~METHOD OF HARD MASK CD CONTROL BY AR SPUTTERI-NG BACKGROUND OF THE | NVENTI ON
Field of the Invention [0001] The invention relates to a nethod of formng
sem conduct or devi ces on a seni Conductor .wafer by etching an etch |ayer.

. 0002] More specifically, the invention relates to etching features into a .
.silicon based etch [ayer. Description of the related art [0003]In etching a
silicon based | ayer through a hard nmask the sidewalls of the hard mask nay
erode, which increases the space CD of "the features being etched, vvhere t he

‘bar CD becores %%6%@331&%]1%&53135)1&)%% BY AR SPUTTERING

‘BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention relates to a method of forming semiconductor devices on a

" semiconductor wafer by etching an etch layer.

[0002] | More specifically, the invention relates to etching features into a silicon based
etch layer.

Description of the related art

- [0003] In etching a silicon based layer through a hard mask the s1dewalls of the hard

mask may erode, which i increases the space CD of the features bemg etched where the ba1

. CD becomes smaller.
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SUMMARY OF THE INVENTION
©10004] . To achieve the:.foregoing-and in accordance wlth the purpose of the present
- 1nvent1on a method for etchmg features 1nto a silicon based etch layer through a patterned
" hard mask in a plasma processrn0 chamber is provided. A silicon sputterm0 is prov1ded to
sputter 51l1con from thé s1l1con based etch layer onto sidewalls of the pattemed hard mask

to form add1t10nal sidew alls on’ the patterned hard mask.- The etch layer is etched through

“the patt_emed hard mask

o [Ol)OS]". In another man1festat1on of the 1nvent1on a method for etchmo features 1nto a
- silicon based etch laver through a patterned hard mask in a plasma processmo chamber is
" prowded A silicon sputtermg 1s prov1ded to sputter silicon from the silicon based etch:
layer onto srdew alls of the pattemed hard mask to form add1tlonal sidewalls on the
; patterned hard mask. compnsmg ﬂowmg a sputtering gas into the plasma processmg
- chamber wherem the sputtermg gas compnses an argon gas and is etchant free, forming
7 the sputtermo gas, into a plasma to generate argon ions, prov1d1ng a bias greater than 200
~volts that-accelerates the argon‘ions in ‘the plasma to the silicon based etch layer with- R
sufﬁcrent energy to sputter 31hcon from the silicon based etch layer, and stopping the ﬂow -

of the sputtermg gas. The etch layer is étched through the patterned hard mask.

[0006] " These and othier features of the present 1nvent10n w1ll be descrlbed in more
-'detalls below in the deta1led descr1pt1on of the invention and in COI’l_]uHC'[lOIl with the

‘followmﬂ ﬁgures
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- BRIEF DESCRIPTION OF THE DRAWTNGS

[0007] - The present 1nvent1on -is: 1llustrated by way of example and not by way of

: l1m1tat10n in-the. ﬁoures of the accompanym0 drawmgs and in whrch lrke reference ’

numerals refer to similar elements and i wh1ch

' [0008] : FIG. l is a"ﬂow chart of an embodiment of the"iny,ention. o

[0009] FIGS 2A- D are schemat1c views of the format10n of a feature usmg the

1nvent1ve pI'OCCSS

.' -.[0010] " FIG.3isa schemat1c vrew of a plasma processmg chamber that may be used 1n"'_.:. -

an embod1ment of the 1nvent1on

[0_011]' . FlG. 4isa SChema_tic Viewho,f a.computer system that may be_ used in pr_acticlng ; o

- . the in_vention" .

'[-0012-]' FIG Sisa more detalled ﬂow chart of the s1l1con sputtermg step

[0013]_ FIG 6 is amore deta1led flow chart of the 0x1dat1on step

- [0_014_] FIG 7 is a more detarled ﬂow chart of the etchmo the SlllCOI’l based etch laver '

LS
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SUMVARY OF THE | NVENTI ON 400041To achi eve the foregoing and in

accordance with the purpose of the present

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] The presént 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.

[0016] FIG. 1 1s a high level flow chart of an embodiment of the invention. In this
embodiment, a patterned hard mask is formed over a silicon based etch layer (step 104). The
silicon based etch layer may be part of a substrate, such asa silicon wafer or may be a layer
over the substrate, such as a polysilicon layer formed over a silicon wafer.. Silicon based etch
layer is primarily silicon, such as crystalline silicoh or polysilicon, or amorphous silicon,
which may have a dopant. The silicon based etch layer is placed in a plasma processing
chamber (step 108). The etch layer is subjected to a silicon sputtering (step 112). The silicon
sputtering sputters silicon from the silicon based etch layers onto the sidewalls of the hard
mask. The sputtered silicon is oxidized (step 116). The silicbn based etch layer is etched

(step 118). The substrate is removed from the plasma processing chamber (step 120).

[0017] Ina preferred embodiment of the invention, a hard mask of silicon oxide is
deposited over a silicon etch layer (step 104). In another embodiment, the hard mask is silicon
nitride. FIG. 2A is a schematic cross-sectional view of a silicon etch layer 208, over which a
patterned silicon oxide mask 204 has been formed. One or more intermediate patterning
layers, may be disposed between the silicon etch layer 208 and the patterned silicon oxide hard
mask 204. In addition, one or more layers may be above the hard mask 204 or below the etch

layer 208. In this example, a polysilicon layer 212 is formed above the hard mask 204.

