LI NE END SHORTENI NG REDUCTI ON DURI NG ETCH RELATED
APPLI CATI ONS [ 0001] This application is a

w@orusiosasat i on-in-part of U S. Patent Appli catiPeI/NS2008/050524
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11/521, 810 entitled " L| ne End Shorteni ng Reducti on
during Et ch "
I NVENTI ON [0002] The pr esent [ nvent| on reI ates to t he
formati on of sem conductor devices. Mre particularly,
the present invention RELATED ARPILIEATIONSG | i ne end
short eni n,%ndurl ng.the formati on of sem conducto

déU0dés. Bricremonties or cppinyalornrpe of Sbddiatany ﬁpﬁbcatlon No.
S %T)SQ? %gb‘ ‘eﬁt?t{edm@flr?er ER{ ﬁ?&%ﬁ#\& éifugt%ry(ﬁg‘ﬁl\%gtcﬁ h8§ Kota et al. filed

sem conduct or device are Int

wskptebemit, 2806, eviiicing harety éc@poigepbocdaisase. | n these
processes, a photoresist (PR) material is deposited on
the wafer and is then 1 filtered by a

I‘S D atl t eri]-ﬁeée rgﬁﬁlkﬁllvgnﬁoshl rgﬁﬂe% rtg eyfoﬁ’nglo% of sgﬁlﬁgﬁ?\k%@‘tdevices.

feature eometr i es

bﬂ\&&k hittighilarll | dEpREER alg\aahtl&g rélité@t@gbdddi@ litdndlsBortening during
[0004] After passing through the reticle, the |ight

c Sinfapnationd ssmfcoadecterdevisgs.phot or esi st nmaterial . The
l'i ght changes the3 @@R@h\lﬁgﬁ E@E@ﬂ%ﬁffﬁl\rﬂe

phot oresi st mate an renove

a[eon3] i onD@fing fenipdHAueoe Siafd prREQingd FeatdrBs 6ftBe S@Bi@ofuctor
positive photoresist materials, the exposed regions

adevieeag\detinedindhg waten esmas@lldmowegvattwelgmdte i gypcesses. In

PASEB s TR0 A SRR

sby wﬁl%mﬂt@fddfﬁ y f oAkt T8e ARASs g&fétralﬁfz? 1863 ﬂl&t@@ﬁ{t is
pro ect the photoresist material, and thereby

d eﬁqteﬁeed Wwith @egnpler}/ feamregeenielties s bigsk dight ﬁ@l@%f])paghteng

fe \re size of integrated circuits (1Cs)
ﬁﬂ&% eshrl nk with each generation of

S f000apnduskr pa\é\@ﬁgf fhr@li%(BQE§ R, IR, V@&Ez[&ssthe Rrface of the
transi stors and ines get smaller and nove

c n)betereStStagletene}r Therleghit ohwslgys tha shemichi cantositionrof tl@r}d]@toresmt

varla es n nate | C design and brication.
TohaitaE s PPuGan fertovs PeBoLREphER oG malal.

( |t-}gs)ase 5193 1t1vle@h§{(‘)gesis$n{altérié§st ARl pORE rkdibR £B gemoved and in the

shortening problem LES is char acper ized as th

diciseenf @ngativb phweersist hmaterials, the unexposed regions are removed
Thereafter, the wafer is etched to remove the underlying material from the areas that
are no longer protected by the photoresist material, and thereby define the desired
features in the wafer.
[0005] The minimum feature size of integrated circuits (ICs) continues to shrink
with each generation of semiconductor wafer processing improvements. As
transistors and metal lines get smaller and move closer together, previously
insignificant third-order variables now dominate IC design and fabrication. One
problem that has arisen is “line end shortening” (LES). Figs. 1A and 1B illustrate

one line end shortening problem. LES is characterized as the difference between the

actual printed position of the end of a line and the intended (designed) position. Fig.

1



actual printed position of the end of a Iine and the

i ntended (designed) position. Fig.lAillustrates the
waoleas@ss3ef a transistor 10 with a polysilicon PCTESZHAS/050524

running fromleft to right, that may forma gate

ri% Bitering Srduiest b i HB B BEOB)C F g o lef
| kd Hehe @hfsa V\% ftﬁmaﬁ%édé% Rinl REEE d1B&HE yl'l%h fe%ﬁ%ﬁgér iiéfﬁé[bn

t he design ted [1Tnes 16 | Ius rati
de:sgmsremtﬂasd)\gerdlﬁuaom cegidie etch effects and
phot oresi st pullb , .there is a significant anoun

| 10064 g Bigotk éMSH@te&the agya) praptecyimage haf reselty éﬁorrht@a deﬂ%ﬂ
5 WIVJ:I&I tﬁgﬁgt'ie%rlﬁ{% tl@ll'l: gmtnll he séﬁd% é}]zi%exolh'fe e\MH é;fﬁc{ssand
tRe ratro of the reduction o the I
r @Hmtdsﬁﬂptﬂfbat]h&hwe 4 hsighificad akrﬁ)uﬁt.ldiﬂlﬁfetelnﬁ shiwresmligy 14. An LES
than 2. [0007] Figs. 2A and 2B illustrate another LES
pFais ey derdrdingd sy rq ferepeertedied B As 6 oL /O XrdyWiHely ts the ratio of
t t I
DA IR EUEn Gl AL RbELE i, BhRG B hIRS Sregrer
2&1an't2he resultl ng printed image is illustrated in Fig.
2B. The resulting i mage has a photoresist line 30 with

10 a0 h igs. Sitdead B éf%stzate anether I4&S piolleng AThergpsighiidutirated in
%i E%Itnvlv%g Vtegie%lg?osrés%hl IeQS hg{f]lgl %Zvv@{l]]t 51de{) %aﬁ]stfép and line

resultsTn-a e source

26n@mz sbtabdh dbactibatozeds®snd &aiﬁwe BRGefuddidgisrentad intdde is
device. As stated above, and illustrated in Fig. 2B,

L B&iserated®n Figs 2Budhe g?sﬁhtn@rlmﬁ%haﬁmomrﬁﬁlérl@ﬁ 36 With awidth W2,
and Thus, L [ e t he in
OMRRRL S M NBe et € SN hebe beEHER Bie S ana e

15 beriagddesagOlitdend 34%5&1@ iRk ighp bétvde@ﬁ‘ﬂl%rso@ﬂ&@QQ A8 dilin 28 that
l[ine, it 1s typical I%@not possi bl e because there is

ngauseﬁk@algagera@é fﬁllume phée dasike.dés stgiedabovo apeibatrated oy Fig. 2B,

C55set Y momulfb et AR iR e bR ie ™ AW Tl is

t QrGRIRENE Ahe ch@ 22 ESontparMe ihe HEWHIS 20 adholiBY exdékfons may
rise to the design rule violations that can

pbf: efhdqdatb Itlye luwg erint & dyigagphveerpseinehi istapirelty e adsabid

th h,th d bl
20 PRedifne bR nongoueh bl Bitnt, adl APl Dr TBY y he
amﬁsggdlyﬁia%%gggflﬁédna%szwltm)/@e@@y ation woul d increase

the size o he circuit elenent, which neans fewer
cl008it eDéwmritase néderd “bamnize heals égntatlmd ehdy © campensate for LES.

s conduct or eV| ce. Additi onlbq(#y e u(ile of
4 Vi) AR ENTE Beads M 81YG I G S1Jdghng %tlon[s §]m
g§teﬁﬁéﬂl y & briddin Feghadede deMmhies h@ﬁirzfnﬁrmgﬁon il UA&Hough
lTabillity, lost yield, |eakage i n the dévice,
25 | ithis badigmgl prabienc may ibe alledatoe bg b ceysar{ticD)beamebnahdBammer head and
rel
1631151?1con lines, the separation would increase the size of the circuit element, which
means fewer circuit elements that can be integrated into a semiconductor device.
Additionally, the use of hammer heads may cause larger line width roughness.
[0009] LES may result in degraded device performance, reduced reliability, lost

30  yield, leakage in the device, limitations on critical dimensions (CD) and other related

problems.



probl enms. SUMVARY OF THE | NVENTI ON [ 0010] To achi eve
the foregoing and in accordance with the purpose of

