CONTROLLED GAS M XI NG FOR SMOOTH SI DEWALL RAPI D ALTERNATI NG ETCH PROCESS
BACKCGROUND OF THE | NVENTION Field of the Invention [0001] The invention
relates to a nethod of obtaining a structure on a seniconductor wafer by
etching an etch layer. Mre specifically, the invention relates to etching
silicon in form ng a sem conductor device. Description of the related art
100021l n form ng sem conduct or devices on a substrate, an etch |ayer is
etched. The etch layer nay be part of the substrate or a | ayer above the

Substr ENTRELEED A MRXIRESHOR SMOGTAIDIPWATSES RAWF ARTRSINATIRES 1
ETCH PROCESS

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The invention relates to a method of obtaining a structure on a semiconductor
wafer by etching an etch layer. More specifically, the invention relates to etching silicon in

forming a semiconductor device.

Description of the related art

[0002] In forming semiconductor devices on a substrate, an etch layer is etched. The etch
layer may be part of the substrate or a layer above the substrate. The etching may occur in a

plasma processing chamber.
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SUMMARY COF THE | NVENTI ON [ 0003] To achi eve the foregoing and in accordance
Wi th 'the purpose of the present invention, a nethod for etching features in
a silicon | ayer disposed below a mask in a plasna processi ng chanber a
plurality of cycles is provided. A deposition phase formng a deposition on
the silicon layer in the pteMBARNCOESIPNINCRMON | S provided conpri sing
provi ding a deposition gas into the plasnma processing chanber wherein the
Lk e G TR R R S B R S

f I uor ocar bon depOSIFIOH comnponent, ornlng‘i 6 deposi it on gas 1Tnto a

pl asma,inWitioh, Pmerhod €or achied fedaReSinta WilcodNajdndispbsddtRibv ayrkk irtdplasheppi ng
the flow of the deposition gas. A silicon eteh phase is provided,

conpr i Sraepspng ohambeg apluplitycd sydects pgarddedaiodapeeitipn abesg fompias slepesititianber
that is q%ff r.ent thaq tqe deBosition as form.ng, t he silicondetch gas
into a P BEFHCPDAFCH RHRAENT POSESR LMoL Pé?vd%%% RERREERENBE A he

si | i congepb&ifiodgss intddR0flabma PRI FRRIbE ShafeiPihe Abpdsitton gh¢@BibALsa Met hod

for etching features in a S|I|con2%ayer di sposed bel ow a mask in a plasma
pr ocesdialggen lsantbiming Gohant canpeneat aida Akgrpgarbén depobidionicemppnsnt.fetming the

depositjon .phase form.ng a deposition on the silicgon lL.ayer, in the plasma

or boesIRTERR RGPS PBaG I Pis@le RO BPaion SRR ARG B v a
deposi té@pitieme W thE deoa IR gRE. ORBHRdoR Stch s prbr8a&d, BothpAsifigPosi tion
gas conﬁ??ges gt | east oﬁt o# EEG, CF4? or NF3 gﬁg at Ieagtbgﬁegof CAF8, or
CAF6, mrrovidthgragsilacani cdeh gofs 1150 thopldg0a poicessingf dambergthetie difégrositbdnghegas i nto
a plasng, i ch provides a..net deposition on the silicon |layer, and

ot bpp: HPPHEOT it eGSR o G e Pedtery SR s SRCALE 48601 ot de
for eaqﬂnﬁm%%geﬂ@@ﬁﬁﬁh@ﬁﬂ@mp&gygging a silicon etch gas into the plasma
processing chanber that is différent than the deposition gas, providing a

bi as of to 20 ts, .£armn he sil.ic t 1 nto S to etch
has OB P SOk Py kA0 05 AL PR TPy 0 febl 8P
[ 0005] Tihps disposedBelay a htsk i £ pladha phefimseHamber)\cotprising Wi plliralie deseles bed
in nore details below in the detailed description of the invention and in
conj und$ Peryidgd: 1\ denosition phaserfgriing @rdepositigreEthesHsorl@mEr anbeplapmE DRAW NGS

\[/\/230(?1‘ T;prgce%igg ecﬁ'a'{ml!)erll\{se IgIIOiVl Rd ifc?r e!alclll g}§c é,aé%r%%rits)%gvl\)@(yvi(%fng %ﬁ%ﬂ@s‘it‘?@n gaargqnt%%ne by
plasma processing chamber wherein the deposition gas comprises at least one of SF¢, CF4, or
NF; and at least one of C4Fs, or C4Fg, providing a bias of 50 to 300 volts, forming the
deposition gas into a plasma, which provides a net deposition on the silicon layer, and
stopping the flow of the deposition gas. A silicon etch phase is provided for each cycle,
comprising providing a silicon etch gas into the plasma processing chamber that is different

than the deposition gas, providing a bias of 50 to 200 volts, forming the silicon etch gas into a

plasma to etch the silicon layer, and stopping the flow of the silicon etch gas.

[0005] These and other features of the present invention will be described in more details
below in the detailed description of the invention and in conjunction with the following

figures.
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limtation,
reference nunerals refer to simlar elements and in which: [0007]FIG 1 is
a flow chart of an enbodi nent of the invention. [0008] FIGS. 2A-E are

schematic views of the formation of a feature using the inventive process.

