STABI LI ZED PHOTORESI ST STRUCTURE FOR ETCHI NG PROCESS BACKGROUND OF THE
| NVENTI ON 100011The present invention relates to the formation of

sem conduct or devices. [0002] During seni conductor wafer processing,
features of the sem conductor device are defined in the wafer using

phot or oot st - (eeaeibi2eB Gl ES SRR TURn Lo RPTCRIRERRTCRds 1,

light filtered by a ret'C'Bm?&@b%kﬁmmmwmsparem plate that is
patterned with exenplary feature geonetries that block Ii from

propagat i ngobérjougiThe @eeselﬁtmﬁénaon [raﬁ)@sio%eémmmmoﬁgemiw Itchrénqeét icle,
the light contacts the surface of the phot ores;@g |aI kl ght
changes t hd080ini cAuripgrpoiionierionyiehe opersIer ‘f‘g‘?s %ﬁngpog “that a

developer o L eIPY S BaROnL! O]l GaPRRb AR B3k ahital A olcbing hidciss gase of

positive p xposed egions are re ed, and in the

case of neqaldoyRoRlokof fRiSlsAPR)nalaial ihepdexhusad wite amdshwle r enoved.

Thereafter wafer i's etched to renove the underlying teri1 fromthe
areas that eapeseddo lhghgélrterpd by ecttisde. b'&hqméclsw}’d?eeasﬁf%r’@l’?ﬁ&?%ﬁ’ aigthaldfy t her eby

define the desired. featur |n t he wafer ons of
phot or esi stPaHF@e N‘BWPXGT’@ foAttr geHRgHes th[aggl(r%er agﬁ Ho%&%ﬁg@ﬁ%é@ést material s
have been f%gghﬁ%%ﬁ Vg probl ens being soft resulting in |ow etch

) ne

selectivity edge roughness, striation, and line wigglin % Li ne edge
roughness regodje dutet passingithiongh ilwrrsticlo, thhégbirméﬁﬂéssthgﬁlﬂ%%l@ thgich as

chem caIIy et chi away part _of the esi st _nmask. to

non- uni f or i %Fgﬁnad%fb%s P?Hﬁ{‘t %Eﬁ?&eﬁiﬂﬁ cﬁpflé)ros epogﬁ%ll@%m%&’t
dependent lhoP@d Y EBhe BhotokdsRnaaefal.i Ghents, or
resputteri (r?lrgatgfﬁﬁ%ﬁdyﬁﬁg?dé%wﬁ? be |evg§%tpg be rel Z?ed tg stress caused by

deposi ti on tid ca@abepoahv@phdtdstempmmneﬂs; the exprskd regiensume FaRdTedepssnthon on
t he photoresist mask nay cause g \/\4{@8 g d;ﬁﬁ?ess %rrO{ﬂ gg@ that may be
encount er eGagu |W§at@‘Fﬁ@OH?T6%@§§at8’F 8 LEPERCCATE O AT I°0RS on criti cal
di mensi ons T(the)afte SUMNARY. OF 1 e 14 NYENE! fNunderlying material from the areas that

are no longer protected by the photoresist material, and thereby define the desired

features in the wafer.

[0004] Various generations of photoresist are known. 193 nm and higher
generation photoresist materials have been found to have problems being soft
resulting in low etch selectivity, line edge roughness, striation, and line wiggling.
Line edge roughness may be due to modifications to the photoresist mask, such as
chemically etching away part of the photoresist mask or may be due to non-uniform
polymer deposition. Non-uniform polymer deposition may be dependent on gases
used, surface material polymer sticking coefficients, or resputtering. Line wiggling is
believed to be related to stress caused by deposition of material on the photoresist
mask. Non-uniform deposition on the photoresist mask may cause line wiggling
stress. Problems that may be encountered during this process are striation and
limitations on critical dimensions (CD).

SUMMARY OF THE INVENTION

[0005] To achieve the foregoing and in accordance with the purpose of the present

invention 2 method for forming features in an etch layer is provided. A first mask is
formed over the etch layer wherein the first mask defines a plurality of spaces with

widths. The first mask is laterally etched where the etched first mask defines a
1



[ 0005] To achieve the foregoing and in accordance with the purpose of the
present invention a nethod for formng features in an etch layer is
provided. A first nmask is forned over the etch | ayer wherein the first nask
defines a pl urality of spaces with widths. The first mask is laterally

et ched wherg, r f I o th

wi dt hs, whér erltdfr:@ %%g?{#h \§1pt}{§§v2ﬁ%1ggxctg§%§c%tﬁ§ ﬂgﬂhgtsgé]dggﬁgﬁfrest rrgggsegﬁr e
greater thamskhge g%bﬁt’&hﬁla:@ihet\hﬁt}&nﬁdﬁspaﬁeﬁdfehé firss masias k. s1dbvm1]dleyml1‘s | ayer
is formed over the etched first mask wherein the sidewal|l 3 gnereln t he
si dewal | | dymsreddwier ﬁwt@eélﬁgﬁft@llaS»kW@rel% recadevil Uﬁ%‘&i"@ﬁﬁ%mtt% dewall | ess t han
t he wi dt hs ned b et es are

et ched i nt 5ayteﬁéh§f6§ﬁﬂ(i ?ﬁ?&ﬁxﬁhﬁgﬁﬂ}%ﬁ%&% 4 %ﬁjtgrrl V\\/ﬁiedrtﬁe: (?%;de{éf eat ures
have w dt h§ c@?He@ﬂe‘a béfrfﬁé let%ﬁed habmabie F\éa@h%a@fetdh'@@n&@@%@cﬁiﬁybﬂed by the

etched fi rs sk and sidewal | |ayer are renoved. [00061In
anot her mathrbeg:t ﬂablsmawaﬂ layree, whmetimf@a‘tureaha’m Wistihs et srosmialer theatheres in an

etch | ayer vi ded. | ur.a tch t. etch | ayer.
A trench pﬁ’éi%?@ fh§tSP?‘F§§Q 1%%6‘{ ":‘W‘E&mﬁ ﬁfsgét\‘ﬁg#I Tﬁ F“%gl 1@?‘?@ 1%5r the
trench mask.and . opy sidewal Is of the plurality of vi as. Trenches are etched

into the etch Tayer through the sidewall |ayer. [00071ln anot her

nani f est at {(@06pf  tlaenbihee niahidestaionmetfHiocinf enticet ak&aﬁ@)chfo’r éatuing fgapureqin et ch

| ayer is provided. A patterned_phQtoresist na for over etch

| ayer wit h%ﬁ@?é@yéélsﬁ%m‘ﬂéé‘i AU AR FIOBe %@%ﬁeﬁt Y cféfl{éﬁl?hs of the
phot or esi s AbaRARS: ARGl hBYE smd be

striati onsﬁ%c¥t8%%§{@?%Q%ﬁ@é%fﬁa%‘%%p%“a %Irrﬁem st feayt ur ese are re(ajllljced The
reduci ng t fidewilld cltthephranyps viaesTainchaast cohel myaihe stobhleyaitiropgh thecycl e

conprises etchi n? back peaks forned by the striations of the sidewalls of
t he photor@@@‘@ft et ures and depositing on the sidewalls of the photoresi st

featires.” Fpbir 5,30 e el GHHLATLR MR B SR aebab A bES hakagest

features. SI'S 'S renov n anot mani station

of the i nvanéttlohydr Ipkbadedf A ghfinadp lﬁ(ﬁaieufsemaﬂms farmet ever kleyetch tiysposed
bel ow a patterned photoresist nmask wth photoresist features w.th sidewalls
wher ei n t heith pHelpedsiss ff@turﬁf’r@ltb isiewiels vhereppiie gidew aHa 0k theteledHs f or mi ng

e e

phot or esi rrsin east one cyc ereln

each cycl ang ?H@tbte%@s fdahaYd Sl REhiRedt Th@iddaangemtﬁamsmmprga@at lgmnenat i ng a
plasma fromthe striation peak etch back gas, stop % the striation peak
et ch back ayaks, whersii @hchg:y@lephmms@sqt@tmg b@qlqneek%f%@é v tpepuationsaf thas,

generatln romthe otore I,St featur gas,
and st oppi hcge“fa:%@ gﬂ%ﬁ%&%?@ﬁ THS Pgé SPRpsiis © dtzlgc%lsdlgﬁgg%] Of%%%%h&és%{
layer is etshied. FERerLRes QERs isto B Sichilgyd: ‘ﬁﬁ’@ﬂgﬁthe[lﬁeﬂﬁ&adm fedioteBeThe
mani f estati on of the invention an apparatus for etching a feature

photoresist mask is removed.

[0008] In another manifestation of the invention a method of etching features in
an etch layer disposed below a patterned photoresist mask with photoresist features
with sidewalls wherein the sidewalls of the photoresist features have striations
forming peaks and valleys is provided. The striations of the sidewalls of the
photoresist features are reduced comprising at least one cycle, wherein each cycle
comprises providing a striation peak etch back gas, generating a plasma from the
striation peak etch back gas, stopping the striation peak etch back gas, providing a
photoresist feature sidewall deposition gas, generating a plasma from the photoresist
feature sidewall deposition gas, and stopping the photoresist feature sidewall
deposition gas. The etch layer is etched. The photoresist mask is removed.

