REDUCTI ON OF ETCH MASK FEATURE CRI TI CAL DI MENSI ONS BACKGROUND OF THE

| NVENTI ON [ 0001] The present invention relates to the formation of

sem conductor devices. 5 [0002] During sem conductor wafer processing,
features of the sem conductor device are defined in the wafer using
wel | - known patterning and etching processes. In these processes, a
photoresist (PR) material is deposited on the wafer and then is exposed to
light filtered by a reticle. The reticle is generally a glass plate that is
patterned with BERHE OE HTGH VAR EEATURE ERITECALDIMENSIONS m
propagating 10 through the reticle. [0003] After passing through the
reticle, the light contacts the surface of the photoresist nmaterial. The

| i ght changes the chem calBAGKEROUNDORTHENNVHENTHEIESI st nmaterial such
that a devel r c renmove a portion of the photpresist material. In the
case of posillOl photorEerCE SHTBIASRS e L T OGT G HE enpved,
and in the [dfogasep@ind@aiioh¥RtRRARHRRESIng MA@ 3F fhe sénfiGoddEspPOsed
regions are renoved. Thereafter, the wafer is etched to renove the

under | yi ng rigvise prg|defipgshin theevafpraiging exeltknoyp gatipsnipg prstichipdorracessd. Iy t he
phot or esi st | f.L: . (7 in the

waf er . [OOOi E?&#%%g&ggﬁggggﬁgﬁg)%ﬁw% g%% ggg@?hgﬁgwﬂégﬁﬁﬁ&:q%p ultra

vi ol et ( DUV)exp@@d phiaght fifgsied by i scticlep dbet:tibly 19dBeialina lagilate Tat fsaci | it at e
under st andi np%t FIO? &i] ),{A i Sar® fon chercr)ate' %sﬁ%??l%él?i%ttir%nalrovai aw of a layer 108
over a substPHPESAHHD cTFRRIATs el &REH™s TREPISHEL fOPRIMABINE  over an ARL
(Anti - reffol eahiovgh thayeicle. 110 over the |layer 108 to be etched formng a

stack 100. The photoresist pattern has, a critical dinmension (CD), which
may be the AP 1 18hciroapsing Eouel e fetclsathg light CW@%%HW@%F@F g11248 nm

phot or esi st ZatRestsy Riae@hl. GRe fight chQePRELRMASA SbmPRYHidAG T 2RGh3RRsRM USI Ng

conventional processes. Due to optical properties dependent on wavel ength,
phot or esi st TexpéE eerhiihataggyperer avapeysg toriidngHithaetaresisgaateriple oltet i cal
mnimal crity ; b QRGorekiQQ0mdriA IR 3ksEa keRniBY &R BG4l goed
t hr ough thet% %%%?%@?gﬁkgat?gfn, as shown H#n FFQ? 115 e%\ﬁy, the CD of
t he featldr e dasehd nagativh pbftotehiet mabertaly, iy unscpespdatgions dardwem@ied. 30 116 of the

f [ [ 2.1 [ h .t he f 116
e ar ger A EE: B B o e g Pedr b S e il Ssi on o

t he phot or esir$ha longer protected by the photoresist material, and thereby define the desired

features in the wafer.
[6004] Various generations of photoresist are known. Deep ultra violet (DUV)

20  photoresist is exposed by 248 nm light. To facilitate understanding, FIG. 1A is a
schematic cross-sectional view of a layer 108 over a substrate 104, with a patterned
photoresist layer 112, over an ARL (Anti-reflective layer) 110 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 nim photoresist

25  atypical 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. Idecally, the CD of the feature (the width of the feature) is equal to the CD

30 116 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




or undercutting. The feature may al so be tapered, where the CD of the
feature is at |east as great as the CD of the photoresist, but where the
feature tapers to have a snaller width near the feature bottom Such
tapering may provide unreliable features. [0006] In order to provide
features with smaller CD, features forned using shorter wavelength |ight
are being pursued. 193 nm photoresist is exposed by 193 nmlight. 5 Using
phase shift reticles and ot her technol o a 90-100 nm CD phot or esi st
pattern nayk%%aF6@%@@*mugpﬁéﬂﬁQBWPWW“p%&ﬂﬁ?@§h%ﬁmm$ﬂ?§“%ﬁdﬁwﬂ%e able to
provide a feghufe width bibhr cFEhe0k b8t 0SudiMapelind mraif B}ogmtuﬁfeﬁ%lﬂ’eahﬁesexposed
by 157 rimlight. Using phase shift reticles and other technology sub 90
nm CD phot or E¥Dé&}t patméﬂnspn&ybﬁénmf$wwbﬁnmEhC@ ﬁ@@hdfbawabmegsbwerV|de a
feature with 0 LIer ghave gth

phot or esi st Swrgr\éeﬁenﬁthglﬁhaare%q gp@rg%%‘dloqgg'n %otoremsgls equ%' z{g eSIH'aDE L}E]{}SI ng

| onger wa¥el Usigt pBase TiftebicdsanChihsr t@dh@.&bgjt,@ oheo nhheD fpbtofesikt paktdint t he

l'i thography ap us_ shoul |se woul d uire nore
expensive |i F’ﬁgg‘?g’ﬁﬁ 6%% P%P@%‘é‘hﬁ %wiﬁ?’?ﬂ?d{f%‘i‘@sﬁ é? UYdnd 157 nm
phot or esi st gRY 1S omvmo%ﬁ% ept7ingl ploBiesie lsmxgggeagy I[ onganighavelnat h

phot oresi sts 15 and may nore easily deform under plasma etch conditions.

[ 0008] I n thehast ghii rrjiclst asbefbierdeahuelogyaspe P8 nsile heterehint patierns oyeirke i on of
menory devi i I e L NGl . i jty w thout
di m ni shi ng %%@‘%fﬁﬁ%@%Qﬁ%gda%ﬁﬁ$§¥&%&E&@iﬁﬁﬁﬁ%%ﬁﬁ&gﬁFﬁ%og] To achi eve the

f or egoi ntp an[i)(]{m acThe dend shosict haﬁdi@gmmhpm&eismfmztyh;eo\{iaieasjdhionali nvention a
met hod for for feaéures in an etch | gihstack ith an etch
mask over th@“ OVﬁy’P“”ﬁﬁgﬂﬁ?ﬁ‘Fﬁgwﬁ?ﬁ “Hﬁ%k“% m% SHEEKC ¥at ures with
si deval | s, whnesretidah Bm@tedifiBEkpHy @it @Sshbald ®e Mok pradise; hicha@uidli mension, is
-provided. A cyclical critical dimension reduction is performed to form
deposi tion | Efefe pegeEpesivofthnpiaphacamesit PRt h U RENSFOH 9P Th i s

I ess than t hg,bhiglesiSfihly) Sihatt KREHIRR as ERGHs 106Y G VRwelCRIP phci&iSsists d€pOsi ti ng
phase for depogltlng a deposition | ayer over the exposed surfaces,
|nclud|n@ith@KM@%Un@awaSBGbmahNQ*?@ﬂ&mheme@hmﬂmsk features and an etching
phase for et g b C dep03|t|on
b the vert Jﬁe }_r]'éﬁmg‘ %ﬁé&g@&&%’%&iﬁg\{ :tl{r%:gb;% %1‘811 ‘Sfﬁlhl%ﬁr

wherein the &tw‘sdas,lnanydes;ﬁeieﬁ@mtmasesiehaﬂ/éemtﬁ Withaht dmiibislciag pdfomameon V\:hi ch
is less than the first critical dinension.

SUMMARY OF THE INVENTION

20 [0009] To achieve the foregoing and in accordance with the purpose of the present
invention a method for forming features in an etch layer in an etch stack with an etch
mask over the etch layer, wherein the etch mask has etch mask features with
sidewalls, where the etch mask features have a first critical dimension, is provided. A
cyclical critical dimension reduction is performed fo form deposition layer features

25  with a second critical dimension, which is less than the first critical dimension. Each
cycle, comprises a depositing phase for depositing a deposition layer over the exposed
surfaces, including the vertical sidewalls, of the etch mask features and an etching
pha;;e for etching back the deposition layer leaving a selective deposition on the
vertical sidewalls. Features are etched into the etch layer, wherein the etch layer

30 features have a third critical dimension, which is less than the first critical dimension.
[6010] In another embodiment of the invention a method for forming a feature in

an etch layer is provided. An etch stack with an etch layer is placed into an etch




[ 00101 In another enbodi ment of the invention a nethod for formng a
feature in an etch layer is provided. An etch stack with an etch layer is
pl aced into an etch 2 chanber, wherein an etch mask with etch nask features
with sidewalls is over the etch |ayer, where the etch nask features have a
first critical dinension. For at least two cycles a cyclical critical

di mensi on reduction is performed to forn1deposition | ayer features with a

second crltlc is less than the first critical 5

di nensi on, ?‘?ﬂ“ﬁe% ereé? E%Ct\é\f‘fqgﬁg% 1th ggh pagk fegtures gy ﬂdﬁ‘@%ﬁs 45 9EH 4% €5hg phase
for depOSI tll:{}gr ahdePBSHtl @8sK fodeles BMRMR firfiRrifiéll 8Mednbisn OF ol RaQlwh Mask

f eat ures and an et chi ng_phase for etching back the deposition |ayer.