[0009]FIG 3 is a SChe(@ﬂEﬁ Dﬁm@héN%?gg%ol?Eﬁg@mgg chanber that may be

used i n an enbodi nent

a conp
5is a

hife

in the figures of the acconpanying drawi ngs and in which |ike

e i nvention. 4 1s a schematic view of

system t hat .nmay .be. used in practigcin he |nvention..[0011] FI G
YT phstor i i Tt Rl PRl Rad B PO & 6 1 s

mor e dehakdifed, fl tﬂ&vﬁgl;&% bt Bk akgtﬁnlél?ata‘}ﬁg%ﬂﬁﬁgs BRIV EER ik rdfSreddd R epiIged

view of the section

shown in

refer to similar elements and in which:

[0007] FIG. 1 is a flow chart of an embodiment of the invention.

[0008] FIGS. 2A-E are schematic views of the formation of a feature using the inventive
process.

[0009] FIG. 3 is a schematic view of a plasma processing chamber that may be used in an

embodiment of the invention.

[0010] FIG. 4 is a schematic view of a computer system that may be used in practicing the
invention.

[0011] FIG. 5 is a more detailed flow chart of the deposition phase.

[0012] FIG. 6 is a more detailed flow chart of the etch phase.

[0013] FIG. 7 is an enlarged view of the section 7 shown in FIG. 2D.

[0014] FIG. 8A is an enlarged view of a deposition layer and underlying silicon sidewall

in a prior art process.

" [0015]

FIG. 8B is an enlarged view of the deposition layer and underlying silicon sidewall

during an etch phase after some of the deposition layer has been etched away during the

further etching of the features.

[0016]

FIG. 9A is exaggerated-scale sketch of cross sectional view of a feature formed by

a prior art process.

[0017]

FIG. 9B is cross sectional view of a feature formed by an embodiment of the

invention.
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[0014] FIG 8A is an enlarged view of a deposition |ayer and underlying
Silicon sidewall in a prior art process. [0015]FIG 8B is an enlarged view
of the deposition |ayer and underlying silicon sidewall during an etch
phase after sone of the deposition |ayer has been etched away during the

further etchi ngeqiari Bp ﬁE@éRl’IﬁﬁO}\f 8P ]IﬁE:PﬁEFEﬁR'E‘D EXGIOSIMERGsSCcal e sketch

of cross sectlonal vi ew of feature forned y a pl’l or art process.

00171 iAo, e B PR Ra R B e SR S T
E 80 381 E\?\/@feﬂé&%ﬂ%dm&ﬁ%%ér@@f WillhstAQH iR ehdRS6mbARENS drad@igd In Welbl6Wingr ence
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.

[0019] FIG. 1 is a high level flow chart of an embodiment of the invention. In this
embodiment, a patterned mask is formed over a silicon etch layer on a substrate (step 104). The
silicon etch layer may be part of the substrate, such as a silicon layer of a silicon wafer or may be
a layer over the substrate, such as polysilicon layer over the substrate. The substrate is placed in
a plasma processing chamber (step 108). The silicon etch layer is subjected to a gas modulated
cyclical etch (step 112). The gas modulated cyclical etch comprises a plurality of cycles, where
each cycle comprises a deposition phase with an etchant component (step 116) and an etch phase

(step 120). The wafer is then removed from the plasma processing chamber (step 124).

Example

[0020] In a preferred embodiment of the invention, the mask is a photoresist mask patterned
over a silicon layer on a substrate (step 104). FIG. 2A is a schematic cross-sectional view of a
silicon layer 208, over a substrate 200, over which a patterned organic mask 204 has been
formed. One or more intermediate patterning layers, such as an antireflective coating (ARC),
may be disposed between the silicon layer 208 and the patterned organic mask 204 to improve

the mask patterning process.

[0021] The substrate is placed in a processing tool (step 108). FIG. 3 schematically
illustrates an example of a plasma processing system 300 which may be used to perform the
process of etching a silicon layer in accordance with one embodiment of the present
invention. The plasma processing system 300 includes a plasma reactor 302 having a plasma
processing chamber 304 therein. A plasma power supply 306, tuned by a match network 308,

supplies power to a TCP coil 310 located near a power window 312 to create a plasma 314 in
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preferred enbodi nents thereof as illustrated in the acconpanyi ng draw ngs.
'n the followi ng description, numerous specific details are set forth in
order to provide a thorough understanding of the present invention. It wll
be apparent, however, to one skilled in the art, that the present invention
may be I s r f £ 1l.S+4.I n other
et ancik P prhesil el Tl TBL TR ¢oll G BORE) Sufedi318HsD Y on

descri hedfigireded pioducda eriftem diffusion profileaahiagrotassiap shahbertoe. poesent

i nvention. {00195‘1 FIG 1 is a high level flow chart of an enbodi ment of the
i nvent i<¥AmpPlenthenf GP eoibdHl mayibe cenfigareddorgsneratgtoraidd] pewerdistyibutian i the con -
etch | ayer a substrate (st 104)...The silicon h | I be part of
t he subs Srnfaatogl,d" slﬁl(? AT A “llgl(()hnlslpé Ve“rie({(}f) Sgpaéf?tle?%eoﬁ&g\/ﬁ?lésygﬁo}?a °be a | ayer
over t hRasddiahber3 05WhEile AfovaAk ¥adrky €Pphsk AWAT the TEIP ¢0TIE3 1DUB $hd Slhdna The
substrate is fl aced in a plasma processi ng chanber (step 108). The silicon
et ch | ashembps3 Gy ) sefediasyolagrpewasguprly 846 syell by almatele hetprorkepl 81prpyideshe
gas nodul ated cyclical,.etch conpris a plurali f. cycl es ere each
Oyo o s FatdEeiBoaf s o 6T Bas Volfach of n Vetet b Mg fopmBRerBeBe $56) and
an et chRiaaage 306t Akoh@Bller 35%&@@1@1&5 fo$ tﬁagmﬁknlaepw&quﬁﬁlsa 506 BEd ledsdiar
processi ng chanber (step 124). anple [0020]1'n a preferred enbodi nent of