[0009]  In another manifestation of the invention an apparatus for etching a feature
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in an etch layer, below a photoresist mask with photoresist features with
sidewalls with striations form ng peaks and valleys is provided. A plasna
processi ng chanber, conprising a chanber wall form ng a plasm processing
chanber encl osure, a substrate support for supporting a substrate within

e DS L OCRAThD (ERATREhRDEIPRHEEYif pRORASH: fe LA A

regul ating ne plasma’ processin anber "encl osure, at
| east one Q{,iqutﬁmsff&rmﬁﬁg%?@ldﬁg vanee s prvided. P plasma proessis dgndegnber

enclosure for sustaining a plasma, a gas inlet for providing gas into the
pl asma pr oceswpiisiggevhniber walt fosunga phsma aragassing ehastber ercleSkadst i ng gas

1 T1 Ui d CORPEES BIGF M TREOBAS HeHrBrte an s Ao Eatr RS cee &
striation peakgRLGH,RaGkK $851RY5CR AR RE PFRSIE N HRA1MNE: HloaaR

deposi tion gas source, and-an etch Fayer etch gas source. A controller is
cont r ol | ablchargbanacioed e} @& l¢dseogndedmde der movidingpater te tdetplames el ect r ode.

The controll er conprises at |east one processor and_(:[on%uter .Céeadabl e
medi a. The PEsApRingrhapbes aptlesuse M SULHHAS AU eS8 Gt SHCH 1L IHBTENE 8% f or

reduct ng_ Uy Sid A O BN ROl QERLAL ul AL Giic SATRELB A o PI ural 1 LY

of cycles, Rihe n ea e conprises conput@&r readable code for

provi di ng @&ost thi@ldson (pealssial chahives kndasurt isgrovided s Ar gartsbome reiakdled ch back
gas source, cong;t er readabl e code for generating.a plasma frothe
striation pealeceercithdekzagdnlet, vdimputhenas elehtEIREHe 2SBIAUSREEHT FgP t he

oot o B SReB A oBa Rl R \a ] P ORR BRKS A ED aRB i O TRPUI C°.

ponput er or provi otoreslt s eature sidewa

deposi ti onelgR$ad sRidd Ne comedléstdirollstly doencstcdanadhd gaiaposietandthegds sour ce,
conput er readable code for generating a plasma fromthe photoresist feature
si dewal | dbpgsincictstrgds , Thmepniwisteanpises dblsie 0Bs BEOCEHIOT SRGHPIIPYCE he

phot or esi st_feat ure. si.dewal | ROS} 1 4 ' i ture
C Gevel T cispatTe M a0 i BB Tl eBlos b PR RS Bhal R
conput er 1 eAd@Rk ehecRRidrRof BlChliohtedificfetlieh, domyeisimnalpoatitybecydeadabl e
code for renoving the photoresist nmask. [0010] These and ot her  features of

the presenwheminesach oycloicomprieesdommuiasserdpble ppfie for papdfingpeltodtioneeke

detail ed description of .the.inventiaq nad. in U i i fallow n
figures. B%&E&a%ﬁé%%fbﬁﬁ%@mﬁ@%@ﬁ&gaﬁSég‘géﬁ%ﬁ%rgr e%’%grll 1% %\fl‘dgnftg% on i sg
i1 1ustrat egnbyine¥ pMsnfX@em!tBe st@iRdopdakRychiitk @hs,| doffiplddrireatiablertotibgorf i gur es

of the acconpanyrng drawi ngs and in which |ike reference numerals refer to
sinilar elwomingsthastidtonygeak htch badogs| fransthelstiiation pragtetehehask gps salirehart  of

a process that m used . n_an. .enbodi nent. o e .l [WelaPt 3] FI GS.
2A-D are ORI %a(gg&scsoﬁg &% I?%Wé?Pg\/ar '8 flSta%atg%%dﬁg@g ?éppo E%%% %géd
accor di ng #&, 3k SHROLLIERLISS sitiB@all BRI Bas ESRE4|cbhiputes réflablckbgd | evel
flow chart of a process that may be used in another o
: for generating a plasma from the photoresist feature sidewall deposition gas, and
computer readable code for stopping the photoresist feature sidewall deposition gas
from the photoresist feature sidewall deposition gas. The computer readable media
further comprises computer readable code for etching the etch layer and computer
readable code for removing the photoresist mask.
[0010] These and other features of the present invention will be described in more
detail below in the detailed description of the invention and in conjunction with the
following figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  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:
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enbodi mrent of the invention. [O0015]FIGS. 4A-H are schematic
cross-sectional views of an etch |ayer processed accordi ng to anot her
enbodi ment of the invention. [0016]FIG 5 is a nore detailed flow chart of
the step of depositing a sidewall layer. [0017]FIG 6 is a schematic view

i i | a
Cnvent i on. PBbAs) P SAHIER bR PR 06 MESEs IR BT RUIIAT . cui el o

for inpl emydgdgméent @@ aldionused i n enbodi ments of the present invention.
[ 0019] FIGS. 8A-C are cross-sectional views of depositions. [0020]FIG, 9 is

a hi gh | evdD0fijow EHGES.1220D arc peheowdis crasaseripalyacys efian eich FyEhBogrsseht of

t he invention. . . . .
according to an embodiment of the mvention.

[0014] FIG. 3 is a high level flow chart of a process that may be used in another

embodiment of the invention.

[0015]  FIGS. 4A-H are schematic cross-sectional views of an etch layer processed

according to another embodiment of the invention.

[0016] FIG. 5 is a more detailed flow chart of the step of depositing a sidewall

layer.
[0017] FIG. 6 is a schematic view of a plasma processing chamber that may be

used in practicing the invention.

[0018]  FIGS. 7A-B illustrate a computer system, which is suitable for
implementing a controller used in embodiments of the present invention.
[0019]  FIGS. 8A-C are cross-sectional views of depositions.

[0020] FIG. 9 is a high level flow chart of a process that may be used in an
embodiment of the invention.

[0021] FIG.'s 10A-I are schematic cross-sectional and top views of a stack
processed according to an embodiment of the invention.

[0022] FIG. 11 is a more detailed flow chart of a step of reducing striation.

[0023] FIG. 12 is a schematic view of a plasma processing chamber that may be

used in practicing the invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024]  The present invention will now be described in detail with reference to a

few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures

have not been described in detail in order to not unnecessarily obscure the present

invention.



[0021] FIG's 10A-1 are schematic cross-sectional and top views of a stack
processed according to an enbodi ment of the invention. [0022]FIG 11 is a
nore detailed flow chart of a step of reducing striation. [0023]FIG 12 is
a schematic view of a plasma processing chanber that may be used in

practicing I nv I : : it it RREHERRED
ENBODI I\/El\ﬂ'ébbﬁ;ozqeﬁ%e p?té%%%rtov}%gér?ﬂr S O e ot ai |

with refer qv[aﬁe @@giﬁcil@ﬂvt}wmf{]@ﬁibﬁq)r@ﬁﬂmﬁemm swithh@P&othatare lgsk thanrthe €8 i n t he
acconpanying drawings. In the follow ng description, nunerous specific
det ai | s ar eofdke phicserehist ptterdised o eish & -VES- t hor ough under st andi ng of the

Phat the priglac ' Aodeiiite Wy PRBRRRAEIG R SkR BB SRE bLF Pkt neee
e S LB st ks gt sewm |
gﬁ; ft :J r g r It [lle(t:qgllr la(y;g&niispogmer ggubstr[am)(z@ﬂﬁé)- i FGRAtiisR Cﬁ?séyﬁie@fwa? ST ‘with
Feat ur o virbHoERH SRR TapEoRLEEt HERe PSS o7 i DB S P okt Ter 0
i Sﬂ |t Ce)v;t %{b[f%x\%?té{]rg?x: Mg%-zgk%? Cel@aéeﬁs: ek Blethamietanys 20dian@ichAkfar 208i s a
such as a conductive metal layer or a polysilicon layer or a dielectric layer is formed..
Over the etch layer 208 an antireflective layer (ARL) 210 such as a DARC layer is
formed. A patterned first mask 212 is formed over the ARL 210. The spaces 222 in

the photoresist mask have a width "S,", as shown.

[0027] The first photoresist mask is laterally etched (step 108) so that spaces 224

in the etched first photoresist mask 214 have widths "S." that are greater than the

widths "S," of the spaces in the etched first mask, as shown in FIG. 2B. In the
specification and claims, a lateral etch is defined as an etch of sides of a mask which

form spaces (apertures), wherein the lateral etch increases the size of the spaces. For a
trench mask, such a lateral etch may be a trimming of the trench mask. Such lateral
etches may also reduce the thickness of the mask.

[0028] A sidewall layer is formed over the mask to reduce the widths of the

spaces in the etched first mask (step 112). FIG.2Cisa schematic cross-sectional

view of the etched first photoresist mask 214 with a sidewall layer 218 deposited over

the sidewalls of the etched first photoresist mask 214. The sidewall layer 218 forms
reduced spaces 226. In this example, the spaces 226 formed by the sidewall layer 218
have widths S,, which are about equal to the widths S, of the photoresist mask. It is

also desirable that the sidewall layer has substantially vertical sidewalls, which are

highly conformal as shown. An example of a 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. Nomn-
conformal sidewalls may form a faceting or a bread-loafing formation, which provide
non-substantially vertical sidewalls. Tapered sidewalls (from the faceting formation)

or bread-loafing sidewalls may increase the deposited layer CD and provide a poor
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that may be used in an enbodi nent of the invention. A first mask is forned
over an etch layer disposed over a substrate (step 104). FIG 2Ais a
cross-sectional view of a patterned nask in an enbodi ment of the invention.
Over a substrate 204, such as a wafer a barrier |ayer 206 may be pl aced.
Over the baetJ rgsm}@e/.%efeﬁ’?ot AMneAGBshidy 8h (ROGaS el ifhidkeF RAYES | ve metal

| ayer or a I con d|e ectric layer 1s forned.. Over the

etch layer dzﬁ&ﬂ@dih @ﬂﬂie%ﬂbﬁﬁﬂtﬁ@ﬁts&msk fohRIy. RMoe prefdrably, @0 B§ERGs | ayer is
fowmed. A patterned first mask 212 is foinied over the ARL 210. The spaces
222 in t he dgpesited expsthe batrmiehthe fFsimarknicatare. In this cx#BRIS, thﬁ@tﬁmailﬂéyqru rst

phot oresi s s laterall etche e in the
etched fi r?tlg%f?&%%%t@ e g@g%ﬁl g){ %}‘?%QZEE%% S}gﬁ@?g@ea}?ér t han
the wi dt hs emBbdingtintd, #e SO8FAB1 }'é} db@@n&tfeﬂﬁaﬁyet ler s bop GIhePENeresiat FI G
2B. In the specification and clains, a lateral etch is deflned as an etch

of sides ofnask.mask which formspaces (apertures) wherein the IateraI etch
i ncreases e size_of the spaces. .For a Iat etch
may be a tﬁ(ﬁ#ﬁ ng BfeluRdaet ‘ﬁ’cfﬁch?gsﬁto ﬁ?‘ﬁ’%?@? h”é‘?‘é&%‘e‘g aé’ feduce
the thickn %phﬁ 028 BYedicied iR gtg\y bhe mask
to reduce t eé)v{ hs %Fﬁ iﬂspac%s%ﬁgﬁ{eﬁ%%cheécfel%lrls? tﬁsﬁ @t%pd?%lm