Wa b@spsesent invention, a method for etching fREI/USHE8/050524
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in an etch layer is provi ded A patter ned phot or esi st

mask i s provided oye h Nphotoresist

mask havi ng at | eaz¥M & aving a

P?(?(flo?f St&'&ét@éde%h ndaln ata)@d Rd vih R gxﬂpgs%dof the present
yner |ayer 1Is er the at east on

p hrofkeoti@s iaghethodfor etmhﬂfgefea‘tuas fiharcétole Byeois ptd‘vedeplo | A{ paterned
éer at the |ine end of the photoresist |jne

efPrpist MaM< | PrAiEstRoEs thsreighHaygothy ﬂ?@?torea%maalﬁh%% at least
S r: da
i Rt’%m‘t&%&lﬁi PR BT Rl Spa FER L erl i€ pRhaRA A
whelyeaien laget is péaced dverhlng dtdedsnong ;hlt‘oﬁremathm where@ssthidiaess of
or equal to 1. [0011] Another manifestation of the

i ReetlYraer Ipyes ot Geding spd af thephefgresist ling isiarendertaan ythickness of
i I s
oA Tl PYfihe SuBRHLEE BRI AN TRE S EoTBRK aleSyched into the
haxhngyeathrbsthe phdtoRbiol MAKS wsikrdin Ntindand shgrtanipaiLE®S ratio is
si dewal | s endi n<I:1 at a line end. A polymer |ayer is
plagdunovequa elat |1 east one photoresist Iine,
C ik Si N L t ranst or ni €, 1
dg(g}él:l ti o%néth&%ﬂ?fg@tgggtf g@ tr}rlé ,H%%Hg&z Prc())bf%dl%% ggrtahrgétﬂgd %J} etching
depestd inQh cgaslayethey paleyid@phbey@iist infask i provided vhered éich layer,
a thickness of the trinmmed polyner |ayer at the |line
eﬁtf otargsast misk BpeisR gt lepst pae pBotgresiat e hayag apair of sidewalls
kness,.of the, tri me Ia
PGB elher BSTRF BaP S ¥R O Bl Grermmgiarsngs .

actmpﬂmg"lﬂo%ﬁg a ddpakisibR b, BEndfBenihg | ltm Bsif8$ ghsTh® Pplasma,
pl asma, and stopping the trinmm ngw eat ures are

edih étgpplng etdspositiethgdsaylée pohmesyddyet wénpmﬁdowégtegt a thickness

| i h
o e e Py B3y R B BRI FREAP PR ILRGR e han
| DM@k 06T, the P ARBADal Her [96r & Bbiiagwallf sahe [)Eotbfésﬁﬂhne

etch |ayer, below a photoresist mask, having at |east
oRemphgng Flewingta trinmraing e, rigunsfopraing thf trigimgeab glt@a@tasgla and

[ d d,_A
n stePaing A B g RS bR eFh BT Pl SEERB i eh
eBRbORYTEmadk, SHHRRLK Alife SHPRRnfQ(LESPRAL b Ittgm@re than 1
substrate within the plasma processi ng chamnbe

efM18% ur dpn aaotheewsuifestatiog wf &teonveﬁmpnr aamplpaltamqmt ¢tehing a feature

pressure in e plasnma proce nber encl osure, )

P FRSIEE 1y b P e Rk b e 1B A gt Tine having
P Ia%%ﬁn@)f Qtﬁ@@@l?sséﬂaglgcﬂ AL enNGHBSHES A%as%ﬁ%r@éé@élﬂg cRamber has
plasma, a gas inlet for providing gas into the plasm
probaskirvglcioaningra tdamﬂla)lst‘omfsslngrcﬂarabgatsclosltrb,ei substrate support

exhausting gas fromthe rocessi
or supportlgg g ubstrate within t}&: p%asma rocessing cﬂgmber enclosure, a pressure

regulator for regulating the pressure in the plasma processing chamber enclosure, at
least one electrode for providing power to the plasma processing chamber enclosure
for sustaining a plasma, a gas inlet for providing gas into the plasma processing
chamber enclosure, and a gas outlet for exhausting gas from the plasma processing
chamber enclosure. A gas source in fluid connection with the gas inlet comprises a

polymer deposition gas source and an etch layer etch gas source. A controller may be

3



chanber encl osure. A gas source in fluid connection
wWth the gas inlet conprises a polyner deposition gas

w@ouwsogs3and an etch |ayer etch gas source. A cRCI/D8100&050524
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may becontroll ably connected to the gas source and at

| east o el ectrode, The contr IIer co ris |l e

oﬁ%ﬂtbql%lg@s@are%%wc%mssrwr 830 A RRGF'S Ct&%ﬁp%ﬂg Cﬂ@troﬂer

c QGHHEM%VS at Fc%&%% r&@é’s%r LI cdnfoliG 1PRablRensdis b&iﬁg@ﬁngéomputer
I dewal I's an the 1 ne ends of the photoresi

I readable ooqr fios radgciap thedsinkagesofale d;léewallrl‘seimélthm lé@cdnds of the

cycl e conprises caonputer readwil e code f provi ding a

deb%tgretsr% nf‘gaem%ﬂf%r%e%t ;98?9 % Wéeﬂnr qyrlﬁéompﬂses computer
WRELLHIP ¢ pgﬂﬂfﬁdlﬂ a 8«% L d ﬂ)?ml ' ef fhe line, wherein
greater than an ano poI mer on t ewal |'s,

c anmpnibetit df @atialr et medmefemis ietocdatem ghatnrm aertcmlnt bfagceymer on the

wherein a line end shortenlngl?(LES is no npre than 1,
andey sl Geapuireradlecedsder $tehing dirihigyernwherein a fine erid

p%%r%ﬁl? (HES % mLJIQQI]rgl*] l-l;tﬂg ‘églggﬂt%r fétaﬁ le E&RUYE R OQ/EH% the

e present entlonvvr scribed 1 n nore deta
bgherereisizt inhek. det ai | ed description of the invention and
in conjunction wth the follow ng figures. BRI EF
| PTI Oresomdrpierirawanes teomasent migntisnekide described in more

[ r

HXt%ﬁﬁa r%(b msth étﬁed (@S(terﬁ)tg?{r OWeelgtf%Iﬁf&? %h g% %ogﬂﬂlé:ﬁ% with the
drfcawmggﬁgmdsr n vvhr ch like refer ence nunerals refer to
simlar elements and in vvhrch FIG S IA and |1 B
i1l ustrate oneBRIRE [ IONPRION BRAMINGY G+ s 2A
SN | PR OB ORGP OSSO AR s o
MEYiRBokS e the el EMTROSICEBPhn@hg HRAK/IhdIW@AGH wnlchﬁik@reference
4A-F are schematic cross-sectional and top views of a
sha@Rrray igtes ss sthilac elomantsgnd & whickirbodi ment of t he

d d fl f
LTt 0 A S T Sl G B R bRl O @

schemaHG,’ ¥2 £ Wh@DBalIN AR B ORP GRS éﬂmglo%ﬁm@ %Eotﬂé}ﬂt may
be used in practicing the invention. FIG's 7A-B

i |1 ust FHt.83 & adugplevelrflayy shashef aprioedss it gl ba bl hgn
i mpl ene l'b g}? ctﬂtrollter used in enbodi nents of the
pr esent™"f JCEPEMY8A-D are schematic

CF 0SS~ $RG I ANRlar@fheh@ic WotWSechbn afl BIPKiBW O6LS &8 processed
according to an enbodi nent of the invention.

according to an embodiment of the invention.

FIG. 5 is a more detailed flow chart of a step of reducing line end shortening.

FIG. 6 is a schematic view of a plasma processing chamber that may be used
in practicing the invention.

FIG.'s 7A-B illustrate a computer system, which is suitable for implementing a
controller used in embodiments of the present invention.

FIG.'s 8A-D are schematic cross-sectional and top views of a stack processed
according to an embodiment of the invention.

FIG. 9 is another more detailed flow chart of a step of reducing line end

shortening.



