METHOD FOR REDUCI NG CRI TI CAL DI MENSI ONS USI NG MULTI PLE MASKI NG STEPS
BACKGROUND OF THE | NVENTI ON [ 0001] The present invention relates to the
formati on of sem conductor devices. [0002] During sem conductor wafer
processi ng, features of the sem conductor device are defined in the wafer
usi ng wel | -known patterning and etching processes. In these processes, a
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features in the wafer.

[0004]  Various generations of photoresist are known. Deep ultra violet (DUV)
photoresist is exposed by 248 nm light. To facilitate understanding, FIG. 1A isa
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. Due to optical properties
dependent on wavelength, photoresist exposed by longer wavelength light has larger
theoretical minimal critical dimensions.

[0605] 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



smaller width near the feature bottom Such tapering may provide unreliable
features. [0006] In order to provide features with snaller CD, features
formed using shorter wavelength |light are being pursued. 193 urn
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One way of andetinigre phdigliefirinhunider plysniaetkihciongitispace width. FIG 2B is a
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art. Over a substrate 204, such as a wafer a barrier layer 206 may be placed. Over the

barrier layer 206 a dielectric layer 208 such as a metal layer or a polysilicon layer is
formed. Over the dielectric layer 208 an antireflective layer (ARL) 210 such as a
DARC layer is formed. A photoresist mask 212a is formed over the ARL 210. In this
example the line masks 214a have a width defined as the line width "L", as shown.
The spaces 222 have a width "S", as shown. The pitch length "P" is defined as the
sum of the line width and the space widih P=L+S, as shown. If is desirable to reduce
the pitch length.

[0010]) One way of reducing pitch with is by reducing space width. FIG.2Bisa
cross-sectional view of a photoresist mask for producing conductive or dielectric
trench lines, when spacing between the lines is too close according to the prior art.
Over a substrate 204, such as a wafer a barrier layer 206 may be placed. Over the
barrier layer 206 a conductive or dielectric layer 208 such as a metal layer or a

polysilicon layer or a dielectric layer is formed. Over the layer 208 an antireflective
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8 layer (ARL) 210 such as a DARC |l ayer is forned. A photoresist mask 212 is
formed over the ART.. 210. In this exanple, the photoresist mask 212b
forms |ine masks 214b w th photoresist residue 218 fornmed in spaces
between the |ine masks 214b. The presence of the photoresist residue 218
I s caused by providing too small of a space between the |ine masks 214b,
since it is nore difficult to renove residue froma small space. This may
limt the dﬁg{@& m?m@ B&hGe BMARE teyet isrfemdﬂhaﬁ plisigreist npasmlaes;tfonetM/ARY OF
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[0012] In ano nani atlon 0 e invention, a nmethod for formng
f eat ures |meameetkdwﬁd&;swfmﬂpmesdeﬂmbymtfﬁrstmaﬁasﬂéafuﬁesfaé?%ddv@r the etch

| ayer wherein t first sk .defin A th widths
and wher ei @?ﬁ@%ﬁﬁﬁ%@%@%‘?g@ yﬁﬁa er‘amgﬂrléj{el ca“f’%& mensi on and a pitch.
A sideval | LAyRE tHad tAORTHR BRI sphdis dfeﬂﬁeﬂtbyrméﬁxstmm{ eThe ik amildeval | | ayer

reduces the wdths of the spaces defined by the r@ﬁ Features are
et ched i nt osidévenlldaydr arerpmovedrduadditions! KpREssen 15IP§§:f58’|me LPEETERE Wi dt hs

and criti cab, di,Rnsl 00,01at Ny SHAFRS S il 6981E0% LgSEwhilan thhie Wi dLhs

of the spac mensi on o e spaces In"the first nmask. The
mask and si siwenkl magmeﬁaeea phumlnq,vdd;pao%a mmlﬂﬂ:@nal squeeaﬂh,lmeerm%ﬁn?%

per f or med bythefojjo tion r the
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sidewall layer, wherein the widths of the feature are smaller than the widths of the
| spaces defined by the first mask. The mask and sidewall layer are removed.

[0012] Tn another manifestation of the invention, a method for forming features mn
an etch layer is provided. A first mask is formed over the elch layer wherein the first
mask defines a plurality of spaces with widths aud wherein the plurality of spaces
have a critical dimension and a pitch. A sidewall layer is formed over the first mask
wherein the sidewall layer reduces the widths of the spaces defined by the first mask.
Features are etched into the etch layer through the sidewall layer, wherein the widths
and critical dimension of the spaces is at least 50% less than the widths of the spaces
and critical dimension of the spaces in the first mask. The mask and sidewall layer are
removed. An additional feature step is performed by the following steps. An
additional mask is formed over the etch layer wherein the additional mask defines a
plurality of spaces with widths and wherein the plurality of spaces have a critical

dimension and a pitch. A sidewall layer is formed over the additional mask, wherein
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dirension and a pitch. A sidewall layer is fornmed over the additional mask,

wherein 3 the sidewall |ayer reduces the widths of the spaces defined by
the additional mask. Features are etched into the etch |ayer through the
sidewal | | ayer, wherein the widths and critical dinmension of the features

are at least 50% 1| ess than the widths of the spaces and critical dinension
of the spaces in the first mask and wherein the features have a_pitch
which is at #heaabw50¥ytassudehthe wiliths pf thelspases défned by dhesadditionplengsky st mask

and the pitch of the int ddi t i | . 1..Jh i.d |
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and so on. e and other features of the present jnvention will be
descri bed i nepaggsend deticdl Hjmmﬂsmwofﬂaetsp@cedmfébﬁéﬂﬂwgéquﬂﬁwtb? epiyEes

i nvention and in ¢onjunctio ' he,. fqllow ' F SCRI PTI ON
OF THE meha@samehﬁ'ﬁ H%aﬂF%té&%H?sﬁmg#eoﬁ%y PH Pl é@%% of

exanpl e, an %?AﬂYcth‘ﬁxhéJépacésiiﬂ%ﬁeaidhmanalimaskh%éingskaﬁ@dgwai_ﬂdamwnpanyi ng
drawi ngs and I n Ich I1ké reference nunerals ref to simar.elenments
and in whi chemooal 5Addiias] mpsksTag reduse fi ke P@W@Si@é’éﬁ%ﬁ IFHRGE of a

stack etched agcay di t o it i : 181k Bhése otA- B are schemati c
cross-secti 09{31118?,?%%%%% %&qg”%ﬁwgﬁgggg ng to t_hg prior art. [0017]
FIG 3 is a jpotd] | eTBbsclah@wilehfaturafof thapresatiayértian withpe descaibedin morgn
enbodi ment of the invention, %0018] FIGS. 4A-H are scherratﬁg .t the

cross- sect i okl helewian te dgtadeddgscrsy venbep AR APorEg s Crent of
the inventio jf@! | GS. 5A-F are schematic cross-sectional views of a
‘stack procesfsalela‘[v%%c r%i ng to anot her enbodi ment of the invention. [0020]
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a conput er Sy siamn, Wihe Rgh®s 6£iht allomphaying trawirgrand imghish tiatafabtesr used in
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[0015] FIGS. 1A-B are schematic cross-sectional views of a stack etched
according to the prior art.

[0016] FIGS. 2A-B are schematic cross-sectional views of masks formed
according to the prior art.

[0017]  FIG. 3 is a high level flow chart of a process that may be used in an
embodiment of the invention.

[0018] FIGS. 4A-H are schematic cross-sectional views of a stack processed
according to an embodiment of the invention.

[0019]  FIGS. 5A-F are schematic cross—secﬁ(;nal views of a stack processed
according to another embodiment of the invention.

[0020] FIG. 6 is a more detailed flow chart of the step of depositing a sidewall
layer.

[0021]  FIG. 7 is a schematic view of a plasma processing chamber that may be
used in practicing the invention.

[0022]  FIGS. 8A-B illustrate a computer system, which is suitable for
implementing a controller used in embodiments of the present invention.

[0023] FIGS. 9A-C are cross-sectional views of depositions.




[0023] FIGS. 9A-C are cross-sectional views of depositions. 4 [0024] FIG
10 is a schematic illustration of a device that naybe used for practicing
the invention for etching conductive |ayers. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [0025] The present invention will now be described
in detail wth reference to a few preferred enbodi nents thereof as
illustrated in the acconpanying drawings. In the follow ng description,
numer ous spf@6Rd] ¢ HEBAIQ is 2achenméc iHustration of aglewise thabmey 50 1ef8 8T t hor ough

under standi ng of the.present invention..lt-w/ll be apparent, however, to
one skill eEFg?t??”%gn@eﬁﬁ?éqqéfe%gﬁ?@gmﬂlaﬁe\%nt i on may be practiced

wi t hout sone or whtaARfED DESERIEPEN OFTHHRPREFERRED BVBODIMENESIces, wel |
known process steps and/or structures have not been_described in detail in

order to nof002finecdbs prestn) imisgten willanw by desarbed ip ﬂ@@ﬂﬂl@ﬁ?ﬁ’f%%} & The
| nvention pﬁ;?vvérg%ﬁfe% g:g:hﬁ@%nt‘é“tﬁe?eoz 'ﬁ?lﬂusf?ﬁté& Gt a%b:ﬁ&%ﬁ’%&rtaﬁ%@sa I Mor e

speci ficall provides a features | ess
than the GRe@lidWisg BRHPE®S heherpas specificdsails e set fotth iherdtrtatuewdes £ 0027] To
facilitate understanding, FIG 3 is a hi gh Ie‘\;/{ﬂ fl ow c{1 rt of a Brocess
that may bethgeueh nadeasiandimsefi thepresest VARG Jovill ReAppareph PRYVEYEAP 9P step is

performed  (isn #iP, nfat BR'EEASHviBR naf B8 brocfic Wikl sorho bl 6104) . Fl G

v
4A is a cross-sectiond patterhed mask in an enbodi nent of the
i nvention. ResrspecificHethilatle othedinstageaswels keowiaproresa sigpy #1001 STEGBTES 406 may

be placed. Over the barrjer.| r. 40 n etch a
conducti ve PAYEEPt hesp FSGB‘:beimpf%}/@s’Plofcgﬁﬁo ogyg?ecgérsgéﬁ{ﬂbg%%?#%gesf@%yer i s
formed. Ovepyidienetch layer 408 an antireflective layer (ARL) 410 such as a