t he i nvuagvadtage supplydlk i s a photoresi st mask patterned over a silicon

| ayer on a substrate (step 104). FIG 2A is a schematic cross-sectional

vi ew of[0622i | | Tha plasmepoRr@BsuppiteI06aand ubsivafet Bia? B0ltagevpiventiplly a1 mky er ned
organi ¢ mask 204 has been forned. One or nore internedi ate patterning

| ayer s, besserfigwed i opmrete bsneeidicirgdio dsguensips caRs, forsrameledi 396 ddz17dt ween

t he si lygQn r i i .o t he
mask patgef%!{\@gﬁ&o gg(g{szg&d‘fog%@&?%%ﬂgeg g’[ ?gg@qipgdgfg@gy ?%é%dp%%%\ég? ng tool
(step Hd¥er sipply 3 B6 mahdeapproptistylyisided 36 sifpdpa finge¥apPwérs f odeploahidve
processi ng system 300 which_rmay be used to performthe process of etching a

si | i cordesiagdproress pecomepnse oF o exampie irepisodn baskimersfol threprgseat Byventiony &t i on.
The pl ' f i ncl | 2 i
ol ashe PRRERRTESaAE SR BGTAYTR sl 1P o Pyl B T L REOE by SRSHARETD o by

a nat chwaret bras Kol&8 poSdPRIpPRS3 IBGUEY supplyta TiePvelgigk o8 #0a tagaber) RErD0a/ poner
wi ndow 312 to create a plasma 314 in Page 4 the plasma processing chanber

304. Tha agdmogothp TCPmselr3 19andfor Snglectnods 380 may bssompnipedeftee or nqre sehice a
uniformdiffusign profile within processin hanber 304. For exanple, the
TeP cor 1o 6 T SRR Rg i oF £BLBRET ey BTGP Py ShEP G B burt i on i n
t he pl agfRipRlsbwelBgpRYer W ndow 312 is provided to separate the TCP coil
310 fromtﬁe pl asma chanber 304 while allow ng energy to pass fromthe TCP

coi | 3%@0&31 t e Rhash ﬁftg 8ﬁ{e p??s‘xlnc? So@&@iﬁg s?ét@rﬁ 3%58[1:&1%% 6@2@5@?@' y 316

t uned a mat ch networ provi powe 0 an elec 0 set the
bi as vdouagaas Bupplyaiceian3A?33%i The iggs supgednéledeshyddpbsition phdse @desadizé: A
controller 324 sets points for_the plasm power,,suplol y 306 and the wafer

bi as v033t2a§‘éet§b‘}5‘5 |p§1a@1@_s source 334, and optionally, an additional gas source 336. The gas

sources 332, 334, and 336 are in fluid connection with processing chamber 304 through a gas
inlet, such as a shower head 340. The gas inlet may be located in any advantageous location
in chamber 304, and may take any form for injecting gas. Preferably, however, the gas inlet
may be configured to produce a “tunable” gas injection profile, which allows independent
adjustment of the respective flow of the gases to multiple zones in the process chamber 304.
The process gases and byproducts are removed from the chamber 304 via a pressure control
valve 342 and a pump 344, which also serve to maintain a particular pressure within the
plasma processing chamber 304. The gas source/gas supply mechanism 330 is controlled by

the controller 324. A 2300 Syndion by Lam Research Corp. may be used to practice an
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100221The pl asma power supply 306 and the wafer bias voltage power supply
316 may be configured to operate at specific radio frequencies such as, for
exanple, 13.56 MHz, 27 MHz, 2 MHz, 400 kHz, or conbinations thereof. Plasna
power supply 306 and wafer bias power supply 316 nay be appropriately sized
to supp f: S rder. .t e

perf or %n%’bo%nﬁ%ﬂ%?th% 1n9&$1%5 T'th@ d@@ @Bd%ﬁp&aﬁm?‘g&ébéggeaﬁ?&? n%‘lz r(l)Ptll%arll t he
pl asma pesRim&eHBII6)s §&ﬁumy1 t& umabute ligkt fidsretic plasrﬂa thams@fthﬁﬂ@h tm 10000
Watts, and the wafer bias voltaegovver supply 316 may supply a bias

vol t ageonsirali windoy 3age Ogfput frompthe op ca\lfspfrq@roaw&ﬁrﬁﬁéﬂﬁ prpﬁ@eq‘@ihéapmr@m and/ or
t he eleﬁ':rode 320 may be conprised of two or nore sub-coils or

