@ t}fe(ﬂemaed Illz)yef)CD and provide a poor
bread-1 oafing sidewalls i ncrease the deposited

| siFBimgemskn Er%‘?f@b Yelde aieworbqrbwp Atgernedlids tfp?@r &raaphs
gg%o%ﬁ?ﬁzdﬁl tié% B?tﬁ({hl %P ﬁ} ?r}ﬁgg)fr&?%] Ifealtl.ﬁl‘o o rog}é ﬁfe{ér?lﬂg,t ﬁ(ﬂgyer is

Maggospeddesrald yottorDof t&y@hotbfesdet};@ﬁllré ed over the bot t om
of the photoresist feature. [0033] Wen the o
f 1331 ne- Woar ﬁwrﬂwgmmy@tﬂm@may@ 8riyreogmed pyigg fluorine-included

fl Hﬁm‘!n 5 durlﬂg eth?c{h&I}%[glro%& cthg%eciaype%gtgckh%%etween the

proce i ons

f Fluefihd Breivded pél@ﬂlep ehd/ e lgadiiddirbicetelafg HRedsdsQhe RintdVangr the
i ncreases the renoval of the polyner due to the

pPelyaise dugpfo theprepengs of He Bming 5@ Hethe fyeripgrénciusief pabyener.

p ner.. .Thu it is es rabl e t h

DS s Pl b b st RR A1 PP IR Senb st s Gaver
eBotberdreSthe PtchihgQtchah obder Y SEQEHt tl‘iJH@ucfridéQTSO RECIRRA in the
included in the fluorine-containing deposited | ayer

3floofinmeanttiniegidepdsitgd Wyeh32hisomibisdgegwith thehiubgequent etching
process. [0034] Fluorine included in the deposited
IBV@F is renmoved 320 (step 210). FIG 3Cis a

ti CpIa6PRSmeadd Angd dééﬂo@ﬂ‘é(plfa yErQ IR NG 3DE (step 210). FIG.
uorine fromthe deposited | ayer” 320. In one

eﬁ@asj A ygiemadf ctdse-s¢atpaaltviow of wineayingide fluorine from the deposited
uor i ne-cont ai in de ited |.ayer 3 s forned
LR R U PR EoPrROPeaER B rer S Sthen AR HE cpbinige
f Héﬁt;sué@ﬁ?é’leﬁoflﬁ fifhdeh %si‘ﬁg BRSHh&hRME tpol%}%g'r e ARBN £ is

he nitrogen/oxygen plasia treatnment to the deposited
I Ay rerB3@@d fiidm ¢hel depoated dayer B20 beapplviog wlc&atltrogﬁn(@ﬁ);en plasma

ggﬁ%ﬁfﬁ& go%ﬁg g?sdq%{t{](} @g%ﬁ?gg&glésﬁggége%fthé Hg ﬂlu(r)]r\{ argltoln%BF) process.
[0035] In one embodiment of the invention, a combination of nitrogen/oxygen gas
is charged and becomes nitrogen/oxygen plasma. The nitrogen/oxygen plasma is
contained in a plasma chamber. The fluorine-included polymer, which forms the
deposited layer 320, is then treated with the nitrogen/oxygen plasma. This results in a
plasma-driven chemical reaction between the nitrogen/oxygen plasma and the

fluorine-included polymer. One effect of the chemical reaction is that the fluorine
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is charged and becones nitrogen/oxygen plasma. The
ni trogen/ oxygen plasma is contained in a plasna

W@ b@aer764 The fl uorine-included pol ymer, whi chP@DU807/080455
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t he deposited | ayer 320, is then treated with the

m t r‘?fg rggéi% %ﬁ&?&ggﬁn@g{}étﬂo S%é%f%gkg e?lh%nd thus removed from

nkﬂéﬂfxﬂéﬁﬁ%%ﬁn%@% sﬁ@&il érgleiijd Wank [E%Vinﬁqléjfé%mm% polymer

One effect of the chem cal reaction is th
t kell fd placd. nenol ecul es 350 in the fluorine-included

p%} r are released, and thus renoved fromthe
Y ‘f}\%r t Wath rF%PP%OleH@%%@%@H ayrembizbion, i qng embodiment

l\/\??wquvetn'ﬂSH rpq%faﬁ gn %qu i BEvest h tllogEIp am %en LI%Ql:lgc@ﬂ)e within

respect to t ni trogen/ oxygen-gas contl nat
I theanggeefiitra diOpant niedgeanhe 1ipavtesdygan(10pl) ed erpahlryt,rogeheo 10-part
rati o between nitrogen and oxygen should be within the
r amg@nf(il 9f hovelame. Mare perderably. the patia bf‘é‘ﬁ(%]e‘ﬁtr(’a@ ail)d oxygen
)
VORI bELASARAD e HonE e MHGER S Eohil b e 35 L g

S hntdgen el \pmtt bkygetnr(e 10 aNgst prefemabdy, pie tatio |bt=,fv@gﬁ rmttcigen and
1-part oxyg 1-part nltroggn to 1t&@
oRy YR shaulgdype 2%& mfsﬁefmetp doipayt oxysen tati dnpae ef‘rmbodlment of

AR AN IR DLRSED Lo,
i [B(Bml | ONln ohb @i®odineuit of e imeheomithd Higeperg@s flovarnto the plasma

%gen gas. [0037] In one enbodi nent of the invention,
mbar abg eate giad0 sthnrslgsd- ptphl@rcwenqwramnémaﬁﬁeﬁmé@nchthe oxygen

rate of 5 dard L c-gen er-mnute
Bl SRR B AR TR KRR ol o

t E@uﬂsfr antﬁ répeét t@fthellﬁgsrﬁ@&fﬁknﬂep%gﬂe tM¥ drfIneSReIeh prdeess

e asma chanber where the de-fluoridation process
ooeww's projeiably ﬁlblopambﬁe)re%méﬁulérbeéeﬁg thangi®gumnidfi-Berr (mT).

00 - T ) . f bl h
o RGBS P shhist e s ot e s By BT aety he R pover
PON&IId BEBetdeP S0 RaKVWRETDODAY AL Mork PreklaRyVak tRE pd\%rr@hould be
preferably, the RF power should be 500 matts of 27

meg@watss b2 7 ivezd- hgtza@\ﬁﬁz)‘ pl@qnpeﬁcqpen@}r Prefeaddily; the ggperature
te ture sho e |.Siu 0C
SRV B BROVeph Loy, NG (o ASHHal L Sat HEiE<t0m A diha

| @shinlol b RGTB0 o 5&99&9] After the fluorine is

renove ron1t uorine-included deposited | ayer

3Pa391 eat Afteshafleotilein reheleddramtie ﬂMnkam&ndddaiebesued layer
et ched 308 through the deposited Ia¥§r features 32

( SR deatyrsy arerthen AhsISRISES Rypiiartseiched 308 theptegh the éepowed
1 Yot P0G eF1G08D shélyd Nidnk é<§§@{>1t‘é‘ cfg layer to b
fe ture %?éEESCﬁEg?%n tﬁ ﬁPg er to e etc %3 g”ﬁeaym.o ©
CexcB&63080Minahis IeSarﬁp]lHaihe featdirh €3mc3é’d’hn(1ﬁe tdyer tdee@sihee d08 has a
| ayer feature 322. ractl
336, which is equal to the D 324 of the deposited layer feature 322. In practice,
the CD 336 of the feature 332 may be slightly larger than the CD 324 of the feature
322 of the deposited layer 320. However, since the CD 324 of the deposited layer
feature 322 is significantly smaller than the CD 316 of the photoresist 312, the CD
336 of the feature 332 in the layer to be etched 308 is still smaller than the CD 316 of
the photoresist 312. If the CD 324 of the deposited layer was only slightly smaller

than the CD of the photoresist, or if the deposited layer was faceted or bread loafed,
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the CD 336 of the feature 332 may be slightly |arger
than the CD 324 of the feature 322 of the deposited

w0 2008104380. However, since the CD 324 of the de@EDEE108T080455
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| ayer feature 322 is significantly smaller than the CD
6 0 e p or esi st 336, of the atu
{a @E’eofﬁ% Yertg bp&ta ?%H%%Pté‘%b?%m tef flyan W‘a{: fthe
?ﬁ&ofe@f%t (ﬁpa&ﬂﬁo@f f‘él&%e(pcglq;ré)d'del%hﬁﬁ% El’eﬁv%suédf la n’gé}qna?[eagtgezla faceted
the deposited layer was only sl t han
t beirfé@uibfly shepegHettares itetlayeoto bé et,’c]ni&i CIE]BGﬂSSOt(EGIIrﬂﬂQ/ETmImmIZC

L X
p?&&% 984 §{che(i i tﬂ@'fﬁ'y&' 3'be cfthb @368 & t?eastbj(%ijes% il tl'iEQCD 316 of

deposited layer may’cause a taceted or irregular
S kepdotdreast lfd&a&unen Mdire pkd@mblyt the 08 833 @ biettle fdature S321 Ie@hed in the

desirable to mn ition on_the bottom of
p#aebw&e. cagherl 80 i & et féf‘?e resp Ran thqye D @iéheophqt?rémt feature.

