METHODS OF SPUTTERI NG A PROTECTI VE COATI NG ON A SEM CONDUCTOR SUBSTRATE
BACKGROUND 5 Sem conductor devices are made frommnulti-I|layer structures
that are fabricated on sem conductor wafers. The multi-layer structures can
include dielectric materials between netallization interconnect lines. In
very large scale integration (VLSI) and ultra large scale integration
(ULSI) circuits, netal interconnect |ines and vias provide interconnection
of integrated cir cMETHODS OBSPUTTERINGA PROTEGTIVE COATENGdanmascene
process, a dielectric layer. is I eﬂg ith nin for conductive |ines
and vi as. The openings ar @Nﬂ‘#ﬁ@t@ﬁlﬁ) Tﬁﬁ§y%osmgide i nterconnects for
integrated circuits. The dual damascene process is also used to form

mul tilevel conductive lines of netal in insulating |ayers of multilayer
substrates on which sem conduct or BAGKEROGINDnounted. 15 As the denmand for

faster device speeds, continues to incr e%_‘sée, d'k_el ectric maheri als with | owner
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20 SUMMARY Met hods of depositing a protective coating on a sem conductor

substrate i nineemiion (Yavhsadidoslasgcsealeapiseistion (Beal) crReisditdds are
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protective coating _on%fg sem conductor substrate in the _ plaspa processing
chanmber. A n¥ithoacningiopsanductye lines apd stas; \The epaningsqre BHed withgnatd) agds i r st
preferred e i } Wl 11C s trate
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chanber. A plasma is produced in the,
substrates on which semiconductor devices are mounted.

15 As the demand for faster device speeds continues to increase, dielectric
materials with lower dielectric constants, i.e., “low-k” dielectrics, are being used.
The speed of an interconnect structure can be characterized in terms of RC
(resistance/capacitance) delays. Low-k materials reduce inter-metal capacitance and
therefore can reduce delays and provide for faster devices.
20
SUMMARY
Methods of depositing a protective coating on a semiconductor substrate in a
dual damascene process are provided. The methods are performed in a capacitively-
coupled plasma processing chamber of a semiconductor processing apparatus. The
25  plasma processing chamber includes an electrode made of a material that is
sputtered so as to form a protective coating on a semiconductor substrate in the
plasma processing chamber.
A method of depositing a protective coating according to a first preferred
embodiment comprises providing a semiconductor substrate comprising a low-k
30  dielectric layer and a mask that includes a patterned top imaging layer over the low-
k dielectric layer in a plasma processing chamber. A plasma is produced in the

plasma processing chamber. Depending on the composition of the electrode, the
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pl asma processing chanber. Depending on the conposition of the el ectrode,
the -1 plasnma sputters silicon-containing material or netallic material from
the electrode so as to forma protective coating of the sputtered nateri al
on the imging |layer, preferably w thout substantially etching the

sem conductor substrate A nmethod of depositing a protective coating
according to a second preferred 5 enbodi nent conprises providing a

sem conduct gflasubgluttaiseilzonpohainge mapeatl @meadlic ntserkal diogl getetdcaol@yer and
an overlying mask in a plasma processi n‘% chanber. A plasma is produced in
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coating according to a fourth preferred enbodi ment conprises providing a
sem conduct otoatingsan protect thistdewalnph the dow-X diglestrie layeewben theaaskid®eri al | ayer
and an optional k_i.ncludin rned top imaging |ayer over the | owk
dielectric I%@%‘?e’@ mghcpﬁegg@k%&ggﬁ@:%&%& chanber. A plasma is produced in
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silicon-containing material or a nmetallic material fromthe tfirst el ectrode

so as to formbedipedicontprises prowidingp ssmieanduetprsubstralg campepingla peHepRy t he
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plasma processing chamber and the plasma sputters a silicon-containing material or
a metallic material from the first ¢lectrode so as to form a protective coating of the
sputtered material on the low-k dielectric layer, preferably without substantially
etching the semiconductor substrate.
20 A method of depositing a protective coating according to a fourth preferred
embodiment comprises providing a semiconductor substrate, which comprises a
low-k dielectric material layer and an optional mask including a patterned top
imaging layer over the low-k dielectric layer, in a plasma processing chamber. A
plasma is produced in the plasma processing chamber and the plasma sputters a
25  silicon-containing material or a metallic material from the first electrode so as to
form a protective coating of the sputtered material on (i) the low-k dielectric
material or (i1) the optional imaging layer, preferably without substantiaily etching

the semiconductor substrate.



2 BRI EF DESCRI PTION OF THE DRAWNG FIGURES FIG 1 illustrates an exenplary
enbodi nent of a capacitivel y-coupl ed plasma processi ng chanber that can be
used for practicing enbodi nents of the nethods of depositing a protective

coating on a sem conductor substrate. 5 FIGS. 2A-2C illustrate a first
enbodi nent of a nmethod of depositing a protective coating on an inmagi ng
| ayer of a mask of a sem conductor substrate. FIGS. 3A-3B illustrate a

second enbodi nent of BRIEE(DESICRIPTHPN OF THE BRAWINEG FIGURES | ng on
sidewalls of alo dj,el ectric |layer of a_.sem conductor substrate prior to
Bt gl b leg
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exposure wavelength, a NA 1s"the nunerical aperture of the exposure tool.
To achi eve finer FiK#Es3ALIB diustratepaset @rdrsnltadinentwif b enethied/ofodepdsitienasi ons, a

shorter exposure wavel ength. 20 i sed for photolithography. Different
phot or esi st RS r g8 Siseualls of Ma\gé&?ecrrefr laysreota SF%%‘?‘)@HFCt%rxposur e

wavel engt hs. ' . b ' ' ribute to reducing k, and

t her eby redu%u;BEdgr&QEﬁoﬁﬁ\c}eggétrﬁ,ﬁb,tﬁ%iofgh}ér%% ot @gg{st films present difficulties
with respect to PIGRhaaA-4Billaragracthird embbiineknessmethod wfiidépositingya, f or
exanple. 25 In duyal damascene pr&cessj a multi-layer resist structure can

g,
be used to PRICHYHCIAEHL GRAJOVK ﬁle&‘iﬁlﬁg?}leyPF@W‘B’\RP@W?&F@P?%WC afice
mul ti-Ilayer b : I nclude, for exanple, a top inmaging |ayer
and one or n%tﬁéblagggélfgféﬁéﬁ%@%'ayers. The i magi ng | ayer is exposed to
l'ight and exposed portions of the inaging |ayer are developed and then

removed to patter - | \ n .. ) . '_0 1n I%EE’[&'E%EW&)IR/&?I{T%GSI st

structure, there ¥
15 Semiconductor device performance has been improved by reducing device

dimensions. The minimum critical dimension, R, that can be resolved is given by
the equation: R =kA/NA, where k is a process constant, A is the exposure
wavelength, and NA is the numerical aperture of the exposure tool. To achieve finer
resolution in patterns and smaller device dimensions, a shorter exposure wavelength

20 A is used for photolithography. Different photoresist materials have been formulated
for the different exposure wavelengths.

Thinner photoresist films can contribute to reducing k, and thereby reducing
R. However, thinner photoresist films present difficulties with respect to
planarization and film thickness non-uniformity, for example.

25 In dual damascene processing, a multi-layer resist structure can be used to
pattern features in an underlying low-k material. The multi-layer resist structure can
include, for example, a top imaging layer and one or more underlying mask layers.
The imaging layer is exposed to light and exposed portions of the imaging layer are
developed and then removed to pattern the imaging layer.