Feat ures ar e SBtexfetyclisl erittabdipepsion regysiipn v rerpinediie fasmalspesiéandayer wher ei n
the etch | ayesanfrealith Q%c@@d’&nﬁaltdaﬁ}&% o%r loch lessthlam% 18{]61'%\%/5“ ch is less

than the first critical dinension. I'n ano er enbodi ment of the
i nvention? aldlra@p@naw@snﬂ@retdi@hmbrg Qachfcefallewlesrlsemadcpoenmg phagéar i s
provi ded, vvhgglg ere the etch

SUDRO
| ayer is cover eogﬁ@%adﬁyo%{tmﬁﬁa ‘E‘%" [hte su:{rer\\é:r lI(s (*filg‘e € (%h néas%lf?ﬁﬁurgs adag’ - A
pl asma pr ocesghing phdtmrfdsre:ttchh@rnack sesdemsitioanyer. Fastutes h@ramphegindo PkagHa
processi ng hanb syre uhstrate support for supportlng a
substrate wi ?ﬂfeﬁwﬁﬂé “(sf a‘il?aerp‘?'@%‘égg?eﬁéc]%w&h%é?]”@rlﬂa%ﬂffé cUEcgr essur e
regul at or fOﬂlrﬁ@%halflhélgxstlé’sgt]ﬁﬁ@ﬁ:sfﬂﬁt%nh@alﬁhﬁenmﬁh asma processing chanber
encl osure, at |east one electrode for providing power to the plasma

processi A cHBkr dnelcdspabedimenipd theiimventions ap Reparaks fer fgeminkal et f or
provi di ng gagehitQn LR ha?%gr%@f(ﬁ%@ SolcRAnE o0 ?511 &?éd% %rsﬁ%str%& hng 995

outlet for exhausting ga e p asima proces encl osure. A
gas source i hing tiROetéH layed immered by ametvlh tmhskt igh gask ﬂaa’mhre:t witha dienCQol Aer is
control | abl ygﬁgnnect sour.ce, and {Ige at ast one el ectrode

and conpri se§8“at" Vs sslsm%ﬁléan%r%goé%pgg?s LHGMbES E?mi%ég 5P BOTEHINE. The

conput er r eackaidber mdjs&e@mbéﬂﬁfeﬁxpﬁ&ﬂwEiﬂfportfnga@a@trﬁteﬁﬂdﬂl fheplapmeVvi di ng for
at | east él ve cycles a cyclical critical dinmension reduction pr ocess to
for m depbi t P8R SW&%&WW@&?W‘EEYCV\W PIRSsHredeer fey eelatig the prssreiedn theps

conputer rea @Q‘h@pr@&gﬁné @ﬁaanPMkQJSM ﬁ- efa.L,tQ)We Qlfec@d?ie%rﬁﬁé’\ﬂamggéwér(?ot he plasma
processi ng chanber after conpletion of the at least five cytles of the

cyclical cri the@hismagrasesssiz shambed aed¢sore fpr Deleisng andneomputielet foeadabl e code
for etching fn%@itdﬂfgegﬁs Intb ﬁq@ %Iasma processing chamber enclosure, and a gas outlet for

exhausting gas from the plasma processing chamber enclosure. A gas source is in

20 fluid connection with the gas inlet. A controller is controllably connected to the gas
source and the at least one electrode and comprises at least one processor and
computer readable media. The computer readable media comprises computer
readable code for providing for at least five cycles a cyclical critical dimension
reduction process to form deposition layer features with a second critical dimension,

25 computer readable code for providing a flow of an etchant gas to the plasma
processing chamber after completion of the at least five cycles of the cyclical critical
dimension reduction process, and computer readable code for etching features in the
etch layer, using the etchant gas wherein the features in the layer have a third critical
dimension. The computer readable code for providing for at least five cycles a

30 cyclical critical dimension reduction process to form deposition layer features with a

second critical dimension, comprises computer readable code for providing a flow of a

deposition gas to the plasma processing chamber enclosure, computer readable code




etch layer, using the etchant gas wherein the features in the | ayer have a
third critical dinmension. The conputer readable code for providing for at

| east five cycles a 30 cyclical critical dinmension reduction process to
form deposition |ayer features with a second critical dinension, conprises
conput er readable code for providing a flow of a deposition gas to the

pl asma processi ng chanber encl osure, conputer readable code 3 for stopping
the flow of the deposition gas to the plasma processi ng chanber enclosure,
conput er r eadabiteppoarbe flow op fhodertisitign gaf tb@lw }ﬂaisnwpr@ctesﬁﬁnamhamberg as to the

pl asma proce55|n chanber en sure.after the fir deposition
gas is stopped gﬂe§on%umﬁF3¥$%eag%% Iow%ﬁgﬁ 0““) 3ﬁﬁﬁﬁmﬂFﬁgs Om/Of t he
etch phase gagashia ptrch:essufg dhhdBaren@bees Rt thy ﬂohaﬁbl&rf renzbasiitngsas [s0012] These
and other feature q& t he pre gg i nyention mrlﬁ be.described in re

detai | bel owSIHPEhEeAmRI G R FI95LToHPPBS Il O EE FIEh PG EFsO the

conj unctign \fdletsﬂlatphﬁ:essfl%ldh&%é}gncﬁbﬁ% es. 10 BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 00 A esent invention is illustrated by way of exanple, and
not by way off0012] ni tHteboamd dther fegtardsiod theeseserft lln%et@t‘t!tblrh%ﬁhwlhgi unrvawe ngs and
in which |ike f t n whi ch:
[0014] FI GS. df%qggfo%nﬁ?h dél’!rr%antgé Qésén%%n%%the?nv%h eﬁid 11(’? 813'15{3 Lgn? &Heet ched 15
accordi ng to folvevipg figureart. [0015] FIG 2 is a hlgh | evel flow chart of a
process that may be used in an enbodi ment of the invention. {0016] FIGS.
3A-D are schematic cross-sectional views of a stack processed according to

an enbodijgent of the invgRiEPBESZRIPIVOKIOFIIEE DRAWINEE schematic
cross-sectional views of a stack processed according to an exanple of the

i nvention. [d%0&) Fiihe reespy inveatiosisdtystated ’éX/\)”@fOfé’XﬁJ‘Palﬁ»rf‘éPd PPoveeditlg chanber
that may be ug8doh In Hedplies bP@e E&%m‘p&%&t dr%ngs[ Q{ajré? Lvhﬁ:h%e Bhehcd

illustrate a conput’er system which s suitable 5 inplenenting a
control | er usetheias refebtdiimientelemehtstahe ipwldslent |nvent|on

[8014] FIGS. 1A-B are schematic cross-sectional views of a stack etched

I5  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-D are schematic cross-sectional views of a stack processed
according to an embodiment of the invention,

20 [0017] FIGS. 4A-F are schematic cross-sectional views of a stack processed
according to an example of the invention.
[0018] FIG. 5 is a schematic view of a plasma processing chamber that may be
used in practicing the invention.
[0019] FIGS. 6A-B illustrate a computer system, which is suitable for

25  implementing a controller used in embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] The present mvention will now be described in detai] with reference to a

few preferred embodiments thereof as illustrated in the accompanying drawings. In
30 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




DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0020] The present
invention will now be described in detail with reference to a few
preferred enbodi nents thereof as illustrated in the acconpanyi ng draw ngs.
In 30 the foll ow ng description, numerous specific details are set forth
in order to provide a thorough understandi ng of the present invention. It
w Il be apparent, however, to one skilled in the art, that the present

i nvention may be practi ced without sone or all of 4 these specific
details. In dedesperifistdgindesn oflst lﬂSﬂamwqurI@ewsQr@r@sgp@pade@rstrEQtum&t ures

e ene DeeBafleRe RSyl el Rt h Bl €501 be Al MIBERE AR YO o0 T e L he

present invention e I nventlon provi
critical dinemshims (CD). 5 More speC|f|caIIy, the invention provides a

features wt s that are | ess,t atter mask used to
etch the feaF?P?xlg] 16%'?2‘&’6%"%%{8?1’ 8‘1“&%%%?&1" ?{Hicalg““%%‘iﬁ@“sggg)s a high

llevel flow chadrt sgkifRalpy, ﬂ@&ﬁ&nt@rh@bv:ﬂ@s}/a uMS Q6th IOD’ athaeF Rdi MBATLeOf the
invention. A patterned etch mask is provided (step 204). Exanples of such
a patterned &L tharktcrrd npgk vsse feeich®e fab¥or esi st nasks and hard masks,

such as a si @9 hafrookgaﬁﬂate%démam RIRQYS:s 2 Gidh PRI AR, SRS Spﬁt@ss SA s a

schematic cross-sectional view of an etch l ayer 308 over strate 304.
A patterned élta(chlay‘rhtskseg112alwmbvdan¢neafthc ew@ltwm éwgmc@ctcmsk 810, over the

