WD 2005/ 062885 PCT/ US2004/ 043115 SELECTI VI TY CONTROL
I N A PLASMA PROCESSI NG SYSTEM BACKGROUND OF THE
wo DMENGISEN [ 0001] The present invention rel at eBCT/NS2004/043115

general to substrate manufacturing technol ogies and

in particular to nmethods and apparatus for the

optim zation of ion energy control in a plasm

processi ng' system [0002] In the processing of a

substrate, e.g., a sem conductor wafer or a gl ass

panel such as one used in flat panel display

NMARYEAECHVIPY CORTROL N PEASMAI IYOCESSINGS VSTEM

the processing of a substrate (chem cal vapor

deposi tion, plasnma enhanced chem cal vapor

deposi tion, physical vapor deposition, etc.) for

exanpl e, the substrate is divided into a plurality of

di es, or rectangul ar areas, each of which will becone

an integrated circuit. The substrate is then

processed in a series of steps in which nmaterials are

sel ectively renoved (etching) and deposited

(deposition) in order to formelectrical conmponents

t hereon. [ 0003BACKEROBNI O THBIINYENEHOMNquential |y

created by form ng conductive patterns on dielectric

| ayers on a substrate. In an exenplary plasm process,
(0001 2 as Ub%ﬁﬁic%ehﬁn%toﬁ de1fel th %enfeﬂil o sblstrilfe @lanbBicaRR@dechnologies

., such as a photoresist mask) prior to

and in mnd:ulmgo mietkads anfl apprratub frdeneptineization ofioa crergfiepntrol in a plasma

selectlvely renmoved, causing parts of the underlying
P“me“W§§%@be becone exposed The substrate is then placed

[0002]1 N @ BhARFroRARLSEh BEbsGRRAMBE!, 2@BmoBERGdT Whfer SiPFlass panel such
structure conprisSing a nono- polar or bi - pol ar

as one ejeddn flotieanct displeyi manufagieiking Appanamisiodice caivEAt Asspahefdhe

proces%?g %?s(u%ﬂgate @%al (\;4'250(% dﬁpcélsﬁfg Orggg%ﬁééfggf&'&? gﬁg‘ﬁicaf%%ér

deposﬂi’drﬁ Fi?tﬁéhl fvhporedpbsitich, elte fohexungile, ahelsublstrite ks &lchhdﬁﬁb a plurality
ﬁ frequencies to forma Iasrm to etch, exp

of dlesmre,ra@amularwéeaémh PéW@lChBy’ﬂ]&?ﬁ?mé [en infgereied C&ﬁ@unifh%wbstrate is
then prgﬁ(;)elglgs‘rgf1 Sragsbéneg]of stt%“g 1? k&%%crgﬁn%t@ﬁgly ah s%fiécﬂ%lg‘?&ﬁoc‘védget%hﬁlg and

rrequenci rocess 1's 0
depo&tﬁa@@@i‘b]omltlﬁn)iln@dﬂftm fatbatateita cﬁmpuﬁans theteng. met hod,

dual danmscene, .djelectric |]ayers
[0003] eI ect rlnt@aratfgﬂ disHHe aicsadusptially %aﬁﬁétbw\feﬂ%ila aorrc{wcrlvﬁq@atsems on
I
okl By 8, SR ', B RSO Stoys o wit i

film oflhaytsned edanlsion ($el; buesh af |a|ﬁhetbr<va15tt magk comatic BtChmgrra’treats cflthe

hardens] &BplSiosEie BSREREN 5 BE ot 5Bk b5 StbrneEGes RV t become
expose@aﬂggs??s\t/rg@rlg lelegzﬁséblg!ri] hl?&‘g%gﬁla?ﬁc{aeth%ﬁé glga?me?@ﬁ aREBBRSsupport
structure comprising a mono-polar or bi-polar electrode, called a chuck. Appropriate etchant
source gases (e.g., C4Fg, C4Fg, CHF3, CH,F;, CF4, CHsF, CyF4, Ny, O3, Ar, Xe, He, Hy, NHj,
SFs, BCl3, Cl,, etc.) are then flowed into the chamber and struck by a set of RF frequencies to
form a plasma to etch exposed areas of the substrate. By controlling the amount of ion energy in
the plasma through adjustments in a set of RF frequencies, the etch process is optimized.

[0004] In a common substrate manufacturing method, known as dual damascene,

dielectric layers are electrically connected by a conductive plug filling a via hole. Generally, an



a source/drain region. Excess conductive material on
the surface of the dielectric layer is typically

wo eowwexssdhy chem cal mechani cal polishing (CVPRCT/pRBOSH43115
There are generally two approaches manufacture dual

opening #MBGENH SRR 1@@@, Wwhigh idthess fillad &ith'L0dabndeveHhaterid) (e.g.,
one exanple of the Via-First nethodol ogy, the

alumingigdel); seepar §Cr), etor) theiallews electrivalinatast betvoen tinelsathelconductive
patterné.ﬂ?lsli\é 'te?%%ﬁlsrth%se %fgh‘&%g]{ c%)%paltcﬁﬁegt\ldéﬁp tote ;?ciigfg ?%(ﬁ)éot%thg rs?ubstratte, such as

a sourceRii € irédiod NBx @k baglucdWwmiterigughthé Beficews khd @yieétrieflayer is
the substrate, and _stops on a silicon nitride

typicallygepioged by ghsmigplgpechapical nodishing (¥ et al | ayer. Next,

the vi ' ' ' , r o
[0005] phot orrlglse fgsj%% %EE%% Pﬁédd%%ac}lgst lﬁ%%drfgp 1:%0%a Fgm}ﬁ%t% ?&eersglggpates' Via-
First arffiofrenddf-Firsthdn phe txangsle sf theiVib-Ristmithotdsloghahd oitsantedd first coated

.. the via an event the |lower portion via from being
with PI}S\F‘EFSJ%H*’E*aég“ﬁ‘E}P Vi af%ll;t%%réﬁ@ﬁal RaepiedcHsX!, amanigetegpér etch cuts
througtHeSAERQPEp BhtERallRE RichE! oW MPUIR thd Fov&a g‘\}%;%o%? gl‘feaﬁbstrate, and

material and etches the |ow K materia
stops odessiliced niteige harriEhijsstebete tho undertyiieg mitad rayhr. NElwg the via photoresist
. phot or.esi s then str.ipped.and the Silicon Nitrid
tayer i3 RNRr Engthe wEnguoihyebs OF Repi i n dhagganhirpiierséd Some of
the phot&reyisiS@ll rerla@VmaREb&Yore bE the tvitedndrbvent Be 16@USSFortiBR via from being
under | yi gg copper to sputter into the via. As
@&

over-ctghascdiripadhe fenah etelhprocesant kecand apisatrepie efchithendcuss thhough the

oGNS LA AT BT e RBPS o s

trench. [Tl iphbiongsidt CMBEn stipged ald thoBaloh MNatridedatridrat tHRMIHOACHT the via is
has been wi dely adopted for small geonetry devices ]
openediygithyp ¥eryi sett, loyorrsey pleh grbrak agl eapsyibe upderlng eenper tosgputter into
- 0 . f - e j as,
e via RS SUREA 2o AT F B AN Dol
aluminant(&d ) &opperaiCgckod. p@yd padishddncdheliics tmechiniodl @odxtan®(@VIP). And
%htg S“bért rate i COﬁt ed wth photoresist and a trench )
although; th ¥igr Ashrproschihas Resnsvidgly adented Ar sarlsgnomspiydleyiogs because it
vt B ol g o HIERUGR L1 S ASGDRNS RO e vio
is also pilvne b pleitetesistpasdneng. phot or esi st is applied over the

t har d Kk d th th [ e ) ’
o] She o et Chen L s sl s
with pHoﬂﬁ'BsiﬁhLbhalat%@H GbhosRphl caREmARdpRfdat 18] Alﬁsot%ggﬁ?iegcﬁﬁvmen cuts

into the low K material.” This etch forns the
throughythg surfagechapth otask Eagair typisalih8ilN, TENror Fiakldl félbrwedrtnattipping the

h,over the vi.as wth .the hard k.. The trench, etch
potor BB S WS TR T RS e
lithogrdphécallp patteriied. €Al sebordiitotropid @&htRéh El@PIHoughitap 18fef Bnd partially
al so, clears via holes at the same tine stopping on
etches doyen fito e 1wl materiab diiseicforms shaywartialmiast Theehotaaesist is then

. ' i St pened— t h eci al
stnppe&e- rogﬁregﬂfrl] gt%g‘r?ﬁg{(ﬁé% t% as v{ji'fh atH? Iﬂ?rgtrga}?gt F%%%?‘b"glﬁ&’ thes cuts through the
cap layphaidqraetsdl Bt et siglondK mayerbke dswh$s agtidealdbyth! G35 eteh also clears
via holes at the same time stopping on the final barrier located at the bottom of the via. The
bottom barrier is then opened with a special etch. And unlike the via-first methodology,

photoresist poisoning may be substantially less.



