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CRI TI CAL DI MENSI ON REDUCTI ON AND ROUGHNESS CONTROL
BACKGROUND CF THE | NVENTI ON [ 0001] The present

WO paoensi3en rel ates to the formati on of sem conPEUSZ006/018142

devi ces. [0002] During seni conductor wafer processing,
features of the sem conductor device are defined in
t he GRFBEICAL DIMENSION REDUCATON ANIWROUGHNIES\CONTROL
processes. In these processes, a photoresist (PR
material is deposited on the wafer and then is exposed
to light filter @Aéﬁﬂéﬁhgb%'T-‘f@f&?@ﬁ#@@ﬁ S
generally a gla . h
exenpl ary feature geonetries that bl ocllj l'ight from

at i ] \r .
Throdon (he rarrarreridf 1t £ @ ool of HrkoR R Myices
t R80Zhot dhebigsemimindvdtard wafEhprobésging, fohmnges thdw@miconductor
chem cal .c asition of .the photoresist material such
(e AT B oo wsing welk KBewR paering and ciching processes. In

' =t : .. POSI| .

PRELYESeR, TR 010 M B g and e
rexposeeido lghtifiitered b a eetiote. dfheegélt isvgenhdly rgsk plate that is
materi al s, the unexposed regions are renoved. .
THUFESA vWih cxemw AT BTy seamalFesthebblparibgis fromepropagating

qﬂf&ghyﬂé&gggi@teri al fromthe areas that are no | onger
cte

pr ot y the photoresist material, and thereby

debo3ie t Refted padsipdhioash tHeastidls) théBgMebefactsiROQdHace of the
Vari ous generations of photoresist are known. Deep

Uhofozesystanaterial Dy lighihenges il chiemient powpositiyn @ftBe photoresist

' . i 1Lt at d tanding, EIG |IAis a .
Bl i BAE 0bleRindy BREREGYERPoRtty (P garenal 1n
Shibsdse df Bosifide piitbrBsist Iﬁé’t&ﬁéﬁéﬁﬁ@e}@%)@&gflegﬁhﬁ brd t@%f]l%(/T:dlé )Jf}écrl in the

over an ARL (Anti-reflective |ayer over the [:

ros efgegativa pivieesigmuteninly tixt arekpded regities rhodmovedi St

P G S e AP PR i b v Ay st
24 8né léﬂn%%%?r@fe@&ﬁ%& e PROROEALt it ?rfdgﬁm@gyﬁ%festbg gestirgd

may b 250 nm usi'ng conventi ona rocesses.
dpatiusaln theopdert | es dependent on wavel engt h,

BT K atio e A o A Peesis, et P g VRGO 0BTIV)
BnbRAbai & dpBsdny 24 HEnE RO Mkl FIG. 14 jop

GEhemiaticlveossesattiomel tiewawilglch 10§ ovdre siB@taus €04, Wathofpierned
116 of the feature in the photoresist 112.

to the. : _
PROISFRISt 2581 L b evepnct K kb sefloativs e g over the layer 108 to be

etched forming a stack 100. The photoresist pattern has a critical dimension (CD),

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
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be larger than the CD of the photoresist 112 due to
faceting, erosion of the photoresist, or undercutting.

wab@ofizsture nmay al so be tapered, where the CDPOf/US1006/018142

feature is atleast as great as the CD of the
phot oresi st, but where the feature tapers to have a

SR h@brewd ditihe 0ERET thOBhdi6REY, Sutt\?l?ér@ e fOMGFR thRETd e a

may provide unreliable features. [0006] In order to
pnmalledwidtk abartbs foaturé bettah.| SuchGBperfnganay provideumesdiable features.

o5 et SRt S o5 B 5 o
ARl iy, 0, eSO gty 109

plisih prssie shift rEticles walidttlettectablogys 09@1 08 hneCh pheowiresist pattern
wth a CD of 90-1 00 nm 157 nm photoresi st is exposed
byt b foamaert ks, 1931 ghotReesist: sHi orkkhed togRaviae Rdrature
t £S5 :
EARARIOR o B0, 18 ) PURLESSS, Shoghel b0
SpHas@éhiftAetidRs 4nd Qe tebhtoldge sl 9Gina GLR phavexsisepgtehns may be
phot or esi sts rr%a%/ provi de additional probl enms over

&

pleomed. eEhis epuikbazple torigevidaafeatargtifisa supP s &y CD s

T
g}ﬁgﬁleﬁ-& RS BSpRGRorkdi b ASiHA MDpe LR bV dIERMs. T ®RAAATY s tR3e Ritthe

toresi st and 157 nm phot oresi st may not have
stheereti¢al liiitthe dishdgrapihy agpiraing shouhbemergprgcise, which would

CRENTLBRE DRGRE Y TBBERp PR ERRY ol CaRaDRETB nd 157

! gﬁgﬂé%tzoré% pna?%o:t RaveiB1eb@¥iTBY dsARgiPhs lﬁﬁég?rvb’avﬁﬁ:ﬁ%t%%otdrésists

sirable to 1 ncrease device density w thou

darmli maysimoregeapidy fdeformnoder pBisvMaERh @RJiTidES.] NVENTI ON

[0009] To achieve the foregQing and in accordance with

£ IAROBL b el o HwARAVS/ P ST 7SR e RBRE yof memory
f or m i i . _

S0 LSPLR bEER BLEE RIS ARPIR ARy Aprce

photoresi st layer is patterned to form photoresi st
features with photoresist sidewalls, where the

phot or esi st f eat uSEMMARY OF THE INVENTION i nensi on.

YRR T PSR RSP 19 LA Bl s

| By eitionSa 968 g a fedteresh deeiehlisyepis progided. A photoresist
photoresi st features and control |ayer to reduce the

clayeris firmgd weisthe stehdyer hEhgplsteresist layer fiepatigrned to form

enings, in the .control .l.ayer are .opeped,wth.:
B, el B Rl Ehal Sy PO R DAl i g e
etifsb B6tidaN HRn IRt BortdY Blyeis flinad FvbEihe PREIB SIS Yayer and
which is different fromthe control |ayer break

t bottamghofdhephasoreyist fehiwresi A conformal layer is deposited over the sidewalls

of the photoresist features and control layer to reduce the critical dimensions of the

photoresist features. Openings in the control layer are opened with a control layer
breakthrough chemistry. Features are etched into the etch layer with an etch
chemistry, which is different from the control layer break through chemistry, wherein
the etch layer features have a second critical dimension, which is less than the first
critical dimension and wherein the control layer is more etch resistant to the etch with

the etch chemistry than the conformal layer.
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the etch layer features have a second critical
di mensi on, which is less than the first critical

walzeeensizen and wherein the control |ayer i s noPEI/E51006/018142

resistant to the etch with the etch chem stry than the
conformal |ayer.[0010] In another manifestation of the

| OO | O BndtBE i feRatidP5MMB thvanfi&RS HetodToRfdrBineh feature in
|'ayer is provided. A wafer with an etch |ayer

cepadh lager ibptayided. pawafer metdh apretthonpgidsposited kelairt dpatterned
e e B hieeRie By ISR B REDEE A gt
Iblg%gqyﬁ)rﬁ’lfed gb& tﬁgﬁﬁcﬁ&%ﬁsgltg%él%ﬁg %gﬁ&%lﬁéf %ﬁgﬁe{o%is’c kaMREs. A

eposited over the si t oresi st
f @alforas lagadis depdsited ovarytie silewaldiftles fHotoresistifeatates and control
di nensi ons of the photoresist feature. QOpeni %S are

derdde redyce His c&@g@l,&@nem%wrof@pq pholoresistfeatpyes (Openings are etched
heni _ ' l.
P b B R SR o Sy Ll g

tHih biséhd @tchithemesfitystvhich iaWligletint fohethe fied etcyBEmistry, wherein
features have a second critical dinension, which is

| the stchiayier faatures haye ase¢andcaitical; dimargiom vdieh isess dhan the Srst

t .| ay. ' tch istant t he .et i t .
OISR ANED ek BB SOuH LR bk g S g e i
TiAE s®lonl @fcBThsrhisigKar the SbifoRRAdayel NES\BH Rbrebist thedKIY elipped.
fromthe etch chanber. [0011] In another nmanifestation

ofhe Wwafef iswempvahfromthagplackanherf or forning a feature

[ etch | ayer, erein e.et I [ ted
ol oL LS L B S Byt L Sypmr e
]?ﬁéaﬁré)ﬁ%%&ﬁl'a%r, gg%:léin"Aﬂ% Ptgg Eﬁkpfs%ﬁbﬁ&rteti%la%ﬁﬁré% bik¥ ®herein