etch | ayer 308 sirah k 300. The etch
mask has a mgggstt?r )famé’aﬁfs gsuwr?sua tem?drtﬁh mf\ﬁ% arehpa% V°be the wi dest
part of tibe pﬁ&oﬁ%ﬁﬂrﬁﬂsﬁiﬁnd&fard hesks,watH |stsilpos ﬂarbhleskf(eahuﬁﬁrphbﬁm23l A
cyclical critical dinmension reduction is perforned to reduced the CD (step
208). The cy&FPanbardipaski EXf. 31%’6Géf’h%ﬁ“jﬁ)%&%@%“%%‘rfﬁ?‘i"§E%“ ¢eh lEetd08t wo st eps

of  depositi Bgerd shBy@le 20¥ER JalEn&d Q@Wﬁkékﬁ‘lewntIﬁEIeaﬁ&l‘é@l!ﬂ%%ﬂ/eF geARre 314
(step 209) and then etching back the deposition layer (step 210). FIG 3B

i s a schenat P&0.@rveydhe geltiaya i, orer w@ww 3Q4h‘éh1§’alfctfelts aedcedeh Haskeh312 with
a |ayer 320,
y nLSlI ﬁ%qSI %lé\%\%ﬁrg Xr?t#c'aﬁﬂlnei eat %In%hﬁ@{f,ﬁ% 915" »Jl(?qu’f tnl. S

deposited over t eposition Eiayer 320
forns a deposidthdid d)fz'atyex;ma‘léatp@sﬂbleﬁ'mmthl n the mask feature 314, where the

gigog; t ![ ﬁg | ?%ES] f e% cycF ca:lg 2t1caﬁ<§1mension rcguc(flon 15 per or mc}gia%o rc!,dlslccld%ﬁes C}tf)han the CD

(step 208). The cyclical critical recuction process comprises at least two steps of
depositing a layer over the sidewalls of the etch mask feature 314 (step 209) and then
etching back the deposition layer (step 210}, FIG. 3B is a schematic cross-sectional

20 view of the patterned etch mask 312 with a layer 320, formed by the cyclical critical
dimension reduction, deposited over the sidewalls of the feature 314. The deposition
layer 320 forms a deposition layer feature 322 within the mask feature 314, where the
deposition layer feature 322 has a reduced CD 324 that is less than the CD 316 of the
mask feature 314.

25 |0024] Preferably, the reduced CD 324 of the deposition layer feature 322 is at
least 10% less than the CD 316 of the mask feature (i.e. not greater than 90% of the
CD 316 of the mask feature). More preferably, the reduced CID 324 of the deposition
layer feature 322 is at least 20% less than the CD 316 of the mask feature (i.e. not
greater than 80% of the CD 316 of the mask feature). Most preferably, the reduced

30 CD 324 of the deposition layer feature 322 is at least 30% less than the CD 316 of the
mask feature (i.e. not greater than 70% of the CD 316 of the mask feature). For

example, the deposition layer feature may have a reduced CD 316 that is 99% less



mask feature 314. 25 [00241 Preferably, the reduced CD 324 of the
deposition |layer feature 322 is at least 10% | ess than the CD 316 of the
mask feature (i.e. not greater than 90% of the CD 316 of the mask
feature). More preferably, the reduced CD 324 of the deposition |[ayer
feature 322 is at least 20% 1| ess than the CD 316 of the mask feature (i.e
not greater than 80% of the CD 316 of the mask feature). Mst preferably,
the reduced 30 CD 324 of the deposition |layer feature 322 is at |east 30%

| ess than th@acthe3ds3 bf ofithemaskderuteHtitaler dasirable thatthgdepasition kakietn 70% of t he

have o reduckleD 218 1iaF Y dbuieSRRAR 2 O RERRN A QR R 2O T T

feature. It ilmwal 3m ctemplabh eulisfaammtyhendelmmnm didepeait] thdt Gatmboptod22 has

substanti al | vert cal S|de i are highly confornmal as shown.
An exanpl e o PAAREIEP t‘%ﬂﬂ*sﬁ% quottf’@%gf%.f@émn that from

bottom tp t@&lfﬂ%@gldwamﬁb@a &Jpoga&m?é} u&’a%h&sosusﬁmmnmteB@n@ma@wsof t he
feature. 5 Conformal sidewalls have a deposition |ayer that has

subst ant i al | fompe tgaﬁaeth@ hettaeekte fepugmm Neeconipmalsidemall hoay st t he
feature. No asaﬂl%% e A ARNRL DB vl [%}cﬁnde@ﬁ%m;,s%uai Ailpad: | oafi ng

formation, rovi de nonssubstanta vertica |'s. Tapered

si dewal | s (fszdﬁwatllheT:ﬁ}Eceeitsldwgfaﬂsﬂfwat tih@lfa)cetom thimedida)l Qyézfqadgmé“ nd@wmvhlés may

i ncrease the_depositi et chi

Preferably, TO "R éﬁ%‘éﬁ iy‘g%“ BE e @.%0‘"9%?0 e“’{’ ht rr1?er t'h %%Fyhe

deposi tinn Olihetléljbsbﬂhbﬁlﬂhe&fdetvb'tﬂ?l is ﬂﬁcskkr mmaamurcleposi‘slbﬁen ﬂfee;fo&mablfyhe no | ayer is
deposited over e bottom of the feat ure. one enbodi nent s
of the i nvenPrdieaiign &t PEREblepd Y%“&ﬂenoalférwre % o %f;f Bf ™o ot ch nmsk.
I n ot her enb@gitiufgents part of the deposition layer is fornmed 15 over the
top of the etch mask. [0026] Features are then etched into the |layer to be
etched 308 ti¥P3ilgh ktremegupodimentsn! ihaypentieaneiced i32lzpgsiiaadaEs Fon FI G 3C

shows a featy %ft%é%tcﬁg&ggd o@le?aﬁaﬁc?dlmhxﬁéf% ﬂ%?th%e@sﬁf% cyé fog %dt hi's

exanpl e, the eature IYayer to has a CD
336, whih isveetueadp dfahd ¢ieh ©B3k324 of the deposition Iayer feature 20 322.

ICB grzz'(:t I ce, [(}})gI D %%u?esozrre %hgg etfcleeadtmtoeihe?)lg%er rtm'ge 698163 3b§“ I‘OLth the arger than the

deposition layer features 322 (step 212). FIG. 3C shows a feature 332 etched into the
layer to be etched 308. In this example, the feature 332 etched in the layer to be
ctched 308 has a CD 336, which is equal to the CD 324 of the deposition layer feature
20 322. In practice, the CD 3306 of the feature 332 may be slightly larger than the CD 324
of the feature 322 of the deposition layer 320. However, since the CD 324 of the
deposition layer feature 322 is significantly smaller than the CD 316 of the mask 312,
the CD 336 of the feature 332 in the layer to be etched 308 is stiil smaller than the CD
316 of the mask 312. If the CD 324 of the deposition layer was only slightly smaller
25 than the CD of the mask, or if the deposition layer was faceted or bread loafed, then
the CD of the layer to be etched might not be smaller than the CD of the mask. In
addition, a faceted or bread-loafing deposition layer may cause a faceted or irregularly
sh:aped feature in the layer to be etched. It is also desirable to minimize deposition on
the bottom of the mask feature. Preferably, the CD 336 of the feature 332 etched in
30 the layer to be etched 308 is at least 30% less than the CD 316 of the mask feature.
More preferably, the CD 336 of the feature 332 etched in the layer to be etched 308 is
at least 40% less than the CD 316 of the mask feature. Most preferably, the CD 336



of the feature 322 of the deposition |layer 320. 1-lowever, since the CD 324
of the deposition layer feature 322 is significantly smaller than the CD
316 of the mask 312, the CD 336 of the feature 332 in the |layer to be
etched 308 is still smaller than the CD 316 of the mask 312. If the CD 324
of the deposition layer was only slightly smaller 25 than the CD of the
mask, or if the deposition |ayer was faceted or bread | oafed, then the CD
of the | ayer to be etched mi ght not be smaller than the CD of the mask. In
addi tion, a Ph8etieaiugs3beiebrd-in duflavytodestrbid PBnis Rblgest Sovayese dias e’ acet ed
or |rregularl Q. | so
desirable to 3)%16 ﬁ?%@%gk %gglg%l lﬁlgr?& 3%1%igé{ﬁ%{ﬂ!gﬁ%}&tﬂ%ﬁ%m {;Vfﬁ Hgtﬁj
Preferably, {246 Glblﬁﬁﬁylnn‘dmheszieaglmtep 33 ¥oetminee steps \Bith 4 feparhiay er to be