WD 2005/ 062885 PCT/ US2004/ 043115 [0007] However,
escal ating requirenents for high circuit density on
waewsemses may be difficult to satisfy usi ngPCUUREN/043115
pl asma processi ng technol ogi es where sub-mcron via
conta : -0 : :1QS,.
10007127} 2 Gy erdd EREHERARIR P A RO ey B ubltfaces may be
difficub t@sdtisfipushsenirrent plasms ptocedsingtatineingiss Wirre diteleabn ivia contacts

and tre g RS B amee oS TP SHP AR O Lk (9 and Boplex film
stacks ?{gge?ﬁ h%%&/,tgepwlgﬂ{erg%é’s &fr dcledtRY 8ichpreksed @Rd equipment.

presenting t ers of an exenplar sem conductor

[0008]I C, prTofacilitatadiscussogy Blthild illusiegies amidetlgedicsssrsedtions! view of a

t ollow, .te such.as "above" and."bel . whi ch :
layer sigge 1 SeRRPUPEIARET R Footr it cemiecudf Rapriot ® Hinographic
step. Th ASdisQREBALhANONGW! REmb SYAIS "aliBVE! alklitbelt®ied widh may be

al ways, denote a direct contact between the |ayers
employedhstsie th disguss Hsuspatid ecladenstin amangshe Bycdaiay Wi aped not always,

| ayers abo bel gw,. or het Nyt | r s
denote B Eeciet SocP Bl BEPEET 1B B S Ra R M ona

layers fIRRBSISAGW | of HeBvddheBenle8RHowR My b paddentTeBurider, not all of the shown
substituted by other different layers., [0009] At the
layers pradinsaessarily by dressntar semg or e aray Gesubsiinigd R oares diffeyent layers.

[0009]COTPr i & g b§étc9§ 8£13®910§{§cﬂ ﬁ?ﬁ;{heil@ﬁ shME?zﬁ%? 6 Zomprising SiOx.

barrier Tayer typlca conprising nitrid
Abovedayebil 08 iy dspdseat a b&iri€) layEuHl4, tapicedly enmpsising hitatle sr carbide (SiN or

. urther conprise a_set of netal |ayers . including.
SIC). DB RBIasCHRg By TUGHS CPUPHES &P AY HISTH G CEuBHBRing M1 109a-b,
typicalAPQHEpridhfs ARMHES of &g)?gr 1060velthe Qérﬁepﬁg& 14, is disgo_osed a

I'nternediate dielect (I'MD) layer 10b, conprising a
intermédiave iatertae (IMD) leye. L06Staprissnga Jow Bovateriali(hg., ISMDC, etc.). Above

er 6, ther be pl aced cap. l.ayer 103 .
the IMPSHEer JOP gttt o Mo o oy 05 ctpies Pl Hmoieiae SiGserAbove cap
1 h IySROESsbsad b ireRGhmBBSIkyérae! typRelly tyRpadhg Yi iN
e 12%’?%?‘?3%19 Ti l%l,d)SSi N@or TaN.y[001’ot el 1Bbsho%/sﬁ§f S, or
TaN. somewhat idealized cross-sectional view of |ayer stack

100 of 1 A, after photoresi | ayer, 110 d
100101 E455 15 s PG BloB AL kT g ffrrack 100 of
FIG. 1&9@@&?%@-&@@!1@& U1Csabs BaRT a9l 12vb @il ad@deIFISt 8Ckhows a
100 of FIG 1B after photoresist |ayer 110 and BARC

somewhglidealized crsgrecqsionnl e o8 kyeristask KlgH HIG: B gftapplotonepist layer

. . :
110 AR AP £ nfh U B354 e, BRbL SRR By EsRbe -
photoredist neask pattaads cremad wiheveeobf frenches bidadk 100 of FIG 1C

after trench. mask |ayer 101 has been processed_in the
[0011]) a5 et 164 dDhpWe tha Hets-exterlviey drayr itaglt 100 Bg FIfs. d4patter trench

| i in¥l B,

sk 901 850 ot R A mRgR OBl 4 o
layer 1030 Fdndl EaslieARGhe¢ arpes-settidnaveew efiayedstackd002)f FEGE D) #fter

photor%?%\ﬁ\gyfe%? g(? glrgf g E'Ai{eé? {aiygrn HZ a\t/rle ?e\al},ng\]:ed! ayer stack 100 of

[0012] FIG. 1F shows the cross-sectional view of layer stack 100 of FIG. 1E after a
second photoresist layer 116 and a BARC layer 118 are disposed, in order to create a second
metal layer and a via connecting it to the first metal layer 109a-b. FIG. 1G shows the cross-
sectional view of layer stack 100 of Fig. 1F after the photoresist layer has been opened and an

etch has been performed to partially etch into IMD layer 106 to create a via. FIG. 1H shows the



second photoresist |ayer 116 and a BARC | ayer 118 are
di sposed, in order to create a second netal |ayer and
w@2nsacsehnecting it to the first nmetal | ayer RORESIDN4/043115

FIG 1G shows the cross- sectional view of |ayer stack

Cross- S&Ql%ngf Vlawvgjf l'clf?}ér Qt%lﬁf%d gﬁ%[@ ‘lseificg ﬁ&tofe%‘ﬁé?fa Qalslobcﬁﬁ'BARC layer

ned and a een perf rmed artla
112 have& beh:nl sntppe\ﬂ\lhﬂdmpeadd{tmﬁalt gclcpreatss has bﬂ:eaa peFﬂoGnedLH @dﬁmddhe trench
VWO 20 5/ 062 85 ,PCT/ US2004/ 043

0 8 degRgleP gt & VGt SPRPRR OSPBEIET L b FnEie  Idhe barrier
layer 1@1 Tseétcﬁéla%&h |f@y &Ianﬁﬁ@CﬂQF’ﬁ BARE LBy ah Fig 1¥2a fvbcal
been strip an addition etch process has been

mechamealfp@iha&egrchss&m bcﬁlh nehidrmed fecpolish daygr eie@k l@ﬁdcdfelptqwcaarl@bfer 103,
and o Sl SR s R ARYR8. CHRIELP B Rrh bt o contec

the existfigNdl ch&hl BxeARl e CH2F2, CH3F, etc.. In Fig. 1J, a
chem cal mechani cal polish process has been perfor med

[0013]t 0 pollngrypiagielassraauReeroios axiems piichBFleagiey sewge mayhg employed

to crea%&c;iglg&j §1I 103@ f]orrr?lt Ijogésalég uPst%ltét’Jo Co%lgﬂlp)eal%lﬁgqﬂ%rﬁrst RF energy

source edyel safyl thlberpeh@htings edured RF [s[¥dBor Hissavidtingi thﬁionp| asadlition,
processing system a first RF ener source nay
there isHokhsy &' CneEycSoREEOLCTEREIER Bips W&hghff RIpsIH @nd) fige@w thgplasma
away fRon’ SPRdEat @nthgﬁ'ﬂg Ef‘a!sfn)é g?&&@ﬁﬁ%‘%rstérﬁ‘ hiid folwapd thB%uﬁsrﬁecl'Eeg y?enerally
source may be said to be generdting a source RF sign
speakirfg) thisl sarend Rdt énergyt doerce amsy. bd sa1chui>dnetgener,atmg h bras REssignal for
not her RF energy source for creating a bias with the
contm]g‘P%él?Falongﬂﬁfg& recting the plasma away from structures