FIG 2C i s[®38therdiid gid@mdshya@d&mnﬁd mateeial thiat tsheoretetxﬂnetdmﬁuamsthaxpﬁmt or esi st

mask 214 with a sidewal |l yer 218 deposjted qver .the sjidewal]s t.he
etched firBRotpresisbpagk 314 ﬁ‘agwl%ﬁﬂl m?ﬁ-‘@ssd ﬁ@%\éq?‘FCt‘IVHVe& Q‘%t‘gtl‘?%rﬂﬁ"s“ %}Eed

215 have widrns "OHR AT iR GRIGER) metont RLOERSRE bR igyRgie o

phot or esi sédgwasiltghricks, iaﬁd@ﬂrﬁfioﬁiESI rabl e that the SI dewal | |ayer has
subst anti al | ggvertl cal sidewalls, which are highly confor rral as shown. An

exanpl e of [08 hbstﬂ?ﬁﬁl%"t’a}l I%ﬁtftafléﬁho“@feé%maﬁkPfsetgelste&%fil steth&£0) r om bot t om
Lo 1P MakERellondlifal a%Eét‘tgag» e tﬁQeééhtcE b6 DALdORtn L deat ure.
dehar1s ve t ha I

Conf or mal a er as substantrally the sanme
t hi ckness Iﬂfo@(ﬁfetlbt&nbskmﬁdcslddmlﬂl@ydrom of the f eat ure. Non-conf or nmal
sidewalls may forma faceting or _a bread-loafing formation, which provide
non-substantially verti caIV shApeldanrassaneEnbpd@mest | s (fromthe faceting

For mat o) gt br 03g) 0311 06 Sf AYRLLS. MDY IEHRARH NG 9RAShLa,| aver oD

and prOV| poo oSl |on on the side

wal | i's t Nagle@EedeRan fitdd BrodeROFIG! 91k §t1hevet>ﬂbtxmﬁaﬁtfoftﬂtteprfobmms@mﬁlk
feature. More preferably, no layer is deposited over the bottom of the

first maskhiseathodémentn A fitss magaisgbened qm@rgn@@hdwerlda%p@sedzmr alsylstragr ms a

| ayer over, th 0 t.he photor 5|s 214 as

enbodi ment(&eP gﬂ%) 2?18% llsafé‘iférge #@rpr%tg%ed PG ar e@ﬁgg@{em of the
phot or esi i iHERkentl B0 29draaubsiage xme sﬁé]%}s Sivaleed bapie 14Re 466 ﬁtaytbayer 208

t hrough the sidewall |ayer spaces (step 116). FIG 2D shows a set of

features 2Breét &Yenltherhamarti@’eeﬂ%am atybﬂas@oaw pod3v)delegiigduar Is | ayer 218

is of a teri ch resj st.an ho QLesh mask 214,
al | owi ngn? dﬁc%% etglg e’sée(fgteacft?ltﬂ“? Ctﬂvﬁﬁaé’(%ﬁﬁ%ﬂglq) e dr ¢ &f{P | ayer is
made of ajRt &fbahed. hAlpatiSmel A8Q MdsR 40D SV RitncRBOEIOhe JIRSL 410.NBy tmsggl i ng,

l'i ne edge roughness, and striation. [0031] The sidewall |ayer and

phot or esi smbodisbengrtbe fioet mask ipa eid niaske T heZGyt mask has at least one space 422
for forming a via.

[0033] The first photoresist mask is laterally etched (step 308) so that spaces 424

in the etched first photoresist mask 414 have widths that are greater than the widths of
the spaces in the etched first mask, as shown in FIG. 4B. A sidewall layer 414 is
formed over the mask to reduce the widths of the spaces in the etched first mask (step
312). First features 432 are then etched into the etch layer 408 through the sidewall
layer spaces (step 316). In this embodiment, the first features 432 are vias. The first

mask and sidewall layer are then removed (step 320), as shown in FIG. 4C.
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Preferably, a single mask stripping step in the etch chanber is used to
both strip the photoresist mask and sidewall |ayer. Via First Dual
Danascene Enbodi ment [0032] I n anot her enbodi nent of the invention, the
invention is used in a dual danascene via first process. FIG 3 is a high
| evel flow t of the proecess : ﬁg] Lhhs cRAaRE 324 44 dhgtynmaSK 1S

f or med overlﬁéz;’?lﬁet C%SF%. nélr ¢ Ks%%slg? o&gpva sugstr%%e(g?ésﬁ ep@’304). FIG 4Ais
a cross- seqiomal viheverbodmpay, therseeshdmask 424 ina trendinazste theofecod
invention. Over a substrate 404, such as a wafer %%barr,ier La er 2306 may be
pl aced. OvemaskHa4 balaterally dielyedr(stap 828k 2sshorm BYEE. ABs AstidavakladeTdiZ8| et ri ¢

| ayer is faornmed. Over e etch.layer 408 .refi i (ARL) 410
such as a %ﬂﬁ@%loé@%ﬁ‘eiegtpgrsﬁ@adn%gé?#%?%@%t |%§F£§%§§&%§1$@f@%r med over
the ARL 41 |58 XRAGH TBOthe didElaldr4o8 tHRELD i sklowaal lapsiki28 Tize first
mask has aﬁerggg%mﬁlggspace 422 6f or f%r mng a %lila. 40.033] The first

phot or esi sthamskn FIS. U@ dnahik prndbdineaht, (tbe sgeBdBlaygitidiatthe piadesy @Pae i n t he
etched first photoresi st nask 414 have widths that are greater than the

wi dt hs of ®pac &EsEe*48n the etched first mask, as shown in FIG 4B. A

si deval | | 51 4141 S J ' MBS hOHeR st86vddN@Lepizdb] as shovte
spaces in ﬁ@slet cﬁléﬂées%eicglgﬁ%%g rﬁ{%{%’%‘ 312) .a Fi rest f eat lI;(?te}SM 432 are then

et ched i nt ¢ P 481, Chd Ryies méPBe tdmowedhiuting tes dlepat maly dpeemeyrdcesh aut ep

316). In this enbodinent, the first fea urg; 432 ayg g&%s j[I'he.fti rasés mask

and si dewaPddifigned stegr dn agdidon tnsigithe sideyall Jgier toRrolehihs HRRIGEPESt FEKs g

[ 00341A second mask 424 |.s. : Y @fhetifigenBdfAtiordS shown

in FIG 4D?Eo TR e%% %Che%ﬁé)}%dél?’ﬁtgﬁpg?ﬁ?gé!g@%%ﬁg’ ﬁﬁaés:iﬂglgmﬁgls a trench rlr(w)ask. The

second maskhid@dbodiment €ca ileysidivedigdydrsivepthd 2Bewals oS thowmasitn pRivent 4E. A

sidewal | layer 428 is forned over the etched sgcznd %k ?%z% Efd first

features, aetchingand bawmant thrviaydurianis treagh gicl. Lis REVEVEAERE et ch | ayer

408 t hrough the, si.dewal| | . q%,-' tiohMo kdHuS

enbodi nent ,res{si‘]?é’t %ﬁﬁ%&@ﬁy@g{%{% th%’ga |81§§v%71§11g Vi efldgan?rggﬂogée% 1soorr% f _él necimﬁg 448.

[ 0035] The spapRk ﬂm@ﬁn%n'@héf(ﬂmwﬁbﬂl of dyevalbravet thersidesmably ed thesties 340), as

shown in FIG 4H The tence may be renpved_ _durin tais ste Vg‘iﬁ% be
|

renoved wi tdvaatageaigiovienmalplegsefines sichgiiomialinmay PHRYifg 2R HRPIS; | ayer to

| tdyanfeseasiv DAl pIc fifig“e
W qoring, PRESLBGE VB EROTIRS ChrB PR PR IRMEE o Ao b8E T o

sidewal | |ayer over the sigpwakissviefiulbtien s Bant SidpweNent not chi ng and
bow ng of the vias during the trench etch. It is believed t

at etch
resistant Hio@emal In taymetredembodenaitagasirdndation ip Hesgd tadomp f Cﬁf‘%qré@@i on to

reduce or elimnate notehing.. The forimati of .Si - thersd dewal |'s
of the vi aSIﬂ%W%{Gv;ﬁ?fgif&?g’b@eg@@Wa@F 3“5?’36%‘?&5% é%zﬁ‘gﬁ‘?%@h@m“gﬁ‘ Fs mgy provi de
an i nprovegh i efedhotiRbr, anthat iR d¥pbatieast thy staemmildayer midyibwiifognadimge
during the renoval process. ) o

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.