et ched 308 i st 30% S t han .t he of. the sk . feature. Mre
preferably, %ﬁ% Gﬂng?g”efmv ‘ilWﬂ“ﬁ’?ﬁqgtgﬁ?ﬁeés"ﬂgf“ﬁ%ga‘éi‘?gfort ¥ be et ched
308 is ab Ieaﬁgpmg@%clegss%msﬁohetiﬁataaﬂ,éomﬁetrhe depsditidnaater il erdybst
preferably, the CD 336 6 of the feature 332 etched in_the | ayer to be
etched 308 i &8k havesen sEy e sxdditoan fprpatiepstepigaybe pp@HgsRicPédure. The
mask and dep@g} &iapfid 8¥EadiBY0 &9;6&@&5%&%%%&&5@& T%Jp@wdew&d may be done
as a single step or two separate steps wth a separate deposition |ayer
removal st epdamebcenesirueitrepy bitnch gy . bemmmfmwebem@sledfotmd tdsiongt r i ppi ng
process. FIG dep05| tion layer and etch
mask have be ﬁO%FSé%SD@ bePdfgﬁ}L’e%gaﬁtgfﬁ)?Srnrtr%?l oﬁrm éps may be perfornmed (step
220). Fod exump} e I:aleﬁ@ﬂiea@mre&ﬁ@vlﬁﬁqtphmmleﬁlﬂitfoﬁﬁmﬁbdi, fordddnfgat ure. To
provi de a dual ch.may he etched before the

struct a tren
contact is f&PHRE ﬁ%dﬁ%{l"'aﬁﬁﬁ@f%‘%‘%ﬂ C&Fﬁ?/“%‘?él rﬁ@r“f"ﬁ‘l“ﬁ@ﬁ%\(f’fsé?@ ¥Re cont act

is forned. lgox[ne%me&tmlé Bechll@ ok Hh&o g 14ARL o PRASANIERBRLIQR met hod,
formation of 'a conformal |ayer 320 is always difficult since deposition

rate invari abrape philigdepasiiientaypr anddip the sutresne & pisclhpibps thepiwdicdoge of the |ine
of sight | eagidagdt QsdiQb Bﬁtta?n%rhi&g va' lg%%%}@@tjh ns?rﬂlf’eﬁ)ﬁal hg@” posi tion

llayer and in the extrene a pinch -o e profi ods used to
obt ai n alpor depesitivingdien pradfie Mecr wdeshralds side-eHeatsral "re roW‘ post 15

deposi ti on, ﬂ{ﬁ%g}n i n%ﬁlg advan?a &) of th(lél ﬂggn w'e%gchss 1?181121‘[ a nor veétéﬁ'ﬂ(ﬁf 51? %1{ i on

advant age of ventrve roce on-ver
profil e can pafitade bemiade werd veetihl Hsyyth& hessubsedisendpiantisasy. chﬁheet ch step.
Anot her advantage of the inventive process is that deposition layers may be added and etch

back resulting in a thin deposition layer formed during each cycle. Such a thin later

20 can help to prevent delamination, which can be caused by forming a single thick layer.

A single thick film may also cause other problems. In addition the cyclical process

provides more control parameters, which allow for more tuning parameters, to provide

a better conformal deposition layer. Since the eyclic process will keep the bread-loaf

at a minimum throughout the CD reduction process, the CD pains at the bottom

25  portion of the deposition profile can keep growing.

Example of Dielectric Etch

10029] In an example of the invention, a layer to be etched is a dielectric layer

408, which is placed over a substrate 404, as shown in FI1G. 4A. An antireflective

tayer (ARL) 410 is placed over the dielectric layer 408. A patterned photoresist mask
30 412 of 248 nm photoresist is placed over the ARL 410 (step 204). A photoresist mask

teature 414 is formed in the patterned photoresist mask 412. Presently, for 248 nm



advant age of the inventive process is that deposition | ayers may be added
and etch back resulting in a thin deposition |ayer formed during each
cycle. Such a thin later 20 can help to prevent del am nation, which can be
caused by formng a single thick layer. A single thick filmmy al so cause
other problens. In addition the cyclical process provides nore control
paraneters, which allow For nore tuning paraneters, to provide a better
conformal deposition |ayer. Since the cyclic process will keep the

bread-| oaf abotareniirtehumaskiertyriesh G for e Plomoresighwd ksr?3prié@essisithe CD gai ns

at the bottor, @%&%ﬁs %fs 13@@@@@@!%&& Rl %ash s ERaPb QW NG

Exanpl e of ctric exanp vention, a |ayer
to be etched[mﬁop dﬁé@e@hmwﬂwﬁmﬂeWmu4ﬂ8¢mmMH©hmmsmpkaneux60@ﬁwam$nbstrate

404, as shown in Fl |reflect|ve / 410 i s placed over
Che diel ct r DEPEr bR A BSRP BTN G e UiRL b ' of P26
phot or esi st ipfocpdsBgRHarbR 500 bemARes diblindbdne AngAR, anipphaii@tedd S14, mask
feature 414 is fornmed in the patterned photoresist sﬁ6412 Presently, for
248 rim 7 phdtWresriatdeeVi srasRuee 1pindan celsFighmpme B? B8F8t may be

230- 250 inn, Juskdghe cﬁﬁﬂy&@bo %@J,ubma@&ﬁﬁ$§§031tm&1 wsﬁc{latv@l discRbased in a
pl asma proceSS|ng cha 30] FIG 5 is a schematic view of a plasma

processi ng cﬁbﬁhwﬁrEEGﬂﬂhéﬂgNEWPOQ@ﬁ@§@ﬁ$kﬁwbﬁéﬁﬂ$ﬂﬁ$Wynﬁﬁémeﬂ(?éduct|on
et ching, and eﬁe%trospﬁllﬁglgcchlnﬁal Q:e?rﬁ)e é§r tﬂé g&?g@ Aﬂﬁiuﬁhﬁmﬁétrzﬁ? 90‘9 rises

confinement rin ctro ower electr e 508, a
gas sourdé 5 lﬁlptoatuji 5aR u&)ohmusdzs thnmqpe:SéIébtroW 04 dnspph@lsnmedmtedbcmsimg chanber

500, the substrate 404 i, S ti oned e 508. The

| over el ect r S¥do%EE! ‘?CHB%Gr?J@r :’i“&é‘p%*rg‘ﬁf Ishrzﬁ%%mfeé?%d esr%tzf& ng mechani sm
(e.g., el ecth@hlembhtGingfBONATIne e GhRNGAIphGma @6lulrRe Gk lgailpﬁlmﬁ thokdi ng the
substrate 304. The 10 reactor top 528 incorporates the uppe electrode 504

di sposed |nné@ﬁ&ﬁépvﬂabbﬁﬁmﬁéyﬂ?ﬁ@sﬁ@%@ﬁlgﬁ@kﬁFéﬁﬁﬁgbﬁmn “W Bpet el ectrode
504, | ower ﬁéﬁ&éﬁ%ﬁﬁ%w Nfle c&ﬁﬂéh&ﬁm 50@'a99§n é@%us‘i‘%&n‘t meﬁhaq,@ﬂfl ned

pl asma vol u S 1S supp nfined plasma vol une by the gas
source 510 apdmp$2@xh aTmStPé:cbotlrcg a4 helecoinfliymednecsilas g uppirgirstrederddgh t he

conf i nement rl ng%*ﬁiiﬂzsour 65% is gf@c? c% QonHLt-‘ct yta&!{k%o%&@?ﬁ%ﬁ%del%Spunp 520. A

first RF soufce rlca er el ectrode 504.
Chamber walls 552 surround the conﬁncment rings 502, the upper elecirode 504, and

the lower electrode 508. Both the first RF source 544 and the second RF source 548
may comprise a 27 MHz power source and a 2 MHz power source, Different

20  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 preferred embodiment of the invention, both the
27 MHz and 2 MHz power sources make up the second RF power source 548

25  connected to the lower electrode, and the upper electrode is grounded. A controller
535 is controllably connected to the RF sources 544, 548, exhaust pump 520, and the
gas source 510. The Exelan HPT would be used when the layer to be etched 308 is a
dielectric layer, such as sili‘con axide or organo silicate glass.
[0031] FIG.’S 6A and 6B illustrate a computer system 1300, which is suitable for

30  implementing a controller 535 used in embodiments of the present invention. FIG.
6A shows one possible physical form of the computer system. Of course, the

computer systermn may have many physical forms ranging from an integrated circuit, a



