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ETCH FEATURES W TH REDUCED LI NE EDGE ROUGHNESS
BACKGROUND OF THE | NVENTI ON [ 0001] The present
WO pawogoeisan rel ates to the formati on of sem conPUS2006/030028
devi ces. [0002] During seni conductor wafer processing,
features of the sem conductor device are defined in
the wafer using well -knovvn patter n| ng and et chi ng
ETCHE FEATWRES REDECED 5 BPEE B DE
material is dep05|ted on t he mafer and then is exposed

to light filteBAICKRGROUND @F FHETINVENTI@Ne i s

generally a glass plate that is patterned with

[000XE P BeYprésent it entbRQBRtk & helfhidiatidh OF KerthicohductdrVices.
propagating through the reticle. [0003] After passing

.
0008 Ul b A OB YA i
areclleﬁm:cbalth@wafwo skihg mlld{nomlq:)a}tthnmg" axl e$¢h1ﬂ@p1©bé§és. $ruithlese

t hat a devel pper can renove a _portion of the
ProgeseD P@gp@f%}fg&éﬂ mgpteriplds depositedsen the wrdes and\flaen is exposed to

e Sl hL B B RO AREONS 2 fed v

exemtlany ifedtgre gbbnﬁeﬂnieeﬂmbkbdk light oA paspagitaiiraigh the reticle.
Thereafter, the wafer is etched to renove the

[o00Bper | Akd? @am%m&ighftﬁ@mmeth@n tscanlfms € SurPlel o@ﬂ&e r
protected b Rot or esi st erial, and thereby

thi@lfeSIﬁfeln@thleald ddie d@djt fleagestbs Chmmtcaie:ombeutlon pode4hotmesist

uc rocesses is
mafSrP e el Aol SR L e ot ofWh PRSI maieail, ot
casé Ba &@tl\%}ﬁﬁ%rgﬁﬁ'rﬂ&exﬁ’aﬂ@ Qﬁ@é{ﬂéged rEBiofs SRfemoRd, Qﬂd [fPtYle case of
be transferred into the I ' m bei ng etched, vyiéld
negativhplyttongsisiumatstialaithe hn@emsai regibons anctrbrmov st éﬂweﬁzdtfter the wafer
These et ch-i nduce

s ho0 Gt bTobE Mo ST SecH G iy D51 06 SU4 A qoneT rotected by

thePhOtoPSisP HiakbrAB ahﬂ ‘ﬂ’f‘er&ﬂ&feﬁh@ Wfré@feaﬁﬁ:’és ik ﬁ/afer.
rougheni ng, and line W ggling. Line edge roughness

[Oopmfs) i(?n%&%&ﬁeﬁﬂn%ﬁ%r@&%??s 1@ t}%ll;nt r%g]c%g%c eph%?o e$s% sl tul%s with

erni1s tran rre

smilhwidihest sikelly@o thahge RBGIel during ﬁfdobﬁﬁngsu\lw\ﬁ’éfo%tﬂﬂﬁnay be
I NVENTI ON [ 0005]. To achi eve the foregoing and in
trangfenddatadhe filn heipgetabad, n@@émgfewbw&mmwewhlch eiate foem she

1nt<{{5ﬁg5] %jagg oJlmegglﬁﬂén h%gs?s T%e%e e&gh l&%}é o cgless}fecqfagygpnahons

ge rou g3 pr ovi

may Se tlRssRel 1ﬂ\§6uﬁsrsacﬁ aykie edbB eouphediag, Gs%kf%&e fo%éﬁénuhgs and line
patterned to form photoresi st features wth

wigghipg ok wsiedge iughgsh (LER profirgitovhp iedgespé patrned knes becoming
mo};e 1rr%g1|ﬁgr as the pattern is transferred from photoresist to the underlying film.

SUMMARY OF THE INVENTION

[0005] To achieve the foregoing and in accordance with the purpose of the present
invention a method for forming a feature in a layer with reduced line edge roughening is
provided. A photoresist layer is formed over the layer. The photoresist layer is patterned
to form photoresist features with photoresist sidewalls. A sidewall layer with a thickness
less than 100 nm is formed over the sidewalls of the photoresist features by performing

for a plurality of cycles. Each cycle comprises depositing a layer on the photoresist layer
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| ess than 100 nmis forned over the sidewalls of the

phot oresi st features by performng for a plurality of
w@yehesLs4Each cycl e conprises depositing a | ayRCT/O820061¢30028

phot oresi st | ayerwherein the deposited | ayer has a

t hi ckness between a nonol ayer to 20 nm Features are
Wh@pmﬁb@l depesied lagen hay ethicknessi betweerea mmpby@stp @p nm. Features are

et BB v oBpREn I SRstar kP odpa bR (g Tnadidwan

my@ﬂy@ghppaia method for formng a feature in an etch
| ayer wth reduced |ine edge roughening is provided. A
Lt teq
(00péy. . 8 BBl 50 bEETaeAb PR FEMMEE il Fhturoin an
etclslagfetvmit]h SeduéecB]mctea@b roughying td frovided. hAqiaﬁem%d pRst®rasizatayer is
nmjs fornmed over the sjidewalls of the photoresjst

fonp% PYFdRe etel FAyes toifapm phetresi frgtureswish Bhlqﬁar&ﬁlﬁ sdgyralls. A
s1d 1 ﬁ?er = rﬁéﬂ&ﬁe mﬁ&%ﬂ %@ﬁmﬂgm%%@ B%rdné Qﬁ@\&al%fttﬂee

esi st ayer erern eposited layer has a

phdtdsrlemktl’feﬁﬂrds,ectdmﬁﬁmr% pepfoehigefor 4 pluzddityn of emtbsetBabﬁ oagle
back the deposited | ayer to renove parts of th

conyEES fenaditingyadayer op thephojeesipidyes mhersin th@éiep%w Aaysr Bs a
SRS I hEILERK) 2008 S SRR o YR G IBIEES v

parfsedithy @osﬁdﬁldajiﬂﬂ Gbraiedvet botewey ofahélplsdtoievisl fleatufegewhidd Raving

