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dependent on wavelength, photoresist exposed by longer wavelength light has larger

theoretical minimal critical dimensions.

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

or undercutting. The feature may also be tapered, where the CD of the feature is at
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[0010] One way of reducing pitch with is by reducing space width. FIG. 2B is a
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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pol ysilicon layer or a dielectric layer is forned.
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and cnt1cal %1men51on 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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plurality of spaces wth w dths and wherein the
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li ke reference f i ry;@h@ggnts and
in which: [001 . NOET ]bRTAc

c[@0dg} secThepradenvin@emionfis dhstrack bewrelyed esanple dndgot by way of
t he gr,i or. art, [0016] FIGS. 2A-B_are schematic. .
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PrL.i.Or I [.S: j.gh level flow chart of
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| po0as | ONEIASOPASE afd Semdtit dio@t Rt ttvis ©f a stack etched
cross-sectional views of a stack processed according

t eceordingboidiepeint abf t he i nvention. [0019] FIGS. 5A-F

h ' - ti | vi f. k
oiBE o s aRel Al PESE Rav eRGuT vishe Softepfomed
| QVRAihe® thbPEePItFIG 6 is a nore detailed flow chart
of the Step of depositing a sidewall |ayer. [0021]

FI@177 i sFl&r. Sathehmhilevelflow abfirtaf plpseoess thatouesks wagd in an
chanber t?g% may be used in practicing the invention.
Jiengel th ftvs

[ 68292 nHet-ystrate a computer system which

| S0018Y t abhiessf QM-I are schematic cross-sectional views of a stack processed
according to an embodiment of the invention.
[0019] FIGS. 5A-F are schematic cross-sectiénal 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.



i mpl ementing a controller used in enbodi nents of the
present invention. [0023] FIGS. 9A-C are

wWee@s®s¥sexrti onal views of depositions.[0024] Rr@/UID06/602164
a schematic illustration of a device that may be used

[P > ST s et B Bl el i R
%/EM dn0i07 Mr eTﬂﬁn%&cﬁﬁﬁ&ivd 1Byeation will now be
descri bed

i n deta|I referencetoafewpreferred
enbodPEEAILED IR 1P7 RO BE HPHAIN | D g

) 40 ;
o e 'éi?%ﬁtegﬁng?@og&lﬂ%weﬁeﬁ < d?fgﬁeawﬁ\,ﬁe gonge to a
W&%@d%ﬁ%ﬂﬁﬁ&?@ﬂh@&o%s ﬂlhﬁrd’l’é@ﬁfiﬂé achi‘h%Qﬁ;h %dra'&x;mgs In

be apparent, however, to one skil int
thedolldwimg ;dsﬂm@nbn i mveenouscpesily dﬁeﬂpmacseu foﬁh imbtdentstprovide a

RS caders it o P BEBLBLE B Jor e PRt deparessio one
Han&d R%he Be; ecﬁatq § ek@ﬁ VeRti&ieha %/]loe P&cﬁééﬁe\{ntﬁdﬁ 8&% j)r all of

unnecessari | re the present fnvention

fhlase spemﬁntdletmis phmhdeﬁstﬁmt wrelBknawtnhpre ok kteps aﬁd/msdtructures

di mensj ons re._specifically, the inventiaogn

Bvswiol E@W@éﬁh@één Fteih eprder forpt uihesersadly QbR fHeeresat
glii}i% phot oresi st pattern used to etch the feature.
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mask 412 with
w1dth Pp=L+S;, as 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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[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 after the deposited layer and photoresist mask have been
removed. The first feature step (302) is completed.
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be done as a single step or two separate steps with a
separate deposited | ayer renoval step and photoresi st

W@ R00608BPEP. Ashing nmay be used for the stri ppP€IUS2006/002164
process. FIG 4D shows the substrate 400 after the
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theﬁ@aShéﬁweswh@r@ theyhidevealt lﬁﬁeriﬁmmall% hesg sedupedspace CH3hat is

e R BB R o nnt 5 Reni 3% iR 30EG i e

si@éwilDRy&d gvrd ik 509Y18ds thapihe sFade 1P B4 @He%ﬁ&tibﬁﬁrinisﬂ%ature It
s ace CD of the additional mask feature. It is also

i eaisatde thﬁhthetnmk r}@@k feIaBy@érZE bastsubgtatdlytvagical sidewalls,

Wﬁgﬁﬁ&%ﬁf‘ Gk B Amamle of Apbe B PR sidewall

1s\éesﬁdév@a@l| th&t! fﬁﬁﬁ\@bﬂtorh%o ﬂ)psthﬂge‘@’%h anﬁl@ 3t bét'év%@?l ROLHOBP Lvdh the

op makes an angl e bet ween 88 O wth the bottom
bcoitonn héthe deatunee Prdfcrabb'r thio ldgpositiven mie@e SldBIWHﬂ iothitlee thzindke
i s thicker n the de SItI on t ot t am of,
d?mémﬁﬁefléﬁf‘eéth b ahdiors aeopr;??er Y[NQVaYeT fisy

déﬁ%&@&! &f%iit&\‘&)"tto%dﬁtﬁé’{) &Wg%t feEkﬁreOhOt oresist feature.

0033] Features are etched into the etch | ayer (step
[(I@Z&]) f dicatursy aze steloxindtostat eioh 1@t (stdpedd fcﬁﬁmﬂ@é setmeh&vea f
f|r et of tch features 432, as shown |

eta oiies G fgsacta stsbifeateres 4525 shavn HbWG 7G. The

4 I
M et g 8. o 1
hm width of the kethflegt Wy ewinrs TheTkd glact a5@h of theThaufes ﬂﬁthe etch
The pitch | eng{th of the features is shown as

laMﬁéﬁ éhqwn a8 §r g pitglplengiaisha %@fﬁresgﬁ ghasreas Rt whers iErLrFSf
d.
Ftss}'pcfggrﬂ)ﬁggcg)p P@t‘i)%sgf fa%l%klt&el’p tgrev\%l@fl l}ﬁeré?u& hfi@%{ac? Sfloscoreswt

spaomg@r;, IiSONFIG. YA, hesdhdta iRFIG! MCE’for coephtid \kfitllil €avirélpfich Py,
and feature space width Sf. In this enbodi nent,

fe@wée Tregyidth bf, apd Eapire epace wrdthife Tnethisiandodperitsthp dangth of the
pltg(ji?lﬁfgl'e %@%Rur%g PE Q%aﬁ”lthe féné’tL otfﬂxe ;P gﬁ ¢ eesﬁhsotcoresﬁc’( masg Py, since
the line width between features Ly is half of the line width of the photoresist mask L,
and the feature space width Sy is half of the space in the photoresist mask Sp.
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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the line width between features Lf is half of the |line

wi dth of the photoresist mask Lp and the feature space
wowabhs3p2 i s hal f of the space in the photor esPGI/USESK002164

