ETCH FEATURES W TH REDUCED LI NE EDGE ROUGHNESS BACKGROUND OF THE | NVENTI ON
[ 0001] The present invention relates to the formati on of sem conductor
devices. [0002] During sem conductor wafer processing, features of the
sem conductor device 5 are defined in the wafer using well-known
patterning and etching processes. In these processes, a photoresist (PR)
material is deposited on the wafer and then is exposed to light filtered
by a reticle. The reticle is generally a glass plate that is patterned with
exenpl ary feature geonetries that block |ight froml{)ro agating through the
reticle.- [O000HTGEFFATIRES YWIEHREIMHCED LINERDGE RY %ﬂ%% contacts the
surface of the 10 photoresist material. The Iight changes the chem cal
conmposi tion of the phot orBACKER i a devel oper can renpbve a
portion of the photoresist material. In the case of positive photoresist
mat er i al s[000He eXpowestntioyémios rdates to dioperption glisanricandecterglssices negati ve
phot oresi st materials, the unexposed regions are renoved. Thereafter, the
waf er i s[0802JhedDiong snosedidier watcharoopssmy, featuessiof fhefsemivpndvstondeass t hat are
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shape, di JRABIRNfeadfe SRS AR bla-@@l?lt gb6 hripaguime dhBhl hE REbIS!

transformati ons 20 may be classified in groups such as |ine edge

rougheni ngﬂﬂﬁurfﬁﬁt@r SRUSDERLIRE theaBikld, Qi ch BEcis L subfbfiforesige roughness
(LER) refers to the ‘edges of patterned |ines becomn nore irregular as

t he pHl t ephwtdresist pamtesiab r Fhedight dangss heohemical composifien efribrephojareiistf i I m  SUMVARY
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| ayer Wi t énse efipgige bhotaregisigeatertuly Herekpaped sxgiops avircheded Anpirothecasioft | ayer

is formed over the |layer, The photoresist |layer is.patter tg. form
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t hi cknessig et @88 tolrBadvcilOuiBrlyis g horRILF G Be ddae fitt stewaldngegfrotbdted iphot or esi st
features by performng for a plurality of cycles. Each_cycle conprises

deposi i néicahetazpaist medteang W@ﬁ’@ﬁ’ﬁ thg é%ﬁgpd eatures in the wafer.

[0004] One problem in such processes is that microscopic photoresist structures with

small widths are likely to change shape during processing. This deformation may be
transferred into the film being etched, yielding etch structures, which deviate from the
intended shape, dimension, or roughness. These etch-induced photoresist transformations
20  may be classified in groups such as line edge roughening, surface roughening, and line
wiggling. Line edge roughness (LER) refers to the edges of patterned lines becoming

more irregular as the pattern is transferred from photoresist to the underlying film.

SUMMARY OF THE INVENTION

[0005] To achieve the foregoing and in accordance with the purpose of the present
25  invention a method for forming a feature in a layer with reduced line edge ronghening is
provided. A photoresist layer is formed over the layer. The photoresist layer is patterned
to form photoresist features with photoresist sidewalls. A sidewall layer with a thickness
tess than 100 nm is formed over the sidewalls of the photoresist features by performing

for a plurality of cycles. Each cycle comprises depositing a layer on the photoresist layer
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1 wherein the deposited | ayer has a thickness between a nonol ayer to 20
urn. Features are etched into the layer through the photoresist features.
The photoresist |layer and sidewall |ayer are stripped. [0006] In another
mani festation of the invention a nethod for formng a feature in an 5 etch
| ayer with reduced |ine edge roughening is provided. A patterned

phot oresi st layer is forned over the etch |ayer to form photoresi st
features with photoresist sidewalls. A sidewall layer with a thickness
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an enbodi nent of the invention. .25 [001Q] FILG s, 2A-D are schematic
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deposi ti n% a layer over sidewalls of photoresist features to reduce CD.
otoresist layer, the etching back, the etching features, and stripping are done in situ in a

P
15  single plasma chamber.

[000’7] These and other features of the present invention will be described in more

detail below in the detailed description of the inveniion and in conjunction with the

following figures.
BRIEF DESCRIPTION OF THE DRAWINGS
20  [0008] The present invention is illustrated by way of example, and not by way of

limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:

[0009] FIG. 1 is a high level flow chart of a process that may be used in an

embodiment of the invention.

25 [0010] FIG's. 2A-D are schematic cross-sectional views of a stack processed

according to an embodiment of the invention.

[0011} FIG. 3 1s amore detailed flow chart of the step of depositing a layer over

sidewalls of photoresist features to reduce CD.

[0012] FIG. 4 is a schematic view of a plasma processing chamber that may be used

30  inpracticing the invention.




[0012] FIG 4 is a schematic view of a plasma processing chanber that may
be used 30 in practicing the invention. 2 [0013] FIG's 5A-Billustrate a
conput er system which is suitable for inplementing a controller used in
enbodi ments of the present invention. [0014]- FIG'S 6A-B are schematic
cross-sectional views of a stack processed according to an enbodi nent of
the invention. 5 DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0015]

The present invention will now be described in detail with reference to a
few prefl8013dd efbdelsrdhillysirater eantpuies systamy sthichtiepitablefordmplensaingy i ng

dr awi nGS. ooh Pl Baca L NG AL bRILPIniTer ous speci fic detalls are set
forth in order to provide a orough understandi ng of the present

i nventio [t W b arent. ..h Vel .Qne il in the art, that
t he pr esgﬂ?14ﬁ'nvel£rlltkil' Soﬁ’*%%’ B%lelﬁlla%%%s\%eg&\i/ﬁn %]ﬁ%% 0sf (j)a(r%‘éa%%bllogfs?edof t hese

speci fi ¢ Reirdink o arl enidheent NSk arved®n. wel | known process steps and/ or
structures have not been described in detail in order to not unnecessarily
obscure the pr gEMILEVERSCRIPTION OFIEIE PRABERRBD BMBODEBVIENGSi s bel i eved to
be caused by non-uniform deposition, ion sputtering by ions comng at a