sub- el ect'todes, which may be powered by a single power supply or powered by
mul ti pl p S.. 100231As . shown.in. FIG 3, the pla cessing
system@@g‘ﬁfur a ffg ‘P il%mé?liﬁ%d‘%%&?‘éé‘f’&&g %W‘?erﬁgﬁtqﬁn‘@gan’("gfgg S The gas
source dnghi ARG bl BRrDIE 304 938 RURircls ofile BHabiIA ARlBRE das
source %‘ﬁ% (i&ﬁr@ptl on ch, an a§gl t?%dna gaslsouige :e%g . The gas sources
332, 33Mhe mntpuBsGyacm nnay Halvel inthng physcdl ifamswatiding fromessintegratdibgitvait, 804
through a gas inlet, such as sho head 340Q0. The as inle

| ocat ecpqqﬁe‘iaﬁff’u&d\?é'f‘iib a%%%ahlg @fﬁq"weéﬁéﬁﬁ gRpuPe ﬁ?pr‘Hﬁ&trlhﬁﬁémB%?r form

for in j r l; dto
br oduceTaei E0aRtug R e Bt prolUGHEI0D AUFTUARS Col AP AEHAR i
adj ust niviceai04t(foe disphyagtdryghidd, tent,ahd bber gaa)ea niin Mendrpbes gopesndeomt he

process chanber 304 The process gases and 2&/ ducts are renoved fromthe
chanberacsgss RAmery (RAMDL A28 vIG 203 P e haudishdrve) Jemevabia stofage dRVISF so
serve t i,nt ai r i ng
chanber 0% £ PRSI BRI EF s REGRSHE a2 e RGBS Bl BEERE "By the
cont rol I{@pa(ﬁZﬂnce/er)ﬂQi@ pSinriel devibes, k@) Kelseeonmhuiiostion ifryfabed Lised:..t 0
practice, an Pa(f:] enbodi nent of the invention. To this device, and

opt i cal Wikplsgsdwheel intsriagrde dhe pommiynication Wikstace ik allowssdtwase ﬁef%q'iattil sl to
measur e, I| romthe pl o w 352.
CQut put arngmtﬁfge@‘bel;lgé &g}g&%&@@ @g%xtteH{a?g%désgﬁ% {ﬂlﬁ ﬂle ts{réo | er 324.
[ 0024] Rh&y aldo inkhilehl @hnheiedtiohs ﬁfﬂ@sﬁluc&@remshg\;\h I&Qmﬁuﬁlwﬁﬁuﬁﬁus$m§£m 400,
which is suitable for inplenenting a controller 324 used in enbodi nents of
t he pre®@nbar avesiwpd to %@hdbﬁ@ﬁgr@ﬁe@ygﬁcmvm/w&smgpnﬁwﬁ cal forns
ranging froman integrated circuit, a printed circuit board, and a snall
handhel @028)vi cénfopmitmnaransfpered Npeafonnnm;iuatmns inferacediip Ma@rbesiy sheehiornl ©F

i ncl udes one o nor e pr ssors 402, and, further c nin an el ectronic
i Sl Sy AR h 4D et F O BT R EHRICo PRl O Ot et aln peps E{ewgﬁeﬂl&fsﬁewe& i 1
menory @Q& it catlJnglﬁq %@S%aw ulﬁ@ﬁ%lmk?ﬁa‘?"chgi%s ?ﬂélgﬁndl giﬁd“ ve)

hard di rive rem)v e storage device 410 (e.qg.,

user |rnhqﬂéraemedalesmg:®$re4aiaat(le ﬂj)er optiysho phicte, llrtepmcéiltﬁamﬁemsl,lnlkaypxads mce’
or other pointing d VI Cr§ etc.), and a c rmunl cation interface 414 (e.g.,
wi 1 el esECHERGIOHING RRY/EF @ eaommwacefmﬁhlﬁv T i WithisHElR FARBMURBICAUONS| ows

sof t war 4 SEE A0 and
ot o oyt 18 Bohmbfycd RASHE bREC MBlNTECsIRE 4O R ShocRETAGERAR ANC
i nf r ast fro@tatteewdrkSor(1Right putpucinformaticmtd the aetnosk m:uhe&sm;ebf paformirig thet wor k)
to which the af orenenti oned devi ces/ nodul es are connect

[ 0025] | #ToyEwasGribad methosstsns e f utthermosemmathedsmbadiments af ?hgdﬁéess&wnmloae in

the for Ig]aﬁ? Lxecute solely upon the processors or may execute over a network such as the Internet in

conjunction with remote processors that shares a portion of the processing.

[0026] The term “non-transient computer readable medium” is used generally to refer to
media such as main memory, secondary memory, removable storage, and storage devices,

such as hard disks, flash memory, disk drive memory, CD-ROM and other forms of persistent
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signals such as electronic, electromagnetic, optical, or other signals
¢apabl e of being received by comunications interface 414, via a

comuni cation link that carries signals and may be inplenented using wire
or cable, fiber optics, a phone line, a cellular phone link, a radio