[0014]W t hi TEdrReaR gﬁsﬂﬁﬂ%ﬁﬁéﬁ&@ﬂo&yﬁlﬁ@lﬁﬁgn hYaade b Burce RF
substrate. nerally “speaking, thi's second RF energy

generawp at be tomgf the chanbert andoebigeREgandratyr qouplekstoRFowide e bias RF

s i RSP TR 0 e

triode FREsmAFRRERIR system! 109 it Siovad, Ahﬁ)l@ﬁh anhe eme'ﬂﬁﬁjs @ eh‘l

generator coupled to provide t bi as na
substatiadly highsfrequeacy raten RY senaigar 2@ @18, 272MHZa6@, %Héz,uorf ile@ MHz) to

i S o SHEL KK o] UG LRETRBLREGEP

frequeyHiQYRB geﬁd#btﬁf B(M (eaé | &Kiﬁlng MH@WBINIHz; U6 @idRk corresponding
. enerat or 20 MHz, or 100 MHz) to
bias ngﬁlgwléé the ]@Z'YPF @@ﬁm» w@%wwlq@@i syheratan upper

el ectr .
001515, L85 80534880 SR e LERHCRS i
genera@r@mmb&d&to qmamdae;bmh dourrge aind bias RF sgingisab thaosubkieatt.oReferring now to

whi ch is bstrate

| ectr C ed to_.a.s .
FIG. 2§, e { Skt Py ew?}%%ﬂp@wafb?dﬁﬁw RGeS tSNSttL’Ii‘?QSO is
shownS QY5158 £96k ﬁirﬁ‘@ abtve 4 &%Sﬁ‘%.@r dioubletSated d%ﬁ\{lllt? &hdQibBirate to

source and bias RF signals to the substrate erring
physicalpbambard and etch silicon or other materials from the substrate by an electnc field

formed between the plasma and the negatively charged wafer, A typical arrangement is to

provide both a substantially high frequency source RF generator 252 (e.g., 27 MHz, 60 MHz, or
100 MHz) and a substantially lower frequency bias RF generator 254 (e.g., 8 KHz, 2 MHz, or 3
MHz) to provide both the source RF signal and the bias RF signal to the lower electrode, which

is coupled to a substrate.



FIG 2B, a sinplified diagramof a dual frequency
di ode pl asnma processing system 250 is shown. A plasna
WQ0oBshasss above the substrate, and is accel er Bt BUSTIONM3115
into the substrate to physically bonbard and etch
silic rd : t
001612] ¢ o R ey TR o B Ak D Sa DAL s flrces coupled
to provirdegthe bies|RF sipaal ge thewwabsrate. RdfympingalowatorFOg2@emsinipdified diagram of

) r.ovi de hoth subst ant.i al | hj .frequency, sou RF
asingl Enety A1og sTheBtigrodehong peseng o Wik SgH° MYlpSRBTE s bove
the sub(@tr%,ba?fdgﬁ‘%;_crz%hérgteh Q¥Rh ifib SHEULBSYatdtAshyRicale B@h@%ﬁraﬁa %¢h silicon

e.g. e

) , MHz, or 3 MHz) to provide both t
or othes mwaterlHfForsithmsubstalg byle ehictir sorgredibetweentibe plogis and the

.el ect rode [ 15 coupl ed a.subpstrate.. 4 WO ..
negat SE S bsaus bt A A At p e e SRR iR
generafbr Q92 (€801 3. 59MNaAEHFo pdyidsa\easRS kiggal@o MeAswRlels@ttddeS@hich is

coupled to provide the bias RF signal to the
coupled 3 sbgtrate. Referring now to FIG 2C, a sinplified

01712, 297 S50 e B SR B PR O
generafyibaidriabe absuibed by waltebrestiadrédunidnnies.i Intodddrie niiisinraasharge balance

. to physjcally, bonmbard _and etch silicon_or_other
in the plagras. ja4hia ROsBivedpRsisabarubelopped Reas cach Wakk of peimgary such as those
proxindafd i Sulepe Fhif BiRatel &5 BRctRR Hield \Which RaRIk ky Slodicrdte F&ﬁ% the
waf er. A'typical arrangenent is to provide a single
plasmd inghe mcyl dyibesnd¥Fy wjthreesuhstentiad 3go(iet af enerkd. Ib6thktitasmatipnot

rovi de bias RF signal .to the | ower el ectrode,. which
properfoPtiscpsh GtPehgs & SUBG PHLEIS BB EPROPhPIRETAR PSPl urtace. A
facet id Gie PE&URIMRDoBMire Yile ih e subBYdtB Gush 8¢ PRSchRidehB1l. A corner
plasma generally tend to be absorbed by walls or
sputtergtghiea rbsoliradfzami vedesitahleaenievaliod additinnal inmaterial hargeylarly of the material

bal ance in_th | asnm, hin positive ion sheath may

at the yiper §(iTier oh 415 RS TR 488) boundary such as t hose

[0018]PT OXi MRESrdth oSkt B Faleing ditl $nvednt ®Inép&it@fiteieGomes critical in
field which tends to accelerate ions in the | asma

dual dymasgenerricheal parbeulprdyndppernduehdamasaene eiehes an waiebmetplegs or
multipfenher X‘iasllmf arb Q PPoé%ﬁ 2%%% ek @énehﬁfrgtp(ﬁfah Xaxﬁ%c'erqg &igggtrig rc]itch). Upto

ar
aceting or corn ering (or erosion) occur

now, rohgtempisiavabectbd@peempoy REGOAfiEatitis parieulatly®F eonfiguration of
non-li1near profile in the substrate, such as.in a

the biag Rérganerifetpaninimigedatching and puw anied eRInprsPRttprang, maxgnizing the
. ' . val.:. of b L4 terial,
procesg%ﬁ@g‘glﬁg? ?9{‘1@?{’? E}e% d%}gltr écgir\fea Iltzz:\%tCHE5 Eéeﬁlg'gper corners of
the feature to be etched. [0018] Accurate control of

critical in duasONaRenE BTEMRLENB Co ey i
copper dual damascene etches in which no plugs or

mul ti pl e hard masks are enployed (e.g., in a
[0019]t r enc hFlid insentoumaiel attanmne embddiaient tio kanathachin. a plpsmaprocessing

system for etching a feature at least partially through a given layer on a semiconductor substrate.
The method includes placing the substrate in a plasma processing chamber of the plasma
processing system. The method also includes flowing an etchant gas mixture into the plasma
processing chamber, the etchant gas mixture being configured to etch the given layer. The
method additionally includes striking a plasma from the etchant source gas. Furthermore, the

method includes etching the feature at least partially through the given layer while applying a



now, no attenpts have been nmade to enploy RF

configuration, particularly RF configuration of the
whe@s/o&dBsyenerat or, to mnimze faceting and uPGEDERA4/043115

corner sputtering, maxim zing the process w ndow, and

M

45 MHerhadbom 75, MHa. Thebid®F sugneda ﬁp’ﬂashw Pphics B§3m@r csmgommt that is
for etching a feature at

contiogPl uEvny BE o Bt e S BT R PR BB fver of e
substra'teﬂﬁxhﬁig %?gh@f ﬁxh%h ﬁg)réc{éﬁné&' Q&ﬁ&ftﬁfl@ thrBsiRdld@| asma_processi ng

r of asma processing system The net hod
[0020]al so ilnehottieserhbalinagt, the invantianrelafastod xeihod, inrt masnppeprocessing

systemh i b ingE (g dute QR PHS 161y Eh A lsoH8S Khiife ymhe
metho@%ldd'e@ﬂl@hhﬁ thd WlbHERE 154 IpldshiiGrocedbins BRarh b B tHteplasma processing

et chant source gas. Furthernore, the nethod includes
systememgHlawjng e etchatt gasmaxturedatot the plesina pragessgehgmbendhe ctchant gas

mive SR B BRI B YR AIPAORRNEE s g

plasmd fRémBha&ciint Shgoakash &‘Heﬁ@eﬂ&ocbadiﬁtldﬂﬁllil fredudes eychidfg the feature
bet ween about 45 MHz and about 75 . The bi

a

through thprhipleptiie daver whils applyings tnes RBwienalde ﬁlif‘owéﬁﬁratﬁ*éﬁ bjag RF signal

having aotﬂg rﬁ%gl.l Ry SR BSEveh Gu&1 SR Mgéta HE GbdR ?@%ﬁ%? R bik RY signal
|V|tytoasecon 'ayer of the