_strigﬁgd where the depositing the |ayer on the
a sigpwaloteyen dteafuagpers ctohrd iatecthe sihdaiek (e the phetagpsist features.

o SRS s8R % T 50 130 908 Bl o Rl B gpon e
phosresielhydr e Bichidg batk lthdechiag tsanired ahdil sﬂiﬁ!ppﬁlgdi@é adile in situin a
below i n the detail ed description of the invention and
Smglﬁptaéma@h@mb@n with the follow ng figures. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0008] The present
[00D0Tv entlihese arsl dthdrifedtuims efithioypresayt infentioanpllde daswiibedin impre

cergTYskiR e YR A R SRR R eGP BRG 87 or e (e

fd]%{ﬁﬂ%ﬁ#l]@s! enments and in which: [0009] FIG 1 is a high
l eve ow chart of a process that may be used in an

enbodi nent of A-D are
schematic cr Blﬁﬁﬁﬂ AN (519% DE&%@«G% ocessed

t he i pvention
[Oﬂﬁlg]c or d[lhe %retsgntaipwcgltlon is {[l‘astrate 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;

[0009] FIG. 1 is a high level flow chart of a process that may be used in an

embodiment of the invention.

[0010] FIG's. 2A-D are schematic cross-sectional views of a stack processed

according to an embodiment of the invention.

[0011] FIG. 3 is a more detailed flow chart of the step of depositing a layer over

sidewalls of photoresist features to reduce CD.

[0012] FIG. 4 is a schematic view of a plasma processing chamber that may be used

in practicing the invention.
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[0011] FIG 3 is a nore detailed flow chart of the
step of depositing a |ayer over sidewalls of

wW@bowrorkssl st features to reduce CD. [0012] Fl @CHUB®0&030028
schematic view of a plasma processing chanber that may

be used in practicing the invention.[0013] FIG's 5A-B
[0013] usﬂ%fSeSAchld)lmmtea cempetengysighl, evhi¢hsis suitabde fos implementing a

a contr er in. enbodi ments of the

COHBE@ e‘ﬁf dfngﬁnts [Oggjf esgﬁté\gvent'gﬂ B are schematic
0S t| onal views of a stack processed ccordl

IOO% nF ; TRHE S%#en%aﬁé CI45Y é?ﬁtﬁoaﬂpw%@rsb&s q §ips Sk processed”

acc%@bpﬁle%oﬂ:méwgfﬁﬁ FetAGD EMBODI MENTS [ 0015] The

prese i nvention e described in detail wth

! hRITB TR e PROPERRR el RS R

fol |l ow ng descrlptlo;buupdnggng ¢ific deta are
0048, 1 dheRresEtdRuon il AgY tsdeseitiog b dgil StaFereann ihgew
el RPREESEN b NE Pl e OBy RORRY b, iy e
followirgnies@iptivay ningeronngiecifedetuils acadet fotiEnordaltéd pm)fvide a

these specific details. In other instances, known
thorlwsle wadersippding ghtiepresent B aniipRs Itﬁ*él@@ﬁr?@?ﬂlﬁ&feﬁe ever, to one
r

skllijagﬁﬁ tl'lepﬁ’? thit tl‘i’ee éb%nt Iirﬁ/\(/ﬂgtﬁlﬁe% §QT @%&%ﬁ%ﬁﬁﬁgﬁg g&hé ¥r all of these
spetifid @legils.nth d)thexhﬁhtaﬁnee dvélbkiveviciproses steps m&ﬁenﬂmubmrm have not

deposition, ion sputtering by igns _comng at a steep
beeg |ﬁ1§$cé1bﬁé Inestaibin @rdeie nof waecessaaly 08§C%Eaemr%symdflwfrﬁ1@n

phot oresi st or mask, stress m snatch between the

[00p6lot olés etge romghieniagds edlishiedip heraadsadthy nopamjiesmgleposiien, ion

hot oy esi st _or sk, chemi.cal at i an
soufipes BB poRUa PrisRAREF BUrEd b Thosriogh pFBpBREPLY the
phot&e ortrﬁ‘%ksﬁf@s FRAGL RESH&GRBerPihS %h&t@iaé%%t trﬁ\'isﬁtahﬂ‘ gtcBby products
w ggling of the photoresist or mask. Rather than just

(polymevs)girehphugoresistt drengskh shamiesl modif mtggllm ﬁgthorlglt hmsftdgng

referstoacha shape of t.h ne as
rou R BB e 18 RGO Sea 6 Sme Thloe it 655 st G pne or
ng%o %PFtﬂe %toré@iéi 9 hiagk. Sﬁﬁﬁéﬂc th&@fusya FRbRERN @f the 9hotor681st
3 I ca on of narrow line structures, which result
w1g‘gimgbt MSmngg:Ifmm toacleihge hethp Klotperod diedine as dsivieyveddyan above with
rougheni ng e se . cont act. or,. dens
o 6B e BT Al The it AL e iaEn s sRa e SIS e
f: r t he
moliiheh QTR de@dDlind Rkl HRbIHLEGR R rolRertitfolthe L
phcﬁdildsmlailﬂﬁe e@doﬁgl’remng may be seen for dense contact or dense cell etch,

LID

where the faceting of the photoresist may lead to formation of very thin structures at the
top of the photoresist. Despite different formulations of resist and masks used for
different lithography technologies, wiggling has been observed for deep ultraviolet DUV

photoresist, 193 nm photoresist, and even harder masks such as amorphous carbon.