Irst CDis provi . processi ng-chanber is
pthe etctidaler tsoomyeied ibyg photdresits erashatith fhotaresig featypieasmth a first
processi ng chanber encl osure, substrate support for
sGBp}aptqvafgedaQ\smlsw BogesRE AIAMPRIS Broyidad: prpiieuig »ghamber

C . r .ng
CRETRE DB LORS ooty RUESHAR LR o5yt At
esupbosing @, substrdtewithindhe plbma praedssifgodhamberémtiasgrep o pessure
to the plasm processing chanber encl osure for

siegvlatoniorgeanlpingstha prossyga & the PESIRGROGSSHYE eliangbeg gaclosure, at

f%&é% 051? ?Ig?t!r?cfe%r g{&ﬁﬁ:ﬁg . Werccg A o%ﬁr@%@og%giéﬁghﬁﬂgeraenclosure

[

gas out| or exhaus g gas

Pfod e@sEsihing aGlarleh cedialld Ferovidingass §06 Replasind protdssing
connection with the gas inlet. The gas_source )
ceheprbies erclesutes And igad euflet fayeghaysting sas fora digorlpynaprogessing

fi hapi ng.gas. .
SR PRI, A o SRR AT P Ran PO BRGNS e e
t QRr@ARNHRUESEcAND] 1Her 2ds sb8Rsta APBsiEbL Ghd meaér P file shaping

controll er conprises at |east one processor an

cgaspatese, andadabiheningsdisaurcahé. covirpllards conseadiably sonmagied to the

¢ ga%%%hr%g and the at least one electrode. The controller comprises at least one
processor and computer readable media. The computer readable media comprises
computer readable code for providing a control layer, computer readable code for
providing at least two deposition cycles to form a sidewall deposition on a photoresist
mask and the control layer to form features with a second CD, within the photoresist
features, and 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 computer readable code for etching features in the layer,
3
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conput er readabl e code for providing a control |ayer,
conput er readabl e code for providing at | east two

waepesswion cycles to forma sidewal |l depositiPCI/U82086/018142

phot oresi st mask and the control layer to form
features with a second CD, within the photoresi st

faplduh € Sich A Ea§ AP Bhe FRAFENINGNE RIS HRE aRIIRY CH. Mhe@omputer
fl ow of an etchant gas fromthe etchant gas source to

traadapleamda fprpeddsigragcontranibyer cafipeisescomplutsr ireadalle codhefor

at least three deposition cycles, and conputer

QYIRS OHE! IRy 2t @ﬁ%@e peatyal et s ﬁOchpeﬂ%%rle% g

: : . . .

PR HER EmeR e O el M A RATBE fole Kl S RaNe
aontroblaydrape inte o piasinae £he oofppter readzdabdde foopreviding at least two

provi.di ng control |ayer gas omthe control ]aye
gc%«go%en %??S&Of%élsﬁﬁ %}P&teﬁrr%a@éé%mae £ prvading adlossefe

Ao B phHior MCRPLRKGREE solfects HFIATH Bolitg chapber
cdBsinel capiterden@bRicolde fatirahvfortigaké dépositioy ghemto a plasma,
conpri ses conputer readabl e code for prqviding a flow
gompuiRs sersiblesadeytes stoppingitheilons b thadeppsitien sasdigme e o

t . ' . 1}
o R R 3 B PR PR DR SurRER (Bt rpavle

ok &stPRoviERMFRUSY of £PRHEN @aﬁiﬁ@?aé aoSthe pRIAE siapengf da8wource
of the depositi on(ygas fromthe deposition gas source

tto thenplaghapiegessingsasmbergneleavs eftceihe floviofdhe denesifioargas is

dabl f i di fl f fi.l .
SHmg e renoR oot e TomBEry nAckShrbl srymian
RI12SHR aRd EGAFRENGa DR RRAE (NG RIW Be Fobhest thoBrofilOMaping gas
t'he deposition gas is stopped, conputer readabl e code

ffoom theprefitersitapigg ghesqurasfto ke 15kl prgcesaimgichamber enclosure.

0 , d co ter. readabl e code.for .stopping the _.
HoBior Ehescanarttes fhiet fighg RGP AFeEHEn SR PF fescribed in more
Zdr;égﬁl B0 W 37 the AdfF1ed H%chﬁﬁorgbﬂﬁﬁﬁlv%?ﬁ&?éﬁi iﬁ%ofﬁfﬁ?ﬁ%&{ with the

osure. [0012] These and other features o
pioHseintg figwent i on wil | be described in nore detail
bel ow in the detail ed description of the invention and
in conjunction wwth the followng figures. BRI EF

DESCRI PTI ON %;ﬁﬁ@%@dﬁ%@@ﬁ%ﬁﬁ@s

invention is not by
wWep13]f | ik paiseraninventioh beillhstguedisy why dhexaapis) apdnyti bygway of
drawm ngs. and in which like reference nunerals refer to
dirpitation, &1 thediguees gf thejagcqpppasping dyoyags prdig whiph Bkereference
S |G CrosS~Sect | Vil of a stack etched
SRR bt YRR H o Rt
[0014] FIGS. 1A-B are schematic cross-sectional views of a stack etched
according to the prior art.
[0015] FIG. 2 is a high level flow chart of a process that may be used in an
embodiment of the invention.
[0016] FIGS. 3A-E are schematic cross-sectional views of a stack processed
according to an embodiment of the invention.
[0017] FIG. 4 is a more detailed flow chart of the step of depositing a layer over
sidewalls of photoresist features to reduce CD.
[0018] FIG. 5 is a schematic view of a plasma processing chamber that may be

used in practicing the invention.
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[0015] FIG 2 is a high level flow chart of a process
that nmay be used in an enbodi nent of the invention.

WO 0®86303F GS. 3A-E are schematic cross-secti oneCT/USE0&018142

of a stack processed according to an enbodi nent of the
invention. [0017] FIG 4 is a nore detailed flow chart
es bk V& H f
AROHIJ” S FRES A FIRARt R oo @GR Ry BHG PRSP
Siatpdstadnting \aicontrolleraisq@l insmbodimasssf thg poisantieventibat may
be used in practicing the invention.[0019] FIGS. 6A-B
illustrate a conputer system which is suitable for

| P! BRI BESUIIATON oS PAE PREFRIGUIE HNRRIDIVENTS
pr eserm TTVETICT O, DETAI CED S

He620GRREDKENRSEN t MoPhGolh QA2 Adw D eleguridee it détay efthireference to a
w1l now be described in detail with reference to a,

fiew nsefefred pmbodimsaisitharpefssdestated in the acrergpanyingdrpwings. In

t.he co nyi.ng draw ngs. | n.t fallow.ng . .
S EFRSEE ANl sRERTE srid fplsii R iporgg tprovide a
| o gie tndePstRidNg SEtha ptdIeHt abkeRtii AR Fisifl DB Abpate] héwidver, to one
present invention. It will be apparent, however, to

cafréllesliin [theeatt, ithat ¢heepresent inverttontrhey e ereetivedivithont sapre oreafl of
dBeispeciiy Aot o Shes TR, WS matiocess SRECiAL sjpuctures
ANNE Abt deh WELHbES @81 P¥rdfas Rob@febédftlyioBscid Ble!prdsent

order to not unnecessarily obscure the présent
iinvertionon. [ 0021] The invention provides features with

TI0&h:  opoien b RudEn fatire i e SHica cipeiabis (LB
:lﬂfgﬂ% %Qaﬁ&@l}? E}ggggejlﬂi[%gtp?&g&}s.sfeaﬁ%st\%“[ CESEthat Qe st lﬂlén the CD

ature. acili1tate understandi ng, FHl

2ofitBe phdidmghist itein ddedvo etblatte fedtu. process that nmay be
used i n an enbodi mrent of the invention. A patterned

P82 esiletfagititake yglepstandinge Bl G- St ie g homhulpvel flogy chgt qfg process

sghe lC Cr - ks ' .a | . .
R R M e e
n@¥ided Gtep 10%4) aFf@ A s3hématV@bssaseiitinaBiw \edaydr hebe
'ayer 308 to be etched form ng a stack 300. The

pliched388iover aaistrata S04, witloe pritssnest photeresistanaski 3P veth a feature
| ' whi ch he Wi .
A3 T B B Bt T ebbee

f ot bdst sk MAS 8 pBStofdsisBfdadipé &dticallniedkiohfED), which may be the

phot or esi st maybe 230-250 nm wusing conventi onal
widest part of the width 316 of the smallest possible feature. Presently, for 248 nm

photoresist a typical CD for the photoresist may be 230-250 nm, using conventional
processes.