ﬁlrtheﬂmb atbmt@ pdvagr dosnponeitahattiheonf@umded eﬁusn gk feetuee ta b/ai ettgined n

threshold 020] .In anot her e Odl e |n
accordpmieq PEE B gk FiEP AROG LRI P BEGLR croey gty
frequeﬁ‘gey etching a feature through a di eI ectric layer on a
m

conductor substrate. The nethod includes placing
[0021]t he suBsise andeother fakessifahqprossss Biveagfiarhaitbles deseribddein more detail

vt ) BB R A B RaRBr DD o5in s

etchant gas mxture being configured to etch the
dielectric layer. The nethod further includes striking
a plasma fr&RIEﬁ@@@RMIO%QF@é{%HgAWHéGﬁEt hod
additionally includes etching the feature through the
dielectric layer while applying a bias RF signal to
[0022]t he subigd pradent infvBtidH BSilStrafd®yabay dTaxbimgleqaid At tyfway of
frequency of between about 27 MHz and about 90 MHz.
limitatiye iththe igraes §if g}%ﬁccomg@rtw digwings 2p§ Hswhich FLJ(l)(\ﬁ,é@ference numerals
figured to cause the feature to
refert%?%?apﬁﬁéqehﬂ%hgélzg?l nce to predefined etch rate
[0023]par aneFIETrSs lamllﬂms‘@dite preedssisectjpaniyiew ef an akerhpleryblapes skdek 100
freq ency [0021] These and ot her features of the
‘mder%’ﬂ% &Rl RE1ETHE PERACFS;: be descri bed in nore det ai |

[0024]bﬁI g‘c’)vnig*“lg}n E?.?ﬁl)lﬁ?&ﬁéie%ﬁgﬁ?@iﬁ kif&%ra%‘opalf %1%{‘ zrsehﬁéé{%?tthé?& S8dna
processing system;

[0025] FIG. 2B illustrates a simplified diagram of a dual frequency diode plasma
processing system;

[0026] FIG. 2C illustrates a simplified diagram of a single frequency triode plasma
processing system;

[0027] FIG. 3 illustrates a layer stack in which the etch profile is faceted due to

inadequately optimized plasma.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0022] The present
invention is illustrated by way of exanple, and not by
woyso62883 i mitation, in the figures of the accPOPaR0ANGW311S

drawi ngs and in which like reference nunerals refer

[0028]t 0 Si W3l j1flsGIROE $a g@ggaélﬁn‘%ﬁlgﬂthe[ &%ﬂnéﬁhﬁ?e e tb inadequately

illustrate a cross- tironal view of an exerplary
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ngl e frequency triode plasma
MATEE:L‘ggeZE?S t%‘?]:yt em [0027] FIG 3 illustrates a |ayer
[0031] St ack Higfl WHo%R sbie eRéfiplapyidhicher é i tlishdsgioadoitie 2tMHz, 60 MHz,
| nadequately optim zed plasma. WD 2005/ 062885

and 102 BEGENaB43115 [00281 FIG 4 illustrates a |ayer

[0032] IStnggg (flug téxlgho Fg re%é&ge 0 gﬂserr?:aﬂ% gjggi’ﬂ]eaétvglgous bias RF powers.
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and etch rate to RF frequency at a}&/ven power gvel
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| bi a
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shows the situation wherein the 2 MHz RF signal

layer comggsing alfirgt roatedals

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0039] The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough understanding
of the present invention. It will be apparent, however, to one skilled in the art, that the present
invention may be practiced without some or all of these specific details. In other instances, well
known process steps and/or structures have not been described in detail in order to not
unnecessarily obscure the present invention.

[0040] While not wishing to be bound by theory, it is believed by the inventor herein
that in a plasma processing system, that faceting and/or corner sputtering (generically, etch

profile) is strongly influenced by ion energy. Ion energy, in turn, is strongly influenced by the



etching of MATERIAL_2 irrespective of the bias RF
power setting. [0037] Fig. 9C shows the situation
wok@ses28san appropriate RF frequency is sel ect BAI/US2004/043115
[0038] Fig. 10 shows, in accordance with an enbodi nent
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ﬂequelﬁh&r’c@ilxd toR@hkd ﬁl%rﬁﬁ {ons tt@cﬂogtethg ERAUERAYsSARAPORERE cOfle.t Generally
bias RF signal. The ion energy is also influenced by
speaklmg; dovpm s I%Bﬁpqmtes ¢éndtth ees{gltals highesioggaergy;Thich leads to faceting

i nven n th resses e of s .RF.s
andlor e UTEEDEH (RIS acs) PO PR rEs g Bleg
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i nproves the vertical etch profile in dielectric
speakiieg, ¢lreelti ghgydiasi Rl fraapspcion taiddp sesuliie lovyes hemienangss (fgach results in
w K. | aye [
imadeql i leni TGl P Bl Bl b Ch Rl
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down tadls POIBF Vhere Wi el e Decpriee upguly sam %r Pﬁm 19 BAQPtioyns
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Foun ons absorb
[0044]t he t HEptathoaviahegyitudfien a\dﬂemuetheabm ems gy vt optimized during the

substantially | ess nass than t i ons | ectron .
IMD tiepelt el thagisgemmlgysdsio cripiga mg&“ F A6t FpEotedr e hol to
contact ?‘irﬂ@ﬂ hyer 100 sﬁlﬁflg% E@n u%t@ﬁné/ﬁ%&tﬁ{ rfﬁ\ébﬂl?arison to etch

trosto st to surfaces w thin the pfasma
profileprl8de F¥G nFLsytelt enofilesdilfsiog beert supsienialtyi cogruptesii drievestgssive ion

energyc(lg.agr,%%fdusing a bias RF signal with an unduly low frequency), causing severe faceting

and/or corner sputtering. This corner sputtering can be clearly seen by the excessive material
removed from the corner regions in mask layer 102 and IMD layer 106.

[0045] Fig. 4 shows the situation wherein the ion energy is not optimized during the
IMD trench etch that is employed to create a second metal layer and etch through a via hole to

contact barrier layer 104, resulting in a taper trench profile and an incomplete via etch.



ion sheath between the plasma and the surface. [0042]
lons that enter the sheath are then accelerated into
wo b@sserstace. Lower bias RF frequencies tend POT/USM8€043115
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procesg RS HETIAGR PO FY Bty s Stidi Aiky aBVBPefa bt s, and

even aﬁ@%rﬁhofe%d@@ﬁta@éb% bRIce 0w indbi Tx F8Y Wikdn thE Biak R Hgn & between
be clearly seen by the excessive material renoved

about 45 Mz 4nd abot NeMHBzwhendhe eichrakis/hagheanditbe faggting/Momer sputtering is
1 | ayer 106. [0045] Fig. 4 shows the situation wherein
OW- the ion energy is not optinized during the IMD trench

[0048]et Ch thaderdlsy spamltiny, Slcressing B8 b RISEH ARG ARivieh bi&YRF frequency
and etch through a via hole to contact barrier |ayer

setting il capsesanl inprgasei in bath thp stchirate gad therarqung o bfagetipig/corner sputtering.

oo R RERS s B T bR of sty APPRG satpgepmey syt whil oo

little biis RH pcfwae Wvitlivagulgrdccraguathe Bgh fréte.e Thing powepsetirenis @dothbiyknob for
t he dashed |ine and, neasured agai nst axis 502), etch
controlrlwtgéh% PROGERS 10 Bl Wit teidagiesd eteh g s %ﬁ%%/wn?wuﬁeﬂng
param?t s d line and nmeasured against axis 504) as a
unction of the bias RF frequency (shown on axis 506)
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convent i faceti.n asur enent net hodol. o Fig..5 .
plasmy iFB RIS RYC Pl FOE B BETRATA S £ AESBE RGPS Tkl Hdye RF signal

of betWéen' BELELPRTz ddSLEHIONIAY § FBRIAEFRRy BE @rrfphﬁfeé 'i‘&ui‘&ual

faceting/ corner sputtering "decreases (e.d., from
damasaem@urengh ek througtbthetlowdK Nidkeciric loyer. Biamfpéqiencyl is important as it
controf%e%{le 100 energ’y c{ist%nbut?o%r Re aehlgher bias frequency, the ion energy distribution is
narrow and contributes to the reduction of the corner sputtering/faceting problem. The bias RF
signal is preferably selected with an optimal combination of bias RF frequency/bias RF power
such that the ion energy is optimized and minimal and/or commercially acceptable faceting and
corner sputtering is achieved while maintaining a commercially acceptable vertical profile. As

the term is employed herein, commercially acceptability denotes that the result falls within



in etch rate is rapid to about 30 MHz, and then
increases less rapidly to about 60MHz where the etch
wo anos/oessential ly flattens out until about 70MeT/USIN€043115
about 70MHz, the etch rate begins to slow down
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ﬁequeﬁ@mlhscﬁ‘? 'p@@zer su-EH %he@ Rid 16R |en$1"lg?$s c&c@?x‘é??ﬂ@% b PV

nbi nation may be enpirica or a test
cornmermally acceptable faceting and corner sputtering is achieved while maintaining a
commercially-acceptable vertical profile. For example, at about 45 MHz of bias frequency, the
RF power setting may be between about 100W and about 1500W, more preferably between
about 200W and 1,200W, and preferably at about 400W. For example, at about 75 MHz of bias
frequency, the RF power setting may be between about 200W and about 1,800W, more

preferably between about 400W and 1,200W, and preferably at about 800W.
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ias frequency, the RF power setti
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controgg %%ngr%gy It_)rofigrocwn opotjth gla\/\i{Famgn ;ees{‘l sr frllbthg desueg mlmmlzatlon

of faceting and corner sputtering while maintaining a commercially acceptable vertical profile.