FIG 9 is another nore detailed flow chart of a step
of reducing line end shortening. DETAI LED DESCRI PTI ON
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i nvention will now be described in detail with

DR SR BIALSLAL P BELE R Dt

ateE—rA—the=acceipary iy
dl;SW ngnfé 8§ ('gpﬁl'v&ﬁlon%ﬁ'ﬁ{ SHBe éeﬁ‘éﬁﬁéd' d@éﬁ &), ktSreBdifnce to a

set orth er to prOV|é% or oug erstanélng

ofew bﬂfmeelmm‘odlmmmthlem@f ad illuWrzitéd hﬁhapmnqrahymg drawings. In

however, to one skilled in the art, that the present

i BF RPN ASy THAIOP RHRSTRRTS PRF IR SRS Bivechiortip oggfer to provide a

t ﬂﬁﬁ&ﬁ%ﬁé&{aﬁdﬁg o@'tﬂe‘;‘%regeﬂt fﬁk@rﬁ{ nI ﬁ?&ﬂf‘ﬁee%a al¥ ,lhom%’i@to one

process steps and/or FUCt Ures have not Been

delsitied betle an, et the prasentanv@riot mag bt purieat®fhditlsyme or all of

obscure the present invention. EOOlG] To facilitate

u Higes sresHisi dﬁgaﬂSFﬂ@thsr ingtancen; el keqyst Proresy stora pad/py steyctures

PhEGARA ShaPlesedIR diafln biheP b RTSRRERANL LS the presen

( siveptid4) . FIG. 4A is a schematic cross-sectiona

view of a layer to be etched 408 over a substrate 404,

wWi@H 6} pale @ﬁﬂ@%}e Bﬁ@ﬁr&ta@bn&tﬂﬁa% ks ahigh {gvehflow shat eka process
43%‘ lay %g ué o & g);%%lnqn&q %f %yg nﬁ%g %a?t%mte?%hl)t%}{eg{st mask is
ppaividedskep 308S PFIGJQA h@@ scﬂfeniaﬁ&&ﬁos@ﬁ&tlbﬂﬂt\@ffve 6f staybil tdde
having a pair of sidewalls 424 ending at a |line end
42@hedHfHo vy pdubstiaee 4’;% weth Reattped ﬁh@gregtst gkt 2awith

tores

i Bﬁ%tores%s eatalresyléﬁ 0\{% nuH e%r{ ré]fl?)r oyer tl%/ leaP/ té‘!a)gtt? ege{cged

eSSt ayer rne
t @orhRfigrh PREE PUE ST palttbfh@a phblofesRhRagl £51 Bds a8 1esa§tvmllelpﬁotores1st
and line ends. The photoresist features may have a
wiide hawieg a gair ghgidewaljso@4zpdme@t a 4ige P@d 42Q. oo piiowidedhe patterned

he ph ' k.412. As di
PR CrRRy S prBRRS e oy S BN R BRE e tavecipyte tched.
| ThéEBePhotdi&iR1dye BPattéB8®to fHRE pHBlok&ekt lih&tewith pRotoresist

illustrate the printed pattern provided for the
phldtwaléfsarsithmw@ris 4Tlx phpteresisitioathres nuiyddve m}g@th My ak shavn.

and ne e 3 t a tened
Facdl: PObAT PR AT YT O kg B8 dayiyoed Bove.
k%%fa@{uglﬁg Ipfocel R0 AN ClithOErapBy, Msul @Y BES o’t:ﬁ{e pnnted image. The
exenpl ary purposes and not in ended to be limti

t Hettedlaiens 44§ etustrale thepramted patiern efdvededifoethe ayeuore(SARm)ask 412.
nti-reflectiv

i R0 S B ORISR 4 A BREE A Hhet s fortened

maskKsesBgas Si xOy, SixNy, SixOyNz, or any other known
under | ayers.
[0018] The underlayer 410 may be any known organic, inorganic, or metal layer.

For exemplary purposes and not intended to be limiting, the underlayer may be an
anti-reflective layer (ARL), bottom anti-reflective coating (BARC), dielectric anti-
reflective coating (DARC), amorphous carbon, hard mask such as Si,Oy, SixNy,
Si,OyNz, or any other known underlayers.

[0019] A coating may be placed over the photoresist mask (step 308). FIG.5isa
more detailed flow chart of this step. As shown in FIG. 5, the reduction of LES

comprises at least one cycle of a cyclic process comprising the steps of depositing a

5



[0019] A coating may be placed over the photoresist
mask (step 308). FIG 5 is a nore detailed flow chart

w@RoBlsEsest ep. As shown in FIG 5, the reductiPCI/U82008E&0524
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conpri ses at | east one cycle of a cyclic process

ris e ste osi ti I | ayer 4

A REAsF i?éf% %8 § ﬁ Ay %@%hﬁ%%ﬁ’@#@éﬁt flfles may be
I
s8@%%?@%&2%&%“%&fﬂggk’?ﬁ%?%h%ﬁg%%@%%f B R prigf i
h&aneured 4t2hisave Spdthts WS thatard lessthadee wikiehs B dtdfishe' [Betorefist
Ry Rer RS b R o or S e Mol e o
CLRRS sétﬁ%hélcw‘%lf of fh%‘é’tagﬁ aft&etgé' &nﬁl&tgre%h{ fhes apeecoat d with the

photoresist 1 nes are coate pol yrrer ayer.
[@Glgzﬁierl%lya 4D |s a top view of the photor esi st rrask
412 of FIG with the photaresist |ine coated

t ROZ9b1 y - |49ylé?- t(ﬂ’zGeWﬂ’ﬁ dhepgiofarayistmagr 12 26 F%ék%With ghe

p i

s?§5t8fﬁ§ﬁ* b B B fher W0 o2 PR AEdaR 206 gouts the

| phegreaist life @rprbessthé Hadends 4’Eb and sidtwills 4RiducR etdhfhg wch that
i ncrease the Iength and wi dth of the photoresist |ine.

Ashei LEQ stipds eqpal lesydha 1. of haenalipg Fedyessdiy wdngeaseiee
t f
dg%gy e[}lgi d\f}on fﬁhe gﬁ%@{eﬁ%{ e ngallﬁugt;]a%(fl@e 0181 QP@&)}E&%

rce s

odepisied & the Jhe€aie4200 @0k @ecabdr tidh@hd hmeud pol@a&r tHe@Rited on
at the sidewalls 424. |In one enbodi nent

p et seqeatsills 42hat, sxnﬁ@ shiaet owr%@@tgrﬁ@erdkfgtﬁguaf @@ lpe epehedt20

Lg{ﬁgsa?fh% 1clf%wa§ e & %IGV\Ials Sod]%ﬁ nrt] 1??3 &n%}%oagrg%%:the amount of

de&aﬁllgtd%gomu ab@e line @n(ﬂsﬂadlhfe%ltﬂns%rhs lafuShta (1 admlt Heposued on
reduction ratio of less than 1. [0021] The polyne

| fieesidayels c dhe amauef of gpiie, deRgsited geay, befusad g @téam@rl L&S to

t The d b
h Slgb%’:%@?ebélguon 240 Eleﬁﬁpﬁgﬁgsﬁa—luie f Pﬁgr oga?bon

h 002‘1 | UOT&C@lf}ﬂ&  Jay@ Inh a3 TBon @D BarbéM, h@dﬁb@&blﬂmhh@fbr a
t hereof. The f1uorocarbon may have a chem cal formula

Cepmbinphierf éreegof.yThe gases hagd meayahrelzoy drecsrtwnehetniscapthane (CHy),

f | a, Cx Th f d iting th |
R T A e e e R R S
20u5ReABER may¥aeLh cHBSicRALYARA CTRY Merchafenedudibidibéh has a

m xture of fluorocarbon and a hydrogen bron de gas. '
Pr:leefreucallibgmulta lieH{If.udihe pagdesofrrizpodiengdihe polfineer oyer the photoresist
at ed e desired | ayer is

r ocess til t
p léy’é‘éinq%/tbef‘%eeﬁrag?‘étr]a@ %H(Pt he cycle be repeated
n m? e thaR b hd MRS, beq{a?(ﬁe%E@Wﬂl Bhide@a St 198@cibPRand a

023] Features 428 ray then be etched into the etch
| AydogetO@otrhdaogrgh Prdferably, the fluorocarbon may be CF4. The cyclic process
may be repeated until the desired layer is achieved. It is preferable that the cycle be
repeated no more than 10 times, preferably at least one time.
[0023] Features 428 may then be etched into the etch layer 408 through the
photoresist mask 412 (step 316), as shown in FIG. 4E. A portion or all of the polymer
coating 226 may also removed during this step, thereby protecting the line ends and

sidewalls to reduce the amount of LES such that the LES ratio is equal to or less than

1. The photoresist mask 412 is then removed (step 320), as shown in FIG. 4F.
6



phot oresi st mask 412 (step 316), as shown in FIG A4E
A portion or all of the polynmer coating 226 nmay al so

W0 098M8oduri ng this step, thereby protecting PEEUBI00&050524
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ends and sidewalls to reduce the anount of LES such
tEat tEe LES ratio is equal to or less than 1. The
p si st mask 412 is then renoved (step 320), as

S mweiaﬂlﬂﬂ & th eprge%%mé ttEHleé?h@%Ml Ry 8f is FdHRd éstep 304) A
process, a patterned photores | ayer |s forme

