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METHOD FOR PLASMA STRI PPI NG USI NG PERI GDI C MODULATI ON

OF GAS CHEM STRY AND HYDROCARBON ADDI TI ON RELATED
WORRISIE2E6 ONS This application is a PCT/US2005/018784

continuation-in-part of U S. Patent Application No.

RN R B iR o

by reference. BACKGROUND OF THE INVENTION 1. Field of

the I nvention The | REEATEPNAPPT RELBIONS @ net hod of
obtai ning a structure on a sem conductor wafer by

t chi Jah: st 2 es . i Si
s SRR S DR SR LIPS Do IBRRLERh o
101414 ,320| emticled SVIETHOB EORCPDASN A E TRIHANIGU $ING PERIODIC
lications, a plasma etcher is_usuall

a ) é used to
Mp TION, OFeGR S HEMISTRY PyaHedsen gt L. Hled Anril, 2003,
f. ' ' il mand/or filnstack
Wlﬁg%}ns ueg?bg’rm&ég&géegI%gg%i%egc%'nsul ators) on a wafer. This
i s achieved L.ch [ nd fil nstacks)
underneath t ﬁ%@%%@@?’\é@%ﬁﬁ@ﬁ!@t he opened
areas. of the mask pattern. This etching reaction may
be iki f}‘%ﬂ eithe {nvieRdoR hem cally active species and
ele .Cifl{el iﬁ%ﬂt%n ‘f&é‘{e9 ?oda glg{htohl%lf %ﬁta{diﬁé;e?‘ A QR0E roﬁtaesgmki)cyonductor wafer
exciting an electric discharge 1n reactant mxture
byGdHigg thesughrstracivits definehby » phisteresissasiedndrihadstiippiag tlée mask.
reactor or_ process chanber. Additionally, the ions may
be & sbeseinbionhthegelalpdards the wafer material s

thr %%Qmﬁ%g&%cﬁ ert%s?nef étahg% ?{];;pgﬁéﬁglgg% éir’ég]?llg ﬁ{é:ﬂgr d %ﬁually used to

m xt'ure an er na

traflk fe 6 inlaQR phitdrR IAY alcirdhit bielied fdenfoledsirbdiitn alpnagd/oh€lmstack
direction of the ion trajectory in a manner referred

(comslugtorsion Geleetoipiinsulaten) omya wafert Rbisfis aghigyed oy etrding away the films

e [ sequence he ski terials are remnoy b
RS IHERRE )  Br RS AR leBodbdt BB Bt paten.
THiS8chik 96tioR fHaly BE Mifhtell B t1QY di@ini@lylabh RNpReicfBigdelectrically

patterns. During the etching process, the mask _
chaeged pedickss giops)gsnelated tyrasdisiggan dlestricotisligess i 4 reactant mixture

echﬁgge for the sequent |

CoBRa G A OB CAr i T Shio a8 ) AR PAHGR BT AT DR
Addi8oHgehk Yo RdndyAdeed1So AR A RWalisURIRafer ARt@iaRahfdih an electric

di storfions such as striation, CD enl argenent,
fidld cretied dpetveten the ges anigivre an the ovaf¢rovatirials, geeeratinga directional
rerrrrlaoga roif ?lllesetgflﬁrfg hl%%e'riaflsuaﬁci)r{]ggthg H?rec:st}orni J% I%}ileni%n ?rfaj etcpo?y in a manner referred
to as anisotropic etching. At the finish of the etching sequence, the masking materials are
removed by stripping them away, leaving in its place a replica of the lateral pattern of the
original intended mask patterns. During the etching process, the mask materials are usually
eroded and/or damaged in exchange for the pattern transfer. Consequently, some of the
damage and erosion also may be transferred to the underlying layers leaving such undesirable
pattern distortions such as striation, CD enlargement, faceting, etc.

In addition, for low-k dielectric materials (k<3.0), during the stripping of the

photoresist, damage may occur to the low-k dielectric material, which may increase the k

value. In such a stripping process, it is desirable to limit such damage during the stripping

process.
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photoresi st, damage may occur to the lowk dielectric
material, which may increase the k value. In such a

wennispp2ng process, it is desirable to limt sBCI/US2005/018784

damage during the stripping process. SUMWARY OF THE

I NVENTI ON To achi ' NG accor dance
W th the purpose RﬁYf@F ﬂ@vﬁﬂ‘ﬁd)ﬁ’ a net hod
for etching a feature in a lowk dielectric |ayer

t hr ouglroachieot theeBiegbingtatd) im@skrdanes with sidhsirpase@f kg present
provided. A lowk dielectric |ayer is placed over a
s Uiyentien, @ metherhiar siching pisatusy v lew-ladislectric layaaduquglvar

he | ' ' . . €15 -
DA BRSEPLS M 0] 950 RLUEE i

08SecrRibhiadte d Aqaetkingd photofsistghailt BGER8d bserahe fov-Relklectric
for nore than three cycles for stripping.a sin

. . . gl e
phroenratiestt onadtaturEacsickegdnie tay lovnk digdecTiiplyerat/gas-modulated

cyclic. stripping process I form P .
e B B SR AR BB QS P yoine o sl
PBASBresikh BB OE &M dy¥R Jf @Lfasmsdulae] SRHs Strippirpdprbeédss tomprises
gas chemistry with a deposition gas chem stry, wherein |

t perfpmuing etprotectiveyayer fasmatiog phasasad pstrippieariesel The protective
about .0. 005 to 1Q seconds ,for. .each cycle..conprises -
oot G eSe Pring SER e s B e S RER S gherein
fumbReti{d Lt BARIngHRReSS Fé’rforﬁ’(é@rlﬁ hBowd 0038 ¢ D is¥@nds for each
| ayer 1s forimed on Sidewal s of the at | east one

f eptlereongmidesprolidikgibe Sirsizas ehenpster awt fovmingampsnastrom the first
i ncreased. The perform ng.the.strippin h

S EF1 SR BB P AFUBIGE Thicle TnEPRp R dBNaRCP it loastone
??@iﬂé%& aYBic RS o Bk ipRREAT c JRRr RNAMedeHY Th¥hEITSmiiNe the

irst gas chemstry is different than the second gas )
c beippity phasevite saippingibe phathienigt phsisesinga prsphd gareaheimstry using
about 0Q.005 to 10 second or each cycl.e ri.se

o o bl AL Ol S BRI e second s
pl.f ‘[rg/,r \Qﬂ%ljeﬂﬁché @féﬁﬂlg gﬂ@s% i€ P&%rﬁ{eﬁﬁn a¥hR108)03 th N8 seconds for
thickness of the protective ayer is decreased and
sehath efcld dvenpizet prosilisg thewsdond gas thdnppiedand formimgtadpasma from

mbodi t of th i i
?é]iiﬁ?ﬁﬁ;cgg gqsoqhgggqetrygrg/ﬁ?reeg{: th:é ﬁl\é&%}ségﬁ t‘l;g g?o‘%%@igg lagfg{ is decreased

. . . > odul _
T PR e e e Do e
8?; gg t ﬂ%&gtﬁgﬁ%‘%ﬁﬁf{pg o g%% {Vlf'ixztle(flsqi, Egligﬂgo;cfgo? gen%)ving at

chefg gérf ¥f é("%;ih@le%y%? BOS Al JuBRrBAE HHEIRE LA as-WoauRied dybige

protective [ayer form ng phase i's perfornmed in about

0.000%s¢ 5 pkffosmedfod sndre thapdloke cydése Thedaparddotatidrychc process

| R G TG HEPEERg B ehigy gy witha
deposition gas chemistry, wherein the protective layer forming phase is performed in
about 0.005 to 10 seconds for each cycle and performing a removal phase for
removing at least part of the single layer using a second gas chemistry using a removal
gas chemistry, where the first gas chemistry is different than the second gas chemistry,
wherein the removal phase is performed in about 0.005 to 10 seconds for each cycle.
The protective layer forming comprises providing the first gas chemistry and forming
a plasma from the first gas chemistry, which causes a protective layer formed and the

thickness of the protective layer to increase. The removal phase comprises providing
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gas chem stry, where the first gas chemstry is
different than the second gas chem stry, wherein the

woenwvat22phase is performed in about 0.005 to BOT/US2005/018784

seconds for each cycle. The protective |ayer form ng

c rise r ovi di . ] and .

¢ SRR Rk g 8 (RSN g o
C 3bgRFedoPdl Of aClehst PattdY @fe siiléRgerand the thickness of
the protective |ayer to increase. The renpval phase

conpri s’l&lgsq)mgl\nt@@rﬁgqtﬁ@s gé@@lmesggtsin@mw g?fi}l)beakp@pribed in more

o AeU° Pefauti el B oo R W LR R Cohifgion with the

Thesgviapdgatdier features of the present invention wll

be described in nore details below in the detail ed

descri ption ofiBe PIRYERIPIIONAIA THE PRAWDGEEON i th

the foll owi ng flIgures. HE

DRAW The pr.esent i.nvent | S il e

R e RSAERGRg AUV St bt AL o b8y o
f ilfMt816n O thOBg@es 6N AYdopadyiapidRERngNchd iA WihitICHikd tck@ence
reference nunerals refer to simlar elenents and in
winugieralsredsr ta singilag efamswtscandrie whicha process used in an
enbodi t.of the jnvention. FIG. s 2A-C.ar . .
schemat g LAhoT s BF* b Psvanchin BB o fheinvention.
llayer aggokdADg atdschbiBatld QE€Fiewo bf I Schdd 1ol Sdiefectric Byer
nore detailed flow chart of a gas-nodul ated cyclic
etactirdiggpo dregeecesFo3I& lis a nore detailed flow chart

2 scnodn ey Bl Bl bl e SRRl eoRin brocess
pr act i Girggs temioRy&ileMovk it of 3 AAIRIAR LB ShipBl®

a conputer system which is suitable for inplenenting
apearss.ol | er used in enbodi nents of the present
inventign. FIG 'S 7A-E schematically illustrate the

bui | d G007 Tiaermae SIFvEela s rndhanianbs e it prgicing the
rig%%oﬁ_f fast cycling using subnonol ayers. FIG' S.

8A-D schematically illustrate the build up of materi al
on a sHIGAS&A and it ilheghter cofnpateowesternywhich g sudBEFIALMED
DESCRI PTI ON OF THE PRE ,ERRI%D EMBCDI VENTS The present

i AR eHHOGR COERNGT e OPEREDHO ?B’que%l?‘f%mlon

reference to a few

FIG.’S 7A-E schematically illustrate the build up of material on a surface in an

inventive regime of fast cycling using submonolayers.

FIG.’S. 8A-D schematically illustrate the build up of material on a surface in

the regime of slower cycling.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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
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preferred enbodi nents thereof as illustrated in the
acconpanyi ng drawings. In the follow ng description,

wouneyriaeespeci fic details are set forth in or@er/use005/018784

provide a thorough understanding of the present

ML ML N -
have %r ?Eée}rlccfégcri@eﬁ tﬁﬁ&étaﬁ HBrdef todlot uﬁ{etcgﬁ \Rﬁ)‘%@&hé ke present

I'n other Instances, process steps
inverdfv@/ or structures have not been descrlbed in detail in

order to not unnecessarjly_obscure the present

i nbe fcilipte dRsussiRn: FlGat 1 acflan et ofin qigtang proress QI
dlelegﬁ%églye?tlse@lrh%%gib‘aglrﬁén???@% ifNentiOy" i‘re@érglgﬁ, E iy ;l ayer

n-an € I nvention. erably,
dlelebtlme lhyewisandtirgaesilichte dlay €DSGy. BIG. brayeaost béteatatic gldass

LMFI G 's 2A-C are schematic side views of a |lowk
v1ewa pEp ty-kideeleciije layarcacspidinggotthe preecss b EHsl- o lowds 1. A

acteb 0B S bl of IR 0 R o
FIG.9upst Heaéﬁlﬁst?di)@Z@lSiMa? ®e @ sHicbh e@ifer waaﬁdsthﬁf typaof Meteriblypanay
of material or may be part of a |ayer over a wa

be parb@f 3 Iay@rovzqwaﬁerf Sraredawsyal? isermetver hedouck ii%ekectﬂcA
T 2
layer C@%ggﬁep %Q@é 1'1%pca% (Pe%%%f 21?1%51? 8P sh@éﬁ? 5x1a<} e t et {11%5 tﬁ’% J:d)};)qg%r

e Ca

isa p?f)teatndi 1 &‘bffhldfieléﬁtmeﬁiaf&nal Tne @@ﬂaﬂeaym pditettpthei@etks
the lowk dielectric |ayer 204 durln? chem ca

dielepiicHaysir 284 dp]@ng ghﬁlmgal(n@gpgn@a{d)obflﬂ@g (E,M&} and ather nreesses.
The faé@g &35& %yvk-)lédw%ea& @ %éé[ err 13%@%?t1i1e|’ele%gggp

prodhi@Y PrefeRbRA tR oip ldyePis oF )élsﬂﬁ:oh @S{ﬁiem&é@ﬂhaﬁhal e @gpayer is

| ayer is preferably has a thickness of between about
prefegifly hasmthickness of beDOeeA abowt 200K ancbﬁhwtjﬂ%x In pther e

embaenty PRrPOLOCBAR e b 1w o B0 gt A ifnsiee
coatfeﬁ%&é%@% 8 4 2l FepbSiteovbl fik-cap AP (fsﬁ:fﬂlq 0}.1 Ve didibve

14 may be an organic bottomantireflective
COmE@aﬁRﬁDZQgﬁﬁﬁﬁewmcmgﬂnmbngmmmdndﬂemeepﬁﬂﬁg(BAR£301wl
efl ective coatin has

o L SN aS 0 OTE, 26 AFE 85 B g 08
abodi ? g(;) S\ ai[ﬁga%gutzl]{@O'ﬁ BripvkAed ré%Ys@ fnatslh 21 @*B%r@diﬂec( ¢ he

atterned resist nmask has "an aperture
ARQ2D4 (sTeipel lﬁat Tleer pectrredses st mmkl%lﬁrhys fearfeoure2ldoyThe

po b e koAb B el B GAR A £ °
o T 408 o TR 95 bt st e
resisk @46l mA3 Be used. The substrate 208 may have a contact 209 and a barrier
layer 210.