It has been found that with a single-frequency design, a bias RF frequency signal of between
about 45 MHz and about 75 MHz is particularly useful for minimizing faceting and/or corner
sputtering while maintaining the aforementioned commercially acceptable vertical etch profile.

In particular, it has been found that the single frequency design, when operated at a bias RF
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follow.la urag}ig\)ggc%vr{ %@ffeégglﬁtqgétglgélg g%\?% %Ef?%??%ﬁﬁe ti%):herﬁicalntfoydit%eenergy

a
requenc

e

rio wherern o
amongfifs ddhaué&it @tomhs arsl raplptules] Tdble 1 belosshstvs tHeaghendi€)56hding energy
Addi tionally, the plasma processing chanber may be of

values Ors§oRy| X emplagy BRESfalsdesi gn, i.e., only RF bias signal
Wi th no separate source RF signal. Since the bias RF
signal controls the ion energy, proper control of the
bias RF signal results in the desired m nimzation
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of faceting and corner sputtering while maintaining a

comercially acceptable vertical profile. It has been
wo oms@easBat Wi th a single-frequency design, a PCEBESHB4/043115

frequency signal of between about 45 MHz and about 75

Mz is particularly useful for mnimzing faceting

and/ or corner sputtering while maintaining the

af orenenti oned commerci al | y accept abl e verti cal etch

rofile l-n parfnﬁnlgr a 1u’bn f waa—t gL_{¢§¥___
aTﬁngl e Maé?j'{?éncy des@n”%@i‘? [ at edSEToR-YpLECRE 11
2005/ Qp3p85 PCT/ UbAUULI:fgéldllb Signal ofz gpout

OVHz is particularly well-suited|to for mnimzing
acetingGaBd/ or corner sE#ttering while nei2& ai ning

he af oremepnti-onedlcomereiali rcentabl e vert

\TACARE BN )’ u..a cpprTTouTr 1 bal
tch profFl S’e for g dual - scene trench eitﬁw [ 0057]
Urtiermpig; 1T 15 Mot neggssary (hat the pfgsna
rocessi ng chanber |be of a capacitively coupled
| asma desBgn. For |exanpl 451 the top RF sourd®& may be

n—i nductive coil (clmh as thoselin TCPTM-pl-asta

oot GOt ITToOO T TICX

et chers aall abl e from LafOResear ¢h Cor por afffﬂon of
Frenont—CAj, and the bias RF signal—may stilt be
provided to the substrate and controlled during
etching. Likew se, the t@pblRFE source rmy be an ECR

El ectron clotron sourc i as
100611 & <) gﬁ:%qan%we% Re @3@8&@&%@&0 niabanieadpon-volo
than th§ 91%51951' %ﬂdgﬁ*%;] 047N RYn- doﬁhf ACHum, 'sfhcbﬁ carbide (Si-C) has a

| ate the source signal may be
strongefr uhasm&hblmbndsthmgsmcqn (Ri-Ssatgh26 elgetner-wtli)on  ar r angenent

since the inve deals with controlli ias R
100621 o qudriEyFR B g S e B SSr s aredd o Eos aiffer
Fig. 6 Sb&A lidien ﬁﬁé’shbmof Qﬁ%dtﬂ&{c@pMMEmmm t1edNIATERIAL 2
paraneters. [0058] Advanta of the invention include

respecttvely. ootierthatdhé ion euergRFthr@si d @Qﬁr ﬁJtrMAEERiﬁAb__Z {5l substantially higher
than th$ io&ﬁ%%ﬁ@ntggesﬁﬁlg%ga f%rgb{[mi? gyv\r/leerrg}? (téaent e tailored such that

most o£MRli&Y esbriPisfobsbant ﬂhalrégioma%@d 6(0451&21&1 6029 wwﬁddtlé bﬂ:ﬁ@i in the
advant ages i ncl ude Ftl m zing RFE configurations | n

region mﬂ@rs rxghhafsm@n@o& abighhpielretive Pish ferdyiy cap by pehipved.

[0063]; i nvent or %?atcl r# e¥ %LB}Q rhga{ e% ed %? ﬁ%e{sgqﬁc hasslgie%l:tﬁ ey
decreagedtwoeptiERo@ehid ﬁre|o]¢sdrw&ﬂedl) tb@llo&@neltgtyldﬁnjnbﬁtmnapmfsap s a\tléer and 2)

conmbi nation of RF frequency and RF bi as Vl%/b
the sengiivity &Rgmoyfer E%ﬁ“%%ieééﬁi ﬁoﬂﬁcrﬁ?’?@ RNy ?ré Qf e%ctge © RE FRYCRCY increases,
the 10n%ﬂ5{g9%§tﬂ@1t%et%@s d b8 hbirBWE 9Rd tHelsehsiRBPR T ow&%ettmg tends to

ower to sélectively etch one layer
decreasgt a much higher rate than another layer. [0060] This

00615 Y G P A L 05 4 k"B e,
and 10@2@% ymd sterhhay ea didnfirRr 8, theERRALY it dhabr RRPMNIRG RF signal
(702) is substantially wider than that associated with either the 60 MHz RF signal (704) or that
associated with the 100 MHz RF signal (706). The 100 MHz RF signal has a marginally
narrower ion energy distribution than the 60 MHz RF signal.

'O'O'HCD""_"‘CD

[0065] From Fig. 7, one would expect that the higher the frequency of the RF signal, the

narrower the ion energy distribution and therefore, an etch can be made more selective by
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anong its constituent atons and nol ecul es. Table 1

bel ow shows the chem cal bondi ng energy values for
waeovs/0e28ehpl ary materials. 12 WO 2005/ 062885 PCT/US2004/043115

PCT/ US2004/ 043115 Material D 298/ KJnol El ectron-Volt

selectin%%%%?l‘é&%% W%%qu%&%g?va%?ieni ge%h%%tloﬁ %ﬁha’g’é %oit gisthe 1on energy

can be hzﬁﬁﬁﬂl]y féalsedlﬁt the ré@ﬁmmmerdiaieb/ t6 Sie Bft ofidlse ﬁclsthr@ihgblmf
chem ¢ bond 518 28 €] ect n-\vol t chenj cal

t.h h
MATERERG 6ok S0 docsiion Pt BREGEPIGS mptPeE BPR: Ty PRpRoud be the
hlghest hbﬂag:qos §ic gtlld RS ifanySdidRRNOST Siohene. C@hl[gﬂgfﬁléchaa and

Icon (SI- at 3.26 electron-volt)
advanta(gaouae@pondl ngly, the ion energy thresholds required to

etc mat er i ffer Fi g. .
100661 1 st A eBrrg hy o e EatomFE AU S i RE igaueney
range, th% res{p@ﬁ&%&bﬂl@é YaturbiRle "I'fohﬂﬁstltahﬁhis%eﬂdﬁﬁé@n tbristden tﬂedsunphﬁed
MATERI AL -2 is substanti al lﬁ,&gh&gher than th

(and nthsc@iretpjwhmee@wsaoebdrawms bRiPPER shaws g f@ﬁ@m@;ﬁ’f the 60

v 8! 5150 b T B A BB onss

for an ﬁdltl’fhljl’l\Mo ltllibl bdze s1glhalgcbﬁ‘2|’15 ‘?’G}lid‘(ﬁ‘ 2MIgH RFqfowen i( 814) 643Paddition to the base
y selective etc or MATERIAL -1 can. be |.eved.