368dbstratd 4 bwith sliecctdOlhyernaiOBhart tneleebygdn 411 Gyl a@&ﬁmad photoresmt
underlgier 410, and ﬁ atterned phot oresi st mask 412
i Rlacedin 34 egh [0024] FIG 6is a

ﬁ’gﬁlﬁ ti Cyp ?‘% 2§ h%mg toad 1o &raﬁﬂeﬁﬁ% @%ge:% %‘%pétérﬂ%ob% may be

use aC|ng a pol

phmd(fDE§]|a81hg agpekymdidayde ovderg pthb&)rm)dtyrrmk Haademing the polymer layer,
et chi ng, and strlgplng Pl asma processi ng, fﬁ%glstemGOO
rEiFhing eI BPipg- aS M p PEEES IS Y S EEA0g0aY invhide ptistra

t aal
PPRRERT ol A1, JHEbI T Roc Mg Hor B VSR BBl B8ed plasima
a e@hﬁ@rreolpm @mme@ g Mﬁfmeict@%ﬁ}ﬁefngiarplasﬁld pragstiag 0Rimber
couEIed power (TCP) controller 650 and a bias power

c 6t fsraier Ae%lsfor@%@@pledaoyfer el reontraller &0 @a% ias power

o Rl ds AR o AR L R AR S) Bl e eFsuply

Tb% Hﬂaeﬁ@mg Eheqmﬁfrr[a(ﬂﬁélﬁtfrezﬁéﬂ)vvﬁmh&‘pla’%rr&&ihambbﬂ”ﬁoélf or TCP
power supply 651 configured to supply a radio
f [QR3bncylhy %%pomer RIgEMHEO0 seigriesgt mmtafOIT@ﬁPrmN@h supply 651

gggn uredg LEUP% aﬁﬁ(-ilig?rec%nlc %17 5alI a(e(ig g%gggzz%iqns?tdg) OVI@Z Hlatch

t QetRPIR6SE, @0 1 T PCail 67@15@%&%@@&@%@%&&@& €624 AdRFe
al l owing energy to pass from TCP coil 675 to plasm

C Itramp@renswmdomﬁfélpﬁ iPecatideyl to semispail it colli GId dveng elasmyhamber

id I
apab ik Uit shofy PR roB! BER 1By 6 PP RERLURa EEGT ot An
aBp@cE%@l‘S/tchﬁ)aMht WeddR663 AP e pRVIdewibydichRf picb&O2&phire
The bias power controller 655 sets a set point for

bhawngeWemesarmb lappresBnatel s 2i gum €Hinch) kwagtpd yn zmapRFture in the RF
shgnal L une %@ bi as match network 657, to a chuck
e PERPAEGEW Cated within the plasma chanber 604

C gmm ng phediife w&%ﬁ@aler 6B ketbh 23S RANYS: @Lsg%éw&qupw 656
608 ich is adapted to receive a substrate 6, such

asoigeer toonpply tto R Evagred, tworddydiiscmatchaktwgprb6d¢ds s etiuck

-[ g]gz 7%(1;’%(% §%ﬁsﬁﬁl‘:l t%]lnng%{)}l%m 2 %tbeggﬁ% ?r%gfré'lgg:% g%gcé current (DC)

2%%1%%2?\%)/6{&&0@6 808 wiRN if 9hhtRld rEQivUPRLY A B0R sRRELs a semi-

conductor wafer work piece, being processed.

[0027] A gas supply mechanism or gas source 610 includes a source or sources of
gas or gases 616 attached via a gas manifold 617 to supply the proper chemistry
required for the process to the interior of the plasma chamber 604. A gas exhaust
mechanism 618 includes a pressure control valve 619 and exhaust pump 620 and
removes particles from within the plasma chamber 604 and maintains a particular

pressure within plasma chamber 604.



required for the process to the interior of the plasmm
chanber 604. A gas exhaust nmechani sm 618 includes a

W@e@sssi3el control val ve 619 and exhaust punp GROI/HSZH08/050524
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renoves particles fromw thin the plasma chanber 604
a intains a particular pressure within

E‘g}%gi e@&er{%%slje C/szntrghﬁeﬁfﬂﬁtceméolé&iﬁtF@PFrérur% glofeaters 682
Wiaﬁ]v:ﬁ%dt%ﬁhﬁﬁ tﬁeedmaf él‘e&?&i og'ci))g%ﬁ{rélhﬁg hle{teﬁff)éix%} Supply 684.

e chuck el ectrod by con I ng a
padhe plasmp procetBde sybteen {d0sd smpinpludeed sitrugicsysitrehtibddtiry 670.
al so includes electronic control circuitry 670. [0029

FI09291 5 G Sd/ Ay end 1B ildistrated QMRS sy Eem SPQ+ whichy e@osulta le for
e egllgmercftl I‘%A E&Moﬁef &1 ﬁs{éﬁ £ Ql:ﬁf)%dlﬂlgné of M ﬂrgéeh?i"é %YtQD_PA FIG.

I'n ertbodi nents of present 1 nvention
shiawsowsenppssitn ﬂlﬁﬁysfmlofﬁlw dsongfutdrizgstem@ficetrse, the
system O course, the conputer system nmay have man
pRYEPEES SYSEFhEAY ARG Ry Plcalfornt Bgemedepne i piigarateq circuit, a

R E Lt B N e

aO(ﬁﬁﬁiutdﬁ rsys?élﬁ 70 1Id:llﬁii@|s aYnoYﬁ)cér 762, Alipildyg70A08 howsigh F6, a disk
drlve 708, a ke%board 710, and a mpuse 712. Di sk 714
i drive Zofmatkenbaard A Hhene ameayise i sBiski/d 4y apampitergadable

alﬁlded Wmegqg?rlﬁfls%fr:liﬁ%as LM fpﬁﬁ c&rgglﬁgll , ste% 7(70B I's_an

I agram er system 700.

A{G(Bohed FIG. 9BSE m;bmpla 80a beci di&gﬂﬁl T lcb@ipMte®Eystem 700.
subsystens. Processor(s) 722 (also referred to as

c évitagkad tp rsms@@bph@%mat\gld@ wagryef sesestemapPedessor(s) 722 (also

d
St gr a ag\élﬁlgtgﬁ[;pgl ngsn%J %%&W%e ugl'vg éo %tXra%F ﬁewces
Wﬁf&kﬂné ReMbry 7S, |Mer\ﬁ@fy| 7HNANRddsTahdden &dckss Mb@QR%MPand

transfer data and instructions uni-directionally t
t eadaply matoRAMRONM).udeds velbkeewn in the arty RABE agts M@S&m data and

 DRUE R o B BRI PR B B P hERP
CQﬁ@Hﬁs@ﬁctfo%@ﬂﬁQb?dﬁ@@bﬁaldﬁﬁﬁéf besth e trRve tyPed brrBEMBHiSKmay
726 is also coupled bi-directionally to U722; it

prhiddagy adithiblé ofithe coapuatesteadaddemedpalcariped hdlonvayA fikeddisk

i de f t i bed
bl SpaRe TS ERLy RGPEAR k Gt I RBGILRE Sorage
dafpcitRRsh ﬁlﬁ? alsh KR 1@R%nk Sf iRy tey r8ada B FRARY arescnbed below.
storage nedium (such as a hard sk) that is slower

t eged pliskrig6ymsit wresge to $tbrevprbgrame dGppred ihetlkd anflat typigelly a

i nformati on retaj t hi fi |sk 726

PO atoie gk Guich g opt el SP Sy Pt gpreee I
agyilf bk Eﬂaﬁjemﬂf.‘émﬁ{a}f tHeNnfRARGYh fefnedRSHMY 3RLE dgsk57l26 Zﬂe@ in

may take the formof any of the conputer-readable

nepprapdes casekhéd ibbarpwated in standard fashion as virtual memory in memory
724. Removable disk 714 may take the form of any of the computer-readable media
described below.
[0031] CPU 722 is also coupled to a variety of input/output devices, such as
display 704, keyboard 710, mouse 712, and speakers 730. 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