Sp. Therefore, the inventive process is able to use

two masking steps to double etch feature resol ution,
(09341 r ed&@pﬁgnqﬁmwlméwgﬁns only ifeo wiaglesh at the derralsten (step 336),

same photor esi st
ltlyd?tﬁ%‘g‘g%%ﬂ? Birec?g%ceggl[s gf%egfﬁce this enbodi ment uses
Thesd Madlvexdmmsiks, at the repeat step (step 336), it is
determ ned that the &gocess is not repeated. Three

[00383 k Elin@npt}@r {amaﬂqa, ¢ arck hecessxaapbeysed Ibltaeequjitch

h | h
teri ERE ST s bR S G on ol fr s peripland e
3028 @ﬁﬁtftéi‘ﬁ&gﬂm@&%ﬁﬁ i %@&R@gg\%ﬂm POE05 £34 $ErobR

i's provid (step 304) I's a’crosssectiona
seotiopal oéw af phbotoresist mlaskmsaln dntbodimentiod dienandntioh. Clver a

SR Ty o Tl "l P
h
o 0 410 0 s S Bl

lay@wisrfomnieel. édvehn theastelr 1ap@S08 mnanhraﬂeéﬂxmayat QAR@))!G!O fudRLay a
Dﬁg%glsuch as a DARC | ayer is forned. A photoresist mask

e Bdpiasd: ch BROPRESARESIEYIE 5 Formedsoves e f H In this
exidqg@ tﬁ@ﬁﬁﬁ‘eﬁn?&g 5 K&‘ve tﬁ %1%%3&19(@%4 it ﬂn?xcfvuitﬁ QLJ,"' Bshown.

The botces QZQ mtthﬂplsdtoﬂ&am‘ern&k\lhadb B widh'"S 'aas stivawn . Thhsteh length
pitch length "Pp" of the photoreS|st mask is defined

"Pra Of theephotprpsist n@éﬁb iy defmedindithe sumcPithelinpyedh wadiths space

d h
Wi e R3S Pe e TP A Uit e RRREOR B s
lithoexphitabdimegics Lissdas Kornl the o@@é%is*t ﬁﬁkl@ 19 dREHSI8 td Rluce the

pitch Iength. [0036] A sidewall layer is then
pitelelspetht ed over the si devval |'s of t he phot oresi st

100387 et it Bl B UL foap 0 E PR pll oLp B Breli

feaith@¥ 10 r€ficsd tHERSIH (HdpP30¥)! [FI@ 58 ganahbmbh@y &bsP&ltional view of
deposited over the sidewalls of the feature 514. The

thegiatieried photaxesist Bagk §18rwith a s@pﬂeu/éaybr §20ydaposieat aveetis24

siaf ol SRR, Rieervhie a2 fued " enall e Tt
524 Wﬁﬁlnﬁﬁ@*ﬁcﬁ@ 1s@aﬁfe 3 ﬂlew@l@féttﬁé @iﬁbv%ll fa?z@xt féﬁt%re 24 has a

Pref erab t he reduced space of the sid ayer
redfl@eaﬁt apa@e CE that i bmsﬁlaﬁﬁ%sipe%CDhﬁmhd Itf@t@fpﬂsiefeﬂﬁleoﬂ)rdsfambly,
eS|st i.s al so e that the

e RO fcR op e N dinel 'er o B e et G méhap.ﬂe%wace D
oft%\b ggm{ésﬁt féétﬁir@ hIt@srﬁsJ‘&&HEMeQ gy re[h9$371

irst set of features are then etche
substaptiallyoadticdh sidawhlld, méich are highly conformal as shown.
[0037] A first set of features 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
than the CD of the feature of the sidewall layer 420. In this example, the CD of the



sidewal | layer features (step 512). FIG 5B shows a

first set of features 532 etched into the etch | ayer
WGO®6/083591 hi s exanpl e, the first set of featurkST/ESR06/002164

etched in the etch layer 508 has a CD width, which is

GMRles %&h&bﬁx REAGE: {é%e%ﬁ %H90§ idewal 67% 2468 T8RS ébeofhhe

practice atures of the first set of

fphetonesis fddiremay be sI [ ghtly | arger than the CD of t he
feature of the sidewall ﬁer 420. In this exanp

tIABSED offhe Rhateresist and S@i ayen 1 then piaipaed @Eﬁp@é%”&lwéalay be

fcg’gl? ﬁs‘?‘ a gl%?%&%?g{ %fhrg %%%a&{}g :s]tgé ﬁ:gn g;garﬁtg %1&%*}!?{1 ?&3@? fe?ﬁoval step

tane phéfokdsiyp Selip(sSdpe PAshifd) maylhd Ssed®yr the sﬁ@pﬁg@ﬁo@séﬁl 'm‘H flrst
step or two separate steps with a separate sidewal |l

| featute Sf@r@@%)lls§t>1@ple‘mdd photoresist strip step. Ashing

B o e pistn cehie BRpr B1cB 5T B3 du et oatigmed

fp*h@io‘#és@st $i8R%s fofhePovtfile é%ﬂﬁ:dtfﬁﬁﬁ‘re@ @5&5}932’03 Owhibh in this case is

patterned photoresist mask is forned over ‘the etched
fleeatixst et of stcbed Bayes. WRGCHC slowsths sehwtratei ¥4t wherkiarsstond

SR EE 240 BOHPeD AT SUPCe R0 5% 30 h G BeR e second
fbIBski @ Yeisk 5hg c@&e‘fg‘thla S rse@ﬁ%eatfﬁ’%? 589 nd @ﬁer@ %g R 236544 in the

phot oresi st mask 542 covers the first set of ures
58@ndmihotainesis nysh ersfofde] batwbdreths icaset qiletthed dsitiees 532.

T4 e Az ldg.\?p%}%‘?&ss R dERO LG IsiiaGlp REfhe second
PEORNAL AL LS '(%t 1?§24)3€2’f£5%%ﬁ%%11%§¥ S5 PRI 2

eatures to reduce he si
|sideerall 3@ featurs wathdi ’Kﬂle \pﬁbﬂordsay foature; avthetcethw stdeivallidyer feature
phot oresi st feature, where the sidewal] er feature

éé& has 3 reducedisnassi Cohelds ts5s thandhs @fapee@l qfﬁ hqﬁ@re§9taf§@twe
g?%fg%lbic}h ﬁ%eﬁja@ﬁc%g“g%% of fttﬁas]i 11 1F e? é‘&rﬂgrg %blj)lup % ?ﬂ‘%ﬁa‘}x the

tsbm Chef ﬁ’@:qm@tcfﬁ&lﬂffeelhlile ﬂh@hl@é dsdigbleftBattbé 8epokited Byer feature
al so desirable that the deposited | ayer feature has

Japstbarntially yerlieal sidewplls vducheate sighln¢asiorarad Iih Zlgmry
hown t
AR, chl el S Rt S ety RS etk i o

feel fditafes 352, asdBowA MRIG. BT Kach FeatuedE hd R3éM &t 6f fehfufes 552
second set of features 552 is between two features of

tlhbetwleﬂstwcs@atums df dlagt finsbsst 8Bfatunes Besunlbes thefatmreobthe second