DARC layer is fornmed. A patterned first mask 412 is_ forped &/)er the ARL
410. In thi 02@xanPhe invieation mevidesskatures wifsmallopcal dipensiprd €¢Phed as the

line width /4", as o 422, ] ﬁwﬂ% 3l 1gpede have a

wi dth " Sp",Mg’ééSé’ﬁ%}%r%] The 1%\?;,9 gﬁéﬁéﬁgft%?ﬁ&?ﬁ%%%&o@%: e pﬁ{o%?)%egs?st mask is
defined as ¢hefsiophofortdie phitere usdddd btchiit feltarespace  wi dth PoL. p+Sp, as
shown. These widths are determ ned b he, resal uti of, th | 1.t hographic

t echni ques 9829 toTPél?‘}WtPWémBT’FB%‘gB%@{}' ﬁﬁs"ﬁngf #"V?@?%%Wa 2" %egsr educe the
pi tch | engt gy [ A028LseAushOgMRdimb e thelifvdnBbiES Mvatatilasigpis erfmeeduce the

CD (step 303). FIG 4B is a schematic cross-sectional view of the

pat terned f(step30BRsk pattned fir maskds prowided (sten304). 43153 dépls gicressrseriopak he
sidewal |'s Owtie\;v%?alijﬁttcesr}le R -in W ErBL AR dr héHGEntion. Over a substrate 404,

such as a wafer a barrier layer 406 may be placed. Over the barrier layer 406 an etch

layer 408 such as a conductive metal layer or a polysilicon layer or 2 dielectric layer is
formed. Over the etch layer 408 an antireflective layer (ARL) 410 such as a DARC
layer is formed. A patterned first mask 412 is formed over the ARL 410. In this
example the line masks 414 have the & width defined as the line width "I,", as shown.
The spaces 422 in the photoresist mask have a width "S,", as shown. The pitch length
"P," of the photoresist mask is defined as the sum of the line width and the space
width Py=L,+S,, 2s shown. These widths are determined by the resolution of the
lithographic techniques used to form the photoresist mask. It is desirable to reduce the
pitch length.

[0028] A sidewall layer is formed over the mask to reduce the CD (step 308).
FIG. 4B is a schematic cross-sectional view of the patterned first mask 412 with a
sidewall layer 420 deposited over the sidewalls of the first mask. The sidewall layer
420 forms a sidewall layer feature 424 within the mask spaces, where the sidewall
layer feature 424 has a reduced space CD that is less than the space CD of the first
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420 fornms a sidewall |ayer feature 424 within the mask spaces, where the
sidewal | layer feature 424 has a reduced space CD that is |less than the
space CD of the first 5 mask. Preferably, the reduced space CD of the
deposited first mask is 50% 1| ess than the space CD of the first nmask
feature. It is also desirable that the sidewall Iayer has substantially

t | d || 428, whi hi.ghl | f
bt ant ERY, Pretpiablys e frdgsnimRcs GOt parie st atack o g s 16D e o
mekes an ar{gé agé C?&fﬁﬁ@ﬁrs@ﬁlf]?fe%é’“ 1t 3 dddicBeiomhiahe silewilERYeRs

~ Conf or mal ave a deposition Iaﬁqer that has substantially the
same t hi ckrmbstaﬂtradimmﬂmdmlaﬂ@@&evhydmf@ ighty qonformabassheWnNG#- conf or mal

sidewal I s ma n bread- |. i ch provide
non- subst arﬁ%%?fef?@é?{’%‘@%ah%gﬁﬁﬁﬁ Sjdew é%%?g@ﬁgﬁ%%%ﬂgﬁ% the faceting
formation) pie0ogaskit 8ahdHREerSEgd &yed° it Y bbiiéih @8 g fedtere. dhﬁﬁmlnbled | ayer CD
and provide a poor etching mask. Preferably, the deposition on _the side

wal | is thisidesvalls have 2 depositiprolayern that hensubstentidinBesass fyekness fom Bk

feature. f rab |.a ‘%nﬁﬂs q0f the
first mask ?%gﬁtgf’go OIFBE%]&%E irst _COE{O%EPS?eeat urgl\?g?ﬁéd?ﬁ tched int o
the etch | ayedd-168@ag frasith, %&hmﬁmﬂd—ﬂbmd}s{p@mﬂ sgmgissmgereﬂ G 4C
shows a first set of features 432 etch ch Ia er 4 8 In this

exanpl e, t w@w&ﬂgfﬁ%@#ﬁc@@afmow 8?@’( l‘fehv@h% CF%E‘% €408 has a
CD width, vd,6h {te&%%@ﬂ?ﬁlaﬁg‘ﬁf VIR SR %tc@ﬁ%askhﬁe@&ﬂﬂilth@deﬂoaweﬁ onf eature.

I n practlce of the first set of features 432 maybe
~slightly Iahtgadethus thivie:Ghamthe dppositisatomthe bettormef the s maddfoetyer  420.

However , ce t he de f| cant |

smal | er th °’iel?éet%5b]§Dn? er 13 e ﬁeéds ?thf%g&&inhg%&ﬂl%#%%mat ures i% t he
etch | ayer (4@ s ﬁtﬂxhtlsewf&‘eelt@res H&%nté&ﬁm@%ﬁe&MIamGOSMSm@mélZ I f the
CD of the de 05|ted | ayer was only slightly smalle é:qDof t he
phot or esi stsi emal ilgyer snacepdplion 1D Pﬁﬁ g@%@ﬁ‘%’@%@éé%ﬁ“‘ﬁﬁ@é GYGB BP  then

the CD of tfiel Tt gé A{O% B 1 %%@g%@gﬁ%sm{ ofiBatafER b £LichdMBA td@eD of the

phot or esi st 1-on, bread-l oafing deposited | ayer may
cause a fad@teedOSlm’sal(EIDe\gdlﬂhawhrjchmeUOﬁm&@Dmfﬁhﬂedepa?@d14?@1' be et ched.

It is also desirable to m fthe
phot or esi stc4W5t gf%ra"tf%?’ﬁ@n‘é‘itﬁﬁﬁa ”r#éh‘nt% g?etf"ﬂgea ure%’ €tched in the
| ayer to beghfhede B8 tie: @@@ﬂﬂm@&%rb@ﬁﬂwﬂbﬁé‘mt&@hy@lﬁ@f Hd‘vﬁaveprmt:@reSl st
feature. [0030) The ghotoremst and deposited Ia |s then stripped (step

316). Thi s thm«}D off ghegispesited lﬁ'esfen@r@m@@caﬁﬂx PEPe with a
separate deBQt% etsﬁgtdf)éfercﬁ %m\é%atures in the etch layer 408 is stﬂl smaller than the
CD of the photoresist 412. If the CD 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 faceted
or irregularly shaped feature in the layer to be etched. It is also desirable to minimize
deposition on the bottom of the photoresist featurs. In this example, the CD of the
features etched in the layer to be etched 408 is about 50% less than the CD of the
photoresist feature.

[0030]  The photoresist and deposited layer is then stripped (step 316). This may
be done as a single step or two separate steps with a separate deposited layer removal
step and photoresist strip step. Ashing may be used for the stripping process. FIG.
4D shows the substrate 400 afier the deposited layer and photoresist mask have been
removed. The first feature step (302) is completed.
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step and photoresist strip step. Ashing may be used for the stripping
process. FIG 4D shows the substrate 400 after the deposited |ayer and
phot or esi st mask have been renpved. The first feature step (302) is
conpleted. 6 [00311 The additional feature steps (step 318) are then
performed. A patterned additional mask is formed over the etched features
(step 320), which in this case is the first set of etched features. FIG
4E shows t gy3zpbstriataaddiddal fedieresteps Gapd1d) aplivingreairséd. R phitefddl has been
fornmed over the etch | ayer 408, wherel n the secon hot or esi st nﬁsk 442
covers t headditienal mask isrformsdayienthe stehed fratugsdstep 32Ncwatch inthis £asRis o cond

phot or esi Sﬁ&g&,aﬂf c od REIEL %‘fé‘v ol nd uB&Patéﬂ?ﬁ Xhefel d eatures 432.

[00321 A s yer ist e 05|te over the sidewal s of the

addi ti onal pr@eiesisf Badk442has bedh&ﬂnﬁef(bﬂehﬁe@ﬁh(lawem&sQim)arelfﬂﬁse@ﬁdl s a
schematic cross sectional vie t he. addi ti sk 442 t.h .a si dewal |
| ayer 450 HeperssisbnaghAde @ﬁ@s\gﬁé'WT%f %ﬂ] TOIRCHESEND  The

st dewal | | 8k gflo 3gim§egp?sga§e ﬁ?&’@éteﬂv@%ﬁﬂhefﬁ%@%étro?eﬁﬁéd%ﬁt’ésm3zt he mask

space, where t ayer feature 454 has a reduced space CD that is
| ess than [01)62]5 paoéesﬂﬁwﬂi lawres togu ideposiied oven die. sidemalle phibe pdditipral pegliced

space of t si de a 0% | ess_t han t of the
addi t i onal ‘F(Stf’ég %J‘h @(SF?%L?@@ el%lﬁtéctcr??ﬁse&rgr% gﬁ&? feature
422 has supplastibadlllask 942 wedla sﬁe%uaa}lemso bﬁfbd&fver fhie gidewaltoofiths mal  as

shown. An exanple of a substantially vertical sidewall is a _sidewall that

from bot t oadCh'@DItabmﬂi‘a‘F@s The sidegrl laer 430 fpeahe dewyl byerdpataredizd Wilgt ¢ om of
~the feat ur&[ | ‘é;r)e]s{cf‘é‘h }X%e H‘l'om g;?ﬁslzh}ei %ﬁtu?é‘ﬁtstﬂﬁs i ?@c%%ﬂacé gpidiigker than

the deposl ot oresi st More preferably,
no | ayer iRss m&rpﬂﬁ:lspm D ef ﬂmbh&dﬁoﬂﬁlmashf Prefesabiiy) dharedudedispieearfthee. [ 0033]
Features are ed into. t

etch feat u?‘é%w Y‘Hé?%é’ér’ls F% %%@P&&%@%ﬁ@@%&%&ggo ﬂoj\gt i ﬁf

FIG 4G Tﬂ%lso%ﬁ&a‘?:‘i@tﬁhﬁhe ARsk: ﬁ%q&atﬁa@d;zimmubmm@%mmmx step 332),
as shown in FIG 4H line wdth of the etch layer is shown as Lr. The

space wi dtwhish atdiaghlyaonﬁoesahaﬁ shaye. eﬁtmcam;&ﬁy@ﬁva yubstariially vagieglsideeli ¢ ch

| engt h of 1 he. ri son,
phot or esi s¥ r?ée‘léragﬁag% b&%ﬁﬁ‘{&& SIS i éﬁw?é‘tah}eﬁl%s E@ ggi%‘& st
spaci ng Spbdﬂmﬁh&eaﬁﬁe Bﬂe&:rﬁﬂ}f;\ﬂib dapofitiGh orltBefsile waﬂmpﬂnclsaoﬁaawthm feature
pitch Pf, feature line width and feat ur dth.Sf..In this
enbodi ment depefiEoR %8&6&%@%@6%@?&?@#@%&%@ eééglﬁfn SISt the | ength
of the pi t&‘éi’_aoﬁ{edtd%@rt}ﬂggbﬂ&ﬁ%fﬁfeﬂﬁﬁﬁ)&sﬁpfeaﬁﬁé‘ce the line width between
features Lt 'is half of the linewd of the photoresist mask Lp