8



[0031] CPU 722 is also coupled to a variety of
i nput/ out put devices, such as display 704, keyboard
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input/output device nay be any of vi deo di spl ays,

track bal boar ds, cropho ,

t&%ﬂu@@ngf’u U%ﬁfway be carelrgdapnet Q?rocwla%f‘érog,
"?@%Mrﬁurﬁéaﬁ%ﬂpﬁét%ﬁpﬁslﬁgfﬁg%ﬁﬁq mEe@ﬁt:@?@O Wﬁﬁﬁl SH§F§ network

voi ce or handwiting recognizers, biometrics readers,
olintafives it cnguteandateCRIdt ﬂ@ﬁmpmlgnaédeWMWMthmoflpﬂneﬂe network,

to anat her conputer or .tel eco i cation
uST RS SRRyt o I}(’p ke é%gleflgbworwu%e§eglﬁe 8? H@—? 1p(g the above-

' ﬁés%[‘li)@& fre oh s{ sCf 1%1‘1}%?4 ﬁfétﬁolaae&nﬁonﬁng{: éJoﬂ*ﬁQ Bfesent invention
receive Information fromthe network, or m ght out put
I nfagrereduitosplélp upbie CREL mdr nay etxheute OWrSﬁleﬂfJOIﬂISUﬂﬂﬁmﬂhB dnternet

t he abovedescri bed meth steps. Furthernore, nethod
e BRIV HRSHPR Wath & Is@ofs %E%Iﬁleat Sh%fhe P%WOM the,pspespEng.

u 7 h
SR R Bl SR PSSOt PR
sbampsteBstpapt poduat wither @ngeegstadbld A&8ah that have computer code
addi ti on, enbodi nents of the present invention further
r dhesgas fpppEEpiREYaTioUs F@@Eutwéml@méntwi ppergtions. The media and
|

i g ﬁtgf ?Jd%%%eetpgn&gs gé\;%l?)p@és%gl?lgg Gnd ?(gﬁrgtﬁlcecgﬁi ?oqqﬁei puposes of
0 ﬂ%rIﬁESeﬁﬂﬁlveﬁEhﬁ aie@le;amaga Be @ﬁmaudilaf wEID ﬁﬁomyndagvaﬂhas €o those
sge0|all designed and constructed for the purposes of

evipg slgidnie therfpapuies noftwareapeyExampleseofspmphier keadablganqdia
knnom a@lﬂ Y ét h%l? & t{) mS%?%'@ e%Ya snugh %L(hiujd (1llsr1]<s,tr " éaggéillsks and

ér software nput er

lTﬁCiil ofetidtapdi @pticdd lrﬁed@d fichat Cb H’Oll\@éjaﬂd%ol@aﬂﬁé Hé&vidmdinagneto-

such as hard disks, floppy disks, and nmagnetic tape;
opplicshmegisgiugh sy Beptissl @S&mhﬁdwamewﬁ&ﬁlﬁt gedperialbys:

t 0o t ca d
el o0 alF G R QR e Bl Pug PR imegrued

StREBtAASICHEFE RN AN RIFICRIRes (smqb]s) Afd RN 268 RAM -devices.
specific integrated circuits (ASICs), programuble

| Egamphteof espYtRLOdy nmhldiemhmctORAMudem meéuceébammoe@ﬂer,

t
p%@ﬁﬁﬁé’)#ﬁg@m&o ettt EofaFarE e RaRn &7 g Dhieghuipe
u&preead @o&ﬁﬁ]&er%@ia@é@ﬁ&ﬁ@ﬁlapmga bE RHMPLEF cotel tRAs@lted by a
|nterpreter Comput er readable nedia nmay al so be

C gmpptlter datopsignalrcarbodiedtied chyicn woohpust repregerttiag i sgauetnce of

b d t
oo RSP B e RUED s PR Skt o by & proceseor.

[ 6033 { AR %b%ﬂfe‘? 1dyayR rplelcéd B{/é}q}%’pl‘iﬁf@fes&hﬁamﬁ r?)@§j NUsing

mask (step 3 Using nmultiple cycles of the cycle
s homple nydits@f tEQ cyate dwamph &#lGeTiapexahpdepopd of degositing a

ol yirer | ayer (Hiep 204 voul d use. [ore SXaPLE; (Adot.r,
and CiHF,. An etch chamber or plasma processing chamber may have a pressure of
1-100 mT. More preferably, the pressure for laterally etching the mask is between 2-8
mT. 500 to 1000 Watts of power are supplied to the plasma processing chamber at
13.56 MHz. The temperature may be between about 40°C -60°C. In one embodiment
of a recipe, 20 scem CH4 and 100 sccm of He is used at a temperature of 40°C for 15

seconds at a pressure of SmT, 500 Watts of power, and zero bias power.

9



and CxHyF . An etch chanber or plasma processing
chanber may have a pressure of 1-100 nil. More

w@e@Bes@hl y, the pressure for laterally etchi nBCT/Hg82008/050524
mask is between 2-8 nml. 500 to 1000 Watts of power are

S lied to the pl asnma, processin hanber at 13, 56
AOB4h e s it lare g SeRgeR. dbsiaR Eeinsdotthe
I [ i.pe,

Opalggﬁingggglg g@g{?ﬁer%ye ngfo%?de@% bt h%@g&pﬂro &M

a tenperature of 400C for” 15 seconds
atom@aipningsgsy saclofis BIlsccmOOF Vaidt2S sotmptBerA panchre of ® mTorr is
bi as power.[0Q034] The plasma |ayer is hardened (st

e
508)VideAdo SEAIMECT et RFePTET SPHES R Hieh PHY WS the freqiency of
5 g%.&s Hy YEL (VRS rAgb¢uor ocar bon and hydr ogen

rom de containing gas, such as 100 seem CF and 25
S @R0BSHBr . FeAtpess ted etthed intd dieretétslaperavepl8d6 )t dn tieexample, the
chanber. A RF power source provides 500 Watts at a
f ehldsE P orolysslions fRHPIRHE Bgate niheithkar grbogimenty the layer to be
[ E r . i . : t gk
( SR L BTGl SRR IR VAl MLSHRY SRE O, BRhallayer o
padw-kididleqfic.f Arcohdntiond edchg@ti@e nlay betul&d toastdoe BBt & be
the layer to be etched may be a conventional etch
10 | af¢bed.” such as SiN, SiC, an oxide, a netal l|ayer, or

I di electric.. A coanventi,qnal etch_recipe e
15" SPERME p BN EP O LS R Yo e

t [E03TRSK TasiRefededmBodigeiosithesiveigor e Necckiatlof the Rolymer
[0037] In a preferred enbodi nrent of the invention, the

playee haitdeniog of e pedymyerdyer.capd etching e fiapgeointa the etch layer are

i O SR SRR
15 sheBrinPoeitRBer 142 isedeaiBNbvaa s Aandentydesofvdhe
pol ynmer | ayer i's performed over |less than ten cycles.

Mprederpblys e aliicgmenthiad phigerimgof therpplymaerdaysic fgpegformpdover at
pol yrmer Ia%er is perforned over at |east one cycle.
[ "CAXExanpl e of a recipe for a deposition

PyeVasfles &n chanhebs RERFRULE ﬁépo%ﬁiom[a%xﬁdes& GRR1®R} pleQire of 25
gas of 100 seem C Fs is provided. The deposition gas

i snFaranA fdepavicbni gas of A0pi@sn@sHhys prosidedi Age BOB®suwantgss of
TCP power, .at 13. 56 . _Where the bi ol tage .|

20 5SS Rinar DlaRanY B8t SREBSF T By et dadg Mtz where
Chhe' 354 Re3tagd N BvttsaMHotheP EQééh}%\@ Of & dENATRR e APEF N 1] recipe.