signal §Q00EhS T VLIRS POHORIE F%‘%th?P e bipeiagh TG0 JEbet of 2MHz

r r
RE pold3ofiat A o RO ma AT FARREr SUEL AT AOTR 81! fod an
additionitel éte, bassl g2yl 4001E bang2MIi RY ppweRB 1@} wespestitely.nghe base signal
tends tQ ] ncrease. rsely, as fre n .
of 601\4%@@89@@1&5 PRECH laﬁr%vr%%dg}g) ReibusteR it i A P oG NOr Ththe width of
the 1onréﬁ51r Véff'srtnbl.g h&é ¥ideywiddr Bid #eWelanSAldel sﬂﬁfts to the right so
ecrease. 64] Fig. 7 shows sonme exenplary
the ioni emarg@rrte’@gyo te htghebattéiwﬁv pbbiag RE ppwiHrongBradHe, for gxample, SOW of

bi MHz RF signals. As can be seen, the ion energy
1as Pg‘f’? bution for the 2 Mz RF signal (702) is

[0067]3 u bst %w 5RowWM 16 FeshBiasR off Rt 60RSSRR LG Hal v 1 b0 8 biaem: power
RF S|8gnal (704) or that associated w

(852), wﬂa\m@s RiEpoREr § 5g1ﬁ,a400(Wd@a)s R pewarf@SO-BOREY biag R&ﬁ P% (858),
and 1 ﬁ)OrWerasrﬁﬂT Xwer (860) respectively. Note that the width of the ion energy
distribution (WIDTH) tends to get slightly wider at higher bias RF power (but not to the same
extent as the 2MHz signal of Fig. 8A). More importantly, the mean value shifts to the right so
the ion energy tends to be higher at 1,100W of bias RF power (compared to, for example, 200W
of bias RF power.

[0068] Fig. 8C shows the response of the 100 MHz RF signal at 200 W bias RF power
(882), 400 W bias RF power (884), and 800 W bias RF power (886) respectively. Note that the
width of the ion energy distribution remains substantially the same, but the mean value has
shifted slightly left and right depending on the bias RF power setting. A comparison between
Figs. 8C, 8B, and 8A reveal that at 100 MHz, the response has become saturated in that there is
mugch less shifting of the mean ion energy value in response to a change in the bias RF power
level.

[0069] Thus, for some etches, using the 100 MHz may not result in the highest etch rate
possible although selectively may be high. This is illustrated Fig. 9A wherein the bias RF power
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narrower ion energy distribution than the 60 MHz RF

signal. [0065] FromFig. 7, one would expect that the
whk@hes2sshe frequency of the RF signal, the nBCT/O8EN4/043115

the ion energy distribution and therefore, an etch can

- t 5/ 06 .
e RIS A R A OE R st
relatively slovadddiethrolizh MARERIALI ﬂ) nIﬂ & ¢t daseynisd 1onfeneﬂg§ distnbution

ener can be narrowy d the re
may SRR leftafpoins 6P, éT?SBF‘tt“’SfO ¥ liccbies KR b PGS FRiRE: g this case, it may

be sald%-E%Bleﬁglggof(ﬁ%ﬁ%%&_?Q%&@ﬁw on shown by reference

uld be the highest etch
[0070]r at e fRig. 9H Boswsdhd othert @(trefneawiaeletrx:tha AgVBE RS Slgnal |912: causes

ctive and v.an eous etc 0
ctchingy QAN GRIA g Trombor oS LB Lo BB SSEtiE Tl briipogise e fon
energy ORI the ?WRF si I‘i@@elaﬁ%@y D Af\S frebR6 Bt Sing of the ion

saturated. To illustrate this henonenon consi der the

energydi thsl regipe detwegn gomes 6Q2oan§cﬁé)|4@0tﬂc§1 o bp péltiexed. Although changing the

bies RGPSV A o el lpuiBronls SURHERE b pRAN; R o

right, tRSpdifi€is Bas@cistGnal be haes atisBicohidyselddioclyas MAIETERIALOZ
an addition to the base signal of 25 Wbias of 2M{z
[0071] power Rig@4) shoxys thejsituation “th@r@rh @ gpgepriale Bﬁafre%enqz’waﬁ%l@cted In

ois o R eI OB sl g e s

which biéses for grvdtic podesdiinasw 0fn RigHICRhe prataplafy@lP freqaendy an60 MHz.

e 8 e B2 ST DI B
posmbl@tto Q9 y\{lﬁo@oc‘f tﬁﬁat 2 ?gy% elhfégg) niWhdrelHR HENBIALEMAEERIAL 1 s

I'asma te t the 1on energy
hlghesdblﬁttlnerb Lstsubstalthu;md)etmmgief M\ TGERIAL_Gedn awobmmlm@”d‘ng. 9C, this is
val u

shjfts to
sccompi b hoosineroB i g BB Maaen £ Bisrad el S Y
[0072]€XanP| Gote AAYVIRE asp*ébt&ﬁf t%m@@ﬂ‘kﬁfn adh%@gég]etcﬁlh oigfgatﬁf&%m a
the response of the 60 Miz RF signal at 0 Whi as RF

taﬂoreqb B\E/a”requ@asza)nd/ 2 bips\RIbpeiscriEttipg e pchies4) hlgh geletiipiyaisRE well

800 W hi.as RF.po 8 n 1
rnownf sy R @ e a0 ST Saithe pndelh pndfber for
exampﬂsf oh@RFls(Eﬂaﬂﬁt&/ﬁr@/a ﬁd I;lilhleJF ifiRGudndl Bidy)bel residbaisible Petiching
htly w der at higher bias RF power %ut not to the
through ﬁr@gvané%ﬂ@mr wiletapathonRY signghlaving anpihgr REAyequepsiemay improve the

BT T R -
etched fouete, '(h@twp preecting, thésrarar@wmsm Bein@ Gy an‘tacﬂx'eas RF

power. [0068]. Fig,. 8C shows the response
[0073I\; RETRS iy Fetiont wb@@amrgﬁsgg the-fifh Gpponent 8 e. selectlng the proper RF

signal that is responsible for the etching action) does not exclude the use of such additional RF
signals having different RF frequencies to improve the etch. Furthermore, although 60 MHz is
chosen for illustration purposes, the appropriate frequency depends on chamber design, the
specific material being etched and/or being protected, the etchants employed, and other factors.
By way of example, it is expected that frequencies in the range of about 30 MHz to about 80
MHz, more preferably between about 45 MHz to about 75 MHz, and preferably at about 60MHz

may be advantageous for a highly selective low-K dielectric etch.
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(882), 400 Whbias RF power (884), and 800 Whias RF
power (886) respectively. Note that the wdth of the
WO c0vsee88)y di stribution remains substanti al | ypeh®s2004/043115
sarne, but the nean value has shifted slightly left
[0074] 3Nd T'ig Qﬁlﬁ’@dﬁ%ﬁgn‘?ﬁc&n@&ngﬁh@% {13 tIRONGEnt Gl hfgﬁly wieful in
corrparl son between B, and 8A reveal that
providiag a be@ieveizh throegh 28110 mmﬁott&@ lbywromy skctingthedppropriatet RF

t her nuchles .shiftin th n.ion e .
froqueng ot R ABETONGE A BeaLrengy b A ReoRraLoREofo i tieved. Wit
referenéee%q}lg 1[}@Q§§ﬂ)arﬁ% erf1§ EhovRTEs 184&N®3, ardsth® gtch higay ¥ dMdaed to

may not result in the highest etch rate possible

etch thrahglhthedlarrseslayet il Metoythprapdesbying ghtal pyesl (swithquj spduly agfacking the

st 20T 188 5, 831 eprdly R RBB0) FORARE e s

highly 90661190 @)/¥he Widctfiemangial slves e thd fesuletvilhroinkad a IVﬁas nbﬁ s
is a relatively slow etch through MATERIAL 1, In
erroneoaslyrexipndingshe alrgpdyiesisting Bpesh vt o the et 1aYﬁﬁ§/09st]é13ﬂnPﬁler
embodlth&%t tﬁé }nvg{lt%&l 's'ﬂ %hﬁpltlﬁ%:!ﬁ{l ng g@gﬁfg't%f@dlgfecfrEQaﬂr annerntgat is
selectw@ttéhhditgeﬂbyé%ﬁﬁl?é Albstrdtei s possi bl e. [0070] Fig. 9B
hows the other extrenme, wherein t RFE si
[0075] 917 cdugdd shvsHn AECOBFADGATER 3Ry cTbp FIF?IE Rrwng’rm?lﬂéon an

etch tecg);ngﬁlr ?Eat?)%\ﬁﬂessaeﬂlgﬁ Q%cctl-(flﬁ'ysto hSeRRA A&l %ﬂ'e%’ibhn?gntﬁf(ﬁ))gh a first

utton of F signal 1s relatively
layer corpiésingn cﬂimmmrm foges i 002, dfe RIAEequancy mcqyalmd tFhas may