The substrate 208 may be placed in an etching chamber where the low-k
dielectric layer 204 is etched (step 120). A plasma dry etch may be used to etch the
low-k dielectric layer 204, which forms an opening 224 under the aperture 220 in the
patterned resist mask 216, as shown in FIG. 2B. Some of the patterned resist mask
216 is removed during the low-k dielectric layer etch. Such low-k dielectric etches

may use a chemical etch, such as using a fluorine based etchant. Specific examples of

such etches will be discussed below, although various etch processes may be used.
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The substrate 208 nmay be placed in an etchi ng chanber

where the lowk dielectric layer 204 is etched (step
wa20)5/12222p1 asma dry etch nmay be used to etch tReT/USIe0R/018784

dielectric | ayer 204, which forns an opening 224 under

erture 220 in the patterned resist nmask 216, as
AR RO SRl g iR bip e PP RS e doToeto ik
h tglile@ | DabiETRYVAM ARETAL: bIewWhiABikiatagl G 16
Pho ﬁ ﬁmﬂkk dlelectr%%retchés may S’éﬁéhé g%f?é%&; %@m
(stepslmﬂ) Hsthel AiRrﬁiglaaerhls DAR Ot besant atechiabt rerfopedi flihe
exa uch e ches will_ he djscussed helo
photalre@ngwaﬁ %?lérlflaﬂgat erhisespenleds 2 pigle Sffgesastask formed
Lat&d: ic stripping process is then
ﬁonﬁ?ﬁngggg'to re g% t he photoresist mask 216 and ARC
I ayesoni’elémwmﬂnemts ofi dreEigvengioh e bawek lagiered I@ahay be dpened before or
p 124). 1f the ARC layer is DARC, it does not need
aﬂmﬂ%ﬁB@ﬁPﬁﬁﬁvgé1S$H§W5%otoreS|st mask 216 illustrated in
this exanple is a single photoresist mask formed from
a Eitehjhg Ppéessor esi st [ ayer. In sone enbodi nents of the
ayer. 210. ma

or VR AR e BF et BB o P e BisR g (g dettic

proté?:'hQE @a%/%rslrﬁayoﬁ@foﬁﬂp@gﬁ R dedfalik B tHe ARl Pis bELEVeAIhdt FSrming
step of etching the lowk dielectric, protective

protdcéiye tayersayuches fioleweld passivabien i;aydlesvthzhtlase of thehleddredtl Qmen thick or
It i bel | eved at forn1nngrotect|ve | ayers,

sreatst QAR KRG VUL BFF Byar QbR U UhP LG By ey cause
strlaﬁﬁrlsr}c{ﬁdtfgée%hg OkyigHoRifb&hg 88thd Me&%cﬂl Eﬂ%he%li 18t 1$drB8f such

protective layers as a passivation |ayer, may
thicknesssae aot sudficiently @ntbrirat et progide edited protbeiangpgbimanstrityon. It is

belicgpg dib theghire it Vﬁ%ﬁ%&?ﬁ%%@ﬁ%@%@fﬁg iBsoply edice
str1aft?{>11|9 t GGl aotﬂnﬁlg‘e ‘Fi{fe B& Aly Q5 re gﬁ%é ﬁcﬁﬁ!g' ev€dishMRliedddqhat this

prote ayefrs provide I nventi on
redusésghﬁ)fenlamﬂeylt rpeckidiag $1 cattrod or c@ﬂmﬂl oACDHhias, prheteeCDibias is
al so reduce faceting. It is also believed
deﬁftqgla?ts Qmpgaﬂlg@éu%%e@m enl argenent, providing CD control

or £ %'Rllg Icfgxgle E‘l ﬁﬁ)’d 1¥"E1%Rf?deg’l?n Wh?csh dnsm ‘}%%‘ggﬁ ngaﬁla%

change enbodi ment

cycliere@ah tecksk lltwhatembmed:ma pﬂot&tlga&yammwaﬁ@dplmy@ hndcareétchh
process alter nat es between a protective |ayer
phase 4o phanehthsieagial @#&L}@ﬁfogp@weaﬁﬁ%t veslubnspgrEeing semplicity

and gos?r ﬁleétlv%}lgslg gﬁc e tdnEF %1? CQecgfh C%H% mCﬂ%Lqéls ¥%%§)%ul 1 Fﬁgﬂ 08he

rcrty an Ivene

comﬁcﬁ&i‘@(blf ar@iddl flow REibs 8the GYSdebLe¥@Eases, a0 ntfy dlddeinclude
conposi tion and/or_ flow ratios of the process feed

synchepsised varigtionayn dledRF peigerygas pressure, and temperatures. The cyclic

process is characterized by a total cycle time and by the cycle time ratio, which is the
ratio between time for the protective layer formation phase and the time for the etch
phase.

U.S. Patent Application No. 10/295,601, entitled “METHOD FOR PLASMA
ETCHING PERFORMANCE ENHANCEMENT, by Huang et al., filed on November
14, 2002 and incorporated by reference for all purposes, discloses that an in-situ
plasma process may be used to enhance and/or repair the mask and/or the vertical

sidewalls of etching features, during the etching progression. In such a process, a
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synchroni zed variations in the RF power, gas pressure,
and tenperatures. The cyclic process is characterized

woyo@/ezal cycle tine and by the cycle tinme racTms2005/018784

which is the ratio between tinme for the protective
| ayer formation phase, and. the ti for the etch phase.
plasipd SherpigRlprpCos SicP EPHisfogY & slrbdiratien befgieandfogatier the

" = ENHANCEMENT, b
‘Wa&ﬁﬁg%gﬂéﬁééi%{&éﬁmggg%ﬁkkﬁgzgger 14, 2002 and ’

i nbothipoerabetimbyt, thésf grpesack i mpdidietl spelr thaisths pratesataps es
that an in-situ plasma process .may he used to enhance
resp%ﬁﬁqlﬁ?orypégfgwngtth%n}%a%ﬂncgﬁ wlfwﬁgﬁwéqu&aong PhesRt pgas-
mod fate@c@ﬁﬁ@ﬁro@:@s@} i afRrmatt Wil atéaﬁlp%{iﬁl@e% LQQr essi on.
n such a process, aplasma chenical process step is
I niChé ptotettivelayar foimmatiordproatss ammyliefchvsenandics a ahy €tat bhe
. wafer is exposed to an etching plasma for a desired
thin §lp of meterial i forned Phihe girast ,09 theinaask spd/on the sidewalls of the
it the. onsi.bl.e for
g R R i S A R
may pba$ & ntterén] @as indmipatibld viliclated sPippiRSsocdsifaleher dteflnabn
with a conpatible etch phase. The protective |ayer

remevg} hﬁ?ﬁ@i‘ﬁ efbgeasianthgn i Desn ST iz examplgya edthen-gch
o pr AR frety™ § : f
R P R N e T

photpfegiéEmbsleicCihagirottet mdsk eitirdgare adtleBily RidedBy thEhi s

thin coating may be of a material that is conpatible
subsgguent ¢tghing psecesss dnothep wotdss i mayrchapgeethe sutfacgsompesition of

bu re et si st ant, t han, t he sk materials. For.
the 88l IR SOR Db SR TR Herd®s Mt P oD Rl e oPltn
benelfiRial StcBiR WRkraBleriH R af bROEINoSSs cdfByn Radmesd ARer6Oaleld

phot oresi'st mask so that protected mask features are

the laysr feraging prasessdeay dso bdesed ibsushuernty beacthe fymatios e§the
. In other.words, it change the.surface conposition
thin g g oS i, PERRLY Rt e A BE BpLBR ke
pattd?SE IR dRal iR by (ARGt hYrb@iss PRNRIALS: der@bsitiMEe
characteristics of an anorphous carbon hardnmask.
coatifigtte theastubsesjuynt etdhéng meaionfis benafigia soeeonontoyalier the fiee
used i.n such a hat, .t he formatian of.the thin
balafR A tFﬁ et clegatierin Sy e o8 shiied gl pgpuced
usin% FicREs doRRRIohS, Willeh PR RARINSoHGRY BN i RAFdi B alife
I or etch process.” The relative inertness of the
prevetaty the initatidreofstriziegu dunt toevetli agl/areaougyed sidewall polymer
pbeneficial so as to not to alter the fine bal ance
Coat’é‘lgﬁ-ai ned in the etching step. Alternatively, the thin
co y . 3 i I .
R O B R o B SR B TS A0t species
so asiod@wddsk she benefits associated with a passivation gas in the etching

chemistry. The ratio of the etching to passivation components, along with a plurality
of other processing conditions, is finely balanced to achieve optimum processing
results, such as photoresist selectivity, etching anisotropy and etching rate etc. The
electrical discharge power may be kept high and the energy of the charged particles is
also kept high to obtain high etch rate and good etching anisotropy in small
dimensional structures. The protective layer formation and etching cycle is repeated a

large number of times until the completion of the etching task.
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preventing the initiation of striations due to rough

and/ or corrugated sidewal |l polyner coatings. The
webtadsiinge2gas m xture may contai n etchant speci BETASL008/018784

passivation species so as to not |ose the benefits

chinashigte verseg RO die  Brtf Rrsafed MBu bt af Mg eer of
etchﬁig RIROIBGAk alelééltmgyéﬁ" (Etg% g%(?l iH raﬁ lehfo¥dRenfbPEE iRXfARESSI NI

nditions, 1s finely nced to achieve optinmm
Duripg d@@smtgiuﬁeeedjd:}tchp el phoss, plpotesediagtbes mlodalates ibetyeen

et ching ani sotro and etch t
at legsf BYQ Phasss @P%Elpfﬁ%gsea %mewl d@@ﬁ%&ﬁﬂﬁe@ww&efﬁﬁep
e k 0
R b R e D S R I R
betwﬁ&’atﬂesdjphmms adaibvesl byuyhehresizedimedplatiéreof gaseflowagasss, and

formati on and, etching cycle is repeated a | arge nunber
possihiy Rfmegveurﬁqfﬁcetﬁ@per@m Spfl gAs BESR Iettl%w%erfeésk To

emb%uflﬁm 1{ %%t?l Jé{&f’ee@e B GEQ%?t [h%ﬁ a%oﬁtszhlasep&{cﬁk‘i{gér@ ect : llolg

a tothlayele tinsd Bpeifdfihed in (01 @MMC(BIRBI Mfst pfaﬁeralﬂy @nttotab Bycle
During the s-nodul ated cyclic etch proce

time pfif mr@cgeleé wagnéép Sriserndat Breferableidn cugle Fleﬁsrﬁﬂ@ %Oﬁﬁﬁ%s

etch is %CRN %ﬁ% dlsaﬁ)%b%% %ﬁﬂr%%‘i‘ a%ﬁld é/f:lgrtﬁ?lear ?5 glgr%ﬁ:tcjugl? etca‘o

ayer stéep is a’s

is bebwdendl. GNaidDs. (SosPprdReybly, Tllreecyalet t@he aftioqprdiatioredchiese
phases i s achieved by synchroni zed nodul ati on of gas
betwetn W 2raatds Prefiserbbo s gypyncpq:ulafywc carged pylcer between about 3

to 56 @gp %éh:[\}fdrg g%r%ﬁl%lt t{] ﬁula]ugn noci%n%;dg(guﬁ 7% at%ﬁut 20 to

100e8RWs. Rdst §e<f@a51§r thB’lgésﬁm@ﬂ@I&ﬁdSr@Mcmneﬂ d@bﬂbm ybde 100ne
is perforned in 0.01 to 10 seconds. Most preferably, a

CYC1QSot al cycle ti rre is perforned in 0.5 to 5 seconds.

f)\}éég blé%as_l_e cgﬁlam%ed toﬁélinéalg}o %cletlglgg l O Ct : 133§ & %rofccgwe Rayer is
dep Jsﬁ&d &n §iBE YaBS bi 98- etc?&:& PFoatiirss :Qﬁitp’éﬁﬁﬁlyQ)nO@? dntheDtchMagdk. The

preferably, the cycle tinme ratio (protection: etch) is
depdsetonesay 6 @ysmabtdc sﬂhetf the aimloynt Ctﬂdepmfgorms dornzedi pyefereptially more

NI TR AR R
locaﬁ‘&f)fd)tthg szﬂd%m]og%ufc\é &k GR1Ll aMB? Eheosreﬁat:ﬁ{/@fi’el.tﬂre Jrhe ché)sen deposition

gas- ation is carried out at |east about
procegsc e ethef)morda;gtlm chp@sste)mpitenmtzyeday be ﬂmsam m smcbae’wltha a coating

tep,316), rotective | aye

i fogpYLDISER P Y opitke Bediampisil due ¥°aﬂ1c§f i}e glwn%lsi} reactivity
t t [

oY Sy AN A N SR

charhitt @sing a plasma enhanced chemical vapor deposition (CVD) process, which deposits
a thin protective layer on the sidewall of the photoresist. The deposition process may apply
some ion bombardment energy to allow for selectivity of such deposition. In such a process
the thickness of the sidewalls may be about two-thirds the thickness of the layer on top of the
mask.

In other embodiments, the processing conditions may be changed as the etch front
progresses through the material being etched to vary the thickness and spatial distribution of
the protective layer. For example, it may be desirable to form a thicker coating on the

sidewall of the film being etched as the etching proceeds deeper in order to protect the
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on the masking material than on the sidewalls. This

may be aided by the line-of-sight of the location to
woOhersdemsi ti on source as well as by the sel ecPCYAIS2005/018784

nature of the chosen deposition process. In other

L E T T —
condi@sisia8 %é”@&l??ﬂot@%e%ls %’a‘%f ﬂr@mgé fdreniensese ke Iﬁﬁﬁ fgﬁ‘ﬁﬁ}; aRd etching are

reactivity o e materials. In the preferre
sepasndpltiseeotithe cyrde, depooiess sonditomidiethedaysi farniing pimsenety be
optirglggggcg'{t}ﬁg Eé:s?.l%\y%}folbl? iﬁg%g%ﬂlh an%l'{e:%eé gg]igfaels %ﬁ%ﬁ%’cﬁvely the total cycle
time Qxﬁ@fo? e Brle @S maP b B uskdevak ot prbfed PRALBYRS 8L variation,

The deposition process 'may apply sonme ion bonbar dnent
withewemgyhtngedd twprbeoass pabmeteryfor yhedfdisidubl pleyes i Ihiaoothet preferred

sych a process the thickness of the sidewalls may be
B e e T b A o i M

th NEL | E8SSI -

co T e T R e, ML e oS oo of e
depdshiioaghistrive graatee theal 2: heExamgecbbdbpb sitivacheriktries that may be used

t hi ckness and spatial_ distribution of the protectiv

for plagiarenhanged S be; butipggmegdingiiag; tpopHeH =tcéjff@f$ﬁcfésF sH7F,
thhigkep Goat i | &: i '

L ECHERARG AR, L5, SISy Bl el

thes@eElingedls bledmlogendlet sr havern Halosdehes catbsi eitioi cfmolyedtdrehan 2:1.
subsequent etching. A variation of cyclic processin

. : A . g :
Withoshbeing Gted &y throre it bphioed e theagprindvaserechesiistrnfogms a thin
nce I . r
o SHASR AP RLELrbBE TR PRGBS 1200 'y amorphons
silichiape@ér (bopolytrgstalias 8ilivey ldyer)@pti it pR6tofeist.t In lditRmytte protective
without Interfering with the etch phase. Alternatively

layex ay hartedtece pradifiad; with thedreenesefi semeifand B epapppgptp el he presence
ot o415 Mgk Rop bl L AR 8B Bt L imernt matcri

surfRBS§ {vB st Hep¥itidheecuidirvfetbadhlPHRsRSbut bt MR materials, such as
preferred enbodi nent, the protective |ayer may be only

on thtepoiiresist norskopaserizles byieior en Sitr leyRy, wivler pPRsORIEE!E {a bombardment.
| ayer fornption phase, the fluorine;to-carbgn ratio of

Ot tThndsouE s AP WRE AR S P pre AF BP PR RGNS o
of TRROSE hithle EhQTSHT the pathhdter it By bSakdfifh ppdtd&it® layer
enhanced CVD may be, but are not limted to, CH3F,

form@HRE phasCB Eycl3mBesss GraBeEpigidime2iidhe i@rewionC2H2 C3HS,
and SiH4, Si(CH3)4, SIi(C2Hs)4. It is preferred that

t hese chemi cal s are hal ogen fT##e br have a hal ogen to
carbon ratio of no greater than 2:1. Wthout being