[0037] FIG. 5 is a more detailed flow chart of the forming a sidewall layer over
the mask (steps 112, 312, and 332), which uses gas modulation. In this embodiment,
the forming the sidewall layer over the mask (steps 112, 312, and 332) comprises a
deposition phase 504 and a profile shaping phase 508. The deposition phase uses a
first gas chemistry to form a plasma, which deposits a sidewall layer over the
sidewalls of the mask. The profile shaping phase 508 uses a second gas chemistry

different than the first gas chemistry to form a plasma, which shapes the profile of the

deposition.



Usi ng Gas Modul ation to Form Sidewalls [00361In the preferred enbodi nent,
gas nodul ation is used to formthe conformal sidewalls. Preferably the
sidewalls are formed of a polynmer material and the nmask is a photoresi st

polymer, so that the deposition of the sidewall |ayer may be performed in
situ in thqoessre cilaebeents Raf beusiiabt aehingd dflEdiRP1Her & Lcr@népfcmed, and
so that the stripping nmay renove both the mask and thé sidewall |ayer.

[ 0037] FI G l&yer.sExample scciietsghatenhyficowed hepractise thtnveotion fog dielsieoal | | ayer
over the nask%&%:t ef“?{?llz’ 31é7 Z}gﬁ 332), which uses gas nodulation. In this
embodi ment SORFHEUY RIAYPIR GG HOVIGed OGP | ayer over the mmsk (steps 112, 312,
and 332) conprises a deposition phasg, oabd a profile shaping phase 508.
The deposition phase uses a first C istry to forma plasna, which
deposi ts a[@13@¢wal In ahayemnpbmeithé eesivdapraddss tld etth&yeR308 is thelpstati | e

shapi ng phase 508 uses, a second gas chem stry different than the first gas
chemistry {3eF of phetopasiss mask igpanedeigs e diplectpie daver 809 fsterntd4dedbsi ti on.

[ 0038] The | [ . d e i i el | c.layer of. a

conduct 1 ve isiae T BcHE it LR EbRALHhRrdln s a, s Y lentie

i nvention fiely sfiagll&eid proceking@REMBE 608 tha)edysheaised B60bpdsitin P eedeviatanm! e
Process [0039] I n an exanple of the inventive process, the etch |ayer 208 is

a di el ect rlayen gighing, mdgidpnirgsThe plasmk piosedsing chasden@t carhprisgs el ectri c
layer 208 éo%ﬁi%@m%g’tdﬁﬂgs%i an upper electrode 604, a lower electrode 608, a gas source
610, and an exhaust pump 620. The gas source 610 comprises a deposition gas source
612 and a profile shaping gas source 616. The gas source 610 may comprise
additional gas sources, such as an etching gas source 618. Within plasma processing
chamber 600, the substrate 204 is positioned upon the lower electrode 608. The lower
electrode 608 incorporates a suitable substrate chucking mechanism (e.g.,
electrostatic, mechanical clamping, or the like) for holding the substrate 204. The
reactor top 628 incorporates the upper electrode 604 disposed immediately opposite
the lower electrode 608. The upper electrode 604, lower electrode 608, and
confinement rings 602 define the confined plasma volume. Gas is supplied to the
confined plasma volume by the gas source 610 and is exhausted from the confined
plasma volume through the confinement rings 602 and an exhaust port by the exhaust
pump 620. A first RF source 644 is electrically connected to the upper electrode 604.
A second RF source 648 is electrically connected to the lower electrode 608.
Chamber walls 652 surround the confinement rings 602, the upper electrode 604, and
the lower electrode 608. Both the first RF source 644 and the second RF source 648
may comprise a high frequency (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 635 is controllably connected to the RF sources
644, 648, exhaust pump 620, and the gas source 610.
[0040] FIG.’s 7A and 7B illustrate a computer system 1300, which is suitable for
implementing a controller 635 used in embodiments of the present invention. FIG.
7A shows one possible physical form of the computer system. Of course, the

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

8



substrate 204 is then placed in a plasma processing chanber. FIG 6 is a
schematic view of a plasma processing chanber 600 that may be used for
depositing the sidewall |ayer, etching, and stripping. The plasm
processi ng chanber 600 conprises confinenent rings 602, an upper el ectrode

604, a | OWginRliReklR86uf % FordiAPhARNERRGROup A hak ipbatishplynp 620. The

gas source conprises’ a deposition gas source 612 and a profile shaping
gas sour ce (ohutdhgstgas 360 irobeles 2@nomitpr ¢80t midispladidiOl oheusigns3tboar ces,
such as an etchi n% 8as source 618. Wthin plasna,. grgﬁgssi ng chanber 600,
the subst r disk &2ys 1388,7dsboBA AL 0 F6A arpuse dabs: BISKJOL 42 RHBPUYHe | over

I de 608 . j j hani . 9.,
ol cct r ost afrae0 RERHAR B e Bl 7 § AL BbR A B e R AR ITTE T T bet Pt o

204. The remphpr toies. GBYs b 6RERSIE BF 851dchidbpag foraloagiutadestéd 300s posed
i mredi ately opposite the | ower ‘el ectrode 608. The upper el ectrode 604,

| over el eciitiadeds08ystemdus b330 nereide veiielyof sdBysemp.ndracksotshiiZAdalsgl asm

lune. Ga lied.to th i | t he . 610
o Te exniisrebior R g tH oresar et Aot Db R Rat e el 6887 Souroe
rings 602 gng, @%ﬂﬁg&ﬁiwﬂ?ﬁ\ﬁer{%&rf1@94%%&@&@trarmma&8&-m&nbizr(m1ﬁb Fnéour ce

y con

644 is electrica nected to"the upper el ectrode 604. second RF
sour ce 648rdad-oalembmooa(ROMY.0AR éxwell khowt frethe areROBL eefs to trensdgglatagihber

wal | s 652 surround the confinenent rings . the e | ect r.ode, 604, and

the | ower BISER¢HEEanEaEectgglly tor epﬁ’ @%dégﬁ%ﬁr“é%d E’E%ag}ﬁgo ﬁ?fgf%re{aﬁ%d RF

source 648, my @&’dtﬁ%ﬁfa %E&Boﬁﬁ%@ﬁyB&%?off]Eﬂ%sggp%th%%p@@&ﬁherﬁ@ﬁé§e and a
0

| ow frequeerllcy f power source. erent conbi nati ons of
connect i ngmRFinpbyderanyauitibde Srmoifithel eorapeepoeditit media desenltred/betaw.685 i s

controll ably connected to the . sources, 644 exhaust punp. 620, and
the gas so@?‘?ﬁjedléi@ﬁzq’G@i?Q]CPP@eﬁkaWG“QHGHW@ ¢p ﬁﬁglzg’df Bfoéfli%ﬁg@?’@?a ystem
1300, whi ch.,] ' ' ; g 5 id n

embodi mont LbFHs mapie Ty afl LR Qo DL R B A R " s cal
form of t hdescitmaitictw.sFixed disk326 anayse, ustth 6 sorspuogemsyditsranddlye hisve many

hysical forms ranging froman integrated circujt, ,
Py and is typica. yagsecondary storage mgedium (such as ahard £sk) that is slower than

primary storage. It will be appreciated that the information retained within fixed disk
1326 may, in appropriate cases, be incorporated in standard fashion as virtual memory
in memory 1324, Removable disk 1314 may take the form of any of the computer-
readable media described below.

[0042] CPU 1322 is also coupled to a variety of input/output devices, such as
display 1304, keyboard 1310, mouse 1312, and speakers 1330, and feedback and
forward system for control of the process. In general, an input/output device may be
any of: video displays, track balls, mice, keyboards, microphones, touch-sensitive
displays, transducer card readers, magnetic or paper tape readers, tablets, styluses,
voice or handwriting recognizers, biometrics readers, or other computers. CPU 1322
optionally may be coupled to another computer or telecommunications network using
network interface 1340. With such a network interface, it is contemplated that the
CPU might receive information from the network, or might output information to the
network in the course of performing the above-described method steps. Furthermore,
method embodiments of the present invention may execute solely upon CPU 1322 or

may execute over a network such as the Internet in conjunction with a remote CPU

that shares a portion of the processing.



printed circuit board, and a small handhel d device up to a huge super
conputer. Conputer system 1300 includes a nonitor 1302, a display 1304, a
housi ng 1306, a disk drive 1308, a keyboard 1310, and a nouse 1312. Di sk
1314 is a conputer-readabl e mediumused to transfer data to and from
conput er sy68043In 13Rhddit{dd04hbddifieni&B it @oscak BvBhitorofurtdedicbtktdi agram f or
comput er system 1300. Attached to system bus 1320 is a wide variety of
subsyst ens compuisesiomee pyodugBvifing eonpwterendable medigine tat havle oompuits sodg

units, or Us re coupled to storage.deyvices, incl.udi menor 324.
Verory 13250 BBt tRes fricds S SRS R oafa P B R TGt oy (ROW)
As is well b et e@@% : ? i i ons

uni - di rect f%ﬂgﬁ%&@g t e@crc%%s and la%a?%ﬁlgggg&%ﬁ%ug I 301?%1@#?{;}%%%%& data and
i nstructi otl® pireseat tnverdiong ot theyalay e wf dre. kiBbtviell ddotwh @sé avzilabldierthdgepes of

menori es rrg% . ncl ude any sui tab%g formof the conmputer-readabl e nedia
descri bed B&(ibsskild 1 fhecomypmitar saitware;asts dixappleypf @anmitergesdedis BediR y to CPU