[0018] The silicon bas_éd etch layer 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 wafer in accordance with one embodiment of
the present invention. The plasma processing system 300 includes a plasma reactor 302
hav.ing a plasma processing.chamber 304 therein. A plasma power supply 306, tuned by é

match network 308, supplies power to a TCP coil 310 located near a power window 312 to
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~invention, a method for: etching features into a silicon based etch |ayer :
through a patterned hard mask i'n.a pl asma processi ng chamber i's provided. A
" silicon sputtering is provided to sputter silicon fromthe silicon based
etch layer onto sidewalis of the patterned.hard mask to form . additional

- sidewal | s_gn.the patterned hard . Gl @ i |t hrough the
St o netree 8 a1 Th G AR RS e R0 he; MR R B ERGE: bBST, O

a met hodsduide) @_n@magg;_efc@@ﬁgrraﬁtd pib@ucd asidifoeanlithasatpretihwitkiyi@rodelsingigh a

- patterned hard mask in a ,PI asrracgfr_qcessi ng chanber is provided: A silicon
sputte_rid dglrr}blgr- p@z?vlfqr@damp es thet Bt cail 31 way be epniigvecdsip|gepgatesdewidadt ch | ayer

ont 0. si dewa of the patt.erned d mask t.o.f ok | 5.0 | .Sl ls.on .

he.pat t B REGHEPP AR BT S g naraCp TR PSR PR S 0"

-pl asma prepesaizNg [GRRHelasmenBaAbE J0A6wisRLIToNihS BnB@stoqRIPfromase ACPar gon -
gas and is etchant free, -formng the sputtering gas into-a plaspa to
ge nelr at ecal yutoitheiplaspa chantiang04. Biwafeypieny @rage pawerdwPol odupgsklty 2= -

" aceelerates. the arg ions in-th | as tq,the sili.con et | ayer
aith cut makp gk 378 gt b B Rt P20 Shsd i SR\ QAR R Eiir "

l-ayer, agsh ghRRRE APHpbRed b AW fdctrbBE3IZNUA IcBhrd1lr 325 setd BEintit fohthledyBimal S

et ched through the patterned hard nmask. 100061These and other features of -
the prespower supplnt306anditid wifer bieseoliagequpnmly Abs-e details below in the °

. detaill e_d description of the-invention and in conjunction with the

-foll _?WI [@19] g:JIrBﬁé.plasBBJd;E}gvdDEﬁ@Ry B06 6N BE whiffr HIDRAMBIGESpGWAGHRAINE 1pr esent -
.invention isillustrate y way of -exanple and not by_.way of - |jimtatiOn,
in the fmghbesonigurebloRPEriHAPPFHEC B ﬁwnalﬁasw% e\ﬂyﬁoé ﬁ}‘/arni‘%& péé; ence ,’

.nuner al fe i i it e S, _ _ _ A
el S\RE] 8 o) 20ROt AR o PRORL B Gy s g chart
~the formaht@niRipowvef Qaipls Bl cUabNBe dffgopridisigsized & upphesmnge dO@IGIFNG. 3 is a

schematic yiew of a plasnma proceSsing chanber that may be used_ in an
“enbodi meardenfo adhieve desiredinseeess pasfarmaEnce fiog examplieine empegimentpt Reconpt er

Syst ..em t g?etse' WXve?lgbilﬂ%ﬁg pliaglm {)S‘&Er' s%'pBg/ %@%éﬂ\ﬁﬁf}ﬁ/j tﬂg'power in a range of 300,’[9

10000 Watts; and the wafer bias voltage power supply 3 16 m_a}' supply a bias voltage of in -

a fange of 10 to 1000 V. In addition, the TCP coil 310°and/or the electrode 320 may be -
comprised of fwo or more sub-coils or sub-el_eétrodes,- which may be powered by a Single_ _
~ power supply or povyered by multiple powrér__sﬁpplies. | '
[0620] ~ Asshown in FIG. 3 , the plaéma ;')r_ocessing'.system 300 further includés'é gas.
source/gas supply mechanism _33‘0..- The gas source inclﬁdes argon gas source 3‘3;_2, afl .
etching gas source 334, and optionallSI,‘ an additional gas Sourc¢ 336. -The gas sources 332,
_ 3-34, and 33.6. are in fluid connection with processing 'chamber 304 through. a gas inlet 340.
The gés inlet may be located in ény.adi’antégeous_location in chamber 304, and may také :
any form for inj ecting gas. 'Preferé‘bi&a howéver, 'th'e;. gas inlet may be configured to -
_p'roduce a “‘tunable” gas injection proﬁle, which allows independent adjustmlent of the
respéctive flow of the gases to rﬁult_iplé zones in the process chamber 304. _" The-process.
gases aﬁd byproducts are réniov_ed from the cha_mber 304_vi'a;2'1 pressﬁre control Valvé 342
"and a pump 344, which also s'er\!/f_:s to maintain a particulaf f)ressﬁre within the plasma

processing chamber 304.. "I‘“he‘g"a.ls source/gas supply mechanism 330 is controlled by the



100121FIG .5°is a nore detailed flow chart:of the silicon sputtering step.
[0013]FIG 6 is anore detailed, flow chart of the oxidation step: [0014] "
FIG 7 is a nore detailed flow chart of the etching the silicon based etch
layer .- DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0015] The

present inventi( i |l now be descrjibed.in detail with reference to a few
preferr e@“érﬁgﬁrdi%%em g‘X%@F@H’feb%garpl ea%ag?}h{!%@ora%oP ﬁ’éayabcecuéﬁ‘%g’n‘gf fl?c{lgce& Faw ngs.
In the fgllQmnbg SesChivBiiign, nunerous specific details are set forth in.
order to provide a thorough understanding of -.the present invention. It wll
be appar howemey . 1 i i : _ i;pventi on
oy be. PR cod v ? ool MeftbbL flela afil & coitlr SERIRERRIiEY T €
| nst ancegita¥Rlfbr HiNWHeRIM@GESS BB 4aned B ersbodiatits eftheavaendhvdten. |

~described in detdil in order to not unnecessarily obscure. the present
i nvent i ohhe ¢anmagrRygemimashaychnagty nhasieal fpwaaﬁagtﬁom, apitegRBeHFIFRH: 2 of t he

i tiron. I n thi di t ned o d _
L oo Bk b D a5t T30y R4 SRS el BRI Ty e
part of gomplhet dyde 40BUBHLAS cheDr O Prosedsers 40n, amlyfubBeracah aiyduidecaner t he

substrate, such as a polysilicon |ayer formed over a silicon wafer. Silicon
based et elhctrenjedisplay gevipad4 fordisnlanng swpbiss.dextenfsethendatig SPRIcon . or

Cvsilicon. e e wh C The el
Based et BR AT B o R N M Mo bR BeBr A e RS o) “Tre
et ch | ayghivd)SrestdRhigie kRFadeQeics il O ¢OB), SRithl &Kk BEvEStRPintdrBice dEticess4l12i con

sputtering sputters silicon fromthe silicon based etch |ayers onto the
‘si dewal | &-of kayheardarteliaessieenst keynagaithies eodier paipiing devisesdit¢bdnd dt ep 116).