SRR, U DI e ST ANG Lt

f edlent §0%Messathit g €IABLY of dhh@hﬁﬂareaﬁﬁfeafuré he featur e
332 etched in the |ayer to be etched 308 is at |eas
60408 s s Th?&?hofqiféﬂ@l?né fiepasfted eeipnay Geabp §mppefb£smpe216> This

P R L LRGSR
t Rdovah aeﬁlﬁhcﬁlllﬁ)tﬁlfesﬂstfwmlﬁi kep OASKing imay@atudéd®for (RO4BPpidd process.
phot or esi st and deposited | ayer may then be stripped

( E {epPBgwys thstac Hter d@rfieepa%ted lagien glll(bph‘,qt@ngl@)trm{ls\kdlave been
PR RLE SR Beur SRR B RRRRLE YR, FER e, o

and oresis

f @6ntﬁ&@4@&ﬁdyﬂﬁ¢lﬂ&‘ fOF 6@ HSthe Fdaﬁare 3o @h&%@e 4 &@1 amaéeeﬁ@o
after the deri)losued | ayer and photoresist mask have

bsepctyigndirerth medbe ¢t@h¢élbefQ§¢ thetdostackis dpranagayAdsitional processes

per Q a contact 340 may

Pf%ﬁé)e%ggﬂ%dgﬁteﬁ%}%Conrég]tsef?rén%m provi de a dual
dmmq:eneﬂ@t 14Eh Hofe dé@ailddeMsn clilyoftBe 885RR thyRLbRIr 8ideh@lls of
contact is forned. Additional processes nay be

pehdtorayistifeafurasrto rérhice 61t tep 20% Iﬁldhmrdbocpm@M}heRie@smlayer over

d f] rt h it

o et e o p oaieie (T2 el 208 SBBlikes s Stgsposition
SHBRe208 and B stdoad arpagtidiEHase 40 deposit |ayer over
sidewal I s of photoresist features to reduce CD step

208 conpriExanple of Didectdieditch t | on phase 404 and a

i.t.ion phase 408. | e ofDle
EFRAT 00aB0 Fiics SR TERE VoA a5 e SN BGrQO that may
pBQﬁ?&isﬂoPQeﬁbg ‘ﬁ?%ﬁe 1%9&9 &@ﬁﬁoﬁ@yloﬁeet&ﬁﬁg ah@ @trfii)ﬁﬁl%s Ithe Bhsma
t he | ayer, uoridation, etching, and strip
Tpmcpst sa@'rﬂlamber:ﬁmsaom@mhaMmeﬁleﬁ)t mtgmﬂﬁszempper electrode 504, a
orl){/erre ectroée gdé{] %Sgas5 gozurce §] 10 gl?(? arln gxlhgggtrp%gl% 5%%4 The gas source 510
comprises a first deposition gas source 512 and a second deposition gas source 516.
In one embodiment of the invention, the gas source 510 may comprise additional gas
sources, such as a de-fluoridation gas source 514 and an etching gas source 518. In
another embodiment of the invention, separate plasma processing chambers are used

for depositing the layer, de-fluoridation, etching, and stripping.



| oner el ectrode 508, a gas source 510, and an exhaust

punp 520. The gas source 510 conprises a first
W@l@em#t7son gas source 512 and a second deposiRPCDOSHAT080455

source 516. In one enbodinent of the invention, the

g urc 10 may conprjse_ addit as so r ces,
ﬁi‘ﬁ"f”i a‘glwlam Bfafn?%wggaém &Sf‘d is positioned
g&i e 1&@& é&%ﬁ@sésl%hé Bw@?@l@&?&de@m‘?ﬁé ate% shile

entl on, separate | asma processing cC I'S are
usﬂﬁtrﬁterchddﬁm@ rrtet:hm;ustrﬂne: g. a;leatrosdlaefrhmnxdaltdlmping, or the like)
etchlg? and str|p§¥Q [ 0043] VVthln pl asma Erocessing
c FRIACEFNG S subiEtesfiss ¢ h&treacmton) 2% HePiRogedhe pBRer elsstrode
5 l QWL bis &s%ﬁ%ﬁfé&a@e@ T(Jgﬁe &Jereelgcﬁ{wordgg% 508 u er electrode 504,
IﬂCOfp rates a sul a e Ssu strate Cc ucklng rrec
( Goveer cleetredd @85 had canfinereharingsal02 elefingihe gonfified Iﬁesma volume.

like) for _holding the substrate 304, The reactaor
588 inipp kst t@ttbecqqﬁ@e@ plema apliste ycthe 5@948%@&&9@@(1 Wexhausted

TR Sl Ra 1 LSRRG A0 o

c ot by eleedithatidt pgmpIR0. defitsnRFtsberce 61 isndettidalls @Bnnected to the
volune., Gas is supplied to the confined plasm vol une
10 pyppgieleghades it cb sepppd Bfipouiceedf dvglegticd horpnpersed to the lower

SRS SNONTE A L AR 5 e
f elestrod@5BIQ M Cthe Werl eSecabecs0g. CBd)thyh@ﬁﬂﬂRFtseﬁircé 644 h&d the

upper el ectrode 504. A second RF source 548 is
ebecond IR@aSIOPSﬁCé&ﬁ mevtcemprise 8 Ré Midnepwel sogtsedae az0gHz power

(‘?ur}p Dl%rle ge*ftﬂqglé%fl n(%ln W?I}geﬁqgfl nger%rlfle eggéposmble

per Sk VT elec

15 Bm fhetcB@ cfle;&IanFKEPmu w&haéﬁaMytth@samp@m@l E%Ela‘hqlllll’ G&th a
548 may conprise a 27 Mz power source and a 2 MHz

p&%é}o atéachey fofthe @hﬁm'fz%rmadﬁdm Ieth Reseaish E@mqrwgorﬁ# of

pwer f Ot e ele rode [ e 0Sssi

Q t a sed.1 efer cf e oEiZm atsg he invention,
Sﬁ“éﬁl SRy 2 BsdiR A PrSieipsery SUAK
Exethane WM/Hi ﬁhcm Mﬂﬁpo&&mau@ég 1@@1&9@&3 the skdvd RrepdRdr.source 548

made by LAM Research Corporation(tm of Frenont,
Capirfesied |t<athedhweﬂfl¢m13@db,eand§hﬂjupmr alepireseds geagnded. A controller

20 SO FHlbuy heliet Tl Nneonfe” st ey el Hnd ehe

?am%k%os 100 ThRExLRWEIPERB6RAR:d FReh the8ayePREBe etched 308 is a
el'ectrode is grounded. A controller 535 is

cdivlectid lajdrysuebansiticerioxide phergRio sibcate gkis644, 548,

e ) as source 510.
FOWAIE ) R st R il Bk Syt aemis icgpte for
d ﬁrﬁbl‘éﬁfeﬁﬂlﬁ% 4 @Mﬁf@lleﬁ%s@ﬁ i eﬂlb&ﬁﬂleﬁt?é'o‘fl EheYre LhOANEtion. FIG.
l1cate glass. [0044] FIG 'S 8A and 8B illustrate a
25 cénphoes osglpd)mhldﬁlﬁmcal/\ﬁmrof it mipugdylsgstémr Of course, the

i npl enentin ntrol |l er 535 used in. enbodi ments of . .
¢ FEBREGBIET) A6 AP G FeS A0SO B4 oS B Ged circuit a

PBY Rl lrcdiPh &A@ ani R’ EATRUIRId SYAEETD tF nERWLSE coldphiter.
Computer system 1300 includes a monitor 1302, a display 1304, a housing 1306, a
disk drive 1308, a keyboard 1310, and a mouse 1312. Disk 1314 is a computer-

30  readable medium used to transfer data to and from computer system 1300.
[0045] FIG. 8B is an example of a block diagram for computer system 1300.

Attached to system bus 1320 is a wide variety of subsystems. Processor(s) 1322 (also
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conput er system may have many physical formnms ranging

froman integrated circuit, a printed circuit board,
warwsaswral | handhel d device up to a huge supePCT/US2007/080455

conmput er. Conputer system 1300 includes a nonitor

1302, di spl ay 1304, a housi 306, a disk drive .
1 iaredlogs sy @SS WHE o Gy Bl Sioresipyices
2N RERBAARDIE MEHLUT:I SR LABA! RtedAdind§ (RAN and

from conput er system 13 [ 0045]
exaupingdy memarb(RIeM).dAadgy weahl koswic onghe gy ROYE dastoltBOBfer data and

Attached to, syst 320 i i d i et f
UGy S Mo Baby P € Buanddy Sb S e ety tagranste data
5 8 [RludAS 532 bR S m B A R QBB Bink s may

storage devices, i1ncluding nenory 1 nory 1
| relwuitesy seicdtnoibe esapienmaga|Rabiaakescrived Belonl. yA fixed disk

rrem)ryé]SRO\/p. As is well _known in the art, ROM acts to
t FarfsPesoraraled hirdirpriongidt iodndU AP 2t prevtdrbiiilitigna gata storage
it E%qag%ya@dqgla% Hrﬁ:lﬁ{_ﬁgﬁyw ﬁie%ln‘}ﬁﬁtetrgeatdra@l%%gﬁa g%‘é?%@ﬂgjelow.

ructions’in a bi ect1 onal” manner. ese
t ¥ped didk IBR6Bdyd® uvey td e paeramy, dat, hiabihe 1kt ahd & typically a
comput er -r eadabl e nedi a descrj bed below. A fixed disk
10 1 sondayy slogagecpasiipmdsush agp hark dighdhatys slgwerban pomary gtorage. It

. | S
il s8Rtk o Bl L RSO P PR PRAR ek SR ST s YR
bepsrepridte x&ds,besKeolgatttetitry sthdaus &dhioa asbitial peeghaiEmemory
data, and the like and is typically a secondary
stldthgRemewbladisls {3 may ke Hedorn @E jnyt pfhe Fempyteysadable

t . pri age. It will be appreciated that the
in g}amftg%eﬁrb%{og{ned within fixed disk 1326 may, in

15 api4epr i atBUA3SE S, alfecdupartdaivati@d of hpst/angad dbvicas kueias
as_virtual msrmr(inli n menory 1324. Renovabl e di sk 1314
mdipplazid 804.Heypaswenl 10, appsol 3 Phandspegkerel3dPe die agriegal, an

nmedi a descri bed bel ow. [.0046] ,.CRU 1322 i s, also coupl ed
e SBREH) R st Uit s Bl Tl P
13Q4ropksiebasiich-deddive TRPREs, b3hdRACaPRANAS Smdchdle of Paper tape
general , an i nﬁut/ou‘t put device may be any of: video
direagderaytebletsy sigkisdsaldise onhandwrikiag ieragtigersphiomesies meagers, or