- - - - - v
limted by pREMRAnEe! § M&kiTe¥BHed hal MdiEPeaiRaN
based chenistry forns ajthin etch resjstant anorphqus

carbon layer. The sil ane Rang# woul d beRasged to form an

ammrnhouce et liecan | avar oy nAalvursrvycthl 1o na il i~
Ao PTToUS o Tour— T ay ot Ul pPUTyCTTy St T 1T ST T T CUl

Bias Wl over>3heolghot or egi>s100 Yoisaddi t | 8300 tvbEs

protective |layer may haye heen nodified with the

Bias¥iRegNCe of .&pme F and H-cqjppgpents. [Thgppresence

In this embodiment; an electrical negativity can be formed on the substrate holding the
wafer materials (thereby applying a bias to the wafer) by applying a radio frequency
(RF) voltage supplied by an RF power generator. This has the effect of drawing the
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of other elenments, such as F, may be used to yield
sel ective activity on different material surfaces such

woOheis/idenesi ti on occurs preferentially on one PaQT/US®05/018784

the other materials, such as on the photoresist mask

.materials but not on | ayer,. . ropriate ion
PSP AR POHEC L B S SRR T A OFRY. e
deteﬁi?ﬁgd ?{gthe%[ rwaﬁnefgaﬁ(lﬁf Lot %Ile@)éﬁghe %@H t6dd of the RFtv%l?tlage

paraneters t used in a

It is, picatfocd, pvmﬂlamuppmmmaqnthp Iixasbomtﬁardxnexytcelnmcgyrbjy@oﬂﬂslhng
i n an enbodi nent of the invention. Table | In this

the Reivpeyurikand henge the BIE voltags) enpbigd e thesybsute iddstor ned on

th e
apal Piagie o yBPlobRr MR TS e I i in the
cychf: re&xhu;ﬁmys (sk¥p)3 120 whixpemsipplude diffyreraRombinatvy of deposition
generator. This has_the effect of drawi ng the Pag

gase%%@nwmﬂefoy diffeaery stehpigrapplisadions ghdifigeent mategialse w?m@éh? y

depo@ t@ii?l?al Pvcﬁiri]iée Q%?ﬂ) V@Qo%tﬂfg: zg%f‘fjgigﬁqg ﬂ%lﬁlg%ﬁﬁrleg El?cé dmg‘g the

maslihe fdturyl Hra@mblyl tthd ttme bhekeekce elevdw@w thisqahta@a supphty
and vary the ion bonbardnment energy by controlling the

0.00%:fo ﬁ@@@ndq Marepieeabln shemg of th@gé@le dpyntectp this nhase is
aboufg%é gtfgcjoqfag dﬁ/fost %ferﬁﬁ ttﬁ% ﬁfn%%f }%ycﬁzgltefd%(fgﬁ%alt ORhid g

'S an 1 ndepen ase he cycl

is abBHOEES fo 1.5 s&dnds 2P reritain emayerwqi mleclaeg‘sfcﬁ‘n@@tthan 100 A is
conbi nati ons of dep03|t|on es as required for
formgl fon dhesiop and/eonsidgwalisries thei cglwo@fof disfriets pratechug byl s,

t he 0Si d t
formg Gt R P BivEcre O LY et B, hRE 50 A FREHS
the t&ﬁ ahdibesdelRloRERME Yuratibg of h BB gRfprétaeeyeyed f&mbﬁq)hb@

phase is about 0.005 to 7 seconds. More

Mospp@feeaténl ajlayar thetweenabert It dnd Mh%foueetbo@dlettgp fid/gr

t 0..05.t1 f | th
sdeBrlfasiar Mg P AaiE: BER e BHOeis it o ccdsg of
less fh‘ﬁn %b@utqgcl@ neer thidBER! ’@1@ le¥ver Qge! ﬁé()ﬁﬁloi% éc'@u@télj!ﬂbé“' B8R EBed

l ess than™100 A is forned nd/ or

asa ﬁa@tmmdﬂ asnoncdayet.hén doe anbmhmﬁt ﬁleqqrortgttefepiayﬁr domisvasingle

er for | on phase.  Mre ref
mong3Yanst HB ST Om P el PR e VS ey T hion S dn aHetbeF
emb ﬂl%ﬁ@?ﬂ@sprgfé@ﬁvé R6erdUAAL 4 QIb- ﬁt)n@lay%r n\gfu%h B e@fa?&tthéﬁedoes
ayer ‘formation phase. Most preferably, a |ayer
not doeiphetely caberthe durfacd with afsingle hioniedr mnlet:tulm tager mnadstead

sidewal I's over the duratian of a single protective
may [PEQradle ¢ TRk PEReYRRELES. 1ore q#é%fafseewa? rage Q3e% {5 dusabign of 2

mng%gm&e&ﬂ%ﬂgw%?1£§$5 hw&he coverage may nore accurately
descri as a actlon of a nonol ayer. In one

enfybe etvhphaset320 ipawindepindent hysr infthe oglia ewhrpgdeess 312
which is performed to advance the etch front, producing at least one etch feature (step
320). Etching applications may include, but are not limited to, a dielectric contact
etch, including high aspect ratio contact (HARC), damascene etch, dielectric trench
etch (shallow or deep), self-aligned contact etch, gate mask open etch, via dielectric
etch, dual-damascene via etch, dual damascene trench etch, conductor gate etch,

conductor deep trench etch, conductor shallow trench isolation etch, and hardmask

opening.
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nonol ayer over the duration of a single protective

| ayer formation phase. |In another enbodi nent, the
wonoeisaera2ée | ayer fornms a sub-nonol ayer, whi chPCE/U82005/018784

| ayer that does not conpletely cover the surface with

a sjngle atom c or nol ecul ar, | ayer but instead may
pr ?&?fg@%é% & gtch phase pees ahigfeiopiengrgy Pspgoviste asdirectpral etch.
i ' I iV
e b 4 A P o Rl B8 GhtalBo o
singieneielppindbe n Alpdfakepiotectinelagycdd wned athPEH@LRESM3Y Be dhh@ed

i@ gerf,orngd to_advance the etch front, producing at
oveq tag dpragaa ob e sinstesish phase. sidpiszaapleptheprofgetive layer forming

' j d iJnted to, a
the GRRIALER 8 FholR Y e b F s M R e P
Othaquattaof tHehppbe}tivelaym segnalebe partigliyeleaived. Clrt thB&BmeLes h
(shal | ow or d,ee?), sel f-aligned contact etch, gate
onlypagtioidhe prosacine laypronihe tersurfage ef th pheiosgsist haslssane

' . - scene trench etch. conductaor gat
el 9 USRS P 1 OO BB
etched @ag br teapltdpstciRiddivaya Mihe ReshdMBSHKremoves some of the layer to

the etch phase uses a high ion

%ﬁeni ng. Pr ef er abl %/
be eiehed.gpd dvanceyihgstcd fimtect i onal etch. The etch phase
Ml TRY Eich %gzgseg)rf ‘thaeI clézf:lzg %I{OE%SS E}%%t e{g:ttl Ii{\&/ﬁ:gg}ll Jt%ﬁg to Ig)r\(l)glrde a

t he "aurat ron sin
direficHaP&th, eI PNE foferSRAF a9 fhe sy igdd hAERIhd8¥h BRase. The
renoved over the duration of "a single etch phase. In

polynterr orenes igpses mayrhe, for oxanplesydrenpehons diuvirengrione, and

hyo IR oRSE b i, e b 4 Gl s et and ERfF

Thed¥ I REE f6EMbrABEs WEM Wthya p&%ﬁh%f faly@l tht i§ 85MMREusl) N
this exanple, only part of the protective |ayer on the

depastpd sugd ¢tabesl diringtike ghlopbasesi st has been renoved. In

o B SRR SR B b B S SR A o
cyclitiRo&ss th B PRFAKIONER B ele inbértlayer to be etched,
and advances the etch front. Since the etch phase of

the cyclic process uses high EREI§Y ions to provide a
directional etch, a polyner forner gas may be provi ded

during the|etch ase. T I r forper gases nay
be, for ex aﬁlﬁ%eé"f,e% 60515@6‘%§rgfg§%r03%6ﬁ’§?“%d

hydr of | uor pcai - bons, suc_?ﬁg CAF6, CAFRan F, CH2H2,
CH, C3F6,| C3F8, and CHRF3. ﬁese pol yper r mer_gasies

0
. ld form ol r |ayer at._is coptinHously
Blas\gg?%%let ed &n e‘fc}c(ﬁgd duri%n3gd0?‘f%tsetch oﬁé@@."o%bl e Il

. 1S a table|l of sone of the gaaramsters, hat m\a}y be usled
BiasiEpesgy et ch ﬁ@%‘?&v of a >300 eV >400e

Preferably, the time of the cycle devoted to this phase is about 0.005 to 14 seconds.
More preferably, the time of the cycle devoted to this phase is about 0.05 to 7 seconds. Most

preferably, the time of the cycle devoted to this phase is about 0.25 to 2.5 seconds. Preferably

the depth of the etch increases by less than 500 A over the duration of a single etch phase.
More preferably, the depth of the etch increases by between about 5 and 250 A over the
duration of a single etch phase. Most preferably, the depth of the etch increases by between

about 10 and 50 A over the duration of a single etch phase. In the case of a change in etch
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cyclic process in the preferred enbodi nent of the

invention. Table Il Preferably, the tinme of the cycle
wdevistiezk26o this phase is about 0.005 to 14 seeomas2005/018784

More preferably, the tinme of the cycle devoted to this

[ out. 0,05 to 7 secqnds.. Most preferably,
dep b Is oS MO 8Bl P 415 RBangde e ORA BBy be
deschiBed a® %@t@dﬁﬂ@f b1 RRIVE
escl 1ngr ga%es eass t hﬁégg%lakag{/%r t h%g lﬁé;fglslogl%%%‘:hap hase. Tn
one sinhgdiencat, (ﬂhﬁ qzrhalmi of Mateeiapreafoyed bl gr, the Heratiepbha sihglehech phase is
Lgt ch i nc easgls ﬁ bet Q'cﬂmabogt 5 and 250 A over the
abou} gpsg maemglayer. Inanpilieser amgyat olgnaledplismpyed per the
duraﬁ@ﬂto?agfn IJE3 gﬁﬁe Eé'hcl%gsatﬁ%?o&ymgﬁcsl n about 10 and 50
over t tron of a single etch phase. In the
c asTehe efclec mheasg és iepeatddediate piahy ofclése S%sn adthnomaﬂ) protectiVe Aayer is |
[ si_ngl e etch thi s change may .nor

h
deposiied PR i WIOH&G%}%@E’? BB Rple ARG TSN P Aibihg pist protective
layegﬁ%c'gg‘%en@hﬁlof ﬁ%gﬁ‘gﬁgrofwﬁ{zm & T’h@ﬁ% RurélsGhed glret{:lﬁzéﬂ%ugh the

t of terial renove
photdresat imask Gftepa3 190) ngbedeigahieppaseniast ladia ll:treibfdbly, this gas-modulated
nmonol ayer. | n another enbodinent, the anount of

cycleqgt kop é’lf Prsidvg altesnaiing degostipmendeicling abasen i repeateshmore than 3
h
tlme?.s ﬁ/?o%e Il 8{.)1(?{(8/&11; %}g;fé i§ pe?» %@@ gloznﬁlala &Etﬂ?ne%y (i\JIJ)s‘f 8? f&%glslf this cycle

t| onal

imeb@y@faﬂlsastl@teﬁm@sted on the photoresist mask h| this
exanpl e, the remaining part of the old protective

| a%lﬂerb@b@ﬁﬁgl ﬁalmtlg@r ephied, m%ﬂmd@we@@tha@mcesm@p 312)is

comﬁlé?ek Yh é fés@g{% ha € cr]?ﬁer }ager]%g%é&éﬁ egegyh lg t’d&’%\g h%rp%gt'egt‘ive layer.
HowRvef, @fsﬂ&le}querit @t&ceﬁ]ﬁ@g iﬂ%ﬁéﬂe@&lﬁﬁcy@l&@ ERh@hodeSPRaPhiso be used to

providing alternating deposition and etching phases is

rem@\@ﬁhapmemp dayehamd/ar qompé@e thetsiteh girthe exidbligyer.t hi s
eat han 20 Most pref er

o P4 S plerhSREUEDAIRGS, 17 B R00 R EE 2y bt 8T 5 rhtinatea

befokdHhk bRIdeR):EHis REm gfetéiie §]!1<5\@1QF tﬁélﬁc&@éraﬂ@ﬂ oF at6ieheadEhdl etch step to
process (step is conplete. In the |ast cycle, the

completehiha gt haTéles mtax/ ¢ desirhble @b ¢ mestanhobenmyrotling spleotiitst fowthe stop
a subsequent processing step after the

layerc%(%ﬂé{mg%%oﬁflsé ®85 may al so be used to renove the

Pr o8&l F h@y&falmgﬂfarphsfbmmhﬁask Reyeh@hdbut e n@(?(' de
| ayer. In an alternative enbodi ment, "t he gas-nodul at ed

limitggl ¢ the nemee gsmration dfe)ht)@remstuas@:dh abecﬂ@péw Ipbotordstie 166 aim