FERRTIPEERE 55250 gp ool F Temetn o MesdhncBtrerialaf agpetTiep ayer are
S’cﬁéri &Hﬁ%d((%ﬁ@:@)?’ he aﬁhﬁloﬁﬂ%éth&"@ &Rphy 8?15%51%@1&&1 ep

i's conpl et €d 42] Adetermnatlonlst en
dﬁO%ﬂ et hArdetemnnmeans ﬂhhna nadel i wduatler foeapcwt Ehemddpmnal feature

e Pual, SRS B Raa e St 5 RSl et
ftrfécg&kﬁclﬁtz&ﬁp fAhRY stef (HEPFR) §repbatRPLA PLAGH PHRHYCES Rbsk is
formed over the etched features (step 320), which in this case is the first set and
second set of etched features. FIG. 5E shows the substrate 504, where a third
photoresist mask 562 has been formed over the etch layer 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 photoresist mask are formed between the first
set of etched features 532 and the second set of etched features 552.
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formed over the etched features (step 320), which in
this case is the first set and second set of etched

wWo eabi083E%2 FI G 5E shows the substrate 504, wWhRCEUS2006/002164
third photoresist mask 562 has been fornmed over the

[0043] | ayedidfih 1a 0778 1 0in! Hﬁeﬂ&éité@o%%@%@ﬁaﬁk Jascefifl

covers the first"set o eat’ures 532 an e secong
mhetoredist ffemtnes GereBhiddahaCidH(step 38HacCHEE scdAvallriayans70 fiorng a

T T R AT IR ALL O N
: [ I '
853 958 (008 s e et ST,

Hrefetabiy shd eduedupa dfltiee SEew Al laperFeatire id hisous bA%IBds! than the
| ayer 570 fornms a sidewal | |ayer feature within

th
oAt e of itha phogeresistdeatyfise Kiis plsa desipblgthnt the yidewal bayglf fsature

. i Sl CcD
18 Syibed ST SErBRRRE Bl PR B 1y DT OB 48 SRRTE
[ppaje OofFedth@s sttt linth alyestc ReEUERp 1394 plo@MingtbHirl 86i%f etch

than the space CD of the photoresist feature. It is

faatutss 83 as ghown thBIG. e Barly &atre 9 ofyee thirdsentraf chricfeatures

b iall ical si,d iLch i_gh
2T DARERE A BAE R HHE e HNERE el 857 Bl Ty Bl firt s
dfifeat@es 531, amks that RRBLD tht @fird ffoffehfiidsds 80dn &, gheh
f eat ures 572, as shown in FIG 5F. Each feature is of

nhietoresidt and depsited lagercite theatstrippsd 61 33) bdhoedditional feature

936t 1B s Riva e hish aght BESs S5 i ek g, the
rE}Ee%E S:RitRdn (R 386 fsOnSPlre@bis FRALHYA BR firécl isifopped. The
phot oresi st and deposited |ayer are then stripped

[064dp 33B¢ lindwedth ddiheictohdhydr eathomea stlepThe siEpe 348h of she
ompl eted. Since.this is the third nmask qf three
fﬁﬁé@m@e&@, layends shepas Seo Bw%t%ﬂele&iﬁ of the-fgyruges Is shown as
[1] [1] M O . .
AR P, RO MR JROPESHR o PR OBt
veidticle,, andiplivtofesistepatiag Sy frem FiG. SAe artshhwhady BIG.i %5 fdrown

as Sf. Th,elp)%zitch len%th of the features is shown as .
cpmpatisay witfeafyre prich Iepgthdsrfsatpieddis, Wighblopresieairg gpage width

i . . . nh LSt L ' . .
0 S EGLEER, oL SER b R AL 9 e i
1&4gtH of the phip@Edsiomawk Pf) sfreathy mephidihbdt@sgt feafdfes Lris 1/3 of the
feature line width Lf, and feature space width Sf. hi

lingiveldirridhe phateresistaaskdnging th foptyee ace idta Sr isHé3 of the space

T S0 IR S
mdsBingfstdpd o triplectoh Bahuretesbhigioptat &ﬂﬁﬁh%pitdlﬂ%ﬁgthpli@’\didth,

the feature space width Sf is 1/3 of the space in the
apH deadiie 3vidth byels k. vBpile usig e e¢rae phatercrigtithographyppioeesss

Ibgadier e ThEu BTGy Tedtrory Chretsed BhguRot by hgtor ofn
Wdifké Bos RVAufa68H ¥ Bortd SdBwhiYs 1/ 3, while using the same
phot oresi st Tithography process. [0046] Theoretically,

[A04i#H s k s Imithy phefernereembaslimenty gasgrodidaiinit nsad thyformn fhecboformal

SIOCISWQIHS. 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.

10



Usi ng Gas Modul ation to Form Sidewal I s [0047] In the
preferred enbodi nent, gas nodulation is used to form
wo b@oogdsdor nal sidewal | s. Preferably the sidewadT/ES20€002164
fornmed of a polynmer material and the mask is a
resi I , B
Ol R B 2fEbtesROich A it of HRABhing S RlovelTgyer over

clha ek tovetged OB (StbsdB 08ndr3d4) twhighpiseg gas roqidaticar. adhis
and so that the stripping may renove both the mask and

e
Ctvebodientathi forayiag HiepOdeTAlRer oger the mapbfosredaedip &ops 308

fl f f or m ' .
ke Srberiees b AEp oLl BB AR B ol RN nf btEsc 02, The
g&%g%;gfﬂll Blli‘ase hiBest Wit einaRtte fdrfiea plagma, ehitiheeposits a

i

ayer over the mask to reduce CD (steps 308
andevaUlpye ovpr the eslewaldepdbt tiagh phase 604 and a
profile api ng,.phase.608.. The deposi.t.i gn phase use .
loPadl a3 bERera o7 4e Pt P SRR AR riRe PO B A TR give
S]]'%gﬁy‘@xbmknﬁ)’x%&ﬁgé’tﬁﬁt hBeLShdauehlas1i&d the A& eiBeK for [iRBRic or
The 1 nventi on y be used for etching a dielectric
| @yductdre layeroard podvidesl Hedoper . Exanpl e reci pes that may
be used o.qract'c the invention for dielectric or

1 Y8re provided bel ow. Exanple of

' CtripgnE | ' '

RS iG] B (e ot pl R PO SIS e P06 tafmay
dep@ed fomippbiitng thdewridallliapes reiching; bndgiripping. She ppsmag.
The plasma processing chanber 700 pon?rises
cIReTSHBgEhember§E comprisesropipERen ridgs ¢ (e an ppncrt sheqtigle 704, 2
e 4 e , u
e ok s, T80y R0 B R AR B The i SBurce 710