st eep angb@1s) el athiaBedest ihhi@itibh Bdbnow Bedesaibetrbidiiil witlofefdrbiee &ba falaot or esi st

or mask, stress msmatch between the photoresist, sk an tch by products
(pol yner Syefempephndimenbsthereoys 11,1,1§g“p<tetéwetﬁ? BSPIRPYINE CHPENS" UK t hough | i ne
edge ro i égﬁf,ltl]'- e I T iof hQEMEs tobhRi®ame factors can
al so cau?gﬁ%hgtq?ng ocin’ﬁﬁv{nﬁ%ﬂaﬁfﬁség‘%%ﬁgageﬁ%?%?%sn?gt ortpmask. Rat her than
just a rdboegh wglesfanding opthe rasent inyentionwligegllibg gprsrent. AiosEYHigiov8ters to a

change, i n,the.shap f..the |lipe as Vi Y] ength
scal eleosi rﬁk}lgg Il%pe ttﬁ%t tf\}\f Eﬁeﬁeng]fw%%gx hﬁﬁgg p{iﬁ*g‘!gé}i?‘ﬁ‘g}‘@ﬁ%%?%gﬁ tges% efers to

t he . nmodi Q(p'b@fﬂé ﬂﬁﬁilsofln BhEr invvaldes) eveﬁﬂcnomté poesss stepd apkd/or eisugiresfhagenethe
roughening of the photoresist. Line edge roughenin y _be. seen for dense
contact d¥CRyesrsEbddp Ee@? Eh?rder\%g‘l?_témfmf‘?gssgﬂ]é’é’gfcﬁbeetg? plf%ﬁegP %’ﬁ%lf%g?'esi st may | ead
to formation of very thin structures at. the op of the photoresist.

Despi te ddP}@r enking signipughopng sdelicved fabe ‘?H%Fdﬁ?ﬁgﬁg"uﬁ’i%ﬂl %B?Sﬁ%l’ &% f er ent

| i thogr ap%ﬁtt&ﬁ@b@%&%ﬁ%g i, GGk AE N8R Reemhase e iebilteehel t ravi ol et

DUV photoresist, 193 urn photoresist, and even harder masbks such as
anor pHousphotrgsish or mask, stress mismatch between the photoresist, mask and eteh by products

(polymers), and photoresist or mask chemical modifications. Although line edge
roughening manifests itself in different forms, the same factors can also cause twisting or
wiggling of the photoresist or mask. Rather than just a roughening of the photoresist,
wiggling or twisting refers to a change in the shape of the line as viewed from above, with

20  alength scale similarly to the width of the line. Wiggling specifically refers to the
modification of narrow line structures, which result from the roughening of the
photoresist. Line edge roughening may be seen for dense contact or dense cell etch,
where the faceting of the photoresist may lead to formation of very thin structures at the
top of the photoresist. Despite different formulations of resist and masks used for

25  different lithography technologies, wiggling has been observed for deep ultraviolet DUV

photoresist, 193 nm photoresist, and even harder masks such as amorphous carbon.

[0017]  The detailed mechanism, which causes wiggling, is not well-understood, but
can be attributed to factors previously mentioned. However, it has been shown that
excessive polymer deposition on top of the photoresist lines can induce wiggling. This is
30 believed to be caused by stress in the deposited film, which tends to pull the photoresist
out of shape. The problem may be aggravated by the tendency of photoresist, especially




[0017] The detail ed mechani sm which causes wi ggling, is not

wel | -understood, but can be attributed to factors previously nentioned.
However, it has been shown that excessive polynmer deposition on top of the
photoresi st lines can induce wiggling. This is 30 believed to be caused by
stress in the deposited film which tends to pull the photoresist out of
shape. The probl em may be aggravated by the tendency of photoresist,
especially 3 193 nmvarieties, to soften during etch processing. Thi s
mechani sni%aes vm;amesskq:mcdﬁem daing etéhrocendess Tdhs W%@I‘lﬁ!ﬁéoesln@t gahEn glhses, a

process is clear the hotore I t the

phot or esi g1ts %/\%&5# 88? Fﬂﬁg%gm elsféé?aﬂ?' %ﬁh%g%rf%%}o GP%}ftt |¥1§n of the
pEot oresi &dp oﬁgﬂg[}ggﬂtté:tﬂibtcﬁf}cumtﬁti@ytvhggletwﬁgglmglmgbb selavat 1o ns:dvﬁi:a’eorfwﬁr %9? m"lI
potoreS|st 18] To .facilitate un st andi a _hig eve
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invention. A patterned photoresist_nask is rov deq@& %eg 04})}? FIG 2Ais
a schehmat [W@18) osgowtt?téﬁﬁ‘llerw@wgom}alIl%&/]él tﬁsp“é? 842 PEGES RRe

substr at em%%el uddh ﬁrhaﬂaenﬁjﬁﬁhﬁén@@fiﬂ@ RRLRIES IAShatieMSK pRolereddt inhsRisl eat ure 214

over a ARL over the etch layer 208 formng a stack 200. The
phot or esi piovided kstepd§4n FIQ. Bhistarchanaic crasarserienat viopi eallaser iweisstabpd ( CD)
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feature. a typical CDfor the
phot or esi ngypﬁeﬂﬁeeﬁﬁ%ymo&fsmgg £ enckel0i dhalbhgomesigssask hasto provi de t he

patterned photaqresist nas e rrred over
the | &yerP ongast f @F‘Eﬁ%ﬂc%}‘?? CB%EQ b‘?@g}a§¥ %XGS?garIp%f{tfethed to form
phot or esi §{ GRS éﬂie@l%s gdogs*bléﬁeaﬁ:b@tm&ﬁmﬁEorsmlamihlomes[seaﬂg@icams iflewal | -1 ayer
is formed over the si | s of the photoresist feat resﬁ]ﬁgfep 108). FIG

2B is a sdﬁ@hanoreélstm@slsﬂ@@c%SpélﬁaPS% ERAVEFLOPHPTRsEseE - HRRFOMHB ST esi st mask
212 with §Ae‘3‘i‘> blest:B% Sk 3@%’[&9% ﬁ?%eﬂiﬁ%rbéﬂﬂ@t BiAQMAL! e OeitbBef eat ure