5 nlorr. A deposition gas of 20 seem CH4 and 100 seem
H& hiss=xpmplei reddesd chantter preasveof 5 Tflerdep dspdsitom ggast 2@ scem

TR AN R )
\(/:l@:ljilﬁsCforrﬂ_é?lemg)ecpﬁﬁérﬁé Wpl%rvﬁﬂﬁg whR! AfOlV@ﬂpWelaat o856 Az where
25  the bias voltage is O volts. The deposition steps are followed by a HBr and CF,
hardening step.
[0039] More generally, a deposition may have a gas chemistry comprising of at
least one of CHF;, CF,, CH,F,, CH,, or SiCl..
[0040] In an alternative embodiment, a hardening step is not used. For example,
30  the photoresist and deposited polymer are sufficiently etch resistant so that a
hardening step is not needed. In the above example where the deposition gas of 100

sccm C4Fg is provided and the above example where the deposition gas of 20 sccm

10



har deni ng step. [0039] Mdre generally, a deposition

may have a gas chemi stry conprising of at | east one of
W@RHB8/08a3FY, CH2F2, CH4, or SiC 4. [0040] | n anPCT/US2008/050524

aI ternative enbodi nent, a hardening step is not used.

hot or esi st an osi ted pol yner
4.8@35% |S§FI%PI€H£ PiRy|de &ﬁFP%te?‘H@FEl&g RGP tr?gorgattsﬁ Such a
' Er(ﬁ%s iy e6id %jehﬂlﬁla&nﬁe ARAYEN ﬁ&%ﬁ%aﬁl El? agnﬁess simpler with a
deposition gas of 100 seem CAF8 i s provide 8
ab@her éaxargplpat. vxlmemetlkhemhq:n@ of 4 deposgi@s rafip2Basdesbt require a
and 100 seem He is provided a separate hardening,s
nagpabaée Bﬁ‘ffi?ftl%l Stegﬁt%hamaﬁro&rsgsgrq 8 S & lgén@?mn?\rﬁqpeﬂgon gas
t t I
5 Gﬁ gtﬁ ?%Jtlghﬁ%ﬁgﬁﬁ%}ﬁg &r‘f;%tgjh&ei?ntg )Elgé;%%ﬁlb%ff' nﬂ]lee(iep@%ﬁlgn gas is
décpmetihntom plasenaitey prba]m@cm)@ 500t watesqdiTIGP p?ov@@pamﬁé MHz with a
har denj ng s t he chanmber pressure i s set at 5-10

mPE poltaged 6951299 anltyals aptheperamaplapCrdencyition recdpmihpjgioes not

[

¢ g AREp e Rl g RINEY il BRRERE by R
pdesssitiin ghs oEﬁO(MerrNWi hn@(bﬁ@scc\ﬁod)ﬂ@ﬂas G w0 Ontd O chamber
volts. In another exanple of a deposition recipe th

10 gdibe depasitiondias ieformeding aplasmaby @ﬁ?Vrl@n% BRYyOPhwaEh aﬁ%@? power
DREREAS S R4 QA 0o TR S0 (oL R0, 280 B AR ey

C dgpdaarat tip hetiglepdhartierome gastoisist.ormed into a pl asma by
provi ding 300-900 watts of TCP power at 13.56 MH with
a [Qﬂﬂé vohrether expmplyos 3@oocgss that doph aelausp pdeaisgiag siip and that

AT TV SRR bR AR PR O

15 d@\%&ofﬁﬁig to iR Frobek dEAING, §§)@@erﬁﬁﬂpﬁdﬁ@%51ﬂrrﬁy§kd§§ro&lded (step
ﬁpzh r formng process with a deposi ti on phase and a
t

ﬁi@s%A 26 Bt o tasopHlosess bfav @ begtchad $03 overa

at ts?ré% R@ g[]i)g d Bi% St%rggls ?(Vé % \1/1t Vﬁléo%grgg’lcs)t t)efltgreé 814,
t @v&&naﬁlabmye%ﬁ) @V@[ﬁhé‘l&%@bﬁigt@t& cd foMlife @stack 800. The
patterned photoresi st nask 812 with photoresi st

f ewm@%)pMWeE@ﬁskﬁ2M@ etrleasy ene ﬂmore@vtelrnethwmlgagmnr of
80
20 DBebfucfdiitoalsBie Bo PEiE AERaIRG BRLOFER Tasen

h@m)teg:sﬂt RETmBf besSfiderpmnke o%h@msime bRletcRed.] MRerfRE photoresist
To provide the patterned photoresist mask, a

phytois@sitened twyterm phgtobssist hn@t witlp ph@dre@wtamdqwélsma@ éine ends.

tq,be, etche Then t hot. |st er is patterned
t P BpRbRHG! brdefaph B oi st sl deval | s
amqu ne @{edsB Jh‘?opoxh%%ﬁ% tcfr@s@&t%a%ﬁ gy Tﬂ@}fﬁte@ned
w dth" Se, as shown. [0042] is a top view of

25 t photptastmmagq 812 maskle8%tDne 'phetomtst Bngbaling a pair of sidewalls 824
ending at line ends §820.
[0043] A coating is placed over the photoresist mask (step 308). FIG. 9 is a more
detailed flow chart of this step. As shown in FIG. 9, the reduction of the LES ratio
comprises at least one cycle of a cyclic process comprising the steps of depositing a

30  polymer layer (step 904) and trimming the sidewalls (step 908). FIG. 8C is a top view
of the photoresist mask 812 after a polymer layer 828 is deposited over the photoresist
mask 812 (step 904). The polymer layer 828 coats the photoresist line to protect the

11



phot oresi st mask 812 has at | east one photoresist |ine
having a pair of sidewalls 824 ending at |ine ends

W@208/0863013] A coating is placed over the phot PCEERRDS/050524
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mask (step 308). FIG 9 is a nore detailed flow chart

of. thi ep. sho [ 1G9, t e reduction of th

LE 5 ﬁﬁﬁzyéﬁ i 18 48is cxprabley BF dhighness oyt ¢ pelymer layer

P4 ?téd SRRl s RDLisStheRethO e ROGE '%HlE‘lQle@s Hahy B&lymer

| ayer (step 904) and trimmng the sidewalls (step

9@8)asited Gh ti3Cinesnd 82O pIvoteey cxhmples, thh dtld{IESSCS maydake different

8r1é after a polyner |ayer 828 is deposited over th(e{
fiskipst Inpsqagple TGEIP% porgogh a Piﬁ‘?%“p% AgpRstionrey! %52%
%{ egrg?esﬁlp'gtogé%’ﬁoﬂ A' Eostlt‘?onoﬁ L#6h s&é?ﬁ%fﬂ}eS(?QQﬁl andS

I'n thi exanp the thickness
t benpOh ymﬁcvwéchme:r thel eb:ﬁﬁlbetre dhe rlepdmuml gie\mﬂohﬁe&ﬁrﬁo 4 plasma by

about th i ckness of the pol yner

d @f%d% éOQsﬁ()Q Wé“$ P%EC% ﬁawslz%s 1313¢ Mﬂﬁévl éﬁw@é&geﬂﬁ 8 volts.
t IN@ Bpt‘ﬁg ngtt)fe(gfs?ﬂltasl{ §i ﬂﬂe‘? r&‘?f:hélclgt)e%vallls AréPimmed
exanpl e rec or such a process, a deposi

presp AEY. a charrber pressure of 5 nforr. A dep05|t| on
has of 20 seem HBr, 80 seem CF , and 5 seemOis

1M | ndwexaerle Rhatan reciprepiguides tsliwéﬁbeg@geswe Péﬁﬁﬁprr A

e B PRV PIPYELA O i g 26K M3 B Pt i R 2fher. he
| &rird gaO foirea iafo 4 plasrphby provsdisg 3@(&6/Ktt336i2f@lf’ pewert 1€3.56 MHz

sidewal |ls are trimed (step 908). [0044] An exanple of
a withjawalage pias pf @ vpliesihe t@ﬁmé selggtiekygtghes theapakymer and

S%Sﬂﬁg]%eﬁﬂ% tﬂ% Blgc?tﬂlseg%ggé %16 51d% ﬁefaq%epaian %ﬂ(zheG ]gne en%g] sHethat the

magas IS

gblgm@r ph Mel&d@fsqnicﬁdarrtﬁars&othwatdewani a$ SROWOWEFIGRBD.
Mz with a voltage bias of 0 volts. The trimm ng

s dldepgh /e gxanplgar FiGheS Ly ghoprrethatpmdy pisspibis yrn@vm}d ltnwéher

o8 e B SRER e R Fime Bk bl e
t bée eNthk RRleS/al @Walel photd#Esist MOWR id Minfth&d. Burdl 4rb @é@liched into

the exanple in FIG 8D shows that only polyner is

t therat@ullaydristop Aée). bbarmiskand phlymso lasynaezrre ormeved (step 320).

S BeERe o I pivistS PRty HeTER RNy B it i R on the

F@ﬁdstbrn@smaﬁ& dohge sﬁwmsd LERLiOrddieet1He ddawh F 8@, also allows
316). The mask and pol yner | ayer are renoved (step

Samducsem: auek. &y riathavieg phevening sepbdditmmntisg isthasle easier.

| | a t hi.ck th d
¢ FtHSL "SRR S ity vt SaneSipe She lfe aibeethe adaraur sieles of

Ofa d@pdditidh ar@I (B @k Qﬁéﬁaeﬁoﬁﬁéiy Gd AP dEhbsif¥h MPbsits a thin layer
having a hardening step, the trinmng i s nade easier.