Seuthiiised 4 deftlicn gk eburte7 Ehatl grogRsshapiup ges solibce 7Mite The gas
gas source 710 may conpri se additional gas sources,

stpirceakl Oanayeqashiirisg agdisiond gae eouracs. suph ap am cishiag ggs source 718.

essi ng_ chamber 700, ubst.r.at e =
O3EET et BRER Fasritet M0 BEETRURLSAERR phTtpusipon te
elofel ERER0 OR8] NERINPRERI Qrode F08 InRBipBraesasduitabe substrate
chucki ng nmechani sm (e.g., electrostatic, mechanical

ctlarking guechanishde i, kispiresiatichoiedhanical plempinss or Bedikgpior holding

7% s E5hlag Hhedartu I 7B B P Ao PR s REFRLY Ffrose
708medie1y P Sitethe [W R & cBde 700 WEe Lﬁ#}@ﬁéﬂ%&ﬂﬂe 708, 10386

confinenment 'rings 702 define the confined plasma )
veleetrele 708 saridscosfipphérg dings 70héefonsrthe eadinet atasmawolupae Gas is

by t 10 [ h ted f t.h
el B SSHreg ol me g b TereS afird A pripggted from
782 ARG SAANAEME MrbudYthE REn SrehM Fn @12 ahdQn eRhaust port by

first RF source 744 is eftectrically connected to the
utheexharst bump 72@] AdisioRIE sqiide 744 is etronatalF camected 17 #he upper or

is electrically connecgted to | quer,
lower electrode 704¥ A secong tR% source%ﬂg 18 gectncally 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 708. Chanber walls 752 surround the
confinenent rings 702, the upper electrode 704, and

w0 bwologsser el ectrode 708. Both the first RF soRCTES2046/002164
and the second RF source 748 may conprise a high

enc
Gﬂjueng{/é g&{&%ﬁ%@ R/H!Z_tlﬁteg%’\e X‘ﬁfrﬁ%%tg& Qt%mg%é)gwhﬁpﬁs suitable for
iaplepdndihp arsntedlle IBH asdd il @niBodiptey oftthe piegerkt iiB@htion EFIG.
are possible. Acontraoller 735 is controllably

&osheastag possiblnphRical furcelsthy gampirassysish a@%@oups@wﬁa

RN T MR TV e
pridted GHRUBIBAL A srBANhAhbIAIde?R5 up$e8 hirge SFeOimRI&S

of the present i nvention. FIG 8A shows one possible
Cﬁmwt@rmystﬁmrlrﬁoafmqlms @anqmtoerﬁ@,%;sttdemlayd%éom gusing 16, a

RO ooR S AR ol R e e T oo R A B

ré‘eﬂﬁb@ rﬁmluh vRaNNeIndfed @th 68 attPI68 BripHES sPRE 1 300.

nput er. Conputer system 1300 incl udes & nonitor
[(10522 aFl{ir. M iayn ESﬂnplea)f h@&mﬂinigag‘taﬁffor @nufiugde sgistemd 300.

Aég’aeﬁ?ﬁp&%? BT Bl ol of 3o St o PR Pl R delso
rEfeRBY Mh&ﬁ@%ﬁe&ﬁ% @n%@so or F@%?Are Ebiple BB didia c_jleézé%es,

exanpl e of a agram for conputer syste
1Atltdinp edtnicoy st%ft dﬁeimursy 1322(0n¢lsde ramdben xmessemymofy (RAM) and

r3hon e 8O FRg At pel Kapweptay s BB aG dq Tpipter daa and
1&&9{0’&%%;9& \ﬁ'n‘g%r?nong%l gclsf%ﬁg %%ﬁ%@d t)&%%ﬁ{/ Yo ﬂ‘gi?s%er data

ane iastyictidxoOVh a bAdire&iongl hakiReWBothroftthee af bthemmﬁrﬁerhoﬂes
transfer data and instructions uni-directionally

npayenglpde amesuraleifecy gbie compeiar-rspdetge meér?séeéenhfdtbsloamA
ﬁ)@ﬁtd!s#%bg nssalﬁcpcc%%pped bq'dﬁr%gttlon%ﬂ%o g?ﬁgl%rﬂ 1@8}0v1c? %1%1‘?%3211

Ires nmay

dbty siardge édg@m@oaﬁ‘ﬁlih@f alﬁcﬁﬁldﬁlldb anyrsﬂma coppatet-Ladatie hﬁ:\d&a A
fixed di 1326 is al so coupl ed bi - dlrectlonally

desmgibed bolowi. tFipedodiple b326auay be veedlito slarepregivmegéate e éhq kke

y._Al inel ud f . bl
ARG TPl T Pl PGt SRh R S O3 R Baergran
pifhﬁa&? stBfa@e! BIwill WéapprecRld thitehd inf@namdn r&aih¥® wedld fxed disk
secondary storage medi um (such as a hard disk) that is

1SR o wmsiy, mmprqprlamsessbmlaqworamd inistandiyd faghporeasi vatteal memory

that th t d f d di 1326
ity o rSipo bl GELE Rty ke o Bl or s melver
réﬁ%me%cﬁ@déébﬁé@elmnmy in menory 1324. Renovabl e

di sk 1314 may take the form of any of the
(@3 ut eCPYERAB linalpecivplafcs aniabiety dfahmoufpDO&SiiceEPidch as

DB Uk s 13 o Bl v
fvetd sfRdn SRLBKES RS RocdRd 1] SERPAGH BB 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 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
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forward system for control of the process. In general,
an i nput/output device may be any of: video displays,

wo e@eksIsad | s, m ce, keyboards, nicrophones, PCT/US2006/002164
t ouch- sensitive displays, transducer card readers,

FBPEE o ronBRRF Prri it B AP & S Sl b cRtsgmmore,
REth&d Ekﬁbodiﬁi%ﬁ‘édto‘fﬂ% préfih &3&&%@%@5&% sORY Ltp%n@wi@lz or

t o anot her conputer or tel ecommuni cations network
&) sxgeute ower knatworkr fualks es th8dfterndd infcogjumbtien wethwaekote CPU