20 BT ERDR s fur 28Rl bR Y GRS ES Sn R B o

V QIIERnHuEHeNE hétagk iSEOSRVSE! BiterRLOMBAY. I WHh k8aHEh&work
or other computers. CPU 1322 optionally nay be coupl ed

t ontenfiesehig ks cotpputlaed that thel(ddd mghtireciveonformetiquoirkm the network,
usi ng .net nor kfi nt glr f ?c 1340. kW h suchég net wor kth b
| AL BV QutPu o a0on FEsirEutIk {HE PRES ePerTTgRE the above-
I Q6RH¥Ed hfHRH TRk OPukK Mok el HOdiREntIbORE pRUER Yhvention
information to the network in the course of performng
25t heyabewededdy ubed CRbt hiad os nepsxedile ovrermetveqrk vecthadhe
eﬂ*ﬁgrglletni%r(]:torsljugcf:tiotnh\gitﬁEfesn%]tte dﬂ?)’&l% éh%pes a portion of the processing.
[0047] 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
30  computer code may be those specially designed and constructed for the purposes of

the present invention, or they may be of the kind well known and available to those

having skill in the computer software arts. Examples of computer-readable media
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may execute solely upon CPU 1322 or may execute over a
network such as the Internet in conjunction with a

WO 20080€576PU t hat shares a portion of the proceBGI/H§R007/080455
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[0047] In addition, enbodi nments of the pr esent
ion furt er reI ate to compute pr oduct
Cﬁlffs '%tr?ﬁ%?%t e daiaenrlaiEsata WAk ah Ay m sk, and
n‘gnétﬁeﬂé {192[1 n&%‘f&f Ql%ﬁ‘ag‘@DVﬁUl\@suaﬁld holographic deV1ces magneto-
ut er Perent ed operations. The medi a an
c optyica eredmcmieh naflofieat diclse aspraiahieydedess giaeafe aped:lally
construd;tﬁd for@é he purposes of the pres |nven%
oFoRfHYeq iRy e e%qﬁ%temr?ﬁfa%aoﬁe CHO SRGCalia e Miperated
t [ARTT-Y
Do A, Db BRI B pFOMAR RN devices
nﬁkaﬂnpms bécorhputemmga ﬁtdhﬁiermahhmes.id)dbl sash haprddaiedlby,a compiler,
fl oppy disks, and magnetic tape; optical nedia such as
o] Calﬁtamﬁw Tighes priiel crlevhatess expapsd by soMpater Huag an
I Le

S, OB el e oD 2 WBL R CRE hBShi RSy o
c odiaputsiiddia signalppitodrtiion capecvhi€andiepgsattiag aceqwuce sf
(ASI Cs), programmabl e |ogic devices (PLDs) and ROM and
RANVigEqns dkat aE)@d(ﬁﬁ‘Fté'%,le@V APEHSEtEr code include machi ne

Cflfg) S0P REATMGEA, R B SR ET 030 111 s

taf ni ng are executed by a

CO0a9t er ©ssd @@mﬁﬂb .bfru BFspd&iosition GanPUamdyeRdER L e ddpRditidn using
may al so be conputer code transmtted by a conputer
darchesisyiigf 2ehtrsal etnfardgubigreentimetgennsr grente) Ar and 50 scem

%?—f N etnt L ure o%%@ ol (g:rre e(s)tfabi[ %g%?%%itlﬁgf art] %glVF O the turbo pump

e
exeCut abie essor exanpl es may

UES 10000 eﬂhe@@ﬂﬂﬂztﬂm%u Xprﬁﬁi&es $600d1ts BnsoveerawRillethef MHz RF
first deposition phase 404 may be CH3F deposition

usbuge progivemil 4@ Watisfof pegers eBm chemberdamgeratyisé is maintained at 20°

t ter m nut e F at a
CPe TPt podfle it oo B S e oy o vat
f
s oo e e e B

pepdsides B0 Adesstofof giRsecm Mgl Livamferd'st ®sqer @t.uné 100 scem

sl RuRsiBeerin Btof. qleiShed By 50w  Erb Eisatyfentfo gmp o

sgoom drilePOsitZ R s&h@éﬁroéﬂ%s 800 Wat OB WL/ Qﬁlm the 2 MHz RF

deposition using a chem stry of 270 seem Ar, seem C
Fsourge pmeime©430 dvadts DO powere i I@@hambelaempeswcr B rmtln@(ned at 20°

m establ i shed by sett Vat v of the turbo
ot e D e e ey R oG iRl 4511088 1500 vt 5
;O(BQY\E F P68, LM mAtiMels REeiBHAI GBe whLY Héiﬁ)%lti%ﬁ%ﬁéﬁ%ﬁ@ where

ol power. The chanber tenperature is maintained at

Conlk thefirstdepponionphagerdepsiitien istised fwlan theresigpsditiat lfaye1$620

1
%he deposmon layer 620 is formed over a photoresist mask 612, over an ARL 610,
over a layer to be etched 608, over a substrate 604. The photoresist mask 612 forms a
feature 614. In this example, the first deposition forms a “bread-loafing” deposition
layer. The bread-loafing deposition layer is characterized by a thicker sidewall
deposition 636 near the top of the feature and a thinner (or no) sidewall deposition

632 near the bottom of the feature. Therefore, this deposition provides a non-

conformal sidewall deposition. Such a deposition does not provide the desired
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[0051] FIG 6 is a schematic cross-sectional view of a
deposition | ayer 620 where only the first deposition

w@base4deposition is used for an entire deposi PCDHS2007/080455
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| ayer 620. The deposition layer 620 is forned over a

phot oresj st mask. 612, over an ARl 610, o er .a layer to
batsfaofialy Kecal sirevalis op At foagng o e 1@{%@6&%@& dfge top,

MRltchihén éﬁl‘hgﬁbeauseg at o 'irﬁlsﬁ;ié lagkf‘ sInQE ﬁle%ﬁfﬁm &ill 6d'@osed off and

first deposition forns a |'oafing" deposition

| ayetchinprvanbeeade.l oaf i ng deposition Iayer IS

Eﬁﬁ%cterlzed by a thicker sidewall osition 636
{ he k160 /3% 2 tHeMREG PR & Sechigna] VﬂerW H @ flepogftion dgver 720 where

'ogf?rvfﬁé Lecgﬁ otsftl{?)ﬂ pﬁ% @Jltl&&ﬁ.u@&l fah ggtntehﬁposmon layer 720.
feature ore 'S ep03|t|on provi des a

nahe degasitival laygir A2 forrdeposir tiphotordSist mask @ e:p@ﬁ'mt ;imARL 710,
does not provide the desiredsubstantially ver

sPHRYS o Imatchee . Pyafa whsEe At aTllleyPI}ﬂt‘?{éﬂ%t@%?kﬂ 12 forms a
Rk 07y DO SRR RS BB R0 TR PR AR oer

C dhe eetondepokitioh 2yeFlsGharbclefizal Beh@iifder Cor no) sidewall deposition
cross-sectional view of a deEOS|t|on | ayer 720 where

or Py ned hestop ok thedevis atnri@rfhﬁ %rsSédf'd@élcds?pt)slw 730 eae ghe bottom
: . i 720
| S BTo50 15 AREH b8P D PRy ETE RSB B g

adep¥sltionl Of the iRlewall$ Aaae kheltop be: t8b etieFadddidg 7a0 ©F th photoresist
substrate 704. The photoresist mask 712 forns a
f ki &2 mpy respli. SHelsa dspasisioa dopheotirewyee Hesissirad sphstantially

fr:llzr%alamde gt Jl“ﬂg facgt%ggagfl tfléf\ g&nl:r%é? Ehe pTlIBFq;'éSlS(E %asfg ay Cal)]SC

Slt on erize nner

S ﬂc‘}{)@éﬁ@wh s@%@@ﬁit;l ArdTast IasR@eTsidnh) erHeqace@lhg oh ﬂlefrﬁ@kbbhﬁ also result
and a thicker sidewall deposition 736 near the bottom

ofn fagetingeftthe @chedr@p%bo A almast all @@B% one¢ B negsk as faceted, then the

S wal | -.depo
RS B R R BRI Rl bl et ranstaces
t go pleQdtcHcashféridrask 712 may result. Such a dep03|t|on
does not provide the desired substantially vertica

siMSHh | sTheT¢ferefia@etekatgp1@fof pecferedhembodifentid the invention, the
phot ar esi st C r etch, se Li ity an

P8 e R TRy SCar Moo PR RR il gl above
r eRUliferdafedfBEE LISk, QhefechBe AlE BEShsRIATIhh& 40475 BbrM&tonds and
all cases, once the mask is faceted, then the final

eﬂ@fﬁédomir@ﬁ)pﬂileom phast 408 fsdfoelekcosin o%lch halepestion would have a

rtical rofl ener al | ranslates into th et ched
P oG TR TS ol PR e GBI S3-oRY depastion of the
prsé:‘cfoﬁﬂ H@ﬁbsﬁ[ﬁﬂ%ﬁl‘a@lﬂfﬂ Qfentanﬁlrdi Hé’;%’flftioﬁrbf theErsf dlép%gltlon phase 404,
deposi tion phase 404 and the second deposition phase
4@8niarfotuttle d@oalm)lne)f dixoseeorat depatition phased08 owhiéh cyrepessd until
mﬂg;e.the t de osition phase 404 is for 2 seconds
1% K& We Pagﬂ %ition phase 408 is for 25 seconds.