BT T A T S ——
(e.g., f&?dﬁ%n{n?@mh&ﬂ) \%ﬁfr‘ R/Qﬂoﬁ'r@élf)éﬁ%!tsbl‘%& dnORF Foguehck b&hg most

sighal to shift left or right, the point is the etch
satisfaatenyn dior breampld.eansRilf frsqu) thalt y‘esglé$ ot hige pightrate NixpeEgh e first

O i o BT PR g sttty

respondii®td 188 bRRRITYowdr sBgihb if Ridesrd 1aBEp 804, 3hebilad R QOWer at the
responsive to bias RF power settijng, whi ch al | ows for

chosen requene isesstectadn dbie bisnREpgwenie prefpiab bs@%h%rpyowfs for the

ies PP 1At SO 185 BB ins oo

secondlrﬁate@@;sﬁ”lt}bgl@c@ﬁm&wus nmost of the ion energy in the
ion where the etch rate for MATERI AL -1 i I%JheSt
[0076]but t HBoae pabgdipsnh sicpail P2 frst Kl HnRgborevRRsERnATe words, a

range d il Oomg)w%@én fd e 91%91?53 %@ﬁlelasandjﬁ@ Bfgeleésseﬁiggle@’may perform

requenc bias R
empiricdl t30chds tp @eERhinkioheRF Heetuervyshasyiect thebedt Icemblnatlon of high etch

e o e e SR SIS ST e By st

the pror@rg%%'elﬁﬁrslg ek sélgétefﬁé édfhl.t)l}iatlcﬁﬁoﬂf‘éF W@ﬁﬁencif Bﬁ?(YVB‘las RIFGI¥%r that

ve multiple frequencies. | e etching
allows e eicly belectiyity to excebdy predefined selectmty threshold
[0077] In step 1006, the recipe obtained, which includes the selected RF frequency and

bias RF power but may also include other parameters such as gas flow rates, etchant
composition, chamber pressure, helium cooling pressure, are furnished to the production
environment. In the production environment (e.g., a facility that etches wafers for commercial,

profit-oriented purposes) may then employ the furnished recipe to produce etched products (such
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exanpl e, one RF signal having a particular RF
frequency may be responsible for etching through the
whanosioeasss ayer whil e anot her RF signal havi ng BemURE04/043115
RF frequency nay inprove the etch by causing pol ymer
Y t
os ccchfE AR M QBT Bty 08 AR ERUS bRl B iRe et Rircuit chips
to be ifgbfoeattd iigo tlesenia de\asest mlmab eomguimsdulcynsmnacek@ttpmc devices.

0073]..T d he fi
1007816 oy oIS 15 BV onih s PPt e D JBP gt OB oAy
embodhﬁer{tse Zl?e‘?@ ﬁr‘ebilt%rafti%? tﬂ%ﬁnﬁﬁﬁ&ﬂs”&%ﬁ&ﬂ@mmﬁﬁh 8 within the scope of

exc use of 'such additi si gnal s _havi ng
this mwbnﬁ{)mr Eortex@fply, enhmxghu thepresent mp@w ltuh:éveém described in connection

with L e P Bip IS GS0E 6 s BRIy o TP Gl By Exelan HPT™,

Exelandl@»lggnd 2t ofiRAphiSha @ﬁﬁﬂe@ﬁh dyBRms yef used "BtsBbildlalso be noted that
bei ng 'et ched and/ or bei ng protecte the et chant s

there aenyphrayaternaiive vooh of implementang thepefhads of thompgsnbmveitiqng

[0079]te)épgggl—? 1%%@%%6%%&%&@5? n#qe?cglﬁﬁ%n{saaﬂ?\?\tééél%esa ou%’ i@d m::%mns and

variatiér® radobyd méde tdHhe dxoidsqat @ﬁlﬁfd&l’ﬂbt}ts aﬂula bernaint@Mrirhin mheeysubgect and
advant ageous for a highly selective lowK dielectric

spirit Oéflmnvqulouﬁsﬁs Qg gol %WP@Q@H@%/ 043115 [0074] In
one enbodinent, it is contenplated that the invention
is highly useful in providing a barrier etch through
a SiN and/or SiC layer. By selecting the appropriate
RF frequency and/or RF bias power, a high selectivity
to the dielectric layer can be achieved. Wth
reference to Fig. 1H, the barrier layer is shown as
| ayer 104, and the etch may be designed to etch
through the barrier layer 104 to the underlying netal
| ayer 109 without unduly attacking the dielectric
shoul ders (of dielectric |ayer 106) that are di sposed
in the trench. A barrier etch that is highly
selective to the dielectric material ensures that the
result will remain a via, not erroneously extending
the already existing trench down to the netal |ayer
109. In another enbodinent, the inventi-on is highly
useful in etching the dielectric layer in a manner
that is selective to another |ayer on the substrate.
[0075] Fig. 10 shows, in accordance with an enbodi nent
of the present invention, an etch technique that
provides a high selectivity to a second material while
etching through a first |ayer conprising a first
material. In step 1002, the RF frequency is
ascertained. This may involve, for exanple,
performng nultiple enpirical test etches in a
controlled environnent (e.g., factory environnent)
with various recipes to select an RF frequency as
bei ng nost satisfactory. For exanple, an RF frequency
that results in a high etch rate through the first
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material of the first layer and is both highly
selectively to the second nmaterial and satisfactorily
WO e®pomssye to the bias RF power setting is sePe@mUSIING/043115
In step 1004, the bias RF power at the chosen RF
frequency is selected. ThpgaAp@s RF power is
preferably one that provides for the highest etch
What is gtagmedhisough the first material while causing little
or substantially no etching of the second material of
the second layer. [0076] In one enbodi ment, steps 1002
1. and pléadh preveshifglsgyemnsethettot fo dietiinyv felSureat lcagt@eidly through a
_ RF power may be given to the process engineer and the
given lgygoagsscangindaeior AEBptpier ¢QOBHSIE i ri cal test etches to

placing %ﬁ% Iglir'%spgtethq 4 ﬁgﬁr%%s%?‘g%ﬁ}\érc%@{)?rogﬁ sgfdﬁﬂ%sﬁga I&S(?ésstsing system;

on of hr oug
nitdveihg ah etthantigag miswkeiid stid plasroa proeesarparhedmbvat, eaid@kchant gas
, Gﬁnerall speaki ng, , the process engi neer would sel ect
mixture Qging SAPFFHEES Enctel SHESHCB{YERcy and bi as RF power t hat

i Bt by ged a predefined
?@heﬁgﬁ%??gﬁfﬁgggﬁgﬁg%hﬁg%¥§%%ﬁﬁ§§tep 1006, the recipe
odttangedd fashire bt leastipadedly tireugesaid given Riyef whije epplyingrdias RF

) i as, RF power . put .al so i.nclude_ather par ers
signal ) 51 Sbshae i TRba Doy BSRR fihed ATtk apout 45
MHz Rde8sM78, Mbe| dadbae RIF fighaPHiRSSHAS a BIEERF YoWes B&HpdiRnt that is

the production environnment. In the production
configeredite eanye said eiehdeature tb deietohed withamn etshoistestiviay tor ssecord layer of

. 0 cl al... rofi t-ariente ur. es y then enpl oy

seic suREETE R e s SR BB et (ouch
16 WD 2005/ 062885 PCT/ US2004/ 043115 as etched wafers).
The etched products are then subsequently made into

2. i Fheogethedaf elping djvheggin said bias Riefreqienepisiah elept oA NGHz.
el ectroni ¢ devices, such as conputers or consumer
el ectronic devices. [0078] While this invention has

3.  UEsmehsd bf dlefin il wheesinsaid M iadesifigfBidne eepresents a capacitively
enbodi nents, . there are aJterations, pernutations, and

coupled systeia hewing sipgletiequeney dicdmronfigyeatioBope of  this
i nvention. For exanple, although the present invention
has been described in connection wth Lam Research

4, pllzsmethpd o elssn i gvieysih ead plasmg prodexeh@sysbdm Eopetsants a capacitively

HPT el an HPTIM Exelan 2300TM etc.), other
Coupleﬂ|Saéﬂﬁra%m@@sfﬁahéewg%ﬁ? 9nfg@ra%%. It shoul d al so
be noted that there are many alternative ways of

i npl enenting the nethods of the present invention.
5. [ Donepthpiof elging il scieosin daid péaspiagrgcessib® slishanm tepresaults talpapacitively

conn el STy RSB Lons, o oo made

the subject and spirit of the invention as defined by

the follow ng clainms. 17 )
6. The method of claim 1 wherein said plasma processing system represents an inductively

coupled plasma system.