' f t | ated that the CPU m ght
tiﬁgégér\?gggﬂ?@ilr?é?}egﬂ%ﬁ%gﬁ%?h: net \z:m k, eor m g]h? out put
[DO5Q" Mt QRiddR, E@BG&B%HL ‘%é"icﬁk Isr%n@@k%&goggﬁ%@sﬁfeﬁw@ﬁ

t he "above-descri bed net st'eps urt

cenipathr sterdgs podductsewit & senputenreadiblomediayn mielwt: eomputer code
ol el y upon CPU 1322 or nmy. execute over .a ne
TagEeT L8 PPIRIIHAR SRR COPEISHTAKTICBed APETtians: Jhsir@d@mr}d

cB%%hte? Q@({eerﬁartgb@ﬁ’l obd %cﬁpy Hﬁﬁgrfédoaﬁﬁ% s‘i’ﬁmteb%ﬁtﬂ Ph&t FieeSrOf

tron ment’'s o esen I nvention

thepratent inveaidom ot dey Mayrbres tlﬂﬁ’lﬁﬁdi Slefl knbivh a@d available to those
comput er-readabl e nedi um t hat have conputer code

bevige skt indhe granmuber oy st isobsareplape @mnuﬁqsiréw@hiheenedla
18&&5@5}11{)4}@8 lﬂﬁlt&ﬂ%t & glqeqic rﬁé@yélﬁé C%gll' cﬁa Spﬁ%ﬁﬁa’sao kS ?.nd

gned an construc

mdgae@cr aperttpubm\tﬁmla Qith 20 'CT-REM &R mogﬁ?mb aeiﬁbéisdm&ghéto-
known and avail able to those haw@g ski | in the
(]

opHeR) m@ia %htaﬁvﬂpbtl%ﬂ tlisks; prd hpidegredeviesathat are-specidlb| e

' |
oSl Rt g oo oDl oot AR il Bt
cﬁBﬁﬂ:sC(@lSIU@dpfb ofdEalfls 1R RNEes mbi)cdnaqt@mn@ I@@M &8 Res.

magnet oopti cal nedia such as fI opti'cal disks; and
Framtles o colapiteeendefintlude machpeiade) sack enpiodueasibyt ocompiler,

D1 SR P O0E e SUED 5 e
e t&m@ﬁh}ﬁné&%&‘abwécﬁgﬁw G RIsOB: c@fh% % s Mied by a

deV|ces anpl es of conput ér code chi ne
comguter dafe ialgasl qmimdlﬂdsd atwrraar senp khdrepraaadifg d @guence of
Inlﬂ% her # code that are executed by a
“&Sg‘?i‘ﬁti’ﬂq?r SFngFegHapls é(rarﬂ‘r%‘feéi‘or Conput er readabl e medi a
[00%5] 2l S@tﬂéﬁe éa%‘{ﬁgy ﬁ&qﬁhérrd%?marf &4y a conmputer

data si gnal In a carrier wave and

[0056] ese@hé eugmapls efjuéepoeitioh ph@&t&OAQha}GEESCHHaﬂep@Eﬁlon using a
Executa e by rocessor. [0055] O her exanpl es may

RISy R 25%&96568 éﬁd&éblﬁéé%tlmfteﬁ%f mEpEeleAkHs 30 SPMCHE,

SSEBRELEL OPsPAE. LU Ay SRR b
1000 UTk) 2AMEBNRE S6us€pitvidds 500 a8 of pewe ihilethEDMHz RF
nmrorr, established by setting a Vat valve of the turbo

SRR PIoFIdee 480 Wiatts of PoWRE: Tiiﬁ ubeilempeipiute & Boptaiedtas 20°
Of A ROMGH ’com{é peregsﬂfe, o MF R FSubstrate is 15 Torr. Such a recipe causes

the formation of a polymer sidewall layer.

[0057] One example of a profile shaping phase 608 may be C4F¢/O,/CO
deposition using a chemistry of 270 sccm Ar, 12 sccm C4Fs, 8 sccm O,, and 100 scem
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
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source provides 100 Watts of power. The chanber

t

enperature is maintained at 20 C. A helium cooling

wWEe@s®83se2 to cool the substrate is 15 Torr. SEChUS2006/002164
reci pe causes the formati on of a pol yner sidewall

I [ ' 0
R e s e L L
2170 AdebuAicooliy esmetdénol thesabstrfPis 13Mbrd, 00 seem CO,

at a pressure of 50 niforr, established by setti n%pa

va00384 | v eFI6 9ris arctpsswegionpl Tiew pde depasitiondzyqud20

m the

RER G el RS R e S Py s

t

ermBplal the GepasitivRiphasyd eds atbréld-foafif) h&éﬂddﬂi'oﬁggiselé ]QQindicated

pressure, to cool the substrate is 15 Torr. [
Fhwoutines 824 Ehredysadsbvefingdegositiondayst isschamptssized bya thicker

el eSO e a8 miarer [l sihre,

t Bepodeasichi BB bBARRR L R BB, 'TRA8&H0h,38E bRYd-Toafing in this
deposition |layer as indicated by outl’ines 924. LFﬁe

bexaneple Serhisragayregbeveritionvdraettorn surfirarod dicefoatneg abghoavn,

t
f

t
bread-1 oafing in this exanpl

t

T AR
H%&Rbﬁ%@ﬁoﬂp‘i‘@vi{i}@ﬁkL&%ﬁredl s’(glbggl‘ijdatll'y%fﬁctapﬁde\?allgv The bread-

orns"a |ayer a
hefing eyerbetltyginches bfi¢lee op, whieh flemtaaneot besisehaimasking layer,

Ther ef or e, itifg’ié‘jlttide osi tion provides a _non-confornal

sPAEWRF IcoYfe

egtosedgtfiang ngelbing sagbediors not

e el Gar Pt SVent BEPRT et bl b S G ThiB oy e

t

bexfiliog shvptindghass acisad | thizskhmgle fi¢eiofils ishkﬁﬁn%ﬁlﬁse forms a

Il . be closed off and no etching can be done.

E‘Q %%j%tg?\fqdé’osﬁ@m layey, asripdicatedby P@iﬁﬁﬁs Bl | _fa@ﬁnﬁ deposition
BRGNS TR R R e

pleatiee fral ahicket §idewill d¢position @sartthOBotty F theFSature. The

STRESEH s DBl Mo B £

ndicated by outlines 934. The faceting deposition
dpesting s denesitiqndees nasdepgsitant thsi vemebotian surdiceoif tenabtire.
of, the feature.a

a1 SR R, If the

TdigewdIRarhr 16 Topdep & thir) FaceB8S oA pHSBARSIsE mAlk LG ra&8RY Such a
bottom surface of the feature. Therefore, this

déspesition daesanos proyidathe dssived sobstadially vemicalssidtovedls] The faceting

I's near the t

AR s BT R BBk e 1hEr R 5SS e st s
Suekiod UBEPOSLANLSY tHOBRSIORTIL ﬂ%cﬂ’ésgﬁ it} A€ .tﬁogetglgedt frofile. In

substantially vertical sidewalls. The ?a etin
cimostrall eskes; hecethe tmasle i fatetor thenrthey fina wtohell prufile Btatdo faceted,

selectivity and .fast, mask erosi on. The facetjng of the
R i s S5 oL le SR e BRI e S et iggteril.