[0023] A control layer is then deposited over the photoresist mask and the bottom
of the photoresist features (step 206). FIG. 3B is a schematic cross-sectional view of
the patterned photoresist mask 312 with a control layer 318 deposited over the
photoresist mask 312 and exposed parts of the etch layer 310 at the bottom of the
photoresist feature 314.

[0024] A conformal layer is then deposited over the sidewalls of the photoresist
features and the control layer to reduce the CD (step 208). The conformal deposited
layer 320 forms a deposited layer feature 322 within the photoresist feature 314,

where the deposited layer feature 322 has a reduced CD 324 that is less than the CD
5
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processes. [0023] A control layer is then deposited
over the photoresist mask and the bottom of the

WEhboboswsd st features (step 206). FIG 3B i s aPCT/US2006/018142

schematic cross-sectional view of the patterned
photoresi st mask 312 with a control |ayer 318

3BT kil shodtelist! hqiopeslgbly e kedtitdd @mﬁ?‘(ﬁgﬁ@%posited

parts of the etc ayer 310 at "t he bottom of t
Ayt deatge S22 fsca leasie3 B4 dess [an2Kkd CB Honffonepiotdrasistrfeatsre (i.e.

t hen depgsited over the sidewalls of the photoresist
foh ergries thand Oynef the A} 316 q’féb%Phqt%fePIéH%é@rqgh Masppyeferably, the

gr%iced Ei835006 08 os99£ﬁg!§ézt€&u%e%fi% ﬁtglg% QH9IBe than the CD

eposited Tayer ature w thin ot or esi st

fadatoftie: phbdoresMiceguitcl{Be.dop ghice thah 8984 offtha Cly T 63a¥2héras
a reduced CD 324 that is less than the CD ayer feature

Photaresighdeatug) tMaetoprefeably, Higrredyred € 33460ihe daposited layer

I i. f i n . .he
B2 AR 2 ST R phABR TP o
tohentéraBMC ST, OPHRAZD 8f 6 b theGRpRBEsik Gedt@¥ e IFdreainiple, $a2
is at least 40% | ess than the CD 316 of the

pﬂ@pgﬁwéé?@r fefatmﬁ o heye %ered?@qd g 346 dhat iAo boydlen thaeD 316
1 . ' . Dk ef |
s st 8 R e BT e MEe B BEl Fllute 302 has

| sSib@hntl @9 Sertraleil &Sa1s3R8NwhidE afdhigdl§ cohfotfl as shown. An
photoresist feature (i.e. not greater than 50% of the

CRazpk affa suhgaghdly cedivabiiddvesl s asjdewabthas feompbettom ketop
T N T
f SRS hatd 2 gg)gglilég 14les ’clfa@fi’elsesuﬁﬁﬂtiahp%héjs%ﬁi%sthfcﬁgeég gﬁg%{ the

feature 322 stantially vertical sidewa
whp chthabettbingifttlye featnfco el -cadomivd sidewalls mep figyhea Gicetang or a

TR T MR -
A O s T S e

skpesitelilafen €Dsarfdrmovidb e pbopettidng haskhoPtetmaldf, théideposition on
feature. Non-conformal sidewalls may forma facet]

I
She 80 aHdS TORFT Hgn e dRROMBAT OWAHIPiorbR e photoresis tature,
;ﬁngﬁﬁ%éa%& lnglli F]}éseq;egégﬁld o%lm?tﬁ%& t?o& %315%5 ?trtﬁg bottom of the

rom-t Ing rorna

ieadediadtitng, & tewalih FIGERB. Hwveas én tHeeastethaisd depdsited layer
l'ayer CD and provide a poor etching mask. Preferably, _
taxestybe battasm obihemhetossstrt faniire. 4 pelymerdiesktinngh etgle step will

deposi tion _on, the hottom of t 0t 0 ' eat ure.

ac il e SSied % bt AP AR ERSH! i

qeo0is)o! %%Eroﬂay&ﬂ'tﬁeél@&b@%ﬁ &th ishBePhOYRIc@ % Spen the control

feature, as shown in FIG 3B. However, in the case

tlhper (stepi2 s iPrefdrablyy the control layer breakthrough etch is vertical through the
control layer 318 and selectively etches the control layer 318 without appreciably
etching the deposited layer 320 laterally. There might be some recess of the ARC 310
and the layer 308 after completion of breakthrough etch. FIG. 3C shows the control
layer 318 after the breakthrough etch is completed.
[0026] Features are then etched into the layer to be etched 308 through the
deposited layer features 322 and the control layer (step 212) with a main etch process.

Preferably, the main etch process is an etch process to which the control layer is more

etch resistant, so that the main etch process more selectively etches the etch layer than
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exi sts at the bottom of the photoresist feature, a
pol ynmer breakt hrough etch step will etch this polyner

waelepoesswed at the bottom of the photoresist feRCT/IUS2006/018142

[0025] A control |ayer breakthrough etch is then
provided to open the control |ayer (step 210).

REe L&A I er AltBsoBAthOborltARY ﬁiyepifs ade bicAwedist&ttGhan the deposited

vertical through the control "l ayer 318 and sel ectively
daypdr820t FEG.Cdnhshoots 4 ﬁy&m‘e Eﬂ&tvhedhmwthfabpcrdo ibatstojed 308. In this

e e el P s Ahedat see ¢t a0t 8505 af% diicn i
v mt%tthe?@DoijHfgﬁéﬂge{bg%W&lnaﬁ?&t Eh&y. gﬁbﬁ&%@ﬁth@@) 336 of the

trol layer 3 brea throu etch'is
Cfemtpteeiﬁx.h.a}f O htliF¢éaperrtham the €D Bhofthe If@dlre 622) of ﬁne deposited

| ayer to_be etched 308 thr oufgh t he de
flaker 32as However singt e {dn824P ‘lhéﬁél?os(t@? &5! 2(2hls
érﬁﬁg;{n?lghsﬁfaﬁ&eﬁﬁn t rﬁé\gﬁ@?% %ﬁﬁ g‘h@ﬁ)t&?&’t ?lf,ttﬁ@Cﬁrmhe feature

isTan e process contro ayer 1s nore

e3Rhinigsiagéradbe eobed BE8 iststilt smaller teicthe@DEES 6F ihiﬁlphotoremst
sel ecti ve i}@etches the etch layer than 6the contro

| e Prefiserbit therfal 38R 6T Ehsrfeatare 3gypigher én thedeyes fabe etched 308 is

AT P 830 B PR e RS P B e o
| 3B dTithe RARNPER ctbial iheiRd Mye t382 eehedme@B jsnat 1dagt 4084 Bss than the
to be etched 308 has a CD 336, which is equal to

t he
CGED 314 of the photatesig Seaters- M@ﬁépreﬁ@ablwtée 832334 ¢f the feature 332

ct, t he t
T §ia Lavg a be Raned 208 8 538 SRl e A 34 o1 g
t idenastiged. | ayer 320. However, since the CD 324 of
e deposited |ayer feature 322 is significantly
s[rﬂﬁB’V]er tIﬂnanAR(h,anﬁmr&iﬂ @htrohleyghanddepesisad 13ve2 maytiberdpe