1322; it j it i . iLhel ud
of the comsirisr ottt (A ni3aat SRS A0S, MREASE. W' 1C° cod
to store pmagicitapedaptical afediatdueh b KD-ROWIE sdhdogapiiy davises angasty- st or age

medi um (such, as a_hard disk) that is slower than primary storage. It wll
be appr eci @Rtial mpdie spofeas famsicalediplsh ardhagiware devicss et psesttedipldk 1326 may, in

appropri at : i he LN rd. fashi M 1t ual nory in
momory 1320 RaR i B AR R S AL A PR Al b P

conput er - readab(£SIHBYipo deseldbhedghalcowes (M3 .6PH M2 ITATI &Ridgeeupl ed to
a variety of input/output devices, such as display 1304, keyboard 1310,

nouse 131Zxagmlesyfenrwuier eadoinchidd nasbifissote, steh suprparesddiysa eamitsr, cont r ol

i spl ays, Pas ol PERE kb Aal MMM U er R bR SRORERSTE AR, 1 Ve

di spl ays, ihtegrelt CEsmpatetrcagaerdiaagnats be esmpapeiodeanpshaddessa tabl ets,
styluses, voice or handwiting recoglizers, bionetrics readers, or other

conput er s compufer data signel embodigd mescdvaccwuls and represanding ersegesmgaobr or

t el ecommunj cat J.ons,. net wor k | network iRQterface . 1340, Wth such a
notwor kT AHERHRE R B gL iRt ObRECBBG By wided e
i nf or mat i @Bpdsiin ddveceget work, or mght output information to the network in

the course of performng the above-described nmethod steps. Furthernore,
met hod enb¥idirent 4nekample of reswnt fardaterly stehingythe xesk (sepsol 08, §0%pod CPU

1322 or execute over.a network such as the Internet in.conjungtion with
2 remote CPUPRAE: EharBennfial Rmgrb o Ha B SLuutir oo 4P A0 idi ¢ i on,
enbodi mense 1806 NRR LEPERE: 1k BYRINUD tdus1bRed g&é@k@ dn8mbEePIYL KIS {or age
products with a conputer-readabl e nedi um that have conputer code thereon

for perf otodMscoardldils and dpaB@rscemplf €eart prbvagret tatthoplesmT peocasiiga and
conmput er code may, be those speci al |y .desj d and constructed for the
;purgoses an%e“r‘?é‘ %4()@%8 CIpfye iPB‘?‘??u%rfOIilsﬁ%garlﬁ’a?&BEg PRE 18 PRV SRR L~ known

and avai | pd9),@Tt 0 those having skill in the conputer software arts. Exanples
of conputer-readable nedia include, but are not limted to: nmagnetic nedia
such as HAPdS[di sk¥e dxhaopip/oith ddpesitianphasmgitdiigy baleh:F dppasitidn megi @a such as
CD- ROMs and hal o hi c devi ces; magneto-optical, nmedia such as f tical

di sks; a eﬂ’é&@(/\‘/%rrzg%&é?}?i ggn(fq@pulgpge%tgggp IH%WBWP)@EF‘@@S‘?%C% Qk"ggand
execut e RfQYANS Ilﬂj&{] ALkl | Lot hrcuits

(ASI Cs), Er g’ér ang%f%gl ogl’cég%g\?/}i&ggs (Pﬁ%égﬁﬁéa%fgﬁg%ﬁgggﬁ%es.

Exanpl es 1600c dip @7 &viHe ®Riesounad prdeidemn st Wt odpowsy cthikshep ddHe &F by a
conpiler, and files cont ai ni hi gher | evel code that are executed by a
conput er SHECH @roé’ﬁgqsrkogr\ﬁﬁ‘ést %&QOVG;"&%@@M%%&W@Y e ismaaRgdy Zth conput er

code trags rlixthteﬁgm%oﬁn%f?o Hﬂ?rto@%?mé isx%}@ﬁtqungio?g éﬂ:thgab%girp%icgﬁseg\’ave and

representing a sequenc Idstructions that are execu y a processor.

Q her exdnploematiory ofsgolgibesideepldfiyet. on devi ces. [ 0044] An exanpl e of a
recipe for laterally etching the mask (steps 108, 308, and 32) provides an
etch chaf¥i6l or Presrmple o€ 8»seiilg shaningphasp 568 suavebeofsF/@4CR00NT. 50 to 800

200 seerf B Hop G By Qe aProstd BogR i adtscbar Onang  Boagen — ° °
pr ocessi o), ahapRsure YP5E nilfoRf %g@pﬁéhedtbg%e@fnggs%ﬁgi@roﬂtﬁé ﬁ@dﬂ b%rﬁg%&hi ng the
0

$
mask i s between 20- 150 mil. [0045] One éxanp eposi se 504 may
be CH3F deposition using a 1



chem stry of 250 seem (standard cubic centineters per mnute) Ar and 50
seem CH3F, at a pressure of 60 niforr, established by setting a Vat val ve of
the turbo punp to 1000. The 27 MHz RF source provides 500 Watts of power,
while the 2 MHz RF source provides 100 Watts of power. The chanber

t enper at ur €006. Tt OV AL B Fabour@ povidesleD0 Wateafgongr, pridste 2 M1 mvol t he
substrate is 15 Ton. Such a recipe causes the formation of a poly

si dewal | | &@ice prayddms 48RV eticefoavenf The glragtter éemmimgs pmag@ng@gt 2ﬁay be
C4F6/ 02/ CO t h f 270 Ar, 12 CAF6, 8
scorn 02, acgd‘g%ﬁjé ?%QPEH@%S%?‘?AW?@?%%%@S%% 5‘9015 o restabisieghmed by

setting a Yaaryal VEichlzA AG diROcRAPy b ok, acd00Ron iﬁ?@r 830 e R sour ce

provi des 1500 tts of power source provi es 480 Watts
of power. Thmsithvardiese. t Eingpdapatitioe laysr §&(0 istfainmeibvat a 24812, hethisum cool i ng

pressure, to cool the substrate_ is 15 Torr. [0047]FIG 8A is a
cross- sect PEHAT ea\ﬁ?‘%ﬂeﬁﬁm@l’d&ﬁ%@mﬁjﬁ brepdiloang ﬂ?ﬁﬁﬁﬁ%a}’@@ﬁ&dlﬂt% phase.

The deposi B%ﬁﬂth'n §é4.8ﬁ% 2ad R 3ﬁ§gd Ilyo%mo% &qge%‘is ai'a%acui[r&eh%_k,%tﬁf&ﬁg@cat eghgy

deposi tion ase 1orns a oSl ayer-as 1n

outlines 8&dewdlheécpsiiveh-leaedhic neh @iianeséatturelandl ay}ﬁﬁnarqoﬁﬁ@rsﬁw&ﬂl zed by a
t hi cker si dewal | deposition near the top of the feature and a thinner (or
no) si dewafl§rogidigndicss b batern of He Byutoiniditivs, the Rresddoafing adlist i on, the

or ead | 0af g JhS, IATRh By Boha S Bl QR el ve i gt tom surface

of the featur ere pr GVi

non- conf or Miedre i eviadbpstap@sirbiiass ameoﬂoﬂﬁm&lewagr&eg@@ﬁom0$ucmraovl de the
desired substantially vertical sidewalls. The bread-|oafing eventually
pi nches ofdepppiEion dpes netiipeovidig d@amd@lbﬁénwaweatscaésm‘gkﬂm& Gelgré&id~ si nce

t he conta ose in one, FIG 8b is
a Cross- sgé%ﬁ%cﬁ%ien& g%pg’f 9185 %fégb P4 %?llcf‘gvgr&%%mﬁ(ga%?ﬁwgl? %’Iﬁ{‘)fl l'i ng
shapi ng ph#agg thecaiBed willbelcliséd 6FARBIG etdhie BmAd dodeshapi ng phase forms a
"faceting" deposition |ayer, as indicated by outlines 834. The faceting

deposi ti ol0048yer FiG. %maa@pasez@@labyleav ofa ﬁl@t@ﬁltlpnrlamﬁ3@ Wdilemnly theposi tion
BT AR R N N R
very bott ofacetihd’ B&e?oﬁﬁmh %e%%@tiﬁﬂi@ated-rﬁb%lﬁhﬁé@%t hi H%ﬁ'dﬁb@éﬁl@ﬂ SO
provi des a non-conf or mal ewal | deposition
layer is characterized by a thinner (or no) sidewall deposmon near the top of the
feature and a thicker sidewall deposition near the bottom of the feature. The
"faceting" deposition does not deposit at the very bottom surface of the feature.
Therefore, this deposition also provides a non-conformal sidewall deposition. If the
sidewalls near the top are too thin, faceting of the photoresist mask may result. Such a
deposition does not provide the desired substantially vertical sidewalls. The faceting
of the corners of the photoresist mask may cause lower etch selectivity and fast mask
erosion. The faceting of the mask will also result in faceting of the etched profile. In
almost all cases, once the mask is faceted, then the final etched profile is also faceted,
since the mask vertical profile generally translates into the etched material.
[0049] FIG. 8C is a cross-sectional view of a deposition layer 840 formed by 6
cycles of a 2 second deposition and 25 second profile shaping. As can be seen, the
deposition layer has vertical sidewalls and little or no deposition at the bottom surface

of the feature. To provide a 6 cycle process of multiple phases, a gas-modulation

device, which is able to alternate gas recipes quickly, would be a preferred apparatus.
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sidewal I s near the top are too thin, faceting of the photoresist mask may
result. Such a deposition does not provide the desired substantially
vertical sidewalls. The faceting of the corners of the photoresist nask nay
cause |ower etch selectivity and fast mask erosion. The faceting of the

mask will d0659]r esThd abilityfta cstirsighofativ e thet ttheb fhOdédoitionbhakd s ard |
cases, once the mask is faceted, then the final etched profile is also

faceted, sitifg@ofilkshaping phaser508aroidomoter genisolaarighler dAnsioperstiv milh t he

t ched teri . 491.Fl G .. 8C | - i I i jti
Cayor g0 Pials b IRRRG e dede Gt Rt RE S Mo stia b1 s o Rk pr of i1
shapi ng. As degstithm [BRENs amgble%@ﬁﬁtécit%ﬂheﬁésm@tsﬁé lcfdke Slcfevel |'s and

little or no deposition at the bottom surface o eature. To provide a
6 cy::l e predestiyityf Qﬂgﬂrtcbpﬂrtd_miiﬂneas pec;wgmi-hmﬂahaz;ehﬁm gﬁvbzﬁﬁbe wdetieh i s able
to alternate reci pes qui y, WO e a preferred apparatus.