30 In a multi-layer photoresist structure, there is preferably a high etch
selectivity of the top imaging layer with respect to the underlying mask layers(s) so

that the pattern in the imaging layer can be transferred to the underlying layer(s)
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selectivity of the top imaging layer with respect to the underlying mask

| ayers(s) so that the pattern in the inmaging |ayer can be transferred to
the underlying layer(s) 3 during etching. The thicker underlying nask | ayer
Is stronger and nore resistant than the inmaging |ayer and nay be

non- phot osensitive. The etch selectivity of the imaging |ayer with respect
to the underlying mask |ayer(s) can be increased by different approaches.
For exanpl e, during eitching. nBleI icker ynderlging Hmkﬂfiyﬁt BB A0H ren reststandi n a sl |
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processes t owitk papect 1 HodeRlyam raaskflayzmsm to idepasityd Mgbrbeitbdn ki el ectric
material_ in a dual damascene process after the lowk dielectric materi al
has beenl Gt chloflarogreaierqlgmeranaerialgp praspc shesmask layes &@vgeérﬁ@rdatl@gj from
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underlying mask | aYer {20 bodh Eordlined thardaring Heipois processes to somove.
photoresist from an underlying low-k dielectric material in a dual damascene process
after the low-k dielectric material has been etched using the patterned photoresist,
plasma generated from strip process gases, such as oxygen-containing etching gas

20  mixtures, can etch sidewalls of the low-k dielectric material and deplete the carbon
level in the etched sidewall regions. As a result, the k-value of the dielectric
material is changed in the carbon-depleted regions.

It has also been determined that, after photoresist has been stripped from
underlying low-k dielectric material, the low-k dielectric material can absorb

25  moisture and be adversely affected by aging.

In light of the desirability to have a high etch selectivity of the imaging layer
with respect to underlying mask layer(s) in a multi-layer photoresist structure, as
well as to preferably protect underlying low-k material from carbon depletion during
resist stripping processes and moisture (water) absorption following stripping

30  processes, methods of depositing a protective coating on a multi-layer photoresist

and on a low-k dielectric material are provided. The protective coating has a



well as to preferably protect underlying Iowk material from carbon
depletion during resist stripping processes and noisture (water) absorption
foll owi ng stripping 30 processes, nethods of depositing a protective coating
on a multi-layer photoresist and on a lowk dielectric material are

provi ded. The protective coating has a 4 conposition and a thickness
effective to protect the nmaterial that it covers with respect to plasm
etchi ng. A nempditwocoddithigknass affédtiveto progdee theguiatend st vegatversonifly | ses
formng a protefti%e coq}ﬁngﬁof silicon-containing material or netallic
material on ToBAt CHHER B Emgi ng | ayer of a multi-layer photoresist stack

in a plasma proceashétBodARBREg tod1ErsPprelepl leddolR@nt BEmMPriskForaihy al NCr eases
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stri ppi ng of With reppestity oHgr legets of therftacke  semi conduct or substrate. A net hod

according to a thiird preferred enbodi npnt .conprises formng a. 15 protective
coating of i li con-BeRedrrorl it Lyrand Bpteret Smbodineay smatises foIrngs,
dielectric ctié c@ting lof Silicbipomtginig MatbBdlor hictdNié ARtcFRNbE SAWSIIf
substrate. e protective coating preferably reduces, and nore preferably
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the first, second and third preferred enbodi nents can be performed during a
dual damascesfEnipprsiigtos selstrateor m a prot ective coating on the photoresist and
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15  protective coating of silicon-containing material or metallic material on a low-k
dielectric material after stripping of a mask from the semiconductor substrate. The
protective coating preferably reduces, and more preferably minimizes, moisture
absorption by the low-k dielectric material when the dielectric material is exposed to
a moisture-containing atmosphere. As a result, the protective coating can preferably

20  minimize aging of the low-k dielectric material.

In another preferred embodiment, two or all three of the first, second and
third preferred embodiments can be performed during a dual damascene process to
form a protective coating on the photoresist and low-k dielectric material during
plasma processing.

25 Preferred embodiments of the methods of forming a protective coating of
silicon-containing material or metallic material on a multi-layer mask and/or on a
low-k dielectric material comprise sputtering silicon-containing material or metallic
material from an electrode and onto a photoresist and/or low-k dielectric material of
a semiconductor substrate. The methods are performed in a dual damascene process

30  in a capacitively-coupled plasma processing apparatus. The sputtering is preferably
achieved without substantial, more preferably without any, etching of the

semiconductor substrate.



silicon-containing material or netallic material on a nulti-layer mask
and/or on a lowk dielectric material conprise sputtering
silicon-containing material or nmetallic material froman el ectrode and onto
a photoresist and/or lowk dielectric material of a sem conductor
substrate. The nethods are perfornmed in a dual danmascene process 30 in a
capaci tively-coupl ed plasna processing apparatus. The sputtering is
preferably achieved without substantial, nore preferably w tEout any,
etching of the sEif doHutiEteansys@pagy Blasma pragessing npaeysaklfdhaisanbenpl ary
pl asma processi i erred
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capaci ti vel yﬁ@éﬁﬂpegﬁgg[ﬁ’ﬁﬁg RH’%?%E&PS@FW&‘WQWB&PHE ,CWF‘@HBIEEFH“E;'@ﬁer ate a
medi um densi puqhl sin%anﬂkﬁ?dﬁ%@i&ﬁ%ﬁgbﬂ&a&%ﬁ&ﬁ{nﬂle&éﬁimgﬁﬂ& chanber

wal | 103.” To provide an- electrical pat 0 ground, rwa 103 can
be made of aplasmaprocessiighambkel 02aincludtsecthambat wall d0duidpdovidda pl asma
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upper el ectrode ng a bot ace e upper electrode 104
can be a showensferatbtdll ® ptovidid in ithecdhadibegwald 0P essagés sémicoddwdtor but i ng

process s into the plasma processin chanber. | uch enbodi nents, the
appar at u&’ 108P9sHiales Bk a‘ﬁ%}ﬁé’?%ﬁ@é“a( 8?35§‘§g§ﬁ%mh’f)rqp§r suppl yi ng process gas
to the upper elec : n]ﬂﬂ, | I .power ed
by an RF power sogﬁggﬁi%gﬁachﬂglg‘%{a @iﬁﬁﬁ%@&ggl&ggﬁ I of (Zlﬁgg(ﬁ{grqogbn%ﬁlglgnent,

t he upper el ebbvitodeufdt 108n The ugparehaterdde d0pcambieceshmwegtead slecpaden f or power
supplied by a bottom el ectrode,of ..the plasma processing chanber 102, as
deser | bed berSHATDRS PR R ARIRuHRE Brooeh oS S R RSO OSROg 1 n FI G 1,
process gas pmamiePR §iRfH ebb@intdnts, Hieaa?) Rl Q06 $RdlitEs GHAN BRIk cdQér at the

RF-i nduced plasna region between the upper el ectrode 104 and a
sem condlft oshauddor supplyirQ precays gasto the upper electrode 104. The upper electrode

104 is preferably powered by an RF power source 106 via a matching network. In
another embodiment, the upper electrode 104 can be grounded to provide a return
path for power supplied by a bottom electrode of the plasma processing chamber
102, as described below.

20 In the embodiment of the apparatus 100 shown in FIG. 1, process gas is
supplied into the plasma processing chamber 102 at the RF-induced plasma region
between the upper electrode 104 and a semiconductor substrate 10, e.g., a
semiconductor wafer, supported on a substrate support 111. The substrate support
111 preferably includes an electrostatic chuck 114 that secures the semiconductor

25  substrate 10 on the substrate support by an electrostatic clamping force. The
electrostatic chuck 114 acts as a bottom electrode and is preferably biased by an RF
power source 116 (typically via a matching network). The upper surface 115 of the
electrostatic chuck 114 preferably has approximately the same diameter as the
semiconductor substrate 10.