336 of, th tyre 33 the I to be etched 308
ey 24P i kb e i R PR ah g pb wit

1y e d
el RS PP k9 g, b
t tha trippéngGodk6 BIG. Bieshpive ther ek t00fadtat the elepddiice layer control

preferably, the CD 336 of the feat 332 etched j
t ke, anfephatereniy raaskiheye bers tFgoYed.| é%fﬁtloaé Spimaden sigRsymay be

péle% er a@ #ﬁeﬁé?hdg %Bpg%ﬂﬂn?%' %ﬁta&ﬁ?g{d&?gﬁ Mf%lé tf% ée in the feature.

t e ptoaydra duzl Bemadcehedni3tfe,iasraach hegde chbd befose ﬂhhanntact is
the CD 316 of the photoresist_ feature. [0027 Eb
plesned-eAfditiongl gegestes maydie pegfRem |1%ee<a>n|t%§£§r Oﬁ%@%

t F)E’Q?]g St%téﬂéerﬂqg 901&1505 61231@ 18 mTc{}é gtcﬁ?%(s#?&t %’ {h% nqa?ln 3tch than the

or hore tRhan one separ
d@@@&'tédﬂdyér@?:@ Ithe @ﬁ@ﬁﬂé thiaokhaheo taitas iBkr aiw amsételpﬁlask that

Ashi ng may be used for
helps to reduce line edge roughening in the case of a line and space pattern and to
reduce striation in the case of a via/hole pattern.
[0029] FIG. 4 is a more detailed flow chart of the deposit layer over sidewalls of
photoresist features to reduce CD step 208. In the embodiment, the deposit layer over
sidewalls of photoresist features to reduce CD step 208 comprises a deposition phase
404 and a profile shaping phase 408. 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, then the CD of the layer to be etched might not be smaller than the CD

of the photoresist. In addition, a faceted or bread-loafing deposited layer may cause a
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the stripping process. FIG 3E shows the stack 300
after the deposited |ayer, control |ayer, and

wW@bwbosssd st mask have been renoved. Additi onaPCT/US2006/018142

formati on steps may be perfornmed (step 220). For

exanpl e, a contact 340 may then be forned in the

T @adied 6r 1H-Egulﬁfl9¥h d FedtiitBlin GRIBRE &6 SERdIC tIffJirs %lsoaiesnable to
trench be etchied before the contact is forned
Aaidunmzmhpoqmmmsﬁesbottam dfehqehdtaesisideafitee ITHettero phase

- e Skt 1B ARk DUrREO R I BROHLS RenEapg Tayer tha
I
ebtgon ofihbehotogesishfdatiee.case of a |ine and space

pattern and to reduce striation in the case of a
vi a/ hol e pattern. [o&xampis ef DielectricEtgh ¢ det ai | ed

f ha I v

‘9@?%]? es :ilté h(?% eyzatlﬁﬁ%lgg il zécrrtré dl%%eq' gs{ sﬂ%o%ocg@cllf% §111t9§|n nitride,
esm&sii d¥Esite, o Nev-dangsdttic (@SE psrysy 1ow-1@)em@tbh@1 fofms the etch layer.
phot oresi st features to reduce CD step 208 conprises a

d@gﬁherrtmmdm% thportclulagieramgy s 2 Fféldé?ﬁ'@p sw@ qg @ag@etab@d poly-

ited ay ht |
i LG SR S Rea B T e S R R o Jd Ky vt usea
dep @@pdsﬁﬁlgl tBY 8dnt MR $ayEAABH R iR thd bQFBThA yRfl brédiafy thiRigh the
CD of the layer to be etched m ght not be smal | er t han
tmtt@tiaaer tlebingtilat erlebiver, andhstrippinist T plasmp geesessing¢hamber

H G Res SRR a0 FrbRtrayer P BBV eRbgote s08,

| & igésssoﬁ%c% 316 eaﬁidra%@xﬁaﬁs%)gﬁﬂl Risah Z €18 8RABLE31 0 QBmﬁoﬂ@es a first
bott om of the phot or esi feature The two phase

déqpositibh gas siueserd 12na ptodle ghaporg gas pburcad 16, yndh cogtodl dayer gas
pr ovi de% ar conformal _| ayer that r guces faceti ng and
bYW Y1garl; @a%\FR}‘I?Fa%l A, SRS a@ lé'\‘?éﬂtgaaé%%?stﬁ el

t &@]ﬁﬁ%%r S e Stllgf gg@@}"‘ﬁ?fsﬁia %d‘eg%%_p]?am‘t?( gp(glﬂg% Q{blstgate 304 is

| poysttionsd fubomﬂleSIOWBIOﬂébtm)dB des. @hé lo&@n ekttroded®)8 in¢drparates a
carbjde, or lowk dielectric por ous | ow

nitibleibstiteehuckiog sechanisy &¢- g ﬁhec%@%aéw, W#%@Pm& or

n
05 b1 h e FRYtRER SR L U s g polfR e pper
pEleaRRIBiSNg cdlpamdeifnn'ié&tﬂb@ppm tlb@lou&edleét@wdem;so%te upper
the control |ayer, depositing the confornmal |aye

belegtkadsg Oﬂﬂpwgﬁle@trfélec@ﬁt gng copfiperpent gingp Py d?ﬁf@ tb@ egpfined
sﬁégﬁ%vapl%s td’ag # %hed &)ethg | mg%&%&‘ﬁ%ﬁ S Q}D%@J%% source 510

enent pper

ehRLik %Ql‘i’e@lsé@‘fnon@tﬂe@ﬁﬁﬁn@i Iﬁ@slnﬁ@(?’cﬂu&@ ShrodglOms ceRficdeent rings 502
510, and an exhaust punp 520. The gas source 510
cmn exdgug ppitbyithe exhaust pump 520. A first RF source 544 is electrically

connected to the upper electrode 504. A second RF source 548 is electrically
connected to the lower electrode 508. Chamber walls 552 surround the confinement
rings 502, the upper electrode 504, and the lower electrode 508. Both the first RF
source 544 and the second RF source 548 may comprise a 60Mhz power source, 27
MHz power source and a 2 MHz power source. Different combinations of connecting
RF power to the electrode are possible. In the case of Exelan HPT™, which is
basically the same as an Exelan HP with a Turbo Pump attached to the chamber, made

by Lam Research Corporation™ of Fremont, California, which may be used in a
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deposition gas source 512, a profile shaping gas
source 516, and a control |ayer gas source 519. The

w@awedssice 510 nay conprise additional gas soRCTES2006/018142

such as an etching gas source 518. Wthin plasm
processi ng chanber 500, the substrate 304 is

Fejf?éf"eh’é@ BRdodRRAt §M8e LBVBHOEHRCAT VO, 2PR4HF Bed b MBS power

ectrode 508 i ncorporates a suitable substrate
coucks mgkerep Heersesond(RE gowersdosersd§ camiectedrte diraloivenélectrode,

cl ing, or the like) .for, hol di e subsfrate 304,

e The s Slopiads STt oA SanEley a5 G eRonit fodeied to the
. de . .