~The silicon based etch.l a i s etched t 1 .\ e rate:is renoved |
fromt heC‘BP’éi‘é‘H‘&atb‘?Ib‘élgi@lcﬁéF{ F?Iagrb%’rrglﬁst%&‘% r%g?t.egf?%fél%? ﬁgﬁgﬁnec? {é(?r} Iezl e
enbodi Mefer@fce 4he 2l OV ETHRRe afd 8k ¢ PE&Msirredidetvean tRXédEemitér Sepmsiooed over -

a silicon etch layer (step 104). In another enbodinent, the hard mask is
silicon mideitdwal dev@es 2ia a linka Behestami mayalos sichde ricomaunigaggnof a silicon -

etch layer. 208, over which a patterned silicon oxide mask . 204 has. been

formed. BHESEYCHSy 6i(ﬁ§efdﬁ8ﬂir'§{“écaﬂ8’?st qsnfrﬁés'?\éifg’? f’rﬂ%qglog%}%%iws}_lﬁ)cgls%% bet ween
the siliGopeAlidnb@d&licRRBo@RMd b8 Ratker ned silicon oxide hard mask 204,
I n-addi tion, one or nore |ayers nmay be above the hard nmask 204 or bel ow t he

etch | ayer,,308. hj.-s. ex vor j | i ve
the har agek 20arhglin AT viE SRR Rl GRTpIeIAEL P ot e bRERANERO
processi Bignkloehch(HletRtrbAiR) eledttdmagdetis Obtea] draahdrgignhlsuapabid eSbenry exanpl e of
a plasma processing system 300 which may be used to performthe, process of
et chi ng " #ecsiviedl by omaruaicatipnistestaarihtd vid @ epromBnisHsHi ARt GIesHiESesent
invention. . The. plasme pracessing sy 0. tL:nel I or 302
havi ng a®pf %ﬁggﬂ)tpglg@seg{eﬁél SCRanber %B%[Tflﬁ%ro ?lgg aﬁgﬁ%@%ﬁ ?‘%gﬁm@?‘r ugl%)l y 3086,

tuned by jigk 'HBta@1d M&fueRdKink)8nd/sLdtREd @ip@Wetioh@hannE(® Wihkudild 1 ocat ed near
a power window 312 to <create a plasma:314 in the plasm processing chanber

304. The ch@mupisatiofsipiseface dvie cortemplated tBatGherane pramesosrE4Qomdduce a
uniformdi ffusion profile wthi rocessi.ng .- .chapnber .304;. . nple, the
TCP coi r%ffﬁeﬁ%{;“Bg“ %?‘P&d}—et r?ﬁ%‘r%@?%‘t‘%%“@é’?‘%%{q tﬁ%ﬁ%“{f’%}“s &bt on

~in the plas@ofddforhite: ﬂﬂ@\tﬁ@éveﬂdﬁéﬂ%d?ﬂ&h&&stE;lﬁsDVFlﬂ@@nﬁ&e,Srﬁahbdit e the TCP
coil 310 fromthe plasma chanber 304 while allow ng energy to pass'fromthe

TCP coi | eBbodinentshef the prosent dhgntienr m3p 4xecatageiady upiraide PEICESgE awwr =
supply. 316 tuned by a- tctr_hane rk 318 pr.ovides power t'-or %nssgrlst%ﬁgtr ode 320
to set tFECHHSQ BInFRYEX shehaas fag iyemnesn cpiinehion vl Iigle YO e el ect rode
320. A cgﬂgrggé#&qiog%ﬁt&eﬁr&@ghg_ts'for the plasma power supply 306 and the -
waf er bias vol tage supply 316. R _ :

[0023] The term ‘f‘non-tranéient corﬁf)uter readable medium”™ is used generally to refer
to media such as main memory, secondary meméry, removable storage, and storage

' .dex"ices, such as hard disks, ﬂash memory, disk drive memory, CD—ROM and other fo_rms '
of pérsisteht memory and shall not be construed to 'c'over trénsitory subject matter,: such as
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[0019]The plasna pomer supply 306 and the wafer bias voltage pomer supply
316 nmay be configured to aoperate at specific-radio frequencies such-as, for .