{1 equensmbiiia SRR AbeAbAGRA TN Gk lfagye SRR Hlafer éggghmsscmr@vaves or

conmmunicarions i ace 'S con one of
pr oces smalsd Faftipltof cBmPhée codefinel T in@éhlflé eddegsuthtandrdduced by gdthpitadf put

information to the network in the course of perform ng the above-descri bed
met hod amié'@@ coptpining higherelevelwofo thabans s pansast &y MOm}wéerwswewtlntemréWf i on may

execut soI Qcessors or execute. pye h as
the Int elyrﬁ c@%ﬂj %?Frbaﬁé\% S% ot Cé?%caenss%rs 15:1[(Er:revﬁs)at%'jls1%‘!{la(rit| on of
the pr %midagn a[cQH?e@]w-Ek}@aﬁ&fe‘fﬁkes&ﬁﬂrgtaf@q&érﬁebfﬁ@ﬁ’ﬁw(ﬁﬂ’s t}ﬁa@aﬁbaéade&nmelbym is
used generally to refer to nedia such as nmain nmenory, secondary nenory,

r enovald moetseerage, and st orage devices, such as hard disks, flash nenory,
di sk drive nmenory, CD-ROM and ot her forms of persistent nmenory and shal
not be|DOﬂHtrUEﬁeé@hhﬁME$sﬂmamahb@@ysﬁnbmemﬂcﬂﬂkhhﬂdl@Mth@ST&agmﬂer waves
or signal f co ut er code |n | ude mac code, as.

o 0duc oIS SONA Hsh CoRRReE FPUESIBH A YT HENHE GO TE CaNPEERE SRR, o
execut tEr 1562¢a8! £isnedbs My
al so bjﬂc%yrrp%tl%? co gé%#gn gnne?l?ggéﬁblgggé@oaﬁlp%% r da lgf)a %)nal err{)sodl ed in a
carri erdetrled flamdchaetprfelsedidposition peasgu e\nctepoelftlon [:3:84 gmpnma bdlagenar e
o asacep b B 5558 b DR EoRuF U lrRH AT e P
conpri G er € 14BRASEh T oNn
phase %ﬂ §snn‘i"a ﬁjogésglh tcxarﬂgesr %)% i g% (Tglteggﬁ%i%%ﬁ%a%f?%ﬂg?c oz aésge c(stfép
120). H08). A first }ﬁamrpeoxddaetda(stepcﬂﬁ) OM/nehdaapbsmbnbﬁEpakspmeom 1ager ispasddedA

1 ior 0B e Acersf ST PR SEripamR e f PBLHEh o gt REp o OEY BEESi ng
charbery e?)gétlg) g§£s§ @)ed (;EQ:?) dﬁqg?oﬁé '2%938%?0 %eétf?)'hgle\qe\!v r?)tfﬁleasﬂmoﬂm (step

508) . I'rs Ias | (step net osition of

passi vaki@rok &M@Enalsls 204 @ﬂctr(ietﬂ:pbsiubxh&ydenashats ibeén fa)hasdraumfg" the depxh;itmn silicon
is not etched the plasma. The flow of the deposition gas is stopped
(step 5@@§¢®#méﬁ 6»B is a cross-sectional view of the silicon etch |ayer 208
and mask 204 after a deposition |layer 212 has been formed during the

deposi t[0628]phage ¢emppe qfla&jemﬁﬁ@@ﬁcm rexaded eflow of 20 pesmi Chhrandé?@iSp@n

provi des_a fl ow of 200 sc and 20 F6 to t ess
charter Fogoh rdsireriress R A cspaer 3 hgradn o 0 oBsceaRati c>o: re

power e@a&%BB(MHQ%ﬁr%HQ@t&héﬁm@ma[ 0029]FIG 6 is a nore
det alled ow chart of the etch hase (step 120). An etch gas is flowed

into th roces 604 or med
into a @Pgés] "?fl(f} gls@dﬁ?re ,E?al scond %?lgtso(f?ﬁs %?%&%e&g% ﬁ% g{%}% élaﬁég etch
phase pfi@védRso thePpism: thdnttRer dep 60a). ITRY eich apdisdomeddahtoad t he
silicon etch Iayg? Tﬁgﬁg¥§t?%f theretcﬁ&gzém?s stoppgd gste 61%) FIG 2C

i s a croesmastap B¥Al Avseeenddtiag ih prosiidaddster 61 2h Theyeieh plpse piedidensRe204 aft er
an etch egl%%gleof(tﬁé &Ppos% 0}1 Tayer 51(1:&”' an QENBE M %rs}llcon e{cﬂ‘:fayee} ijlhéc R&% W fhe ejtcgn gas

is stopped (step 616). FIG. 2C is a cross-sectional view of the silicon etch layer 208 and

as

mask 204 after an etch phase (step 120), which forms part of the etch feature 216.

[0030] An example of an etch recipe provides a flow of 150 sccm SFg to the plasma
process chamber. A pressure of 120 mTorr a bias of 100 volts, and 2300 Watts of RF power

are provided to the plasma processing chamber.

Page 7



[ 0030] An exanpl e of an etch recipe provides a flow of 150 sccm SF6 to the
pl asma process chanmber. A pressure of 120 niforr a bias of 100 volts, and
2300 Watts of RF power are provided to the plasma processing chanber.

[ 0031] The deposition phase and etch phase are cyclically repeated. FIG 2D

is a crgest) Sethé @BRsittonPNad arldRciShHlake R bl hted 0B1GQNED MBSkoe04 af ter
anot her[ degositionaﬁg;er%ggo has blg%r? forrrcgd. %gg%i%] E| G 2Eis a ?

cr oss- sectianghulewvafdbe sificarhescls layerc28 and ahask 204 atigo@ottred deposkiondayes22er a
pl ur al :thg of t%%%l(fs of the deposition phase and the etch phase, where the
etch fd¥P P ¥1BeYs conpletely etched. In one embodi ment, the plurality of
cycles is between 100 to 600 cycl es dependi ng on feature size and depth.