R e L e el

Q2300 DT Ieystent wogkl EOided ehem ehetlhger tobé etokeet] 308is walielectric layer,

vol unme. Gas i.s supplied.to the confined plasnma vol une
ych Absilieen Sdde eeorgany dliets glagkhaust ed from t he

0 ERS S AR o B b 38 A0 DS Byt o
fidpidmdiiting QWosiRolfet 4 35 Bis&l @ Ghibodahénts 60MB pedsed ihentibe. FIG.

g%ojger el ectrode 504. A second RF source 548 is
shawscenielppseblambytied feran ohibe compricesystat. o@ecause, the

CRER ¥t dned a8 S PR Fort bl BPln Aoy B rpvcnit o
ggisrﬁ‘ed Afeultivostd, Bid § QHAIE BarthdldansideR t6 @g@gmﬁ%r SQHp@Er.

may conprise a 60Mhz power source, power
soempwergystesn B00HRCIpdssermemitor d802,1i disdee hi04, a housing 1306, a

F A I R B e
hasdHf h¥dilRasS@ IR AR R a6 bAD T6R Wnldht@ sTtha 360
attached to the chanber, nade by Lam Reseafch

q0032]r at IFEG(GBs anfexBmplenyfta, bl@xl difhgrami fay cavpuser sysigmble3 00.
d i f nmbodi, t. of the i ion, t
RS R i R R O Vs ORI B RSB baap (el
t
IRGRRNTS oo U ARRARRRNARE E EriCh aff oo Aofiee el

| igclading madrhérp 182 4. onzawire t324int hdesRandat acess bidhorp@B8AM) and
exhaust punp 520, and the_gas saqurce 510. The Exel an

Had-grly znge0 ks tAsis o 10 Sherivid M agts tp dgpasies dpta and

_ 08| i . Y&l - L
O LR o R SR ol A P R it
G diihdttitiogd i@ atbi GiveptidrRl neysdre BollBO0thesttiypdd df nemories may
suitable for inplenmenting a controller 535 used in

dnplode m&bulé,table of e qommsigitreadablernedin described balowh dwhxed disk
' si.cal. f ,
heB0a%h RuSIRIME Rl Th ] Eosd TR B IR ool storage

f QbAGty MAGhAoaléd PEAE ah b LBE dbRfuiet-Feadible nRAR dedérétd below.
circuit board, and a snmall handhel d device up to a

Hitigged digh &2 mapbe gsed 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 standard fashion as virtual memory in memory
1324. Removable disk 1314 may take the form of any of the computer-readable
media described below.

[0033] CPU 1322 is also coupled to a variety of input/output devices, such as
display 1304, keyboard 1310, mouse 1312, and speakers 1330. In general, an

input/output device may be any of: video displays, track balls, mice, keyboards,
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Comput er system 1300 includes a nonitor 1302, a
di spl ay 1304, a housing 1306, a disk drive 1308, a

weowbossd 1310, and a nouse 1312. Di sk 1314 i SPEI/US2006/018142

conmput erreadabl e nmedi um used to transfer data to and
fron1conputer system 1300. [0032] FIG 6B is an

11%395f tcﬁlcﬁls&%tngé (ﬁgfl {rﬁ{sdﬁm&&ﬁ%a&}@ %@1&?&9& -paper tape

to system Is a wide variéty of
suh)daeysttzéﬂm:s sﬂlmemdmﬂlaﬂmlm@tesmgmm‘re rbncmietnos waders, or

brpmrtien LR TSRS ALY EiDF Suto Bt sormasar o
R &%ﬂeﬂg&%ﬁ n:g‘?{gﬁﬁéﬂc Qlﬁﬁi‘ﬂ eai@qo r W&% network

nmenory own acts to

tihanRte it id @b@empthtédthattte CPDJnmghﬂrecelwe aﬁbnnmainl fiporh the network,
the CPU and RAM i s used typical IK to transfer data and
i rgrighkeytBwsnionmation todh@ eeftvodhia thersetres of msoHmBE thé %béé’e'

BT BARELER eSS AR B0l Wl o

l3dPetur! SRIE ORI CRUNB2Zbf B6Y bostatd ovet HnéRIdrid 8B as ithe
provides additjonal data stor age capacity and may al so

i Intsragd én mmumtlonrv@ﬂb@m@@wé Habives ppartindd g proesssing.

Sﬁb?ﬁ and® ehapFEE R PE s BERry R <BhGH Ruliep HiATR

ARG s@ggé%ﬁﬁd%%tﬁﬁ c@mﬁi@fe@'—réﬂdﬁﬂﬂb middaim tifat Bh@&imputer code
than primary 'storage. It will be appreciated that the

i thespmétri p@rfommlmduwmmpuheﬁlnmémmmmpbw@nﬁé@he thedia and
appropri ate ca be in ora i n stan d_fashi on
R 20E TR 0o ST, 9o AKsBo STl i Ui DLapeRls of
RY - ¥£§@t i tlt)g rdpeed 1{’}5'%/ b bt thi ﬁm‘ﬁ%yﬁrﬁfwﬂ SrdRBlS1e to those
nEdPa esc bel 3W

0033] CPU 1322 is also coupl ed
t leavan gvsiiilil m tjae ocbmputerisdfoverg antts daainptes of soroputasradilape mpdm

1304, b d.131 131 3 30.
B/ 858 oG HERES [ RACTEY e sa0h By ke, PPy disks and
SRR Sanet bAEI ARl buctTh CD-IKOURARN A1OB SLAARANES: magneto-

nggieel media sugegpaioptisgaliske pateiiardwabldetises thhtydre sgesially
voi ce or. handwiting recognizers, bionetrics read

ovongighee te ém@r&@ecwmm cofff ﬁléﬁklaaﬂaypwwg@p%ﬁwsrﬁ%gwted

t

u%rcﬁlgg &R? fc sﬁ %B#%@haggeelg glg 31%91 (?t*%‘fﬁz Lugcp RO e%ﬂ@REXM devices.
| Pk BhH18€6f conipuitd coasinede ataeHint Rade, isikch £Mibdicglby a compiler,
receive informati on fromthe netmork or m ght out put

| ﬁﬂoﬁlﬁﬁﬁqfﬁﬁntllﬁ higher fraelgndr ﬂm arcrrxeeed Bka GPIIBWIEr BTG Ay
oG P DB e L NG R0 B

:ﬁﬂé‘ﬁélgesﬂ{?ﬁﬁéﬁ ﬁﬁt‘ﬂeﬁh%gale@ fin ﬂBMn@P(\QQ\tH MAG¥Reschtingh\eduence of
instructions that are executable by a processor.

[0035] In an example of providing a control layer 206 a chemistry of 100 sccm
(standard cubic centimeters per minute) C,Hj is provided at a pressure of 44 mTorr,
established by setting a Vat valve of the turbo pump to 55. A 60 MHz RF source
provides 80 Watts of power. The process is maintained for 40-50 seconds to provide
a control layer (step 206). This process forms the control layer 318.

[0036] Next, a conformal layer is deposited over the sidewalls of the photoresist

features and the control layer (step 208).
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Internet in conjunction with a renote CPU that shares
a portion of the processing. [0034] In addition,

wepdvedsasent s of the present invention further PEI/ES®04/G18142

conmput er storage products with a conputer-readabl e
medi um t hat have conputer code thereon for perform ng

Y us ez [
A o R anERle T B pRr LAt bl Be T SRRl Rl
cehiestistryadfesd stan (sthwdapdi cyins esntinietdrb perpmasies) tArj 7 sset OFy, and
or they may be of the kind wel| known and avail able_ to

t Hsssch s fﬂ@ pEgssyme of HO%@%ﬁﬁﬁﬁblﬂ%\ﬁd oy petiiag 8 Vit valve of th turbo

f
R RN e
fMQRICBlF ShusksSprofidds AB@MRLH 6f p@p@. ToRs plesd 1sﬂﬁﬁn’ﬁn&d(ﬂ$1r ddut 12

CD- ROVs and hol ographi ¢ devi ces; magnetooptical nedia
sendss floptical disks; and har dwar e devi ces that are

cHE81" L ne ARl R PR Bl P ST T b Bty o7
(ASTD,, 2t RSEAPISHASAniroR Gstabavicaesy seRibs)vandeviandrbo

RAM devi ces . Exanpl es of conputer code include nachine
clouhey tosiiPn. The Bi7 ddte &F doyrce pc:@xrmSIt’é)O Waitioff pavees, while the 2

0 in h ode t hat. e _execute
MR e vV b s 008t " Ehin Blrer® RAtirEhe o Buns
"BYosSsO be conputer code transrritted by a conputer

data signal enbodied in a carrier wave and

r BP89s enflhagydicgeocsnugng thei depositiant pleass 404 and thew the shaping
[0035] In an exanple of

ecut abl e bfy essor.
pﬂﬁkﬁ@?ﬁ@%ﬁpﬁr Eﬁﬂ?‘i){?F I°¥/& 206 a chenistry of 100 seem
d
(PO 15y GO 13 P AU 04