214. The B ayer piefe ornms substantially vertical and

conf or nal e&h@ﬂemﬁdeﬂl the photossianipy e lsqiattam,@@ws‘mmP@ﬁ@fﬁwtlf‘iﬂf@éﬂt’iﬂ% al sidewall is
a S|di¥va t hat, rcg ]?ottomto top makes an angle of between 88 to 90 with
the b oml‘?}‘f’reflﬁéi 1 Conf ornal si dewal | s have a deposition |ayer

that has SRR 2T Sl RGeSl 40P B prbORsb ekl gt om of the

feature. lcor‘?‘f orma 0 d-1 oafing
formationg O?Y)h IFEd 2B is a schematic cross-sectional view of the patterned photm esist mask 212

with a sidewall layer 220 formed over the sidewalls of the feature 214. The sidewall layer
preferably forms substantially vertical and conformal sidewalls. An exampleofa

20  substantially vertical sidewall is a sidewall that from bottom to top makes an angle of
between 88° to 90° with the bottom of the feature. Conformal sidewalls have a deposition
layer that has substantially the same thickness from the top to the bottom of the feature.
Non-conformal sidewalls may form a faceting or a bread-loafing formation, which
provide non-substantially vertical sidewalls. Tapered sidewalls (from the faceting

25  formation) or bread-loafing sidewalls may increase the deposited layer CD and provide a
poor etching mask.
[0020] A break through etch may be used to etch through any remaining deposited
layer immediately above the eich layer any other intermediate layer above the etch layer
(step 112).

30 [0021] Features are then etched into the layer to be etched 208 through the formed
sidewall layer 220 (step 116). FIG. 2C shows a feature 232 etched into the layer to be
etched 208.



provi de non-substantially vertical sidewalls. Tapered sidewalls (fromthe
faceting 25 formation) or bread-loafing sidewalls nay increase the
deposited |l ayer CD and provide a poor etching nask. [0020] A break through
etch may be used to etch through any remaining deposited |ayer imrediately
above the etch layer any other internedi ate | ayer above the etch | ayer
(step 112). 30 [0021] Features are then etched into the layer to be etched
208 through the forned sidewall |ayer 220 (step 116). FIG 2C shows a
feature 280223t chB fhotagesishend sevralllayebmay bew besripwg (stgp {2%2’@1}18 ey

phot oresr St and L is may
be done as da eas? Hég%\l?keé)mlotr%;étss ag%%%%ﬁ{mpa Steéérgﬂe ﬁ%ﬂé‘ﬁa par ate c‘fqur:osi ted

| ayer renam\ﬂ@horsfee;pt stﬁ;ﬁtde;phm}ﬁngaﬁmﬁe tsedfopﬂmtsempm,ggalmqag iy, Beshosed for the
strippin roces 2D shqws t stack 2 er the deposited | ayer
and phot %Pg 202’&‘? '1%9‘3’05‘@ aﬁéﬁ’ﬁ&@ﬁ“?” tg‘tqlagﬁ FOFBPREE on st eps maybe
per f Orsrretiq&ﬁﬂi&iat foiddtionRsRps 8% BPh&HorRed @RHACH). 24P exmiple, bitEMadie4f Bpred in the
feature. To provide a dual damascene structure a trench may be etched

bef ore t HBerksipERed ingherfgathasd To RERYiGS agival damasrcas sisturg “ff?é"hp‘@?)f B med after
the Contét‘&lte? b?‘%%ﬂpgg&mc g(}g@%&dﬂ% 1t1§n:11%rc§:es‘§95r rﬁayq%ﬁkﬂoﬁlq&dfajf@f’\th@har t of an

enbodi nent o ormn | ayer over ‘sidewalls of the

phot or esi ®ntaftgatfamed. (step 108). This step is a cyclical step that is
repeated at |least twice. A confornmal |ayer is deposited over the

phot or esi [8623]| ayEIG. (st emoR0k)ailed lew clomf dfraneinbbdipent afshe femngached back to

rem)v a eposition tom of .t he phot f eat ur s to form
[ he. oSt v st Bk e RS reiss RUBHREF T ub R dhilRe’ °a
subst r at estepQfat iMebbatdd e 1dadtit@icet @ dafoahahedr RA8posaed AREHeaY6tresigl 0, and a
patterned photoresist mask 212 is placed in an etch chanber. [0025] FIG 4
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Formi ng tie s ANAIHo 1 AYE FenruBds G4 kG thARELwIMThRRI (B8 309)€ Pl asma processi ng
chanber 4000 conpr geé conetar nenent r|1ngs 40 Z,ﬁan(&g%pe%) el ectrode 404, a

lower el ectrogg 408 a gas

15 [0024] In one example, a substrate 204, with the layer to be etched 208, an ARC layer

210, and a patterned photoresist mask 212 is placed in an etch chamber.

[0025] FIG. 4 is a schematic view of an processing chamber 400 that may be used for
forming the sidewall layer, etching, and stripping. The plasma processing chamber 400
comprises confinement rings 402, an upper electrode 404, a lower electrode 408, a gas

20  source 410, and an exhaust pump 420, The gas source 410 comprises a deposition gas
source 412 and an etch back gas source 416. The gas source 410 may comprise additional
gas soutces, such as an etching gas source 418. Within plasma processing chamber 400,
the substrate 204 is positioned upon the lower electrode 408. The lower electrode 408
incorporates a suitable substrate chucking mechanism (e.g., electrostatic, mechanical

25  clamping, or the like) for holding the substrate 204. The reactor top 428 incorporates the
upper electrode 404 disposed immediately opposite the lower electrode 408. The upper
electrode 404, lower electrode 408, and confinement rings 402 define the confined plasma
volume, Gas is supplied to the confined plasma volume by the gas source 410 and is
exhausted from the confined plasma volume through the confinement rings 402 and an