[ 0033] HPE3217 i §1G 2 Eeislaarescrestiang viewrdfdhesslieqropiclylayerdl§ and npass 209 pftexhi ch
h ' f t qof i 1] 2 . Sili
cron 1 bRl bR Bopliids et A5 HERER PhAR b BXTHs ACR BRI PPES | ("

uni f or ReoMpléielyletdi@ds In Sy dhlbddithéMT Mk YIRAIRY OF tHcléJIe betwdenabd so 640 éykessi | i con
etch layer 208, to prevent or reduce striation. [0034]FIG 8A is an

enl ar gedgponding on fegtwre pias ard depth.ayer 820 and silicon etch layer 808 in a
prior art process, where a hal ogen containing etchant is not provided in

t he ded0833]i onFias] isBhenbegmisii¢w ofitHezgetionSRéhowasingad@s2B2#¢hich shewnat dense,

snoot h d f I tqQ. ficjentl otect t ' [ f th
ST CorPbatt ey el paser tipogict bve 2hged biiBianaeh Dreni; Thechlmeed: og
feature, ' NI . : rj .

iy 1V hELEIGE Y AchoiB L0k, 210 s BEAGHP R GHRPE Iy BlfoiBRRAED TRY

at bot tthesidewalleeftthe eificov étbh tasp2a8, td presérd ewedduse stBuaidn. hi gh bi ases and/ or
such lack of sufficient sidewall protection cause striations 908 indicated

by the [po3g)h e®Y®.8A is an enlarged view of a deposition layer 820 and silicon etch layer 808 in
a prior art process, where a halogen cbntaining etchant is not provided in the deposition gas.
The deposition layer 820 has gaps 824 or is not dense, smooth and conformal enough to
sufficiently protect the sidewalls of the silicon etch layer 808. FIG. 9A is a cross sectional
view of a completed feature 904 etched with a prior art process. Such prior art processes may
require a high bias during an etch phase to preferentially remove polymer at bottoms of
features with respect to sidewalls. Such high biases and/or such lack of sufficient sidewall

protection cause striations 908 indicated by the rough edge.

[0035] FIG. 8B is an enlarged view of the deposition layer 8§20 and silicon etch layer 808
during an etch phase after some of the deposition layer 820 has been etched away during the
further etching of the features. Because there are gaps 824 in the deposition layer 820 parts of
the sidewall of the silicon etch layer 808 are etched away forming sidewall defects and
striations 828. FIG 9B is a cross sectional view of a completed feature 924 etched using an
embodiment of the invention. Because the invention provides a halogen containing
component during the deposition phase better sidewall protection is provided and a lower bias
is needed during the deposition and etching because the halogen reduces the deposition on the
bottoms of the features. The better sidewall protection and low bias prevents striation and

provides a smooth sidewall 928.
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[0035]FIG 8B is an enlarged view of the deposition |layer 820 and silicon
etch 'l ayer 808 during an etch phase after sone of the deposition |ayer 820
has been etched away during the further etching of the features. Because
there are gaps 824 in the deposition | ayer 820 parts of the sidewall of the

siliconogidqh | @y &Beﬁg%siﬁfeescgﬁzﬁi}a&%tﬁé’i@b{ecil%ilgﬂ-nE‘_Quc"hi Q?l‘&@hiw lﬁ@&fiﬁéieﬁﬂg

striations 828. FI G IS a cross sectional view of a co eted feature 924

et ched dessendepasitioninydr cannd stabtidrise In mwhrntasanemBedimgan of ke invergiohipoovige ovi des
a hal ogen containin onponent during the deposition phase better sidewall
pr ot ectd HASFTA0P SHEPHAFPaHON layERne? abiodedycs o REISH Wit My t he deposition and
et chi ng because the hal ogen reduces the deposition on the bottonms of the

f eat ur d8037the Bbe invenordasmfoung thet wsing emalegen renipipingstghantiarthedenositiani on

d i d th sid . 928. . [0036] I h ible s i oS,
o her " s R LT GRS FanomydopoStips rad e FibaciEaRafolf EaHIE oy or
cause %ﬁtﬁ@ﬁémﬁomem%m@ﬁy tRsHcARhantah thd\@poBivieRbhand iRy de a

denser and snpooth deposition |ayer, so as to reduce or prevent striation.
[ 0037] Theuifing &ass bias ferligns. Thismdsults an a ogich gnare babotheottommadymenaggettbémnt i n

t he deposition.gas enabl es | ower. bias.to be used for. both deposition and
etch st%é'.art%’l@p@ﬁ? gré’f’?sé’pt?’lfs Ee;gﬁ%ﬂ’g ﬂbg‘lgpmgﬁgg Blaf‘f’%l;ﬁtﬁél{% r is enhanced by
t he hal ogen etchant in the de%si tion gas, and thus_requiring |less bias for

i ons. TRP38Ir esYYithout heigg Hndted by tleosynilos hekigited dhat gdralnsen el in addiiontq or

[ 0038 W PRsERRLP RS iioh PR AL Rlobfc O FpB BEMEEhsaby R sl Bl ko™

et chantfhiofina@dstitdlothah what is|puesideitbjast tHe flasioca®on depatvaonponstitdes an
i nproved process, by adding additional free fluorine radicals than what is

provi dggosg) | u@onﬁr@ﬁoﬁtﬁé‘ﬁ'ﬁ@%@'ﬁﬁqﬁl RShtalnPih SOMROREAE AublRaBbiont rol —of

the ratio of the hal ogen containing etchant To the fluorocarbon deposition
conponetepogition cateporeonprovides Eorttivd ofithealsposition raget & thé polymepdhymer. |1 n an

embodi nrent of the jinvention the rati f the hal ogen, cont ai ni ng, enchant to
f1 uor ocaPtRdmeR S Lie nyeniop e R fshgligch FoRPInERIche g, fluorocatbon

deposition component ranges from 1:20 to 1:8.