[0017] The detailed mechanism, which causes wiggling, is not well-understood, but
can be attributed to factors previously mentioned. However, it has been shown that
excessive polymer deposition on top of the photoresist lines can induce wiggling. This is
believed to be caused by stress in the deposited film, which tends to pull the photoresist
out of shape. The problem may be aggravated by the tendency of photoresist, especially
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di fferent |ithography technol ogies, w ggling has been
observed for deep ultraviolet DUV photoresist, 193 nm
wphbevoesdd st, and even harder masks such as aneepiis2e86/030028
carbon. [0017] The detail ed mechanism which causes
wi ggling, is not well-understood, but can be
193airh waﬂnﬁteedotsoftémdmmgetph prOCERTiBEy Thisroechanigm dageaviegxplain all

t h t hat t
insipls 91 W BRI dF BIRS PRES e i P B G BRbtbreS g
dep'o§1t19§ | }}eﬂh%ﬂ)hb%r&?st %Flkéy WioEBSSmh bé Ratd€ RPSbEERation of

tends to pu t he "phot oresi st out of
the @hatpmswﬂ'hanmsuﬂuirednrrmh@ etchguriclv traerelsgvarh éort1&A demplyotoresist.
of photoresist, especiallyl93 nmvarieties, to soften

[0098Y | NToefhtilitaps QERESATNg, FIG S Redtigniesen fitoe sharpof a process that
explain all instances of w ggl ing. In sone cases,
map bouseddnan egibediment of @mlmgen 1P 6W@ft61m§@ phgtoresist mask is

1 [
pERRTASH 0P, 15,4 SR REBE0 R BN et 98090 e
20E SR aStbst@re 2041 ki atﬂh@ceﬁfe@ E)hot‘vbhelsfshmla& m ﬁltﬁ a\fedteref204, over a
193 nm photoresist. [0018] To facilitate

ARLrH&; gmrﬂmﬁ stgh lappr08ifornsing aritagh 208y dhe phejgresishmpsiphasa

b
oSS Bl Y A L0 PR ERP L B Vighl st i
316 51180 sthAast pbilsBle PAIrs PreSdlfio Nt R4S ﬁﬁqqﬂfi)tcﬁraﬁitlaqmbal CD for

view of a layer to be etched 208 over a substrate_ 204,
thevphptoresish ataydeR88-25Aoun nsingsonyrasrng pPocgics. A0periide e

the et gh
et A Sy S MR B B R AR08 B
etcﬁ&ﬁtﬂ{eﬁ thé {)ﬁd‘t@@klstdl'a?@ﬁ§ Aerd 3R fornhpledionesiyt fegtuidaavith
w dest part of the width 316 of the snall est possible

phdtemsist @devRllssent | y, for 248 nm photoresi st a typical
CD for the photoresist maybe 230-250 nm using
[00a9DV e kidewbll fuyecBIE@sed dher ﬂiemded&allb b’éthpa!hb‘@r%@d features (step
hot or esi st mask, a photor eS| st t¥1 ‘E
109 )orHE 218 ket sahgmaliagross-pestipal dih S pal e hotdresibe mask 212

wi ggﬁtl&rvx?a?ll Vat?etrlﬁl’f & At th%r %ﬁﬁn‘ L F’éa@d&@tz@!i e$hstidewall layer

ur es or esi s 0019] A sidewall

praf@ysly f@ﬁnsfs@bs‘teﬂlamvyarerttdwami dﬁ\f@'lﬂak&déwaltse Arhcvtam;és pEa
features (step 108). IS a_schemati

substapsially eartipd madewlléw éﬁewﬂétlﬁhfffﬂé\rtr?éf&mpﬁ%% akesan apglgof
212 wid h ositio
betyiega 1'1059%0 @ﬁ%’?eté rﬁisgﬂ’fﬁgug?g%% \éF fiw%{/sel}avead position

layef @hetaaklystiiany tisddagicanickadsk Yrowetht lt@;ato thatottemn ob theefbature.
sidewal | s. An exanple of a substanti al ‘!‘ﬁ/ rtical

Nog'r@aﬁm:mal sidewsallsi raaniarn a faeating o mbERHLe PGP Rdich
0 i
pl‘CfVé%eta subggﬂ'ﬁa%{y%e%?cﬁg’dg\giﬂ?ss wg&lédtsm%\x}aﬁg f%ﬁl ‘ﬁ{e fa@&mg

ve a deposrtion
formation) or bread-loafing sidewalls may increase the deposited layer CD and provide a

poor etching mask.

[0020] A break through etch may be used to etch through any remaining deposited
Jayer immediately above the etch layer any other intermediate layer above the etch layer

(step 112).

[0021] Features are then etched into the layer to be etched 208 through the formed
sidewall layer 220 (step 116). FIG. 2C shows a feature 232 etched into the layer to be
etched 208.
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| ayer that has substantially the same thickness from
the top to the bottom of the feature. Non-confornal
waeaenzlskes may forma faceting or a bread-| oaf PEmyUS2006/030028
formati on, which provide non-substantially verti cal
sidewal I s. Tapered sidewalls (fromthe faceting
[0022)r matlihe photorestt emtisilondll agershajethan be stnipped tape2dp Thie may
eposited.layer CD and provide,a poor, et chi. mask.
be O5F0p SRl SUROR FRSGRHABCHRS Fa HEPRBIs o PgS B et Temoval step
d o et 3 StESTBA BiRGmAS BO BbddSEr tHR%EL "ﬂ@@‘éb&"s?bm. 2D sh
n aﬂg]rgve tlsheprgjt cf?"?ayen:{@an ot her irnterr%)'tlji ate |layer Shows
the atack 200 hiterehe fedoaiyat layatanp phdt@yesisf 00K havedwtu rasovade

hen etched into the layer to be etched 208 i hrough
ARG SRR oS HBAID OF 2pUPTaS SR 1gh) 1B KRple & Seiact 240 may
thelg gg 1 dfi %%%%3 Zr 361188 aldBhWali8cdn@¥BNcthR, RereRiCASHbe

022] The photoresist and sidewall |ayer may then

etclimd tefore pirecbn(ast Bfod24) . Additisnalmpyochsetimap ba pedormiadgifter the
st e&tor t separate steps with a separate deposited
confagl 5 10MB%hval step and photoresist strip step. Ashing

may be used for the stripping process. FIG 2D shows
[0023)e stFAEk3 Boomaredetailer dlogeghsstaf @d embpdimen gf the forming a