Slﬁbﬁldwalanypha%ﬁl%@r@&fldé hetlict cbatrgluariatile. Bﬁ)roﬁerﬁrﬁ)tldwvlﬂl
RF source provides 80 Watts of power. The @roces

reeHids iswestantisHy xertisal %@@@h@@n@blw geilhiseafsd FleIG 3B. Such
| ag p%f]&lééz% ﬁe’ %O ;E*f &%&%ﬁé Pﬁ&sfé&s{ ﬁgskcmﬁ{r% elefhe’

or nma eposli over

t fegechiv B Vettes cétrdl P @raﬁﬁtﬁr@% ©¥idet bﬁ/@l@d 1lliﬁfﬁﬁloﬁrtﬂattchﬁ be used to
control |ayer (step 208).[0037] One exanple of a

despirel thie slapesiaereprabiles aey nb@béwf cyelss dotel daposision @m-;,

I 0 seem (standar t et @
o By Ryt Sapb e AR G G ER L CRPHE (e ees
OéhefflstASLdch 2884 RNO) SREH;IN, $iRtdali B9 cqvmlgtcmad/aﬁomﬂgmz
turbo punp to 1000. The 27 WM RF source provi des 800

Visistead gifCEmM@rma}V\lbﬂ tsedt he 2 MHz RF sour ce provi des 400
g@f()%i]dgf WElhty to iLonnqha%ures w?thrgrir{a 'éra Crilfcal 51%1renglons Wl&lout

changing the photoresist, allows for smaller features without purchasing new
lithography equipment. If newer generations of photoresist are used, the invention
provides small CDs for the newer generations of photoresist.

[0042] In other embodiments, three or more different gas chemistries may be used
providing three or more different deposition phases.

[0043] A control layer breakthrough etch is provided to open the control layer
(step 212). An example of a control layer breakthrough etch would use a chemistry of
87 sccm CF; at a pressure of 120 mTorr. The 27 MHz RF source provides 800 Watts
of power, while the 2 MHz RF source provides 0 Watts of power. This is maintained

for about 55 to 65 seconds.
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[0038] One exanple of a profile shaping phase 408 may
use a chemstry of 87 seem CF4, at a pressure of 25

worTwen303est abl i shed by setting a Vat val ve of P¢EUS2006018142

punp to 1000. The 27 MHz RF source provides 800 Watts

of power, while the 2 MHz RF source provides 0 Watts

qoopgver A JhinidiRefn p?oﬂﬁé@foaétélﬁféa&l%s 1ﬁt|3QHé etsh layer through

seconds. [0039] The cyclic process using t

dp osittal dnyepiuaischepémbddmyzbr (dtem21he Imﬂamexamg%aseicm Gl@=nnistry of

per f or med for 8 004 he ability to contro

t109 seemicy 490 sqc Cg”ep%@ 1O s edls Brovaded ah g prgseure of
ﬁ@gﬁ [

R R G a%lr?%%f i 180 PR HlorfeE WA the 2 Motz R

Vit de pad viderdl 00O Aty e owser. d@‘hﬁlli fiafigaindd o8 bb@it Setdnds.
FIG 3B. Such a deposition layer is also able to

dP8¢dct isr fisonyn stehds cwaglﬁtedéhq Photerssigt, denosited layer and
RDERH i e B BTN Q0o K AR IRaR R Bt 488 Sec b

55 r6vide®st WaToRUMRAER7 MH@R@ Bfrce ipadallesBRVOF hitd GpolwedBrhile
position/profile shaping time ratio, gas chemstry

rtlae 2 3/[¥lg REsosereOraides) 1 00 Weiteof ppeer.c Khisils meinsainesd fon abapt 50
CAF6/ 2 or CH3F/ N2 instead of CF4 H 2 CH3F/ O2 or

dﬁlZ instead of CF4 etc. may be used. [0041] The
ngJtG]t Y Qe E@dlﬂbﬁ 6/t ??@teé’tdvtehay%[rﬁhé 86ntfdl idyeHHas been found to

mensi ons, w thout changi ng t'he photoresi'st, al
fnaducsriwleledge fomghemes anvi Whmlglasp forotalisiing new

Hﬁh%?é?&“ﬁer%ﬁ@i RS oL T AAHERGH B DR BRE. Shdieh s

éi’xg nlﬁ? ho&%‘éﬂt dsﬁ‘ﬁ?aﬁe d%@&’{oocg i Hardrh 2842he ddosition

I'ment s, ree nor e d| erent gas
dhﬁﬂnﬁatyrbeqﬂada&ﬁyovaethel fednpsiow ﬂdukg: théseeingr Imtdtemalternative, the
di fferent deposjtion (ﬁ{}ases A control

lepaktion Byghmay bhplagedRvsy rmé&mf%e%@ﬁfor%tdelaattheghardmask
b[rmﬁ%gt gf’ I%h%}??f&ﬁe [H@Lte th%]c ?rtrglol?#lerrq 2 a%%rethat has &lﬁwer

adonBeriifa€iss uf ﬂu@ﬁne]tﬁﬁh ﬂﬁ Qlléposn'fchﬁl ?& M[‘Ere BFefS@ny?ﬂle control layer
provi des 800 Watts of power, the 2 M&z RF source
pf ewvobazer Geyprvith adowgmwﬁentrpﬁp@ Of Huernathan Hedglepesition layer,

55 t.0 6 seconds 044 ch. |s
APRh it RS Sl s RO pE RS VO Brsfeoty. he
tRtrePRYEal a llayshe BospsloResial&d The¥Riorihs ﬁ@@p@@ﬁ)&r mlap be called
this exanple an etch chem stry of 500 seem Ar,

Q@hot@@a@@eda}@mr a hydfoggberepatyiHgr, whepsr the d@lmﬂmn layer
Pr6id be & hydroﬂuorocarbon polymer. To deposit a fluorine free polymer deposition

gases such as C,Hy, CHy, or CO without any fluorine component may be used. Where
the control layer has some fluorine but less than the deposition layer CH3F may be
used to form the deposition layer.

[0049] It has been found that the absence of the control layer causes what is called
a ‘wine glass formation’, where the area formed by the entire photoresist feature is at
least slightly etched. In addition to reducing line edge roughening, the control layer
has been found to reduce or eliminate wine glass formation.

[0050] In other embodiments, the etch layer may be a conductor such as Si, metal
and poly-Si. Therefore the inventive process may be used to etch several kinds of

films which may be dielectric, such as oxide, nitride, carbide, low-k, etc. or which
12



70 nTorr. The 27 MHz RF source provides 160 Watts of
power, while the 2 MHz RF source provides 100 Watts of
w@owen3o3Thi s i s nmaintai ned for about 8 secondsPCT/082064/018142
After the main etch is conpleted the photoresist,
deposited | ayer, and control |ayer may be stripped
(8 toPitdiialy, SIREMTs 8 1R 18RO SEE O HeSnventive etch
prdgp%e at 10 mrort. The Z%%ﬁEEmRﬁ Source prngﬁggveec
300y Watited toforpovies (holds) detrénchesA livkiand¥pase)ir ce provi des
100 Watts._of power. This js i nfai.ned for about 5
sk008Hds. %@4@}8 mytion das bm%crfh?é i fegng of W@raﬁ HEFg‘?"ed
( > J
AT oA DR AU P SRR fns
ewhiol ifATEWitRintAY sdope ofthhadnsiemih. fioghotldealsEisdmotedrihatibibre are
enbodi nents, a photoresist mask may be used to open a

harehalisknative avaye pbisnnleraentingtbe methpds andanpeeiussy e¥ the peesent

har k0. reduce th cing.1ln the al nat i.ve
t %ggrgl!ééb g’% 1? iﬂbeﬁgf#%?ylg{fenﬁ%d; t%%tetlhfi ?oékogvdn % a e%fl%cg S0 e hterpreted
%Qhﬂﬁ@iﬁg a1 she fitepatRing Pehbutahiénd) afdiv@idus siEAEE efiivdlBgs as
preferred enbodi nent, the control layer is a |layer