- Pfoebe] e Fid. e fost

f
f

aceted, then the r]“) %ﬁ%ﬁﬁgfagﬁieegp %?ag(}e&)pglﬁ?iyéffs%m formed by 6
@eksefla 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. [0060] FIG 9Cis a
weewsmsIerti onal view of a deposition |ayer 94BCT/0820061002164

by 6 cycles of a 2 second deposition and 25 second

[irevide eulshaphngverical aad chiefosedRidetvalls seitiasidtedin FT@yeC. Such
has vertical sidewalls and little or no deposition at

tepesition aystis fiseablsrto preteqtdla pirasoresiel paskip drerepse cich

F R S R R R S PR
oSl the duusittbndRoMlcP bRl BihBS TRPEER 48] debO8Bd tidke
f ?@ t he

ability to control the ratio o he ti mes’ of

disposition/ ﬁmpbiﬁaﬁﬁsﬁme aatih, pasechemistiyl tgpesadiraiipsi(zbes €FBF/O;,
e Fr kb s et el i L A e b RE S Pistirably. e

Sef64BbA FhARS ubdslaUBhALES DS iarhéfﬁllot@ﬂréoggan@é thofdcHBBAS Efe{f%ﬁbly,

| ayer is also able to protect phot or esi st nas
ithe hgleearkdrcis at khgont of CH4 afll KeH,.c'Oind flodrograbanitpeeferably at

id t [ ti th dt trol
T oSSEhls SIS AL LS, Wb o et SRR
GRS I U004 R8P0 08 R o
GRapingbR4s2 us€sHFGen @y, ot uctbthrboni2iidh oSivitout@tier additives.

kA Bt o oo Ty, o e
L ' f . Th
Bl aasen il At RIMENCHE RO T

qobe2] CATbe malihheddEposXibe bll@asa Plofilld/siRpingadp toRdmove
preferably be used during the deposition phase are CF4
avyapted depesitiqra dnypddifipe, 3viegle lengglenpsitien waw sese dbisterng.

' it it h h .
S, e A SR S MO B e
Po8medr viath fons. Cklig daul@sle c i fof fcﬁfg@ﬁ%& ﬂ&&sﬁ&rﬂh@ﬁ also

additive is at |least one of Ar, X ] -
axevides fifepQBpgoriied haddditishathe nadpplsicyéle muatiplowhasg deposition

R S LR RN e
bedves bioH profiled. ahabliYion, thE mMEIL bfols haniipe phh&Riepb§fon

densities the polyner by bonbarding tthe polyner wth

iredises ling wegghugtwigtleisopusedyfthe sttess nf adepidstioddmes,iwhicn

RN BB Pt AR BB a2 s o

REQLCES &ﬁéﬁi@ig,ﬁ Qh -th%tﬁtoﬁ?&ﬂ% PRk ffankE 88 ?gf%v%f‘hf 1’6519?]? from the

reduces shadi ng, ich inproves etch profiles,
aldpesitian whidhewouit tompk drony ckeyttened matetiel fodraslee deposition layer
eposi tion reduces |ine wiggling, which is caused by
M@%@%m&ﬁ? Ot&@bSJg?hfiWﬁgI%%?}‘é‘%g whi ch causes the
r eS . A
IO 6 DLerm bR 1t Moo alc B b OMhRlcRidih Layer.

Dddre pnefefablyh et losss kixfogeles me, ustdinpoau@gtthe époditien ayemThe
t he deposition, which would cone fromresputtered

FRHENDET o cyicles fepand oadpoameyn 9t (CAYkeruction 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 |least two cycles are used in the
wo o0oriosd§9t he deposition |ayer. Mre preferabl yPCHUS2006/002164

| east six cycles are used in formng the deposition

I Th r. of cycles depend..on the apgount .of

r 3g§(§:5t]| on&aﬁgé?e?wgifm?rﬁ?ﬁtﬁrga Of {roge dlg{igreé?g?s. @}stcr-ménay e used
alprdvitingtited 6F Mof@tfeBddpotifion @Plet'cﬁ?hé‘s'éb i faﬁhiqg the sidewall

di mensi ons, w thout changing the photoresist, allows

f dtyesmal | er features without purchasing new

it hog ap equi pnent . newer generations of

O\ i

P St eh—ttre i nvention provides snal |

G66 Or  ARexABKRY g bath: depositi
Ao, PSR e e B lay BRI 5 bt dopositing and
pletshorgabe sidewsyld tayamar{ddb6 &dnduntive lagsr ieillnedited gi Big. 10hFE6. 10 is
or re di.fferent gas chenistries nmay be used. . )
oo i1hteEon oF She drcrd b tscldiaath deppsingeandshaping

p §Boh Py, Mehe 15 ihe! 8% gn inducti
Conduét | ve Eazg?er tﬂg%r%o%géﬁgglkﬁ cfe}?}églgrreﬁllg6 ?g@%ﬂgré’?esgn inductive
dexntenen (ohadilmE))2 e gassistrib@ionite (GBPYI 004, AGuBFhte support 1008,
etching the sidewall |ayer and the conductive |layer is

i PIBASEqUAEeek 0nand a5 exhaust ppiop 1980, Thegascieurestli&0 is in fluid

i »at | ch - Vi 0 used for hoth..
Ao bRE o e M R R P 0 S35 o AfigGiton s souree
pll 6EIndoarostels gisngueb 06 THOLR s6aiEh 0 5B mad BotnPAsCddtfonal gas
antenna (or coil) 1002, a gas distribution plate (GDP)

160U Cesgsuchiss saecndstaling or depostiomgagsoursou Withi plaema pragessing

AT h 1010.is in fl ui
O 80 B0 N AP SRR AR Bt DO Toe
C Uit &aport BIBShEdrpsra@d s sBRAb1S QubbRde ARKI A mMELIRRisEAR ¢ ,

source 1016. The ﬂas source 1010 nmay conprise
adlarirostriigl mgelaniralielempingsocthe 4ike)ofos balding the sitistratedd4. The

CFRERL ool eoRePth e i e TRty S0 svrchiovesribe
StHsitigich SRR ok 8 anfdifa IHOSIEAHE RHRABY tTf%%’éectric

i ncorporates a suitable substrate chucking mechani sm
(winglow K)76¢the subsitatecsuppent hA0S, ead anddirgdi ahgninom dHaeber walls
l'i ke)  f.or -hol di.ng. the substrate 404. The reactor to
B8 RRG PrReE% Bgma TP tis Ciisct Hipelisd infbRcatisd plasma
Whd1fithe By 1tONSastshrct 1 816 @i%'e?ﬁ‘alﬁ%ﬁgfb‘gxﬁ g?éecfoglﬁﬂ%& fsma volume

antenna 1002 into the chanber. Ctric ndow
10r@ightahexbalss porabe tetgxhaust pliP802@and ASORIF 2ZQdce 1044 is

|uni. hant |1's 1052 define th fined pl
vopdigalSisognsctediagdhe meenntg A HeoBORFisAuwe P4 Heelsritoat

b¥orinB&ePRSthS AHsESt | - a'i—,};@ n

coorllf_i ngd pl asmaiS vgljsgégor?mbogugﬂ%aﬁgg%x g’stijé gnfosrt :Rl%gsfl)uFﬁéOM
exiozidss a pignyl vHEPH 13.86 M S frefliens puind @hel@4énd BF source 1048

el ectrical lZl connected to the antenna. A second RF

SHQVides 4 pignalitlpp £3.6p MY frgquency.
[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 alternative, the
sidewall layer may be placed over the photoresist before etching 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 provi des a signal
wWOowRah/088598. 56 MHz frequency, and the second RFPGDUSINE6/002164

1048 provides a signal with a 13.56 MHz frequency.