..ph resi st _.nask; h een I. ved.  Additdj.oRal . .
siafRt B ESH L R LAl e P e IR RS (B h0A) Mhisgpop s 0 yelica
stee HRMRIr8pecafed @@ MadtGivictd O\ BB ofnhd NayRPisfdRpoRdioveit A8 photoresist

feature. To provide a dual damascene structure, a

layer(step B OfmyT Hiseconfosmeblapestis thentetrhed bagkde retheve atyrAsgosition at the

bolep LR PR R R4 ey M B 3 | oo
flow chart of an enbodi nent of the form ng a sidewall

| ay r sidewalls of the photoresist features (step
108). This step is a cyclical step that is repeated at

[002¢hst Inwhe examtple griubstraie 204 ywdth the layepiodierasehed 28, arhARC layer
h i st | (st 4) .. The. _conf | .1 i
o RRA SRRl M BT TR e 1

bott om of the photoresi st features to for

[0025iendilt- f & e@é%}él@%#)ﬂﬁ_@@&ﬁ%%d[a@&ﬂ?b@HI%BW@.‘/ be used for
G SR8, R B bl H5e baRA phRs i

comrides 2didiriement AggdiZnamopret electddedidl a 1dvoh 2bctrbd€108} a gas

is a schematic view of an_processi nA% chanber 480 t hat
so 10e angkaiyexhgpst pump 420. The gas source 410 comprises a deposition gas

source 412 and an etch back gas source 416. The gas source 410 may comprise additional
gas sources, such as an etching gas source 418. Within plasma processing chamber 400,
the substrate 204 is positioned upon the lower electrode 408. The lower electrode 408
incorporates a suitable substrate chucking mechanism (e.g., electrostatic, mechanical
clamping, or the like) for holding the substrate 204. The reactor top 428 incorporates the
upper electrode 404 disposed immediately opposite the lower electrode 408. The upper
electrode 404, lower electrode 408, and confinement rings 402 define the confined plasma
volume. Gas is supplied to the confined plasma volume 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 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
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formng the sidewall |ayer, etching, and stripping.
The pl asnma processi ng chanber 400 conpri ses
weonfiozesment rings 402, an upper el ectrode 404PCHUSZ&030028
el ectrode 408, a gas source 410, and an exhaust punp
420. The gas source 410 conprises a deposition gas
clecimde d64 4hd thatbvaen cktiodddriSk Rydls thedirstRF ddiee 44feangldbe second

source 410 may conprise_additi onal S rces, such
RF SQirg 443 Ay GemgHee SoLMEw borver soyien it P MHA BRF BB eng

DiffeHTREmpAAHond %ngm’%lﬁ Z{tPlepo%&H‘ t e%‘fb%itrgaé’%%g)ok'ﬁﬂ@. 8 case

ower el ectrode ower el ectrode
of lianc Begardht @aparation's DobhlFreqizaty Eapacitived KRG Systemamaderby LAM
e.g., electrostatic, mechanical .clanpjng, .ar the
Rea%meg)dmraw% H§repentsLEpig: évllzéumg%%u$eéae@&ref%fﬂ
' t (OO [
e R o P ] N D i sgega v the
secoiipRF pelvec squpeked 40cbnnéaistkto the atet oldetrdddd andithe upper electrode is
confinement rings 402 define the confined plas
groypfledprd C@A%olli%‘*gwﬁpmé@lqbbv cmBCgiehtd e Mmoa@ﬁag@b " feexhaust
' f.r
purl} 420208, SRUEGES HH0 PATDEE SYRRLSLEE oM ke th layer tobe
etcHHA2 08rigl a diel @xfi@lagér, puhtas biticoh exidk baviang sitipaté Zlhss. A
first RF source 444 is electrically connected to the

[0088Pe" FeGestsnosif s fustate AeBRfhufdr s@th ¢ 800 4hidtSis suitable for

el'ectrically connected to the |ower electrode 408.
impbraetiing avainirollasiB Saused ouembaduments nf thegnesent invengion4 §3G. SA

shops 4 PRS0 P B o i LS Ropmb Ul P (L RO ber
systAPmIP Ra GORREY %l_%fsﬁsalzf%n%'?an@ﬁl‘ﬁorﬁ QN ii6prafRd cRcwdt, Mp#inted circuit

power ” source. fferent conbinations of connecting RF
bogodyvemd atsmallHendhald teddeumtosn Ijmgesupéreoniputerh €ongputer fstem 1300

incfigs MSpA0e MO nBORPBY 10 M B dROG Ot ST DpLEng Kepoard
13 lﬁﬁgﬁ@yhou@h 3 1201 HisR 1 3 Whis Gl oRYitdPScddaBId rhdllidin RE& R tF@dfer data
enbodl nent of the 1 nvention, "both the 27 Mz and 2 VHz

to gndvieom somputessysteke13(9. t he second RF power source 448
connected to the | ower electrode, and the upper

[00gVECt rradesBSs g exngRelof £blook tiiagtanefor 43mputer system 1300.
control | abl connected to the RF sources 444, 448

Attestied ig 5y ugt P3P0 ia A avide wargiy ok bysteras (Proqaseorpd322 (also
ot PURLS B PG S Y ) B8 BB BOctucing

n ox

meftoty €348 MIbRASEy 132008 ddsIrfadonSadelssaien &y (RIAMpardaesd-anly
conmput er system 1300, which is suitable faor

meinopy RRMDI Ag iaweD knewh insthe 485ROM dcts o Batsddidataang ipgtructions
TSI TSR g R R B Bl pgins
a bE@HRHoRA] 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 also
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 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
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system may have many physical fornms rangi ng from an

integrated circuit, a printed circuit board, and a
wapai7i2tsandhel d device up to a huge super conpRECEDS2006/030028

Comput er system 1300 includes a nonitor 1302, a

di splay 1304, a housing 1306, a disk drive 1308, a
starkleybdsltidn 38 v0tuabmemarpusenary 1324, DReovabiedisk 1214 may take the

fon}lrgpme t%ggl%gkg_{gﬁ? 1%6‘53 13[%53% na sfgg |d§t gnto and

e of a bl ock dlagran1for C nputer system 1300.
(0038} ac ac Y { R xigelseroppled apveriely of igppeowjpitidsyigep puch as display