[ 6O#E a trim wpﬁrfmeme@wdmil gingf a smaléposiuttibeforatid nek{ daposition. It
process, east fo&: cles of
as been found that such mu tlple ycle processes provide improved control.
[0046] In another example deposition and trimming may be done simultaneously,
so that that the deposition and trimming may be done in a single step. An example
recipe that performs a trim and deposition in a single step is as follows: The chamber
pressure is set to S mTorr. A deposition and trim gas of 80-150 scem CF,, 20 sccm

HBr, and 0-5 sccm O is provided. The deposition and trim gas is formed into a

plasma by providing 300-625 watts at a frequency of 13.56 MHz, where the bias
12



a deposition and then trimare perforned, so that each
deposition deposits a thin |l ayer before a trimis

w@erBosded, which trinms a snmall anmount bef or e PCEURRE/050524
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deposition. It has been found that such nultiple cycle

processes provjde. inmproved control 04 t her
exalgseds §é{ﬁ£§%. hig i SBelE AFRRMURY 49dy n{’?ep B‘Ef‘]ﬁ%that hardens
S?H&bfﬁ@ﬂﬁ%b‘%ﬁa\{a S rﬁt@ﬂﬁrd&lﬁﬁ% steP%s ﬁj(ﬁ%gédeh'. on and

I mm ng may be nelnasngestep.Anexaane
r ¢a040¢ t Hatanpéef exantplaoft « deposinidn dep ofh prazpss in aangﬁlenghpa a
step is as foll ows: The chanber pressure |s set 10
mPEsTUre Al o BPeST I8iPsRvidatk A Arrasyios aod tam_epsef %@é}ﬁﬁ@:ﬁﬁo scem CF

29n(§ S5tk b@rsccn@@fiﬂio o? C§161£ m %Vid%d PIrRY H 1tlopll?1d trim gas is
a plasnma %lf

deposition and trim gad ’is formed I nt
promietied ¢ 3PAsH2 by ‘pﬁivﬁdinghbdilt BoeguentyPalowtsdabB. 36XHz with a
where the biasvoltage is 0 volts. This is a_.single

depeyriassPi dneplisr |Tﬁ1iﬁeﬁﬁ’é§§m§ HaEs b daReits phide &t&m improve
BsAFR oS SRRRE AT RANiEE B Ge Rl AERARTESC

P eSS uichrandi fﬁ@ﬂﬂheﬁiﬁﬂhosa nyeRsise toofund omtﬂ[mﬁfronnﬁy
provi ded. A dep05|t| on and trimgas of about 80-100
EEH\SJ:M lasgothpoenbameite fie@Mcing a €PN ove the BRAtEKSsist mask

%e (rj%giﬁ 11?]18&61 ﬁy gﬁ%o'll@ ?@gln%&éo&\ﬁ?\eéhog?r% %‘g%k%ﬁg%tches the

W!uh@srda;*ét aer éé@htp@chARfC th ¥ ginge. steﬁhlﬂeﬂﬁﬁ‘deﬂﬁlgtstdp@n be avoided
i nes but deﬁosms at tipto tip and inprove the LES

r Ay voing Wit BOBE asegutiof ihegrteh maskd dnian gxamplg.of @slsposition and
and TEC erature fi re as
{ RABEC 0 2%, oI SRt F5P ey Aol 8 parc

ae&h hes oI MENY andtdes@écesi O, id fIoRRH ikd the QUGN b he
phot oresi st mask (step 308), sinultaneously deposits

pdeasiioncd BARe efsheas isformed ek plamda By praviding d00rABR watts of

for BARC, in a single step. The
hg@%wygﬁx%'be avoi ded by using the BARC as
PROG49PT tiRQnBhENe IR a FiRToLHaMMRR P ARCCQBPBIdviAR0 a

and BARC etch reci pe, a chanber pressure is set to
5<BaiTear prespurd ep 8 s faronAHMRBARE g2 oﬁ2@1 a@;rro@lzzlibscgee@m,w scem

i TN S AT s ARG S1eha Fripined Brout plgsma by

%B%ﬁﬂ% gb@@O@%ft@Q@T@@ﬁab%epit 185G MeMaT i bl%é Va@agMd; 150

n anot her exanple a recipe for provid
BARG. e&lcahotﬂxm@iadrepie gcphantember pesire oo nﬁ oans rprqvukd A

AR 60 05 Rl B OR Bhagermt s e i 158V o ene

f efdmRckr THho BARRE a8 AR DY BN 1Qid\"/‘%?l§§9a 69&0‘0@11 3(‘56 400 atts

power at 13.56 MHz with a bias tage © vots
| ACinmtwee at EXaor iz Wﬁhlaﬂlmqs valtegraotbldl0-10edtar e of 8

n?-(?ng] 's \R’rh?lg Ithqse 1nvent10n has been described in terms of several preferred
embodiments, there are alterations, permutations, and various substitute equivalents,
which fall within the scope of this invention. It should also be noted that there are
many alternative ways of implementing the methods and apparatuses of the present
invention. It is therefore intended that the following appended claims be interpreted
as including all such alterations, permutations, and various substitute equivalents as

fall within the true spirit and scope of the present invention.
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BARC etch gas of 80-100 CF4 and 20 seem of CHF3 or
CH2F2 is flowed into the chanber. The BARC etch gas is

WO o0valgh3sht o a pl asma by providi ng 300-400 watRPGI/ULM08/050524
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power at 13.56 MHz with a bias voltage of 100-200
volts. [0050] While this inégngign has been descri bed
in terns of several preferr di nents, there are
ahieh & d18Rsq iper mut ati ons, and various substitute
equi val ents, which fall wthin the scope of this

i dvent iAomethbdl fatenchiog Ehecestie anetcbdayehabniphieing: ar e many

alternatlv ways of |nplenenting the nethads )
appar APUedng P?W‘Fén‘iflr@?é?ifﬁﬂﬁtﬁ(} tavehthe efchilayer, HE? B‘F%Pré’sm

[
TSP P e b BRIl e s
pendyut ati ons, and various substitute equival ents as

fall within the true spirit and scope of the, present
| nvent PHRIEEANEHATET D¥erche gast PaS PhotorsiRgliieol TEIGH 2

ehﬁgﬂ & (gfetﬁé B&?ﬁleif Elg t‘?ﬁeclﬂl lezﬁ\ﬁ%% the Jrés%tq e is %reatﬁr than a

provi |ng a tern hotore5|st over t
| ehiektnesd deth polly olee kiysit onnths kidbawlilnef tadé ph(&aﬁ:tSISOIﬁl&: and
photoresist |ine having a pair of sidewalls ending

a | i neckhings fptaies iyo Shepseh/ausr thigyeh the\pbptarenést sask. é)glgqreln a
oﬂﬁ Qlli‘c% %Et%ﬁmﬁg%t{;ﬂgu? M%gseéhgn &%&{Eﬁf‘% ess of the

a er i ne en e photoresist |ine

i Q9. gr eahe fnetﬁbalrbfaldhhi IGkumesesn ok pldtngat powmet h}{/arO\Qﬂ the at least
the sidewalls of the photoresist |ine; and etchi
f @B¢ Dhaterepist lne raukanepuily plshey %mrla@gﬂaxeh ahyp é@msetmgsthe polymer

n’ﬂé}é &o"k‘aﬁﬁ gh Qe nllz*sﬁ %Vl&'l%ﬂe 39(9% g&l nfg?% O!hﬁ%?%uenfétcl%ng Bf the etch

han or "equa
whgegei n the pIaC|ng t he polyner | ayer over the at
| east one photoresist |ine sinmultaneously etches an

udder | dye rne\mdl o CéPéfEié’s mthiered thisslepestifjiieethe palygter tayer, gpmprises:

an etctﬁO K H% q ne underlayer for a subsequent
et chi ng ot %?1 9 F ﬁayer 3. The nethod of claim 2,

wher ei Ebrhﬁ% gheRIepdditiditgds hto RQY 1R ah@yer, conpri ses:
flow ng a deposition gas; form ng the deposition gas
i nt o appivadinga baiﬁcmbawmh mglaamm@saf\abletaad@O\Mptth a

f
glmmt ew?g:g}o orﬁ aSt 1218{6'111@ }Fﬁéacgn(% %ﬁﬁ})ly@g{/ galye 1SF the at least

t BRe p\ﬁotb@@@tt 1) @orﬁp@_@e@ heRhstloné ti8e, VARIRA b&@cydle doBpbikes:
one cycl e, wher ei n each cycl e conpri ses:
a deposition phase, which deposits polymer on the at least one photoresist line;
and
a trim phase which selectively trims the deposited polymer, so that polymer
deposited over the sidewalls of the at least one photoresist line is trimmed more than
polymer deposited over the line end of the at least one photoresist line.
5. The method, as recited in claim 4, wherein the placing the polymer layer over
the at least one photoresist line comprises at least four cycles.
6. The method, as recited in any of claims 4-5, wherein the deposition phase,
comprises:
flowing a deposition gas;

forming a plasma from the deposition gas; and
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a deposition phase, which deposits polynmer on the at
| east one photoresist line; and a tri m phase which