7. The method of claim 1 wherein said plasma processing system represents a ECR

(Electron Cyclotron Resonance) system.

8. The method of claim 1 wherein said given layer represents a low-K layer.
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WO 2005/ 062885 PCT/ US2004/ 043115 CLAIMS What is
claimed is: 1. ' In a plasm processing system a
woreioloessdr etching a feature at | east parti al PET/US2004/043115
through a given |ayer on a sem conductor substrate,
conprising: placing said substrate in a plasma
processi ng chanber of said plasm processing system
9. flhewiatigodaof @dichawhegassaid given yenis pagaif d dpkladamascene layer stack,

. cessi ng, chanher, said_etchant gas m xture being
said du a@&(?nég;ta(cg l’gﬁ%‘{?sﬁj@éﬂ&i‘aég?ﬁﬁlgflg?l?peg‘t riking a plasma
fromsaid etchant source gas; and etching said feature
at least partially through said given |ayer while
10.  dihysingstheyl of daias] Riberey] spidhfeatuse tepreserta Bdicpeh for usging dual
RE signal having a bias RF frequency of between
%% MHz and about 75 MHz, said bias RF si gnal
further has a bias RF power conponent that is
, configured to cause said etch feature to ge et<1:hed .
11 fhermethodetsiaine] maern sajd giyen layerisheeseidy 8 pagier laysy fpat includes
SiN substrate that is higher than a predefined selectivity
" threshold. 2. The nethod of claim1l wherein said bias
RF frequency is at about 60 MHz. 3. The nethod of
claim1l rein said,plasm processing system :
12 Flasbod O GEnpHRPe g BRI C P S MORGUT fyer that includes
gic. single frequency diode configuration. 4. The nmethod of
claim1 wherein said plasna processi ng system
represents a capacitively coupled system having a

ual .frequency. triode confiqgurati.on. 5.  The net.hod. of .
13, g FmraRaY e Bt BeeT bt p g SRl € ieRetric eyer
onasehﬁéﬂrﬂ%@t@?%@trﬁt@}’@ﬁh&iﬂsﬁ%:)’_ coupl ed system having a
dual frequency diode configuration. 6. The nethod of |
qlading saideubstitg is ai plaghapreecspng chawbergisgidmdapma processing system;

epr. i nduct i vel y_. coupl 7
RN LR L S NE R o
mixtur $&ig RbA LRed Bdteh snid@Rleclrid legdrf on Cycl otron

Resonance) system_ 8. The nethod of claim1 wherein
shiling ppéasma gl said sichadsourcs SRHWIK | ayer. 18 WO

0 - i -
e
substrate geid HasaRIR signsldiadinduddiatRtieqeney of betkveemabard €3 MHz and about

| ayer that contains copper. :
90 MHz, gaeld bias RF s(ignaﬂ %lrtqwr haspapbias RF power component that is configured to cause

d bi as
amaschs B{

said feature to be etched in accordance to predefined etch rate parameters and etch profile

parameters at said bias RF frequency.

14.  The method of claim 13 wherein said bias RF power component is between about 200W
and about 1,500W.

15.  The method of claim 13 wherein said bias RF frequency is between about 30 MHz and
about 80 MHz.

16.  The method of claim 15 wherein said bias RF power component is between about 200W
and about 1,200W.
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10. The nmethod of claim 1l wherein said feature
represents a trench for use in a dual damascene
w@e@smesss 11. The net hod of claim1 wherein saPdr/gsesn043115
| ayer represents a barrier |ayer that includes Si N
12. The nmethod of claim 1l wherein said given |ayer
represents a barrier layer that includes SiC 13. In
17.  &hplresshed pf deies 53 whersinstaghbiaaR Frdtaquendyds betwshn algotd 45 MHz and
b 'V;ﬁﬁiﬁre through a dielectric layer on a sem conductor
about 79 rate, conprising: placing said substrate in a
pl asma processi ng chanber of said plasma processing
systenmy flow ng an etchant gas m xture into, said
18. ﬁlyh@mh@d etedaism %bthr&%@tq bigaRE newver sprmpepeat ishely gpnabout 200W
[ nfigured to etch said dielectric |ayer;
andab@?ﬂ?%%ﬁg'a pl asma from said etchant source gas; and
etching said feature through said dielectric |ayer
whil e applying a bias. RF sjgnal to said suybstr
19, deamethedofiady b%@[#lewawaﬁgﬁlas Br fecaneneris ahéwe;tﬁ@@\fﬂz
bet ween about 27 MHz and about 90 MHz, said bias RF
signal further has a bias RF power conponent that is
20. Clirfrnghoddf tleint & sheresnsail plosina peocessidgesystentuegrasents a capacitively
ccordance tﬁﬁfr defingg tch rate paranmeters and etch
coupled systetn QaRine § QUSRS Pge Sy equency. 14. The
nmet hod of claim 13 wherein said bias RF power
conmponent i s between about 200W and about 1,500W 15.
21, The methbddf diing | Qe sovdpeiver conippupitds beiwern apieAYW and
b _tté t ween about 30 MHz and about 80 MHz. 16. The
about 120G of clai m 15 wherein said bias RF power
conmponent is between about 200W and about 1, 200W 19
WD 2005/ 062885 PCT/ US2004/ 043115 17. The nethod of
22.  cTheimethad pfielen A9 sdiereibsaad pRIer qomoaarljis petwsen ety 400W and
aboutﬁp 45 MHz and about 75 MHz. 18. The nethod of
cihal’'m 17 wherein said bias RF power conponent is
bet ween about 200W and about 1,200W 19. The net hod

of claim13 wherein said bias RF frequency is at about
23.  gbheyppthod of claim 19 wherein said power component is at about 400W.

24.  The method of claim 13 wherein said plasma processing system represents a capacitively

coupled system having single frequency diode configuration.

25. The method of claim 13 wherein said plasma processing system represents a capacitively

coupled system having a dual frequency triode configuration.

26.  The method of claim 13 wherein said plasma processing system represents a capacitively

coupled system having a dual frequency diode configuration.

27. The method of claim 13 wherein said plasma processing system represents an

inductively coupled plasma system.
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20. The nethod of claim 19 wherein said plasma
processi ng systemrepresents a capacitively coupled
waymsemseavi ng singl e frequency di ode confi gur BET/082004/043115
21. The nethod of claim 19 wherein said power
28.  CORBARA of daikelIRBAeRRAU pl2GRYY Rk HemrepdOMMs ZBCR
The nmethod of claim 19 wherein said power conponent is
(ElectropCyeletion Bseanano) wsderd:  about 1, 000W 23. The net hod
of claim 19 wherein said power conponent is at about
400W 24. The nmethod of claim 13 wherein said plasm
29. [hearskodof dyist B whepihaatidisleatricapas répry®his a I6@URIBRT.
system havi ng single frequency di ode configuration.
25. The nethod of claim 13 wherein said plasna
30.  BAHRGESROSr S¥iRt %ﬁ%@@%ﬁ?&‘&iéle@tﬂ%ﬁﬁ? idha (#ﬁ/a dfe? ?ﬁhgﬁene layer
system having a dual frequency triode ‘contiguration.
stack, saBl dubhdametchoastadk intladen dByshthateiontagai cdppéras ma
processi ng systemrepresents a capacitively coupled
system havi ng a dual frequency di ode configuration.

31, Zhe nldiBod &t 1A £F whRinBatBreitaed &blfkﬁg‘gck 9 tRh@S R use iln a dual

processi ng systemrepresents an ctively coupled
damasqgheipregessyst em 20 WO 2005/ 062885 PCT/ US2004/ 043115
28. The nethod of claim 13 wherein said plasma
processing systemrepresents a ECR (Electron
Cycl ot ron Resonance) system 29. The nmethod of claim
13 wherein said dielectric |layer represents a | owK
| ayer. 30. The nmethod of claim 13 wherein said
dielectric layer is part of a dual danmascene |ayer
stack, said dual damascene stack includes a |ayer that
contai ns copper. 31. The nethod of claim 13 wherein
said feature represents a trench for use in a dua
damascene process. 21
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