[0033] Features are etched into the etch layer (step 324) forming a second set of

etch features 452 between the first set of etch features 432, as shown in FIG. 4G. The

¥4

photoresist and deposited layer are then stripped (step 332), as shown in FIG. 4H. The
line width of the etch layer is shown as Lz, The space width of the features in the etch
layer is shown as 8. The pitch length of the features is shown as Pg, where P=LtSe.
For comparison, photoresist mask pitch P,, photoresist line width L, and photoresist
spacing S, from FIG. 4A, are shown in FIG. 4G for comparison with feature pitch Pg,
feature line width Lg, and feature space width S;. In this embodiment, the length of the
pitch for the features Py is half the length of the pitch of the photoresist mask Py, since
the line width between features Ly is half of the line width of the photoresist mask L,
and the feature space width St is half of the space in the photoresist mask 5.
Therefore, the inventive process is able to use two masking steps to double etch
feature resolution, by reducing pitch length, line width, and feature width by half,
while using the same photoresist lithography process.
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and the feature space width Sf is half of the space in the photoresist nmask
Sp. Therefore, the inventive process is able to use two masking steps to
double etch feature resolution, by reducing pitch Ilength, line width, and
feature width by half, while using the same photoresist |ithography
process. 7 [0034] Since this enbodi nent uses only two masks, at the repeat

" step (step 336), it is determned that the process is not repeated. Three
Mask Exanpiga4] 00 Hiticel thisandbiierentusaphly two innasks, atidhik repegictspsiepyb@), used t he
reduce pitch, length, Iine width, and feature size by 67% A first feature

step is péif dqteraangdthaishe prossss isvigizeneatehed phot oresi st mask is provi ded
(step 304%ﬂ,€h%3k%§i£1%15a cross- sectional view of a photoresist mask in an
I v

enbodi men ntion. Over a substrate 504, such as a wafer a
barrier | §pas] 506n amythérexphplesiiree@uak provessasy bewsed frpreduss@dclan et ch | ayer

508, such, as_a,met | ayer or .a polysil,igcon.l ayver. or L el ic layer is
f or ned. dPégﬂltWée@fJ@h apé %ﬁ%eg%géf‘lt ﬁ@“@é@%ﬁqufggg%&élo such as a
DARC | ayegggys ﬁ;ﬁ;ﬂéﬁﬁdpﬁoﬁf@ﬁeﬁl@@l& 18 broVidad (522 304). G RAisveosst he ARL 510. In
this exanpl'e the Iiné masks 514 have the a w dth defined as the line width

"Lp", as shtowsl vierhef ayheiwesis zmsk in armnbpdipented i invedRnnQYE & width "Si, ",
as shown. Ih %tg'sb&gp'ﬁz?&gw?%?Eﬂé&ﬁQha&é\/i‘M%ggﬁﬁggffg)g@@ Géé%ﬁéﬁmﬂaf ined as the

sum of th& W and e space as shown. These wi dt hs

are det er piyacabolam etdhdayee S08, uhdtnas aahethhayerlor & ipolysidiptn kytrexr kriigentdc used to
formthe g otoresi st _mask. |
oA

i irahle to red itch |ength.
[0036] A BrerdRErReRaPar 11 cEh LA PERSEY YR (GRIbSH) Feb & po.
phot oresi glipd RPUE KA {kﬁﬁ%ﬁb‘?&isft B A 5 trSnedQRbr thEART, S, I8 tids SChemat i ¢

cross-sectional” view o e patter n_eds:{)hot oresist mask 512 with a sidewal |
| ayer 520exappdsint dide oweks Hi4daveind emdlitbsicfined trcthe Hae widh Bhyf, asphawsi dewal |

| ayer 520.f orns i.dewal | | Le 122 W, L [l .1 E}I&gﬁ i st
feature 5 ]iﬁs%eéggﬁf%geﬁha@ﬁ%%?&f%%%fagﬁi%§P5 4%&?’2%3 e uéﬂ% space CD
that is |'@gSoffhaphéibresipnes iChMiedtab erepinni affibslisd widatnd the sfacef erably, the
reduced space_of the sidewall |ayer feajure.is at, |east .66°/thess t han t he
space CD Witk Pyvdy e tbihowns (Thesebigihs arg et‘?’?“équ}%y%’éqs‘?l%‘i’%oﬁ 8t the

si dewal | : : lfgﬁﬁ j ; F CRlis s td Bducshheh are

hi ghly co%@%?%%@%%@ﬁ%%nﬁe%%o 7] ﬁ%tqchi@!rog%ém‘gg{ak%f fseﬁﬁ}@g% are then etched

i nto t he wtcbfedgiiyer 508 t hrough the sidewall |ayer features (step 512).

FIG 5B %8% a IAI sritfe}wa?ﬁ}ayeﬂs & elfa[)g’l ed ver e alts of the photoresist

features fo reduced the CD (step 308). FIG. 5B is a schematic cross-sectional view of

the patterned photoresist mask 512 with a sidewall layer 520 deposited over the
sidewalls of the feature 514. The sidewall layer 520 forms a sidewall layer feature
524 within the photoresist feature 514, where the sidewall layer feature 524 has a
reduced space CD that is less than the space CD of the photoresist feature. Preferably,
the reduced space of the sidewall layer feature is at least 66% less than the space CD
of the photoresist feature. If is also desirable that the sidewall layer feature has
substantially vertical sidewalls, which are highly conformal as shown.

[0037] A first set of featuves are then etched into the etch layer 508 through the
sidewall layer features (step 512). FIG. 5B shows a first set of features 532 etched
into the etch layer 508. In this example, the first set of features 532 etched in the etch
layer 508 has a CD width, which is equal to the space CD of the sidewall layer feature.
In practice, the CD of the features of the first set of features 432 may be slightly larger
thant the CD of the feature of the sidewall layer 420. In this example, the CD of the




into the etch layer 508. In this exanple, the first set of features 532
etched in the etch layer 508 has a CD wdth, which is equal to the space
CD of the sidewall |ayer feature. 1In practice, the CD of the features of
the first set of features 432 nmay be slightly larger than the CD of the
feature of the sidewall |ayer 420. In this exanple, the CD of the 8

features etghed insbhg hRYRk: fogjoe%gﬁb@argmg 256 678, RROMEn HEED 65%et han the CD

of the pho e photoresist and sidewall |ayer is
then stri ppﬂ%téﬁigﬁeé}&@). This may be done as a single step or two

separate steps with a separate sidewall |ayer renmpval f oresi st
strip step. [0%?18\} ng Thaphplerassben ﬁevﬁﬁéamp?ﬁﬁ%ﬁ%ppﬁ?iﬁ%@é%ngﬁ%ﬁ st
feature st eg?{{egagr%%gg %%Qﬂ*%t%to%gparﬁtg%ﬁ with & s@fighitd éionedll heatranevateps (step

318) are th patterned "~ photoresist mask is fornmed, over the
et ched f eat mdsholcbest s8R0Step. whihing thay beriised &udhe steppiRgEroressHhe 85t of et ched
features. FIG 5C s%.the fg%ztrate 504, where a second photoresist mask
542 has beefratus HeRI(3PgL1s CAREh | ayer 508, wherein the second

phot or esi st (J§R§K S4%eGANIGLRal FElRmE stepd (sEP318Y ark dmh perforniddl fapaliewtedr e spaces
544 in the “second photoresist mask are forne betvgg&ﬁéﬁe first .set of
et ched f eat phatere&i8anasklio Gropd averithresiehed featyres (stepE20) ndliS§EPISd over

t he si dewal {h% éﬁfﬁhstP thcr%' ﬁf&gg%ﬂgy%@r%%@ﬁ@%‘f*ﬁ e 504, WRE £EkcbAE CD (step

324). The s ormns’ a ewa ayer feature within the
phot or esi st phR@ksEanaskn el bendoriedalver thayieh ldyent (8 wheshuibh aeroBd r educed

space CD that is |ess_than the _space of th hat gr es|] fgat. .
- Pref er abl y, Phaferesigiquaskd42 sq%as B ﬁéefs%?é%%ﬁ nggﬁpgrw %%%Paa%ees %tlgglgut 66%
ess than { 0god PRSGOR Rl ermpio] BiRSinthe fiRtbdt becichdd fosumk sB2.desi r abl e
ayer

t hat the deposi eature has substantially vertical sidewalls,
whi ch are hjagaby confidewll laye 558 dahen {@oaited qveniha sidswalleofdhe #682¢ nt o t he

etch layer (step .324) form e o] s as shown
T h G oD, heteRsindstns orateed BECHTg g0y Subla EopLTRTma B0 SO
feat ures of glihgalf layitreftede withif aRiphb@iesBBRatu) s theisidéwslt laye fofturehe second
set of features 552 is at an _end of the feature Eﬂﬁd’?‘pft o(ﬁ%i@% and

deposi t ed IQ@thasairféduqeﬁm%m%@ﬁk(s%ﬂ’éﬁt@sﬁ.??‘?eé%é’ OBt 1FER ure step
(step 318) P%geﬁmﬁ%ﬁe uc&%?é@of%&?&ﬁa@la%} EQbird & BbBSTGEYRLes Man weet her to

repeat the & eatu steps (step 336%. Since this process uses
t hr ee maskssgoeCONAthe plotbasist favene. Hriealse desirabliadhas dhsi deperiieh loeateaie st ep

G ched 1 oat iesubgtany sGpR Nl B MonlfBpiLisinonf! 120 2181 118
[0041] Features are etched into the etch layer (step 324) forming a second set of
etch features 552, as shown in FIG. 5D. Each feature of the second set of features 552
is between two features of the first set of features 532, unless the feature of the second
set of features 552 is at an end of the features. The photoresist and deposited layer are
then stripped (step 332). The additional feature step (step 3 18) is completed.