A second RF source 548 is electrically connected to the | ower el ectrode
508. Chanber walls 552 surround the confinenent rings 502, the upper
el ectrode 504, and the lower electrode 508. Both the first RF source 544
and the second RF source 548 may conprise a 27 MHz power source and a 2
MHz power source. Different 20 conbi nations of connecting RF power to the
el ectrode are possible. In the case of Exelan HPTTM which is basically
the sane as an Exelan HP with a Turbo Punp. attached to the chanber, nade
by LAM Reseapuhtewwmmdomﬂim sofallaedholdtdevicCap [of Druge aupenkireiteray be used in
a preferred n , 7 ower
sour ces snak?gg eﬂ?g@%embog ﬁk‘deyf&%h@%djwtﬁgﬁﬂgéj(?:46%%%sfl Jtocg) altwrjé Fower
el ect rode, addkidhes L398es kabead rlmmeanclsa gowanded. Digk chidtis ebdeputers35 i s

controll ably cgonnected to the RE spurces 44 548, exha punp 520, and
the gas soufeé‘g fi@?e‘%*l"ﬁ' ClRZlE Fﬁll‘;%tav%ﬁ'l‘ ﬂac%gﬁcwgﬁnqa@layer to be

et ched 308 'fou@z; di @ﬁ@t‘dﬂig%n La¥§lle ofSUELLkABagSdrh ki @hmpukkdgstah 190@ano silicate
glass. [0031] FIG'S 6A and 6B illustrate a conmputer system 1300, which is
sui tabl e f or Ataghed ipsysiearius hg2kis e ovida wripwof BsysaRsd Hrofeaseloi 3Rl of t he
present inve Dyon E W5 f the

conput er sys?ég%?&éoa%:éé&}%@%%%% ﬂg%ﬁ@rﬁgsgé?% %%l éegﬁgaﬁg physi cal
forms rangi ninchrdorg raemornt & axﬁmnlorguBmmclpda r&dpnuﬂt;t@d:rlcnlpmﬂRtAI\bbmdd and a

smal | handhel d de |ce u er copput ter. s 1300

i ncl udes a nf)‘?filfitOB 9(%8]&%?5 %ywei‘ggﬁwnéﬂl u%tie]%(ahdla%?gg yrﬁ”SﬁHd% a&‘m ve
1308, a Keyb%&dctibaé&n cﬁﬂédm@a]ﬂ@t@&lﬁb 31 2nd DA SKis L3 ypisalla 1c onpdreata r eadabl e
medi um used to transfer, data to and from_conput er system 1300. 5 [0032]
FIG 6B is aA"biaftienson 2d-Bragdrnd megreampe Grot Sl et SF&osat 1310.

Attached to gyaldeahPUSEdSetmk %mﬁpn\%rqgad‘é@i%'n%)é RbcriPudsySk e PBixcRUARESSOr (S)
1322 (also referred to as central processing units, or CPUs) are coupl ed

to storage déi’ﬂfcléglso Cﬁllrpd,fld{]?(mdﬁg?‘fll@éﬁﬁrty Cf@zlzi‘22,!\7&]3?9?19631@2&10}1?\‘@@%&3&3%dom
access nenory, (RBAM, algogl?c%cf%@h% ﬁg &Mdablp‘%le'dﬁn dg’?énﬂbeéfﬂgm in the

art, ROVIactstotr ta an Structions uni ectionally to the
CPU and RAM Fixedi gkl lﬁgmm:;abel wed © ﬂtmamfgmnmd@aaanchlhdlikm&tdrlagmlcekhssa| n a
bi -di rectional nner. Both of tEese t

ol b o of " s Ben et R g R S B RB LR ey G I

will be apprec;ated that the information retained within fixed disk 1326 may, in

appropriate cases, be incorporated in standard fashion as virtual memary in memory
1324, Removable disk 1314 may take the form of any of the computer-readable

20  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,
microphones, touch-sensitive displays, transducer card readers, magnetic or paper tape

25  readers, tablets, styluses, voice or handwriting recognizers, biometrics readers, or
other computers. CPU 1322 optionally may be coupled to another computer or
telecommunications network using network interface 1340. With such a network
interface, it is contemplated that the CPU might receive information from the network,
or might output information to the network in the course of performing the above-

30 described method steps. Furthermore, method embodiments of the present invention
may execute solely upon CPU 1322 or may execute over a network such as the

Internet in conjunction with a remote CPU that shares a portion of the processing.



1326 is al so coupled bi-directionally to CPU 1322; it provides additional
data storage capacity and may al so i nclude any of the conputer-readable
medi a descri bed below. 15 Fi xed di sk 1326 may be used to store prograns,
data, and the like and is typically a secondary storage nedium (such as a
hard disk) that is slower than primary storage. It w Il be appreciated
that the infornmation retained within fixed disk 1326 nay, in appropriate
cases, be incorporated in standard fashion as virtual nenory in nenory
1324. Renovalfiéd4li sin adlitipnyeypbedikents didhd presenvinventipn dfrthehlagoieput er - r eadabl e

nput | out put TSR e SR LepdeC Bl bR EMPLAR MR SY na

speakers 133&mnbnﬁgqmﬁbHMngamumsn@ﬂmﬁﬂuﬁmhhwdmvbmﬂmnmw'Ben&ﬂyumﬂ vi deo

di spl ays, track ball m ce, keyboards,. m crophones sensi.tive

i Sl aye, 1 BTSRRI IRy 5T e eoa geren FOBIREr £ T a s 5
tablets, stylésR&entMeaBonor RNEHAY bé bitBe Ktﬂ@%ﬂlikZ@vh‘éandbiv@ﬂlmﬂd’tle%séeadel’S or
ot her conputers. CPU 1322 optional Iy may be coupl ed to another conputer or

t el econmuni cBRehKith it the pomRidsr Sef Ve diy RxapRley qf&e@r)&fswadwet Redigich a
network inteffae ec;ut bl nbS1AROE t@%é&%@&&ﬂé‘%ucﬁﬁd?h&ﬁ’ Wisid, 9labpy &G&1 MR

information from?the network, m ght output information to the network
in the coursmagrﬁetlpea'pfemmcaignﬁcﬂrfesualbwmMewildhmnlmd@@@%mgsem-

Furt her rmor e, @Ua[l]@gcag glxrc%%ggggtﬁc‘gl cﬂ§ks 3.1% hard%uare ev{cgvt%g'ttar pec:lgﬁ eexeCUt €

sol ely upon over wWork such Internet in

conj unct ton vérdfigudiesmicenCBkictih pogehaceis, sawlpmsretpipbcfnueﬁ spd@&icpl’lﬁgﬁ&ﬂi ng. 9
[0034] In addition, enbodi nents of the present |nv ntloE Ph her relate to

conmput er st of EG#s Eﬁ‘%@élzﬂ’%ogﬁni'ﬁabée leginpeviesFelddant BOMar ' %ave

conput er Codsxarﬁﬁl@sr SBmbOer BRI fRTe A MAL bl SsuSIOAMbAIced BP) BsRALed
operations. The nedia and conputer code may be those specially designed

and const r ucewstfiltpeontaiginphighedes! efle Giat pe cprcalsdhy 2 CHVBHET WS Br they may be

of the kind Y\ﬁ"é %(%%PO r‘gﬁ/o%blle%@dﬂ nt|a§/ i QJ%%om @tgxl Qe §r5111§n 1ttécﬂ)3}ehe conput er
s o Jb i nclude, but are not

software arts. conputer-re
limted t®: ncag;mmru’@tarségmmmt@daxsa tramat des k@ctlefﬁlesipﬂpyg dﬁ@]l’asn(:ea)ﬁd magneti c
hol ogr aphi ¢ devi ces; magnet o-

tape; optical and
opt i cal nedlgmgﬁgﬁnﬁéw%w%ﬁﬁmégkw { ERS8Nd hardware devices that are
specially  [0035]  Other examples may use other devices to carry out the invention,
[0036] Next, the cyclical critical dimension reduction is performexd to provide
deposition layer features with reduce the CD (step 208). In this example, the
20  deposition phase (step 209) comprises providing a deposition gas and generating a
plasma from the deposition gas to form a deposition layer. In this example, the
deposition gas comprises a polymer forming recipe. An example of such a polymer
forming recipe is a hydrocarbon gas such as, CH, and CoHs, and a fluorocarbon gas,
such as CH3F, CH;F;, CHF;, C4F, and C4F5. Another example of a polymer forming
25  recipe would be a fluorocarbon chemistry and a hydrogen containing gas, such as a
recipe of CFyand H;. Ina preferreci embodiment, CF4 and H; have a molar ratio
(CF4:H;) in the range of 1:2 to 2:1. In this example, power is supplied at 400 watts at
2 MHz and 800 watts at 27 MHz. FIG. 4B is a schematic cross-sectional view of a
deposition layer 420 formed over the photoresist mask 412, by the deposition phase
30 (step 209). In this example, part of the deposition layer 420 is over the top surface of
the photoresist 412 and over parts of the exposed ARL 410 at the bottom of the mask

features, in addition to being over the sidewall of the photoresist 412.