7, j : TAS e
SEel el AL I e SN Sl hg e
pusdidtion oH@eticea witr diteskdimEhdoss tHetwadre chbmyidsredrbgyohé the reach
c)glaced over the hardmask to reduce the spacing. In the

cugsn dthaggaphy Kevisedenal | | ayer may be placed over the
or egj hn r.dmask. 068] ..Th
[I nvent i %#1&%1? IglghgFrfeacs)vv{én %plgg glglér{]fﬁ %Pcﬁ’t}gﬁr%evitr@g&ets ﬁ%{heae cél layer.
[6@703r al TEeRRERidnansy Beeysen @n Gkt Qifferd@Mi SR %f plasma processing
Li t hography systens may not be available to create
taqle oy ifxelon axd d GPrivehetrles, labridlV1a, GViPs ¥AV, RIE, MORIE,
”Ildl; @@gre%)hy systemto provide a device that isseveral
genérations smaller than the current |ithography
[0 ce, Vil @ik e chiieh RAsARBE HéRAL&A] indeMh LS eWrhireferred
critical dinmensions that were considered beyond the
embadimants, there am taltbationsg perphwatibay, and yarip@O6ObtitBraageivalents,
h sk .may be used to etch holes or trenches in the
T ST e oy o b TrBRR Dot o156 oG Sair goet dasy oee
T : . ‘
e R g R R s Bl AR B PP et PRypent
iveRtiE). [T GRtheleCRe ieereled B0 T follbwing dphérsiet niabmt beintérpsoted
bee de%ﬁ{ibﬁd in.terms of several preferred .
23 SOt Lich affgrations, pergiutalions, AA S aripwy ssiabicRqgivaleats as
i 1 ' ' all within the
ﬁ%g@ggﬁg?éﬁﬁ?@ﬁﬁﬂ%@ﬁ??@%&ﬂ*gB%ﬁgﬁ&%kgpg% be noted that
there are many alternative ways of inplenenting the
nmet hods and apparatuses of the present invention. It
is therefore intended that the foll owi ng appended
clains be interpreted as including all such
alterations, pernutations, and various substitute
equivalents as fall within the true spirit and scope
of the present invention. CLAIMS What is claimed is: 1.
A nmethod for formng features in an etch | ayer,
conprising: formng a first mask over the etch | ayer
wherein the first mask defines a plurality of spaces
with widths; formng a sidewall |ayer over the first
mask wherein the sidewall |ayer reduces the w dths of
the spaces defined by the first mask; etching features
into the etch |ayer through the sidewall |ayer,
wherein the features have widths that are smaller than
the wi dths of the spaces defined by the first
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mask; renoving the mask and sidewal | |ayer; and
perform ng an additional feature step, conprising:

wo evoaiosgFonn addi ti onal mask over the etch | ayePCwiig20e6é/002164

the additional mask defines a plurality of spaces with
wi dths; formng a sidewall |ayer over the additional
mask, wherein the sidewall :Sﬁeé reduces the w dths of
t he spaces defined by the onal nmask; etching

afures _into the etch |ayer through the sidewall
PaGLS Fimels

I'n the features have widths that are
smel | grméthedfdr iemwhg taturey intahetchlaye scotgfrisived by t he
addi tional mask; and renovi ng the mgsk apd si qeﬁx{vz}l I
| ayer formingrhirshmasioener fe stieleipyagviierein g s magk fetngs 2

conprising repeating.the additional feature step at

P gygﬁ@g?esﬁ%ﬁ—wgﬂﬁ%t hod, as recited in any of clains
1-2, phehf Dsilibieall RYEH Rer Sikdrywahdskviessin theesidevradl lhyer seduces
mask 1s at | east one cycle, conprising: a deposition
thlearsidthaiof theasphdes stefinrakbycthe firs tapki o f orm a deposi tion

pl asma, to form a. depositi.,on aver .t j :

first e'i‘rg‘gﬁ featurgs ??%ﬁgfqt‘ithelageﬁ PH%h %’Egsdgq’\%w t heg V@%é%ﬂ 216

a8y SHidths Rt SRABRIENBaR ERMWidehs O thdupactspiefinéd Bythe first
over the sidewalls of the first mask, wherein the

fraglst gas chem stry is different than the second gas
chem stry; and wherei n.dt helﬂia%rm ng sidewall |ayer over
the atfdQyiRhde maskene $dgy2l Wa8h 2he cycle, conprising.

a depgsihhife BRARAHMA foaflut Sep ofigmisalgem stry to form

a depositionplasnma to forma deposition over the .

si dewal k oforhtieg adaddiiiomhinaskster thaxichlayeorhdrainghapidifgonal
phase with a fourth gas chem.stry to shape the profile
a‘fasltiﬁ@ﬁleféﬁd&‘ilrﬂlWrPféQ%@FSWh‘g“é‘F‘g‘éml |'s of the additional
mask, wherein. | Ve el Sdonh Bmadkl WM the sidewall
t han t he f%@?ﬁggg{s&?ggfﬁgc}y 4. The rrrlt_eg hod, as

16et fedfcdsthewiitie o theveced definké by thendddifionhbmsskdewal |

| ayers over the first mask is perfornmed for_ at .l.e

two cycl es etohing frafures P e ?tFFéPaé’?rdiéﬂﬁﬁ thegjdsvel
he. addi ti onal '

oS LR RLo R e EAG 0Pl bEBplcs Moty

Laditiowhereknatddhe form ng the sidewal |l |ayer forns

substantially vertical sidewalls.
removing the mask and sidewall layer.

ast .
¥ wherein

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
Jayer over the first mask is at least one cycle, comprising:

a deposition phase with a first gas chemistry to form a deposition plasma to
form 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

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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6. The nethod, as recited in any of clains 1-5,

further conprising placing the etch layer in a plasm
w@r@emsIINg chanber wherein the form ng the siPenas1006/002164

| ayer and etching is done within the plasma processing

phaabes forrh.a dp6sitiBl e thasidévedistof thd addifynabiashl; ahdrs
1-5, wherein the first mask and additi onal mask are

phot or esi s prafd&shapinedbaseish o fowth asehomisiryta glaps thg wofile

f d f I terial,...8. ,Th , .
pEEFEgRe PR ey BralE REbe BgmsPru R PR G Bymeees
B 9-£ 1! BffereRShahe @&ﬁ?%@'cheﬁlwr with a single
stripping step. 9. The nethod, as recited in claimS8,
#her eThe tiethody ad nepitedgn tchém Bh wheressthe tfomeis g thernidewall layers