30  exhaust port by the exhaust pump 420. A first RF source 444 is electrically connected to
the upper electrode 404, A second RF source 448 is electrically connected to the lower

electrode 408. Chamber walls 452 surround the confinement rings 402, the upper




20 source 410, and an exhaust punp 420. The gas source 410 conprises a
deposition gas source 412 and an etch back gas source 416. The gas source
410 may conprise additional gas sources, such as an etching gas source
418. Wthin plasma processi ng chanber 400, the substrate 204 is positioned
upon the | ower electrode 408. The | ower electrode 408 incorporates a

sui tabl e substrate chucki ng nechanism (e.qg., electrostatic, nechanical 25
cl anping, or the like) for holding the substrate 204. The reactor top 428
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to the copiffsad cphBissEony of eoiBedivic RF@ogastosissletrodd fe aodibles Inherastst ed from
the confingd plasnma vol ume through the confinenent rings 402.a n 30
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| ouer el eelboggs 408 Balhaldidahldalio Bl 150U Ry koo biifer SEGRIM;s RF sour ce
a po a powe

448 may conpri se Wer source an source. Different
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case of Lam earch Corpor agtiaop' | Fre nc acitiyve C) System
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used it aclhRl BRLLAdicRpHEe tiyee Richaf silibd dxiienbigano sibaithglhgte 27 MHz and 2 MHz
power sources nmake up the second RF power source 448 connected to the

| ower ele goe, ranek $ Nand PR alus@dte & béBflReri sGsierfl 1900 itth ifsutiabit f@l | er 435 is
controllably connected to the RF sources 444, 448, exhaust &ugB 420, and
e

the gas sbuplementinga cppzoliores Sayped Brampodeeniset thearesapidmentien | & to be 10
et ched 20§ i ' o , A5 syitdnl, GOk dge imMKgano silicate
glass. [O gﬁ%@ﬁgbﬁ%%?@}\ﬁﬁ‘ﬁ%]f@fé‘eﬁﬁ%ﬁ éltesyg conput er. sy?stemnﬁBQO, ~which is
sui t abl e fwtem inaphewenhy physicakbrns vhiisg frd®%n infegatch clegodprnied Groft t he

present ipnventiogn. Fl shows .on 0SSl S} f e
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smal [ han ??le()l, gnc? e? thgs?a 1l3| ?2.t [C))is}%l 1?1%!1%5 a %g ggl‘tergrgerﬂglglte%gédiu%o%g 1;[(? ﬂ'anss}le% tda%c[tn 1300

to and from computer system 1300.

[6027]  FIG. 5B is an example of a block diagram for computer systermn 1300.

20  Attached to system bus 1320 is a wide variety of subsystems. Processor(s) 1322 (also
referred to as central processing units, or CPUs}) are coupled fo storage devices, including
memory 1324. Memory 1324 includes random access memory (RAM) and read-only
memory (ROM). Asis well known in the art, ROM acts to transfer data and instructions
uni-directionally to the CPU and RAM is used typically to transfer data and instructions in

25  abi-directional manner. Both of these types of memories may include any suitable of the
computer-readable media described below. A fixed disk 1326 is also coupled bi-
directionally to CPU 1322; it provides additional data storage capacity and may also
include any of the computer-readable media described below. Fixed disk 1326 may be
used to store programs, data, and the like and is typically a secondary storage medium

30  (such as a hard disk) that is slower than primary storage. It will be appreciated that the

information retained within fixed disk 1326 may, in appropriate cases, be incorporated in



i ncludes a nonitor 1302, a display 1304, a housing 1306, a disk drive 1308,
a keyboard 1310, and a nouse 1312. Disk 1314 is a conputer-readabl e nmedi um
used to transfer data to and from conmputer system 1300. [0027] FIG 513 is
an exanpl e of a block diagramfor conputer system 1300. 20 Attached to
system bus 1320 is a wide variety of subsystenms. Processor(s) 1322 (al so
referred to as central processing units, or CPUs) are coupled to storage
devices, including nmenory 1324. Menory 1324 includes random access menory

( RAM) andstmﬁa@—féﬁhhqp asrvirtusy yneRONy memeTy B 2¢e Remiyablondislnl 31A enagitake ROM acts to
Lranster gk Beantb sl eiold ol RLEBRLARAN Y Lo Lhe CPU and RAM |

used typicC Irnstructions in 25 a bi-directional

e 485, RS A8 ST Wl A 0,
bi - y dir ecll‘,aoaﬂadybgalrd 33@11&0&&]:2121% Jdihd meakerdm%dﬂgétﬂeﬁmah émvgutﬁmtm}magﬁ (t:)aloam ty
and may al so, include any. of the conput eadabl e nedi a scri.pe el ow.
Fi xed Ui SR R&VgRe di CPiPéaé(& tragk Eﬂﬁr‘@lcﬁ’ %‘Fg IPEARRones QUERSERiiYGE and i s

typi cal | ygig 88Cend@icd: ShOra88s, ﬁ&?aghéﬁmo?@aﬁeﬂag@m@&r@ taﬁﬁétéj s§iusde) vdibat i s
sl ower than prinmary storage. I't appreci ated t hat the information
myadermoa@g@

ret ai ned euihehdwritnsceepadizsi. @312611 COPPHETE. @%Tééézz wiopHBor por at ed

in 6 st ﬂgﬁg@abledlsk
1314 nayalggﬁﬁed(f&gl%ﬁ:‘té)&o‘?%{&%ﬁ&fmEﬁ ﬂ&ﬁu {&?@%{égﬁhﬁ%glgne Ia descri bed
bel ow. [Oﬁ%ﬂacm@l()lm& dush ahstwodonptfe@b ttms (&)ntﬁmpﬂﬁettd}khﬂfthﬂ (E\WUJIIMt put

devi ces, such a S 1304 e 13 0 31 nd eakers
1330. ﬁf n ﬁ%‘?’l‘éerl& WPI} ﬁ%ﬁttl}e P’Y)cﬁ% % gutpg ?n%tmne‘ﬂ%h Oak etggdl spl ays,
track bal &o%rser@fg@fodfmghﬁaame dmcﬁb@nhan@ssteﬁsomﬂmemm; inbied d| spl ays,
transducer card readers, magnetjc or paper t rgg% 3 tabl ets, styluses,
voi ce  or erpbadimenis oiae preveabvention ! maBl%??B‘FrSP]@ ey 324, PT BEREICWE Ut er s.