[ 00501The %IBIHI%?IQII?CI% O?“ILIB?II{‘ ’Eﬂﬁ?‘iSI?éezr“élPIéér 03{‘3%‘@: fofakgepasttiamiémgeposi ti on phase
504 and t ehehishSyi Wale? ' ccontrol riable. A
proper rat III%OV\I 1I I Sp?%v?ggd Sgu staﬁ@i%??%%gwgﬁggggﬁ SI(I:OOSh%EISr?gIszs?%%SWaI | s as

i |1 ust r at eiflai mafFb&used@y thettveatictepas be Coi,H, ay €LF) witabs @ithbhteOS @uek 8 ect the
phot oresi s IIE@I( (I:ﬁ%e) ncrease etch sel ectivi té' her control paraneters
provi ded bI}“% 2i iy 61> S e HER - Habotgiabe Ha.ddit, (CaHlat Hidlageiposi t i on
profiles a8fe dd Nl LE] ' eposi tion/ shapi ng
phase tinme r gf I quqg%%%ﬁ%%]ﬁgﬁ ?sile IIS%%EM%%%??I;I ﬁgqsrg&a@%ng d;grln' stries that may

be used byfluohecaitrone Mreferubityg Yhdleydeddatiyon, is ot 1e& oYe WF CHL, @hd \@,500The 02 (such as
CH3F/ 02, CAF6/02 , CH2F2, CHF3, CF4) O may be 112, CH4, (9114, SiH4, etc.
Pr ef er abl Y UOFHETR983e BT rably ik kesel o CHsTchBpk s CHF3 0645, tyte deaQsber and a

f1 uorocar bgn,,; r (S | one of..CH4. and C2114.
The fl uor ca%@%g%gﬁ%?%%ﬁra%ﬁy%@‘?S;éggt%%gﬁlﬂbef&&@ﬁsgéII-&SIEZr’,Ie éIngnd 'F6, and
CAF8. O hércfgablynibetprofile shhgihg phscpies £elaRlivirper Aigestofabbng/ithhe deposition
phase are CF4 and 112. Preferably, the profile shaping phase uses a

cheni st r y V8{hout etherpadditinenoRrafpreblyothe Wiuptrsatbostinatr leasi ahe pGEELFHCH By abl vy,
the fl uor i I ne..of CH2F2. Cl[ 1E3, 4. Preferably, the
ot her addity v Bty BESlR Ryl I gt 53 Mg\ ey M S1

[ 0051] TheHpul t i phase deposition allows a profile shaping step to renove
unwant ed deposition. In addition, a single |ong deposition nay cause

bl i steri nf0SH ef ebhenyltivhess dspodiiiorealitvesa pryfide Spphlgstepdensibies t he pol ymer

by bombar dj ] Ltipl les far forning th

depos ¢ oyl SoBPLNIT by dian &g RisRemtininrn Sdamtsiine ne mul'ti pl e

cycl e mul RiefrsbIpNas prodRd Sipkd LRePAIQY HERS R I)(II?mEPWB&le arliftfy theduction of
cn pr

bread | oafi ng reduces shading, which inproves e ofiles. In addition,

t he mul t igshaneywitle jongu Using multivdseycths posioting the deme#idn lagermalygl i ng, whi ch
i s cause .t he stress of d sitjon Layer, which causes, the photoresist
lines to%vﬂQéSFSe.ﬁn{Irn&g&aIﬂmloﬁ? a&‘ﬁgmﬂ?rt § Y tlﬁéﬁgﬁ(ﬁlﬁﬂlugtygﬁpgﬁisg\ﬂgmsgh reduces
deposi t i gRoWded BBiAIINEE1 0Thd RAuSRT MR Rind RIREBLEMing Sohighe from the

deposition, which would cone fromresputtered material fromthe deposition
| ayer t hd@piyigs dicherefiles.nb dsiditicamihofmuliplonysie, foadinle phageGRpaifoef er abl y, at

| east t cles are.used in.the f 1,ng, the deposition | ayer. Mre
pref er a\tl)vl??/., gt f ee\gégghgigxwgvg Il%%aué‘?cggﬂg@%ﬁfaﬁ cffg’rcI?ﬁpﬂﬂuPlﬁ LYGeaYst i on | ayer.
Some  enbeglise® Hephefiteddt RIS wightd. VIR dMRIoBSthe profile shaping step prevents or
reduces deposition on the bottom of the mask feature, to prevent residue from the
deposition, which would come from resputtered material from the deposition layer
that would be at the bottom of the mask feature.
[0052]  Preferably, at least two cycles are used in the forming the deposition layer.
More preferably, at least six cycles are used in forming the deposition layer. Some

embodiments use at least twelve cycles.
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[ 0053] O her enbodi nents may use a hardmask for the mask. In such

enbodi nents, a photoresist mask may be used to open a hardnmask. The
sidewal | |ayer may be placed over the photoresist mask to reduce |ine

wi ggling, line edge roughness, and striation. [0054] Spaces in the mask may
be used to[@i58h hoDthsr enbodieratsesayi usettbardask forathe mask 00b&ikhhe i nventi on

may be used on_nany different types of plasma processin tool s such as
Exel an andef}%@dlﬂ%é: @ PBoferesishingpl mapbpusadiporfg hP!ldB?aSN%ﬂM sidorll ey, etc.

process .+ Aoy EraPeEaSRETR PRI Shmb artloS BenBREREs le BOFRS neo”

phot or esi stnd@gkitidSs provided (step 904). FIG 10A is a schematic
cross-sectional view of a layer to be etched 1008 over a substrate 1004,
with a pat {@6fkd phrecerisshemnasiamky bO1Rdip clehplobisor éshdtes fiethelatdslagdl4, over
an ARL 101 ver the |ayer 10Q8 to, be etched faormng_a stack 10Q0. The
phot or esi sﬁmﬁrg]sk 1verligp graydedised %ngg?q?qtgmesg)fa@ﬁ@@@ﬁowg whi ch
may be thewolsdaet aPBidiallnd fep i Hd Ba P, | @3D, DAFS] ure. To
provi de the0 pSatte?ned %rgol%or esi st W%}%&}B/g p%ot dresi &t Ih%'?}’%rrgy ‘e first
formed oveFCPHED alger to be etched. Then the photoresist layer is patterned

to form pﬁgb resist features with _photoresist sidewalls. FIG 10Bis a top
vi ew of t gﬂotoF@sfﬁ%‘llt%welw}n&}g%-r%lsI%f}lg}h%ﬁ’YG]f%‘é‘t’@hi‘rﬁgf pPEEESses, such

as |ithogr ; . o] LLT I ed. The
dzttled I?ﬁgﬁgy?yc@seggqggls@gg ra% gft?l%é réﬁ?%lé%%g @g&%ﬂ%@%@;\;?ﬁ&%@‘é’}?& t he
phot or esi gtrovidsk(slk®1a4). THEG aAUBla sphahgifcasbstscopamnil RSy Gbylahaue bsi dewal | s
w th peaks Jbgéo and val l eys 1024, as shown. These peaks 1020 and vall eys
1024, whi GFhedd9es Py & upEigie AP0% Feher pavismedaiotaresistmmasia 10AR vaii gi nal
reticle il ' clpel ft one | ength
al olng thgﬁgﬁé&vﬁt F%&“}érrggé§%1;L€?gﬂnt¢$gtli6%%go%ﬁ'ﬁlee 1%%5'? g?%@?@% ét?%egts ures hage a

di amet er $ormings stiblowo00. 10RSFHtbRsiphahdies agthofwadistrfesurrgitienl ar ged (step
908). In aone exar&lﬁ the photoresist features are enlarged using a
| at er al | y dEpensian 60k whtchgpackasthe grdest nart pEthstoiddy efshe smplest npwsebla 014 have

wdths "S t ter than e wdths "Sp".of .the photgresi st
features g%%?eTghgo‘g{legﬁe%gge%ﬁ%%&%e%?@ﬁ&&@?’O\S%Fséﬁq%e?glaé’ r 5%?—8% ecti onal
view of t henwtacks @bikr tdige AENIAOrERhL e HIRAGIYEISS 2R Es ?&tta@ﬁ@ﬁ@-foﬁhg 10D is
a top view of the photoresist mask 1012 of FIG 10C. 1In the specification
and cl ai nBhotarepigt Eplwesetighpheforssist sidewalls. dMCel ¥R ivd topivdes obthea nask whi ch
form f eat ) i he.| ateral et . increases the size of the w dths
of the pritea ORI Mz QR mafi iuring B SREE 005 BBEaPhuct oy be
a trimm nguweé thelfeattife N0 Wﬁrre?ﬁﬁhgz'sﬁé;ﬁﬂﬂh’h@ﬁ@ﬁ@&1iﬁ@&’irc§é§ﬁ)1r6‘3duce the