5%4? deﬂ%sdbﬁlﬁ@@o WA (e84 Eo Bf etch times of the first deposition phase
404 and the second deposition phase 408 provide another control variable. A proper
ratio will provide substantially vertical and conformal sidewalls as illustrated in FIG.
3B. Such a deposition layer is also able to protect the photoresist mask to increase
etch selectivity. Other control parameters provided by the invention that can be used

to control the deposition profiles are: number of cycles, total deposition time,
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first deposition of the first deposition phase 404,
and then a second deposition of the second deposition

WEb@se44608, then a third deposition of the firBET/US2007/080455
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deposi ti on phase 404, then a fourth deposition of the
second deposi tiopn phase 408, which is repeat til,

t Sr%ROéth%l/geH%}é]PPE HMdpB%ies BhemIFEoBAP <ﬁ*H{5 %ﬁ%ﬁ‘@z ago or

c @QFJ/@% ratt1|3? Ot Qasoéheﬁltis(iﬁest Julk 3s @f{ f:zhiﬁstEé({ §ECH3F or C4Fg instead
deposition phase®™404 and the second deposition phase
408Cpifspeticd@apbotdedr control variable. A proper ratio
mﬁ@%ﬁirovide substantially vertical and conformal .

sk | | sIhgsabilty b fqrafefuies vifhgmadlsr crafican dinesions withsyt

| o ' .

| N BpARoREIE P R R BloBEb TR el
ptichoigetptly byuipment. M @asweogenthabncaiphberesse drd wed.aht imdkention
t he deposition @rofiles are: nunber of cycles, total

depuidesisenllGlves ferdpe aevarenerapions afinbarresiske ratio, gas
oot ! .
e e S E i el P ol SO e vsed

Chafvidihg réSor st eliffleroiit depbsitiorepltasedray be used. [ 0055]

The ability to formfeatures with smaller critica

di mensi orkéXampleieh iondnetivg bayerditchbhot or esi st, al | ows
AT TR RSB B toppecons or mermory

ple¥iedsaideSlasRhRmbsRds istdosrabv@nhdredse RROMitasss Hd conductive
CD s for the newer gfnerations of photoresist. [0056} '
| hnest dndforgapisaicrrbh ), ofithe epacimg bepreendhd ¢andeefivedanss. FIG. 9 Ais
chemi stries may be used providi t hyee or re ..
arerbPahe SR Bf s ARERLBLE M B8 ol e CpdlREFs yes. when

L 8yRingHceRednGAS fihes! if tdd@odeQicBBHin@ o e FRRAHCIOWLa substrate

l'ines, such as nmetal connectors or nenory devices |ike
f 15&h sneinasrapyatier a bgrigekiyeralpiOé may terpdacgds ©vehte barrier layer 1506

t hi ckness of t conductive,|ines and/ or decrease th
obeBrRERTe Blist [y Bl et i v SR ARy Do s RiBydtf pver
Atﬂesc:oﬁdﬁdtﬁfé Jayef @SantﬂéMi@é 1a§e1f3(fAQ¢L9 rg$o stchBSKDARC layer is
produci ng conductive |ines, wheh spacing between the

| forewdi &\ plogoresistgraskddd? di fogmedovdrghqpAREr15d0t In Oiscaxample, the

supstrate 1504...such as a f a.barrier.laye )
)b el QTR e Ba 804 Papaboleityis S65duc 1308 formed in
CORRUEhdWBed @Y e hpQBs B4ah 18R gesgﬁéeaéf th@YiRJtor@bis@residue 1518 is
pol ysilicon layer is forned. er the conductive | ayer

1508cdhy antviidieg feocialleof|agpare HeaRign the lioe sashs 1dd 4 asilRRCs more
layer is forned.. hot oresi st mask. 1512.is for ned

ot FCxh RV s PPy RIGTLSEHE! SIS THHG LR WORLyof the
MRSkt BIL1if QAR nhdy 1R JrBviliss. 1514 wi th phot or esi st

residue 1518 forned in spaces between the |ine masks

1pM068] TheFIpr. 8Banamtidr crdse-spitmnal e@swf amphstodisest a8 15K2b for
producing conductive lines, used in the prior art to attempt to overcome the problem
created by too small spacing. The line masks 1514b in this example are made thinner
to allow wider spaces 1520 to prevent resist residue and maintain the same pitch or
density as the previous example. One of the drawbacks of this approach is that

thinner line masks 1514b result in thinner lines. The thinner lines may result in less

reliability and poorer performance. The thinner lines may result in smaller transistor
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caused by providing too snall of a space between the
line masks 1514, since it is nore difficult to renove

WO e®Bdeged rom a smal |l space. This may |imt theCTHESR0T/§80455
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of the conductive |ines that may be provided. [0058]
FIG 9B.is anot her cross-sectjonal,K vj

V eW 0] a
pAGESMEEssmaysayse fshor chamelatisgtandy BffHE‘?WS problgras, such

Us¢ gldrtnchtaﬁﬁel Qfﬂe@cran@'}ﬁght @oﬁilfl@f@fstatnge @éﬁﬁﬁgﬁ@low%? eed)).
probl em created by too small spacing. The |ine n&g
150099] i n FIGi. 9Cax amphe casse-soaaal viewmén photoadsisomavk CHEYZC for
spaces, 1520 to prevent resist residue and maintain the

saFPéiuﬁmg GHH(BPU&%H{%‘FS& ysegdn E}F?é’rkﬂré%t% aeerBRE IV &I comR ghegproblem
t @1% %g?@(gg&ﬁaﬁ)%ﬁagﬁgs h@ﬁ ch&or{shﬁlsrsh ngr g'&haltt Qine masks
nas s 1514 I Nn

res i°n t fnes nner |nes
may14ceae the saneesidth Bl thatpakes y52an Glmﬁon eﬁs panipde, thngaces

The thinner lines may result in sma

t d AP P§RAdgMader, to \BFﬁVéﬁt TRt et the W%Ské Aakiferre also wider.
ef S%C&Tlﬁ‘ﬁ ?rkeg%t an@%ﬁ&%‘ﬁ%ﬁ‘fﬁ QR 6 1RUER ?cc‘rezf‘sléﬁ.rt

cnhanne I ne resi stance (causing a

s[@so] spe B;Cﬂe);lralﬂ@ﬂﬁlﬁbvﬁb @mord derisslygnaetl @bnductive lines by reducing
cross-sectional view of a photoresist mask 1512c for
p RSN gy ecardinge pihile mainfaiging jgidgr line W}déhSpr ior art to
t t ver the proble re
E)(S N eohl Peve r cl:f:g?jl Fho%nsmrﬁl{i gg)g iu%/%(tt'o(%acilﬁpte the

t hﬁdérstamﬂgskﬁusl&ﬂﬂfduhm%ftﬁ&ansamﬁnwmllsdmeafedtﬂhetos@as@ afsk is
1522. Since in this exanple, the spaces 1522 are nade
wptheideddstep 80entFloetiA s ¢ @élﬁma@c cropresactipeal yipskef agmnduoctive

are al so a result |tch

o PR g 0P iiranyel IBoieEd sk POHERT e o
§at@&§éd kGredift RARVICUL foriRy ARNSEA 1811 2G8ih ﬁ@ﬂgs@t:ésvmo
I i nes by reduci ng spaci ng between |ines whi

rrﬁleml:mvvﬁengowr d@ IARI-P hel Onpdriie cqngoetiye 1’<IYT:’$ 150?;h) beegetied. The
PSR BT e imsaet By it G dhs B 14l or he

p apdcer At IRRALO! WBich s tBHdthS 6P6 OV ihd@hsk 31neP1&@&4 )Presently, for
FIG 10A is a schematic cross-sectional view of a

c 348 oot phpeoreastartypioal KD &erdhesbat0@dth d? isd). amn.i @enerally, the

I 06 t r.at. 1 ., W th tt ed .
o et ot BRISEURS e el <Saph e i fprmation of
n&feks aRARGRe fRAGtibak RRRk w&eresgvl%glday uﬁ_lfrib spRE0ThOV&dth of the

t he conductlve | ayer 1608 to be etched
phbetoresst snskiigl ihtsn encsigh ¢eprovideiapancreisaelnssigmof cQBjuctive
&ﬂ]ch is the wwdth 1616 of the space, and a |line CD,

' is the width 1626 of the mask |ines 1614.

Preusent | ya ﬂ%@ﬁn@é&tﬁ‘iﬁh@%ﬁﬁﬁﬁﬁl ﬁ?er% theéR 'd‘éﬁ(gsu@orf&rthé ﬁ&ewalls
space width CDi1s 0.16um Cenerally, the wdth of th

spathe phntordsest fraotres seditced shervaidleh off tte sigrro Ugép 2@8). FIG. 10B is a

P Sin. L LR 00, of L hE SRaF) L 1E B 2SS e

thg3o deposited over the sidewalls of the mask 1612. The deposited layer 1630
contains fluorine 1650. The fluorine-containing deposited layer 1630 forms a
deposited layer space 1632 within the mask space, where the deposited layer space
1632 has a reduced width (CD) 1634 that is less than the width 1616 of the mask
space. In addition, the fluorine-containing deposited layer 1630 forms deposited layer

mask lines with a width 1638 that is greater than the width 1626 of the mask lines
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photoresi st mask lines is thin enough to provide an
i ncrease density of conductive lines. [0062] A

WO Raws/0#3Te+ cont ai ni ng conformal |ayer is then de@DEB106T080455
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over the sidewalls of the photoresist features to

r th of the space (st 208).. FI G LS
?g@ﬁeﬁﬁf @I}eﬁg edlieed yigHn 1o $£mﬁ&dda¥6€éP%sﬁg§2 is at least
pﬁ@%%ﬁsth% th@%ﬁth]i%lg thHer}ank' sf}é(c%rléﬁ . %P%%ﬁt}sﬁ%g?%@% of the

the sidewalI's of the mask 1612. The deposit
163@hd6mé af the rdskepaced 6266 Moikheefelabby, ireredaret avidthnig34 of the