CPU 1322 opti, ﬁglazl&lysucﬂgaythp Et& AR Bl RiANRHRE [’en@(QéT@PUQEat Qhares a
t el ecommuni catl ons network using ne%wor interface 1340. Wth such a

network i parBef efghs pioteskigg.cont enpl ated that the CPU might 10 receive
information fromthe network, or mght output information to the network in
the tour Be29f pbra‘ddﬁiannhddi;nmféh@E@@nﬁ ibeatipe funber shatede corpiiether nor e,

Tgtz 2 Ogr ﬁgél)ro g%l(%g@%c Wlth 8 C()mlpl{teel§l‘g Ile rﬁ'}éﬁﬂﬁl{ i IRy co?ﬁ&ﬁﬁé}!tcgdest%r@é)ry folPON CPU

performing various computer-implemented operations. The media and computer code
may be those specially designed and constructed for the purposes of the present invention,
or they may be of the kind well known and available to those having skill in the computer
20  software arts. Examples of computer-readable media include, but are not limited to:
magnetic media such as hard disks, floppy disks, and magnetic tape; optical media such as
CD-ROMs and holographic devices; magneto-optical media such as floptical disks; and
hardware devices that are specially configured to store and execute program code, such as
application-specific integrated circuits (ASICs), programmable logic devices (PLDs) and
25 ROM and RAM devices. Examples of computer code include machine code, such as
produced by a compiler, and files containing higher level code that are executed by a
computer using an interpreter, Computer readable media may also be computer code
transmitted by a computer data signal embodied in a carrier wave and representing a

sequence of instructions that are executable by a processor.

30 [0030] In the etch chamber, a sidewall layer is formed over the sidewalls of the
photoresist features (step 108). An example recipe for the deposition of the conformal

layer (step 304), the deposition gas source 412 provides a flow of 150 scem CHsF, 75




over a network such as the Internet in conjunction with a renote CPU t hat
shares a portion of the processing. 15 [0029] In addition, enbodi nents of
the present invention further relate to conputer storage products with a
conput er -r eadabl e medi um t hat have conputer code thereon for performng
vari ous conputer-inplenmented operations. The nmedia and conputer code nmay
be those specially designed and constructed for the purposes of the present
invention, or they may be of the kind well known and avail able to those
havi ng skidcin Napartdhi®0sommp it eThmessofetivwgt t @rmpkorr. ERhafyperateys maintained
conput er - r.eadabl e nmedi,a i nel ude g0l At Qs i,c media
such as h#A G%P%%gr,e 0? P@}p%yﬁé‘? Sfﬁ%@%%\%%‘%éﬂghoy dtgé a%)e; ogst ?tg Eﬁ qﬁ'rrbg] a such as
CD- ROVE  apith 7halia and @i £ts d €eesmsy of it 0- opti cal nedi a such as flopti cal

di sks; and hardware devices that are specially configured to store and
execut e ppagriam EeA i dedhedstic apgdecinilonevs pErsubsicaté tNdagdert acktahi r cui t s

(ASI Cs), programmabl e | ogi c devi ces (PLDs nd 25 ROM and M devi ces.
Exanpl%:s @Ver%@?rﬂ{?f@ran&%glqyﬁcqlﬁd‘@ldﬁ%ﬁ’ﬁﬁﬁ@%%glb‘g?re§ﬁ(!ﬁ’eégﬁ’ B’%&ﬂced by a
conpi | er, sanediich@dmzA Myl sondn Hiohenpl-ame borFaidRl lhatczarevexmeut ed by a

conputer using an interpreter. Conputer readable nedia may gl so be conputer
code tr asidewalls el lop ofitheohpiarasist ldvar 415 pgithe ABRSYAiakthe patiem e5he| er wave and
representj .+ SEAU j | ons 125%5h4haRk e DY a

pr ocessorPngﬁngﬁg:ﬂc gﬁg‘t %ot‘%@%ﬂb@ﬁ%ﬂ%{éftﬁégﬁg eaaaal ﬁlaéﬁer i?s formed over

t he si dewadpositadfontiteAR phothe besdrs bf the ghatoresist(feateps. I8krablnthedapnsited r eci pe

for the depqsition of the confornal aver. {s 30 jtion gas
sour c&Y 41?°IO"‘%‘|’1'5'§‘1l @%@ 15DV RRA BJPOnPEH© "S&bn“@%’ﬁf" W%prsefaedrw Ngq% dgﬁ%ﬁ%o seem Ar.
The presspdBorl BEr if Set@nihsolaybd Fubsthicki @/1dss prefirablygitreaidposittd a
tenperature of 20 C. The second RF source_ 448 provides 400 Watts at a

f r equencycongprnpylaymuis batreqn amencdayvsr FSHeF of 2 MHz. [0031] FIG 6Ais a
schematic cross-sectional view of a substrate 604 under an et 5 | ayer

h
608, undef003Al ARErdfagHy, teadrpotifegsthe SOIﬁWélaﬁ@d’oﬁlﬁﬁfeé%@?%fmq 812, " under
a_ depost i og LRI BleriAY FpoP ahositibn, [ isforiBE AU Rion MR ABHAILTAl akiay o1 620
Sl s an topp of the p

covers the ev&a . otoreéesi'st |ayer 612 and the ARC 610
at t hes boplaana afhatded chehiotlorpwidepositvat ifesspisfeaably, theglenesitingthodi nent s, t he

conf or nal cén%gr?r{al g'yg.@%mggges Bleast one of chemical vapor deposition. sputtering

deposition, plasma deposition, and enhanced chemical vapor deposition. Preferably, the
substrate temperature is maintained between -80° C and 120° C. Generally, 120° C is the
glass transition temperature of photoresist. It is preferred to keep the substrate

20  temperature below that glass transition temperature of the photoresist. More preferably,
the substrate temperature is maintained between -10° C and 50° C. Most preferably, the
substrate temperature is maintained at 20° C. Preferably, the bias potential is less than
120 volts. More preferably, the bias potential is less that 100 volts. Most preferably, the

bias potential is between 20 and 80 volts.