13 oﬁ“i@é%% %r%rﬁ 10PLBGEESHI5( eﬁ‘)d sﬂyéﬁé&%'g%o I gérﬁeul ’S;?le (%)Blfltgcﬁltput device

ént’ral processing “uni cou

maﬁb@ﬁl@gﬁ EHRdeb deplays,redck By nﬁwﬂieybohﬁ&4m1d&/éﬁufn}és 13Ah-sensitive
. i.ncludes random access nenory (RAM and read- onIy

displayse frgnsdremcardugadess, maane%@mp%ta%eaa?rﬁ, talpdely stiflpaesy yoice
or PREREAEE AR O Pl S BERLP BB gty

may B& téuptéd @nSother sorputel dr&elbmmﬁhmmm hetvdak Iusmg ntfiesie
_ types of nenories may include any suitable of th
1n&géﬁ9

L340 - Withaueh 2 nﬁ%\mﬂal%@@m ibiscrop@mplatechnt the 2y mHght
rec?}?z?nf{wjl%l aggﬁiﬁ? g{r%la dJ)rr rﬁgéx{ &ﬂ%&tj 1¥fotr1 y ang}ﬁg %e‘m)o?' in the

age”* capaci
coulrtCdfY@ o ngﬁe ﬁﬁb@/e(&éﬁfﬁib%@ fretiRddsedps Fﬁﬂﬂdarﬁloﬁi@ Sﬁtlhcklbd

bel ow. Fi xed di sk 1326 maybe used to store rans,
emblediments of therwesenkiaverfipni 8y sxeretg sphplypon (it or may execute

oveg PR R A PlRe AR By g i pdf atdé’? ?*ﬁp%’*ﬁh% :

portibh of fRtprédesdigg ai ned within fixed disk 1326 may, in
appropriate cases, be incorporated instandard fashion

[00@?&/\” rlﬁ ld@(lh i0E 060 diflerE IPthY predédt-inRBABY dhtifer ?él§t5 tcg-&;xﬂputer

e formof any of "the conputer-readabl
storgepsoddes wltﬁmcbmpltmmeacﬂdbd)ﬂﬁ]:dl(ﬁuhme pernﬁhtsncmhubehe@ for

to a variety of input/output deyice su di spl a
perfospang Wé%léé?@l"it@’l enpf%eﬁ%fsg ParBtions dhe e hend caBler o
e
or ﬁh@ylﬁ'iay beios iHel klﬂd dic fthays and awailablede thorsahaivmg ddH s the computer

magneti c or per tape re %ﬁ t abl eér‘é E
sofiyeTe arty X f@PW@uﬁeee@g ¢ Bredia ig¢ly ibm g HPE ipd to:
s B SO 0P L PR R, i oA

CDWRONMS a[iﬁthmgtap}ﬁ& éévii essema@dio-opil dah nedlsuah aseﬂupirdal disks; and
i nterface, i s contenpl_at ed t hat the CPU m

har drasogh ot AErepERAllY G EHER ARt 400 G5EoTiR BIREFSR Eosls such as
apphcat 3! fe B} 15%&&1@&1 QRLNE KSI'C@) t1:>pc§‘grammable 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 embodied in a carrier wave and representing a

sequence of instructions that are executable by a processor.

[0030] In the etch chamber, a sidewall layer is formed over the sidewalls of the
photoresist features (step 108). An example recipe for the deposition of the conformal

layer (step 304), the deposition gas source 412 provides a flow of 150 sccm CH;F, 75
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course of perform ng the above-described nethod steps.
Furt hernore, nethod enbodi nents of the present
WO poog2isen may execute sol ely upon CPU 1322 or PEEYS2006/030028
execute over a network such as the Internet in
conjunction with a renote CPU that shares a portion of
scctrhid,,pnd d 66 s¢ony Ar| Dbepiesdune i iSO Temb dbe mestrateds maingained

ot et O 70 G Tarassont RF elude et PSR b ket ¥Rquency
of ZONIMNY £id (WA b RLE&HyLPD NegEf orm ng vari ous
conput er-i npl enent'ed operations. The nedia and

[oogimutﬁé §Q$O?a%éﬁ16 Gk IeRe sgb‘ﬁ%ﬁéﬁ{l%\z ofigsimined, @aqmder an cich

tra purposes o present invent

layer 608heyderay ARC nyeIt 6D, kihded a\mttémkahphwtoasﬂt hyen dlabhmiet a
t hose haV| n skill in the conmputer software
deppsidgheaadoraral byrpeale rln thig gxample.fae renfpmeal heper 6%% t:ova'fr%the

s1d{;\{3£114 a{nﬁ‘é&ggfﬁlQ gh%%%f‘sH BG a%d%h'é? RS *bae[t‘#hd@%o%ﬁ% fthe

magneti c tape;

ph@eaa\zf&a@fué 6hal qagbmahd:rﬁbcaﬁmemsthe tmghﬁﬁai-lmst ntight nnsetsla a
such as floptical disks; and hardware devices that

deppgided en thy Adenet @eﬂaeaom@féhed?@tcafﬁﬂstéﬁ%@ﬁe pieablinthe deposited
co 5L B8 R PRI SRR A8 DRISRAES, gLt

corffévh 4l €MieE ﬁ%et@@%h@ﬁol@}fer aadTp uirethidko Adodt pedferdelyhe ldepssited
code, such as produced by a conpiler, and files

Cmﬂbﬁﬁdﬂ%@h@1Wh@ﬁ@wln@véﬂﬂ%é@%zﬂﬁdﬁugre executed by a
conputer using an interpreter. Conputer readable nedia
[Omy al Byofelrbly; dingpdepesitiog the donfomsal lnyedompriaecaigst ee of atomic
a si naI enbodied jin a, carrier.