855ird s e TSRS Srla0e SO ERah O aUgUO BT haymask space
S @@f@ Je6§gt ég@%er%ée[nef&w?? %ﬁh‘é"v@ﬁh&f&@of %a kr%gcé f62b?sl§lost

t han he W space. itio
t peeférhbilgy thaeeduoat @idih mgl @efrbs tié;eﬂltéca})ager sp6&01 6‘3@r1m;t least 70%
depOSItedlgylm mask lines with a width 1638 that

gleathep hayidth he34efdhn mpgoerass 16HE( faadt gquaﬁrééhaell?zp% of the
Pﬁ)ﬁ(fltﬁ N@ie6 ¥t th%glgaff( %g%%q% m 4 iy fés%ftfésﬁ);blé Eﬁt ge %@ﬁés&tg(? I1]ayer forms

| ayer space east ess t t he

16dlﬁtamha]1§ﬂeertr&s kidepalie 1642 /h(dh e hizhly @Ihﬁﬁtrﬁt ad dhawn8 0¥
of the width 1616 of the nask _space 1620). Mre
pewla 5f § substiatiplhyyerEeplwidgiall 1 1%% sidgyalf Hl@t tepdyitodo top

1 gg %P%% e JTG[%?W&% &P ¢ g(g% I?Qléobloﬁg otfw ptar:]ee %16%%

e mask space 1 rea er t

okideheallyhoeh (ﬂ:@dﬁtl@f lasfélﬁhzif&ﬁk sﬁﬁ&tﬁﬁall;ﬁ&l@)samh/ﬂﬁ&kness from the
pr ef er abl y, the reduced width 1616 of the dep03| ted
| f8peip tRpbeitom ghiithejsgacgt Thisgyecerpbarjaceydyatiyg layaectgh ftaple to

o R o TR BB PRy e, 0163077 11 i ml c0

desoe3Rbl entctheprefdied daipodiniead foray@iind O&dmlusiRshp! thafluyrine-
vertical sidewalls 1642, which are highly conformal as
s Bowainingreprsifion layetis sorforsalanell dirstiops (ispteaic)s i Tdéswghylts in

ioiheg@(er oggﬁ%% Attl{g_‘ag%lo to b i %%ng%lg% tglf: atylére g’% g CS cﬂzgfaﬁs of the

Canker mal sidewal | s have a dep05| tion layer that has

substantially the sane thickness fromthe top to the
b 06din oleteHélomacle theﬂfrpssq@dd;ws $63is remesdd didGi 1QC is a
for

et St Redtignd Vi BEME bR Bt RLpa B gty taver

f 063RUGIOLIRG SVef %@P&Waﬂ@ of ﬁ‘ﬂé‘%ﬁasktlm?z fafiPire TROARAE #6350 Mlhe
deposition layer is conformal in all directions

( destsitexplagyr. 16BRihgs besyukmevéhwhibelehaipe theogerof thvedepRbited layer
t o be gbout a hIC the layer on the
SRR 1250 1 D R PEGORAe TG i SR pgfiled deposited
d@ﬁl@lsléﬁ)qs Laxed w%tﬁ%%o'rrﬁnﬁa%@ﬁ‘b? gltrdékﬁox% ga$ pﬁsma which results
schemati ¢ cross-sectional view of he patter ned
phot plesa-sitivemshent 64 2cagtiv bavxiealydre nitrogen/oxygen plasma and the
fluorine-containing deposited layer 1630. The fluorine molecules 1650 in the
deposited layer 1630 are released and thus removed from the deposited layer 1630,
while leaving the rest of the deposited layer 1630 still in place.
[0065] The conductive layer 1608 may be etched through the deposited layer 1630
(step 212). In this example, the etching step comprises at least two separate etches, as

illustrated in FIG. 11. An anisotropic deposition layer etch is used to etch the

deposited layer 1630 (step 1704). FIG. 16D is a cross-sectional view of the substrate
16



1630 deposited over the sidewalls of the mask 1612,
after the fluorine 1650 in the deposited |ayer 1630

wha®shoes renoved whil e | eaving the rest of theCT/US2007/080455
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deposited |l ayer 1630 in place. In one enbodi ment of
the fl.uorine-incl deposi t

t hg%fi e 3&@'@3@@@% ip ﬁnlé"t&‘?ﬂ’r“tﬂ“ﬁ&f‘ihgﬁ?r ghe FaRge ﬂ? é@iﬁwr

9 Ml SARNRILS ‘T@A?Hoﬁﬁf’ﬂﬁletrﬁask Minds P412S P Q{léo\ﬁ%ﬁ}lc%%ﬁh&% layer
reacti on between the nitrogen/oxygen plasnma and

f bwebris medcontchiind tig dagodivedayel ag@s (step3TOZTHEG. IIOE i§ neoss-

nol ecul es 16 in the deposited | ayer 1630 are
r é?%lag%vl%a therebstidtrAfted ther ?%@63@6&8. ateigd |ty frsm conductive

L5500 0l SRR Sl

menidthd 668 aiitbdletsbmesl @htv&tehﬁ thﬂae;podmd:tﬁrel lineylkerve h6Bidth Bi52pas shown

212 In this exanP he et chi ng stgg conpri ses at
| #REIC 1106 dapfarhbe h@t"iﬁlﬁ@s165g§f tha wraes Hoddberreep thy copgluctive

t
¢ RROAaEkHRRY% KERRS HGRUEUD Fhont KRk mask
c tiass -Mertprefeeibly iievwidth 1652 culsipaad 60t iRtwidhethe conductive
deposi t ed Iaéer i's_ anisotropically etched

r 8RS nirhigadopdsicethan thpeyidtholals of ﬂtfema?q 1562953&%%%@1&
6
t pﬁ%{rﬁ\zg%} é)le%?%tsab%ré Eh Iﬁﬁl[ 196’5{2%2&1260 f@@%%ﬁgéeéﬁh%g%@[lctwe lines

( 8 R peatt/TB) lesktan tHRidE 161 €60HS S@QE il Glﬁlbetwleav\th@fmdsh @ines.
substrate after the conductive layer is etched to form

b6t i vENS phetyesig4pd depasitep aesmasBion be siigged (step 216). This

gﬁ%%e HER: oT0e R0HUED LY AL g5, 008 BaVA: Al liDiaver

a réthéitah std§ ad lﬂﬁo&ﬁ@ﬁl‘ﬁnﬂ) Bepl @shﬁ%ay%&fs&f fRkBe stlifiing process.
w dth 1652 of the space 1650 between the conductive

| iFHesl QFsshgws thegstackAGOP pleisthe ﬁﬁ??sttﬁélawfcﬁnﬁ phetosesst nagle have
RS BPR 2 SRy R TES o ol R B e, e
C@Mhﬁ@t V&/BndsimBsbd 1 rﬁédioﬁﬁsﬁa A%hassytdanet he width

1616 o# thesspace 1%20 betmegh t he ﬁggk Ilﬁes Most

piMI63t abl The rehidting srusture Eﬂ_waﬁes aheghep derwity @50chwithesanller

th t t t 70%
WP & RO s e s duuR R St bRSTbIReH Mk
[ 0ORBLLVOBNRNBUELRSILSLt ’fdl t@&]@@&zﬁdtﬁsdlé%&hé@\écésm%ﬁob@ther

stripped (step 216). This may be done as a single step
orondustiseher width &1 ppee widtihratios eparbatpeodépyi thecentmggnent

SRl hen, and photgresl st SUrkp SheR g Ky B
Sh?a@lk 1111&01@ 1&6 tah 1th QV}Q?ep@é 'rﬁtﬁfs‘ olf AL idaner b @&&fu@ﬁ&esﬁne to the

have been renoved. Additional processes may
p epdcc ibewcte( steeqnd@@ive lifieis extdesplten It heand @Mctumbrevmeferably

l'i nes b éorned to be part .of a r vi.ce.

| 6587 d oSt B O PRare i e Pigh Gy memory

dapsitdsy wheNitkEcMdbbi R TR dr & a polysilicon.
[0068] In another embodiment of the invention, the mask lines have a width that is
about equal to the width of the space. FIG. 12A is a cross-sectional view of a
conductive layer to be etched 1808 over a barrier layer 1806 over a substrate 1804,
with a patterned photoresist mask 1812 forming mask lines 1814, with mask spaces

1820 therebetween, over an ARL 1810, over the conductive layer 1808 to be etched.
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spaci ng and wi der conductive lines. In this exanple,
the widths 1648 of the conductive |ines 1646 are about

Weqwal437e4 t he wi dt hs 1652 of the spaces 1650. EXTIE82007/080455
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conductive line width to space width ratios nmay be

provi ded by this enbodi nent. refera th i 0. of
ﬁg Rt MEHehrdspes i Sor Z‘% hl‘(t?lh’éa]%"p‘é{@éh 1816 of
RIABELR OR$ K 1ihé BFS which i€ 8 1D shclor tm@ﬁa& i 1R®4 1 Bnerally,
of the w dth of the conductive line to the space
b éteweierh dfhre sigaad urcthe\photorasest issmadet wide ssoughan ptovide thndormation
ev nore preferably greater than 1:1. Such ratios may
g theapie if ﬁhepi?h&\tﬁfaﬂilﬁ@Vlﬁ}oﬁhBW%ﬁé‘i rﬁydﬂf‘ewpgf SRS ces,
t he \Yi I [ :
““E““ﬁﬁér e pHE L EXEhrckBaFla P Y Bl dEARpd BRR the {iBevalls
hﬁf/&leq}hWOdéShst fdaadred ® radh@utthegidah of metsji@e\ﬁd';td}ﬁ hOS)f HGel812B is

space. FIG 12A is a cross-sectional view
cBnerERts Erysgyettiongl vew of dirattiemed PBoeresit @aﬂ? } &2 with a layer

:oﬁg?% ?%D%Q@e(pé%f s gdiégfa;lﬁ BF e HORE 181 ¢ @h@de%%ﬂ&f 1\%‘?& 1830

SI st orm ng rrask i nes

masikaiap flaesne 8830. tTherfhibehweeiitainipatepasitedfhyet 8380 foome
t he conductive layer 1808 to be etched. The photoresi st
néisRosHed layersypaecel B withia thegnarkripncsn Whem)the denosied laygrisgace