IS ete al | owm the incorporation of a
PO T FbreY GHEPRUPEHS G ELLY P eisn ERE RECBIGHY ST iy
photgf‘esg?STﬁég’lld@r Qeie?au@ﬁ 8n hd?g)re Qﬂ&ﬂﬁlatl:l‘ fgte3 Ak gf:etdeg Fxé’d {o

he stop layef underl y ng t l'ayer. es of

contambd& nhatwated IC-Chengd) oticr asshs C-Grdskblabynd ael phéﬁohcbghtoups

are
to provide the required high etching resistance, namely, chemical inertness to the
etching gas mixture. These bonds are strong and require a high activation energy to
break and therefore, at relatively low ion energies, the older generation photoresist can
show remarkably low etching rate to the etching gas mixture. The newer generation
of photoresist, including 193 nm and 157nm, may not contain these unsaturated bonds
because these unsaturated bonds absorb at the lithography exposure wavelength. The
absence of these unsaturated bonds leads to much reduced photoresist etching

resistance. By providing protective coatings on the photoresist during the cyclic
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limted to the newer generation of photoresists, such
as, deep WV photoresist, 193 nm photoresist, 157 nm

wohoisapers st, EUV phot oresi st, e-beam phot or esperjusand018784

X-ray photoresist. The ol der generation of photoresi st
ol mat.erials are si gnhed t o, contai ned
procR o e BT RsBiRbEof GR oo Qesishis I guBYes: SR Hish
ion RASHRIhENtShORS T‘h@ hfgh%h @&nﬁ%ﬁfeﬁﬂéﬂe?gﬁgs alvaﬂcﬁ{h%mﬁ%uon
resi stance, nanely, chem cal inertness to e etching
maygmgrcmentahnr@ reJikiesee @ithelphato eesst nmyg)eéﬁdz O(M?qew r 8aae hi gh

activation ener to break
preferablyy %?%r;bqr%lw 8%@%@%.% etd%%? @(Lﬁ?\’ g M%F Riefepbly, the
1on ag&tﬁ t%hexggls §(5‘(p\1v00@gvr kably I ow etching rate to
e etching s mxture. The newer generation of
p ha&vidioas bsihg bomed bylthegrylB3s bulicaetthdbdriiv provysdsivgd provides a

contai n these, unsaturated bonds because t hese
diffegerd REQFRENREICBHR™ DeeASS FIs PEPPErtiRs 9 .%ﬁ@@?laﬁw fémﬁo@qppélted

and %\@Hé(? 1?1{%%51&61 E@@al%ﬁ d egﬁﬁ%@ﬁt AORTE ﬁgﬁé‘ﬁgg @tﬁ%kpro

ot or esi st reS|s ance

Usingythe gaxvindduigtef rc@éltbqiirb&/&mﬁ@ approgsh, omthtshert pimlé OS] Hi
during the cyclicprocess etch, the etching resistance
extregpely Hfén ﬁ%@%}rvééwf i5 depagiter Suspad9 sidewall Ekmr fingm thefop

photB%@\%ﬁM%‘é?t Tﬁmﬁ%ndme%)ﬂag Aich A 5%85%2@%&?&&1&%" ngz

Inventi on na eS|sta

smaldbmbbigts @hgh@ tHea®ksphazaryf ﬂhe c'§&le ZTH@&neMoté\dﬁK/e layer thickness
preferably, the ion bonbardnent ener(g
may pgan thegpenclayer Kmge (ot ERl-meBPpyersHaoR W%%ﬁbbayermﬁa few
I 00-1, 000 eV. Wthout being bound by theory,
atonlls ?n%i%éq%s 'ved that cyclic processing provides a

di frhe pRiucsrPSRBE ROtecOE BPers REGBUSMoldYer RhEPRIdeb@fleat
extrenmely thin filns, deposited and etched in short

on the depegitivie sate tmes t;hefde@mh@n flmngtaﬁeus'pdetmenhpn éafe ghd

: Fi]

cepdsiisbdBhs Fop BRI ORCRY ta tad S aPTE p b e e gy in the

monBKYEEABES HdpeRampRL @6@0‘&10&1&]&(2& brdvidAePoddvAitie tp@éfiﬁbn fite
a Sidewall filmor filmon the top photoresis

of apgueXiaiely Thirgseciantadoplsurfise dpasiiohirhinodepproubsatejyent | y
etched.in very small anmpunts durln the next

i/ GRSG e e RO R Ry e TP v SReebn ey Be

nm t'hﬂ:kh@s@ W%@H@?oﬁ@digﬁe}( is £6r 0.3410 O@ﬁ%ﬁ%ﬁ%ﬁ cycle (ie.al
monol ayer s ayers of a few atonms or nol ecul es)

nm/seh elepxrsﬁchmhteono 6fse¢dndn =gk bheciepoetidray eFle samet rhenolayer

nonol_aye e. i s dependent .on the deposition rate .
Tangg Pf?@sbetaﬁ@eﬁ ICregRing el??ed%P%P%{?ée feapigy t ea({yé?eéfme

or bf ﬁ&?é‘dsﬁf e Eléﬂgéltfbﬁ'}?ﬂe RAY hﬁ*ﬁé %Xh@%rc}ést‘ﬁﬂe  PLRTRY W2

In protective layer I1nt yer range For

provédeanpditipna cdepolsiariablest hat provi des a si dewal |

de 01%};(}ult 8elng %ound by theory, it is further believed that as the thickness of
the protective film approaches the dimensions of the constituent molecules, e.g.
approaching monolayer coverage, the film may adopt chemical and physical
properties, which are distinct from bulk properties of the protective film. In this
regime, the concept of a thin film may no longer be applicable and it may be more
accurate to consider the mixture of chemical species present in the surface and near-

surface region of the material. Such species may be present as loosely bound

physisorbed species, as more tightly bound chemisorbed species, or as parts of larger
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of approximately 1 nm sec and a top surface deposition
rate of approximately 2 nnfsec provides a nonol ayer

woanga2thsn protective ayer with an approxi mapPergus®no5/018784
nm t hi ckness, when the deposition step is for 0.25 -

s 37 AR oG o e P A RS AL e 248
ot . . :
surfR SR AT AR PR AR HEhOuRLd LIRS et Joyer
phasdext ced &l prgeesing,deip osiy talsonneladespacids deposabomeyotved during
cycle tipe. This flexibility provides additional
the eiephase o R CH B oA ST %éiﬂ?f‘é SpRsifTdTasy therraraal | ¢
s, furt:h ' . ' ] . .
S TR A DR oB bk MR aRSn i e unique
propedies tin theepproxhae mies]ayer @ginappapsctlt figmha dhtayetion of
08,\/ ra%e, the filmmy adopt chem cal _and physi cal
thesg s Fedaceinfl afArzuEfaes epise IVicarh pfipkanr i e sebstete
[ i :
matqr 3 PR Bl ol Tl L sl nl P P sk 80 SRS Lol
film)Whieh aamild edver the sabagite@ith kherdlindnolgesfior eesicédch
species present in the surface and nearsurface region

protestive fgyenpliase @ﬁ_th%%’he ehoss ewly ﬁwu@@c%@@b@ ﬁfqtqgive material
byt Q958h% Iggyg[ghglg%glg% rbed species, as nore tightly

ound “chem sor cli'es, or as parts of

| angigicit beia Bo@S byethgoryPRliyARtheMBlie el @8t inGh@&8REne Where
bul k crystals. These surface and nearsurface species

surfages prejreeeiviag lipyisd duxiwithis pachi evsledegsepspansinaiigrsuhgroneleyer

rotective.layer 12S f cycli rocessi n but nmay
covegiegsTiring LRI ALERedisn At ael pRa ot Baly oyt igethe
regift & achib¥s@ B thishasd Yied domicsift OF 8B&natafy pMeedss AepPbdtes
species fromthe original substrate or arising from

inacethalgiat amiergaenpicoteslehetendbenghiibisegivpldy beisp esddete comiyel the

prochi, MARIPRED Gk SEote oo R gl i s YR e ™
arriv%}léﬁcp&e%aﬁﬁ‘t@ off @ﬁécie%%ﬁal‘i&q}ﬁ:ﬁﬁ@all @@ac%rﬁsfbﬁﬁéée sﬁédik%f Radtions
wth the substrate material. These interactions woul d

occuyeostimptly byt prnathased bis theokccasianal inkert pirastasetdetie species,
suchy 55198 Y S TG IOROCERTA GERRES VAoT ) e BHReCeastifgs

occul RBFRE HeSe B8 RRObYedchsti Gl ThakEs®indnbRy B REREd bV cling,

material by the tinme the next etch phase”begins.
the sWithérosees b ghanisteadingtateywhtehethe fluxiof réastahtsrtdndingibe senad is
in the e%(\}tl_‘%erre ere surfaces, are receivin

th . .
CSSCRHARY WFVPIAgR © VA CEARRNTERASTE, CORBItORS jY eﬁ@tloc“g occurring
bet“%gp%r}ﬁiﬂ%fﬁ@@%ﬁgﬁ during each individual

et dh ph

protection an ase, a truly novel process
r efyiigbeliesed dist éiietd ahfunddmeantadbsdffetehieregimmecein tedditional,

. alternating process, steps_becones . ) .
single-step, steady state etching, because the mixture of species reaching the surface is
produced from two distinct plasma conditions. If the process conditions of the phases
of the gas-modulated cyclic process were combined into a single steady-state recipe
step, the resulting time-averaged flux of species reaching the surface would be
modified due to the interaction of the different gases in the plasma. It is believed that
by separating the plasma conditions in time with gas-modulated cyclic processing, the
overall mixture of species reaching the surface can be controlled to an unprecedented

degree. Conditions for the two different phases of the cycle can be very different, due
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i naccurate at a mcroscopic scale, even though it is
actually being used to control the process. At a
wonersagzapi ¢ scal e, the surface reactions w || porTwsemd 018784

based on the arrival and departure of species and the
chem.cal reactions of these species. Reactions occur

to ths&ﬁ%'ﬂ% tRafmogu. @t‘fﬁ%gaé hematyasd 1yl ervghHaenbehemical
id¥RAE be Qo Rl ERERY Gl ' b O kS

spec RAA be B0 R EADTteort PELESE 18 ¥l 35 el Pllmilks

whidhrmight bt impessibleowith acitigte-dey staalyt sues erdeesse fTHiNGi:atteSs the
of excitati (t) . I'n the subnonol a%/er regi me, of cyclin

Sugrces efikby

linegricgmbinatign qercise e diserslestlamen qavditions produc
. Lee e o
e g BREL LS L RECUR0HOF RTITEE A ERIEOMALLY o7

cyclé dagtratdins The eyl timg rdriet theeforé becories tad hadifibndl pes®Rss control
.species. It is believed that this is a fundanentally
varighle.f erent regime fromtraditional, single-step, steady
st [ ' .. of . S ies reachin
308 o ARSI o ISR RR e 9
nearaAcWbilhyep Bad sut-mbhelapr@6eGagC@MHoldyeNengd) thitas Rltasesle M
t he gas-nodul ated cyclic process were conbined into a
the shpfgyele diecngginag. deinceeasips ther@ple timesufBeigntly, e regime of

tine-.aver £l ux.of species reacghin he surface
bl e R L e BN, PRl G BT
suststhéd &ERBEnBAGRSmaR alsb Be RERSA: Betwdch thekithy @diréiad ofycle

. separating the plasnma conditions in tinme wth _
timega sontiruimaeidithayiot ingy pe exseswilng allowehobdarding of dasiralde

of . s i es reaching. t.h urface, can be. controll t
and Ak ESulR PR Gl BESHARRIORS: fighS Roiio Thetefore
the i ddiRe %ﬁg-rrwa_aﬁeeﬁ Qtlid PR c&¥mb@r&AleiBe VIBKVIIR {J SOOIk all of
dueto the ability 'to nodul atlé the gas chemstry. As a
these agirhes invthis woufiififupr. ebhe totad nydatims fewefose bemnmiee an additional
roduce 'nb he different phases of the cycle, to
ProcEio8e* Wit ure, which might be inpossible with a

Si pghes FUEP sSHfcBarvals) i@lﬁ{ﬁre% 2LBUPd uprsnaRnd B 8 shiFaddig

| i near conbi nation of fluences fromthe two discrete
the rpgiasne fesmpitlingorssmgrubhoseldydyy. Inhbisaixempleatichgphpirasiahe
of the cycle. The ratjo of these fluences is
cyclicgrpsess 1S dBi Spﬁféesctyéﬂﬁeewfaﬁ% sifesy b differentspesies i pEoduced

n R0 SN LR, SNl o ootk

circlesaladyeehd aurfacotirdee diffesgi piased. Tieae einclaotepyesentalapositor
sub- nonol ayer coverage (npnol ayer range) .that is

molegules 4 ths 95 Phaseriad op etSUé%&?-eIr&EIﬁ?e@e@i fpéial giglewall surface

704 Ls' %B%S&i/iﬂgs%ﬂ%e gi%t'é%'?%&uhﬁ@cuﬂ;é@ 'ﬁ‘ﬂ}% k¥owd ﬂﬂ? 8 P first
ul'k protective layers, W t hi cknesses of many
phasewifi hexyyelis progkdsgwhak iarfirstwiptdies TR ¢ depositl @tvlecules produced
conditions, may also be accessed, Between these two
by thexlasmaeondftiany of the first phase are deposited on surface sites 706 of the
surface 704. Note that not all surface sites 706 are occupied during the first
application of the first phase. FIG. 7C shows the effect of the second phase, where a
second species 712 depositor molecules produced by the plasma conditions of the
second phase, which are different from the first species 708 of depositor molecules of
the first phase due to the modulation of gas chemistry and possibly other process
parameters. Less than one monolayer is added to the surface coverage in this

application of the second phase. FIG. 7D shows the effect of the next application of
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time, a continuum of behavior nmay be accessed, to

al l ow t he bal anci ng of desirable and undesirable
woesisiieR26haracteristic to the two extremes of PCIHAIS2005/018784

approach Therefore, the inventive gas-nodul at ed

pr.ocessing provjdes th fleX|b|I|ty to provide
the @HYFP o Bhibesyplispinbessi fn rim BDPEERINHARPIaYH OV pgs is

comg}é?é 51&1 J%c&ﬁlﬁfa%l(ﬂ'egl 1@?&%@ g’hcg\*fsoﬁﬁ@l %&%}%%%fs Several

ontr varl abl & tica
cycled, btidlr iataenixhé fibmivith aaph tfyenedogpdsad obthedifSerehtapecied708,
the re t cy | ing using subnonol ayers. In
712PF9@°@E’§?FE?§”"@ B¢ FEBH §]éa56$ the cyclic process is

adghR9s SPRD She tl&gﬁl il a?ectg ﬂlﬁ& ﬁ% toPer% egfa I)t? L %uriace n

Specli es are proauce ere ases.

the riegighCefl stalvdneytieg. aflt1§fsrhah1le0<{tl bethesgie bbﬁﬁﬁoﬁt&f thdésta@aple
circl es abaove the surface for the different Fhases
a

in Fih % @A, rvitheanly disy tatab pcleidme snarepsedrby eghlbys ﬁtor hbtegakn
FIG%%SMﬁ{?SI QLH{JCQ%O%JJ}}%&JS 1hnsur a%ﬁ? 808" é@élfpie s FIGSB

surtface 471ss sSur

show b eepited thdfifst H&Be shm%yéﬁbepraéésg Gihepé atfhﬁ shédi&t808 of
phase of the(i%- ic process, where a first species 708

depasftogimplesiies praduredhy s Pkﬁﬁ@ﬂ gerditipys ofithe firshphase are

A e
mon%laﬁff:@%@ sEifiRToTOag@hie 208EURIRG tHyHilsh lﬁﬁtléﬁﬂ 5§ﬂ1e first
cation of the first phase. FIG 7C shows the

[
phasef % &gt 8 phavieths eloeicl ﬁmsgeondmi@s@oa%ths erdivdreresivawryd 2
| asma condi t.i.ons

R e A
secohil pBhscHRE 8R%ItdPéh Bk 14RPRTINEA by IR ﬁ&ﬂi}:ﬁ%&e@@% Bﬁdéﬁoéﬁ&

phase due to the nodulation of gas chem stry and
molcp‘@la@l Beyerak menolpyess elsuirfper envetage gre dddsd dutiegithe st

spPIEAIPT L oFooBR FORE- JACoN SIS B T ATy b Stps R HaALe
cycl&f RS ish AlfefaR8X staBP Bt %@Ilff@ﬂ%nf)ﬁltlﬁke vxflt'hrlﬁﬁltlpagéisi?ln{)f

the cyclic process. In this applicafion l'ayer
compwdmﬁ@;ﬁerssofdb&‘rﬁtsesmadleaﬁ% andste gecbnd aperiesdh®@i emchtppoduced

d form ?% ﬁ%@ the result after several cycles,
i@ ginelehase e cyclicprogesh each | ayer conposed of the
di t
Seabad RaPRE el i A IR A Bl b Bor e
resultd) eviich inely bp adﬁeMtes theatotab tycde ﬁmefoac(ﬁnesfbotﬂiﬁra’bda@iorthe tifne
wer cycling, This is achieved b

I
requirsfg in @qp@ﬁ% aémg!%@owéw pkthesurfags 11 siDAhEved\Ml@tﬁh%ﬁuf@?rent

L

resulté dintieuvdfacernstiress b&R6 sololyamithe eakiationGf &8 Sl hehis

effect of the first phase of the cyclic process, where
is a gmpje, eqampie dyitsdepositign as the only surface mechanism, but similar
arguments could be applied to a more complex combination of surface mechanisms.
For example, a surface which is alternately exposed to deposition and etchant species
by the alternating phases of the cyclic process could also exhibit modified behavior
when the total cycle time becomes comparable to the time required to deposit or etch a
single monolayer of the surface.