d ...
leypelsPeS A G AL SRR Biors L PLEE RS EHaplagpe deposition, and
pla@?ﬁg% He %&‘m@al %g&%?@gltéor[ OO Ijeﬂaréﬂ?? thd Gébo‘éﬁ‘l% %r

a si ayer | over t e sidewalls of fhe
corffbahal ﬂ&}&r stmpeses at kesst(oat eﬁchle&ﬁgcal vAporede@mptlen rspufitgymgf or

t he, deposition of the confor 304 h
deppspiios; Slﬁﬁﬁa ROSKigy A anﬁfigﬁ?ra@y §§W°&¥twi} @ %%félﬁ%ya the
sub%‘%&erﬁﬁér&t%% aifidhed BOREEBONC antE20P "Cesééﬂ'e?allys 15®1C is the

he substrate Is maintained

glabetmsitinue@pahtzé ofphotdresiste dois qbrd:ﬁﬁ“rexbuorlmep tlwasubstmw des
400 Watts at a frequency of 2

7 MHz, and, O WAt t

temrest/ie help Vo thabelRpBETR B9 1y pdresurasot the PLotgiERsheNPee preferably,

L1 8¢ € 2884098dRh0RBredérably, th
the Sr”@i"?at%%&‘td %‘gjerlyfgﬁmiﬁ% q%ae;‘g?élmg, under a pact) t grr ned
sutpheteaeapératurd Byedintain2d atPefes. Bre%aiﬂy; thetias pofeotiata$ less than

| ayer 620. In this exa e caopf I 62

12 @%]és( Mpregreterably, the blasnlg)otentlaﬁ 1s less tha olr()%olts Niost pregarably, the
bias potential is between 20 and 80 volts.
[0033] Preferably, the deposited layer comprises at least one of polymer, TEOS, SiO»,
Si3Ny, SiC, Si, Al,O3, AIN, Cu, HfO,, Mo, Ta, TaN, TaO,, Ti, TiN, TiO,, TiSiN, and W.

A polymer is a hydrocarbon based material, such as a fluorohydrocarbon material.

[0034] During the etch back (step 308), a halogen (i.e. fluorine, bromine, chlorine)
containing gas, such as 100 sccm CFy, is provided. In this example, CF4 is the only gas
provided during the etch back. A pressure of 20 mTorr is provided to the chamber. The
second RF source 448 provides 600 Watts at a frequency of 27 MHz and 0 Watts a
frequency of 2 MHz.
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sidewal I s and top of the photoresist |ayer 612 and the
ARC 610 at the bottom of the photoresist features 614.

wo pooowiusso enbodi nents, the conformal |ayer m ghCT/mS1006€30028
deposited on the ARC at the bottom of the photoresi st

features. Preferably, the deposited conformal |ayer is
[0088} we dGabRuonebdpmatie erosesephipdl iRy omwsba@f@ﬂa@ﬂv an etch

layéJl’)g)SdS{i rﬁsr 'aﬁ %g}((? Pnf 61 %,1%(#65%, terne? Héc\)qﬁreslgglagp gban &1 the

corFOiQ 43R} hasheeh etcﬁecb'@atdk&@ foreh ﬂ@mmmn feomsl the d@:}?fbélfw Gknformal
[0032] Preferably, the depositing the conformal |ayer

layeto Fp iig exaraple) the partsopfhe cordfersml éayeaytefende psstop iob the photoresist

o 3 R PR A BV BB L g

onl¢@N&er boh @b 1w Lls I%‘fﬁ{e%ﬂ@mr&’msttfé@m@@ PRSdthérehodBnents, the part of
conformal | ayer conprises at |east one of cheni cal

thecapformaklppesi OtVﬁlo'fﬂie tegpelt the photgregiehoey tamxmn splth@ ipaly the layer at

d
thedPRRR RS on s SRS Du S B AR s PO o RER elohbi
HoRel&esucB8n ém8odimead s&ne@eﬂerc@hfo\fmalll@er%vleISthte "ﬂ&) gﬁtﬁés

transition tenperature of photoresist. is preferred
phatorekigis rethevesu s suchtan anghmdémentythe cbeﬁoamaltlh)aar rgghaising over the

nsition .t eratyre of the photqresjst. Mire
topmfilﬂeemwmﬁ F oo e e et BRESKe i nt ai ned
ween -10 C and 50 C. Most  preferabl ¥ t he substr
[00§éhperlatﬂ@ﬁ exaleplﬁﬁhﬁ%ﬁl%eﬂfoam@dh@ldw@ (sign199) ?%@’“Slng the

stofl SRR AL bficobBrbfind e %.)Xﬁﬁb‘s@ef{ﬁﬂfﬁk (3% 3%,

perM:rﬁied Risizizen Babti, cyclve. Mas predérabilj thk fortibgthesitewals and
80 volts. [0033] Preferabl t he de osited | ayer

perggmseibstecensd qnd adtcyelse MOS{W ALY, t lrsi thy sideyvalipis

per)?drﬁ(ed%e&éae‘lnécgﬂl\]lﬁl gclggv‘l/’regrgﬁf tﬂ\éDCOm-ﬁetecir hlew;i?%%rs Lle thin and

etch assatantBduek haless theg mO@ﬁm&hfckU ‘Mcﬁh pf’d‘félﬁbllybthﬁ cﬂﬂlﬁaﬁﬁtedadldewall
[ 0034 Dur | ng the etch back (step 308), a hal og

laygis aee betweaet ¢ menoli@y@srwﬂ 80 nghihek rMystmfmbm fg C@ﬁ&)lete sidewall

suc 100 scem S jded. In this exanple,
layaéfref@%‘fv %rr’illonoﬁg%r aggqungéhg\i(durl ng the etch back. A

10035E onlniReies sPeBmEals i bie e e Do Ba O Pl gL

an(ggr&ghgms@@g 0 Watts a frequency of 2 I\/Hz [0035] FIG
Bi1s a sch rratlc Cross- sectlonal vi ew of a substrate

er._an | a u
10038l "5 s hEAbisAE Hsp el et e A i B Ry By
remaining deposited layer on the bottom of the photoresist features. Such a break through

may use a recipe like the recipe used for the etch back.

[0039] An example of a layer to be etched is may be a conventional etch layer, such as
SiN, SiC, an oxide or low-k dielectric. A conventional etch recipe may be used to etch

the layer to be etched.