W

W e A X R
WisgcB, @f addigors pacudrite icogtaptind @pesitet lays 18&(01 €oriMs GBEposued layer
enough to provide the formation of the space in the
pHuskHaes with ivti¢ih U3 Hist brgvedter thaedie gidth 1926 196 thepaesk lines
[ Q ] A fluorine-containing confornmal l[ayer is then
deposited over the sidewalls of the photoresist

f egy701 €S Tie fliefihesn tHeRlePbieh 18fr 1 §3D is paRovIS IRQ. PAB8)s.a

FIG 1812B is a schematic cross-sectional view of the
pacheatahiedrqs Br@‘t%lpe@,h iew gk pagarpedphetorgsispask h3ovith a layer

d ,ted over the.sidewalls of .t sk 1812.. T .
AT Rl S EERPLIR o ek U B TR BBy 50 in e

f libyeYsi 8 1aG8NESR0 Mafl Beha RS RN TI@KETIng RO §tQT MR @posited layer
deposited | ayer space 1832 within the nask space,

whs@int Heceddposé cI@UOdlmyetrofsf,bfamelltaslz thedfuozsine duapheded deposited

e e with Nealun ST of ek B Y4 2ds ARSI e results

d%PQﬁla*srﬁQ—dh%’r%he%ﬁ@Q rE RO bQRES tHeGHird ANRIx yBES dltklaiﬂlzi‘ﬁﬁi the
with a width 1838 that is greaterthanthevm 18

ofluphee-pedkining niggosi®d dayef O8BO0] THEHBIoFInG ordlevalesd 8bhien the

deposi ted | 183 d. Fi
s ot Bveeh ottt e Ve fropaf il laver 1830,
pPReiie ﬁ@a@i@tth@?e%kof]tﬁé aeIYMsftéH RAyéraksD séi33Ppeeposi ted over

&
the sidewal | s of the mask X after tﬂefluorine
188010 n tHe cepodiveédyel dl&@ miB BOetohsl themigh tendapesited layer 1830

V\'f(]sltfl:pe21l2§.a ﬁ(ﬁlgl Schi% arc?gsts—sgcf:tiotngfvig%po?%}llet seu%stratg a{ter the conductive
layer is etched to form conductive lines 1846 with spaces 1850 formed therebetween.
The conductive lines 1846 have a width 1848 and the spaces between the conductive
lines have a width 1852, as shown in FIG. 12D.

[0072] The photoresist and deposited layer may then be stripped (step 216). FIG.
12E shows the stack 1800 after the deposited layer and photoresist mask have been
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1830 in place. In one enbodi nent of the invention, the
fluorine-included deposited |ayer 1830 is treated with

W@ 2@8M0i7at i on of nitrogen/ oxygen gas pl asma, RI/TE2007/080455
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results in a plasma-driven chem cal reaction between

t he nitrogen/ oxygen pl as and_t he fl uorine-containi
dEpBiete d\ngﬁp@ﬁf/ﬁrggﬁ?esm%%q RRSFAHEd FSTAa e Eonagamnle, die metal

t RReERPEL hied fb@éd@étriéﬁlz/%ﬂﬁé’ctihg \&aSRYeRE; t hus removed
fromthe deposited |l ayér 1830, "while | eaving the rest

0{0G73¢ depesietiddng styerurd BRMids iitleri conghhcaioe wife® Bhat hreTthere
conductive | ayer 1808 nay be_ etched throuqh t he
d&pesly seare aliethisaxspples tﬂ@?uz& $he copdegtivegpstpldings may have the

c rsé)rgec’ Eiecﬁ%ftg ia? 8ale ﬁféﬁ%ﬁ;,%&gdﬁlg REEALRd @ TinkNGith grsnaller

conduct1 v ayer 1s etched to“formconductive [i1n

18¢&ing iiproyeaclespel®biaicerafele: ¢dnenabetliveesuchlineby providing a
conductive lines 1846 have a width 1848 and.the spaces
b&tdnehresis@nes nbifcfYdions Ay PHRKIEE hoqudyetivelgwovidgithat is more
S ' [ ] 0 T . i st

ORI G IR TS OB LR M apeferppl e

12&ndkavesliidweidsh aakork 8 E0YE srehidethde plaslideadidtiayfhe afiginal
phot oresi st mask have beenrenoved. Additi onal )
pAsles Bebismmbodiment the ApRagitiogstqps A0 ordes ang Rigrist simultaneous.

the netal]] be used for electrically

connect i E£d K vices. [0073] The resulting

S{007d] Ur einph@xhEpR ré¢ifen deoitddet mse baiusesfor Bath @ﬁ@siting and
the

nore cl osely spaced. In this exanple, although

c etshingtthe, depesitiah 19yehand tha gordugtve lwersia the 2ORs arsysBS made by
d evi qusl| r oMt di wi der .conductive .| ines with

o Y RS bor R P, Pt SR EPREELS P 1 pBeent

CanAelidV6f Juth 8 Yevisd CYOBS: el Yooy i&Holing ah@eiehd the deposition
resi stance. The inventions nmay provide a conductive

| 1ayer. wHt asnkeapropessig ichambeinl 900 0omgrisestagindugtire aienna (or coil)

li wi dt h. of t.he ori ginal sk, re prefe I t he
o9 et isPtbiOR e 2P LT P8 BRI, X piiree

t he1d,1aRe aMve M dusOfuni NN i THeb@b se@EK19110Ms §dH1Sid connection with the
enbodi ment, the deposition steps are in order and are

ngts ditmbhtemplotes Y0ExadrpdopiRess iagepPddmmdasisausn 18k apice

0BT st YRE abf Bt e e P aha TR e HERaRy D e
| 2¥8prideSaddnondBOR sYE8Y Shdns a%%d@fclﬁ@@%%ﬁ%@ﬂ gas source.

Corporation(tm of Fremont, California.” FIG 13 is a
s OYighia plasmialpresssyisg ¢fombst 130k thessublgvdte £60HI0 Positertdfupon the

bot.h depositi an@ﬁet hi ng the g sition |layer. The

PSRt Bt D05 e S omeon AT INSemORey Fraiable gabstuate

aph R h&hafRN k.ol WR roRa@@n@haticdl RUip:, B} 8leQikeFIRholding

1904, a substrate support 1908, a gas source 1910, and

atheesnha;asd: l@ﬂnﬂlm%@_torlhp 192tsinsopoces bAQrte didlavtifid window

¢ ?B%)e, %&tlﬂi&naﬁlgv&shthft: prgnsmission of energy from the antenna 1902 into the
chamber. The dielectric window 1976, the substrate support 1908, and anodized
aluminum chamber walls 1952 define the confined plasma volume. Gas is supplied to
the confined plasma volume by the gas source 1910 and is exhausted from the
confined plasma volume through an exhaust port by the exhaust pump 1920. A first

RF source 1944 is electrically connected to the antenna. A second RF source 1948 is

electrically connected to the substrate support 1908. In this example, the first RF

19



gas distribution plate 1904 and conprises a deposition
gas source 1912, a defluoridation gas 1914, and an

W@R@BR/0gs4 sour ce 1916. The gas source 1910 mayPCDOR200FE@80455
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additional gas sources, such as a second etching or

as sourc S roces
cﬁ f‘ei Howgiideresis é‘fl\{"\g% ﬂi Q%W% e %@gﬁ AR YapyHl RE source
U h64$ PRSI0 & §ayln9nt51§%@%4}1m%9§éﬁ@ trate support 1908

I ncor por at es sui tabl e substrate chucki ng mechani sm
( €00F5] el Ratingtht dtpasjtiomedhixndapakitioh daypi gp 13102], IaQ)ressure of 140

like) for holdin the substrate 1604. The reactor
LGP HPEPV LR SIS NI BRRIEs PEviien dB VTS Pover at 27

A e gRB P IR T LRt L g
19TBF at &0 subhsinddastFoppant 1908, and anodi zed
aluntnuntchanber wal | s 1952 define the confined

. dawingsths gpisptrenic ?@hpﬁﬁleﬁﬁ@ﬁlmlapﬁ%@ﬁﬁ @&%ﬁﬁressure
b 0 t
T g e

exnporsér 40 QMMHD 80pladni fré@lenaj:bﬁ Her@enhD4903 ® the plasma volume
el ectrically connected to the antenna. A second RF

s A boueli-47 2y eletis ppRliadyio dhmwbetratel syRpOfiie asqginsate apetive
S %I(HB % Ehe]s Qs%raté {(]) f%} faﬁeeé(télﬁgjg gh%\ggh A ssoturce 1@?% ! Fo 1(3‘6%47% scem

ides requency
secgng RF source 1948 provi des a S|gnal mnth a 13 56
Mtz frequency. [0075] During the deposition of the
d&tﬂ?g itiohhd aawropeteécﬁl qf?m;ondactp\reelssqm(eemﬂ%ams sFeomplished

gé? e‘ta'c B;lh(%%{g CtﬁF ﬁ%Eﬁ I %:eﬁéi{ P)V l}ﬂ%s(é%am etch

f QPWHH &n @E?WJ&* aat) vor tle ]ﬁ"la kO %ﬂFBrt\brcss\Mé R p%&edatSODW atts of

seemand N at 75 seem [0076] During the anisotropic
epenenft 27 NdHd op pkbmp Hisqicags nare(mpelse thoa)gh the prterysd92 to the

oSt 198 BRI Gel St tntiegne Fo s sipbri o o
p ha®@Batk [ GEUS MeYsubdtrakd® BalRNA&cHiRD2ThOeth Solrt@siMide 75 sccm
vol une 1940. A bias of -175 volts Is applied to the

sub§Ftﬁneb@ud@@p@MKb accel erate positive ions to the

t f t t chi Th
U el B R R B RSl 8
eﬁfrbu@f the Qﬁteﬁt?i‘mttb‘ﬂ?e dran@er (soem 84081 -dosvolts is ap lied to the

acconpl i shed using four etches a BT (breakthrough
etsv:dmraarsup@rt (998 ae¢ed¢rat:t:)19nsl\f52he( MBtmatetcchcm)a,te aficblingn The

CE (over etc For th ressur
oFSY REgEE PO OBt w0 SenbhBiaplor Gy about 45

freqygncy are provided through the antenna 1902 to the
chanber 1900. A bias of -175 volts is applied to the
s {00591 at eFsupp®iE2 ABD@Too pressure is provided. 400 Watts are provided

through the antenna 1902 to the chamber 1900. A bias of -170 volts is applied to the
substrate support 1908 to accelerate ions to the substrate to facilitate etching. The
etch source provide 20 sccm of Cl,, 360 sccm HBr, and 5 sccm O,. An endpoint
detection is used to determine when to stop this etch.