- exanple A13.56. MHz,. 27 MHz, 2 Mz, 400 kHz, or conbinations thereof. Plasna

. per f or marf

.. physi cal tHedrandmasintand 16).0MG R B lma@gcrsatsmiw@lalr‘dewofﬁw ¢t hay

power supply 306 and waf er bi as power supply 316 may: be appropriately S|zed_:
= to.suppl} a.ran e of. pque order_ cess
: Vlﬁ(b S 8&%& 2?9 Ef%{n@ﬁs Of Ci,%g)dlter 08 111?%%13%& 08 8{18“1 gS

resen ‘'nventi On, the
pl asma - pl%ﬁﬁcea URR don3RRr RN mégrh@hmlﬁlla&h@am&vémoae fhange erécudbyt:0 10000

i Viatts, and the wafer bias voltage power supply 316 may supply a bias - -

- vol tage mpme@sr@@ehmrgﬁrtﬁomw@r readable mediamaialsa brcommmigsofe 310- and/ or

~“the el d b b- |
Sub- o ccHIBTREEA i RSt G0t BB FBony 3 éﬂ@fﬁ@”ﬁ%ﬁ%}?“ RS8P power cd by

multiopl eg églqweom&wubﬁ&s thAQ2OLASuEPRWY a flo&dséer. 3, the 'plasma processing
- system'300 further includes a gas: source/gas supply mechani sm 330. The gas

source I. I C and -
oot | onal (2460 ARHAEPpfaRnRRL B B Ra st G DELERREAICH I L300 L ne
- 336 are éxﬂbcﬁduﬂbﬁis ABOGEE @R 08iid hlaperdoeseliaver thhanfre82804 t hrough a gas inl et
340. The gas inlet may be located in any advantageous | ocation in chanber
- 304, and[gpas] t akesifith Eg)@ftéplg Providail @Cipuner gasn fBkethe siabiybaskDweRer the gas
dinlet.my be configured, to produce a "tunable" gas_injection proflle whi ch
~al | ows. mﬁep@nﬂel#ﬁtofébﬁ lm«ﬂ el (stsp 14 Peto fergpulbieansidepplyp s theideyalee! the
mul tiple z nes i roces S
Q‘byproducP§' k ?I fgﬁ1 ﬁe ﬂgnb2%9§6%UV|a %ﬁgggﬁgggﬁé%t valve
342 and %aél@ﬁll@w%&%to\t\ﬂfﬁ Slhsrad px@cé‘s@fn‘g%alhbermr(ttap 504). (R isipeonided tprfems Ure
W thin t pl-asma processing chanber 304, The gas source/gas _supply - -
nmechani sthe3Rott¢rezas stie. a@ﬂasw (btyp 9% A bias parpedegpaceglerisignsifemdhs by Lam

Research a [

i nvent | ORFOT%%? i]—lleéou |g§S %(1) Tr(fmafs}}%F FS?%’I %?tl 3?633?5% %ogno(ﬁ hggglgﬁput er

system 480 joMddabke élﬁc&ﬂfrélﬁbh@et‘cd@[ayleﬂ!é'&@@ﬂﬁtérﬂ@alﬁl ©Ra8iosHed 61 siddwallised i n

enbodi-ments of the present i.nventdion. . The conputer systen1n§%§have many
&

iapg dpgd poar d,

'7; and a-snal | dhel d,.devi.ce to a e . supe uter .
systen1465“*2@¥ﬂﬁ§§m8ﬁ§b8ﬁ ﬁﬁ$8°6pgcg§q%ﬂar ﬁde%%%%%uf?ﬁé?ﬁgéﬁﬂﬁhclude an
el ect r oniguseHSih@h 38\b 66 shlttrdd @fodh 8 BilRYh NYeHI BIVeE Sidew 8Xd of (ReBar@t her -

data),: a nmain nenory 406 (e.g., random access nenory (RAM) ), storage device

408 (-e. gmaskap4 ElhfsﬂO‘dmfﬁE)Sputt@met@pWﬂéﬂe@&Q)ew ce 410 (e.g.,  optical

di sk drlve) ~user interface devices 412 (e.v"., keyboards, touch 'screens,
keypads, [0026¢. OrIthllgembpdmﬁmt e startesdsilioohds ;»xldaadi(sa)cpcblrﬁ)um @&t i on
interface 414 (e.g w reléess network interface). The communi cation

i nt er f ac embpodimgnf, Shosdttiands erovpdginias s %Pétt?m%sﬁ%ﬁwaplﬁe?%%l% he
’ conputer ysté n r y al so
. i'ncl ude’ ﬁacém%hnﬁha ?%%gﬁfh f%g ?uc¥h§ﬂ§ﬁ¥ga?%u%%G&gsgg nlcagk%ﬁs bus,
Cross- OVQbmFﬂées At andetxygdnk withthdiipoksibib eneaf gisesreiiof ohat aleviches freiul es ar e
-cannect ed OOZ@AInfornatlon transferred via comuni cations.interface 414.
‘may: be. i #hat heng ofrthessizassghamicalyi eleh asiliqoa dersiryer el ectromagnetic, optical,
~ .or -other si gnal.s capabl e of being received by comrunicati-ons |nterface 414,
via :a coeenThi caAn(anthplnlof tlspittariagredse whemakggars added voigh ihnpp@tmmged usi ng
wire .or cable, fiber,

i‘fr6Quencﬂa$FH%°“3ﬁ8f %ﬁpla. honéc%bggﬁ“%ﬂéﬁﬁgggqgpg%g%% J@ a r?d'o
-conmuni . %I)ﬁrgggag ﬂlg)ﬁ{yfrﬂ&%’amsltn 139 HRN mc%%q Arhal sten @Qnt%rth@ﬂralﬁna

- processors recelve I nformation froma network m ght out put

i nf or mat Ipﬁfbeﬁs@ng ftlenitet 304, kThdpladiea pmuers;ap;ﬂ\& 3pé mfmndnsﬁ@OtWﬁtsatdeepMcr i bed

. rethod ste Furt her nore, nethod enbodi ent f th resent ion may
execut e. $0 ﬁ@l chagBetotian. B’r%éé%%?é’%éman%he w g’é?ﬁ"é’%é‘ O‘ﬁerﬁBP%ﬁ’&% such as

- the Inter [ g 0 t rtion of
" the procabSEIMITHE R, LB LSRRG RS BALAR BuReL . Oy
- is used gpmedBlgl Yy to refer to media such as main nenory, secondary menory,’
renovabl e st orage, and ‘st.orage devi ces, such as hard disks, flash nenory,
-di sk drive nmenory, CD-ROM and ot her forns of persistent nmenory and shal