[0040] Embodiments of the invention provide an improved etch for both small CD
features and large CD features. In addition, embodiments of the invention provides improved
etch for both low and high aspect ratios. The mask may be a photoresist mask or a hard

mask.

[0041] The higher bias during the etch phase allows for complete removal of the
deposition layer during the etch phase. The lower bias during the deposition phase has been
found to reduce wafer damage and reduce striation. The addition of the halogen containing

etchant component was unexpectedly found to allow a lower deposition bias.

[0042] In other embodiments the deposition bias may be between 50 to 300 volts. More
preferably the deposition bias is between 100 to 150 volts. In other embodiments the etch
bias may be between 50 to 200 volts.

[0043] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and substitute equivalents, which fall

within the scope of this invention. It should also be noted that there are many alternative
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[ 0040] Enbodi nents of the invention provide an inproved etch for both snal
CD features and large CD features. In addition, enbodinents of the

i nvention provides inproved etch for both | ow and hi gh aspect ratios. The
mask may be a photoresist nmask or a hard mask. [0041] The hi gher bias during
the et va‘ay@ %@ﬁﬁpl@in'eﬁ’ﬂﬁg fhem SR8 ‘ﬁpﬁéﬂ'&é’é'of oe ﬁr_l%é”e_n@'ﬁﬂ@ﬁi&d. qp;sltReforgur i ng
the etch”phase. The |ower bias during the deposition phase has been found

t 0 r eduntendealfthat the frdpeviag dppeadetceainisrbeahieepreted lag iretidiing dhsweh atthiatibed, ogen
containing etchant. c onent ~was unexpectedly found to allow_.a |ower

deposi tREGRVBHARS: mr(bwiz"%uf? e Al &@#ﬂ%thﬁﬁ’éwcfegtﬁ@fl@ PRIt 2 RiESbe
betmeeqn@%ﬁBR 300 volts. Mire preferably the deposition bias is between 100
to 150 volts. In other enbodi ments the etch bias nmay be between 50 to 200
volts. [0043]Wiile this invention has been described in terns of several
preferred enbodi nents, there are alterations, pernutations, and substitute
equi val ents, which fall wthin the scope of this invention. It should al so
be noted that there are many alternative ways of inplenmenting the nethods
and apparatuses of the present invention. It is therefore intended that the
foll owi ng appended clains be interpreted as including all such alterations,
permutations, and substitute equivalents as fall within the true spirit and
scope of the present invention.
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CLAIMS What is claimed is: 1. A nethod for etching features in a silicon
[ayer di sposed below a mask in a plasm processing chanber, conprising a

plurality of cycles, wherein each cycle conprises: providing a
deposition phase formng a deposition on the silicon layer in the plasma
processi ng chanber, conpri sing; CLAIMS providing a deposition gas into

t he pl asma processing chanber wheréern the deposition gas conprises a
haIogeayﬁﬁqgg%ﬂ%&gsetchant conmponent and a fluorocarbon deposition
componen fornlng t he dep05|t|on gas into a plasma, which

d t t t h the fl
oY he epont MRRIRL L Re P P G0 LBt LORBFE e 11
provi difsbedsing Ehamer %ﬁ{bﬂgﬁ@ d linlit 6t LIRS hedif €8HSIyRR ey t hat i's
differént than the deposition gas; formng the silicon etch gas into a

|l asma to e tch
e, 2, CThe AR g eph it bR ormfiits SRRl A kb0l b i D o1 €
deposi tpredesgifi@eleantbier i doatprisigpr i ses providing a bias of 50 to 300 volts. -

providing a deposition gas into the plasma processing chamber wherein the
deposition gas comprises a halogen containing etchant component and a fluorocarbon

deposition component;

forming the deposition gas into a plasma, which provides a net deposition on

the silicon layer; and
stopping the flow of the deposition gas; and
providing a silicon etch phase, comprising;

providing a silicon etch gas into the plasma processing chamber that is

different than the deposition gas;
forming the silicon etch gas into a plasma to etch the silicon layer; and

stopping the flow of the silicon etch gas.

2. The method, as recited in claims 1, wherein the providing the deposition phase further

comprises providing a bias of 50 to 300 volts.

3. The method, as recited in 2, wherein the halogen of the halogen containing etchant

component comprises at least one of fluorine, bromine, or chlorine.