t faltwithae the trusvepiritcod seaperodthegessht fovegidnne t han t he
deposition | ayer. More preferably, the control |ayer
is a polynmer layer with a | ower concentration of
fluorine than the deposition layer, which is a pol yner
| ayer with a higher concentration of fluorine. Most
preferably, the control layer is a fluorine free

pol yner | ayer. The fluorine free polyner may be call ed
an anor phous carbon | ayer or a hydrocarbon pol yner,
where the deposition |layer would be a

hydr of | uor ocar bon polynmer. To deposit a fluorine free
pol ynmer deposition gases such as C2H4, CH4, or CO

wi t hout any fluorine conponent may be used. \Were the
control layer has sone fluorine but |ess than the
deposition | ayer CH3F may be used to formthe
deposition layer. [0049] It has been found that the
absence of the control |ayer causes what is called a
"wine glass formation', where the area formed by the
entire photoresist feature is at |least slightly
etched. In addition to reducing |line edge roughening,
the control |ayer has been found to reduce or
elimnate wne glass formati on. [0050] hi other

enbodi nents, the etch |layer may be a conductor such as
Si, netal and poly-Si. Therefore the inventive process
may be used to etch several kinds of
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films which may be dielectric, such as oxide, nitride,
carbide, lowk, etc. or whichmy be conductor

woraioen3@hs, such as Si, polysilicon, netal, eteCT/Ukm®06/018142

i nventive etch may be used to formvias (holes) or
trenches (line and space). [0051] Wiile this invention
has been described in terns of several preferred
enbodi ments, there are alterations, pernutations, and
various substitute equi val €liAIMBhi ch fall within the

pe.of this invention. It should also be noted that
Sﬁ-&‘—‘i—aﬁ‘—%‘ﬂ?ﬁ:& al ternative ways of inplenenti ng the
ngt hodg P& h““% & énﬁ 1§dthg-O
is therefo éﬁ@nten ed %ﬁ lfﬁgmn%g ppe ded
cl ai rTBfobﬂlnlngIﬂ‘lOFDreﬂlﬁda}&S overchaettinipyed;| such

al terations, ernut ati ons, and vari ous, substitute
equi vd?aétﬁ%nga e PRPIoTgRISE iﬁyrartp Qg p 0&6&8&# maff%dﬂ%lbala)éoreswt
Zsfldév?aﬁls H%Y&leét(}?d %@h&@ avihx@{ cﬁt aﬁh@e‘ﬁﬁgn’ S.

n1ng a feature in an

conpr i ﬁmglg afdmhtrbhlgya aveothe HRsHosdsist Bxyar arﬂ\kﬁ)ttotris ofétech
| ayer; patternl ng the photoresist layer to form
iotaessifetuesat ures wit h photoreS|st sidewal I's, where

the phcpegggl? fﬁ%%tcoﬁf%%:ﬂrl r o hg?reql@ ﬂdéV(f&‘fl S ocixﬂl'[len%ho%resmt features and

di nens over

i@l R§érab rédie ﬂleaﬁzﬂlcaqhﬁl@ﬁ@mﬁfoftﬂliwprmﬂ&%ﬁmqsataies
features; depositing a conformal |ayer over the

S| dewditpakieg thronghisipeniogeis the condent lveswitha contielrlayer
duce the,critical dinensions of the

g‘?el%]?rggg%%l ﬁ%lﬁgg breaki ng t hrough openings in the
C ont r QdicHiRy Rlatupbd 1Ht03th6 efthN@ler L oh cRheAknQUERich is different

chenistry; and etching features into the etch |ayer
viicerh thecoatrohlayéremealt thyqughicherhisiry, whdréipribaetch tayar fehimres have a

cont r ol br.eak t. h erein.t

et iich Finspio v hidh B v Batoh et Chr A P g vhercin

Vi'Hé ehtio? lelﬁ)%sﬁ héid %tcﬂq*}@sﬁthﬁt% e didtl with gl éf&{‘aie%ﬁst?}nﬁan the
wherein the control layer is nore etch resistant

tdoafartmehlayeit h t he etch chem stry than the confor rral

| ayer. 2. The nethod, as recited in claim1l, wherein

the depositing the conformal |ayer over the sidewalls

of, therphalBbeSlsSheifef H Lk la\QHer‘élf{l}r)tﬁé gééaolsﬂ%grthe conformal layer
conprises: a deposition phase with a déposition gas
ahveribetsidewlatls bdthephotdesiss fdataes pildasrad] lapst, comprises:
a deposition phase with a deposition gas chemistry to form a deposition
plasma; and
a profile shaping phase with a second gas chemistry to form a profile shaping

plasma, wherein the first gas chemistry is different than the second gas chemistry.

3. The method, as recited in any of claims 1-2, wherein the depositing the control
layer over the photoresist layer, comprises:
providing a fluorine free control layer deposition gas; and

forming the fluorine free control layer deposition gas into a plasma.

4. The method, as recited in any of claims 1-3, wherein the depositing the control

layer over the photoresist layer, comprises:
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a profile shaping phase wth a second gas chem stry to
forma profile shaping plasma, wherein the first gas

wehb®ai3sry is different than the second gas cheti/BE52096/018142

3. The nmethod, as recited in any of clainms 1-2,

wherein the depositing the control |ayer over the

phot o rﬁ%bi%ﬁng' RYEED orfeVTRA0S @Sl ineRdBY tHighBesd ahd MPEliHereduction;
free control” | ayer deposition gasS; and form ng the
fdndori ne free control |ayer deposition gas into a
plasma. 4. The nmethod, as.recited in any of clains

1- 3, vR‘TEYeé‘i“ﬁgtV‘H’ée%lléﬁo@W?tﬁﬁ"the control |ayer over the
phot oresi st |ayer, conprises:providing at | east one of
snooth |ine edge roughness and striation reduction;

anhd prEwentthod, asirewdted limasy dfvlainisilof) whereid e depbiting thes
recited . in any of clains 1-4, wherein the depositing
tonfrmal Bysraver fipstdeyiptls farms subgatially yertigalsadewalls of at least
S ' [ ' at | east one of
H%%%%%P@%@%%é?%%ﬁﬁg%%hﬁéégg@gbé%ﬁﬁéhteriaI. 6. The

nmet hod, as recited in any of clains 1-5, wherein the
control layer is a hydrocarbon material. 7. The ]
nfet hodTheamethed;ias serifen impRy ofclaimgilns whegsin therqopirpl layer is a

onprising stri;pping the photoresi st mask, the control
ﬁ?@g?c,ar gﬁgn%%%%si ted conformal |ayer with a single
stripping step. 8. The nethod, as recited in any of
claims 1-6, wherein the form ng the control |ayer,

dsposi Thewethbé asoedited imbny efjdaimsdt & Hintlepr spptipigg siripping the

A L
r@ﬁllgtgg% si@s. recited in any of clains 2-8, wherein the

depositi on phase and the profile shaping phase are
repeated at | east once in an alternating manner. 10.

TR eS8 S S 1 Ut T B
SHRE S NE AR B gp Ll SRR 00, o

cetehing Bdatuaesnatosanosich her id perforatekdan o sagler @ch tlethbien any
of clainms 1-10, wherein the second critical dinension
is at least 30%Iless than the first critical
nmen D . V. 1.
(rjr% i ho?%}ng%lyg/d’oﬁ r?ﬁfaélh rrlg &?}?@10%1111(3% 3,%6&'«5& ﬁ?edde%mh&? phase and
the profile shaping phase are repeated at least once in an alternating manner.

10. The method, as recited in any of claims 1-9, wherein a thickness of the
conformal layer creates conformal deposited layer features with a critical dimension,

which is at least less than 30% less than the first critical dimension.

11. The method, as recited in any of claims 1-10, wherein the second critical

dimension is at least 30% less than the first critical dimension.