[0042] A determination is then made on whether to repeat the additional feature

steps (step 336). Since this process uses three masks and only two have been created,
the additional feature step (step 318) is repeated. A patterned photoresist mask is
formed over the etched features (step 320), which in this case is the first set and
second set of etched features. FIG. SE shows the substrate 504, where a third
photoresist mask 562 has been formed over the etch layer 503, wherein the third
photoresist mask 562 covers the first set of features 532 and the second set of features
552 and where spaces 564 in the third photoresist mask are formed between the first
set of etched features 532 and the second set of etched features 552.
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second set of etched features. FIG 5E shows the substrate 504, where a
third photoresist mask 562 has been fornmed over the etch | ayer 508,
wherein the third photoresist mask 562 covers the first set of features
532 and the second set of features 552 and where spaces 564 in the third
phot oresi st mask are forned betmeen the first set of etched features 532

and the se set , of, et 4 ayer 570 is
t hen deposﬁ&g’%l ove‘%SdI‘?E{ E H{?P%F%Oéﬁgde‘g‘(’)éﬁgg Sﬂu @?egﬁﬁgé‘# egtures to
reduced t hepGlrdsizt fRnB&AD rediB&d b ¢EY@teb 3Qayeme5¥&wfannmr 870 mﬂm | |ayer
feature within the photoresist feature, where the Slét‘i ﬁhg feature

has a reducidwallaver feturdwithinghs photoresict fafure, Wise e ﬁ %r esi st
feature. Pref erab cehéD Ao lle %‘%tﬁa#ﬁpﬁ e&fcﬁbﬁ?oﬁhggﬂ%ﬂemkﬁﬁﬁﬁref eature is

about 66% I 8%%1 space ot oresi eature is al so
desirabl e lpb@érabﬂyethelretﬁmed $pateyfihe ﬁléaxralr]ayerlfmllbmoahﬁﬁ%ﬂebsy thasrthé cal

d |1 whi ch hi ghl f | ho t ched
Thto he. eepaveily af e shagrgipanes W gIea oL ek g POSY A e Pes 572,
as_shown ig,Fl G agt'falpﬁ% 4&@#% WP hreth@y Birtsn®enl stebmet ch features

eature

572 i s between a e second set  of features 552 and a feature of
the first $8044] of Heatiresr=setbd, intoriheesh layert(step 324 forming miteird st pfetglet of

features ig at ap . end.. The sj st . and hen

stri pped (Z? %g%as Sﬁ?&m&aﬁ? %Oaf fﬂiﬂ&t‘ﬁ?@ (}?ﬂ? %h?%%‘etﬁ’?ét%)f 'S s'E:orrpl et ed.
Since thi S5*7§Istﬂ%%wéekilarfdatﬁﬁﬁdfﬂia‘seaoﬁd%@ﬁmaﬂes pSDagEsfeatubeof thefisatetcondi ti on
(step 336) is answered as and the process is stopped. %h045] The |ine

~width of théfestueds ﬂ33y@ﬂeﬂséh%me a%th@fthm’e%*s‘b%f@w&ﬁ%ﬁn@h ®features in
the etch l%ﬁc%fssﬁt %%Oﬁ@go%d‘% rfI:Q‘aaeB' ﬁ%ﬁ '532 f rhdadhRabifegitrd S Shown as

Pf, where or co arrson, mask pitch l'ength Pp,

phot or esi Sktep (A 3w)eht¢nnipaetecarﬁin¢ﬂmisas mlﬂsrd mpﬂcmﬁ’t’dhﬁﬁ nimbmd@b{% theA, are
shown in FIG 5G for corrpar son vmthfgaa{,ur(ﬁ |tch I.e% feature |line
width Lf, &wgaticenditien (& i pyreredps "oy agqths RPedt he | ength of

the pitch fajsfhe f&%%ﬁ&th%fftﬁe%téhléfeﬂimc%tagm TiRagbe wia bemphot or esi st

mask Pp, since the line wd between features Lf is 1/3 of the line width
of the phofﬁatlEea igtthewetelk layer 1asiwm Sffe’ahqmtchslmléomfwf@fﬂs isghawmapf t he

space in { i XStk Q¢ BRS is able
to use t hr hﬁ%?lfg%gg oﬁgg?%%m-fégn’ -Bgﬁ); Sﬁ[ngs a%%"?leler sg’l’ é on. by Teduci ng
pitch | eng*wiiﬂth m@d\phdﬁobasxst aading 83 frofeFIGL dAharbyhd:#:BmEﬂ&i 56 fasi ng t he same
photoresist |ithogra process. 0046 Theor a masks be used
to increas éﬂfﬁﬁ%’éf’%t’“@rﬁy e iteh lepghh Farfe q‘Bﬁ h&é@éﬁ&%\“ﬁﬁ’%’ﬁ “an%For m
Si dewal |'s S¢. In this embodiment, the length of the p1tch for the features Pyis 1/3 the pitch

length of the photoresist mask Pp, since the line width between features Leis 1/3 of the

line width of the photoresist mask L, and the feature space width S¢is 1/3 of the space

in the photoresist mask S,. Therefore, the inventive process is able to use three

masking steps to triple etch feature resolution, by reducing pitch length, line width,
and feature width by 1/3, while using the same photoresist lithography process.

[0046]  Theoretically, n masks may be used to increase resolution by a factor of 1.
Using Gas Modulation to Form Sidewalls

[0047] In the preferred embodiment, gas modulation is used to form the conformal
sidewalls. Preferably the sidewalls are formed of a polymer material and the mask is a
photoresist polymer, so that the deposition of the sidewall layer may be performed in

situ in the same chamber were the etching and stripping are performed, and so that the
stripping may remove both the mask and the sidewall layer.
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[0047] In the preferred enbodi ment, gas nodulation is used to formthe
conformal sidewalls. Preferably the sidewalls are fornmed of a pol yner
material and the mask is a photoresist polyner, so that the deposition of
the sidewall |ayer nmay be perforned in situ in the sane chanber were the
etching and stripping are perforned, and so that the stripping nmay renove
both the ma dt I+ I ovidhattiQ? ofthig a@ideSval 1§RF 6veailet ai | ed
fl ow chart iboﬁﬁie fgﬁm%ﬁgg\gﬁog%gée%ﬁﬂﬁ“é%er oém;}f t he mask to@raeduce CD

(steps 308 anemaaAdip, reditc @D (steps 30@ snchisd wiithowses gps mpduaticnngBditrent , t he
form ng the sidewall |ayer over the sk to red t and 324
conprises a eaéqsémqt,dhe)é}%% paidgiwa]! Laye O8Fs ﬁﬁsmlséglgk?g%&%ggiﬂ%ggo 8 The :
deposi ti on %&35%%‘@:‘1@.35&& sig8R Rﬁ&%ﬁb@bﬁa@@ﬁimapmgphmrm& ®he ch

si de

deposits a ayer over the sidewalls of the nask. [0049] The
i nventi on naiepbstiamspitisé uses etficttigagolemiste te form eplaspewigeh denosittfct i ve

| ayer. Exanple recipes that be_.used o practice the invention for
dielectric éFd%Wéﬁﬁ@EEPY‘?}’gﬁq sé@%%/aélsgfgle&ag%fl ded bel ow. Exanple of Dielectric
Etch [0050] (Gdds] 7 TBe Rvemitaidy ve usb@r fchmglyl dideatriplayersrsi cogduttizaber 700

that may be uséd for depositing the sjdewall |ayer, etchin and
strippi ng. Tiger.pEaanple rwmé@émqbéﬁ&?@tt@ﬁﬁ@é@?%ﬁ?ﬁ%@&’éﬂ#ﬁ“ﬁé%%m ri ngs

702, an upper_el ect I electrode 708, a gas source 710, and
an exhaust ﬁﬁﬁ%u%ﬁia%%éQ%gS?%% 10 conprises a deposition gas source
712 and a prEdaidp $tigieoicdish source 716. The gas source 710 may conprise
addi tional gas sources, ,such as an, etchi as _source 7 kthin plasm
processi ng gﬂ%%er Hi86 7 15 p&c EFW@%@E%F%pﬁ%%GFW%%e%%%%g%E @%e Q][ower
el ectrode 7%§-usérc{‘f%r'gge!&{ﬁn%'tﬂ&§ia&% 88, hify, 00 aipping, b pRhe substrat e