[0080] For the OE a 60 mTorr pressure is provided. 500 Watts are provided
through the antenna 1902 to the chamber 1900. A bias of -210 volts is applied to the

substrate support 1908 to accelerate ions to the substrate to facilitate etching. The
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accelerate ions to the substrate to facilitate
etching. The etch source provide 75 seem of CF for

W@Rwan4r64 seconds. [0078] For the MEI a 10 mTroPET/US2007/080455
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pressure is provided. 800 Watts are provided through

the antenna 1902 .to th h er 0. A_bias of -90
vEichsorge awvcﬁfefﬂsscrp ok Hey ?@?W&?@ga BpSAt5caB B f%'c?bout 80
agcehgrate ions to the substrate to facilitate

etching. The etch source provide 100 seemof C 2, 100
S §6081HBr , Waild othes matariaR, fich aahedibcatbosawhnidd polyder Thay be used
For the ME2 a 20 mlory pressure is provided. 400 Watts
afRfpmdhs derpsitiopdiigh theve maserEhherusomere IR meelgmg sfriation
1 . e ) o .

oo Brib R e b0t BLpRidh, SARKIFR I U HERp AL e
f dobtind-akcmded pblyngr tolloemehkcdepooitioa éaypr.ovi de 20 seem of

a2, 360 seemHBr, and 5 seem 2. An endpoi nt
dEUS2{ i orOther eraberlimgnty srayris Adadenk {5 tae BY3sk: ningueh ch.

[ ‘ : ; _ ‘
Pt b B Balthal by BSSI5URMA Byl M, TR gonbliion
chaebeay bOPRcedoer 8% HkdmakAo valuks tHeSspagipd.i Bhé altdrhgtive, the
substrate support 1908 to accelerate 1ons to the

s dprasitipndayes niaydielnlacad everttbhphryoresineeatess etcbinedtge hardmask.

p ,\de ..seem of He,. 133 seem.HBr.. .and seem O 1 or
AT S0 “WRIB AL by e SSEUGRn B F PERT A e

asmbydinRaa! here ird eldtdeshsppdritiitionTRyid RerisisedbitRut @fivalents,
the deposition |ayer, these materials cause nore PR

windpighi il wathdn ierspene afithis rvenfion okt skald alsp besatep dhay there are
deposi tion. Therefore, it .is.nor eferable to use

¢ gy el YBAF B Pymishog o i PR B afBipi S g B present
| aWehtior. 00 &herSkdi€ nt@1iRQ el Bl 511 6 g Up BerRied RIANRBEKint@preted
the mask. |In such enbodi nents, a photoresist mask nma

bes insbdingnlbpeh aberhbebnpgrkiutarivas.dep osiiousonbitdyereqmrplents as

b | aced, over the hardnmask.to reduce t.he spacing. In
¢ PP BT G RBEE o B FpERnhEy bl aced
over the photoresist before etching the hardmask.
[0083] Wiile this invention has been described in
terms of several preferred enbodinents, there are
alterations, pernutations, and various substitute
equi val ents, which fall within the scope of this
invention. It should also be noted that there are many
alternative ways of inplenenting the nethods and
apparatuses of the present invention. It is therefore
i ntended that the foll ow ng appended cl ai ns be
interpreted as including all such alterations,
permnut ati ons, and various substitute equival ents as
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fall within the true spirit and scope of the present
i nvention. CLAIMS What is clainmed is: 1. A nethod for

WO arosloegee feature in a |layer, conprising: forPEHYSW07/080455
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phot oresi st | ayer over the |ayer; patterning the

photoresi st |ayer to forn1pgﬁtir%sist features with

phot oresi st sidewalls, wher hot oresi st features
havie & fhikslyjeritical dimension; depositing a
fluorine-containing conformal |ayer over the sidewalls
ofl. t he Apinethod ési fetmihg atfeates ih @ layedwoeptiki@geri ti cal

di nensi.ons of the photoresist features; defluorinating

t he fI@HFPW%@B@WPQ?HTHﬁmﬁﬁﬁ?%¢ﬁﬁﬁnlayer; and et chi ng
featur 'ﬁ§ttérﬁitng tllci:e{ﬁo!t(ﬂ¥§£taa}y@ & forid ﬂh&ﬁolr%sﬁsx i?éah{@@lvvﬂ%l %g(r)]toresist

have a secon tical dinension, ess
t kidetvillss twherd the phdtortsivefeatuoss.hae a Tine cridtdidimeras$on;
recited in claim1, wherein the depositing the
conf or R&Positinger fluniime-cop@iningierndpini yet et riotidsvedls of the
f gl%tU SRt feaQIR tb F&firce ﬁlefdfrﬁi‘%’él (H%l@f?s%ﬁsl 4t Qhé/\%l‘?d?o@sigtj fE'zftgres;
gas chemstry to forma first deposition plasm; and a
second deftpeiiatin® theidohine-cemaiait @asorahehyst ayd to form
a second _deposition plasma, wherein the first gas o
cheni setchingdeatpies dxte Hie laypanvhereindbz Byer fgafures Ravh stgegnd critical
\?\ﬁirﬁ&%io'ﬁefqﬂf%ﬁﬁs ASs a6 Hetsd GieRWaiffGsi0h, ¢l aims 1-2,

erein the Tluorinecontaining conformal |ayer is
f ar med Tus integhdd, woretifet inretditadie evhecdity therdepdkitind e teiifoadal layer
as recited in claim3, wherein defluorinating renoves
t Reerithg e i lsaidhe hayarssiptfgatgss\qoBiPrises: The met hod, as

reciteq .one [ -4 ' e " .
A T K Pl b T
faead ures further conprises: a third deposition with
the first gas chemstry to forma third deposition

pl asna 2 segeid depesifianvide pogionil gas clicnstihie feur 8necagdsleposition
chemistry to forma fourth de i tion asna. . 6. The.
R, b s B P BB B 5B R s

t Be seqapeheeidd hetitell IBAG oA of Haintt 1-Or widdreih thdBiori2%o

of the first critical dinension. 7. The method, as
r eentpiaeng aenfmpablagergs famg msing fyoripgrénclided pakymer.
d%POSi tIth 911&}'1’]0%, as recited in claim 3, wherein defluorinating removes the fluorine
and leaves the polymer.
5. The method, as recited in any one of claims 1-4, wherein the depositing the
conformal layer over the photoresist features further comprises:
a third deposition with the first gas chemistry to form a third deposition
plasma; and
a fourth deposition with the second gas chemistry to form a fourth deposition
plasma.
6. The method, as recited in any one of claims 1-5, wherein the second critical
dimension is not greater than 70% of the first critical dimension.

7. The method, as recited in any one of claims 1-6, wherein the depositing the

conformal layer over the sidewalls forms substantially vertical sidewalls.

22



conformal |ayer over the sidewalls fornms substantially
vertical sidewalls.8 The nethod, as recited in any

W@r®@8045764 ai ns 1-7, wherein the photoresist | ap&r/UB207/080455
forned fron1at | east one selected fromthe group

n3|s of 248 nm phot or esi t or 1 hotore3|st
afd t hdhf Bithdeasiterd iamny gpe g Fdaims T ? FubErainahe plioteresist layer
Tli‘sefoﬁﬁ&hﬁgm a@sfeagte(ﬁie s@]@cﬂeﬁ RN th@ g?ouﬁ)fcoﬁls@ﬂl of124%'nm photgresmt

further conprising stripping th toresist |layer an
depd3d hiagphowndsist bed thedyauretiat h CD Bmt@éa&er&hzm b my.

1 Th t hod t I 9, whe
thgpst it gﬁﬁr X dt”eﬁseregmﬁ lgrsaéélgﬁ% of %9 s lgﬁggugréﬁd@mpé%mg stripping
f
5 SRR ool R e e SRR ey

on@. of Thk aietwd]las@citethi@rcdiim I, vhecom fhersmidpingthe Iphbla&sﬂt layer
sidewal | . thickness, wherein the conformal |aye
s apd fleppsited sapfermal byprcamprisaidshingdhe Rhigts st %Waﬁné ggposited

ygrbottomof the feature. 12. The nethod, as recited

any one of clains 1-10, wherein the confornal | ayer
ha$ a ghdewsldd, ihieckakiasingode af ghigisor-e8,i vsiierdie @ieuodformal layer
botton1th|ckness wherein the sidewall thickness is

10 ghasa srewHhthidknessphheisinebe sonfpangliayer Bt 1onARtAlyKhe sune
of clains 1-12,

m%gfggﬁﬂ?ﬁégggﬁggﬁﬁéﬁﬁiﬁﬁgﬁgggga¥f%%§Fhe conf or mal

| ager DYe afpiod, ngreditédiinradly 988 ofd1gimsSt-1¢, witerdil@he conformal layer
conformal |ayer. 14. The nethod, as recited in claim

19as Wéwﬁtlhtmcrl@e%srﬁnd@ PRI hFasyre youemshickress.nyhereig die
e. in
by M RCT ok pf oI TR B8l BBl
15 raBges The aiodpaPRtitedlintah( 98& of Elaidier-PANhedX) ﬂ&ﬂﬂﬁ(ﬁhne is
one-part nitrogen to ten-part oxy% 16. A
semnesddine e coetrrmal Iy dpblyingethid whbeheaw st et the gonformal
|ﬂlany one of clains 1-15. 17. A nethod for formng a
eature in a | ayer, conprising: formng a photoresist
I ayer Qquemektirl, haweited ipNLi@r I3, Rietehethp At DR ThshistiFy6Mmprises
to forn1photore5|st features with phot or esi st
sﬁﬂéﬁ@ﬁ(@ﬁ2mﬁ@KE¥mH@iphotoreS|st features have a first

20 [R5, “3he MRE i Reia R PhaPaiit el f PG B oxveen

t GangBHHER t%%a@trﬂltrb%eﬁ to @hEBASE bRPEnQb oh&rBa® ARERERE ©h-party
features, wherein t

oxygen.
16. A semiconductor device formed by the method as recited in any one of claims
1-15.