12. A semiconductor device formed by the method of any of claims 1-11.

13. A method for forming a feature in an etch layer, comprising:

placing a wafer with an etch layer deposited below a patterned photoresist
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13. A nethod for formng a feature in an etch | ayer,
conprising: placing a wafer with an etch | ayer

waelepoesswed bel ow a patterned photoresi st mask WaTUS2006/018142

photoresi st features into an etch chanber; formng a
control layer over the photoresist |ayer and bottons
Ohadl\RitR PRO1OFSRE ﬁﬁtuf&%‘déraﬁ%tch%ﬁﬂx%bﬂ ng a conformal
|'ayer over the sidewalls of the photoresist features
and cofermolg d aypepl kagerroyvduthe phptoreasist tayemdnddiottomsiof tis of
tg (?hot eS|st features; etching openings in the
TEFISYIS3IMES i t h a first etch chemistry: etching
featur :
cher 051% P oo gh gy Tt g Mo AR R Gl foatures and
cdmtn’olslaygr, to \Msdme the dritiealatimensionseot thepliatoesistiasterea;
second critical dinmension, which is_|ess an, the

first ephing eaqnnaﬂ% ths ontrahigyeanetes frst gich egﬁmstw | ayer
oo R TR SO B e A b atEe

pdiﬂ%%ﬁﬁbﬁltthﬁ”ﬁﬁdt etcﬁ I&Helﬁﬁﬁ”?,\/\ivhtg‘elhhbe swalh eryef featirdshavet eévond
chanmber. 14. The nethod, as recited in claim13,

viricel ‘i‘m‘teﬁ@w@e‘ﬁl@@h i lﬂféj therethe St srien dimgasionind-Whergn the
LTS 9k 08 R RRIIER] B oL R B3 B S Bhnistry than the

esperrormng for a
taﬁfmty 8§65, conprising: a deposition phase with a
deposi ti on gas chem stry to forma deposition plasng;
and a %iﬂpplngdlemmtﬁrﬁﬂystmkeamth a second gas

chem str pl asma, wherein

t he flliﬁg{ %W@ OF%{hlegc&c?Lfﬂgl:b%%t than the second
gas chem stry. 15. The nethod, as recited in claim 13,

wherein the depositing the cont r ol | ayer over the
phbt or Blsd mttlmdyasrrsemtﬁdnp claged 3, whavindhedeppsttingdhd ermformal layer

free control r .deposit.i and. form
P R Tals oL SR BIOT Y dre eR 0% F9R0H! & PSS performing
pfo@%ﬁﬁastjf@o cydi6s ﬂﬂ@#})m%s 8SmpgGhg.ed in any of clains

5, wherein a thicknéss of the conformal |ayer
c r e at es demsitonphbsedeitios demditloaygas chemsistry ésfonntadegosition
critical dinension, which is at |east |ess than 30%
| K88nL 884 the first critical dimension. 17. The
g‘;gggg pfd 1tlc|§ %%pﬁl%%h'a& WY 2 Qcotl 3biBhelndstiPo 1AR P o¥IE BRaping
plasma, wherein the first gas chemistry is different than the second gas chemistry.

15.  The method, as recited in claim 13, wherein the depositing the control layer
over the photoresist layer, comprises:
providing a fluorine free control layer deposition gas; and

forming the fluorine free control layer deposition gas into a plasma.

16. The method, as recited in any of claims 13-15, wherein a thickness of the
conformal layer creates conformal deposited layer features with a critical dimension,

which is at least less than 30% less than the first critical dimension.

17.  The method, as recited in any of claims 13-16, wherein the second critical

dimension is at least 30% less than the first critical dimension.
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dimension is at |east 30% Il ess than the first critical
di nensi on. 18. An apparatus for formng a feature in an

wer@b/1basyer, wherein the etch |ayer is supportBdl/bDg2086/018142

substrate and wherein the etch layer is covered by a
photoresi st mask with photoresist features with a

first CD, conprising: a plasma processing chanber,
conprising: a chanmber wall formng a plasma processing
chHhnbeAn eppdratssi fa;foamisg b Statae en s piob l4yef, ovheseip gwratéinigyer is

:ﬁé’gg’g%{@ gép‘ . %rgflggxma S’%Fgelgﬁﬁﬂgt% rlg}g???sf(i‘é)& {eéﬁq?’%i{oﬁgesist mask
gxfzﬁlﬁgﬁét%résﬁt Féﬂﬁ:&l W B £ t‘@ﬁf,%%i'n? siﬁg.a”bef encl osure;

ast one electrode for providing power to the
pl asnea plasme picagyingvhainder, eompsing:e f or sustai ning a

pl asma; a gas inlet for providing gas i.ntg the plasna
processi ng & Fiher ekl dpmiing épijaéwapam@asgn%eﬂw&er%osure;

ocess! o
cnctosur o SeRsEh@TLRE B R RS P AT e e

g@scdssingichamberentioburg, a control |ayer gas source; a
deposition gas source; a profile shaping gas source;
and an et chapiesyaaregnlator dor ragdaiing BF Pesswe i thsinlassiay

connect %h&ﬁbé Q% BasesSource and the at | east one
et?ec? rloge, corﬁ)rlcy na“.

at | east one processor; and

conmput er r egdeit enddetitdde ERTR ViGN Powed FMUE Blasimapesiebeng
code for OE{)row ding a control |ayer; conprising:

cavperenclesytraior sustaniag elasprabvi di ng a control | ayer
gas fromthe con%}ggl Ia%@r %as. ﬁot rce to the §I agtllrmb
processi ng tREABE “ERETOETR &4 QG E SrASTR SF O A a i "
CaReshiRE atd ansform ng the control layer gas into a

pl asmg;
a gas outlet for exhausting gas from the plasma processing chamber

enclosure;
a gas source in fluid connection with the gas inlet, comprising
a control layer gas source;
a deposition gas source;
a profile shaping 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 a control layer; comprising:
computer readable code for providing a control layer gas from the
control layer gas source to the plasma processing chamber enclosure; and
computer readable code for transforming the control layer gas into a
plasma;
computer readable code for providing at least two deposition cycles to
form a sidewall deposition on a photoresist mask and the control layer to form

features with a second CD, within the photoresist features, comprising:
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conmput er readable code for providing at |east two
deposition cycles to forma sidewall deposition on a

wW@bwbosmwssd st nmask and the control |ayer to forPeT/US2006/018142

features with a second CD, within the photoresist

features, conprising:conputer readable code for

provi di ng adnliiterataddbReRAS er'p?&1@1"ﬁ§ affloddE D&eposition gas from

deposition gas source to the plasnma processing chanber

ethe degmsiten gresputeto the phiainh praveshing drantbenersdasurd; ng t he

deposition gas into conput er dabl e code

o st oppi P Broh B SR s oG ehEto 2

gﬁ&%ﬁdt'on gas source to the plasna processi ng chanber
osure; conputer readable code for providing a flow

of a profi | enghagiraglabksotie mstdppingthé flbow efhthpidegpsgam gas

source to the plasm proceSS|ng chanper enC|OSU{

afrera the @F@omlewgeﬁ squFs 1 drorlpenaprogessneshamprraglosure;

comput er r P&Qﬂ llt&' rga%lbfeqsrodé f&gﬁ‘&ﬂ& Qgﬂotvxpgf épg]%{fllé $haping gas

shapi ng gas 11 sma;  an ter read & code

f@(ﬁm&lﬁ@mﬁltgshhblﬁgfgh@wwée tbhiee plﬁﬁﬁa pb®cedsiai dhgmbeaserictostie after

the profile shaping gas source to the plasm

phe dewsafibe dopasthien 2ants|séped; conputer readabl e code

for providi

et chant gas&)gn ] rtécr erQ%I&aB{ 3 f?ﬁ%ﬁ@ﬂ) %ﬁ Pf’orﬁlé E\?a%né,gas into a

aflhha; @aap! etion of the at | east two dep05|t|on

cycl es; and conputer readabl e code for etching

features i ncqrmmlwray@hblewdﬁ @artsmpmgdhaﬂpwqﬁéhweﬁlﬁ ghaping gas

t1tr]orn e ﬁr%%?e shalra]mtg %gs Isoa & to I%ﬁle Slasma Brocgss%% 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
two 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.
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