As discussed above, it is believed that by using alternating protective and

etching steps, striation and faceting may be reduced and better etch control may be
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deposi tor nol ecul es produced by the plasnma conditions

of the first phase are deposited on surface sites 806
wohodashe2rsdewal | surface 804. In this case, sererais2005/018784

nonol ayers of surface coverage are added during the

proviqge” oY PRt it md b i s eV izt Ghecieminc nigedss,
monMi§ELarRl HBGAREHISRE bi RSB Lo MradaRRSH iﬁccg@g)?%ﬁg@h gas-

produced by plasma conditions of the secon
moduégpeskéyiclid peessing dnshthe pfodechieel cdpabilities bf thetaltepatihg spB6&h
f depositor, nol.ecul es. Several nonolayers of surface
maﬁw&lﬁa@%@ BB tpongernir PRRPETiES S0t it st or1eaiee
stria$i6h QA0 FRB@SLand rbvid8 PRV doifof esul t after
one- and-one-half cycle, where Is an alternating stack
of Thergastirfodelagadtcytli¢ pmcessinptstepuhay beayeried ohtroyasinpakeshme carrier
gf I al)éer% of .t hgﬁfi rst species_ 808 and the second )
gas L Epraoth forming i MEpigeicdayeaand Rghagsvhge eaplnls dogforming the
' . R ese t
prot{ e L e RRES Tor SEF AR B DGR RENR o RF pover,
tempdnatate, amd/oberessnid @uete pelsédia siadhabnigatinewith the das €lewe o provide
_coagfrable to the tine required to deposit a single
optimghngitoms & qagl phaseinthe gas-madylaig) qyeliesrocpsst t he
di | . LA these two exanpl.es
s S Bl i thq TR R b el Rl B R S
altermatedr Aghinyithe RIefowdiarathefdhre] 3hdan pidiguréaidyaid ﬁﬂshe@fin

total cycle tinme. This is a sinple exanple, wt ) ]
synchegéation avithatge gaeflews tp pravifle eptineldeaditions faseacks pldse i the cyclic

g c - applied to a mpre copplhe .
oo BTN e BB s B RaB P s, bt e e
flowstfibode cbtigel fhiSeadh bRIBATBERIRK RO PRI idDa SiERASI gameﬁﬁﬂry
et chant species by the alternating phases of the

betwegi Fwe diffeses phases af thegpssiadulates aychopiotpssdonsetvald ene two entirely

-~when the total cycle tine be s conparable to the
sififidaiediin Podhs Sedole P ERHRRar GG SronoPayir oo suses
withtdifferstif feBEi€e flOSsdi scussed above, it is believed that

by using alternating protective and etching steps,

st 1 an P of diffceant aep dhagpitdes usihgotbe samelcdyeet gas flvefor both

o bR B 550
providéd-tH RO 88 Rt BGIch¥BbGANERAUR Wiicetivd %y?ﬁfgﬁﬁﬁiothl phase. This

t hr ough 'gasnodul ated cyclic processing an
maypecione by vet mapidbig 4 ¢angwnert dftilee eithieg pat omippagipoogash For
be controlled and .nodified to provide uni que X
exalﬁ%ﬁ@%%%r FHAY SRR OHRIPREE8S ety I VRg SATRATCRg an etching gas.

Everd 8085k 09 8091870 Hendekhfth §§§, Qﬁh&grbtaﬁﬁét'be-gt?@omllqlished by C4Fs
gas-nodul ated cyclic processing step nmay be carri ed
withoutt oxXygenusi thiy exhmplkearihecedore kg not providing oxygen or an oxygen containing
gas during the protective layer formation phase is a method of not providing the etching gas
during the protective layer formation phase, even if C4Fs is provided during the formation of
the protective layer. It is also preferred that the formation of the protective layer process is a
non-etching or negligently etching at most (comprising less than 10% of the layer to be
etched) for forming the protective coating. Such a deposition process may be, but is not

limited to, plasma enhanced CVD deposition or sputtering, since CVD and sputtering are not

used for etching. If the deposition gas is the same as the polymer former in the etch phase,
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gas flow for both formng the protective |ayer and

etching, while reactants for formng the protective
woayerizand reactants for etching are alternat ePgT/US2005/018784

provided. In addition, the RF power, tenperature,

d/or pressure be. pul sed i n chropi zation W th
then R osfioR 35 s BE Pevr el e e bR m, bifsjgower
durifh@eetdhpHafEmaRse ARAL t%tp@gviﬁyﬁie'cﬁre%&ﬁﬁa%hin?n anot her
enbodi nent the entire gas m xture of carrier gases and

r eRovvading aaemaratt depositicmchhaggaidnhe preserRE off dweolymer former to
ot rature, and/of, pressure y be pulsed in ..
oo R B e R o 35Sh i e i oo for
high€P&ehihs P8 aﬁcpsetfe@msmgﬁ@etbﬂin ngyqxGlihe RERGRSS adel in an etch
th ses y B For

anot her enbodi nment, same ga e use
phasb atituphyatie posdiblt td e higheationvenetdiesvvitiadiit onaaeptableangsdeh and
for ch phase. Therefore, to pravide a different gas,
dampgr.ofiite P&?ﬁlﬁgmaébn logpy, spisATORf sichinggpm b gchioved Guring the
- [ 4 035, | .
durafBF oIEUALRRIALE BEuBRLERTR prfRS: [ allotifd Wicoiive layer
formamgipletiséd ardentith pleiksesy maglapesection casbe diftemizadreThid a@proat dvoids

.. different relative flows. In an exanple of different .

interfAactime At Siching end§5tprganesasanie thadisrharecydiorrrampleop deposition

chen?i%lr}nfx%mg' e Qﬁo%ﬁ(%hﬁ%llﬁﬂsea LAY & anR W€ Hﬁg'b{égcoa{igf than produced
et chant gas fromthe etching gas source I's not

by aperuingemixtee.t Adlitpdradiypthp dep@iinngetlivmyandidions, 3gch Sepressure
protectjve |ayer formation phase. This may be done by )

and epacepfFRigngMaY ba tailormson enrtimige the aropertiss afthgasoteptive layer formation

suchda%QﬁeSé&BﬁJéitﬂ) Sind TElGR@MP! e, oxygen or an oxygen
T contarning ga

S 1s a Key etching conponent to an

et Bhhfgbdsiratiy eint thrae ghthe4bMpbsentd Sthel 8€8bsitidntda are not mixed
et chant gas, etching cannot be acconplished by CAF6

withgoppenentd al/ige stohigas singe semapising teeteades il effgienet of having

royvi di ng_ox r_an ,oxygen caontaj nin as durin
sepafiiedostiRoand S aBaseSy 4 adein tabuthd ta Mg it
syncREiARItRY hfddiititedpas BbGRisd ehadlde SHalit DEPIEBE bBRS Allher @as is added.
| ayer formation phase, even if CAF6 is provided during

t h8yfhevmgtindeperdent protqstive kel pembtigreand efch-passiahiden phases,
h .referred(fpat thg fﬁrnation of the grotective Igﬁgr
the FE?%eE%B% OO HCR AR P P enBYT o RIE TS YL HiIShY >
procBRfly daSTRIak Bk MeHeh8ffentl{ 8bhtddI&l Uit @ Jravigs o%tgrgglea

et ched) for form hg the protective coating.
condglaquodpt ¢ash ppasscess may be, but is not limted to,

| asma enhanced, CVD deposition or, sputteri.n ince .,
OV TR o yoaie) HoussddB st Bites AHEE bodh thgohing and
protéMERO Siykl RAmMIASH. | Bn LGNSR TR asthdriferPRIsWIBII HORBRI, N

the et'ch phase,then the deposition gas nay be provided
duli agerhbalieeotoffhaswention, tedhtmber, will arsay) owbich weay cogact the

e S e 438 B S SaP OIS & B psrinstaes
e RIS A8l SPHESNE R A BRUISL L ORTctss. To i
of thishie tseidthelsoghatied elraitgy “eembiy¥effeon by fadiich the chemical elements
contained in the coating of the chamber wall areas formed in one processing step can be
released to interfere with the subsequent steps. By minimizing the total deposition on the

chamber wall areas, this effect can be reduced, avoiding an interaction between the two

different phases, which may degrade the performance.
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hi gher etching rate and better anisotropic etching. By

keepi ng passivation gases in an etch phase m xture, it
wO0pass2bl e to use higher ion energies w t houPCT/US2005/018784

unaccept abl e erosi on and danage of the etching mask.

Ad:fiti 0 aIIb , an']goflr ogi c etchjng can be achieved
duriheY the éé?%‘la}’ gt ft%?ét&"é]:wtiﬂﬁﬁ RS Pragyrsgs saygee to
he 6@ 3« Mol SO L S61 X B o

the topeé iaestabdish Tlebsstap degredlaw sidlihe itindecto establidh @aglet
et Cg%tﬁ‘ag and retardati opn gases in the discharge. For

absegeey salg 2ARHJET PIOSFPSHISSHRBRET i RedR e tﬁﬁ/_)?f W0eH9dB3 the
trandifiéh bRY SR s@ab'f@%a??xgmﬁﬂg c&ﬂ{)@sit%ﬁ %3%?{1&8 %21{1 P%mta?ﬁg) be very

produced by an I ng mXxture. I on

fast.dEposhjtctaf tiuk éntb atoiy inendiiting d$ chanichls BstwREe S8 HEfeadid
concentration, may be tailored to optimnmize the
phasgs,gpueh mey dggradedie pedoueancee | ayer formati on such as

th i C g Lt ma e desirabl e
{ i RETRES o iEhaBlind MEARERE shorafla B SRERT S8
contfilingribe@dnwértibn eOeeRRRicE] pdwir18totintle@dci dELNEEL: FAbE
decreases the efficiency of having separate

m xi n
vew&eﬁd@ﬁt jespechidhe changphelsibe dispkarge eanslifians anthgower

t rol [N Su ases | d synchroni ze,the -
rea i, Effpilof it LI eRalR Yo e BRI HEOHE TS mg st
othepBREMAI cE@@idnS 08 tdeloceBdnH alvinitkr] SuEE REMI Hssire OF Bt day e

| ayer formation and etch-passivation phases, the

mixtyreoekibe rnpesaictaf éhﬁswafgg@rbsa@tet é}i@‘@hlatsuclepmp@ﬂﬁ/@gnditions
to b FHEREe ALY JUEHR I S aien/ Bl GRS ims B A e ragiess

condi@oW th ibRRAriEPSigMBEEINBIREReenYhASR 16 bp@hhRlcatNglidsegases
may be used as carrier gases during both the etching

individurllyr oEhseafpreeit nzyasofterdesitdtdnto itave examplitsriaéd systanhhat is
abley tedl e ST ar B PP PadR e G PR esrie <eariciaes
The E&ﬁpﬁﬂeﬁmrﬁ & u¥b&toleRd @(f)rﬁﬁﬁﬁﬁ@ forkig @@ﬂréﬁr}ﬁﬁg@f@ changes and

particl es sustained by the electrical discharge), are
to symeldnize these ssmmandd usisg presisidongedritng deliyes fomibatvariowed

.at el evated t ratures. The obj.ect of this is to
deviSgs gt i pbERTEa CHATSBEDRERR oo IR0Etrs Chtepi ch

: . Cai ) Y

s SR itert SRS eSO APty 8 e SRS Ml pifes
to thbeyelel massd Far dxatpid, epes-miotihlatddecyslidpegess maydtagpsix By

mnimzing the total deposition on the chanber wal
phasgs,syeh ag thyee ‘J;P?Sé%‘t‘n phgsesrnd thieg CEAMZRFEi R g SHigle cyc{e-

T \AUSGAET A ORLVGED, AL WG o s a8

cyclé.nat the gas travel tinme fromthe precursor source to

the processing chanber is nade to be very short. The .
gadopthsiempadiment gpay phisinatedhe s 9f a polymer providing gas during the

etch phase. Another embodiment of the invention may provide two etch phases, instead of a
deposition phase and etch phase. In such an embodiment, one etch phase may be an etch
process condition that yields a tapered profiled, while a second etch phase may be an etch
process condition that yields a bowed profile. In the regime of short cycle times, each phase
of the cycle might modify less than one, roughly one, or a few monolayers of the surface

being etched. In this case the alternation between two different etch phases would produce

refined process control capability. Again, the gas-modulated cyclic approach provides the
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the time to establish a constant desired flow and the
time to establish conplete absence of the said gas at

woOhersprzeessi ng chanber, is made to be very shecr/use005/018784
that the transition fromone stable gas m xture

conposition to the next ean be nmade to be very fast
capalpfigy ijlediver pmixthresofispecies tavlks wrfaqe.evhigh szmﬂ@ nefbe produced by a

e GO0 S0 BRLIGRR Y, AL 51 S, PR LR BBt o o

phast ﬁlﬁee@ilﬁ contialRU by \ihd erleide 4P Aﬁﬁihéﬂém‘ﬂ&hﬂ@ﬁkof the invention may
controII|ng the conversion of the electrical power
er

providettyolepasiien phasas ang as%h%l@ gishphage: éno%neyemb@dnnm ¢f the invention
may S?OS\R&CA sﬁlgl tﬁﬁeﬁ?&pﬂﬁé éltrt\:]}r% regch }Qg#g Ané) nd 'reltg%ggﬁ’?e%rt] gf the

inveRtora@h e pto¥idi slglishes ba Q%m@ﬂrﬂaﬁﬂ n‘Ewd ﬁﬁc&k&%acﬁk&@ﬁdﬁﬁbcess
conditions of the processing cha such as the

dlStl@&%%l@drbé’ the tottﬂéY@}a@m% shewele dimee Tefie, andfpydhepiopess epnditiens for the

S process conditi
i R e ol PR R G TRBP o A RseRE power
pres$urdRina/d t@hﬁ@&@ﬁret melepmf: fsise el it b ORS-AdRelb&riv ﬁ[rh%dch as
significantly between phases to optim ze each phases

organerdicateiglasd or. SitKer ef ore, it may al so be desirable to
have a conputerized systemthat is able to control and
sy OyblieliStepping Propésd nodul ati on of the processi ng
condi tigns. The conputer systemis used to, send

c o%&%ktafwnd@wmwufﬁdl ipamsadetadehigushamaf the step of

gas-lg;X{il&lg{eg 51%?: %HS@ gﬁ%gg&ggé &@i r}glg %\F}ﬁgﬂgta% @@@fjot{ng y
maslofn azmﬂbddlmentcdfah@menﬂbnt fmnﬁfgane §§sl-1ﬁld1ﬂbtaﬂ’0@¢’hc ﬁlﬁﬁﬁg
enbodi nents of the invention nay provi de one or nore

processetheipsensss prahes mogdulates betyveen af lsps dwe phasgesr Opg ahgseds 2