30 A pump {(not shown) is adapted to maintain a desired vacuum pressure inside
the plasma processing chamber 102, Gas is drawn by the pump generally in the

direction represented by arrows 110.



sem conductor wafer, supported on a substrate support I 11. The substrate
support | | | preferably includes an electrostatic chuck 114 that secures

t he sem conductor 25 substrate 10 on the substrate support by an

el ectrostatic clanping force. The electrostatic chuck 114 acts as a bottom
el ectrode and is preferably biased by an RF power source 116 (typically via
a mat ching network). The upper surface 115 of the electrostatic chuck 114
preferably has apBioxifndapidtyan exerplany soiniendentorzsubstiate $@ that oardeect or

substrate 10. 30 u nat__shqwn) .is..adapt.ed to maintain desired vacuum
pressure ins?rﬁgessﬁ% %&%FF@ eﬂ}sbtf))@gg‘)ﬂt%%f@ﬁgﬁgggs gggf_:poﬁglgiasprgtfgw? by the punp
general |y i ncdafifig oflkiliesH-t&laihRRreRE] @ nidYalid mampiall Ithe LnfiddadudtoA depicts an
exenpl ary sem conductor substrate 10 that can be processed by preferred

enmbodi nent s Bibstrate 1fhendedes adasampiesink §2ng lewkrdieleettic Jayer ¢b an ithegbage
silicon-containi.n terial..or netallic t.eri,akh., The .sem. conduct or

subst rate§) 10mﬁ{%ﬁlﬁﬂhi;§n§aﬂbl§%'?%f @aglékéRﬁﬂ%éow&\glﬁleﬁ{}gll%?rlﬁc Igyer 14 on the
base 5 mat er igphicdndiuci Gutsktraié! 10i cah ApBonaMBSHchide &t driifork QudikiofdiedRed, ri ¢ | ayer
14. The sem conductor substrate 10 can optional l‘K i ncl ude one ‘or nore

addi ti onal | suehras a cag layhr besweercthp lovikediclesriodasar 1hend bgnpaskilé) andtati ¢ | ayer
14 and the mask 15 / e re .l ers bet we he | ow-. ielectric
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Si N or TECS/ &cﬁ.asﬁtbaﬁiwobaaﬁlmters;i@i SIN o€ RBOBSSIC or exanple, a single
crystal silicon wafer. The lowk dielectric |ayer 14 can _be of any suitable
organi ¢ B} i nor gakhebasgupateriadil éicar be.ifer exgmeld, alsingiewgrkyilicansvafRr. di el ectri c

materials that ca . t I : ctrig. | incl ude

Tooral - Suhtah + o Thite Rfeidcd BV 14 R bl el b RSdrhfic bEGEaahis b CC1

whi ch i s avakldadcrid martidh Eiicathldatl ey kalidecttit tnateriks thel dak 'be uedd wiTohs

avai |l abl e from The Dow Cheni cal Co a%;fll" Aurora”, which is available from
r

ASM | nt er nat theraw:k dieleeitis 1aner &4 inglule; “foraldiwhjch isgvadabiefpm Mevedgel  and
perosel | anaglagenen A kg, Tl U Bl SEAA TR G 1T 0L
mask 15 ¢an Sk yddichds aadikblttdn The Doay€EhensicsldRampahye” AudoeTi whith iof
available from ASM International; porous materials including, for example aerogel
and Xerogel; nanoglass, and the like. The low-k dielectric material preferably has a
k value of about 3.5 or less, more preferably about 3 or less.
The mask 15 can include various multiple-layer stacks. The embodiment of
20  the mask shown in FIG. 2A includes a top imaging layer 20, an intermediate layer
18, which is preferably of an antireflective coating (BARC), and a bottom layer 16.
These layers can have any suitable composition and thickness. For example, the
imaging layer 20 can have a composition suitable for 193 nm (i.e., ArF laser light)
exposing radiation, and the bottom layer 16 can be a photoresist having a
25  composition suitable for 248 nm (i.e., KrF laser light} or 365 nm (i.e., i-line)
exposing radiation. The imaging layer 20 can have a thickness of up to about 100
nm, for example. The bottom layer 16 can have a thickness of up to about 200 nm,
for example. Other exemplary stacks of layers that can be used for the mask 15 are
the following: ArF imaging layer/thin oxide/KrF photoresist, ArF imaging
30 layer/amorphous carbon, ArF imaging layer/thin oxide/amorphous carbon, and ArF

imaging layer/i-line photoresist.



20 the mask shown in FIG 2A includes a top imaging |ayer 20, an

I nternmedi ate layer 18, which is preferably of an antireflective coating
(BARC), and a bottom |l ayer 16. These |ayers can have any suitable
conposi tion and thickness. For exanple, the imaging |ayer 26 can have a
conposition suitable for 193 rim (i.e., ArF laser light) exposing

radi ati on, and the bottom | ayer 16 can be a photoresist having a 25
conposi tion sui t afliGe 2Bahows herimagingdayer RP mitewmis bas baegipatteroed B6Bclde (i . e. ,
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photor esist 7' 1 &8 B RIER5C o mefiR akforgine 45 4588 préFed emiddien,

patterned t%dm%isuﬂ@epo@mgiawaea&e%ﬁiiﬁge% &Ya SlieRMedrtsinidd AR oPRe openi ng
ep

22 i s shown). e patterned imaging |ayer 20 is used as a mask for etching
t hrough t he meeBicrasieaalon|thy pattengedinggingdayesgPl dAheprote-tiye costmgd ti - | ayer

mask 15. 5 As sh AnFl.G . L 2C a t hod accor di t.0 a. fi,rst ~preferred
erbodi ment. RS L rah ot Re T SPE et sl el odioegpty 28Rk o0

si | i con- cont @pdche thehRddrBlingdhat@riallTitRd mbsk NBLALS & dsul/thé betdiaorer ned i magi ng
| ayer 20. The protective coating 26 preferably is effective to increase the
et ch sel ¥t i epenings 22 derangdrp dheignagingdryer G0vs prgferatdy priained duringplasioer | yi ng

et erial of LORNEREodines R Aol 85 WlinechREL AR Blo BOARBRLIGE o8 o o

in the imging raply retained durin as ng of

openi ngs 28 #ltraudisnid@ching of smaipk S0lthvesh thd lewndk dieketwinldyyes. 16, and
during plasma etching of openings 30 t_hrough the lowk dielectric |ayer 14.
In the enbodi mentIn theempedimeat, itheprosstivaepaiag 86 of siliperbporiaiaingimaterialnat er i al
or netallic hal 1.S. I ta the .i i e upper
el ectrode l@gﬁgﬁc%%g%ﬁﬁ #I%Péjlﬁfll-%gé)glp[ﬁ @85%5%{}51% ng%lé‘% a?\‘g@gﬁlgﬂg%}ro,%@s uch as

t he uppers el etd sapdeitidél4-cohiplet plashma e MMCERRIbEE saktnahe uppe? etawie i n Fl G
1. The conposition of the sputtered protective coati ng 26 i s _determ ned by
t he conposi t 1¥hofghe plasma pprcessing chamber 102 shown in FIG. 1. The composition of the

sputtered protective coating 26 is determined by the composition of the upper
electrode 104. For example, the upper ¢lectrode 104 can be composed of un-doped
silicon (e.g., single crystal silicon), doped silicon (e.g., boron- or phosphorous-

20  doped silicon), or silicon carbide. In other embodiments, the upper electrode 104
can be composed of a metallic material, such as TiN, TaN or the like. Typically, the
protective coating 26 can have a thickness of at least about 50 nm, such as up to
about 200 nm, to provide protection to the surface(s) covered by the coating.