C g.,

chucki ng nmechanism (€. el'ectrostatic, nmechanical clanpi n%, or. the like)
for hol di ng prodessisgitisimbet B00GMuprisneconnement tngh 792 81 VAR chsHale L% fe upper

el ectrode 7Q4 di sed,.d medi at el y. 0 i I . The
upper el ect 8\?{8{%%08?89\%?335?%%% o@é%%ﬁ%ﬁ%ﬁ?%n&fgﬁsﬁezg defi ne
the confi nedoRlp@ssE &pbsiiBn gdsasuics 713 uppd proflld shaping gaxmetiiaeddSplthe g vol une
by the gas source 710 and i ;s exhausted from the corg;i.ned Iase 1gol une
through t he sewiee 7 HemEN COMPHRIAHIonal &8s SPITEssBUGE A5 FLFILRIAL 885 R B ust punp
720. A first b S cibhffet et i dodifortddamupper or | ower
el ectrode YO‘X i%e%%?égééﬂgéﬁrce }YZ%&?{S&%?%%H cally, connegt ed to the

| ower el ectlowetesl&@de BhgnTier lowat ¢lsctiode 763 incomattasicsuiiaiie syhsHait rings 702,

t he upper chucking mechanism (e.g., electrostatic, mechanical claniping, or the like) for holding

the substrate 404, The reactor top 728 incorporates the upper electrode 704 disposed
immediately opposite the lower electrode 708. The upper electrode 704, lower
electrode 708, and confinement rings 702 define the confined plasma volume. Gas is
supplied to the confined plasma volume by the gas source 7 10 and is exhausted from
the confined plasma volume through the confinement rings 702 and an exhaust port by
the exhaust pump 720. A first RF source 744 is electrically connected to the upper or
lower electrode 704. A second RF source 748 is electrically connected to the lower
electrode 708, Chamber walls 752 surround the confinement rings 702, the upper
electrode 704, and the lower electrode 708, Both the first RF source 744 and the
second RF source 748 may comprise a high requency (27 to 300) MHz power source
and a low frequency (2 to 14) MHz power source, Different combinations of
connecting RF power to the electrode are possible. A controller 735 is controllably
connected to the RF sources 744, 748, exhaust pump 720, and the gas source 710.
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el ectrode 704, and the |ower electrode 708. Both the first RF source 744
and the second RF source 748 may conprise a high requency (27 to 300) Mz
power source and a |low frequency (2 to 14) MHz power source. Different
conbi nati ons of connecting RF power to the el ectrode are possible. A
controller 735 is controllably connected to the RF sources 744, 748,

exhaust pu , d, , rce 710. 11 [ 005 | G.S.8A.and .8B

i1l ustrat engoozsigpu?@f‘ §3% %ﬁs@%@%ﬁ?g?ﬁ’ © %F?@é’#gg’f‘%}?_céfwtgﬂ%mri ng a
control | er Yrﬁﬁleb&%_ﬂﬂ:% dccitiniel 798 Rk&d @fenitaginkin@Ssihe pray@dPinveRion [FRG. 8A shows
one possi bl e physical formof the conmputer system O course, the conputer

system may BAwBovanaye prsyiblanysitd fomn othe compiteioysiam. iQficegtsattbe circuit, a

printed circuit .board I d Vi hyge super
Corput er . COpRR - ErRBr s 3URY hul AR riafort B ety B B 504,
housi ng 130printad citldikbodrd, ved 4 sl handkeMbioaice ud BlOhugdpea compatr.1312. Di sk
1314 is a cqnputer- readabl.e diumuysed to transfer data to_and from
conput er sySPERFEBEEten bfinc %a’%@lﬁ%%@:éﬂgﬁg‘V&%‘?’agmﬁﬁ&él@@ﬁségramfor

conput er sygtekdePds, a Ib%sl*aq%f),gagaxa%&gwg?. 15R0 15584 B Mofipuidr i ety of

subsystenms. Processor(s) 1322 referr to as central “processing
units, or OReddblemedipmupskéth transfet data freamiciving esmputensystedi If§Onenory 1324.

Me 1324 i nel ud d . (RA d d- on
(R Ao 00RE 1" R B AR Gnle o Bk sk e P eSSt Loghg
i nstructi onAtalibed &5 §y8@id VRABLY istdOwidB QafidtoPBs T3, PricRshrisy P328hlsy t O

transfer data and instructions in a bi-directional manner.” Both of these
-~ or other tyisEEred o aregppiTrkagocestipe ks, otlePEnyarsedupledite stomgamdeticeshe

ter- ) ' ' I ' ' 26,4 I | ed
o T et oRgRRng pED 1§80 SrehB B3 My el v SPE Aia® COUP BT
apd gaé alks:g%dz-gniymbatl)myRogfl)t s icwalp kih@vn ineth«dahgﬁ:[)mﬁs&g tﬂﬁﬁa:rt s ldalveeaiz dbeljfoyv.
F i sk . .ma e.use 0, S or r QQr , a, an elike and is
t;/)rjiecal |y DBl W‘@F‘Eﬂ“&‘@t” I?e‘g? Gﬁf@ams Eseﬁmcaglﬁéﬁjr@#%&é@s sl ower
than pri magM ;$dQ6RGR in hbi-WrbdtioR RRREC Bh SEMERAr oftt)lgé?_t)jp@é of BhibRE; et ai ned

within fixed disk 1326 nmay, in appropriate cases, I'ncorporated in

st andar d f a8 ispludeany suitallp foromfithe camputerresdablesnetia desauiveddielovdi 4k 1314 may

take the f f .t he [=: [ | a. descri bel ow.
[ 0053] CPU% %Is}c?@%? gsoal%’oct? blﬁ %ggt%g%n\%\gﬁg?? PE% [%pﬁtpf%vﬁ B @Bgﬁgﬁjc es, such
as di spl aylate3ftagekapidgraad hddQlsoimicd: h3 b2 theanthparsadednisie ddfs, and
f eedback and . d system.f trol of th o |, an
i ﬁgut ?gut g sc&%g# ﬁ%g?fa }{S;g%gs]k 1%r26 ?noa?z bre%sedoto store? pr%[groa%'?s,sgata, arrlld %Eenl?krea a

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.
[0053] CPU 1322 is also coupled fo a variety of input/output devices, such as
display 1304, keyboard 1310, mouse 1312, and speakers 1330, and feedback and
forward system for control of the process. 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 readers, tablets, styluses,
voice or handwriting recognizers, biometrics readers, or other computers. CPU 1322

- optionally may be coupled to another computer ot 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
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any of video displays, track balls, mce, keyboards, m crophones,
touch-sensitive displays, transducer card readers, nmagnetic or paper tape
readers, tablets, styluses, voice or handwiting recognizers, bionetrics
readers, or other conputers. CPU 1322 optionally may be coupl ed to anot her
conputer or tel ecomunications netvvork using network interface 1340. Wth
such a network rface S cOo Iat ed that th M ecei ve
i nf or mat i oY%, k] "ﬂ‘é‘F%’ﬁF OGP g eh? 035 Sﬁff‘ e‘f{ oélﬁétgteé?%mr e Ijia12

net wor k i n h&RoLEBSBmats BEthE Qfe%ﬂ"ﬂmw}eﬁﬁotﬁﬁﬁyexddﬁfé%lebﬁﬁwﬁﬂﬂwmﬂ ®&pS.
Furthernore, nethod enbodi nents of the present invention may execute

sol el y upormmxeqlEQQV@ﬁnemkéWéiﬁﬂeTémetﬁlW%ﬁkﬂﬁ’ﬁbﬁfﬂ@c’ KEWUnt ernet in
conjunctio shares a portion of the processing.
g]ae\g: %at}esaa p:ﬁﬁgﬁ gf‘ %#{0{:&& gt

[0054] In I 'on he present invention further relate to
conput er stjpgsge Pmeddition, smbodirleraOoiié ﬁfesdfm&dabﬂlcm feHentolatdtat have
conmputer code thereon for perform ng vari er-i npl enente

oper at i ons .CompRBteptigiage pipducts Hith gcompEsHE 3]l“FFbé'%t hﬁb’@&?‘&??'ﬁrﬁ%gi gned

and constr gﬁ%r\egcﬂ:ﬁ foﬁg% d?ﬁm%"faﬁgﬁb Sonfhuter: Lﬂl‘f:le%e?l&ﬁ eﬂaﬂ&%nt,[‘hé’ﬂledﬂranﬁhey may be

of the kin wn ard aval e to"those aving skill 1n the conputer
sof t war e arcbsipuiExenislinesy tefthae lsmmd}y-desgntaikﬁné coestiuated |fmdh§|n@p0$n§t0f are not

limted t di h d. di,sk | .. and t
e, opt | £ DR v elion SO e R AR A B o Bt oo ¢
opti cal rreqhaﬁng wah itfefcb@Plief & fvitirs ks, ERAEpIBALIRAIRIFSYIdERS idlid ar e

specially configured to Store and execute ro ram code, such as
-~ appl i cat i ofrcdysischytiare nailisyied t@ anagapticmpdia dl-“ﬂ‘iso%‘?meaﬂldogi c

devices (P evi Fél% ggde include
machi ne co s?%ggpég%%gglu@g\ghﬁl%ﬁgg{%\d er I(Z%éﬁ% {ies cont%fem ng hi gher
| evel codeopﬁmnmdﬁs&mmﬂo@dcﬂwm(mdmmdexmrem%sﬁmammpmamyeter Conmput er
G anal . enbGRHBTo Soaapih e e 8 P e oPg oA SR DR

i nstructi opscliBFASRESS, éﬁéf@ﬁ&ﬁ}ﬁ@ﬂe% Ud%%s@ﬁﬁ@@%dﬂcﬁs@iﬁ&m@h\h%vﬁé@”p' es may

use ot her dep05|t|on evi ces 6] One exanpl e of a deposition phase 604
maybe mFEa@ppig$ of @mpy@qr ngieancluﬁ@mmq/cq@ﬁ iy asprednaed bamsarwilebi ¢

centineter 60 mlorr,
establi shegmﬁy S8MT éhfge}a&ai ggl%\glgéog{gfr%@%meg%a%ﬁ&’ﬁéﬁ%ﬁ% The 27 MHz
RF source mt@yneﬁhesCGﬁ@uMﬁie‘a&meBmWay ai{dolbleeompeteﬂcdﬂblzra%mﬁ:edbyae provi des

100 Watts of he_  chanpe rature js nmintained at 2
computer c{ata sl_gnal embo edr ina ch%ar wave and represenrt]ing a sequetce o

instructions that are executable by a processor.

[0055]  Other examples may use other deposition devices.

[0056]  One example of a deposition phase 604 may be CH;F deposition using a

chemistry of 250 sccm (standard cubic centimeters per minute) Ar and 50 scem CH;F,

at a pressure of 60 mTorr, established by setting a Vat valve of the turbo pump to

1000. The 27 MHz RF source provides 500 Watts of power, while the 2 MHz RF

source provides 100 Watts of power. The chamber temperature is maintained at 20°

C. A helium cooling pressure, to cool the substrate is 15 Torr. Such a recipe causes

the formation of a polymer sidewall layer.