_ t I8
sep SyRPATR Hh LA R BB GRESTTIANE bl BHtae
optifa¥es &s sitﬂ'lp;ﬁng (0 265y Thealtetheioaddiwdeanhat pagdd id Rhtdved
phases may be |imted by the increased conplexity of

by smbwnweél reodupgiionied gaefiovdrtan and pessitdy Riinestes uHecuse
a_pol

tempgﬁ ?ﬁ%e?n&ég% ponENt r OVI ﬁlgtp%e%‘s rréjciJ rtn@relt gttcg:thl hgsc%ee 1S not

BNt 0 i Aven on may provi

greaR¥ EAnRBBSES, sebbritds Abre hreferdip 05 todl @Rclp Iﬁ@feeis paido@iedin
phase. In such an enbodi nent, one etch phase may be an

0.01 é@ ) sgmdésMogmmferabbn attoiak cyyleeﬂlrdg lsaneu@p@ﬁ@m brad Pl ed,

d etch

secofify ﬁ?ﬁ&% A ot R a3 BrReR AT a0t
Mm@fjre%}% %'ﬁe tih{®8tio ﬁﬁ@t@cﬁﬂ?ﬁ%@h})fs Heﬂﬁeeﬁ)(ﬁ(bﬁl AT

ess han one, roug y one, or a few nonol ayers
Mosbprefdndals,l,thé ayade time ratio (protection: etch) is between 0.2:1 and 2:1.
Preferably, the gas-modulation is carried out for between about 3 to 50,000 cycles.
More preferably, the gas-modulation is carried out for about 10 to 500 cycles. Most
preferably, the gas-modulation is carried out at least about 50 cycles. Preferably, the
gas-modulated cyclic stripping process is used to strip a single photoresist mask.
Such a single photoresist mask is a patterned photoresist mask, instead of a
photoresist mask patterned for a via etch and a photoresist mask patterned for a trench

etch. More preferably, such a single photoresist mask is of a single layer of

photoresist.
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being etched. In this case the alternation between two
different etch phases woul d produce refined process
woanisrier226apabi lity. Again, the gas-nodul at ed egTitiseoos/018784
approach provi des thecapability to deliver a m xture
- of species to-the surface, which coul d not he produce? .
by DANEgAd) Ses‘i‘l&‘ﬁmé?‘g‘é’ 118 2 P ICEBISARYSK &¥ieP 4 H)aiprotsele layer is
.| .
depd:fis bHE vARE PPER LR [Ehll BHRHLly bABE0 RUARR st masic
The dofiasitionandy bf adylenétriv enthiadthe ampupr efdegesitivwisdonas prefepentially
phases . and a single etch phase. Anot her enbodi nent of )
morg pis thersidsiralls thanedp 19 shotaresist wasky|1a offess seards, g Jsmasitian chemistry
may.%@ dnbym & SGdh gPQQ;?’ ARt a ’(/3\5%9{112% fo%%g&’ g#&&@ﬁu% a)tnlhtﬁ sige walls due to
invention nay provide a Séquence gas- Ul at &
diffegsteks i the oh@niRalSrea@pitly of Yel hateialo.CRSthe Pieférrdtiganhisdidelefty the
the total cycle time, the cycle tinme ratio, and/or _the
depsitisuds doreopfciAith A8 ctchchpmber ysmeA Rlpwna ghanes c vapor
il > ' ‘ 0Siti <. f
epRIRET AN BrbQE LT Lot P hu BERATYL LOBSon RS e fSof the et
feati@€s. ElhGldgdionsindht pifeéieddintodihertCthé depBsEloghnd St eps are
silicate glass or SiLK. Cyclical Stripping Process To
perfrasd) in the wmerrhemben ntherflgposiiion process mayepply Warcsion dgmbardment
flow.chart of th e f s-nodul ated cyclic
enetgy ?OI %&%gr 5?1 %t(levslgl O%Pélpgeffgi?m?'or stripping a single
Phot ethesémbodimelits! e processdioiBiond fnaly e chaneedtak @i stripping
During the gas-nodul ated cyclic stripping process, the
progpgseesds yarHhatheknestiaridaspetial isistewivnatt thesprotectiviplapéradiws example,

RS e P SR L B g
prock&s. S GARRIoA D Q%I%r&?eﬁain% IR s @k R dt8Dp1RBENE &ihy provide for

these phases is achi eved by synchroni zed nodul ation of
this.gSigicé theviayeafeamingantl goping e sRparpigpbases 9 tifeanyele, the process

Con%ﬁ%%%ﬁéﬁﬁ%eg ?lep ag % S’%%’;Jb% %Bti{l@zehgfe)r @Sglgfel.g{ \%&]ﬁ%lﬁ interfering
withiattg@ gtgi}oﬁiné phES&ONEernVRLE, Bleqb@l ARIYtimA ah @bty cfyEhe rdtidBay be

ormed in 0.01 to 10 seconds. Most preferably, a
adjusted a$ theystriing preceesls pepovidedlls varigic, withbutsay chawe to the process

Preferably, .th cle tine ratio (protection: etch) is
parag@f%ﬁ)ﬁt}g%@gpv@uagégas%: 1. More preferably, the cycle

t i . . H . L . 3 .

| oo 55 0 il UL R st i

stripppigqirectss 612 whtohhhayi inclode dfferend c@mbinatichsifHeposition gases

Preferably, the Iqas,— rmgg%‘%igi onis ¢ rr'iled out for.
as reqEirge E difiieent apphigations Trat pgteriglsy whefe dhedepgpijion ppay

prov%@eief g@%k/g&s %@%Pg ?auédrig% lrtf)l/e’eﬁtaﬁgésg fP%feﬁgférlL,’ theliind 8¢ RO g¥cle

as- no ation Is carried

devaed toathislphasd is abouit). @3 10 0lsesondEr Bfoes pileferably the time of the
as-nodul ated cyclic stri pgoi ng process is used
78

to
cyclg fleygiedhtodhisghaseip abeit dsli ot ls. Most preferably, the time of the
cycle devoted to this phase is about 0.2 to 2.5 seconds. Preferably, a layer with a

thickness of less than 200 A is formed on the sidewalls over the duration of a single
protective layer formation phase. More preferably, a layer between about 0.1 and 100
A is formed on the sidewalls over the duration of a single protective layer formation
phase. Most preferably, a layer between about 1 and 10 A is formed on sidewalls over
the duration of a single protective layer formation phase. In the case of less than about

10 A layer thickness, the coverage may more accurately be described as a fraction of a
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Such a single photoresist mask is a patterned

phot oresi st nask, instead of a photoresist mask
woatdsapred for a via etch and a photoresi st nmaBKT/US2005/018784

patterned for a trench etch. Mre preferably, such a

~ " singl e.phot or.esj, st sk is of .a single |ayer of
monﬁi?é’%br %

P TERAGTRE ta S IREECHISLRYSF SUHS A HElE Pogolayer over
A iV . . et i Jq
e G T CHRe L PR A Phich PRGSO ey BB, the
protedssiligtey faymstacpb-afiortotwyen vdtich B3 lager thes HoesTive completely
deposi tion.may . be asynmetric so that the anount of,
COV?&E‘E%%F%%WI@ 5 %f&}%? et mplehtlpalaysF b msteaA naygprovide a
@M@Il] : Qadko |
ceﬁﬁggds,-%%%&%ég%g??g%ﬁ&gﬂghgggﬁyﬁﬁﬁgﬁggm%cﬁgg%nﬁﬁﬂ%uch
protectivayayehftrmatiomphasag is forned preferentially on the
sig, wal ls dye to differences in the chem cal .
re g‘? PFPPYedthastel (g e irdependentphase e £x¢licesiripping process
[ (kN LS .done in-situ in an etch
128’5&@%%@%%%%&@ P glg%athée%ﬁgh@gd cheni cal vapor

de Patertabiynthe G ofithe erss devalddab tile phsdetiSatsoutt DIDS to 10 seconds.
rotective layer on the sidewal|s of the etch

p . :
More praferpbly, the fimearfithe eyele deyotadeo phiaplase evabomb 8ditdrseconds. Most

o T : di
preff Sy RS e AR AaolsaT 8 PARET: ol B TR
S OPeefb1@bly PRI AhBdated 8§l ort leﬁ%gfdﬁl‘(yvfdﬁl{g Akt \depdsition and

of such deposition. In other e I ments, the
etchipggbesssiinggpededimorohen Adimase Morantderably, thirecysteris paieagd more

Qar es tova he thi.ckness .a tial
I N A e SR SRR R o
Maywvike wefithetdiehih@islaREimR® tHeias eddutAat dyRdc @@ipbh% process (step
sidewal | of the features as the stripping proCeeds. A

124)ia epmpletm Infthechst dyelepthe ctebiigmiasomay coropistedisettinaway the protective
rQceeds m rovide far this ince .the.layer formn
tayel TSGR e Pl s ae o R e ot i oot b hso be
usedRb 966 Ve 150 PEitEdtRE IayeP ind/BecdnBIGE ML PAREQ. MY be
optim zed for this result without interfering with the

st Wighsiuheipp hewnd Wt theenyait is/erligyed thet ¢yoliaprocyssing provides a
and/or cycle ti rati o may be adj usted as the .
it i et Bl e B neR esri s ysms hig g depgied
and &BNeCRANGE tiRsdQ, ReAEBSSnIBSRMRL HHSertiy ofitiRker films.
i ndi vi dual phases. The protective layer formation

Usingthe gas4h6dilstednydlicdepensieg apbadewith shove cyofe tiimes, an
strippin rocess 412 whi ¢h y ingclud i fferent
extry iy ﬁﬂ%??%%éws aygep P‘?%l@aa Sglﬁnﬁ e%a éléiew@z ﬁﬁ?e d %F ghn
j : : [ i ' I t.erl ; ere
protétiivh B EPARE ) BORnOhoRd bt (B LR P

monblagert gatlayeesof Hicef ombbymoleoalet). e of the cycle
devoted to.this phase i s about 0.005 to 10 seconds.
Mor 8¢ prodpetionsiythiniateetivedaysrs inbe sypeplayeravngeld dependsnts

on t}%r%ég%?ér% ﬂaz@%egth% deﬁos'ir’ti&eﬁrﬁgd%mig@ss&epegiﬁgl? [APLys the
deposition time combinations may be used to provide a thin protective layer in the
monolayer range. The properties of such thin protective layers has already been
discussed above regarding etching.

Without being bound by theory, it is believed by cyclically depositing a
protective layer and stripping photoresist, the protective layer may be kept thin,

instead of continuously adding more protective layer in one long step.
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cycle devoted to this phase is about 0.2 to 2.5

seconds. Preferably, a layer with a thickness of |ess
woOhes128M06 A is forned on the sidewalls over theCT/US2005/018784

duration of a single protective |ayer formation phase.

referably, a |ayer between about 0.1 and 100 A
tf?ls? 10 §PHodS B HaICh She RoTeHa! 18 6ibrbis RERLCERDLY &

1 -%'dﬁ‘él!ecﬁr

prrefera{ F%%&*%}%F eitrhvc\élgr%@%gﬁtgﬂﬁ dm?l.rg%z{wela?or med

prevemts slanhapatd the towek dtdiectdu fiah idoring@theatriiphgd. € prot ecti ve
er forga({l on ase. In the case of | ess than about

IAOP%% ineek feseme e 8g BFOS§E R HEF enaycheusat &pryboth
phask(?? R LA ﬂ§w‘?at§(§s%ttﬁé)£b n@ﬂ%ﬁ%s@f@ Ehanggd ?d}%ach phase.

enbodi ment rotective [ayer

o o hreotker emb@r:hmehﬁ ttelpas-modulafed @ydicwglie pfbﬁz@ismlgt sitépémay be carried
| ayer fornation, phase I.)n_anot her enbodi nent

Wl&ﬁll&ﬁlﬁ@@np syaet gasritaw for dot iepmuedheproteskive if\’iYP%afél stripping,
whilk ?é(a%fan]ttm} {&Rﬁrzg S 'jar&?me qgg%r %{a&‘ %\rc’lgt%nt% [ﬁ?r r#@ % gre‘%lt%ﬂqately

or “nol ecul

provideady IIﬁI additiee rdtledr praesceniagers( such.as ?lfeo/EF 96W§IU tefn@fe@ature and/or
coverage, over the duratjon of a single protective

prespug.dnay b pIsadgA sprasenization vl the ﬁﬁﬁﬁOWﬁ@smowﬁg opmghconditions
for emﬁnlgﬁﬁe?n%?ﬁxt pase i a{t]edté;rghg rcolcle% stripping process 128,

orne he stri ppi ng.

Pr ef @ﬂicﬁbér)ém‘doﬁﬁnéﬂt R @ftird %ﬁ Iﬁi&kﬁh‘@ ofleaatethséOandhbsctants are
phase is about 0.005 to 10 seconds. Mre preferably,

altemntedt Argelnofhet%p@wl sngperaturechndr tphgssurp mzayee wlsadc_mn
r ef er apl

syncgipal%@%ag\mﬁxetge tg%s fil?.'wﬁod:ﬁg‘élge opt1 %10@111581055 fog eﬁchsphase in the cyclic

procéec OrHdgeforer @fp%ﬁa& ¥ diffddeis é@geéhém%& eét%erpwd GiffRfenk B%es of the
of providi ng al ternating deposition and etchi ng phases

gas-inodvlejpdatyeltt stop@ng henees, vhaesild Merteopntifedy diffeyent ghies, or use the

s FEL RSP RSPt TR b RIS Mbive s
f urdthigrt iGiel B3 rhay BIERIdEE B cilRe 1RaRpHREM §dseH tl‘fé/ﬁhbﬁmg gases.
stripping process (step 124) is conplete In the |as

For @yaamd% at depositiomitag cphlzssdonedy Gbhphdtrel y et ch away t he
ive er.. Howeve ubse oce ing. .
5°Véﬁaltng PO{ &Hﬂlﬁl% g%st‘{%“ﬁ‘g it StBPlg g%‘Pgﬁ zl}f pIng

procH ed to renove the protective |ayer and/or conplete
e stripping process. Wthout being bound by theory,

i t Byshaleilgi md@dnddmaproa:gomlvé taypr ﬁmesiscbm@dmtrwppmigphe&es the
di ”eqpéx:at processi ng regi ne, because the propert es of
Processi et AR IoNS, SHCh py fgipe BIHOVED DERTUES: CREHCTE:

e
conditionsefos eavh phpger oach, with short cycle times, -an

extrenely thin protective layer is dep05|ted such as
a%hq@%gqoﬂlmqqtsnef the, mvenfiqn may provide one or more additional phases

to the cyclic stripping process. For example, a gas-modulated cyclic stripping process
may have six phases, such as three deposition phases and three stripping phases in a
single cycle. The addition of additional phases may be limited by the increased
complexity of each cycle.

Another embodiment may eliminate the use of a polymer providing gas during

the stripping phase.

Page 22



protective |ayer thickness may be in the nonol ayer
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protective layers in the nonol ayer range i s dependent

on the deposition rate tines the deposition tine.