For an embodiment referred to herein as a “bottom feed” embodiment,

25  power is applied to the lower electrode {e.g., electrostatic chuck 114) preferably at
both a first low frequency and a second high frequency, while the upper electrode
104 is preferably grounded or provides a return path for the lower electrode. A
power level of up to about 1000 W, more preferably up to about 500 W, is applied to
the electrostatic chuck 114 at two different frequencies including a first low

30  frequency of less than about 10 MHz, more preferably less than about S MHz, and a
second high frequency of more than about 12 MHz, more preferably more than

about 20 MHz. By powering the electrostatic chuck 114 at these power and
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el ectrode 104. For exanple, the upper electrode 104 can be conposed of
un-doped silicon (e.g., single crystal silicon), doped silicon (e.g.,
boron- or phosphorous 20 doped silicon), or silicon carbide. In other

enbodi ments, the upper electrode 104 can be conposed of a netallic
material, such as TiN, TaN.or the like. Typically, the protective coating
26 can have a thickness of at |east about 50 nm such as up to about 200
nm to- provfrctmepqotttﬂmlitiama zthighetrqaommltiﬁhise(w)edcatbﬁerlmexbglectttmiedﬁétthamga.t For an

enbodi nent fe red to as a "b m f eed". enbodi .power is
applied to t eeBWé ang ‘gﬂ"ffég@ gagesult e?‘E%‘%“r“EfE‘t“’H’E“I"E"&q’i O’i‘PE a‘l?ltf‘f)eferabl y at

both a firstmhWalik SAHRRGYr&M dhusiRe CRErddeaD4l (BAL BRGmiMMAMh&o! he upper
el ectrode 104 is preferably grounded or provides a return path for the

| ower el ect rnﬂbetratAlOpmfmab]lyewedat sobstengially etthodiandoodre Preferebly ipnetfetchidl y up to
about 500 W ri’il @gﬁ}‘? d to the electrostatic chuck 114 at two different
frequencies i &M% rst 1 ow 30 frequency of |ess than about 10 Mz,

more preferably |gss énﬂﬁi&rﬁ&ﬁ%feﬁ‘emhcrﬁﬁ‘isﬁ“t(?%@d"%rﬁﬁcﬂllilnf:r{teﬂq@d%y of more
t han about 12 MHz, nore preferably nore than bout 20 By powering the

el ectrostati sdaouth.meNta:tcan hespplpdﬁefchmmbep dedtraslgudAaya sdecded fremencya hi gher
potential is created.at th ro 104 .t han at e electrostatic
Chuck 114, AWEIE PG sotis e BRTEEA BF bl Bristtipdtner s BRReSY g or  al i s
sputtered fromd e PRPlic8 pSGES BTRe tlﬁﬁr el‘é’E‘t‘réd%: 10385 ASIPaeRAk Rl RhitefUbSt rat e

10 preferably 1's not substantially etched, and nore preferably is not etched
5 at alll0by the Dbtaslsmf duallrfraqum@d;hsmntactm ercrdederitedhie cemmoaly- a "top f eed"

Cl oot rode. 10RSiEneh UL TBRRENOf ek Ly b ReSBRATAR REr Y feie B EHe Esc 114

at a di fferegﬁtlrgt},equency The frequency range for the applied power to the
upper electrode 104 is not particularly limted. 10 Details of
dual - frequency pl Asskowreadkl6r 4, the bottemonifhed (8rofchemppel glectasdsi IPddacey. S.

PR N O o B SRR S R T ot SRS o] L2 o
(1)34t L 203& eﬁ SRf4ENES oﬁﬂﬁefepe%ﬁ-oélta& Gluck N€4.5 RTSKGHAL YRS misstetiofbifbsiBeSUppPOr t ed
10 can typically have a diameter (e.g., 200 mm or 300 mm) which substantially
corresponds to the diameter of the upper surface 115 of the electrostatic chuck 114.
For the bottom feed embodiment where power at two different frequencies is
applied to the electrostatic chuck 114 while the upper electrode 104 is grounded or
20  provides a return path for the lower electrode, the ratio of the area of the electrical
ground surface to the area of the upper surface 113 of the semiconductor substrate
10 {or the upper surface 115 of the electrostatic chuck 114 when it has an area
substantially equal to the area of the upper surface 113 of the semiconductor
substrate 10) is preferably less than about 5. The electrical ground surface is (i) the
25  bottom surface 108 of the upper electrode 104 when plasma is confined between the
upper electrode 104 and the lower electrode, or (ii) the bottom surface 108 of the
upper electrode 104 and also the area of the surface of the chamber wall 103 when
plasma extends to the chamber wall 103. For example, the bottom surface 108 of
the upper electrode 104 preferably has an area that is up to five times larger than the

30  area of the upper surface 113 of the semiconductor substrate 12 when plasma is

confined between the upper electrode 104 and lower electrode.



15 surface 115 of the electrostatic chuck 114. As shown, the sem conductor
substrate 10 can typically have a dianeter (e.g., 200 mmor 300 nm which
substantially corresponds to the dianmeter of the upper surface 115 of the
el ectrostatic chuck 114. For the bottom feed enbodi nent where power at two
different frequencies is applied to the electrostatic chuck 114 while the
upper electrode 104 is grounded or 20 provides a return path for the | ower
el ectrode, the rafarahofoptfbe ankﬁmliméntwtereiheampétwmt@deﬂlﬁdim\nfemietheo t he

area of the upper surface 113 mcon ubstrate 10 (or the
upper sur f ac@l ‘i?gth&fd@ccﬁécaeg"é’l‘:‘{‘ﬁ? B8 {0 EHW&@9L1T£?‘$W§W vill 1 tamesen
substanti al |

sem conduct o%ﬂﬁgHﬂs%ntrl g%rgﬁlﬁéﬁgtégth%r gPer aﬁ%%aFegijist Eféra;o%)glﬁgg %Eﬂ%%oeutgl ectrical
ground surface |sBjuslngﬂreabﬁvdededcnhmtmiames ii0Ge odp feeé atgb pettore feedt r ode 104
when plasma is confined betvve n.t he el ect ode 101} and .t he | ower

or
el ectrode, drMRqdiyeRthSPRILENgA uwa&em‘i & rrfl?fé wm&eﬂ étoemﬂdweeflozl and
al so the ar eéle«ﬁifod%g?%&HB@&&]&EdWﬁoﬁt%BHQﬁn MR drehk3 oPhiRRe extends to

t he chamber For exanpl e bottom surface 108 gf e upper
el ectrode 10vuthoeketehaly ay alahe semsowductdratbststeu2.t o five tinmes Iarger t han
the 30 area of t surface 113 of the sem conduct ubstrate 12 when

plasma is confin u@@?%égf’ls 55 tQ,podrces Rlasmy Smﬁtﬁer%dg?%‘ el ectrode. 9
F h - h
or the tOpeéogﬁ?%%lzﬂg}aggefﬁﬂmm ﬁélefr&ﬂ??%@f;’@f el@ét?&iferl‘ﬂqg){éfgﬁblys%oﬂ%géseg the

ratio of th ground area the are wal | 103)
to the arnkea mi)n‘mretmém(ahﬂan‘imgaaeé”hélﬁﬂrt(gastmebmmmemr mbéreaf AagHe, e} Xes

preferably |es _Ean about 5. Si above descrlbe areg ratios in
the top feeddfelikotT ?‘@é%fe%o‘iﬁﬁ‘ﬁ]b&]?ﬁe the dngtt gasiardensp “é%tPPg MEont ai ni ng
or metallic gpf ek wlsife dihd GBaibRPSld th@hﬁﬁ&e‘i&%‘?tﬂcos%nﬁ dB@toﬁﬁmsﬁ?{than‘H' t hout

substantially etching, or nore preferab W t hout I ng at
sem conduct oprefaiidy rage fibgh abbloeSE sc:memsabgaisl(l(ﬂﬁedcmo Prfadblyetha floiwaraten f or