25 [0033] Preferably, the deposited layer comprises at least one of polymer, TEOS, $i0,,
SisNy, SiC, Si, AlLOs, AIN, Cu, HfO,, Mo, Ta, TaN, Ta0O;, Ti, TiN, TiO,, TiSiN, and W.

A polymer is a hydrocarbon based material, such as a fluorchydrocarbon material,

[0034] During the etch back (step 308), a halogen (i.e. fluorine, bromine, chlorine)
containing gas, such as 100 sccm CFy, is provided. In this example, CF, is the only gas

30  provided during the etch back. A pressure of 20 mTorr is provided to the chamber. The
second RF source 448 provides 600 Watts at a frequency of 27 MHz and 0 Watts a
frequency of 2 MHz.




deposited on the ARC at the bottom of the photoresist features. Preferably,
the deposited 10 confornal |ayer is between a nonolayer to 20 nmt hick.
More preferably, the deposited conformal |ayer is between a nonol ayer and
7 nmthick. Most preferably, the deposited conformal |ayer is between a
nmonol ayer and 2 nmthick. [0032] Preferably, the depositing the confornal

| ayer conprises at |east one of atomc |ayer deposition, chem cal vapor
deposition, sputtering deposition, plasma deposition, and 15 plasma

enhanced WB3§i caFlG:HBdr 2 sehemstia srovs-seafivnal ieve pes absiyate ¢amderpasiohi ng t he

conf or nmal i ] ition.
sputteri nlal’&ﬁg%’ougjlﬁg?%lrﬂﬁ%}a%rniﬁi% Sg%ﬁg{riﬁeg gﬁ(g&gﬁ té%%ggbc[ﬁgﬂl@%al vapor
deposi t i otenfd?mel leyalhhybeeh biehedshabk ta fatre sitlewydbrods fom thedepasited zbmiednddet ween
-80 C and, 120_C, . Gener al 2Q0.Cis.th | ass .transiti.gn tenperature of
phot or es id@"’fr' i t}‘fssexﬁ?’ggeth’ggﬂgstogﬂ}?ecgﬂfopﬂg1 Bgcfvleﬂ?get%‘igyptoéﬁ{?é)&lg{gge 1}Stabel ow
that o asgydrisapand fheAHREHE Ridhereie ghbor@hotanesicst is iMacedpieafisg abl y, the
substrate tenperature i s maintained between -10 C and 50 C. Most

pr ef er abl 9Aly ¢ Feer anfhe sidawals oé hsehatpissiat feauns taosien eaPAtimsns.&ie woricier abl v,
the bias pot&Ghindh Ieh/gg[ Av‘%%%xe{t/%lar{?sthe]ﬁagto\‘t%ﬁ ﬁlayPéPJaﬁa,%ﬁfﬁt:J fh¥ ayb @ DI as

potential 1s less t Most preferably, t ias potential is
bet ween 2(s hottbr80f the iphatoreist 0083pvePthsf ARG I rymovaddydlegiedi hagd | ayer

conprises..at | east one o ol yner., T i (P, i | i, Al1203, AILN,
G e 02, HipkoveS 3T Syl e Biclf R bdponplnnlt 1y gbiihe g STep¥ o) (12
hydr op@r Epm)tckiasﬁﬂﬁb ﬁfio(eed. dh sucm? Rdsdimefid, thercoifpthi tyetromaimigewemhe [ 0034]
During the etc ac step 308), hal o i.e. fluorine, bronm ne,

chl ori ne) toPO5HE ﬂﬁOH‘ﬁlsblaﬁe?'%g “ﬁaiéﬁefgﬁg?ﬁﬁéﬁﬁlf- is provided. In this
exanple, CF4 is the only gas 30 provi.ded duri t he ch back.. A pressure
of 20 mrol3¢ls plolisseapls *ﬁ@’cl"’rf%ml.‘g %ﬁ@ﬁgﬁggﬁﬁeﬁ@% SUPREEARS pr ovi des

600 VWt t Sq@fs o dbp RS MYeoRforRine Mier @RE 304\l bkhig biaaeesBey iof 2 Miz. 8
[0035] FIG™ 6B i's a schematic Cross-sectional view of a substrate 604 under
an etch pafpemedodng dneer? arleaRYorereferablypthe deradns the gdewad¥ied phot or esi st

| ayer 612 _after f : Rarkfioisf or m si dewal | s
624 flrjgm P%eog‘rgg%%%?’ %ndc)o%lg%@g?ﬁ% %ﬁ%ﬁ@&@% t ?gﬁlggglﬁp?%, at"ﬁg parts of the
conf or mal pdriy@ed baween hapdtlideytlep Téfetahle tixhonglesi gdewall layers are thin and

etch resistant, such as less than 100 nm thick. More preferably, the completed sidewall
layers are between a monolayer and 50 nm thick. Most preferably, the complete sidewall

layers are between a monolayer and 2 nm thick.

20 [0037)] In other embodiments etch cycle may further include additional deposition

and/or etch back steps.

T0038] An example of a break through eich recipe may be used to remove any
remaining deposited layer on the bottom of the photoresist features. Such a break through

may use a recipe like the recipe used for the etch back.

25  [0039] An example of a layer to be etched is may be a conventional etch layer, such as
SiN, SiC, an oxide or low-k dielectric. A conventional etch recipe may be used to etch

the layer to be etched.

[0040] To strip the photoresist and the sidewall layer (step 120) an oxygen ashing may

be used.

30 [0041] The forming of the sidewall layer over several cycles provides an improved

sidewall layer profile. Providing the sidewall layer through the above method has been



5 layer 612 and the ARC at the bottom of the photoresist features 614 is
renoved, leaving only a |ayer on the sidewalls of the photoresist
features. In other enbodi nents, the part of the conformal |ayer over the
top of the photoresist may remain, so that only the |ayer at the bottom of
t he photoresist features over the ARC is renoved by the etch back.