t hi ckness of the nask. Preferably, the lateral etch does not etch the |ayer

under t helllppisrtohegpiiele paijern provided fn thanhetordgsttraesk 1048. diheebeall 017
i ndi cates target feature.shape after.the.l al ,etchi Q her
embod; menteSPifRpepfRe i SR as Srbelchid s RE fhg FeldiBes dsifives o
provi de erteas perenND2@bh@aldys 1824, valibiPBas€ didCitdeOlar §1AB0at RBviatesi ations are
reduced (step 912). FIG 11'is a nore detailed flow chart of this step. As
shown i n fRmGtherarigind ectide pattironndghis ches sstirdatndwfcr oxonisods satie| east
length along the sidewall, are called striations. The photoresist features have a
diameter S, as shown.
[0057] The photoresist features are enlarged (step 908). In one example the
photoresist features are enlarged using a laterally etched so that spaces 1024 in the
photoresist features 1014 have widths "S," that are greater than the widths "S," of the
photoresist features before the etch, as shown in FIG. 10C, which is a cross-sectional
view of the stack after the photoresist features are enlarged. FIG. 10D is a top view of

the photoresist mask 1012 of FIG. 10C. In the specification and claims, a lateral etch

is defined as an etch of sides of a mask which form features, wherein the lateral etch
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one cycle of a cyclic process conprising the steps of etching back
striation peaks and depositing on the sidewalls of the photoresist
features. FIG 10E shows a top view of the photoresist |layer 1012 after an
etching back of striation peaks 1020 (step 1104). Wthout being bound by
theory, it indedsed thewid of fia witigstFithe O@dtdsveﬂe feguieReFop £ hrefdt Mas, sedich the
striation peaks. As shown in FIG 1 sone of the striation peaks are
reduced. | (11@519] @tclenay@e asthmzmng of the trenelumask. t $rechhistad etehesmay ajser 1012

after deposi he SI st e 1 S vi ew of the
phot or es:osf q[ Séf’f %I % %fP‘lpaP&' 816)1@?@:1 g@hélpe%@gmt%t 3BT t he
striation d i 08). As
shown, thegjs%?érf?}éﬁﬁf)oﬁ&sgel%@é}efgg? a%ﬁel%téeg? ?/(pfr?%%&l}gcel?ng}rll\%hkcﬁgee%tsaﬁ Fprlg(%l ion

val | eys 10&Atae ehapegficf theaﬂéﬂayetﬁluhgemthérhnﬁ)odmmé of that invahiiomdo abe

signifi cantly reduced. [0060] Features 1028 are then etched into the etch
| ayer 1008¢Hpiestfphoeresipstisres oF srovidessalareamentafis bthgﬁe)auoage@w@m in FIG

10H. The p esi s t 920 n FI G
101 xanp o] o e SPRRER ARG BT EE DRl lPREH BRI [ ayer
is formed éﬁt’hﬁm@ﬂ@s shﬁvﬁll&hiﬂ(f}alﬁ tAORAuctn dT th@ﬁn@ﬁ@ﬂbd seé&qéastan ARC

| ayer 1010, and patt erned photores| st mask 1012 |§R€§I aced in an etch

chanber . [@@MPIEM&& cypli¢ Broae%@h@msmg the sopsaff eéghlrpg stiatpngsaked 1200

st at+onsrbERRe R U TR R SRCHECT ey’ ahitRad 2800

conpri ses tﬁ@gﬁ@t@fb@ﬁﬂlayéﬂ a2 24ePdn et@l@m%ﬂbﬁéi{ ofdtAEHdOsERKI 2070 (sfep DR,
el ectrode 1208, a gas source 1210, and an exhaust punp 122 The gas source

1210 correr%@ufé?edmﬂlﬂlb(Yﬁhm isisinebeverzhat cartdinaichang techms laelgetsvessow ce
1216. The soqur ce 12 S sourc such as an
et chi ng gaegc i Pt(l?é1 195 P Vﬁﬁpﬂw&%ﬁﬁ @%gé%@ ﬁg‘ %ﬁ% © the

substrat e rd@4di s positioned upon the |ower electrode 1208 The | ower
el ectrode 1208 incorporates a suitable substrate chucking mechanism (e.g.,
el ectrost 400589] neBKardi0Fshowt aren vigw afithe pleotbiekis) lafar 1 H8ladiendertdsgingubst r at e

i at o) Bop0eTE LRl 10ghok RENC: e Y300t Gheho/girsit Bye (4 gdBiot 204,
| over el eﬁtp'llﬁgﬁtyje%@ le@BWetGIﬁﬂé bQ&r’iﬁQEtrfahBH e%Q&e§Q&0@%nH*&ESQﬂ£ £Bd plasma

volunme. Gas is Sup to the confined sma VO gas source
1210 and il® %ddv&:lﬂs(sep lfl P8 Ahshoron therfeniatpjna;saaks V@2 Quare gtdmﬂgmgiucbh,emd

confi nenent an ex| t he exhaust urrp 1220. A
first RF Q’(‘?Lf agl%i?é’& eysstUrters Figk CP‘}t ycﬁﬁ‘?ft@%‘édw?’@nt%a © el ectrode 1204.
A second WiGeredddtd 1S electrically connected to the | ower el ectrode
1208. Cha wal’l s 1252 surround the confinenent rings 1202, the upper

el ect rode[ODﬁ0]4 diedtutrdsel 128vaee theh etthed deo HR08ch &y&ﬂﬂladﬁahfdwghﬁhd?F source 1244

and the second RF s urce 1248 nmay conprjse a 27 Mtz wer ,source and a2
Nz power DERRIFEE! migk HAPAAeD C4bFhEBS . BincL NG iUk K21 h

el ectrodes g & RASFLPLS t Research Corporation's Dual
Fr equencySCapac?rtgl ve ?QIBF%O) %ghgﬁ]ﬁ%ngg% @ﬁ‘ LAM Research Cor porati onTM of

Frenmont, Cal ifommpla, which may be used in a preferred enbodi nent of the
invention, both the 27 MHz and 2 power sources nmake up the second RF
power sour ce BIASXAPRIH Y WW%WWGMP@F%EWQH@T 1%1??61119131@t%%‘e4) @l ect r ode

s groun%ﬁgstra?%‘?&ﬂf Gk tﬁé f%g?y 86@%%&& %L&‘ 16?6'%21%&%&1318 e RF sources

1244, 1248 aust punp ’he "gas "source C System
woul d be phstgesidtemsk@12 &yslacdddnba cedhcdbathb308 is a dielectric |ayer, such

as sili C?BOGOI)ii deFIG 1% 1rs](a)1 sgklxelnga&?e[ \iev%lo%zi pr(?cress%g? c%?elngbe(gll?lbg (t:ﬁaz: Irr?ayfblel m
used for enlarging the photoresist features, reducing striations, etching, and stripping.
The plasma processing chamber 1200 comprises confinement rings 1202, an upper
electrode 1204, a lower electrode 1208, a gas source 1210, and an exhaust pump 1220.
The gas source 1210 comprises a deposition gas source 1212 and an etch back gas

source 1216. The gas source 1210 may comprise additional gas sources, such as an
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[ 0062] The photoresi st nmask features are enlarged (step 908). Such an

enl ar genent process woul d use, for exanple, an enlargenent gas of at |east
one of CF4, H2, NF3, CxHyF' and 02. In one exanple of a recipe for nask
feature enl argenent provides an etch chanber or plasnma processi ng chanber

pressure Qlching Qas?sgﬁrcﬁﬂ:m§0Wiﬂﬁ§€ﬂ%§ﬁ‘iégf&e§kﬁng)&h&ﬁfbeﬁﬂ@0(§ tippdubetdatt @004 e

pl asma processing chanber at 27 to 200 sccmof CF4 and 5 to 30 sccm
of 02 ar e ipposifioteed upon tleloplen sivetrqried@88 s iThg lavarelrsirodabh @S eamerain g/, t he
pressure for laterally etchin he sk i.s between 20450, ml. [0063] The
striation Silgatﬂ%a@ﬁgate("?ll%lﬁn%?g’fﬁal’ﬁg?nzegg'nﬁfa?tfﬁﬁaélcc%? auicy C]taﬁlé’g%g?e shown
in FIG 1 )%8[@&1 | Cihpi Qt@lg& &k Healgpen peaks
(step 1%]6‘%31{% oVi &%gégﬁéh%%(s)ggﬁ 1?P£e?ﬁﬁéﬁgﬁnf ﬁg’l@%?g?ﬁ ne, achl or iﬁrllge)

cont ai ni ngl@asde $2Rdigsosdd nsediateGrdppokite theilswexaegioele 1868 The upreronl y gas

provi ded during the etch back. A pressure of 20 mlorr i rgvided to the
chanber . ﬂﬁ@trgg%&ﬂﬂ, krves slpciieda 128, pad P EIeRIsnt Mg ]Szogtdsegﬁg ﬁ@q‘i&)@ﬂ&ff) of 27

MHz and O tts f reguenc mﬁ),g f ep of
deposi ti n@y%ﬂmt‘i?iun%?'dg'\%‘l\s/allslsép @Esetdgtgwi%%)&?)ﬁ L’g‘?ﬁ%‘%g ga o}\?vthgfg a%%gl rgéeem CH3F,
75 sccm N3p1@eed £QAhsean Hom tHheontihes plikaivelmed thraugbGhetaifineniBhe substrate

is maintained at a tenperature of 20 C. The second Qurce 4%8 provi des
400 Nt t s Tiaes 520% sereaaed port byrtke exhaue g 228- fAéRgﬁjgﬂ“Lcj%Pqu Afs 2.