"not be construed.to cover tran5|toryp§apyect matter, such as Page 6

" ~carrier Waves or signals:.Exampl es of Gonputer code ihclude machi ne code,

fsuch -as ‘produced- by a conpller .and files containing higher |evel code that
- are-executed by & conputer. using an interpreter. Conputer readable nmedia
may al so be conput er  code-. transmtted. by a conputer data signal enbodied
in-a carrier wave: and representlng a - sequence of instructions that are
execut abl e by a processor. o -



' [0024] I n this: enbodl ment: the etch | ayer 208 i s part ‘of ~the waf er’ 3227 In
- ot her -enbodinents, the etch.- Iayer 208 is a layer.formed:over.the viafer -

322 [ 0025] A si i con- sputter:is provided to sputter S|J|con froem.the .

silicon based etch l'ayer  ‘onto Sidewalls of the: hard mask. (step 112) to'

formsi | f{gﬁ?@d ﬁ% | %ﬁpo(y%r%nt R rxs)l/% stffitfflcfen gputt@gn%%[lﬁaﬁsaileagtjﬁo v% s.a’

- more det oA g a s |cons itter gaS|s-'_,'-
. Tl oved Iletppeft:h@d W@%’@eﬁfeﬁw‘}eﬂ% B8k am@mﬁ 48040 (S00e1B04)ost Prefirsblpr vi-ded to - -
formthe sputter gas into ~a plasma (Step 508):‘:A bias i’s provided.to . :
~ accel er abies isahgutf Y0§rotthe. pl asma fromthe sputter gas to the .€tch |ayer

(step 512). The bias is hi-gh .enough so that the ions cause silicon fromthe - ..

(et ch | ?1/%029]0 gen gmﬁrﬁlﬁrdederande s}ﬁﬂepmgsgatsednsms shahenky bBAICId dxh@nhand rrask )
(step = B is_ a cross-sectio ew of the étch-|a o
hard imsRbaERSHiAR: bed PYITTIEISE Py PR FbRdoBte At b A dee P IFod to
the etchy] %l{?r{ay%ggsed \9%&1 glats,é bf&pnTl%?éforreothpgplﬁtQHh& 84s8Eml ?Hsécscarrﬂbfé g%k Li-con B

| ayer 224 Gver ‘the hard nmask - ‘The TTow of the sputtergas

i s stoppad c(xsgfep M@@pxef@@ﬂ?ﬁ}le siutteting sasenm‘m ¢ﬁe<mtlallr hEatdepstansimeblesp i con is

oxi di zed r%lfcixlg{g ﬁ%re rerfera & ‘the spu?tdehrrrrcg Qats caég”' % s &% rﬁﬁ[%gpﬁ ahdRx 9¥éndqqosqu” ng

. the sput? xanpl oXygen-13 a utterrng gas, so-

that durpgrithe denptt@ingngs areumeﬁtsfreetmemuhg dicispgtegiag prdcemmmlxses Ar and-
_ oxygen Wi t h ‘ot her. .possi bl e-i nert gages, -al.l of whjich are et.chant. :free i'n” .
“that nosputtefing ased tpareechuarebil né@&?fla*%awalléolwﬁas%ﬁ# a@“@?lca { 00271 An - |

exanpl e gfpig, g,%vtdteg B% B9 etlcs;ﬁlt %umruadarxnensha AGaehig dabwoliR teRuIchar in

- gas to proyide oxi lon during sputtering a pressure of -3 myor.r- Lt
- provi ded50%oéa galse gasowiticthe gasaising pEivg negenn Mo B8 & dblo e SD@@B@G@% b‘faf Ar and-'

S5 pr ovier St PO BB B ORERC e i T B "Gas o

pl asma. - JineiYeHcsd a YudsrinkOlas 89950 AWRRd SUIP).Y 316 ~providés 500 volfs to-the*
waf er 322 whi ch accel erates the Ar ions to the wafer to cause .sputtering.

[0028] | n Ft erlllggotllbreélhbodtnﬂerﬂr ﬁ’llé'OQRlaﬁHrfl fs &b@ﬂ&d %kb&'ﬁérﬂl%z F@Gb@i as of .at.

- | east 20 s Is preferred. NMore preferablyY, the’ bias is bétween 400to

1000 vol trﬁ)re ddsitedieaf ehaboﬁoxrdlbmohlneasputtsredbdubnm@ M) afer- S[p@(t@@]g thet hr S

errbodl ment,- the sputtering gas consists essenti 1y of Ar .and- en. I-'n--. -
5111con An ox1dat1on gas; such as-Qxygen, 1Is ﬂowed nto t e P asma processmo c a L

. -(step 604) The plasma forrned from the oxidation gas (step 608) ox1d1zes the 51hcon

s1dewall to form srhcon ox1de The ﬂow of the ox1dat10n gasis: stopped (step 612)

B [0031] ' An example of a sputtermg rec1pe for thrs embodlment Where ox1dat1on is
performed after the sputtermg a pressure of 3 mTorr is prov1ded The gas source/ gas
supply mechamsm 330 ﬂows 100:sccm of Ar’ into the plasma processmg chamber 304.. S

- The plasma power supply 306 prov1des 440 Watts of RF power t to the chamber to, form the’
gas 1nto a plasma. The wafer b1as voltage power supply 31 6 prov1des 300 volts to the Ny

'wafer 322 whrch accelerates the. Ar 1ons to the wafer to cause sputtermg

[0032] ' An example of an oxrdatron recipe for th1s embodlment where oxrdatron is
T performed after the sputtermg a pressure 620 mTorr is prov1ded Thc gas source/oas _. -
supply mechamsm 330. ﬂows 200 sccm of O mto the plasma processmg chamber 304 - o
The plasma power supply 306 provrdes 660 Watts of RF power to the chamber to form the' B
: gas 1nto a plasma The w afer bras voltaoe power supply 316 provrdes no b1as voltage to. -

the wafer 322 so that there is no acceleratlon of ions to the wafer
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ot her enbodi nents, other sputtering gas May have ot her nobl e gases, such

asNe; Xe, and He, whichmY be used with or in place. of Ar. Therefore, the
sputtering gas conprises a nobl.e gas and oxygen. Mre preferably, the :
Sputtering gas consists essentially of at least one noble gas .. and Oxygen