10



10 configured to store and execute program code, such as
application-specific integrated circuits (ASICs), programmble |ogic

devi ces (PLDs) and ROM and RAM devi ces. Exanpl es of computer code include
machi ne code, such as produced by a conpiler, and files containing higher
| evel code that are executed by a conputer using an interpreter. Conputer
readabl e nedia nay al so be conputer code transmtted by a 15 conputer data
signal enbodied in a carrier wave and representing a sequence of

i nstructi ons[083EL aifbe @xtegusalsice 2b§) campriss pswoling {r0036ihag drepnexanpl es may

use ot her device ve 036] cyclica
critical di n&hg? I}g§ g%t‘fl\%%enpq?sémﬁoﬁ g\;ﬁgh pﬁ Seﬁra%tgiecfg av‘%‘gé%ﬁs?ﬁlgn | ayer
features wi tdepbgdsicRydraeo Chhd Gitemhad08y} is differbhtifforethadiositio bss. 20 deposi tion
phase (step 209) conprises. providin deposition g neratlng a

pl asma from ’ﬂIH%raEFélpﬁ’g dFIi"’éHIOQQEaSF IS cgr7r0??? apddaneeh It?li"‘t?fh(j1 Fea?ré& Y & hi s exanpl e,

the depositdifteGaain&0 PRI AR, Re RO ¥R bniEQFdR NG Q]@ llﬂsﬁexaﬁ eQPi@éPéJ!{ e of such
a polynmer formng recipe is a hydrocarbon gas such C2H4, and a

f | uor ocar borgaggemprisge & HuerecatpErcheiprauct 1, CFEB a"‘bﬁﬁzlim IQ’JherAn ot her
exanpl e of aadgmvlémch fa? b I@z,gal%ﬁ-lzr] ﬁl] l}%eadw llﬁi tlpsecx%n };Iecg&r%%ﬁﬁgh&ihl@ mstry

and a hydrogen contal nin , Suc recli pe o
preferred eﬂbodﬂmﬂﬂﬂdHEEMi&NUmkmaﬁéMdHa ﬁﬁﬁdﬁhsasd@HwGQﬁn%H@VKmﬁlthe range

of 1:2 to 2: 1, ;O&r%er %F%O gneg oivgr tgu otoreswt mas!?'gpz V}@ét E)?tlh@t 2 M

and 800 matt?eﬁf 'CCr 058 sectional view of a
deposi timn |c&:}56§’1t16§2ﬁy@‘r%§‘ﬂ&!§n eiRdd dvhag bp h&teﬂlﬂﬁﬁihs&t(stWIO)4]]112tlusb)(a1hjj‘le
deposition phase 30 (step 209). In this ex%%gﬁg part . of theaﬂ%505|t|on
layer 420 i shegieh pw@(%t@pz@hﬁhfnaééd EMoveHiae B e SRgsiUPpIER AL LT parts of

the exposed tﬁ@bp‘ggjg'a&toftti{é%hgf&etsﬁm 12fant BeerRHKor theAlERARI Br@ddi tion to
bei ng over the sidewall he photoresist 412. 10 [0037] The etch phase

(step 210) cbapri ses prOV|d|ng an etch phase gas and generating an etch

phase pl as”ﬁlgf)izﬁt Chﬂgtlni%te}% D3gese g??t]g(}n ph%% (Pr <fU6% i DAL Ludi s deBha tF?x?éOOS' tion

| ayer 420 ase gasS 1s eren ep05|t|on gas.
i1 ustratsed THdnmnddﬁﬁsnmh&nthammdbs%epm%&ﬂﬁdabdwihmammmhwphase (step 210)
occur at 5 dlffgrent tines. . Preferabl n anlso rgglc etch. In

hi s examl SR RBUBTEN hegRRosLtirEae™ Hs PrOPOUL) OR ERERPSLTY- PBich s OFd,
CHF3, and CHRE8sitiéd fHtke. FIG. 4D is a schematic cross-sectional view of a deposition layer

420 formed over the photoresist mask 412, by the second deposition phase (step 208).
Again, part of the deposition layer 420 is over the top surface of the photoresist 412
20  and over parts of the exposed ARL 410, in addition to being over the sidewall of the
photoresist 412. The selective etching in this embodiment, allows the net deposition
on the sidewall to be thicker due to the remaining deposition on the sidewall after the
previous etch. |
[0039] The etch phase (step 210) is repeated a second time. The same etch recipe
25  isused here as described above. The etch recipe can also be modified from the recipe
in the first deposition phase. FIG. 4E is a schematic cross-sectional view of the
deposition layer 420 formed over the photoresist mask 412, after part of the deposition
layer 420 has been etched away by the second etch phase (step 210). Again, the etch
phase (step 210) removes part of the deposition layer 420 over the top surtace of the
30  photoresist 412 and over parts of the exposed ARL 410, as shown. As can be seen,
the remaining deposition layer over the sidewalls is thicker than the remaining

deposition layer over the sidewalls shown in FIG. 4C.

3



additives such as 02, N2, and H2 nmay be added. In this exanple, power is
supplied at 0 watts at 2 MHz and 800 watts at 27 MHz. FIG 4Cis a
schematic cross-sectional view of the deposition |ayer 420 forned over the
phot oresi st mask 412 after of the 10 deposition |ayer has been etched away
by the etch phase (step 210). In this exanple, the etch phase (step 210)
thins and renoves the parts of the deposition |ayer 420 over the top
surface of the photoresist 412 and over parts of the exposed ARL 410, as
shown. 10038[00#% thTsee%amphéﬂaih@wdégosmmﬁaﬁﬁwﬁﬁ§bm@$u@91@®§ywﬂgsrepeated

a Seco n? nt ;r%es&}}?{ngﬁltﬁeg as g%sgn%&e %@ﬁ 'e td'e%%rhéd L& t%aniu}ensmn reguctl%ﬁ & n%gchg scri bed

above. Ion re can al'so be

modi fi ed fromoghe rafﬂepﬁie Icfblibii‘l&nfitd‘f Sﬁnend@ﬁ)&ﬁihctticﬁﬂstﬂhﬁ@:s dohfpletediDiies a
schematic crgss-section MlOf a deposition Layer 420 for d over the
phot or esi st HEERIg 1&yer g etl iehedpundnebogres win %ﬁé@écf’(‘s‘f{gﬁft@ Agai n,

part of tfie Henag] ddnfiistAs¥idigthn kish géé%d FBieOR SUARRR fRn thb @tcHhOt or esi st
412 20 and over parts of the exposed ARL 410, in addition to being over the

si dewal | of gdjeln hisoranplsiagiffora etch Tsgpedepsse frvle céelé%il%@wrﬁ:tqhﬂﬁtsp
embodi ment, )| H‘ﬁ’ﬁ tﬁefk‘?ch’l%&ﬁgﬁsﬁ%{ fhk 00 Plﬁe@% %s?cg)rﬁ?ﬂ(g'vmé lech@iGe t hi cker due to

the remai ni ng posit dewa revious etch. [00391
The etch pha&@o(ladnepimﬁaa)eplm% éhésat Bekaaseseis denilable e thﬂde:lesaméamr éb8 r eci pe

25 | d h i bed ab - t.ch dified
From the. rech fet SR EHEN P ST 0L Mo pHASEec o e s A8 e f o

Cross-sent i oftah ewh@hedfstry i ctlRpaSd didiedirid RY® FvohR0bef @IFErﬁrﬁihQM@E Ng.he
phot oresi st mask 412, after part of the depositian yer 420 has been

etched away P thés fs‘éewact@%lwwp’h%fstee félglte@acm@)WSA;&?r H?e feqtue 48RP phase

(step 210) r&%R%EﬁmPﬁ&&a&Ee&ﬂ@h@%ﬁ@@'ﬁh@&nk@%ﬁ&aéﬁﬂuﬁm%ﬁehh%4B@p surface of
the 30 photoresist 412 and over parts of the exposed ARL 410, as shown. As

can be seen, ﬂdﬁﬁ@ﬂpéWHhﬁﬁﬁgc@E@é@ﬁﬁﬁ@ﬁ”ﬁé?@ﬂh@v@&ﬂhﬁém§$®EMb¥%§mls t hi cker
than the re Jon layer over the sidewalls shown in FIG 4C
11 [0040] Tﬁ%k%%c ﬁga P%%P%lcal di mensi on process (step 208) can repeat
these cyrd es{0042 mafle ¢ichimmaskas theo sSidved (stptlh). tihehidesinpéch gaidnidcal

di mensi on reduction is.rea_he%h £%041% ejtgﬁ<%@mmf%nmmonm§£hﬁlca
di mensi on r SIOLETEH STRIBPES G meLC L6 s sy, A4 ps may
also be performed (step 220).
[0043] Preferably, each deposition layer for each deposition phase is belween 1 to
100 nm. More preferably, each deposition layer for each deposition phase is between
20 1 to 50 nm. Most preferably, each deposition layer for each deposition phase is
between 1 to 10 nm. As a result, each deposition layer would have a thickness
between the thickness of a typical bottom antireflective coating (BARC) to about a
quarter of the thickness of the reduction of CD, so that the desired reduction in CD
may be performed in two cycles. Preferably, the cyclical critical dimension reduction
25  is performed in at least two cycles. More preferably, the critical dimension reduction
is performed in at least five cycles.
[0044] The invention is useful for reducing CD for features that are either trenches
or holes
[0045] In different embodiments of the inventions, the eich layer may be a
30 dielectric layer, such as a low-k dielectric layer o-r a metal containing layer. The etch
layer may also be a hardmask Jayer, such as amorphous carbon or a SiN layer that