[06057]  One example of a profile shaping phase 608 may be C4Fs/02/CO

deposition using a chemistry of 270 scom Ar, 12 scem CyFg, 8 scom O, and 100 scom
- CO, at a pressure of 50 mTorr, established by setting a Vat valve of the turbo pump to

1000. The 27 MHz RF source provides 1500 Watts of power, while the 2 MHz RF

13




C. A heliumcooling pressure, to cool the substrate is 15 Torr. Such a
reci pe causes the formation of a polyner sidewall |ayer. [0057] One
exanple of a profile shaping phase 608 may be C4F6/ 2/ CO deposition using
a chemstry of 270 sccm Ar, 12 sccm CAF6, 8 seem 02, and 100 sccra CO at
a pressure of 50 mlorr, established by setting a Vat valve of the turbo

punp to 1000. The 27 source provi.des 1500 tts of. power ile the
DNy Re 13 SRR Bt Y ainet R o T8 CReMes PrpReen BaBerEPE At ur 6 | <
mai nt ai ned aps %@helﬁm@bﬁﬁk?%&él%b&ﬂtﬁﬁﬁw@is 150rgg00l the substrate is 15

Torr. [00581 FIG 9A Is a Cross-sectional view of a deposition |ayer 920
fromthe def@sB}i oFIfh2Ads a dhss-stetiam viewrofaalppesitipdayes 920 fomdhever a mask

912. In this, ex I t eposi ti.on forns a "br - l.oaf.i ng"

deposi tion | gRPSE pfdes 5‘3%86&8’3&?%%{ Pﬁe‘é%ﬁ?ﬁfi OFffet BRI 3 g

deposi tion | axeiplé, ShéPbAGELHhaAES thri¥ adbicall Mdefing” 8épdeitioh laydepaadicated near
the top of the quature and a thinner (or no) sidewall _ deposition near the
bot t om of t hby ¢pethinesrS24. (The hredildoading deprsitiondayer isodpiapigrized Wyra Bickes anpl e
forms a | ayef. a [t : gf 1h : as shown.
Ther ef or e, tﬁfl%&%g%%gﬁll&gﬁ%glré%évtlgﬁé{g%g]f %‘ltk:)urjlrE %%ﬁ?[or na Fos?ifngg%/\lg%vﬁalheposi tion.
Such a depogépokition des shataittopr siithélfatune Ideddition thelnshdriiafiaf irythiser ti cal
sidewal | s. The bread eventually inchgs of f the tap,. which then cannot be

used as a neSRIMEl o5Pep [ayer Fovprige ¥enybattom sudisg oL the fKgtte. $hgM8sed of f and

no etching caR b8 dafRed BQQ&?}&&M@S a ABh-bSnfBmtd] SRISwPALdRMRh. Bheyy of a
deposition layer 930 whére on h

a

y the profiling shaping phase is used. In
~this exanpl eleppsitiopdassinotpronidp itheylepiebmbitantintly yertichlsidewatly” Thiehbresd-t i on

| ayer, as indigcated out li ne 34. The, faceting,depasition..|layer is
char act or | 2 Ad0gE SepRbRRnehed 55 55 Top, B rRESabRTeE FRE e e D of «ne
feature and gndehhekitacs wlbyedibsed @POSIdtHo@chi@edantbBdoldt t om of the feature.
The "facetin depositi on does not deposit at the very bottom surface of

the feature. [Ogﬁﬂ]er eF¥F- OB ig piceosgragrbionaliviny of aderpsibon buer BOvhere oy diemal

si dewal | de b | : .. Sdage I faceting
of the phot ?ggﬁﬂgﬁﬁgéépfﬁ%g ISrl?aéseg'l t. use(}:{;il[ﬁgre’ %gggaﬁ??%hﬁég%gse#g?ﬂsp? ovi de the
desi red subgtfanatingl] depositon iaga] assihdieated by outlines $3dc dhe figeting dapositionner s  of

t he phot oresi st.mask ma ause.|l ower etch selecti.vity apd.fast.nmask
e Do O g iR TR AR Gt B o6 SdhoBl Bbidor deof B sod REMET " e
et ched prof ifbgurelafd a @hibRS bidewhil Befefion 9B&ehd htoisknt feah@eetiRd, then the

final etched profile is also faceted,
"faceting” deposition does not deposit at the very bottom surface of the feature.

Therefore, this deposition also provides a non-conformal sidewall deposition. If the
sidewalls near the top are too thin, faceting of the photoresist mask may result, Such a
deposition does not provide the desired substantially vertical sidewalls. The faceting
of the comers of the photoresist mask may cause lower etch selectivity and fast mask
erosion. The faceting of the mask will also result in faceting of the etched profile. In
almost all cases, once the mask is faceted, then the final etched profile is also faceted,
since the mask vertical profile generally translates into the etched material.

[0060] FIG. 9C is a cross-sectional view of a deposition layer 940 formed by 6
cycles of a 2 second deposition and 25 second profile shaping. As can be seen, the
deposition layer has vertical sidewalls and little or no deposition at the bottom surface
of the feature. To provide a 6 cycle process of multiple phases, a gas-modulation
device, which is able to alternate gas recipes quickly, would be a preferred apparatus.
[0061] The ability to control the ratio of the times of the deposition phase 604 and
the profile shaping phase 608 provide another control variable. A proper ratio will
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since the mask vertical profile generally translates into the etched
material. [00601 FIG 9C is a cross-sectional view of a deposition |ayer
940 forned by 6 cycles of a 2 second deposition and 25 second profile
shapi ng. As can be seen, the deposition |ayer has vertical sidewalls and
little or no deposition at the bottomsurface of the feature. To provide a

6 cycl e process,,of | t.ipl e phase - | ' i I's able
Lo ol t or nat eoae puTteRy BT S5 s rBRE SERR B Lty O KLAE, o st 5T
The ability £ @epesifibh Ryet 18@lsh able@o Plotdchie phomsesist mudketodepest tichn phase 604

and the profile shaping phase 608 provide another control variable. A
proper rati cﬁechnwtylz(gﬁbewnael RAgasaeters proyideg bydhe npention {hat SambLSPRIO si dewal | s

as illustrated,in,Fl L4 I L.Sigs able to protect
t he phot or escioélfmfr}gg E%OSR}%H ?‘%efg%eﬂgtngrﬁﬁgggdgg{éf’ﬁ%ﬁep E’lsclﬁgllfl E@Sﬁt rol

par amet er s plepudiitlstapirspbasertitesnatiofpat biximisiaytypes asladiidsa(suchan UHEF/Qhe
deposition profiles_are: nunber of cycles, .t I d%p Si iﬁfz} I me,

deposi ti on/ ShdlCag FHELeCHF Al 200 a@zgﬁeﬁigﬁt?r t%b“élgra d“fatios (such
as CH3F/ 02, dteﬁéﬁg’é ase {18 E2neddsfis of £vtirochrvofy anfPatiuofeebtbon SbidferalyC- ) -

Preferably, eposition phase uses a chem stry of a hydrocarbon and a
f | uor ocar borthe Bydedeartadn iy at leash endgfilTbcanddanli Theflupresgrbowisereferaiat and C2H4.

The fluorocarbon i r bl t ea n E.. E F3, C4F6, and
CAFs. Ot her%ﬁaégowii?ﬁ?ébﬁzﬁép%ycﬁﬁra@atgﬂg%l@&Blggggggﬁ%rtﬁaﬁgl he deposition
phase are C'fﬁeféi%ﬁly"&%-us?d ehrafgaht ¥epobifien Phak atesCE S BN @rerhabh, s psofie

chem stry of a fluorocarbon with or w thout other additives, Preferably,
_the fl uor oc #h#ong Plese usas@slemisiz obr fluppearborryyth or wifgoytpiher pdditissap| v, t he

e O Pl FiBoaif i 14k onfr i, Mo Ofhd OF, FEkabE, ¢kO062]

The nul ti phase sition allows e shdping’ step t0 renove unwanted
deposi ti on. ofher additive Braj leastonagl Ar, e HedSgdi, Ne.omd¥y cause blistering.

Pref erably, profil e shapi st.e | so densif.ies the polyner by

bonbar di ng t[h‘gﬁl pol‘bi‘Fe‘F‘“ﬁﬁpﬁ%ei ??‘%?ﬂﬂﬁ's ﬁ‘B’r"{hi?)f}EpW@Peé@gf 1%%Form ng the
deposi tion layehsd absRitioR! BYadi@for! b HBEleFhLPbEiRbn mhi cAMd blistarng, t he
multiple cycle nultiple ﬁqhase. depositron provides profile control. The
reducti on offréferably, theardfte shepinzciap alsoaisnyifes thppelymer bpbepeadiagéhe profil es.
In addition he t.1 pl cl e, i < AN ces line
wi ggl i ng, frrsvicy ‘?:‘é%‘%’e?% Tﬁgpfs‘l’%%lggkgf&gﬁ%e%g??5??%3%"[“161%{%% ?gym ch
causes the photidesE@esCDldongs]. oaddig, ¢he thuitipledivtle anitiglh ehgse dépdsigionhapi ng

step prevents 0 reqguces deposition on the bagttom of the nmagk .feature, to
prevent res PHH%C[CF‘ Pﬁ?ﬁqf ﬁ@t’f ehg]b%ﬁefl‘il%]ﬁ’? %36&1 556%8‘??@51?&%"38 uttered
material framihe 4aPpdkilds O 4d¥Rn, the multiple cycle, multiple phase deposition

reduces line wiggling, which is caused by the stress of a deposition layer, which

causes the photoresist lines to wiggle. In addition, the profile shaping step prevents or
reduces deposition on the bottom of the mask feature, to prevent residue from the
deposition, Which would come from resputtered material from the deposition layer
that would be af the bottom of the mask feature.