More pr ei@?gﬁl y ’In% erﬁlg)o frfler ; tﬁg s&%%nﬁg g%%'c%ﬁﬁstfés?&ﬂf‘ail?& Xr QLd t‘H’e oQﬂﬂuﬁ?(ygen

Most pre e spu [ sinée durin

Sputterigg 1@&@%&6@qu yx18¢mintsfﬁplcbﬂs1$t§eslsﬁﬁﬁlly of uygun. die &kmuhmbﬁcﬁdieﬁﬂsltheon to
formSidewalls. In such a case; Chem cal et.chi %%Er ovided b n etehant
WOul dbetufterg gagmay:be hecyams a8 ersPuiaring 2disietfdn BEVIREs PUaSEPSo9 of a-

nobl e gagh M bLhy M]Qatfoﬁr@é nTHE%wb(ﬁ'tﬁ'fQoﬂ&aYﬁﬁ bas conb@f Soudd BE BYHAP¥ferablethe

sputtering gas 1s at | éast, 90% of a nobl e gas and between 5%to 16 % 02.
Test r esuiltlemoh@\aewstnld\bn at hat 98%:f@c threferablystha ox@puinrt tnd indesgten 690 98% Ar

and5% [ 0030 t rrent the ed.a

sputteri Né 4 @rabgy ‘(‘}éfsaﬁ’ﬁsé}&?nfl(ag\x/og%&ﬁf’“@fefgrﬁﬁ& g?rﬁés %%ass puttered
silicon (std ?Q .116). after sputterl ng the silicon. An oxidation gas such as
oxygen, is flowed into the plasma processing chanber (step 604). The plasma

forned f[mh} he 1pxhaat &ﬁb&%ﬁeﬁ%%xﬁﬁ%n Xl pZR8dddN & 161 2 §ONcrossi dewal | to
formsilicon oxide. The flow ofthe oxidation gas is stopped (step 612). ".

[ 0031] Ansexiangilvicvobdf the sphtlsyer 208 aftedhpexifianont driis thendohtidmsout, witheeit en

oxi dati on |s perforrred after the utterln ssure.of 3 nilorr is
provi dedoxidaen g thepHEE RS C%‘Bfﬂ &Bgﬁégﬁngﬂ‘? g??ﬁt ROUECOMBYIENE n of Ar
into the 0 flicaPfhyer 1@, Rh 3EER cABYBMAUDHeY 306

proVi desi%‘%\g}\%@?@% Iﬁzllopgsvgl?%?%%tlﬁe C grnber to fgrmthe ggs into a

pl asma. pbigsitiedrerayér iasontpletehgenpoedr Thespitigred sfigon duintkesdS¢0ls V34 s tho t he
waf er 322, Wiich accel erates the Ar ions to the wafer to cause s ﬁtterlng

[ 0032] AnSléisa‘hfdh%h%‘Fl sk R d Y harpxidagiopds provideth the srdwells 458 SPCORA .
Oxi dat i Oaz4r' fF oREIafi0k TEt pw&dedt e sﬁﬂ%ﬁﬁﬁx‘e@glcoﬂ VATESRMbE SneZhbllar r i s

provi ded gas source/gas supply anism 330 f1ows.’200 Seem O 02 into
t he pl astmldpﬁ@n:esm ng chanmber 304. , . The Plasma Power supply 3.06.
provi des- 660 Watts of RF power to the chanber to formthe gas into a

plasma. Jhdsyafl erne Hlidh basld @8eipave etcﬁétp@kap A3 upheMicdrsd MasibiS. vol tage:
to the wafer. 322; so that there i S no.aceelerafion-of ions to the wafer. :

[ 0033] I nsidhivalleasrmditstemask. tHE. & pua merd drgaitrdlavorvirsefshestskingitl silcast  Ar
and the ?)ase etchqayer (step 118). An etch gas is flowed into the plasma processing chamber
(step 704). The etch gas is formed into a plasma (step 708). The plasma from the etch gas

is used to etch the silicon based etch layer. The flow of the etch gas is stopped (step 712).

[0036] An example of an etch recipe provides a pressure of 40rhTorr. The gas
source/gas supply mechanism 330 flows 500 sccm HBr into the plasma processing
chamber 304. The plasma power supply 306 provides 1000 Wattts of RF power to the
chamber to form the gas into a plasma. The wafér bias voltage power supply 316 provides

400Volts to the wafer 322.

[0037] FIG. 2D is é cross-sectional view of the etch layer 208 after the etch is
completed forming an etch feature 228. In this example, some of the hard mask 204
remains after the etch is completed. In other examples, the hard mask 204 may be
'COmpletCIy removed during the etch. The sidewall 224 may also be etched back. In this
example, some of the sidewall 224 remains, although in other embodiments the sidewall
224 may be completely removed. |
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gas in “the subsequent oxi dati on step conslsts essent|aIIy of oxygen In-
ot her enbodi ments, the sputtering gas iy be the sanme as the sputtering gas
di.scussed in prevrous,paragraphs but without any oxidation gas. The 02 of .
the oxidation gas content could be | ow. Preferably, the oxidation'gas woul d -
~ be at: 5% 02. Preferably, the oxifdatio i s han. 200 yvol ts.
voro. pr oRURRD y Wit BTote it aRio 3 ERR R R Qi R

pr ef er ablysk ﬁabﬁﬁﬁn the hakl rhasasndfe tHaag Qo 2BNSMkihg tRNAUIMST tendadicamntspadehe’
oxidation is not provided. FIG 2Cis .a cross- sectional view of the etch.