ol ect rode. 108 %?%Lw's?gﬁ%’tgrt ] Ol ereTp o e o0 Gos e SHOF T gas. The
of cach ot B R Ranrel et of i Db (8 L L o QR e st ze
of the chanbsputtaninl bfthe qircaecetve coatingtrhatesane.g .o mtioan, drons thestppert dectadel
104 may not occur. During the sputtering process, the plasma processing chamber
preferably is at a pressure of about 10 mT to about 300 mT. Exemplary process
conditions for sputtering a protective material, e.g., silicon from a silicon upper
20  electrode according to the bottom feed embodiment are as follows: chamber
pressure of about 200 mT/ about 2 MHz to about 12 MHz low-frequency power/
about 12 MHz to about 27 MHz high-frequency power/ about 200 W applied to
bottom electrode/about 150 to about 300 sccm Hy/about 300 scem argon.
After the protective coating 26 of silicon-containing material or metallic
25  material has been deposited on the imaging layer 20 as shown in FIG. 2C, openings
28 can be etched through the intermediate layer 18 and bottom layer 16 using a
plasma generated from an oxygen-containing plasma, such as an O,/N3, O»/H,0,
0,/Na/CF4, or O2/N2/H,0 gas mixture. During etching of the openings 28 using
such gas mixtures, a protective coating 26 of Si can be converted to SiO;, which can
30  provide a higher etch rate selectivity with respect to the intermediate layer 18 and

bottom layer 16.
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preferably range from about 50 seemto about 1000 seem Preferably, the flow
rate of H2 is no greater than, and nore preferably is less than, the flow
rate of the inert 15 gas, such as an H2: inert gas ratio o f from about O.

5. 1 toless than 1: 1. Oherwise, sputtering of the protective coating
material, e.g., silicon, fromthe upper electrode 104 may not occur. During
the sputtering process, the plasnma processing chanber preferably is at a
pressure of about 10 ml to about 300 ml. Exenplary process conditions for
sputtering a protBetapeeingaiethraigh the dow- ksiietleqtrimlaryleohé} éandioptiouad cagpper 20

| ectrod bot t om f eed f.ol | hanb
br cosure of AHBLIT N SBRAS A e G AT 1 S S Pk BB power

about 12 M*Zsute@aﬁga%lxa%emtmﬂ?ﬂhbﬂﬁma%%%%& t IF, 20Rer¥\kappl i ed to
abou

bottom el ectro/ about 150 to about 300 Seem 00 €ccm argon. After
t he protectiand yco#i an@y@@ofbfor@qarbcm@ﬁmgmwacdwbmg Hgtewhere xor 0.6t Blzhile 25

mat eri al has een e t 0,as wn.in FIG 2C,
Chen nas 5 25" BER B &Iy CHES TR st fanad ffl G infBaRg Sttt aSesr 1 o

| ayer 16 US' ng a AI%k&%@ac@@ﬂ?ﬂgatb%%édlﬂrﬂr@ﬂ@rt@&Mﬂﬁﬂd]ﬁféﬂi RAliNhdadd iAFIEs. such as
an 02/ N2, 02/ H20, 02/ N2/ CF4, or 02/ N2/'H20O gas m xture. During etching of

t he openi ngs3ﬁ28n¢|§Bn§IGsmchhcg'esssemlmndnetgr subsipatotl@ afteveichivgopeyn@®3oih Si can

b ted, t i i gh tch t | tivit
i th respect it oaiedte fat B AP s ighaB! Sadleshive ylRers ™t 10 The
openi ngs 30 §1m&%t§1ﬁﬁ§ nfitertal 6 ﬁlteﬁmcrﬁl@teﬁﬁ){ﬁplﬁﬂrefd%%ﬁﬁfu@ﬁéle@cﬁﬂle | ayer)

can be etched using a plasma generated from any suitable etching gas

m xture,l0 sumhoﬁssg}mvalﬂﬁﬁﬂmfd@lowrkdmhcm liyend# o Aarshows, the spitiesnt ed by

C , Fy, where and h dr of | uor.ocar bo repre ent d by
Oz, "her uhspnscogtatging g meiSmaeTHney wGIhoRtean ey oper RGO Shd CaFs, and

other gases j thkﬂ&h ZU%HTon%ﬁfeWaRE o%é%ﬁemeﬁna@é 1?1%15198 ﬁﬁﬂﬁéﬁbt‘&ﬁn‘l@e@ second
preferred enbodiment is illustrated in FIGS. 3A and 3B. FIG 3A shows

sem conduct ol6. sﬂﬂstthapmtdm\faf:oamgéboh formedpbeimudts-18@r rasist isiber supped
dielectric | rotective cclatln 26?#)1‘
t'he upper

ST Con bont BVt SmieRar Sybsftaeth pteraihe ik SR oigen Aiamay
el ect rodes 1 afQuicliiowh HFPRS.| 1 FBuldly e rlppiigahroedss it b@y&hvw As

shown, the sputtered
coating 26 advantageously reduces, and preferably minimizes etching of and

resulting damage to, the sidewalls 32 of the low-k dielectric layer 14. The resist
stripping process can be performed in the plasma processing chamber 102.
Alternatively, the semiconductor substrate 10 can be removed from the plasma
20  processing chamber 102 and the resist stripping process can be performed in a
different plasma processing chamber, such as a dedicated stripping chamber.

A process according to a third preferred embodiment is illustrated in FIGS.
4A and 4B. As shown in FIG. 4B, a protective coating 26 of silicon-containing
material or metallic material is deposited on the upper surface 34 and sidewalls 32 of

25  the low-k dielectric layer 14 after stripping the multi-layer mask from the
semiconductor substrate 10. The protective coating 26 reduces, and preferably
minimizes, moisture absorption by the low-k dielectric layer 14.

As mentioned above, a dual damascene process according to a preferred

embodiment can include any one or two, or all three, of the above-described
30  methods depicted in FIGS. 2A-2C, 3A-3B and 4A-4B. In a preferred embodiment,
the dual damascene process includes each of these preferred embodiments to protect

both the photoresist and low-k dielectric material during plasma processing.
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silicon-containing or netallic material may al so deposit on the upper
surface of inmaging |layer 20 and on sidewalls of the internediate | ayer 18
and the bottomlayer 16. After the protective coating 26 is formed, the
mul ti-layer resist is then stripped fromthe sem conductor substrate 10,
preferably using an oxygen plasma, to result in 15 the structure shown in
FIG 4A During the resist stripping process, the protective coating 26
advant ageousl y r enddgiondo grqvidifiga phitgctive goatingas sdicohicogtaofingamdterialesrul ti ng
darmage to, the gjidewalls 32 of :?ge |l ow-k dielectric |ayer 14. gg\rg resi st
stri pping prlaetéﬁgc TR 1Y) ONSHFERGSS 08 BeiGORGHSIQs SHRSRISS, AcakNIg ABAMFber 102,

Al ternativel ) A3 e plasm
20 processi n%re%ﬁg%glﬁnggz@ tﬁﬁg%rggtﬁin?&‘%fi #98%?%6@%%1%@ s%élﬁlﬁ(ﬁg]c%}gr f ormed
in a differkenseplims oxpapitivelysiuplpd phasmagrocessing clemnlser dmdh asitheplsshmai ppi ng
chanber. A process agcogdi @gﬁgo a,tg ri Pr eferred enbodinent is illustrated
in FIGS. 5 4APrarksiag chambarrshown pr G- Apto spueiomaieriphE0me datPRg 26 of

si |i con-cont gi.4i i i J L J n e upper
surface 34 a%gats({agé(\)/\gﬁ-e?&??géag?ﬁ eZéSIE%tﬂAg € Iagd |éeﬁ%lé%t?§lfg%$37§g%£§ﬁga?{l€r

stri ppi ng t heeanihg gashBydto geastatef plasmd foe cleaming clenuppet electsadestan bt ¢hel0. The
protective coating 26 reduces, and preferaa]I y . mnimzes, noisture

absor pti on bSPTIR Rwke, @F 8 diitarentas Byapre than slhe gAsTRIXBIG BsesB geNCTgic dual
damascene pr i : r i t -4 ny one
or tao "or "oy £ SRl i ARAERE I ol PRNATR N p6BR AT 3
2A- 2C, 310 3Ba semicdihéfr shstratep e besty eanbodlivhexds, MR tipper eleetreldeadan denbeanahe

process includes each of these preferred enbodinents to protect both the
phot or esi st B tP d5pasitiiedhe profsctivageating on aoﬁ@wmdmtagwsgﬁseb@ﬁ ng. -11 In

addi tion to oBéqsfi’li "WHadbdl! %h%%i%aﬁ@gfﬁ?@éek@&n% rp%?{? SQJ‘W%H%} iflblye, material or

netallic materra n surfaces o conducto trates, according to
anot her  pr efeaticadiuessb oubstraetbeingqpedeatil the plaahi proctsag ghamber. and frequency
conditions can be used in a capagitively-coupled plasm processjng chanber,
such as the pl asnﬂh%f%‘?@ér&@srﬁlﬁscéﬁ’ﬁﬁﬂ?m%ﬂ’?%ﬁ rreql qopbgdiments gnds ¢ ¢ er