[0063] Preferably, at least two cycles are used in the forming the deposition layer.
More preferably, at least six cycles are used in forming the deposition layer. The
number of cycles depend on the amount of CD reduction and is not limited to 2, or 6,
[0064] The ability to form features with smaller critical dimensions, without
changing the photoresist, allows for smaller features without purchasing new
lithography equipment. If newer generations of photoresist are used, the invention
provides small CD’s for the newer generations of photoresist, allowing for extension

of the newer lithography and photoresist systems.
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that would be at the bottom of the mask feature. [0063] Preferably, at

| east two cycles are used in the form ng the deposition |ayer. Mbore
preferably, at |least six cycles are used in form ng the deposition |ayer.
The nunber of cycles depend on the amount of CD reduction and is not
limted to 2, or 6. [0064] The ability to formfeatures with smaller

critical ons t ho toreS|s mal | er
features wi {Tﬁ](@g %V\%‘g‘? ?{Eb‘%‘?é%ﬁn ’%rﬁgﬁ T‘WQ ﬁcﬁ}f‘t&?ﬁﬁﬁéﬂ?&eﬁ%} sl
generations ﬁﬁovﬂlﬂ%tﬁfe@%& slorédierets £ 8bpolifiSn bAMENbh=REs inFo@Mihg 6 ssdBilall CD s for
t he newer geherations of photoresist, allow ng for extension of the newer
| i t hogr aphy kayet. phot oresist systems. 15 [0065] In other enbodinents, three
or nore diffgrent, g k ) tHay be used providing three or nore

di fferent deposti 1S in formng the sidewall |ayer. Exanple

of Conducti VEmlsejyer Aﬂ&ﬁmb&(}éﬁbe Anieeica ik myesum foebaik dbgRitingahd may  be
used for both depositing and etching the sidewall Ia er_,and tﬁéﬁonductlve

layer is il lechingthegideraltlayer aml thepeydugtive layer & @E in&ig-19- & #bn of
such a devi oFs schB0R ARG 0h PO LABRRS bkt THAPRLIGiink Ry ERAT! L1 ON

| ayer. The plasma processing C conpri ses ant enna
(or coil) 10(&2 deposiiiag laiest Thdpihsnnpipbatieg ckzbiter 10@Mconaprsebat indu@iveuppor t
1008, a gas sour e 101 and a haus S SO 1010 is
"] Ui d e HREBR o L9 REHST IR PR CDR) i & SBEAE PO ses
deposi i N G2gSOHEE 010k BPuPBlthad pEb 096 TRALSGBudO 1610 Thengas sour ce

1010 may conprise addit’onal gas sSoufces, such as a second etching or
deposi tion gasnetionsath the g distgbutiomeplate é@@s@dwgmpamrﬂbtqposm%gawﬁ@rce
substrate 40 03|t oned u h ﬁdﬁ bstrate
support 10081 1%5'8& cgq{aé%l 'g'he:%agi{)ﬁr@ ?Oc %ﬁ&l‘m@ﬂr& 32 aﬁplgar%g 3

el ectrostati sburoeg@hams@adec@idadmﬁﬂwor depoditiven gas kejred. owWithad plasga pﬂoeessmgst rate

404. The reactor top 1028 incorporates a, quar ielectric d 1076,
whi ch al | owsshamier W)ﬁ rilpsasiaig 40 isnsttigped v %@géﬁ%t@ﬁ?ﬁm{foﬁ?g %% t he

chanber . Thesugét&ltee&lﬁ])gbﬁ 1004 ﬁ@@goé%é,suﬁm SHBOPALE B RISIRRhENi&A08 g, and

anodi zed al um num chanber wal 052 define the confined plasnma voI une.
Gas is suppldlettosiatic, mechomndal nledlpp:lgaelrﬂhe hk@lfmlbygmv@ugwt%w cee1010 and

S exhausted fro confined plaspa..volunme. thr e t port by
t he exhaust ]| rp‘ifb];@g ‘}3\"%’?@&65 uarss fielzotit Jindoy 10 écglclhég ‘%ﬁlconnect ed to
the antenna. traﬁsfﬁﬁﬁ@ﬂ df Exfer S0t Eneldddnk 306 10t the cldnilyer. The dielectric

window 1076, the substrate support 1008, and anodized aluminum chamber walls

1052 define the confined plasma volume. Gas is supplied to the confined plasma
volume by the gas source 1010 and is exhausted from the confined plasma volume
through an exhaust port by the exhaust pumnp 1020. A first RF source 1044 is
electrically connected fo the antenna. A second RF source 1048 is electrically
connected to the substrate support 1008. In this example, the first RF source 1044
provides a signal with a 13.56 MHz frequency, and the second RF source 1048
provides a signal with a 13.56 MHz frequency.

{0067} Other embodiments may use a hardmask for the mask. In such
embodiments, a photoresist mask may be used to open a hardmask. The sidewall layer
may be placed over the hardmask to reduce the spacing. In the altemative, the
sidewall layer may be placed over the photoresist before stching the hardmask.

[0068] The invention also allows research into devices that are several generations
beyond current devices. Lithography systems may not be available to create such

devices. The invention allows a current lithography system to provide a device that is
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connected to the substrate support 1008. In this exanple, the first RF
source 1044 provides a signal wwth a 13.56 WMHz frequency, and the second
RF source 1048 provides a signal with a 13.56 Mz frequency. [0067] O her
enbodi mrents nmay use a hardmask for the mask. In such enbodinents, a

phot oresi st mask may be used to open a hardmask. The sidewall |ayer maybe

pl aced overg ABSKs duien QEE’@} @{ngqﬁ ative, the

si dewal | Ia;gémn%b%%e pl ggﬁlgf%\%?ﬁt he pthot res g’%ﬁgée’;lg?e ching the

har dnask. [F0&8}iof hédévices mithamitiadlstimedsicnashat sepaconkidenet beybaditiesadthat  ar e
several gen atigﬁagh be or&d current devices. Lithography systens may not be
avai | abl e t% CF %%ad%y G8¥f%es. The invention ailows a current

l'i t hogr aphy[0g65§t enBpRePinAts HRsIEmBPYS ERA kAL hdles dOraRNET R ILARGERAL! ONS
smal l er than the current |ithography device, allow ng the production of
devi ces wi tIR0TH; ¢ | Che inyprtionshaths uspdion menedifforent tpewof Mepmodessing each  of

ol o5 or 4/ ICREE A A Fith ST 1 iy Qb AT Upn CYTSRN, R MORE" seq on'

many diff ey, ICYpes of plasma processing tools such as Exelan and TCP
type etcher, hybrid PVD, CVI), MN RIB, MORES, TCP, ICP, etc. [0071] Wile
this i nventWQYﬁhasW@F@ﬁ@g@i‘fi%éﬁs Peenydesoribed in eapepbsevealimefered

enbodi nment g4t ' a ﬂ%& [ | stitute
equi val ent sr,n' gihﬁ{eghs??%f%r%maﬁﬁ%‘%&? ’ﬁjgr@%gzéﬁsb%‘d [ gugﬂ@g%@'eoeﬁgﬁrﬁfegshoul d al so
be not ed t mdsichtfal mathin the scape\of dlits mversiony & shayld abh Hemptedriirntthapgaehe et hods

and apparatuses, of the present. invention t i,s therefore intended that
The for T ow R Aantisyr 4 R guertie diomapeds audBopa A g eBtich

al ter at i onfnvedIt Ritha@8fre ARAJNRLAARS oNeREld dppbRicauinabeptSpRieg fal |
within the true spirit and scope of the present invention. 17 CLAIMS What

i s cl ai meday gchding g1l suehelterations. mermatations cand wageus subsiffuisteghivelayises
conpri si ngg,pf ] fd %ﬁé r Jayer wherein the first mask
defines a s vglriﬂt?rla i%%&ﬁ;ﬁgace e\?\;{&'ﬁp\%\n&%‘:ﬁé‘?&ﬁ?gﬁm ng a sidewall |ayer over

the first mask wherein the sidewall |ayer reduces the widths of the spaces
defined by the first mask; :
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etching features into the etch layer through the sidewall |ayer, wherein
the features have wdths that are smaller than the w dths of the spaces
defined by the first 10 nask; renoving the mask and sidewal |l |ayer; and
perform ng an additional feature step, conprising: formng an additional
mask over the etch |l ayer wherein the additional mask defines a plurality
of spaces with widths; 15 form ng a sidewall |ayer over the additional
mask, wherein the sidewall |[|ayer reﬂmét he wi dt hs of the spaces defined
by the additional mask; etching feat nto the etch layer through the
sidewal | | Ltis &, the features have widths that are smaller than the
w dt hs of t spaces d&f i ned by the additional nmask; and 20 renoving the
mask and sigdewal A nleghodrfor Drmifigdeaterehizgn ich layesi OBPISMEC| aim 1, further

conprising repeating t additional . f + hedsderapse. 3. The
met hod, as reci tIEENINE2 Wké’l"%ﬁqﬁ%eti@%?é%%?%% &formng si deval |

| ayer oyer ﬁlﬁﬁﬁéﬁ({f%%ad@%thivﬁdﬁ&; | east one cycle, conprising: 25 a

deposi tion ‘phase with a first gas chem Stlaé t%bfor%aﬁ%pﬁgé}&%au?gsasna to
forma depositi oirmoingn sidewall layengyer thedrstpisk hetqm g SKICWAR 445 K0T T e
shapi ng phase wih secaond 15lihYaskO Shape the profile of the
deposi tion %93%%’?1@9?5%%%?(e%ggdﬁﬂgl@fﬁggsttﬂaﬁa’sk, wherein the first gas
chemistry is dididipnerttdamoticetaebpedigagh dheidewell jayven s fifer ei n t he
form ng sidewall |ayer_ over the di,ti gnal..pask..i ligAsdd RNRe afY Cl €,
conpri si ng. featuess s viddhs tﬁﬁﬁ%s%igﬁthﬁn |W18{%3§mgﬁsgfgnéegtd§y tobg'?o? m a

deposi g on m;sif,pl asma to forma deposition over the sidewalls of the

. addi ti onal ‘mask; and a profile shapi n%yphase with a fourth gas chemstry to
shape the profi |remoeigtiremadkpodisidewall ; @®he sidewal |'s of the additional
mask, wherein the third gas...chen L Ssofinkikgeent than the fourth gas
chem stry 5 4. ‘Iﬂ?é'tto c?g,aaglgo?ﬂg??at%%é¥§e¢fscgﬁi§)|hmﬁ%, wherein the formng the
sidewal | "|ayers overfohhmgih haditioms maklsope teoteheldydrovhesain theadditiond cycl es

and the forming the sidewall |ayers over the additional mask is performed
for at | easmashstefiages plyrality of spaces with widths;
15 forming a sidewall layer over the additional mask, wherein the sidewall

lzyer reduces the widths of the spaces defined by the additional mask;
etching features into the etch layer through the sidewall layer, wherein
the features have widths that are smaller than the widths of the spaces defined by the
additional mask; and
20 removing the mask and sidewall layer.
2. The method, as recited in claim 1, further comprising repeating the additional

feature step at least once.
3. The method, as recited in any of claims 1-2, wherein the forming sidewall
layer over the first mask is at least one cycle, comprising:

25 a deposition phase with a first gas chemistry to form a deposition plasma to
forra a deposition over the sidewalls of the first mask; and

a profile shaping phase with a second gas chemistry to shape the profile of the

deposition over the sidewalls of the first mask, wherein the first gas chemistry is
different than the second gas chemistry; and

30 wherein the forming sidewall layer over the additional mask is at least one
cycle, comprising.