Various deposition rate and deposition tine

conbi nanggﬁﬂ@ermy be used to provide a thin protective

| ayer in the nonol ayer range. The properties of such

t hi n phonesanple ofdheingeition, aloveddielbddn layeseiQS@dvas placed over
abov egar.di etchi.ng. Wt hout bei ng, bound b

© r Ry R T AL rEs et st M deBOURL e the lowk

PratestkicIsye axsy 169)d T%g E?(}:glg%r&gs RhRE 306 Rl Hick. fﬁl}?organic ARC layer

protective |ayer may thin, instead o

c omas fovoed byerdbicapgdaym(sept B)e &t pateriedydotaresissmeask ovag formed
step. The, Layer be et.ched qve ich the t oresj st
B FRAREFer 1 PP In ShiF Soiin buibe Phtieget Frbl S PER Sy
asgigp@anosi I i cate glass or SiLK The protective |ayer
prevents damage to the lowk dielectric filmduring

t he st rTlgpsubgtrate was tieneridped ime ptocetshvbambere Kjés 8$s asuhematic
prqQcess paraneter e used for both phases, but

P RBCY OF APHOFeot FMRCh S Geey %uiféﬂﬁéﬁ*?eﬂff%ﬁfég ggibggignent of the
Chﬁ@&ﬁgmf %4 tkﬁ?gﬂb?&lﬁ%ﬁt tﬂeg:)lm %&:sgiﬂgQﬂérﬁﬁé}tS’OOtcBﬁqprises
gas- nodul ated cyclic sfrip processing step may be

c adonifieementtridyy 503) anguppheelseiroele S84 ) d rvegakecirdda B4 gas source
both formng the protective |ayer and stri 1[;pi ng, whi |
!

\ e
r edds anfl 40 pERustgrmmy & h¥ithinglawna Riecesaipe chagpber 500, the substrate
r [RieTe] ¥ ' I .
 SHFETSAE oLt HORLA AU 18U 20080 5L KRBk Tover
poaledtrode €0RPeTat loveer eitbdy 508 @SS Po@iesHmyithisle publste® dhicking
synchroni zation with the %as, flows to provide optimal

c IRerheRISHS(Crgorelectiontappaneshamcal riangping Ay din e dordypddipg the
PrOB§TRe walkr 398! ITﬁé a&%%? gcip tinég}goﬁﬂ% 'tllieeqa;%)%is el@é\t%(gcfé%%4
of carrier gases an reactrants ar altern ed. gal n,

t héisidse M@EdiateBNHRioslidthe lowwetbldironE 6% UTiee tF¢r Blectrode 504,
pul'sed in synchronization with the gas flows to

priewetidegipaderndB, ansheanfingnentirmgs 882 Hefnedbe confined@lasma volume

CYEl o5 T S B YaEeP g L R o

ganteiBa hiat RExBYstddChdHh theidnfigePpIRGES SolufR8heARh thelbdBfinement
two entirely different gases, or use the same carrier

gangarid2 ding fe cxkausbipat bethgesbayst pump§20.t hhe ednpstgasws520 forms

with different relative f.l ows. 1 i,Nn carriLer. gas, .

el S5 et e e ool bismth: Bt st S WeRumicaly

StdonRBHEDLNAS BSwer BRICtrEEASIN. &oha e RARE 55D e fBlcaPpladia BR1osure

done by C2H4 and Ar. Providing pol yner form ng gas

duniwlgch the confingmém gingef B3 twoumpentlectialesiOd| oyl thg lower electrode
508 are disposed. The RF source 548 may comprise a 27 MHz power source and a 2
MHz poWer source. Different combinations of connecting RF power to the electrodes
are possible.

An 2300 Exelan™ dielectric etch system made by Lam Research

Corporation™ of Fremont, California modified to provided the cycle time required by
the invention may be used in a preferred embodiment of the invention. The 2300

Exelan™ dielectric etch system is a capacitively coupled system. A controller 535 is

controllably connected to the RF source 548, the exhaust pump 520, and the gas

Page 23



10

15

20

25

30

process. By having i ndependent protective |ayer

formation and strippi ng phases, the processing
woaodii2nas, such as tenperature, power, pressBCEUSRME018784

ener gy, and processing gases, may be independently

control I ried to provide o%tl mal conditions

sourgge ). phd %Wer Hepaxhberanaeiad © O sehilstageénthicoses wy’{ 543
may FE)E% irflife & 1OF edlR rg&s'ﬁ)r dr%rlﬁffelgﬂlaiﬁgez :f&ﬁ%g%l?%e%sgséﬁ}ce %r a.

strippgi ng process exanpl e 9 cyc
plurality bppilety fqrreactesss soaice baviespossidiaseshingions. as three

deposition phases and three stripping phases in a
ﬁ*@ ée 5% %H%traé%wm%%ws@aa 40, Shagh is guidable foay be

lmpgfﬁl@h@gg %{dg@ 5550155%9%1?9?159&1%%'ottheogres%%%pwgéﬁgd&. IS,

may el m nat e

6A showay bdé pessiaAs plisidahfpriniog tisd canppitergysbas ©flovanpg) el N an
exanple of the invention, a lowk dielectric |ayer of
compydey %&enbmaﬁ baveopary ivsisakioras engiedpm gnjntegsatefl (cireigh 2

prin AR Sls S0 ARTRTL e U5Te L R o
Confpfer é\yitémeik)o ir¥ludes g ainito AR, |a&ﬁ@lay/ﬁm ﬁﬁbﬁ@iﬂg &R didke
(step 112). A patterned photoresi st mask was

_ cap_layer
drivg Qe Fetend 6Hb ane asee R Lok 1A e nremexar Rl e

hot or.esi. s PR fram Shj The substrate
med bR o e e Jpt Eunb B SSR A 6 's Ta

Seles is“an\élx@prI%fof@ SRR ES 218 TNy GGy BRatc00BA thRhed

used in the preferred enbodi nent of the invention. In

to systensbusiZOdirera mtide varstypdlauhsysipnoe dyedengprish addelsos@lerred to

o5 GG oS PSR nur BECT Dk Btp e Bt P TpSiGiting Hhpmory
624'%,?&?% g@ﬁ{l?glsl?rgg{ang\%% gfbsg% ov gfﬁ wh fa%!ri] P%ﬁe oXi dglory
(ROMay s is svetldmowintie the arts R@élamscmadnaﬁ@rcﬂatat dnel 1hsiwe:tlons uni-

direiGRALHRE S SBL PRUEA M SRT DRl 82 and TretSilor n
a bi- Qir&ﬁfoﬁﬁ%gﬁﬂeﬁ: BOBGTARSE Alpe§ bAMRIHAGes flay ilt@udel a!ﬁ§)su1ft29cﬂe of

hol di ng the substrate wafer 580. The reactor top 5
the donmputgroeztabl mérba despebedeheadawr ddExdioUslde2apis sksd coupled b1—

sl B Y RO B o DO o G T TS e
inch{/ag %Xg? FRYontpuf9Sead@Ble Heddi D Gest 16 UMW NE kB lIRRB6 may be
used to store programs, data, and the like and is typically a secondary storage medium
(such as a hard disk) that is slower than primary storage. It will be appreciated that
the information retained within fixed disk 626 may, in appropriate cases, be
incorporated in standard fashion as virtual memory in memory 624. Removable disk
614 may take the form of any of the computer-readable media described below.

CPU 622 is also coupled to a variety of input/output devices, such as display
604, keyboard 610, mouse 612 and speakers 630. 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 622 optionally may be coupled to another computer or telecommunications

network using network interface 640. With such a network interface, it is
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540. Gas is supplied to the confined plasm vol unme by
gas source 510 through a gas inlet 543 and is

weoexhsusted fromthe confined plasma vol ume t hr eaglustdes/o18784

confinenent rings 502 and an exhaust port by the

exhaust u 20. . The exhaust punp. 520 fornms_a gas
contgpiAE theht ﬂ?ﬁg%mgwcws seeunaiipndrpan Ehernetwerkper mih c e

ous BB 28 ooty SMRSEART Pekimub el Slenlenda
methuldi stdpst Ferthenforeienehdd ehhglmbhita ,of tm@rmnamvaitﬁmtmgd e

504, and the_ | ower el ectrode 508 are di sposed. The

execyispolely BRE GRY MMy EXac oY NShVRIK ssefurciae aﬁamat 121
con;%limﬂ%{ 2 §e%'tljcﬁg% | ec%{ sg%x%gta bl g[f%%d;gﬁ%?%%e fa gggeCt ing

Eltﬁécmﬁuorq Ieﬁlfbedi&ridnts eftthdpieysit Biventisiefubfhet @ibtRRs@atter
Cor poration” of Frenont, California nodified to

storgge Huednsts Wlﬁléa e%%ter reagablemgtivaytt 1@911%@0%@% ppdnthaiggn
for p?ﬁf Hﬁ%g érr 1 %%H (ﬂ%ﬁ&uoﬂg 'lt"l{%emécﬂx Ghd !:oquuter

I‘IC syst'em

codeCa@@bé thove bpecia@ly Iﬂbﬁ g‘neﬁyﬁlﬂ @Hhstﬁc&@rfbf 0k |pﬁfp05€é50ﬂ tBe present
control | ably connected to the RF source 548, th

invephiora s theyumgy lmzft akigd ped @ag@c&aﬁi@ém@b@ﬁ tOAh%ﬁ’ﬁdWémlgélidl in

e G S BRAG LRIl Bt e Mo S R By e ot
limi@t b ah8Metib fﬂeala Jueh a£REH dBRS, zq%k@ land n@elgﬁéﬁé taw dPhtical
inlets Tor each gas source or er pOSSI

medizonibh aAnCDEROMFaG, hdlcgr&ihlcad]m@s, nphgnese- pafu@l aled@rﬁpgh e

nop R REren et i Bt bR prbde R oxecute

prog'raﬁl\f @8dd, Qfich 43l dppliCAIARBUE O DR RIS bﬁ&ﬁtsqtmmmbro@mmle
t he corrput er sy stem course, t he corrput er syst em

‘ loglmlm@LEa)r@ndpR@M el RA dryies. rigianglés aivorputer code

. . dntegrated circ rinted circui oard, .and, a
imchidhariEnierarier S ey predudi g oiige At S g ither
leve %H@ Yh R rSHILEIY @g Q cbﬁg{lﬂép 8Sn@alBikrbRYerd @m Rt irsla Bl
4, a hou5|n sk drive 60 a keyboard 610,

medmndayaalmnhs eorﬁﬁaﬁer @ids kraBdntitied ba a&omputee daiaesagxhabftmbodled in

medi um used to transfer data to and fron1co
a caigiFE PVae BiRrbrePraseRtinggs Jequense gk mpreions hat gregek l&%bia PYMh
procfe:%'br conmput er system 600. Attached to system bus 620

are a wide variety of subsystens. Processor(s) 622
( Al featureefvey etehhdtthrcmgh deniR@llayer anddsilog-luOBGdayr (DEs)

12@%&%?@1?8 itiE LG U b b AL eisd  FerBr) CoRa] Lt of
o LA PP A s b B i1
charhiber hir¢se@iciveakbt tp 60 ~ 500 mTorr. 300 ~ 1500 W were provided by the 27

MHz RF source.

After the feature was completely etched, the wafer a gas-modulate cyclic
stripping process is provided (step 124). In this example, the same component gases
O, and C,H, are used both for the protective layer formation phase (step 416) and the
stripping phase (step 420). The gas ratios of these gases are varied between the
protective layer formation phase (step 416) and the stripping phase (step 420).

In this example, the recipe for the protective layer formation phase (step 416)

provides a pressure of 45 mTorr. 300 watts are provided at 27 MHz, and 100 watts
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30

to the CPU and RAMis used typically to transfer data

and instructions in a bi-directional nmanner. Both of
woOhesa2tppes of nenories may include any suit abte&ustoos/018784

t he conputer readabl e nmedi a described below. A fixed

-~ dis coupl d bidirec aIIyto CPU 622;
are Rrwg?(g TR &feaprgwéﬁé( gQ:%ﬁSgb(?fi Hyrde may

providedO Thgg% g@qs ¥vifbd Hg@ QR g%%fh mf?edab' e nedia

descri w Fi xe be used to store
phmj;llmmpﬂaﬂte, realpd forttbe btrikping Ipﬁases(siby gl 6pprbyidas a pressure

of 45 e et ”Bdgfia%@fﬁarf@n%ﬂ@@ Ve d'@é@%&%&z '
M3, "0 &bk dﬂﬁz%ér?fdv?d%dr qb@b&,g@fw iz gwi& dnﬁk gar ]

may, 1 n appropriate cases Acorporated in st
providesfood s&conds edchalclaenory in nmenory 624 Rermvabl e

dISk 614 gay take the formof any of th
F@bﬂ) WEDIaY Hsch ém@@‘sWFﬁ;SBEf‘é beyesi2 eBoend 304

mTo§'1l Lﬁgil oI ﬂr8V1 8&’ isd ékﬁh%% om %&’\gg’lt{sorgb@ytw Ttgvh%gi%en 100-

500 S@ﬁﬁkﬁ@ﬁmﬁjﬁ Be pfdifl@‘an EBea\kJeenaﬂﬂ) 500pstmaCipuhaydesproeidedy
be any of: video displays, track balls, mce,
Eaclipliase ey de betveaen Shlosrssto X aces endet Intbessi @Bm@&% O is used

asa tSl.ugu i ?%g%. (ﬁ?él?ﬁsirs %@%CF %S aslf)el'g%g{)\gef fgier%nﬁ%%%wr ﬁmn%refelr ed

that F GEPPiFEthS rathy @Eﬁﬁﬁplﬂgs% s@a@estéctivellayef RRmikOFRUE Bester
CPU 622 optional | e coupl ed to anot her conputer

than@rl t Miosxprifrndly ﬁtrusan@mﬁeﬂlmtw W stumpingeasde proteativeflanse

formfgepgash bRES To DS OL S Ak FRE o S PE Y SRR thyer

the 1886 WP§tKppiak gl @YroRbliRUbydr FH@KiABEAOR 1450 tihdhel . nefme Kk i n
the course of perform ng the above-descri bed nethod

prefgplgor ibunméhmpméectlﬁetdy@dthe naiipdifitensts ppihg ighe topretoetive

L CPU 622
layet BbB ety oy S EEF K108 T he 1 nternet in
CORyypEihiARg Met ctblpasﬂl&’ff%ﬁ ateMrip RRp. tE@ﬁflﬁ %laﬁia?@"éddl&) Be fhproved

t he processing. di tion, enbodi nents of N
by >0$enmparedevith wornfal) carftiBnoussiiEp Brocessc ©hp uptanumtconélgens
ut er - r eadabl di um t hat

epdBUEH b erlerth BB HE b aR g aARrSte of PR The gases,

pow&Q M%ﬁﬁsu‘r&ﬁiaﬁ"{@ Bt %gtuﬁ&%ﬂ & bQMRe be-E Fesg?d' a and
conputer code may.be those peC|a esi gned and

c oNéitlrout tvéshirgoio Helwupdj bp dﬁew, ﬂ.‘flS bdfi'&avpal dmetite depugtion stap forms a
or they may be o lable to

f no an
thin prgectivh a%tw@ et the Si"%“iah%mc Frbqw &dl%igﬂrtflwg% fegsubsequent
str1pEf£%'§F%preno%tﬂg%n gﬂ}% ﬁgogs?sgﬂ%gf k dnd'R uc eb E‘(ﬁhg gg‘uh Fite&f\fé coating.
By prbvagipy adiyslksal pm’adssn’ﬂlg lpﬁ@tec:twteaﬂer isdqeipt thind. Teid issbedigedd @she

CD- ROVs and ho] o Ehl c qg}g % magnet o- opti cal nedia
advagmgﬁogsover a single s ep that would both sirip and provide a protective coating. In

such a process, the single step would continue to form a protective layer, so that at the end of
the stripping process a thick protective layer may remain. This would also be more
advantageous over a process that provides a single protective layer deposition step and a
single stripping step. Using a single deposition step, requires that a thick protective layer be
formed, which may hurt critical dimensions of the resulting features.