For st abl s ol eRe HRRElaoR. AShcOB U ant LR Blouk 8 b e bEE) S Tor
cl eani ng t helimitpéto tak patticoldeembadientshitscussed. Thus, the above-described

embodiments should be regarded as illustrative rather than restrictive, and it should

be appreciated that variations may be made in those embodiments by workers skilled

in the art without departing from the scope of the present invention as defined by the

20  following claims.
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sanme gas mxture, or a different gas m xture, than the gas m xture used to
generate plasma for sputtering material fromthe el ectrode to produce a
protective coating on 10 a sem conductor substrate. In such enbodi nents, the
upper el ectrode can be cleaned prior to depositing the protective coating
on a sem conductor substrate in the processing chanber. The cl eaning
process can be performed with or without a sem conductor substrate being
present in tWHATASEGELAIMEIR:ng chanber. The foregoi ng has described the
principles, preferred enbodi nrents and 15 nodes of operation. However, the
i nvention should not be construed as being limted to the particular

embodi ment s di scugsed. A Hiiigod §fRpeeRYLa %Eib@@&tin%@%%l%ﬁk%nﬁhﬂ&ﬂ d be
regarded as illustrative rather Phan restrictive, and it should be

appr eci at ed mitatialerai ra¢thldio snatenjal be arveleondudtérombsteaibod duahdambscenor ker s
skilled Jn the aré w thqut departing fromthe scope of the present

i nventi on asPTAEFSHx ﬁﬂﬁbiﬁﬁ@mpé‘g‘HSm | owi ng clains. -12 WHAT IS CLAIMED | S 1.

A et hod of deposjt,ii i N Sl ini ng
Shrblidthg? M&ﬁ@hbtﬁ?s%ﬁ&& M9a S%pa%“ﬁ"ei u@g{ﬁieﬂ%ﬁﬁﬁaﬂ

material or a netallic material on a sem conductor s rate in a dual

damascene 5Sprpcassiagshamber indtdiog a dfosteldcsbdgof psibeordcondainingemiterahduet or

substrate in a ﬁapaci tively-cou legt‘,d |, asma rocessi ng chanber .including a
t

P
first el ectrg@lrmaedsliand g se ctpds theseapsofidugtor sibsiale SOMPESI@er i al  and
a second el - i i j.Si :
efoly. Qﬁﬁicéhgbelﬁzﬁﬁ-rﬁhﬁ‘a@ﬁﬁﬁl erﬁlﬁ:eg]gfcg}(j%ggméeﬁd;@ﬂgga@g%mer

dielectric layer an ti-layer S I'magi ng
| ayer 119 ovever thedovandikledirellewgtry i ¢ | ayer; supplying a first process gas

into the plasma procgessing chanber; and  enerqgizing the first ocess gas
nto the plasma SURPIATIE)RIOCERSas Mo he RASTTIURCSIREATHIE #4 ori al or the

metal lic material ofoft A0k 6 fifst Legd D maf RN ArEE Y §et | ve coating
of the sputtered efngté(:alri gl onstﬂgc‘?rrggilng g?erfnav%ﬁp{ﬂ%ut @5 s’%ﬂstanti ally

et chi ng t he sboorcamthiningmaserizd br thicenetdllic Macerimk frooxthe firlekictrods andher ei n t he
sili con-cont{ai ning material is p ped si Ic'icon,. 1un-(iiloped silicon qr silicon
car bi de. orming a protective coating of the sputtered material on the'imaging layer, without

15  substantially etching the semiconductor substrate.

2. The method of Claim 1, wherein the silicon-containing material is

doped silicon, un-doped silicon or silicon carbide.
20 3. The method of Claim 1, wherein the metallic material is TiN or TaN.

4, The method of Claim 1, wherein the first process gas is energized
into the plasma state by either:
(1) grounding the first electrode and applying up to about 1000 W power
25  to the second electrode at two different frequencies including a first frequency of
less than about 10 MHz and a second frequency of more than about 12 MHz; or
(ii))  applying at least about 100 W power to the first electrode at a first

frequency and applying power to the second electrode at a second frequency.

30 5. The method of Claim 4, wherein:
the first electrode is an upper electrode having a bottom surface facing an

upper surface of the semiconductor substrate when the semiconductor substrate is
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20 3. The nethod of Caim1, wherein the netallic material is TiN or TaN 4.
The nmethod of Claiml, wherein the first process gas is energized into the
pl asma state by either: (i) grounding the first el ectrode and applying up to
about 1000 Wpower 25 to the second electrode at two different frequencies
including a first frequency of |ess than about 10 M&z and a second
frequency of nore than about 12 WMHz; or (ii) applying at |east about 100 W
power to thesuppersed ieltb@pllamdepmessirfgiqhsmbelf amlqtherscgormlmdtcerpplbjsiamg power to the

second el ect rlode at. a, s condhf uenc The nethod of C aim4,

wher ei n: eleqipastatic Chpgk Qg 'IC é‘pu‘é%'i‘ibﬁ%ﬁﬁ 53PPAEPY bot t om sur f ace
faci ng an Upper R (i) acaobf Ehlé%réaedﬁa%é‘tdé!é‘étﬁéal ?Hi?ﬁ H'sBiEceIgRe plaGina

sem conduct or substrate is - pported i n the plasma processing chanber,

and the secoprdcebiagichadberits tlwmreed)fethc npsr atifacecif tlxksepncodductor substrate is
sem condyctor s bstratg S, supported; for (i), aratio of the area of a
first electrctPayaaihd @k face of the plasma processing chamber to the

area of the upper t han
about 5: and For [ () BREN BORR M SR Ele iR O Ao e pPSTR i

surface of tpecegsngrhamperdo desireqofithehbitom surfidesf shefrsoéletthalebolesom sur f ace
of the first _electrqde is less than about 5. 10 6. The nethod of Caim1l,
wher ei n: thehfq‘ﬁg Srocess gas conprises H2 and inert gas; the H2 is
supplied into the plasma processing chanber at a lower flow rate than the
inert gas; and the plasma processing chanber is at a pressure of about 10 mT
t o aboutl(B00 15 ni. 7. ThHhmethod lob{lanm lc:l\nduiemim. wherein the imging |ayer is

conposed of a ph esist material, 93 run exposure wavel engt h,
and the mask corrp&'ieg.’ré pr%ce%ga[smpg%sr k%i%ﬂﬁ%%ﬁasof a material having a 248

nm or 365 nm expogy rh‘% i€ &ﬁ%ﬁ@hﬁ@ Heb1Rhal f#8cds N EhathSdr@eh dveer! ¥ EFate and an
internedi ate | ayer of
than the inert gas and
the plasma processing chamber is at a pressure of about 10 mT to about 300

15 mT.