a deposition phase with a third gas chemistry to form a deposition
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5. The method, as recited in any of clains 1-4, wherein the formng the

sidewall layer fornms substantially vertical sidewalls. 10 6. The net hod,
as recited in any of clains 1-5, further conprising placing the etch |ayer
in a plasma processing chanber wherein the formng the sidewall |ayer and

etching is done within the plasma processing chanber. 7. The nethod, as

recited i ne@]%ag{?ﬁ@@ia a%%sit\?%xd%?{hgisﬁe&gﬁs5ﬁﬁ§5€1&i@§ﬂﬂﬁ‘ﬁ§k§aﬁ&jdi tional mask

are phot or erein the sidewall layers are formed 15 from
a pol ymer material. 8 prbfite simpingghasasvitheciotmh gascheinistmtg shapg therppfile

conprising stripping the ot.Qresj st .and sidewal | .la Lth a single
stri ppi ng sithe depos BW@&R@)&&%@%‘@&?@%%@W ?re%%?é)%ﬁ%e strippi ng
t he phot Oregieﬁﬁfrﬁﬁ?‘ﬁiff&éiﬂﬂﬂn%muﬁh@é’ﬁfenﬁﬁﬁp” ses ashing the photoresi st

e

mask and si dewa ayer. 20 10. The nmethod, "as recited in claim9, wherein
the ashbng 4.he phint methed,sis revitef irnelaim % ivihwwwin fhel foxraing ithe sidewaldae® i n t he

sane plasma prqQcessi ng,chanher form t | . . et chi ng.
11 The. mot i ey BRI AT RaR o rar e e Sl i R e baBg & T 1
si deval | |ﬁ?‘&ﬁo{ré}rtﬁ@acﬁitﬁrﬂﬁl\ﬁﬁéﬂisbéyﬁfneﬂff@tatMSttezosdyd!ewalI t hi ckness and a
~photoresist teature 25 bottomthickness, wherein ,thge?i dewal | .thiﬁj:)ness IS

greater thah a pHetwetbad.os recitad inany ob slameid -thvhg oppingihesifg¥ibd, as

recited in an f C '%-@-Ju]”- I.R.t he deposition phase is a bread

| oaf i ng dep% %tfgﬁfsl’uﬁg 4 nec%ewggs'r ecited in any of clains 1-12,

wher ei not heg.wi dthise méthbdias 3@itbeat anyes chires b, fughet cobg¥isingpdacitgthe t he wi dth
of the spaces defined by the first sk.. 14.. The nmethod,. a cited in any
cof clains 1¢tiBlayeHBRlasmAREOcEngchamber wherpin g gnﬁﬁ’ﬁfﬁ%g{;%w@ fﬁ'? Té 8I engt h
and wher ei negtihes feRhLGAMiT ML BRSmA PrdcbRiglimbayer have a pitch length that
is at |east 5}%?/%{5655 than the ‘gitgh Ielrllgth of the spaces defined by the 19

first mask.7.15, Phemeethod af orcitedinrnygf pletmyt-Eswherelathetishmpgiand  conpri si ng:

formng a fisst sk .over, the .et L 0; LSt efines a
5 plurali tyadgf%o gk WPlﬁﬂt%%ﬁ%{é&%%}ﬁ%ﬁ%ﬁ{nﬁtb Eg%%ﬁl&‘;ldgfs Il%ta{/g%?éﬁ g%ac es have
a critiigal frélhARRSR naiddiad pitch; formng a sidewall layer over the first

mask wherein the sidewall |ayer, reduc .. . .
8 The method, as rec%ed mc eglm ’f ?’urther comprising stripping the photoresist

mask and sidewall layer with a single stripping step.
9. The method, as recited in claim 8, wherein the siripping the photoresist mask
and sidewall layer comprises ashing the photoresist mask and sidewall layer.

20 10.  The method, as recited in claim 9, wherein the ashing the photoresist mask and
sidewall layer is performed in the same plasma processing chamber as forming the
sidewall layer and etching.

11.  The method, as recited in any of claims 1-10, wherein the forming the sidewall
layer forms a sidewall 1ayei' that has a sidewall thickness and a photoresist feature

25  bottom thickness, wherein the sidewall thickness is greater than a photoresist feature
bottom thickness.

12.  The method, as recited in any of claims 3-11, wherein the deposition phase is 2
bread loafing deposition.
13.  The method, as recited in any of claims 1-12, wherein the widths of the

30  features are at least 50% less than the width of the spaces defined by the first mask.
14.  The method, as recited in any of claims 1-13, wherein the spaces in the first
mask have a pitch length and wherein the features formed 131 the etch layer have a
pitch length that is at least 50% less than the pitch length of the spaces defined by the
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the widths of the spaces defined by the first mask; etching features into
the etch layer through the sidewall |ayer, wherein the 10 features have

wi dths and a critical dinension, wherein the feature widths are at |east
50% | ess than the widths of the spaces in the first mask and the critical
dimension of the features is at |least 50% 1| ess than the critical dinension
of the spaces in the first mask; renoving the nmask and sidewall |ayer; and
15 per f or nifingf raaskaddi ti onal feature step, conprising: formng an additiona
mask over the etch | ayer wherein the additional mask defines a plurality
of spaces with widths and wherein the plurality of spaces have a critical
di mensi on ggd a Apink@bd férabhing fansésiawalkichlayscompesinghe additional mask,

wherein the sidewal | 20 |ayer reduces the w dt gls f thE sg&ces defi ned by
the additional #using efiesimesk avraihe cehleye shermn beificst gnask JeBRSR | ayer

t hr ough. t he, sidewal st el e ds 3)@,%43 fid Lerddiagsitibave W dt hs
and a rcgri tP}:ug?]%&;é@n%éﬁg?Jo‘%ﬁ dere| rﬁi%]%ﬁééﬂﬁ%m ths W?ﬁ% addi tai onal features
are at | eagim&i3fonlapds pitekn the wi dths of the spaces in the additional mask
and the critical dinmensjon the addi.tional features. .is | e 5 50%
| ess than the cFPERE? S’é?‘ﬁ%lﬁé’?'ﬂr?vﬁ et ngﬁ‘é’ileﬁe}?%ﬁﬁld%%ﬁay %rrfgﬁ&cﬁésk and
wher ei n t%m&ﬁwf%%gpes@ggﬁg@ fifsLalgl;€s have a pitch which is at

t h

| east 50% | ess an th pitch of the spaces in the first nmask and the

pitch of the spathingifertimeirdalthertichiaer faeieh thasidewadhisyarnghergia thisk and
id Il | . 30 16..Th t.h . . j i i.m,: a)_lgkﬁ in th
fS Ior ﬁ‘l\,\ﬁé] si %Fﬁ Eﬁ"ﬁ%‘?mﬁ@%} ggl?thcggwgf&ﬁ%}%?%%w&rf%%g 'P,alt& Eﬂseast rl%\?\g cygl es,

. Wher ei n eashyQyl tarCtoaRidtEE6E tha spheniaithd st jphdksmdwhd dritival dinshsigmef chemi stry
‘to forma deposition plasma to form a deposition gver the si l1's of the
first naskﬁhejﬁ%tulgﬁelsaatﬁaéﬁq%l%h@ﬁlﬁgC&H&@@Wﬁ%%@&%ﬁ&“@ﬁ?‘%ﬁé istry to
shape the B{a?ﬁ-i |l e of the deposition over the sidewalls of the first nask,
wherein the first gas chemistry is different than the second gas
chemistry; and winervéigithe sk erddidayadlldvencdod | ayer over the additional mask

conprises at |eas 5 two cycl wherein 1 cycle conprises: a
deposi't’i on phasBe‘&?Wgaar{ ?ﬂ%a/t nggfgat&ﬁesﬁ?%sforﬁ%m‘% orm a deposition
forming an additional mask over the etch layer wherein the additional
mask defines a plurality of spaces with widths and wherein the plurality of spaces

have a critical dimension and a pitch;
forming a sidewall layer over the additional mask, wherein the sidewall
20 Iéyer reduces the widths of the spaces defined by the additional mask;
stching additional features into the etch layer through the sidewall
layer, wherein the additional features have widths and a critical dimension, wherein
. the widths of the additional features are at least 50% less than the widths of the spaces
in the additional mask and the critical dimension of the additional features is at least
25  50% less than the critical dimension of the spaces int the additional mask and wherein
the features and additional features have a pitch which is at least 50% less than the
pitch of the spaces in the first mask and the pitch of the spaces in the additional mask;
and
removing the mask and sidewall layer.
30 16. Themethod, as recited in claim 15, wherein the forming sidewall layer over
the first mask comprises at least two cycles, wherein each cycle comprises:
a deposition phase with a first gas chemistry to form a deposition plasma to

form a deposition over the sidewalis of the first mask; and

20




plasma to forma deposition over the sidewalls of the additional mask; and
a profile shaping phase with a fourth gas chem stry to shape the profile
of the deposition over the sidewalls of the additional mask, wherein the
third gas - 10 chemistry is different than the fourth gas chem stry IT The
met hod, as recited in any of clains 15 -16, further conprising placing the
etch layer in a plasma processi ng chanber wherein the form ng the sidewall

| ayer, etching, agpgilé mzﬁmig@gagehﬁmomghsshmw ko $tapetheipsofilonéthai t hi n
the plasma processing chanber. 15 18 . The, net hod s recited.in any of
clai ms 15- 1deposifjenopprihe pidewlist thefirt IP%S_kaWh‘E}'ﬁ’S‘ttg‘? ggs?g?s ‘ﬁ]ﬁ?&s 18 wherein
claimit W S R RSB B o the  photoresi ot mask and |
the layer to be @hedeficthe Atming sidewall layer over the additional mask comprises at least
5 two cycles, wherein each cycle comprises:
a deposition phase with a third gas chemistry to form a deposition
plasma to form a deposition over the sidewalls of the additional mask; and |
a profile shaping phase with a fourth gas chemistry to shape the profile
of the deposition over the sidewalls of the additional mask, wherein the third gas
10 ch;amistry is different than the fourth gas chemistry
). The method, as recited in any of claims 1% -6, further comprising placing the
etch layer in a plasma processing chamber wherein the forming the sidewall layer,
etching, and removing the mask and sidewall layer is done within the plasma
processing chamber.
15 8.  The method, as recited in any of claims 15-171, whersin the first maskis a
photoresist mask and wherein the sidewall layer is of 2 polymer material.
\q.  Themethod, as recited in claim |8, wherein a hardmask is placed between the

photoresist mask and the layer to be efched.
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