25 17. A method for forming a feature in a layer, comprising:

forming a photoresist layer over the layer;
patterning the photoresist layer to form photoresist features with photoresist
sidewalls, where the photoresist features have a first critical dimension;
depositing a fluorine-containing layer over the sidewalls of the photoresist
30  features to reduce the critical dimensions of the photoresist features, wherein the

depositing the layer over the sidewalls of the photoresist feature, comprises:
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depositing the layer over the sidewalls of the
phot oresi st feature, conprises:a first deposition with

wW@2008/08376g4as chem stry to forma first depositPCIUS2007/080455
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pl asma; and a second deposition with a second gas

chem stry to forma second depositjion plasma, erein

the first géélr%tﬁgﬁ?%??lwatg a%%rftfgéﬁ ERAMIstN [P oHa 332&%4%8031“0“

03fmheigstry; defluorinating the fluorine-containing
yer; and etching features into the |layer, wherein

t he | ayer featawmndsiepasittorawileacawbndrgat clealistdy twoefosh angcond

wherein the second critjcal dinension. is not greater

t HERPSHesh RIS man @ hepeins the dirgtigag ghempiptip vdildprenttgan tggecond gas

et Rdyyas recited in claim17, wherein the second

critical’ dimension is not greater than 60% of the

first deflidroatingiheehsirias.codt@ininglaydredriiod, as recited

in any one of clains 17-18, wherein the o

f1 uori BEBBEIEdHIEH énte giﬁelpyqrswh@?%ae ldfig?rrf@atures have a second critical

fl ine- | - - j t -
MBS LJEAIPR0 OB B IR R Ay 95 e o
f kuoedl den@ntbnl eaves t he pol ymer. 21. The net hod, as

recited in any one of clains 17-20, wherein the o
ddposi tlihagethasl paipeitedonesiaimpley . phetest B isegonfl ggitiggl glgmension is
f hSES- .t hi tjon with the first
ggé{Qﬁ%ﬁ?@?@éb%éﬁf%$%§Q&?ﬂ?ggﬂgggégition pl asma; and a

f aar t h Tde pesidd, adreditddintan@ o5 € 6D18ingals] - £8) &¥Hesdif Yhetfluorine-
forma fourth deposition plasma. 22. The net hod, as

r eentpiaing layeansy/fosmned afing flapmre-ingluded poliyereei n t he

d it I ) . ' f.
OSB! SR, APUSIePIShAl RAORIEH AL AR g

I glabfifaridleavy tnwlphec! ai ms 17-22, wherein the
fluorine is renoved fromthe |ayer b gﬁplying athird
gad. chdht stethod; as repidedcigrany oraPt ¢laipesy [7-20 wihppin hstdgpesiting the

as recited in clai 3 rein the third gas

chh St S Bud e BUER el i oxygen (0 )

25. The (et fpdsitian wigCthe ekt ighs EHeddishy2d, foth @ i kdddpdSition
ratio of nitrogen and oxygen ranges from two-part

niptasmgednd o one-part oxygen to one-part nitrogen to

Feat ur & PHOLDEPT P PR Sr Rk ey B SO RRa R dsposicon
plasma.
22. The method, as recited in any one of claims 17-21, wherein the depositing the
layer over the sidewalls forms substantially vertical sidewalls.
23. The method, as recited in any one of claims 17-22, wherein the fluorine is
removed from the layer by applying a third gas chemistry to the conformal layer.
24. The method, as recited in claim 23, wherein the third gas chemistry comprises
nitrogen (N») and oxygen (O).
25. The method, as recited in claim 24, wherein the ratio of nitrogen and oxygen
ranges from two-part nitrogen to one-part oxygen to one-part nitrogen to ten-party

oxygen.
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a substrate and wherein the layer is covered by a
phot oresi st mask with photoresist features with a

WO 2008043Z6% conprising: a plasma processi ng chaP@BEDS$2007/080455
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conprising: a chamber wall formng a plasma processing

chanber, encl osure; .a substrate s ort. for supportin
BgubstAr“aﬁtPQaW”ts HPhforme g lﬁﬁﬂgﬁgs‘wbﬁdel&ﬁéﬁﬁgw it Sifborted by

€ Q%h%feeandavl{éﬁrﬁﬁ %Hér é'rqgé’(;\@fé?ir thg aolghd't(ﬁgéigt%ésﬁgvﬁ otoresmt

pressure I n the pl asm processi hanmber encl os
aﬁmh&aswubaénﬁKEDhKﬂﬂ&mﬁgr provi ding power to the

pl asma processi ng .ch r enclosure for sustaining a
pl asma? PHSGAPPITFERS ?%mbﬁfcﬁ?rraﬁﬂﬁ@ggas into the plasm

pr ocessi ng gfaaggqgs& Na oﬁﬁfﬁrg 09&§mgl&h%{ﬁf€% eRElosure;

exhausti ng rom-t pro essin
encl osur e; as@amuﬁumpp@nﬂnsﬁpmmﬂnngMﬁaﬁmomﬂmnﬂnIﬂhﬂm

gas inlet, conpr|S|ng a first deposition gas source; a
ségﬁﬁﬁuﬁéﬁﬁgﬁFF@W(ﬁﬁﬁ source; a de-fluoridation gas

source; and aPies ?L‘irgli] t&ai%r ﬁe Hlabife ufd L}ﬁ—&‘gﬁfqu t lasma

controllably connecte tot gas“source an
|@ﬁﬁé%ﬁ@ﬁh@hﬁeﬁﬂmﬂﬁuﬁﬁonprISIng at | east one

processor; and conputer readabl e nedia, conprising

conput er readishiteng @@@rqd@rfobpr@wdarﬂaq@%ﬁr tp éwlasmﬁrlgecessmg

d§9¥ﬁ$5%83—&*Qk%%y&%ﬁoﬁﬁ?@gs |.dewal | deposition on a

eS|s eatures with a second CD,

Wi thin the phatoileSbiSiroVidaiclas snto CRNILINT RYcesci@iRBARber
readabl e code for providing a flow of a first
depdeiue:¢Adgas fromthe first deposition gas source to

the plasma g §Q$ gliﬁ:t ?c% e%ﬁ%ﬂp ﬁ% égﬁé)rg%ﬁg &P%Ryﬁrl&%’smg chamber

readabl e co or's oW 0
depasdulré;on gas fron1the flrst deposition gas source to
t he pl asma processing
a gas source in fluid connection with the gas inlet, comprising
a first deposition gas source;
a second deposition gas source;
a de-fluoridation gas source; and
an etchant gas source;
a controller controllably connected to the gas source and the at least one
electrode, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for providing at least three deposition
cycles to form a sidewall deposition on a photoresist mask to form features with a
second CD, within the photoresist features, comprising:
computer readable code for providing a flow of a first

deposition gas from the first deposition gas source to the plasma processing chamber

enclosure;

25



chanber encl osure; conputer readable code for
providing a flow of a second deposition gas fromthe

WG e@snes76eposi tion gas source to the plasma prBCEESINY080455
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20

chanber enclosure after the flow of the first

deposition gas is stopped; co er readabl e code for
stoppi ng the flow of fﬁfapgtswﬁngﬂﬁfem%ifm SoPRiBE e Tl of the
t lﬁ?st?l@@&ﬂg)n ROt R FirdaRpSIS IP%stSBuIth?o ke a processing
processi ng chanber enclosBre; conput er readabl e ‘code

f ohapbbeoendbnge;a fl ow of a defl uoridation gas fromthe

de-fluoridation gas source to t pl asma processj ng
chanmber encl osure afté?m@ﬁ%rﬁ?@gﬁ%?xkﬁgr@@¥¥ﬁﬂﬁa%k“VOfaﬁxond

q N . o
POl 88 08 <A e o D et BAGE Bl et e
dehdrhboehdatureoaftgabe fowraf ehd first depopitias gas Propessi Ng
chanber encl osure; conputer readable code for

providing a flow of aRCBPRRATEIFRAZCIIeI tirrpieg tRdlpy of the
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conp no e at osition cycles
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and conputer readable code for etching features in the

| ayer, using the etch&pryssreafblerqietdperpridingedoy gf a de-

t Iﬁﬁoh&ﬁfﬁ)ﬁl glaﬂ{r%mathg Hk—%ogﬁ)ation gas source to the plasma processing chamber

enclosure after the flow of the second deposition gas is stopped;

computer readable code for stopping the flow of the de-
fluoridation gas from the de-fluoridation gas source to the plasma processing chamber
enclosure;

computer readable code for providing a flow of an
etchant gas from the etchant gas source to the plasma processing chamber after
completion of the at least three deposition cycles and after the flow of the de-
fluoridation gas is stopped; and

computer readable code for etching features in the layer,

using the etchant gas wherein the features in the layer have a third CD.
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