[0040] To strip the photoresist and the sidewall layer (step 120) an oxygen ashing may

be used.

[0041] The forming of the sidewall layer over several cycles provides an improved

sidewall layer profile. Providing the sidewall layer through the above method has been
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conformal | ayer has been etched back to formsidewalls
624 fromthe deposited conformal layer. In this
wex@motesso t he parts of the conformal |ayer covRCT/Ds20D6E30028
top of the photoresist layer 612 and the ARC at the
bottom of the photoresist features 614 is renoved,
fouhe tovimregpesiedly seduay bne edgetrbeghoiste kapddition, thteidewall layer

proBiiS; Resioust sisra iy Egptiolobids Peira S BERAEY HaenlbFaPakimaqut o
top TR¥%r bERG M 138 LdAabdRBliNe b loa¥kles@t the bottom of
t He photoresi'st features over the ARC is renoved by

e et [ i
(008 S35 F 5PEeq SRUREEL JrtaSHE Bufth, SRR or RO Bocthed
layéreeml Bakk, bieak tigbugneteliyhadictohitle, oftithelagarthauph thd sidesvall layer
remai ni ng_over the top of the photoresist |ayer nmay be
may,be dongsingifudp &1e m@@@tchﬁékmbf@@%@]owm this exanple, the
cycle of formng the sidewalls (step 108) conprising
[004Bfe stWhide tiis Wepumnttianbednrdescrdredan tarmg off agveral psefeped

304) and, et chi back (step,.308) is perfo usi.n t
empatoet3, steiads AT B BREAR hnd R g e g vatedts,
whith Y‘@lltlgfn the sﬁdéfefo(f KB thvRRENE AP st uBN Al s@Pe AY1el Bt tHRSdre many

prefera , t formng the sidewalls is perforned
altdnedtive avay3 ofiimdpléfenting) the meBrog endibprerathees ob thelpetsent invention. It
. sidewa)] | layers are_thin and etch.resistant, such.a
is theretore wignded iah e pllekng %P@dﬁﬁs Shimshe {pterpysted s antudragall

[ - ar e ;
s BB B L B T B Bl B0 I th e
spiar sndoeb peefitha prsaliaweatiomand 2 nmthick. [0037] In

ot her enbodi nents etch cycle may further include

addi ti onal deposition and/or etch back steps. [0038]

An exanpl e of a break through etch reci pe my be used

to renmove any remai ning deposited | ayer on the bottom

of the photoresist features. Such a break through may

use a recipe like the recipe used for the etch back.

[0039] An exanple of a layer to be etched is nay be a

conventional etch layer, such as SiN, SiC, an oxide or

| ow-k dielectric. A conventional etch recipe may be

used to etch the layer to be etched. [0040] To strip

the photoresist and the sidewall |ayer (step 120) an

oxygen ashing nay be used.

10
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[0041] The form ng of the sidewall |ayer over severa

cycles provides an inproved sidewall |ayer profile.
woe@viozhismy t he sidewal | |ayer through the abovRCTES106030028

has beenfound to unexpectedly reduce |ine edge

roughness. In addition, the sidewall |ayer provides

i nproved sel ectivity cont@ClohAlM$t is believed forming a

sidewal | layer without a top |l ayer or bottom | ayer can

WhiiEsuegnéd 3¢ edge roughness. [0042] In a preferred
enbodi nent of the invention, the deposition of the

1. depRsidirsl foﬁﬁcg{niinge& fhanhanka labérasikh fdahQiddhetlded rowphéhing,

etching of t ayer through the sidewall |ayer may be
congpoismgi N situ in the sane etch chanber, as shown.
[0043] Wiile this invention has been described in

t er s f@atisey phétbrasiselager @er hotmdi;,ments, there are
alterations, pernutations, and various substitute

equi v ?h@é?ﬁﬁl[gttl‘i@%mo%ﬁlsﬂ lay¥r b foimt frRtr6aR deiliret Miith photoresist

i nventi on. shoul d al so be noted that there are many

al t er nidewalds;ways of inplenenting the nethods and
apparatuses of the present invention. It is therefore

i nt end@ehihhatidewell 1kt with aghiakpsntbesthah dDéembever the sidewalls
interpreted as including all, such alter

per lrrupjéthemhgtoraﬁ%ﬂ fpdpten somatipae PPUPENEg deneaBiafiy ofeveles,
| nvent BRSPS R 88, O RO REGRF M

f or M Rgheseif GRtdepesiicd 1@y Byter thidkhbssrbetumad homaayed pe20 nm;
" rougheni ng, conprising: form ng a photoresist |ayer

over thilA%etresRALYRS RGahiolsh PRQIHOREHiS edt@¥ € rant O
forn1pho%é$%sig? featurzs mﬁtﬁhphotoresist si dewal | s;

formng. a.sj LR fiiy ess |l ess than
100 n%%g$érgtgggﬁé40§esv\gﬁ&g gy%%c%g;aph toresi st features,
co i Si perfarm.ng, for. a,pluraljt f .
2 OB SRR LI Buhn, SuBHHLSk e Bt pe g sdevan
layd RirPRPERN S:$de8 btchRp@aclRIdRbobifed Sayde ROBinoee phidy&f thbdgposited
a’ thickness between a nonol ayer to 20 nm  etching
layérefatedesver bhbtornb ef thepbptordsish trghiress svhilh deayingsd sigewall layer.
features; and stripping the photoresist |ayer and
3. si dEWedrlettody®y recited iftheay oftlhia, 1-2swheeinttbeldépositingitim layer on
wherei n each cycle of the, for{n' ng the si deYvaI I .
the photoresist layer, comprises performing at least'one of atomic layer deposition,
chemical vapor deposition, sputtering deposition, plasma deposition, and plasma

enhanced chemical vapor deposition, with a bias potential of less than 120 volts.

4. The method, as recited in any of claims 1-3, further comprising heating the
substrate to a temperature between -80° C to 120° C during the depositing the layer on the

photoresist layer.