4, The method, as recited in claim 3, wherein the halogen containing etchant is at least

one of SF¢,CF4, or NF;.
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3. The nethod, as recited in 2, wherein the hal ogen of the hal ogen
contai ning etchant conponent conprises at |east one of fluorine, brom ne,
or chlorine. 4. The method, as recited in claim3, wherein the hal ogen

containing etchant is at |east one of SF6, CF4, or NF3. 5. The nmet hod, as
recited in chiiddled \@(@@&%@ 1ﬂ aﬁmt h U\Qﬁé?@lﬂrti@@ﬂu&%&%bﬁ H&dsBRARBAPBAert ONPr i S€
at |l east one of CAF8, or The nethod, as recited in claimb5,

mherelnmhhmmpabhaﬁpngofGé%emdhfhg phase furt her conprises providing a bias
of 50 to 200 volts. 7. The nmethod, as recited in claim®6, wherein the
deposition phase bias is between 100 to 150 volts. 8. The nethod, as
recited in claim7, wherein the silicon etch phase provides a net renoval
of the gleposiyid Aanb@%Stecitedin i SEyhGEn S fo%fﬂ1ﬁ§fﬂe'e&hﬁ%>%ﬁ%@furﬁﬂ@ﬁr ein a
rati o of the hal ogen containing enchant to ?Iuorocarbon eposi tion
conponeomprizegme vidingna Hia26f 3bto1208.volts.0. The net hod, as recited in claim9,
wherein the plurality of cycles is between 100 to 600 cycles. 11. The

nmet hod, as recited in 1, wherein the hal ogen of the hal ogen contai ni ng

et chant conponent conprises at | east one of fluorine, brom ne, or chlorine.

12. They net had médod 88 iré&dd ifciaindb mvﬁeremhﬁé 8épdsition pPhadeatais Gefieah NDO &
etchant is at | east one of SF6 or

150 volts.

8. The method, as recited in claim 7, wherein the silicon etch phase provides a net

removal of the deposition layer.

9. The method, as recited in claim 8, wherein a ratio of the halogen containing enchant to

fluorocarbon deposition component ranges from 1:20 to 1:8.

10. The method, as recited in claim 9, wherein the plurality of cycles is between 100 to
600 cycles.
11. The method, as recited in 1, wherein the halogen of the halogen containing etchant

component comprises at least one of fluorine, bromine, or chlorine.

12. The method, as recited in claim 1, wherein the halogen containing etchant is at least
one of SFg or NFs.
13. The method, as recited in claim 12, wherein the fluorocarbon deposition component

comprise at least one of C4Fs, or C4Fg.
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13. The method, as recited in claim12, wherein the fluorocarbon deposition
conponent conprise at |east one of CAF8, or CAF6. Page 12 14. The

nmet hod, as recited in claim1, wherein the providing the etching phase
further conprises providing a bias of 50 to 200 volts. 15. The nethod, as
recitegg n ohaerﬂaﬁéd a‘é’?&ﬁt%ﬂ'ih LiBn qie\pgéeﬁﬂtﬁ@ RIS Bedkching HRLOREMeL 00 tO
150 volts The ‘met hod, as recited In cPa|n11 wherein the silicon etch
phase momprdmxavﬂatg 1 HaDYES0 wf200heltdeposi tion layer. 17. The met hod, as
recited in claiml1, wherein a ratio of the hal ogen containing enchant to

fl uorocarbon deposition conponent ranges from1:20 to 1:8. 18. The nethod,
as recited in claiml, wherein the plurality of cycles is between 100 to
600 cycjses. Tﬁe%netﬁb{r%?&%a%c1§ﬁmu rw?]érﬁg @e}okﬂﬁoﬁ fhde b beeEn %@posed
bel ow a mask 1 n a plasna proceSS|ng onpri |ng a pfura ity of

cycl es,toMi@wveltsns each cycl e conpri ses: provi di ng a deposition phase
formng a deposition on the silicon layer in the plasnma processing chanber,
conpri si ng;

16. The method, as recited in claim 1, wherein the silicon etch phase provides a net

removal of the deposition layer.

17.  The method, as recited in claim 1, wherein a ratio of the halogen containing enchant to

fluorocarbon deposition component ranges from 1:20 to 1:8.

18.  The meth(;d, as recited in claim 1, wherein the plurality of cycles is between 100 to
600 cycles.
19. A method for etching features in a silicon layer disposed below a mask in a plasma

processing chamber, comprising a plurality of cycles, wherein each cycle comprises:

providing a deposition phase forming a deposition on the silicon layer in the plasma

processing chamber, comprising;

providing a deposition gas into the plasma processing chamber wherein the

deposition gas comprises at least one of SFs, CF4, or NF; and at least one of C4F3, or C4F;
providing a bias of 50 to 300 volts;

forming the deposition gas into a plasma, which provides a net deposition on

the silicon layer; and
stopping the flow of the deposition gas; and
providing a silicon etch phase, comprising;

providing a silicon etch gas into the plasma processing chamber that is
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providing a deposition gas into the plasma processing chanber wherein the
deposition gas conprises at |east one of SF6, CF4, or NF3 and at | east one
of CAF8, or CA4F6; providing a bias of 50 to 300 volts; form ng
the deposition gas into a plasnma, which provides a net deposition on the

Si |1 conyiffandRl thard RpOHRSMNEast Ne flow of the deposition gas; and providing a
silicon etch phase, conprisSing; providing a silicon etch gas into the

pl asma processing chanber that is Page 13 different than the deposition
gas; providing a bias of 50 to 200 volts; formng the silicon etch gas into

Ztglha;gg to etch ;Erg\%disnlglalt%gsnotJSaOyt%rZ;OOa\?r(]) s;stoppl ng the flow of the silicon

forming the silicon etch gas into a plasma to etch the silicon layer; and

stopping the flow of the silicon etch gas.
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