7. The method of Claim 1, wherein the imaging layer is composed of a
photoresist material having a 193 nm exposure wavelength, and the mask comprises
a bottom layer composed of a material having a 248 nm or 365 nm exposure
20 wavelength on the low-k dielectric layer, and an intermediate layer of an

antireflective coating material between the bottom layer and the imaging layer.

8. The method of Claim 1, further comprising, after forming the
protective coating on the imaging layer:
25 supplying a second process gas into the plasma processing chamber; and
energizing the second process gas into the plasma state and etching openings
through the mask,
wherein the protective coating increases the etching selectivity of the
imaging layer with respect to at least one layer of the mask which underlies the

30  imaging layer.
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antireflective coating material between the bottom | ayer and the inaging

| ayer. 8. The nmethod of Claiml, further conprising, after formng the
protective coating on the inmaging |ayer: 25 supplying a second process gas
into the plasma processing chanber; and energizing the second process gas
into the plasma state and etching openings through the mask, wherein the
protective coating increases the etching selectivity of the imging |ayer
with respect to a®. | eable mathotl af Elaimfl, firthemaskprising, ipriontrepiovising ¢re 30

i magi ng layer, -14.9. The net hod of im.1l, further conprising, prior to
b 091 0F ng. o AteEPRBEGYY TGOS SEbalif st Mpsrat o P HARBH:  pl s
processing chanmbegny|§MPPLEARAg BaLihRPME B&sﬁﬁ%rdc@&s%%t SManfeRXB Processi ng
chanber; and energizi'ng the cleaning gas into the plasna state and
sputtering cont antneegiting the flemnng ges iftortke plasrat stateded spaterigroontavdnants
depositing a.projective coating of a silicon-containing nmaterial or a

metal lic ﬁatggﬁnéﬁegﬁtﬁlegtéﬂ&conductor substrate in a dual damascene process,
the net hod conprising: 10 providing a sem conductor substrate in a
capaci tivel y-coupl ed plasnma processing chanber including a first el ectrode
of a silicon-cont #.ni nd methed ofdepositiag a pedtedtivie coataigerfiaadilicnecoatasmognd

el ectrode, the sem condugtor sulstrate.conprising a .patterned | ow k

di ol cctric | Bppalora meiallicnpta oma semisoaghetonsbRirels it 3 oral BERSIERS o el ect ri ¢

| ayer; 15 suwgygsnme%éﬁgdsgongﬁg ss gas into the plasma processing chanber;
and energizing the first process gas into the plasma state and sputtering

the sili@on- cont piomidimg arseneicomductor subserateat alchparitimlyecoupled plasma he fir st
el ectrode and form g ﬁ r tgctiv coat i g f .iihe sgut.tered mat.eri al on
i deval | s of PRESSRESEAmRer ARG/, dleciiogl pEa piligen-Copiismatettl e ant i al 1 y
etching the ﬁx%fﬁ'lli‘c%_ﬁiﬂéﬁaloind%%&?rfd?ésl@ctro@, the senfiBondiRid? QfbBhtedotiphsifya Wherein

the silicon-containing materia
patterned low-k dielectric layer and a patterned multi-layer mask over the low-k

dielectric layer;
15 supplying a first process gas into the plasma processing chamber; and
energizing the first process gas into the plasma state and sputtering the
silicon-containing material or the metallic material from the first electrode and
forming a protective coating of the sputtered material on sidewalls of features in the

low-k dielectric layer, without substantially etching the semiconductor substrate.

20
11. The method of Claim 10, wherein the silicon-containing material is
un-doped silicon, doped silicon or silicon carbide.
12. The method of Claim 10, wherein the metallic material is TiN or
25 TaN.

13.  The method of Claim 10, wherein the first process gas is energized
into the plasma state by either:
(1) grounding the first electrode and applying up to about 1000 W power
30  to the second electrode at two different frequencies including a first frequency of

less than about 10 MHz and a second frequency of more than about 12 MHz; or
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un-doped silicon, doped silicon or silicon carbide. 12. The nethod of Caim
10, wherein the netallic material is TiNor 25 TaN. 13. The nethod of Caim
10, wherein the first process gas is energized into the plasnma state by
either: (i) grounding the first electrode and applying up to about 1000 W
power 30 to the second electrode at two different frequencies including a
first frequency of |ess than about 10 MHz and a second frequency of nore

t han about 12 MHz{ii)or appi@ng @f liehst abpityli0A gV poweetashe fitd glecttod® anadoster to t he

first electrpde at a first. frequency and )| yin ower, .to the second
el ot rode at FEIMEARGAM HPLYtE Reyet t8ahe serand Qbitishe oF 2 SreLTHORS N Ker o n: 5 t he
first electrode is an upper el ectrode having a bottom surface facing an

upper surface of the sem conductor substrate when the sem conductor
substrate is suppbrt edlhé methiod of Caimal 3pmberssi ng chanber, and the second

el ectrode i s an | ectrostatic chuck qn ich the sem conductor substrate is
suppor tedt Tor (i feTEsiusf ippss debtide biying & poBPRtRAERCGEing sur f ace
of the plasnp,kd sHREST M GniRAR&H MEsttlgﬂ@ @@ﬁ%@%@i&ﬁdﬂp@ﬁgmﬁﬁt&%e of the

sem conduct or” substrate is less than about 5; an (i1), aratio of the
area of a sesuppdrted mcthe plaaina gravassihgéhantber, phd thesecorddedwidags athanber to t he
area of the hottomsurfgce of.the first electrode i.s |ess . than about 5. 15
15. The nmeth th)cfsméﬁcefflﬂ‘f ,W&Hbrﬂgq sfmigqpauptor §‘fbsg'?t86%§"§’pﬁﬁ§d’conpri ses H2 and

inert gas; H2 is gppld RdoloftiRt &bifoft] ASBeRAOAPSUIRGuFA& G he plas@a | OWEr flow
rate than the inert gas; and 20 the plasma processing chanber is at a

pressur el®f pivoessingChafiberdtodixoarca 80the mpper surface of the semiconductor substrate is

less than about 5; and

for (ii), a ratio of the area of a second electrical ground of the plasma
processing chamber to the area of the bottom surface of the first electrode is less
than about 5.
15
15. The method of Claim 10, wherein:
the first process gas comprises Hz and inert gas;
H; is supplied into the plasma processing chamber at a lower flow rate than
the inert gas; and
20 the plasma processing chamber is at a pressure of about 10 mT to about 300
mT.

16.  The method of Claim 10, further comprising, after forming the
protective coating on the low-k matenal:
25 supplying a second process gas into the plasma processing chamber or into a
different plasma processing chamber; and
energizing the second process gas into the plasma state and stripping the
multi-layer mask from the semiconductor substrate,
wherein the low-k dielectric material contains carbon and the protective
30  coating reduces carbon depletion of the low-k dielectric layer during the stripping of

the multi-layer mask from the semiconductor substrate.
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16. The method of Caim 10, further conprising, after form ng the
protective coating on the lowk material: 25 supplying a second process gas
into the plasma processing chanber or into a different plasm processing
chanber; and energi zing the second process gas into the plasna state and
stripping the nulti-layer mask fromthe sem conductor substrate, wherein
the lowk dielectric material contains carbon and the protective 30 coating
reduces carbon depl.eti She orethod@f Chaumkl 6 vdiersin thie secanddaroess gasgoniainsst r i ppi ng

of the multi-l|ayer sk.fromithe senjcopductor. substrate. -.16 17. The

method of - et &ha RSP idoh PalsMag Sl ar 5 bt SRS Rlfiearabiol (o "and ¢ he
si |'i con- cont gitRirMg af@tSiventkd tesiHeROsidecdiring sthyshineoT toRntyrt or  substrate and
converted to silicon oxide during stripping of the mask. 5 18. The net hod of