W@ 200808639l y trins the deposited pol yner, so tP@EI/US2008/050524
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pol ymer deposited over the sidewalls of the at |east

one photoresist line is tri d nore than pol yner
deposi t@8P B¢ &he dapasifipp gasArd ¥ CieHbihg ¢rim gate cgpprses:
phot or esi st gll,fg 4 &im e Method, as recited in claim

4, wherein the placing the polyner |ayer over the at

| east one pli@tongspksmh foen thenpmi gaesandt | east f our

cycles. 6. The nethod, as recited in any of clains

4-5, wher ei ﬁtoPWé‘gélg‘pfg%‘f’Pfgﬁtﬁﬂla@ég conprises: flow ng
a~deposhti as. q : t It

0ds: " anE oS e SRR, @ SR e R PR Pveen
t comuiphas@sconpri ses: flowng a trimgas; formng a
plasma_fromthe trim gas; .and stopping . the flow of the

t Bi m gé@? methofly as Gegif ,Cbé%l % é‘éﬁefeé‘blthegﬂ@l & dygher comprises Clo.

er ei i C i ) ;
02" ok S0 £ VBRSPS D o
t bhéerplyasrebivr itegtorapngesi ses C . 9. The method of claim

1, wherein _the placing the polyner |ayer over the at
| east BFYIHAYA PRSI §35fOMPESHAgrY RbyherdpEyingigagand HBr; and

deposi t.] | S .ol r form ng gas and
HBr ; atrff&cfﬁﬁ%g%?%é&gﬁgﬁa%ﬁgg}ﬁ%@ﬁ% ag'edeposi tion gas. 10.
The. netrhe éhetodadfalaimnll, whlbesieihe pldtthgthagolyhet hgep®ley dRrat least

| ayer over the at | east one photoresist |ine,
c 8hpPhaseissisklingwFergpasesieposi ti on gas and trim gas

sinmul t sl y: and f ] L s and

tri m LR vl boepoRRdn ol MRl B ERERCOLRY R0°

cl ai ms fdrmifly theWepbretiorCQRPAY &iMGaPley b ladfaan oxygen
ashing. 12. The nethod of claim11l, wherein the placing

t hé pollheitethosyadany pbelaintiel -40. fueheytconpaisipgProvidiar an oxygen
line, conprises: providing a deposition gas,

cg%ﬁfrlg'si ng at |east one of CHF3, CF4, CH2F2, CH4,
12. The method of claim 1, wherein the placing the polymer layer over the at least
one photoresist line, comprises:
providing a deposition gas, comprising at least one of CHF3, CF,, CH,F,, CH.,,
or SiCly; and
forming the deposition gas into a plasma.
13. A semiconductor device formed by the method of any of claims 1-12.
14. A method for etching features in an etch layer, comprising:
providing a patterned photoresist mask over the etch layer, the photoresist
mask having at least one photoresist line having a pair of sidewalls ending at a line
end;
placing a polymer layer over the at least one photoresist line, comprising:
flowing a deposition gas;
transforming the deposition gas into a plasma; and

stopping the deposition gas;
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or SiCd ; and form ng the deposition gas into a
pl asma. 13. A sem conduct or device formed by the

woreaoRosh3eof any of clains 1-12. 14. A method f oPCEHUSIN0$I0F0524
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features in an etch layer, conprising: providing a
patterned photoresi st mask over the etch |ayer, the

phot or S4PEHNEHEE RO R e CatvhcEds t}Bﬂ@eﬁ)ﬁh‘Eﬁtiﬂ? Kipived polyger layer
h @V ﬂh@ Gin@ eRRbF thﬁ%hét’o%i’é@ ihSis %?«ga't&ghﬁlt a @idkhB& £ trimmed
placing a pol ymer |ayer over the at |east one

ppoltyoree kiysit orl thasidewalipof the photofdsBlimy camgegog:i t i on

gas; transfgrmng the deposition gas into a plasng;

and st oppi nglowr%g HEWYRINEI&H gas; trinming the pol ymer

layer, whergh erﬁlﬁggi‘e'}ﬁﬁﬁw% 5&4“&&5 HEE‘EQ gl ymer

| ayer at the I ne e otoresist line is
greater thasmgthM&Mmmﬁﬁmg@athedtr|nned pol ymer Iayer
on the sidewalls of the photoresist |ine, conprising

f1 owi n§tcBIngriFatich git@élse eteh Igpabionsh ﬁletﬂli‘@totr‘?’silsﬁﬁaﬁb» Waggein a
'ﬂhge@d oA PP¢) SHiop sﬁﬁd‘&&ehtﬁ 4 §immng gas; and

et chi ng eatu es into t et ch ayer t hrough t he

phot or @k siethmS ks reviiet @ichia 14, Mbeeidths dmbeng Fg dohfpBkes an
ratio is no nore than 1. 15. The method, as recited in

c PAYSF FANA{{HRT &35n the trlnn1ng gas conprises an oxygen

]ggt ai FPhQ gneﬂ?q?]l Clte h]t(.})d whérzid & ItIIII%% (E:F‘JI'.EHC l}(sﬂl%nses Cl,.

wher ei I'm as her conprise
appar aWﬂﬁapﬁ)Qﬂattﬁtféﬂhtﬂgn@aE@aer filan &ch Ihyei bblohaygtiatoresist mask,
bel ow a phot oresi st mask, having at |east one
phatipg akleayt opg ﬁl@tﬁr@@nswgledlaﬁmgra 5 <fj sértapeplly sndingpiyyling end,
cgﬁﬁﬁmﬁ d, conprising: a plasm processing chanber,
conpfi si a chanber wall formng a plasna processing
Chaﬂbeap&@ﬁhQﬁ@kﬁﬁnchMMﬁiﬁﬁm@mﬁﬂ@p0rt for supporting
a substrate within the plasma processing chanber
encl osure; & cprebyuyadl foayingat Iﬂasmaopm?@gmg éh@rn@ertenelosure'

pressure | natsu tlelleas%g%o o(%(:slelﬁ’pc’o gg e})nprgtre v&% Sél'lprlas’rna
processing chamber enclosure;
a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;
at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma;
a gas inlet for providing gas into the plasma processing chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet, comprising:
a polymer deposition gas source; and
an etch layer etch gas source; and
a controller controllably connected to the gas source and the at least one
electrode, comprising:

at least one processor; and
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at | east one electrode for providing power to the
pl asma processi ng chanber encl osure for sustaining a

WEk@sHnss3orn gas inlet for providing gas into theCplUszng050524
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processi ng chanber encl osure; and a gas outlet for

exhausti ng as from {13332 \%ﬁ oceSS| ng chanber
encl osure; O@B‘éte’é% lfai‘iﬂ "B8tnection with the

gas inlet, conprighprer éa@éﬂlé/&ﬁfe fIeRAshs B sﬂﬂﬁkage of the
sour ce; and an etch layer etch gas source; and
c eialbwa]llsl ard tholihe eddsalbithe ghomreditéhet entirsimgas lesaemrrea:ycle

the a Ieast one el ectrode, conprising: at |east
oW eIFIHEACSYTIe caMBEitput er readabl e media, conprising:

conput er readabl e codg?llglﬁ{ltelrl% W go(fﬁggr to?\?g&tp%ltlongas

the sidewall s and the e en

| tnformeopgiyai avgr die lineawherememcayIMuet ofprdyreemat éaclime ends is
cycle conprises: conputer readable code for providing
ag@éﬁéghaplaaﬁ%t el ypeh o BerigaErllvver the Iine,

wherein an anmount of @91&1?5 e@(tlabﬁ@@ode fﬁlgetglﬂgé tHeSétch layer,

greater than an anount yner on

copieires lineatbdioaeniag eLES))"ls @b @ﬂmm thahheaed ch | ayer

wherein a Iine end shortening (SLES is no nore than 1;
and conput er readabl e eBECr GRIFEHERACE R Ving the photoresist

p%tslg.r esi st mask.
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