layer 20® iatreese by meoreshiana e 6 pmaturing theriche iysh pRrinsreass injeistifeatwre G a0t on
after 'the sputter] 0 e t on
sputteri %Cé:egf o st°% Ce@gm ﬁsas% Egklr%relﬁgl\(}ggﬁ fﬂJn? FHIP%?} {éﬁg{}& ay%rﬁ d%%LAZAOQI n ot her
~ enbodi nemtfﬁclemthq)rp@dnyme Imomase inayRr Itihas h@nplh@tmbtydlwéomrdehht udihg Agut t-er ed

‘silicon forms sidewalls 2 on the sjdes of t hard

oxi dat i oFPYIEr HHenRif H%utheerfﬁ@reaetﬁérfﬂ%bﬁ IRCTEYSP; E’bﬁ‘?nﬁﬁ”&’é’ ’?ﬂf‘% 1‘F t\g%r’“a%tr on is
- hot pr OVhQ§ Be ulddqo BLIQNBIH SR fBarSiciGAN ¥¥iak le@@&aﬁt‘ fBhid BN prohiiant

oxidation.” [0035] The silicon based etch layer is etched (step 11§) usi ng .
t he har doxdstiongheltrgirdiogad fugthergedusedt ch nmask. FIG 7 is a nore detailed flow
- ¢hart of the etching the silicon based etch | ayer (step 118). An étch gas ’
~is flowe@@a3go t%tlpkh$memrmde$$eﬂgd¢shabdden tératsayf sa@4dl prafheedt ch gas i s
. formed into a plasnma (step 708). The pl asna frontthe etﬁ as .i s ed to

etch t hec@ppdigsatsptisecpresl ‘Ft”a"ll%tVePemPF?éloPF&Rﬂét‘ Fifge ggEke &étg ‘?’}sldsf%lrs)pedy
(step 71 f
omoe Rt ARSI RO, GAENSS BERPERPH AR BM TR O]
the plas Mypbbmqﬂenergmrghhmineﬂloaﬂmd dtperapisas ofthp presents uyxptipn 3065 hemfode s
1000. Watts of power- to. 't he chanber go form%gv ga int l-asma. The.
waf er bi alstertf’(?ﬁttl?s?ééhep@\lrléwl%ﬁ%?l}}i@f@“ﬁ? ¢ infepreieshirdneiuding HBC fer 322.
[0037] FI I t he
bon o ol SntrBiaRs 68 SLeRRly L AthEhs SRS Allp RVEe SRR AUERITE 1o
“hard. nasbfaﬁén&emﬂhﬂauaﬁter the etch is conpleted. In other. exanples the
hard mask 204 may be conpletely removed during the etch. The sidewal | 224.
" may al so-be etched back. .In this-exanple, some of the sidewall 224 remins,
al t hough in other enbodi nents the srdemall 224 may be conpletely renoved.
[0038] Wthout form ng a sputtered si dewal k an etch -of silicon using a
silicon oxide hard mask may trimthe hard - mask more than 1 to 2 nm causing
the width of the etch feature 'space to increase by nore than 2. to 4 nm
~during the etch. Such an'increase in etch feature CD is not acceptable-in
certain eases. Forming sidewalls froma material that.is too soft does: not
sufficiently prevent the increase in CD. It has been unexpectedly found
that using Ar.to sputter silicon fromthe etch | ayer prevents CD increase.
‘I'n sonme enbodi nents, the-sidewalls nmay be used to decrease the etch feature.
width. It has also been found t hat by providing oxidation-the triming is
further reduced. [0039]Wiile this invention has been described in terns of
several preferred enbodi nents,-there are alterations, pernutations, -and
-substitute equival ents, mhlch_fall_mrthin the scope .of this . invention. It
shoul d al so be noted that there are many alternative ways of inplenenting
‘the nethods and apparatuses of the present invention. It is therefore
intended that the fol lowing appended cl ai ms be interpreted as including al
. such al terations, pernutatlons .and- substitute equrvalents as.fall within
the true’ sp|r|t and scope of” the present invention. CLAIMS What .is
clained is: S
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1. A nethod fO etching features into a silibon based etch layer through a
. patterned hard.mask i-n.a plasma processing chamber, conprising:
providing a silicon sputtering to sputter silicon fromthe silicon based
etch layer onto sidewalls of the patterned hard mask to form sidewal s on
the patterned hard mask; and - etchj etch | ayer through the patterned
hard mask. 2. The method, as recitgggghﬂgLains 1, wherein the providing .
the silicon sg¥tteéing conpri ses: ~ flowing a sputtering gas into the
pl asma pP@@'@ ¥geCHanber, wherein the sputtering gas conprises a-noble gas
and is etchant free; formng the sputterin%@gas into a plasma to generate -
nobl e gabk i ond:methetl for etchingrfgatings ijo & sHican besrdtetddarirdirangsa paterpshl e gas .
irons i.n th lasma 1o the silic .ch layer with sufficient energy
to sputt%?ggfsggb%p:ﬁgﬁpFﬁﬁg%%ﬂﬁ%gﬁgﬁgggghgpgh layer. 3. . The method, as
recited in 2, wherein the providing a bias provides.a biias of greater than
200 vol ts. 4Pr_°T‘rﬁié“gp‘i‘a§1h6‘H{ gpé‘ge‘?%%fotsgﬂtt?r ?lbqogiflg)ﬂ“?ﬂle\méﬁogibﬁs dheédglﬁﬁ?rt ering
gas cons) st SideRagibs %EXtté?Bed l?]eﬁ‘{'l rﬂa@ﬂ@?& foPRSiRAMIE 0B AR patterned AerdBAJROD, as
recited |n>c1a|n14, rmherein the at |east one noble gas conprises argon. 6.
The nmethad,- as recited in claim2, wherein the sputtering gas is at |east
95% argon. 7. The method, as recited in claim2, further conprising formng
t he sputt er edeghini giettlagersthiough hepattdeed hbel maskhod, s:recited in claim7,
wherein the fornmng the.sputtered.silicon into silicon oxide conprises:

2. The method, as recited in claims 1, wherein the providing the silicon sputtering -

comprises:

flowing a sputtering gas into the plasma processing chamber, wherein the

sputtering gas comprises a noble gas and is etchant free;
forming the sputtering gas into a plasma to generate noble gas ions; and

' providing a bias that accelerates the noble gasions in the plasma to. the silicon

based etch layer with sufﬁciént energy to sputter silicon from the silicon based etch layer.