[ 0065] Feat ures are then.etghed in h4l :An exanpl e
of a IayeFtéf“g‘cﬁgy E?Wgtgdi%%ﬁlr?élfpgreélgcéogﬁ\}g%'i énsg?&{edt%ﬁtsﬁ‘%;g}@%ﬁch as SiN,

SIC, an o¥jedRicaly cdrRcted % BHeq6ivei dlectdeanvenChanbér wilth 252cupeumbthebe used
to etch the layer to be etched. [0066] To renpve the nmask (step 920) an

oxygen ashomitpemont tegukg, teowed] glecteodsldPbrand dheloned ickshpdotZd8ne

| nventi OnBo%hht e %Qslt?{‘t‘gs%r\rnecné 129{4 a&xa%he second RF source 1248 may comprise a 27
MHz power source and a 2 MHz power source. Different combinations of connecting
RF power to the electrode are possible. In the case of Lam Research Corporation's
Dual Frequency Capacitive (DFC) System, made by LAM Research Corporation™ of
Fremont, California, which may be used in a preferred embodiment of the invention,
both the 27 MHz and 2 MHz power sources make up the second RF power source
1248 connected to the lower electrode, and the upper electrode is grounded. A
controller 1235 is controllably connected to the RF sources 1244, 1248, exhaust pump
1220, and the gas source 1210. The DFC System would be used when the layer to be
etched 1008 is a dielectric layer, such as silicon oxide, organo silicate glass, or organic
dielectric film.
[0062] The photoresist mask features are enlarged (step 908). Such an
enlargement process would use, for example, an enlargement gas of at least one of
CF., H;, NF3, CyH,F,, and O,. In one example of a recipe for mask feature
enlargement provides an etch chamber or plasma processing chamber pressure of' 1 to
300 mT. 50 to 800 Watts of power are supplied to the plasma processing chamber at
27 MHz. 0 to 200 sccm of CF4 and 5 to 30 sccm of O2 are provided to the plasma

processing chamber. More preferably, the pressure for laterally etching the mask is

between 20-150 mT.
[0063]  The striation is reduced (step 912). Using multiple cycles of the cycle
shown in FIG. 11 An example recipe for the step of etching back striation peaks (step
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phot oresi st features, reduction of striations, and etching the features
into the etch |ayer are done in situ in the sane etch chanber, as shown.
Preferably, the reducing the striation is perforned over at |east three
cycles. Mre preferably, the reduci n% the striation is perfornmed over at

| east fi vell@yrprosides obaBEen Giceflatring, bromeineeblasine) pentpining gassuah gas00

cont ai ni ng at ast one of a ydrocatr bon and.fj uor ohydrocarbon, causi ng the
deposi t i orfeef éﬁi- ﬁ‘éggst ewlﬁfcélt 1?1{”&%5:}6535%0‘%%& #W%ﬁg@ﬁ%@@fbén on the

si dewal | s ISk 694, Waid B/t Sukvertigwdaas been
descri bed pgélssé%?’r@bgxﬁ@irg\géepﬁéﬂdg?{e#érg?}éigkg%bghdqi rrer?t S, tﬁ}ere ar rgl terations,

per nut at i @S, Wamkditfa feaub@dysaf 29y and OUF atssbEtqieutgo?MNal ents, which fall
within the scope of this invention. It should also be noted that there are

many al t edf@Gdlve Aaypsaspleafhesiemes drpositias pathroddevalls (Biepaf duwsevdss t he
t i ti [t i St f I nt d that 4:he fol ] ded
Pl ot e be MBI A S her dtrhovaric LIGHeb P M re e P one.

modi fi cat iongyr, aNdsiBhR YIS mEMRIhid MtaGeRpbiaMaé 8N @SThakdcod RiFisouidee true
spirit and scope of the present invention. CLAIMS What is clained is: 1.

A net hod #48 pforidhsH§0Baitaatedidquenny €2dMHayped 0 Wettpt frsiiwrgey ef MHg: a
t'%ot or esi st

oLl Bl RS S Sl e et R 0 R Cr o

with w dt Dger lalasi@liys £126 Bk AGoa Rt ohs1RAGMaPROSRISS SO, SRS ki oxide, or
low-k dielectric. A conventional etch recipe may be used to etch the layer to be
etched.
[0066] To remove the mask (step 920) an oxygen ashing may be used.
[0067)] In a preferred embodiment of the invention, the enlargement of the
photoresist features, reduction of striations, and etching the features into the etch layer
are done in situ in the same etch chamber, as shown. Preferably, the reducing the
striation is performed over at least three cycles. More preferably, the reducing the
striation is performed over at least five cycles.
[0068] Preferably, the depositing provides a gas containing at least one of a
hydrocarbon and fluorohydrocarbon causing the deposition of at least one of a
hydrocarbon and fluorohydrocarbon on the sidewalls of the photoresist features.
[0069] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, modifications, 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,

modifications, and various substitute equivalents as fall within the true spirit and

scope of the present invention.
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formng a sidewall |ayer over the trench mask and on sidewalls of the
plurality of vias, wherein the sidewall |ayer defines a plurality of spaces
havi ng wi dt hs approxi mately equal to the widths of the plurality of spaces
defined by the trench photoresist nask by said form ng the trench

phot oresi st mask; etching trenches into the etch | ayer through the sidewall
| ayer. 2. The nethod, as recited CRAYISim 1 | wherein the form ng sidewal

| ayer over the trench nask and on sidewalls of the plurality of vias

conprises at |east two cycles, wherein each cycle conprises: a
deposi t What phés@cdist h a first gas chemstry to forma deposition plasma to
forma deposition over the sidewalls of the first nmask; and a profile

shapi ng phase with a second gas chem stry to shape the profile of the

depositjon oyer .ih i-d I . 'R¢ .mherein the first gas
chenist#y isxgﬁqé%f%ﬁﬁnﬁﬁg%hgﬁgggé%gﬁéhéégng%§ﬁ¥g y. 3. The nethod, as
recited in &ﬁmﬁ@éa@hﬂmHyoﬁv@shﬁ@ﬂhhﬁﬂlﬁyaprising pl acing the etch layer in
a plasma processing chanber wherein the formng the sidewall |ayer, and
et chi ng ar e lgonRmgw ench nhetoresid snaskpbeteistha dreaeinpipipresisymasidelipss Bod, as
recited.in.;.any. of clajns. 1-3, wherein the sidewall |ayer is of a polyner
nateriéﬂ@ah%’fsfﬁggﬁgﬁﬂ%gﬁmas recited in any of clains 1-4, wherein the
form ng the iaietMatdhit@sued réhPhotdsdt aniskal |y vertical sidewalls.
forming a sidewall layer over the trench mask and on sidewalls of the plurality of

vias, wherein the sidewall layer defines a plurality of spaces having widths approximately

equal to the widths of the plurality of spaces defined by the trench photoresist mask by

said forming the trench photoresist mask;

etching trenches into the etch layer through the sidewall layer.

2. The method, as recited in claim 1 , wherein the forming sidewall layer over the
trench mask and on sidewalls of the plurality of vias 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
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.

3. The method, as recited in any of claims 1-2, further comprising placing the etch
layer in a plasma processing chamber wherein the forming the sidewall layer, and etching

are done within the plasma processing chamber.

4. The method, as recited in any of claims 1-3, wherein the sidewall layer is of a

polymer material.
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6. The nethod, as recited in any of clainms 1-5, further conprising

stripping the photoresist nmask and sidewall |ayer with a single stripping
step. 7. The nethod, as recited in any of clains 1-6, wherein the
stripping the photoresist mask and sidewal |l |ayer conprises ashing the

phot oresi st mask and sidewal |, | ayer. = 8. The thod, as recited in claim7,
wher ei not he Eg%pﬁﬂ“phés6W@F6ﬂé§mgﬂﬁﬁé§¥mahg’¥'ﬁ@“b&ﬁ1%39€% e siflealr med i n
t he sa I i NG s formng the sidewall |ayer and
etchingﬁyag. iﬁémﬁgﬁﬁggﬁQgg%nggféggin any of clainms 5-8, wherein the

| ateral etching the trench photoresist mask, conprises: providing a hal ogen

containing gas; and formng a plasma fromthe hal ogen ¢ontaining gas. 10.
The nethod, Hee methode@s irpcitdyingnyc phickamy 160, (HHBFRFHMPIEENG SHIAPHE HCsi dewal

| ayer , %%éi&?ﬁasﬂ%%%@%lv@ﬁ (lj%tev\é #ﬁg%&;@eﬁs&ﬂ igﬁg%grocar bon and a

hydr of | 'uor ocarbon on the si atures. 11. The nethod,
as recited in any of clains 1-9, wherein the formng a sidewall |ayer,
conpri ses: provi ding a deposition gas conprising at |east one of

a hydr otar bohhamgthadngrdieeifqduarany Hf lsEwms drfd Yhersin thy AIpIEg He rhokiriise
deposi t} S . . . i o : i -8, wherein
Sep0r B Ayt REaP BB SRl L)
8. The method, as recited in claim 7, wherein the ashing the photoresist mask and
sidewall layer is performed in the same plasma processing chamber as forming the

sidewall layer and etching.

9. The method, as recited in any of claims 5-8, wherein the lateral etching the trench
photoresist mask, comprises:
providing a halogen containing gas; and

forming a plasma from the halogen containing gas.

10.  The method, as recited in any of claims 1-9, wherein the forming a sidewall layer,
comprises depositing at least one of a hydrocarbon and a hydrofluorocarbon on the

sidewalls of the mask features.

11. The method, as recited in any of claims 1-9, wherein the forming a sidewall layer,

comprises:

providing a deposition gas comprising at least one of a hydrocarbon and a

hydrofluorocarbon; and

forming a plasma from the deposition gas.

12. The method, as recited in any of claims 5-8, wherein the laterally etching
comprises:
providing an etching gas;

generating a plasma from the etching gas; and
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generating a plasma fromthe etching gas; and stopping the etching gas,
and wherein the formng the sidewall |ayer, conprises: providing a
deposition gas; generating a plasma fromthe deposition gas; and stopping
the deposition gas. 13.A sem conductor device forned by the nethod of any
f clai 1-12. . . : : . .
of chaims stopping the etching gas, and wherein the forming the sidewall layer, comprises:

providing a deposition gas;

generating a plasma from the deposition gas; and

stopping the deposition gas.

13. A semiconductor device formed by the method of any of claims 1-12.
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