serves as a hardmask for the later etching of a feature.
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dielectric layer is then etched using the etch mask with the reduced CD
(step 212). 5 The etch conprises providing an etch gas and form ng an etch
plasma fromthe etch gas. In this exanple a different etch recipe is used
for the dielectric |ayer etch (step 212) than the etch recipe used in the
etch phase (step 210) or the recipe in the deposition phase (step 209).
This is because it is desirable that the dielectric |ayer 408 is not
etched during the cyclical critical dinmension reduction (step 208). An
exanpl e 10 of0046i et bmthehembsdmymﬁ@f the irofaintivg, thia éenatiedtere oF the Wﬁéﬁyé‘?rkﬁmbul d be
C4F6 with 02 o ielectric

| ayer 408, alﬁ?%\iy Nfaﬁs 1121:11519{)11 temp&gﬂirﬁ Stfe 110%01%51%(1“@&1’1}/5, tg\é\%o% g&!&ﬁgglt I?I c Iayer
408. The cri ﬂm@&&toﬂslﬁrﬁﬁ&m@m&s tme?e:faelaiwf @akb@mpetaohed kepitiotitehangdi el ectric

| ayer 408 is_s r the cri di nrensi on. of ari.gi nal t oresi st
mask feat ur efo® 0?%0‘ ib%ﬁeMéfedﬁegﬁ’ﬁgll‘( tihgtefl}?éﬁujt’%ﬁg\?%t i lgt %‘}?eﬂg?e In this
exanpl e a5 st gngatd MRS, He (ShpdrRudeSs MSiQAIHa il B8BMEe b €tchonmask.

Addi tional formation steps may also be performed (step 220). [0043]
Preferably, ®fach deposition |ayer for each deposition phase is between 1 to
100 nm Nbre f er apl i phase is
between 20 H0FD S0 me MRaE R ar ot BXRY gL tp AR LR 80 Caen
deposi ti on pbla:s@ems nipgristseexcdsstve a@.(@lnwmtm;&sf@e demgitad maserédls efelopsf theon | ayer
woul d have a thic

bet ween,th f
o et oot | D ESTTRE: AR Thuss i DUERE Ao Bt RO O
reduct i or of theBepssiiohAad citinprockss [ agke Itlﬁldlfﬁf’e cpries] 10 isGssiblayo Heider f or med in

two cycles. Preferably, the clical cri t| nsi on reducti 25 is
performed i ne"éFsslvéég‘fur‘i%“’B)?gﬁ 16 SePOpirmFId gP‘é“g{P&"smP%@‘yctWet ’i“cﬂtéef 8§i mensi on
reduction igapglhQrded in at least five cycles. [0044] The invention is
useful for reducing CD for features that are either trenches or holes.
[0045] | n di [0é3jent Wanlodds imventondhs bdse desaribgstin enms of freciak pfereder may be a

over S e bR, SHE B BBl perfl R b Bl A iRy A IR0 0 21 1 1O

| ayer. The et'ch I'ayer, such as anorphous

car bon ot5 a Shish Ifeay\eutlnh lﬂatscolsexf vesinastian. hhlsmna‘szbdsd o natduighdtdheae aet chi ng of a
feature. 12 many alternative ways of implementing the methods and apparatuses of the present
invention. It is therefore intended that the following appended claims be interpreted
as including all such alterations, permutations, and various substitute equivalents as
fall within the true spirit and scope of the present invention.
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100461 In other enbodi nents of the invention, the tenperature of the wafer
is kept below glass transition tenperature of the photoresist materials to
avoid distortion of the photoresist mask features. Preferably, the wafer
tenperature is kept in the range from100 Cto -100 C. Mre preferably,
the tenperature is kept in the range of 80 C5 to -80 C. Mst preferably,
the tenperature is maintained in ta ARpoe of 40 Cto -40 C. 10047] Since
t he deposited material is nost Iikei?—gﬂgproperties different fromthe

phot or esiwhatitcBfih@lSs: excessive accumnul ati on of the deposited materials on

top of the photoresist |ayer_ can cause undesirable distortion of the
phot or esilst f ehmsthed fosfprapgaigatipestip an gkpdayer i e stetlewithaaetds in nore

than fiv [ ' L i |.atipon of the
doposi t ec araet P iR Biriinind SRRk SRR ARITHA AT O s
100481 Wmdsk fedtines imitheshicwalis helserb deretcdemadk festdrdsthaten figst efitisdver al
preferreg%nenbodinents, there are alterations, pernutations, and various
subst i t uttMERY PERTENS 15 which fall within the scope of this invention.
I't shoul d al sqchEMRLaEERA] cEifish %irﬁéﬂ%id?ﬁ@?u@iloh €6 R FpoVIR¥R 1Rfer :

i npl enenting the nmethods and apparatuses of the presen invention. It is
"t her ef or éedtuee milibd: sehertd ¢rlimal dihjeomiongvbiph erldesdhal tiedsstaiticalt er preted as

includinﬁiall.such al.ter tiq@s n;E)errm_tations, and various substitute
equi val efBoRLon, Whefein, Fach cyClepSompIEES's i rit and scope of the present

invention. 20 13 ClaAlelBxitiN¥1ghast SortdedbsTBAs b depokitiof 18R b6k theexpaem ng
features in an etch layer 1h an etch stack with an etch nmask over the etch
| ayer, whbiHeqen, inpladisgdhe natikalisslegaPh of dreesi¢lsmashafshtusestadths et ch  nmask
features with sideyalls: re-th t Gh k.features have a first critica
di nensi on, conpri s}gﬁg&%ienrgf\,@i%?ﬁ %Oé eghgnfgqﬁcggfe %@?ﬁ@%ﬁayﬁf %%nggn reduction to
f or m depeélettivenicpagigsn of datverasl Widehalks; sgcond critical di nmension, which is

| ess than the first_ critical_ dinmension, wherein each cycle, conprises:
etching features into the etch layer, wherein the etch layer features have a

third critical dimension, which is less than the first critical dimension.

2. The method, as recited in claim 1, wherein the cyclical critical dimension

reduction is performed for at least two cycles.

3. The method, as recited in claim 1, wherein the cyclical critical dimension

reduction is performed for at least five cycles.

4. The method, as recited in any of claims 1-3, wherein the etching phase does

not etch the etch layer.

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

critical dimension reduction forms substantially vertical deposition sidewalls.

6. The method, as recited in any of claims 1-5, wherein the second critical

dimension is less than 70% of the first critical dimension.

7. The method, as recited in any of claims 1-6, wherein the third critical
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a depositing phase for depositing a deposition |ayer over the exposed
surfaces, including the vertical sidewalls, of the etch nask features; and
an etchi ng phase for etching back the deposition |layer |eaving a selective
deposition on the vertical sidewalls; and etching features into the etch

| ayer, wherein the etch |ayer features have a third critical dinension

which is .%%s.th%ﬂ &ﬂﬁ]{z Hﬁg%jégfahkg'qpnsLon. 2. The nethod, as recited
in clai mTMHRHEY &R RE @%|I TR AR ?nﬁFﬁBHSion reduction is perforned
for at least two cycles. 3. The nethod, as recited in claim1, wherein the

cyclical critical dinension reduction is perforned for at |east five
cycl es. 4. Thellfempbad, asgesitediin agy phelaims lof, &yrdiersomprasing\pfeipping ththe et chi ng

phase do P“&ﬁ%??&%pﬁﬁﬁ%“ﬁkigﬂhgyﬁﬁFﬁg' The nethod, as recited in any of

clainms 1- e ‘pertormng critical dinension reduction forns

substantially vertical deposition sidewalls. 6. The nmethod, as recited in

any of clains %iS,ighgrein_%Be second critical _ dinmension is |less than 70%
of the fi%st criapelpd.gssesitensnclam STbergiy the gtripgmng %P]E‘éﬂreﬁlﬁt%}ﬁ%k of cl ai s
1- 6, whergi thi 15 . i J i % of the first
criticalzﬁ@%@hgﬁgﬁm%¥}é#g§%%tE%ﬁ%ﬁggbgggﬁ%ggn%%{%ﬁ?ﬁg?ggpgﬁﬁégl-7, further
conprising stripping the photoresist mask and the deposition |layer. 9. The

nmet hod, recited in clai ._Whergin the strippi t he. phot or esi st mask
Tnd Gepodih | onliyehoLcgriedin Abrp g i Lo sP BehetenseRe Bhiegeposi 11 on
layer. 1Qiepddif gaRIITUL d@osiiie 1dyRHoh Bodiis Of the lefthTBask 18t 8REHMat he

deposi ting phase deposits part of the deposition |ayer on bottons of the
et ch maskop satagees thendclomask. t op surface of the etch mask. 11. The net hod,
as recited in claim10, wherein the etching phase at |east partially
removes the deposition |ayer on bottons of the etch mask features. 12. The

met hod, ag.r ecTHeadethd,akYedfed Gh lali® 18; dHereihiBg edcnin%ipﬁa@iwuéamesi st mask is

formed from 248 m photoresi st and the etch | ayer feature has a CD not
great er thsgplly removes the deposition layer on bottoms of the etch mask features.