However, in such an enbodi nent, sone of the conformal |ayer over the top of
the 10 photoresist is renmoved. In such an enbodi nent, the conformal |ayer

remai ni ngfosudio unkepectedly reduce Hee qilige rayelress tInpddidpn. ikgsidsall 48 as an etch
hard mask,_ [: LS. ?ggl , : ] hesslgdewal |'s (step
108) con‘p‘%?é@%%%ﬁ%&dtss?é%gﬁg 8%0%%8!(% ?%‘ééé'(t& E@n@%gn% %ééﬁﬂaggaﬁeayler gt ep 304)
and et chitog ldyacd Hogsbmpay@089n reduce fies édge neghuss.ng at | east 2 cycles. Mre
preferably, the formng the sidewalls is 15 performed between 3 and 50

cycl es. Mas#2ipr efresr pbfeyted tliBodimémiofithe ihventiind healepeition of frerdbpositedl bet ween 3
and 10 cycles. Preferable the conpleted sidewall. |ayers are.thin and etch
r esi stant12Y&LRith bpgky kg tg‘i%lg‘ elt%b Z‘?Aﬁtf}ﬁil%%{tg‘f\}g?g %ng}btﬁlgﬂ’?ﬁlvyalﬁlﬁ%ﬂconpl et ed
si deval | mhP¥edshedt SrPRINERHeJtcHORAhRY 8K sidiéh. 50 nm thick. Mst preferably,
the conplete sidewall [|ayers are between a nonol ayer and 2 run thick. 20

[0037] I nppkdier ehRUhIRRES RS bdeH abRrib@Yin itk ResevbRrhefigeaddi ti onal
deposition and/or etch back steps. [0038] An exanple of a break through

et ch reci gebaditperss theseate plierntinns permamstions.ana veialg sespvdg walralealer on t he
bottom of _}. i f eat. . Su a recipe
i ke the W%%ﬁSghﬁiﬁéﬁﬁgg&ﬁﬁgﬁéyéﬁégggkﬁQg@ﬁ%éggéi&ﬁﬁﬂgggﬁ% ego g | ayer to
be et thedaliesnanay wags o inplwenirsdhaheibodsent aymraruss ofthapresedi Myerio@, Itan oxi de
or lowk dielectric..A conventiaqnal et eci pe. be used.to etch the

| ayer to ‘Séheé"?fe]F‘?é’Elt?n‘feééb?g]rtLe"Fgﬁ"é“fl?g @Wﬁ‘%gﬁif‘gfl% %@%ﬁﬁﬁ ?ﬁlgdlgg 312\/\/al | 1ayer
(step 120duchana¥yERheastalihs By vaidus4eRatutSQuidhls]as Thewiilan Hengieof t he
sidewal | | ayer over several cycles provides an inproved sidewall [|ayer

profile. Mishandiserperchthesreseitdientiofyer t hrough the above nethod has been 9
found to unexpectedly reduce |ine edge roughness. In addition, the sidewall
| ayer

10




provi des inproved selectivity control. It is believed formng a sidewal l

| ayer without a top |ayer or bottom |l ayer can reduce |ine edge roughness.
[0042] In a preferred enbodi ment of the invention, the deposition of the
deposited 5 layer, etch back, break through etch, and etching of the |ayer
t hrough the sidewall |layer nmay be done in situ in the sane etch chanber,
as shown. [0043] Wiile this inventiofRIddMbeen described in terns of
several preferred enbodinents, there are alterations, pernutations, and
vari ous sub®hattisitleineguisval ents, which fall within the scope of this
invention. It should also be noted that there are many 10 alternative ways

of inplenmentingA Hﬁtﬁasatfb%%nﬁ{gda REMAS AU LS vith febfcdarpRedbe loigaatihgn. |t
is therefore intended that the foll ow ng appended clainms be interpreted as

i ncl udi ng apmprigiggh al terati ons, pernutations, and various substitute

equi valents as fall within the true spirit and scope of the present

i nventifn. 10 CLAI fdsmingraphdteresibdayaadvesthe layed net hod for fornming a feature
in alayer with reduced |ine edge roughening, <conprising: 5 formng a

phot oresi st | ayer patinihg)ehe phypesesipddvicetofong phber@inteness sithl ayer to form
phot oresi st features wth hot oresi st sidewalls; formng a sidewall |ayer
with a thickness Iﬁ@gmﬁﬁﬁﬁﬂg li§m over the sidewalls of the phot or esi st
features, conprising 10 performng for a plurality of cycles, wherein each

cycle conprises d@ﬁ@@%&ﬂﬂ@@%ﬂlby%ﬁwﬁhaﬂhéqﬁﬁb@%ﬁ a1 £90 pyewer eer ei n t he
deposited |ayer mﬁﬂﬁqgﬁﬁp (ﬁmQS&: %ﬂﬁg‘ﬂﬁﬂgfﬁ§ r to 20 nm and etching
e

back the dep05|ted ayer nove s of posited | ayer forned

over bortons of the photoresist. f atures 15, | eavi a,si dewal
| ayer, ?thhlng f eat ures |ﬁFH!Fﬂgg hﬁﬂﬁ%ﬁ%ﬂmeﬁ Bﬁ@?&?@gﬁ%? f eat ur es;

and comprises depositing a layer on the photoresist layer wherein the deposited

layer has a thickness between a monolayer to 20 nm; and

etching back the deposited layer to remove parts of the
deposited layer formed over bottoms of the photoresist features, while

15 leaving a sidewall layer,
etching features into the layer through the photoresist features; and
stripping the photoresist layer and sidewall layer.

2. The method, as recited in claim 1, wherein the depositing the layer on the
photoresist layer, comprises performing at least one of atomic layer deposition,
20  chemical vapor deposition, sputtering deposition, plasma deposition, and plasma

enhanced chemical vapor deposition, with a bias potential of less than 120 volts.

3. The method, as recited in any of claims 1-2, further comprising heating the
substrate to a temperature between -80° C to 120° C during the depositing the layer on
the photoresist layer.