Therefore, the protective layer formation phase uses a first gas chemistry and the

stripping phase uses a second gas chemistry different from the first gas chemistry. In this
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floptical disks; and hardware devices that are

specially configured to store and execute program
woads/12516h as application-specific integratedPCT/USH0ED18784

(ASI Cs), programmuable |ogic devices (PLDs) and ROM and

S e T
: tAakL Ni ' I r i
iR TSty 40 B B Bl e
second gasatiemitiey domsutrippicn da diiararbot ingchtd) yheafiicbggswhemistry may be
dat a si,gﬂ al enbodied in.a.carrier ve a

d
only adplecidyi [AK 845 YHGO A iRRing gat 3nddhe %ﬁ‘?gn‘? B Chgpstry may be only a
-t ‘ - A feat t .
i R POy g S B L s e

sumhafiyed Artheficsh gadwhehgdtryyconipribify-H00testraniapér Arming ghdand the
seem OF C 4F8, 1-10 seem of 2, and 30-200 seem of N2
Secoﬁggaﬁ‘u G YRS BHYAP A& ow- k OSG | ayer. The
c 5 rr -
e Shat PSRN 1P The by ey To M g 0 e s8R
fronf mafgw@ OMHG,(IBHL, el}ﬁ) ¢2HI> (ﬂlﬂa, Cﬂ'th,ecw GO, giH‘l: Si(CH3)4a
. gas-nodul ate _cyclic strippi ng process_i s provided
Sl(Cgl-sls)e HB 4§ HsEnCelihibs and Goldite Genseallyasieh psotseieaysy gaws
H4 are used both for the protective | ayer
are oFOrraQ%Oo%%' phase (step 416) and the stripping phase
( s GRBesABA)mayTheusga Sor'thé bteippiak chhiLee be ssieGe@firOmvilE igfislip of Oy, Hy,
between the protective |layer formation phase (step
N, watey vaped CPmeanstNHppi ng phase (step 420). In this

ohoBle isdoriEs Y pPetcthel TEERS ol Bl bR ™ 500"
emb@@ﬂﬂeﬁts@ﬂﬁraoir@ﬁitéiﬁﬂor%%g&ﬁm'ﬁﬁfﬁms,@ﬂ@diﬁ@c@ioﬁ@bﬁ@azilﬁ)us substitute

provided at 2 MHz. seem of O2 are provided. 100
equizaents.ofhickz fdl wiitlein phorsdoge df thithingensivas ét shoulsradsa perptedihat

2 d h le.. In thi. t ipe f
ther 8 SR A NG P B vag i Boacind P EBRF S Ghe
presélmgtiﬁ%%ibn. BOOmeRESS imeRidAtRUIREEBlvir/apededailamb A

ts are provided at 2 Miz. 200 seem of Q2 are .
interprated abadeluding a8 enctCilE24bnay rErprlipe dhodifidatioph aseé vargous

rovi ded for 2.secgnds each cycle. O her, enrbodi ments
subshixge eEval il PN Hhed o B gt SPRRY e s g ntion
nmrorr. Power nmay be provided in a range from50 watts
to 900 watts. Between 100- 500 seem of O2 may be
provi ded. Between 50-500 seem C2H4 may be provi ded.
Each phase nmay be between 0.1 sec. to 5 sec. per
cycle. In these exanples, 2 is used
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as a stripping gas and C2H4 is used as a protective
| ayer formng gas. It is preferred that for stripping

woOheosriaz22e of stripping gas to protective | ayePChasniosgis7s4

gas is greater than 2:1 . Mre preferably for
stripping the ratio of stripping gas to protective
| ayer formng gas is b€ELWEMS 10:1 to 2:1. It is
preferred that for formng the protective |ayer the
rati,o. of stripping gas to protective |ayer form ng gas
Whatds ¢laiiedifan 1:1. More preferably for forming the
protective layer the ratio of the stripping gas to
1. Pr ot gfetiodsorl @ ' A : i
D e A e e o
etchirhask et psuhsirsigecopqristhgbe | nproved by > 50 % comnpar ed
Wi th normal continuous strip process. The opti mum
condi ti ons depended on lowk nmaterial, previous etch
st ercimrdlotihle dishatritcClbgiriostd £subsfrattR. The gases, rf
power, and pressures had to be optimzed to get the
besk@result. W t hout wi shing to be bound by theory, it
i s PlRsneRadiemsd Photoresit sk oy @rihelospk disleekialayes n
protective coating over the sidewalls in the | owKk

di elcBfderdt GeaksBHR featlREnBURS E)%‘-E gﬁel&rurié ﬁg&n ghptep both
st nmas an

strips the photoresi renoves Sone of the

pr i : ating. . By provi.di.ng a cyclical progess
b R e A e R e e e

for shppaaly 8 Sihall e orér¥se nadk S NGt eadled cld@mpMapd:d bot h
strip and provide a protective coating. In such a

process, the single step would continue to forma _
pr ot ect PEOYRIPS  Projerctivedayenforatieg pide BYing h&irs was, pyliengn

v REGR R e PO SR SR S sl o

cycl@lcomipdieiga Si ngl e protective | ayer deposition step and
a single stripping step. Using a single deposition
step, requires that a thick protective |ayer be
formed, whi chravidingthetfirstrgasi @l di nensi ons of the
resulting features. Therefore, the protective |ayer
formati on ph . ' chen.str.y _and the
stripping phg(zrglu?égélaglnéclg%’ﬁ%%ggsst g@tgierur'r%leé?ﬁr{f Pa‘?tf’ ‘ftévreelwer

is fofmehod kidewallssdf tos [eesmstehtyre dddl 4 MickaxRmpkie préRtiivd he
first gas chem stry conprises both a protective | ayer

layerig ingreagediadand a stripping gas, in different
proportions so that the first gas chem stry all ows

St v ppi har o p AR D8R (EBARLIA iy Bl iimesc using o

secofidl @i, Sihieye theYirdd @avisldyff@eimrtbiretik isv@nt a4 € wi@asin Wet dieihg a
stripping gas and the second gas chem stry may be only
phasg 1ssperigsmea dn ghest G0PhEuL0 secpnds lot eacheeyrlgyeamurising: ng
gas. These various enbodi nents nmay be sunmari zed as
the first ga | SL.r Isiing a protective |ayer
form ng gas gﬁﬁﬂﬁﬂ%ﬁ%é%%%@ggég&ghenistry conprising a
stripping gas.
forming a plasma from the second gas, wherein the thickness of

the protective layer is decreased and some of the photoresist mask is stripped.

2. The method, as recited in claim 1, wherein the protective layer forming phase
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Gases that may be used to formthe protective |ayer
formng gas may be selected fromthe group O C2H4,

wGCldos1Ce C2H4, C2H6, C2H2 C3H8, CO Si H4, Si ¢CHRB24005/018784

Si (C2H5) 4 CH3F, C2H5F, C3H/F, and C2H3F. Cenerally,
sugh otecti I r gases are hydrocarbons. Gases
formg g @@E&§S§@n@§§é”%§%'the stripping gas may be sel ected
fromthe group of @2, H2, N2, water vapor, CO2 and

NH3. While this invention has been described in terns
of several preferred enbodiments, there are
alterations, permutations, nodifications and various
3. subhbg inethod, asqetitedlinalasm lwwhetsitt e preteetiviedasich orgdapphase
this invention. |t s d: .50 be noted that there are
fbﬂﬂﬁﬁ&@@aﬁﬁgFﬁ%??v%bdﬁ§@q3$‘%ﬁ%@%nenting t he met hods and
appar atuses of the present invention. It is therefore
i ntended that the foll owi ng appended cl ai ns be
interpreted as including all such alterations,

pernut ati ons, nodifications, and varjous supstitute
4. eqUhemethedsasascited|in apy ohelpimsnle3s vigsewmerformiagd seope

f the present invent.iQ I () ' [S:, 1.
modifuich el FiFPibe bREG e APETPe e SRkt B R s
procés3XBimbé& ough a photoresi st etch mask over a

substrate, conprising: placing a lowk dielectric
| ayer over a substrate; placing a patterned
phot oresi st mask over the lowk dielectric |ayer;
etching at | east one feature into the lowk dielectric
| ayer: an erf.ormn - LC.: iRpi ng
5. KECanctPY, RAGEE IR BrOBsD Lob R phgirL e
form$ig§taGe RRPIHE bR phaBsice [pwﬁfsfn@édrln QaRhneytChlesItOpLEsS B
performng a protective [ayer form ng phase using a
chanfier.st gas, wherein the protective |layer formng phase
is perforned in about 0.005 to 10 seconds for each
cycle, conprising; providing the first gas; and
formng a plasma fromthe first gas, wherein a
protective layer is formed on sidewalls of the at
6. | eqst nraedf ealtitel iandy af tlnintknéswhatintthe canmba pldsua
|l ayer is increased; and performng a stripping phase
processngshamyer i g Cﬁh@ltﬁfﬁlj{ %}U@qusﬁlas,w{og@&ﬁ% chamber, wherein the

forming the plasma from the first gas comprises providing capacitively coupled

energy.

7. The method, as recited in any of claims 1-6, wherein the gas-modulated cyclic

stripping process is performed for at least 3 cycles.

8. The method, as recited in any of claims 1-6, wherein the first gas comprises a

protective layer forming gas and the second gas comprises a stripping gas.

9. The method, as recited in any of claims 8, wherein the protective layer forming
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second gas, where the first gas is different than the

second gas, wherein the etching phase is perforned in
wahoost12822605 to 10 seconds for each cycle, conmpCcTRISHYS/018784

provi di ng the second gas; and formng a plasnma from

f he second , erein _the thicknes f the, )
g0 50 et Kapler CHs b Febl SuPlricPFool o £, R, Si(CHS)s,
Si(RNYY, esi BLH e Shd.pped. 2. The nethod, as
cheg%teg |n£c?g?§1if mﬁg%ggﬁ the protective | ayer
form ng phaseforns a | ayer |ess than 200 A thick. 3.

The nethod, as recited in claim11, wherein the
protective |ayer form ng phase fornms a | ayer between

abgut 0. nd_100. A thick, .4. e.net hod,  as.recited
10. 2 b god By od Ao\ Ghleits 8 S HBTeH (g Suibpine SasiS t
leasOGHRBTAY, 8t ad, GYedrivapst CORRhANHYr ocess is performed in
a capaC|t|ve?y coupl ed plasma process chanmber. 5. The
nmet hod, as recited in any of clains 1-4, wherein the
protective |ayer form ng phase and the etching phase
are perfornmed in a common pl asma processi ng chanber

6. Jhe t had s.recited, in of cl ai -5
1. o IPRRRE R peefi s B0, Pheisf e ey nag o
strippedRagds td YRS WLl rfsrassEitheh Laf®@herein the

wherein the formng the plasma fromthe first gas
secopd igp$ hasesstipping gty reeteettvetlpyeasifgrnyng ghsadtie hetwgen 19;1 and
2,].The nmet hod, as recited in any of clains 1-6, wherein
““*the gas-nodul ated cyclic stripping process is
perfornmed for at |least 3 cycles. 8. The nethod, as
recited in any of clains 1-6, wherein the first gas
conprises a protective |layer form ng gas and the
second gas conprises a stripping gas. 9. The nethod,
12. as 4 ssmiiventivctor davicoforpied ﬂ)ﬁﬁhe&pet%hira@ ireritedén pryoeledaimsd -
11 | ayer forminggas is at |east one OC2H4, CH4, CH4 C2H4

" C2H6, C2H2, C3H8, CO, SiH4, Si(CH3)4, Si(C2Hs)4 CH3F,
C2H5F, C3H7F, and C2H3F. 10. The nethod, as recited in
any of clains 8-9, wherein the stripping gas is at
| east one of 2, H2, N, water vapor, CO2 and NH . 11.
The nmethod, as recited in any of clains 8-10, wherein
13. ¢ heé\r¥ gnperatysder nerforming e ppathesl, garecited wrany o claims Ldyer

formng gas ratio of less than 1:1 and wherein the

second gas has a stripping gas to protective |ayer

formng gas ratio between 10:1 and

14. A method for removing at least part of a single layer over a substrate,

comprising:

performing a gas-modulated cyclic process for more than three cycles, wherein

each cycle comprises:

performing a protective layer forming phase using first gas chemistry
with a deposition gas chemistry, wherein the protective layer forming phase is

performed in about 0.005 to 10 seconds for each cycle, comprising;
providing the first gas chemistry; and

forming a plasma from the first gas chemistry, which causes a
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2:1. 12. A sem conductor device formed by the method,

as recited in any of clains 1- 11. 13. An apparatus
woaoosperer mi ng the nethod, as recited in any eCTaiSA08018784

1-11. 14 A nethod for renoving at |east part of a

Si.n yer .o substr conpri sin per form ng
Prot%?ﬁgg g’ﬂ“ﬁ@ &R ¢ tpd a\“f’]é“eﬁf' B%é‘é BrteRivRAET HiRReRIE BR
cycl es, wherein each cycle conprises: performng a
prot ect ?é’l@oﬂnﬁﬂgﬁ rdrR8vA PhsP If@t%@m‘d@i gtt fe'a§ $he single
chem stry wth a deposition gas ch msr wherei n t he

layeyprsingee $acvnd gawélemﬁamrymsng pleameali gas phasrﬁxstmexdhera thebionst gas

s f ch cIe conprisin
Che“BFt&SX’/}S&f e’f“h alﬂ Oéééaé %&W%‘%Y}W UL 1%&61%%0%%1 pjase is
causes
Peff‘%‘a%?;‘?%‘%%@@?do?\;f%?DF?)%%%%‘%;%S&WJ@%% NS OFThe
protective |ayer to increase; and perforn1ng a renoval
phase for repmwidgg tie seeadtgapakdemistry;tand si ngl e | ayer
usi ng a second gas chem stry using a renoval gas

chem stry, ere the fir chem s i.s djfferent
than t he -sectiHRES PRRD ?r?@??@‘e SW?QH]é{ia?]C %S?%{?D%Fe
remd;}apgpaﬂl@dspﬁ[r{@ﬁﬁ@gmgﬁl%@ut 0.005 to 10 seconds for
each cycl e, conprising:” providing the second gas
chem stry; and formng a plasma fromthe second gas

chem stry to cause renoval of at |east part of the
singl e | ayer.
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