12. The method, as recited in any of claims 8-11, wherein the photoresist mask is
formed from 248 nm photoresist and the etch layer feature has a CD not greater than
140 nm.

13.  The method, as recited in any of claims 1-12, wherein the depositing phase,
etching phase, and the etching features into the etch chamber are done in the same

etch chamber.

14.  The method, as recited in any of claims 1-13, wherein the depositing phase,
etching phase, and the etching features into the etch chamber are performed at

separate times, so that none of these processes are performed at the same time.

15.  The method, as recited in any of claims 1-14, wherein the depositing phase,
Comprises:
providing a depositing gas; and

forming a depositing plasma from the depositing gas.
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140 nm 13. The nethod, as recited in any of clains 1-12, wherein the
deposi ting phase, etching phase, and the etching features into the etch
chanber are done in the sanme etch chanber. 14. The nethod, as recited in
any of clainms 1-13, wherein the depositing phase, etching phase, and the
etching features into the etch chanber are perforned at separate tines, so
that none of these processes are perforned at the sarne tine. 15. The

nmet hod, as recited in any of clains 1-14, wherein the depositing phase,
conprises: providing a depositing gas; and form ng a depositing plasma from
t he depositi g he . . L ec) i | aLnms 1-15,
wherein the J(}(tachiaﬁﬂge npl) %)sdé,gs rte%%% ug?ﬁ hi nigalrg?%)ég’?éﬁe?egn gl%iegg%ﬁlgg%la%’. @1&7. The

nmet hod, as rechibgeprocess apisofropdé.ai ns 1- 16, wherein the etching plasna

contai ns at ast..one of fluaraqgcarbo and . ,18. The nethod, as recited
in any of cl f'ms qlei’%";th%@SrrgleF%t“ﬁ@nye‘fr}??Hi“Hﬁ}'gg’a T &Sr?fcgl‘?ﬁéj?aﬁ{nal east one of
CF4 and 02. dfhainkhe laatdnedf Masodagehnt @dl N any of clains 15-18, wherein the
depositing gas contains at |east one of a hydrocarbon and a fl uorocarbons.

20. The net hbd, aderaghqdeds tepitediy arofeaimyk 19.avheEn YK &8I PIasB 4 deposi ti ng

gas cont ai Ngpafing £L88E BOLPCRfan@cd. and H2. 21. The nethod, as recited in
claim 20, wherein CF4 and |-12 have a molar ratio (CF4:H2) in the range of

1:2 to 2:1. PR. The mathavoas repitedriv e d@laims bnlS, oheelpibageppsPing gigher ei n t he
et chi ng phas : I . i di N hase gas, which is

di fferent fr%d%afl?%%%g%g)gg%’f%éf%%g%bggﬁ?aﬁ%oggndagbgmgn et chi ng phase pl asnma
fromthe etching Pleasehgass re@8d id ey afetahod] 5-8% wheeht tbel depositihgeam 22, wherein

the et ching featuren g, &, olely, | aver. comprises
21. The method, as recited in claim 20, wherein CFy and H; have a molar ratio
(CF4:H>) in the range of 1:2 to 2:1.
22.  The method, as recited in any of claims 1-21, wherein the etching phase,
comprises:

providing an etching phase gas, which is different from the depositing gas; and

forming an etching phase plasma from the etching phase gas.

23. The method, as recited in claim 22, wherein the etching features into the etch
layer, comprises

providing an etching gas, which is different than the etching phase gas and the
depositing gas; and

forming an etching plasma from the etching gas.

24, The method, as recited in any of claims 1-23, wherein the depositing phase gas

is a polymer forming gas.

25. A semiconductor device formed by the method of any of claims 1-24.
26. An apparatus for performing the method of any of claims 1-24.
27. A method for forming a feature in an etch layer, comprising:
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provi ding an etching gas, which is different than the etching phase gas and
the depositing gas; and formng an etching plasma fromthe etching gas.

24. The nmethod, as recited in any of clainms 1-23, wherein the depositing
phase gas is a polyner form ng gas. 25. A sem conductor device fornmed by
the met hod of any of clainms 1-24. 26. An apparatus for performng the

nmet hod of any gof .cl ai 1-24. .27. A.nethod faor f.or.m a.feature in an etch
Tayer. comr 1 shghe 2R ntii GrERb R s R OR R S & Heht o an

et ch chaniesk isgibiRsiBimadkedhd HaBskhinask fRlatoOwatisklewdBSk BRfiaaschet ch mask
features with sidewalls is gver the etch |ayer, where the etch mask

f eat ur es laz&rewheirejthe etch mask Eegfures havigsi fyat crgicak Smensignif or at | east two
cycles a cycli k114 j i i On: 104 f£0r i tion |layer
oot urce v h SOl ff B8 T A0 £ BREh altchun RUG) HERER 07 £ Y C!
critical finelpogtion Wybetutdievigt céecondoiieral di@s@nwhiaths ycihen genpri ses:
a depositﬁgg phaig_for_deposjt'ng a depositjon |ayer over the sidewalls of
the et ch WasRiahtipensiongpihiaihesteh chgnbsmabertireagh exilecoBRIRIESt he

deposi tion |ayer; am%@gﬁﬂag@ﬂaie gét§itfngta;aae@£@g&§%pﬁﬂd@éﬂhe%& Iyt he etch

chanber, wherein the Fayer ure critica I mensi on,
whi ch i s dfabsetchamsk eatdres;sihdcritical di mension. 28. An apparatus for

formng features in an etch |ayer, wherein the |layer is supported by a
substrate and mheréFHQ?ﬁBgB¥%ﬁf?%?@mng ack thp ﬁﬁﬁgémé?thﬂﬂg and is covered

by an etch maskcmh} feafBedint SRk YicBSayr bfn felcbdh ERANbELWHetsh Ak etéh Pl asma
processi ng chanber, conprising: a chanber wall form ng a plasna processing

chanber dagdrdeainess have & ihixsitarisical dmpepoen, Whoeh suppdhan thy fisst subetlr at e wi t hin
t he pl as eﬁr.gcessing chanber encl osure; a pressure regulator for
regulatiggnk d %ressure in the plasma processing chanber encl osure;

28.  An apparatus for forming features in an etch layer, wherein the layer is
supported by a substrate and wherein the etch layer is a photoresist mask and is
covered by an etch mask with mask features with a first CD, comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma
processing chamber enclosure;
a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;
at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma;
a gas inlet for providing gas into the plasma processing chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet,
a controller controllably connected to the gas source and the at least one
electrode, comprising:
at least one processor; and

17



at | east one el ectrode for providing power to the plasnma processing

chanber enclosure for sustaining a plasma; a gas inlet for providing gas
into the plasma processing chanber enclosure; and a gas outlet for
exhausting gas fromthe plasma processing chanber enclosure; a gas source
in fluid connection with the gas inlet, a controller controllably connected
to the gas source and the at | east one electrode, conprising: at |east one
processor; and 17 conputer readable nedia, conprising: conputer readable
code for providing foﬁompmﬂeagbbkﬂmﬁﬁky%mwﬁﬂw cyclical critical dinension
reduction process to form AL r d critical
di mensi on, conpri sing: con%ﬁﬁéﬁ&ﬁggg%%ﬁ% é% 8$Hm§§F§%|g“ﬁHe§&’ gw of a
dep05|t|on gaslidad ciitivel gib@ssien priocies gioness chinb @epmsnoh dsar featuce npiitacr
readabl e code for §IﬁpFi§% the flow of the deposition gas to the plasna
processi ng cHAMETHEs CIBEGO8; C¥RSiger readabl e code for providing a flow
of an etch phase gas to the pl@iimtepf@aaﬂﬁ@walf@mwmngeﬂsmswe after the
flow of the first deposition gas is stop and conput er readabl e code

f or stopplngk?H%“W1%ﬁﬂb@ePﬁénaéﬁ@ﬁ”ﬁ&ﬁ@@“&é@"H“Whe pl asma processi ng

chanmber encl osure; and conput ercorngp@gg@;:gagqb@@% FQrsopp@y e Mgy & fleow of an
etchant gas to the plasma processing chanber after conpletion of the at

| east five C@ﬂ@b@B'OllﬁaSﬁmﬁéw@iﬁ@mlﬂQ@FeSS@gphﬂﬂmr eifiqyeiesi on reduction process;
and conputer readable code for g %ﬁ&ﬁﬁ%&ﬁ?%ﬂ xmﬁﬂ§%$h8wok%¥8£h usi ng
ha

the etchant gas wherein the fed res I'n athirdcritical
di mensi on. Ilfhase gas to the plasma processing chamber enclosure after the flow of the first

deposition gas is stopped; and
computer readable code for stopping the flow of the
etch phase gas to the plasma prdcessing chamber enclosure; and |
computer readable code for providing a flow of an etchant gas to the
plasma processing chamber after completion of the at least five cycles of the cyclical
critical dimension reduction process; and
computer readable code for etching features in the etch layer, using the

etchant gas wherein the features in the layer have a third critical dimension.