I OB B8 B bl 8 i
hy&is '@vlgii th}é‘@@&iﬁbﬁ‘al bRk ?sﬁ?érfbgmte@ BorRPRLGIRSIStlcfmsk and

si dewa ayer 1s perforned in the sane plasnma
pr oc e$be nytlodaadreciteisinfany of clgintshle4 swiewial the foanéng thadidewall
tching. 11, T nmet.hod,, as_recited in any of clains
fﬂyarofforxgh&]béfaﬁh? V?B‘F%iis‘rﬁiﬁwf‘% sidewal | layer forms a
i de r i [ ' - ino th
B0t o B TR Pt e o R B AR R R bing the
stich éayat 1n 4 plaakanpesesssigghaabarwhdnen tlze folaingrths sidewall layer and
feature bottomthickness. 12. The nethod, as recited
ptehiggys danegyitipghoplasma pResseing chiabPeposi ti on phase is
bre Mg Lt 1) { Lt ed
T ey s poHod s AGRA3h bhp Bt i FRSREL AR, 6% pl8E

hditiotiad faslk regthoto@esddt nRidke, be® s/htlantht BRlewall tdyenfart femed
spaces defined by the first mask. 14. The nethod, as

frewi & pAlyiner MAlprigk cl ai ns 1- 13, wherein the spaces in

boa: RS R B FETR) Do P 51 Bbfelighoresis
gt andsiddwdlElagdr i@l biagis strippimd digp. pi tch length of the

spaces defined by thefirst mask. 15. A sem conductor
Bevi c&h¢ methed, spyreeifrsl imstaio®, Bherginythefstripagthe phataresipmask

A hod, for forming features. in.an etch | ayer

BB caRiast ah ARt SR Bnicne Bk ps,

yher efffe Reholdl AsSlecifaiSiK cthio) @heriPindadhihf YheQfhofR8s& nask and

with widths and wherein the plurality of spaces have a

sidewalt blyewis perfetingad intl: smginlasma froeassing chasbereaddming the
first mask wherein the sidewall |ayer

[ t.h
?@é‘%@éﬁa\{’%@dﬁ?ﬂ{lﬁ of the spaces defined by the first

MBSK; The method, as recited in any of claims 1-10, wherein the forming the sidewall

layer forms a sidewall layer that has a sidewall thickness and a photoresist feature
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 a
bread loafing deposition.

13.  The method, as recited in any of claims 1-12, wherein the widths of the
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 in 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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etching features into the etch layer through the
sidewal | layer, wherein the features have wi dths and a

W@ Rriob083b2 di nensi on, wherein the feature w dt hBCHD82086/002164

| east 50% | ess than the wi dths of the spaces in the
ffl rst rrask and the critical dinension of the features
%t 1east 50% 1 ess than the critical dinmension of

ts he @p@@ﬁéoﬂdactoh gefitd ﬁﬁmg@sy thelBEMYd BfardysT clegls 12ad
i dewal | layer; and performng an additional feature

1§t epA m@ﬂrpdufsn ﬁ@gnmtgdcartumg iragn etchilayem pethprisisg over the

o o Spod it st oV e iR Sh SoRE Peiie AE: ik g8ves a

pH{rM‘it |0T§15’a09§ wRR3AGHs Qﬁ’d’@rh@reﬁfthk bRRAIt N BRSO rad;nﬁcal
tch; formng a sid | ayer “over” t he additi onal

dun&is;omdnﬁraepmht he si devval | layer reduces the widths of

addi EVGRES * PsvAT By NS heuerert WAgER (b7 SR [ reduces
tﬁé\g e tfa@%%es d’é‘ﬁ‘ﬁéﬁ%pﬂ{et}ﬁsﬁggﬂ{t i onal features have
wi d critica

s an di mensi on, "wherein the w dt hs of
t he atbtlirg fostates fiiathe ash hyer thtoukk st sidddvdll legs, Wheintthe
wi dt hs of the spaces |n t he add|t| onal mask g t he
featyres Bayle et iad srigealdiaensinn, piharean thedeatieaydihg agg at least

Sb@al%gs @ ?}{e%@iﬁt ggﬁhe ) g(feg rllll{ dﬂ%ﬁ]@xﬁa'tﬂ@ fca% &hension of

spaces I n he a erern t eatures

tlamféamﬁaéui atdeak S0%Baessirm ﬂiavﬁum dirh@Riontufehe spacatin liieaSist
50% | ess than the pitch of the spaces in the first
maskk and the pitch of the spaces in the additional

mask; @Wﬁémg&% ?lee%ﬁ }%p(%l@l dewal | |ayer.- 17.

The ms as reci I'n c arm 16, wherein the

f or mpeGoshielgwa hiiditiayf Feadvie stebNeoniprissig: mask conpri ses
at least two cycles, wherein each cycle conprises: a

depositio rforpmag an gdditional mask pveydke el Hyax Wherein the p¢ditional

d to f it

oioPh oo et et L RAAERAT Ve ESTwblIrgg soaces
hBVES Eritidal RinferSRAGNH agiehchem stry to shape the profile
of the deposition over the sidewalls of the first

mask, whedfeiming heideivel laygaever Heerddslitropal mash, itheremthe sidewall
PR GE5SEL 5e SEEL Sba Rt S STl o7 e

oo SR SRt LB dre
lgepogieréin theplddivaal Batuoeshaze dépbsind oeritakbdinteneion, wherein
tl?el \971%% ofsthe addtitrl]c?na?ge(ejtltutrclasoar}g Iat least l§()%aless than the widths of the spaces
in the additional mask and the critical dimension of the additional features is at least
50% less than the critical dimension of the spaces in 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.

17.  The method, as recited in claim 16, 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 sidewalls of the first mask; and
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a profile shaping phase wth a fourth gas chemstry to
shape the profile of the deposition over the sidewalls

wo@tooblog3sazidi ti onal nmask, wherein the third gasPCT/US2006/002164

chem stry is different than the fourth gas chem stry
18. The nmethod, as recited in any of clains 16-17,

f ur t heprefleplidpsigishast withagetdnd gat clienhisyeto shapathelpastite of the
processi ng chanber wherein the form ng the sidewall

Hegasitiongvenihggidewals plthe irsi gnaskevhaielk tambrst gapchamistry is

I [ LS ne within.the plas processi ng chanber.
gg%?eﬂjiéhaﬁgﬁ%%e&?migasrc&gﬁ%& Iﬂhc{rgny of claims 16-18,

wher ewhefdﬁﬁth%!fbﬁﬁingaﬂkwm laendrR} eHetsldR{onABS Ksidddthprises at least
wherein the sidewall layer is of a polynmer material.

oo cyrfes, wbetgodeachsysleedmpisesn cl ai m 19, wherein a
har diresk | 3 QLaGES BELYSSH . Uit BACHOLSR ) BTk o8
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
chémistry is different than the fourth gas chemistry
18.  The method, as recited in any of claims 16-17, 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.
19.  The method, as recited in any of claims 16-18, wherein the first mask is a
photoresist mask and wherein the sidewall layer is of a polymer material.

20. The method, as recited in claim 19, wherein a hardmask is placed between the

photoresist mask and the layer to be etched.
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