25 4 The method, as recited in any of claims 1-3, wherein the depositing the

sidewall layer over the sidewalls is performed for between 3 and 10 cycles.

5. The method, as recited in any of claims 1-4, the depositing the layer on the

photoresist layer comprises depositing a layer of at least one of polymer, TEOS, SiO;,

11




stripping the photoresist |layer and sidewall |ayer. 2. The nethod, as
recited in claiml1, wherein the depositing the | ayer on the photoresist

| ayer, conprises performng at | east one of atom c | ayer deposition, 20
chem cal vapor deposition, sputtering deposition, plasm deposition, and

pl asma enhanced chem cal vapor deposition, with a bias potential of |ess
than 120 vo$iN,, SiG, SiTA&OIpARG Y, &H0s.8db] B Tial¥, a0, 0ffi, TINGITH®,, TFRIN, faud t her
conprising heating the substrate to a tenperature between -80 Cto 120 C
during the Weposi ting the layer on the photoresist layer. 25 4. The

met hod, as recited in any of clains 1-3, wherein the depositing the

si dewal | | afrer oVkgmethedsisdesitsd|is ang ohdpims Ing durther corapyigiag PEieAENg® cycl es.

5o et gt AROUACIEH S AR ha | ARt ubpoi0R1JEPOST g the Tayer on

conpri ses I'ng~a 1ayer at | east one of

Tack T TN TS Ao i o e Tieo KA RS Yerob B el “or

claims 1-5 §ilihiRabtofQIERIdyes Mtk AEHihOHAK) thedredl tBRNgh HndUBNEhiaR fE0ures ch
t hrough any remai ning deposited layer. 5 7. The nethod, as recited in any

of clains larg doghiarséliinn g lsimgliapasna ¢higpbehe | ayer on the photoresist |ayer,
the etching back, the break through, and the etching features are done in
situ in a s$.ngl eTlpd mstimad clsanditrd.in 8ny Fhdaimest W6 dhersn theaidhart backdmyhasf cl ai ns
1-7 wherein the etchi back further renpov rts of the deposited | ayer
over a top §F% ﬁ%paﬁﬁc??g}?ee%p§§ltq%a}%€ir.oviroag?’oiﬁée&ﬁioio&ﬁ%ﬂctag?r‘ devi ce forned by
the nethod of any of clainms 1-8. _ 10. A nethod for formn feature in an
etch | dfer Shith é@ﬂtﬁ@adwthﬁeé&@émwf@ﬁmodﬁﬁﬁyPégﬁggs Pér ng a
patterned photoresist |layer to over the etch layer to form photoresist
features witth phdtesieed for feypdesafeasure 15ar ¢ehdaygr withrefoed lind edegr with a

t hi ckness Ir%ﬁg?etnﬂ%n 3..% Lf.over the sidewalls of the photoresist features,
conpri si ng pe rivn or @ plurality

forming a patterned photoresist layer to over the etch layer to form

photoresist features with photoresist sidewalls;

15 forming a sidewall layer with a thickness less than 100 nm over the
sidewalls of the photoresist features, comprising performing for a plurality

of cycles, wherein each cycle comprises:

depositing a layer on the photoresist layer wherein the deposited

layer has a thickness between a monolayer to 20 nm; and

20 etching back the deposited layer to remove parts of the deposited
layer formed over bottoms of the photoresist features, while

leaving a sidewall layer;
etching features info the etch layer through the photoresist features; and

stripping the photoresist layer and sidewall layer, wherein the depositing
25 the layer on the photoresist layer, the etching back, the etching features,

and stripping are done 1n situ in a single plasma chamber.

11. The method, as recited in claim 10, wherein the depositing the layer on the
photoresist layer, comprises performing at least one of atomic layer deposition,

chemical vapor deposition, sputtering deposition, plasma deposition, and plasma

12




of cycles, wherein each cycle conprises: depositing a | ayer on the

phot oresi st | ayer wherein the deposited |ayer has a thickness between a
nonol ayer to 20 nm and 20 etching back the deposited | ayer to renove parts
of the deposited I|ayer fornmed over bottons of the photoresist features,

while leaving a sidewall |ayer; etching features into the etch |ayer
t hr ough t hesnhhodedrchanihl apat de@sitioandith atbidspitenial dideghtbiot Hevdlts. | ayer and
sidewal | |ayer, wherein the depositing 25 the layer on the photoresist

llayer, the gt chimig Rabkd, dheciel ehhmgof @atdsr@st 1, fiaftkr SbipRfhdeaing tHone in
situin a single plasma chanber. 11. The nethod, as recited in claim 10,

wher ei n t hesubEréa o a saperaur agereen§0t Hdo 130t dring te depgrating s Aprer ees

per form ng . of atom c | ayer deposition, chem cal vapor
deposition}ﬁé85§?%%§ﬁ@§ﬂéposition, pl asma deposition, and plasma 12 |

enhanced chem c vapor . deposi ti.on ith a hi otential of.less than 120
Vol s, 32, e, nEheBHo%aS POt iy Sty B gt e FeoRuing,

conpri si ng d@AaliNGydrReer b BRibwall€istperfarih &R bakwee 3haiweencgd C to 120 C
during the depositing the layer on the photoresist layer. 5 13. The

met hod, as jueci tRd HOnsNY%s Ahcilch & B8y Hdiths 1L SinBrdiedepagiiid g the
sidewal | |ayer over the sidewalls I's performed for between 3 and 10 cycl es.
14. The metlhpe ondise pledoresiel layeranmposesaleppsiting 0 1ay8r ofwtdeast ond dfgpoliepasi t i ng

the |ayer t.oresi st er r.Ses gepositin I of at

| east o%e ﬁ%%)%%@g T Et%sstl’sﬁk‘%@@ﬁg@‘ %ﬁ@ﬂﬁlploa ktfgﬂg? %ill%yﬁé[: Hf 02,
M, Ta,joTaNiolafRiN Tind Wi N, 10 Ti02, TiSIN, and W 15. A sem conductor
device forned by the nethod of any of clainms 10-14. |1 13

15. A semiconductor device formed by the method of any of claims 10-14.

13