5. The method, as recited in any of claims 1-4, wherein the depositing the sidewall

layer over the sidewalls is performed for between 3 and 10 cycles.

6. The method, as recited in any of claims 1-5, the depositing the layer on the
photoresist layer comprises depositing a layer of at least one of polymer, TEOS, Si0,,
SisN,, SiC, Si, Al,O3, AIN, Cu, HfO,, Mo, Ta, TaN, TaO,, Ti, TiN, TiO,, TiSiN, and W.

7. The method, as recited in any of claims 1-6 further comprising performing a break

11
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| ayer, further conprises etching back the deposited
| ayer to renove parts of the deposited | ayer forned

wo@r/obistd ons of the photoresist features, whiPE&I/US2006/030028

| eaving a sidewal |l layer. 3. The nethod, as recited in
any of clainms 1-2, wherein the depositing the |ayer on
the photoresist |ayer, conprises perfopning at | east
oreugi etelh andteh thayeth atepenainingriepediedilaat. vapor

deposition, sputtering deposition, plasma deposition,

gnd Pl iRetkdH) a@fe@ﬁe&hﬁaﬁk%uaﬁﬁmﬁ, dapesi th dspositirigthalayer
bi as potential of |less than 120 volts. 4. The net hod

a8 thepliatendsistiaganythe ttcbingibask, theabrepl: throtgh, sehibeickihing features
hea inq the substra}e to enperature between -80 C

25 499§ %fﬁ%?ﬁ%ﬂn@ﬁgfﬁgﬁéﬁg?ﬁﬂb the layer on the
g0 o2l o FLer oy The Mol o o Feel o [ con ol
98&?@%&%}&? bﬂﬁl‘g@ﬁéﬁ gg ’laBz@f 5% 186h b Othe BROWRAT ?r?y%_ﬁd 10

cyc as recited 1n"any of clains

1-5, the depaosi.ti t l.ayer .0rgs4 st | ayer

St gaury el By aRenpl of MR HARhiRlash;

olymer, TECS, SiQ2, Si3N2, SiC, S, A2 AN, Cu, .

i el heifor e (e, ik 1y i rephcon e RUBS i ERgine

%Dnng-pBPﬁin thod, as recited in any of clains 1-6 further

conprisfng perform ng a breakthrough etch to etch

t hrough any.remaipi n I .

s oot it ARG fERESS Rt BiEler b i fiyerh Rath

deposi t i ebtbiesist R}@Fesaith Pidt@bsbtasidsiass; | ayer, the

et chi ng back, the break through, and the etching

features Bewdll Blyblyitha iSRG RsPihas 180 fRaTRELhe

9. The ng?ﬁ@ggggsereci?ed inaaﬁy of claine 2-8 wherein

t he et chiidgwhlisodf thephdieresiselraives, @anprssing parfosming for a plurality

deposited_ | ayer over a top. of the ghotoresist | ayer. A

seni cond@EgiesguhsER sagh RRTHE et hod of any of

claims 1-9. A nethod for formng a feature in an etch |

layer with reddepeitingrelagergm the pheterssishlayerompsreiaithyydeposited

form ng a patterne [ i . h
37%3{ o?@%i%ge b%{wéeg axfl?%o% Y& 28 B Bl

| ayer to form esi’s ature ot or esi &t

sidewalls; formn sjdewal | . er wwth a thickpgs .

| ess than 100 Pﬁgmkw@PﬂL‘?%W%w%@WWg partS 6 ffid deposited
p|h0t olr _etsi st fealt &imeA VB botioh JTehd SHOTbrRM st festues, while
plurality

leaving a sidewall layer;
etching features into the etch layer through the photoresist features; and

stripping the photoresist layer and sidewall layer, wherein the depositing
the layer on the photoresist layer, the etching back, the etching features,

and stripping are done in situ in a single plasma chamber.

10.  The method, as recited in claim 11, wherein the depositing the layer on the
photoresist layer, comprises performing at least one of atomic layer deposition,
chemical vapor deposition, sputtering deposition, plasma deposition, and plasma

enhanced chemical vapor deposition, with a bias potential of less than 120 volts.

11.  The method, as recited in any of claims 11-12, further comprising heating the
12
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of cycles, wherein each cycle conprises: depositing a
| ayer on the photoresist |ayer wherein the deposited

WO ay0e/02158& a t hi ckness between a nonol ayer to POI/DS2006/030028

and etching back the deposited |ayer to renbve parts

of the deposited |ayer formed over bottons of the

phot oresi st features, while |leaving a sidewall |ayer;
atisdtiategtof astamperatiré bétoveth 80°eT tch1 208 Weduridy the dépastimg the layer on
photoreS|st features; and stripping the photoresist
Ithg/Rhotenseistdpignal | Iayer wherei n the depositing the

| ayer on the photoresist the etching back, the
dfehi @efre@th , @8 recipdlinsany qé{@lau@s atd3dwhereinhe fenpsitingahe

S8R P SR 0 R4 Bt BT Vet SRERD e " |
f
&Em P Rty HSEOn. 4@?&@%&@&? Therain thE Aotastig e layer

[

R B DR RAT Db BRse Al A TEne F RS Ll oot T BB,

[AEE@StSi@h, IN, 8KS Sihah01, 240Ny Glu Hij, Mo, TFeg Tal{ Ta@;, TasTiN,

reC|ted |2@30% of clainms 11-12, further conprising
strate to a tenperature between 80 Cto

120 C durlng the depositing the |ayer on the

pHot ordes¢rsicondugtar devige formed petiomethad of ary eledaims 1dnp.

of clains 11-13, wherein the depositing the sidewall

| ayer over the sidewalls is perfornmed for between 3

and 10 cycles. 13. The nethod, as recited in any of

clains 11-14, wherein the depositing the |ayer on the

phot oresi st layer conprises depositing a |ayer of at

| east one of polynmer, TECS, Si2, Si3N2, SiC Si,

Al 2C3, AIN, Cu, H O, M, Ta, TaN, Ta®2, Ti5 TiN,

Ti2, TiSIN, and W 14. A sem conductor device forned

by the nethod of any of clains 11-15.

13