3. The method, as recited in 2, wherein the providing a bias provides a bias of greater

‘than 20(_)'v01ts.

4. The method, as recited in claim 2, wherein the sputtering gas consists essentially of

atleast one noble gas. -

5. The method, as recited in claim 4, wherein the at least one noble gas comprises
argon.
- 6. _The method, as fecif_ed in claim 2, wherein the sputtering gas is at least 95% argon. -
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fflomnng oxygen |nto the plasna process chanber subsequent to prOV|d|ng t he
. silicon sputtering ‘and before ‘etching the etch | ayer; and form ng the
“oxygen into a plasna. 9.The-method, as recited in claims§, wherein'the
forming the sputtered-silicon into silicon oxide, further.conprises _ :
providing a bias of |éss than 200 volts. 10: The nethod, as recited in claim
7, wherein the formng the sputtered silicon i.nto S|I|con oxi de conprlses

. f1.omi'ng_oxygen i.nto the pl-asma prgc chamber ri ng rOVIdI t he
Si I'i con &putt &k Iﬁ@théﬁoﬁsﬂe‘flt?ﬁén é]taéhr-ngmt%ﬁ’ec‘e’tllft?“ha @P‘ngltg Sl’tlb‘i?n as

reci ted JR’SLﬁhﬂbé wherein the sputtering gas consists essentlally of at
| east one:.no gas "and oxygen. " 12. The Method, as recited in claimll,
wherein the at least one nobl e gas conprises argon. 13. The nethod, as
j_reC|ted in-claim 12, wher ei n the. sputterlng gas is at |east 95% argon:

“14. The et hod, as reC|ted in claim 10, rein th sputterlpg gas consi sts
- essentiably ke Botidsaseciieddn clagnd. HBBICH fgaéoraﬂu SPRESTES FiFRYT ©ohsi sti ng

ess' ent'§1h¥1§%d9amnm%é Jhe method, as- reC|ted |n|cla|n114, wherein the at
tleast ‘one noble .gas-is argon L o

ﬂowm0 oxygen into the plasma process chamber subsequent to prov1d1n0 the

= silicon sputtermg and before etch_mg the etch layer; and

'forrrling the ior(ygen i_n_to-a plasma.

', 9 - » The method as re01ted in claim 8 whereln the formmg the sputtered silicon into

B 51hcon ox1de further compnses prov1d1ng a bias of less than 200 volts

-10':"  The method as rec1ted 1n clalm 7 wherein the formlng the sputtered 5111con into -
s1hcon ox1de comprrses ﬂowmg oxygen into the plasma process chamber during prowdmo _

- the 51hcon sputterlno and before etch1n0 the etch layer.

1. . 5 The method as re01ted in clalm 10 whereln the sputtermg gas con51sts essentially

of at 1east one noble gas and oxygen B

- 12.°- Therethod, as recited in clairn'l 1. wherein the at least one noble gas comprises

- argon.:

ol

"~ 13- The method, as recited in claim 12, wherein the sputtering gas is at least 95%

.~ argon:

14, ' The method, as recited in claim10, wherein the sputtering ‘gas consists essentially -
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10. A net hod for etchrng features into a Srlrcon based etch Iayer through a
patterned harctmask in a-plasma processing chanber.,  conprising: providing a
silicon.sputtering to sputter Silicon fromthe srlrcon based etth Iayer
onto srdemalls O the patterned har d nask to forntsrdevalls on-the

ot o1 neo A e TRt AT B AR romniyes poveinere SRR, Ahe oy 50

an argon gas and i s etchantfree; fornming the sputtering gas into a plasna _'*:l

't 0 generate argon ions; provrdrng a ‘bi as.-greater than 200 Chs- that,‘

" accel erates the argwn ions in the- ,. plasma to the silicon:based etch
- layer with suTh¢Em i @h@@gﬁlnshgpdﬂtE'ﬂsmﬁhQBhktﬁ@h¢ﬂﬁ@eg@ﬂﬁ@&@ﬁ based.

etch layer;"and - . = stopping.the fl oWofthe sputterrng gas and etchrng
t he etch Iayer through the patterned hard nask T

16 A method for etching features into a srllcon based etch layer through a patterned

- hard mask ina plasma processmo chamber comprrsmg

provrdmg a silicon, sputtermg to sputter 51llcon from the srhcon based etch layer
onto sidew alls of the patterned hard mask to form srdewalls on the pattemed hard mask S

' comprising:

ﬂowmg a sputtenng gas into the plasma processmg chamber wherem the :

Sputterm0 gas: compnses an aroon gas and 1S etchant free
formrng the sputtenng gas into a plasma to oenerate argon -ion'si
. prov1d1n0 a bras greater than 200 volts that accelerates the argon 10ns in thez'
plasma to the sﬂrcon based etch layer w1th sufﬁc1ent energy to- sputter 5111con from the
silicon based etch layer and % B R '. Loy et
stoppm0 the ﬂow of the sputtermg gas and

etchmg the etch laver throuOh the pattemed hard mask

. e

17. The method as re01ted in cla1m 16 further comprlsmg formmg the sputtered

SlllCOIl into srhcon oxrde .-

. =

18. * The method as recned in clarm 16, wherem the sputtermg gas. con51sts essentrall} T :

of 90% Ar e
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