Claim 10, further conprising, prior to providing or after providing, the

sem condugt or substrate, in fh S LOGESS] .ch er. suppkving a
cl eani ng %as i nt o?é'he ﬁP%Isnﬁgwgrogtl:CZ%gﬁ?gﬁ%‘ﬁ?ﬁ%@ﬁ&%ﬂg%&&rériogil%ﬁ ?rﬂe

cl eani ng gasaftétppotibiagPiha semicohdictoraibbtSRLinttee plASms pricadingadhambed:r om t he
first electrode. 10 19. A nethod of depositing a protective coating of a

si | i con- cont ai ni ngPPPIiESA Clgrniag gas it GE Plasmewreqessing ermbesandconduct or
substrate in a dual damascene .process,..the nmethod comprising.. pr.oviding a
sem conduct or _subSITRERE Semnifie B35 TOuhs PRSI PR anasohicrite Brisiiinds,g
chanber i ncl gdi@ie &rdticlesiro®l. ectrode of a silicon-containing nmaterial or a

nmetallic material and a second el ectrode, the sem conductor substrate
conprisihy a patterned lowk dielectric layer; supplying a process gas into

t he pl asnma processjng : - rgi.zi t he C i t he
bl'asia ot at6 and. Loutt ragos peARsBBRPUEHES ARSI REARRE, 1o
nmetal i c nat afatedlal b Oifetalle thatefiil &l £ehiiesdRuane sdtirafeis a dufifdhfsédnge coating

of the sputtered material on the lowk dielectric |ayer, wthout
process, the method comprising:
providing a semiconductor substrate in a capacitively-coupled plasma
15 processing chamber including a first electrode of a silicon-containing material or a
metallic material and a second electrode, the semiconductor substrate comprising a
patterned low-k dielectric layer;
supplying a process gas into the plasma processing chamber; and
energizing the process gas into the plasma state and sputtering the silicon-
20  containing material or the metallic material from the first electrode and forming a

protective coating of the sputtered material on the low-k dielectric layer, without

substantially etching the semiconductor substrate.

20. The method of Claim 19, wherein the silicon-containing material is

25  un-doped silicon, doped silicon or silicon carbide.

21.  The method of Claim 19, wherein the process gas is energized into
the plasma state by either:
(1) grounding the first electrode and applying up to about 1000 W power
30 to the second electrode at two different frequencies including a first frequency of

less than about 10 MHz and a second frequency of more than about 12 MHz; or
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substantially etching the sem conductor substrate. 20. The nethod of C aim
19, wherein the silicon-containing material is 25 un-doped silicon, doped
silicon or silicon carbide. 21. The nethod of Caim 19, wherein the process
gas is energized into the plasma state by either: (i) grounding the first
el ectrode and applying up to about 1000 Wpower 30 to the second el ectrode
at two different frequencies including a first frequency of |ess than about
10 MHz and a secotid fr appleing gt lehstmbow 110ﬂé.vﬁ pabyouto the fikdtizlectsode at A first )

applying at |east abo 0 Iectr e at a first
frequency an®% F’{/F‘%‘gaﬁ?&wg p?% V\ﬁéh%%e(? el@‘ftéoéjltel'agﬁéec&n "°4BYB¥d frequency.
22. The nethod of Claim2l, wherein: 5 the first electrode is an upper

el ectrode having a bottom surface facing an upper surface of the
sem conduct or sub%ZratEhv\mﬂwdh)éCé@mEoNdumumr substrate is supported in

t he pl as proces r and th econd el ectrode i el ectrostatic
Chuck on htcht neSHR QETaGE et et e dioge Bavie B hokPBru Red Being e | ati o of
the area of gpderkftfacloFed éeﬁﬁéorﬂh@tﬁf%b%ﬁﬁt%%ﬁn‘ﬁie dehificdidasiiR sulfdtrRie@e essi ng
chanber to the area of the upper surface of the sem conductor substrate is

| ess t han absuppoBed amttie pasm@iprocessng eltambenfand e seeerad eléctrodsecamd el ectri cal
ground surfacg of the, pl.asm cessin ta the a of the bottom
surface of t ﬁlgct'r?s}ag{c Cgﬁ‘élf:?l? (}}B:IthEe ?eé‘é'go'%ﬂ-‘ﬁ{.]?ﬁ n@’ﬁhﬁ‘te '%SUPPQ%‘;S} The nethod of
C ai m 19, wher ei nfor (hheradloJF ARSarSASt epﬂﬁpélb&ﬁ@al'@@mﬁﬂ%u'rﬁ@é 6f Ha@plashe H2 is
supplied into the pl'asma processi ng chanber at a lower flowrate than the
i nert ga$t aptbczﬁmghélapllbatsmb@amae thengpartranfber of the attmlaommlsubstnate iabout 10
ml t o about OOthmT b2 5: h(? met hod of Claim 19, further conprising, prior to
provi di ng or ‘€SS thaii about o; an
for (ii), a ratio of the area of a second electrical ground surface of the plasma
processing chamber to the area of the bottom surface of the first electrode is less
than about 5.
15
23. The method of Claim 19, wherein:
the process gas comprises H; and inert gas;
the H; is supplied into the plasma processing chamber at a lower flow rate
than the inert gas; and
20 the plasma processing chamber is at a pressure of about 10 mT to about 300

mT.

24.  The method of Claim 19, further comprising, prior to providing or
after providing, the semiconductor substrate in the plasma processing chamber:
25 supplying a cleaning gas into the plasma processing chamber; and
energizing the cleaning gas into the plasma state and sputtering contaminants

from, and thereby cleaning, the first electrode.
25. A method of depositing a protective coating of a silicon-containing

30  material or a metallic material on a semiconductor substrate in a dual damascene

process, the method comprising:
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after providing, the sem conductor substrate in the plasma processing
chanber: 25 supplying a cleaning gas into the plasnma processi ng chanber; and
energi zing the cleaning gas into the plasm state and sputtering

contam nants from and thereby cleaning, the first electrode. 25. A nethod
of depositing a protective coating of a silicon-containing 30 material or a
netallic material on a sem conductor substrate in a dual damascene process,
t he met hod conpr iproviging al@npeaduetonsubstratent 8 caphgiively-eviptadplassna n a

capaci ti vel y-coupl ed, pl asma roc i chanber...i ncl udi.ng a first el ectrode
o a1 | corPrEEHE SRy PRy A3 AP ik o R o e § .

el ectrode, theaARThaendual alsecondeldcitble, NTIMiSonMIcRT shidWate cdhpriSinkhl C | ayer
and an optional nulti-layer mask including a patterned top 5 imaging | ayer

over the | owoR-kdiglestriolaier|ang en opsensbmpiltidpysr magcimchidings patemnediver pl asma
pr ocessi chanber,. and ner gi zj. n rocess gas into the plasma state
and sput '?jgrilrl?%lgf%ela%?rﬁv%tﬁ??%‘glrlftdé%]%?t}ﬁg?aﬁg{’eri al or the netallic nmateri al

fromthe first el@ph Prodess aint@tha planRlR6eddsyiag eRahbdidardl the sputtered
material (i) on sidewalls of features in the lowk 10 dielectric |ayer or

(ii) on the opti otrgrgizingherjosasy s intg thpplasme §isds ansk spatteyngthe kilisgn- t he

sem conduct or _substrate, .26, Th t hod. dl ai 5 rein.the protective
coating i {OPTABE RRAFIaLoT s it el eyt Bist et PR G pheighy 6.
wherein the pioRicAed boaﬁng@amersguﬂte&ed fHafeRil g]og Silewallsdsedthes af the ewkeat ur es
of the lowk material. 28. The net hod of aim 25, wherein the sem conductor

subst r at ¥ dodiglectzi laysr or iblondhe optionalimaginglyper, witbautsnbstatiallpewhigt i ve
coating is fgrned. on,the |8 k material. 29. The method of C aim 25,
wherein the @’P&E‘B’s"é’“‘&‘&’é"fi%‘ gﬁéer'gi zed into the plasma state by: 25 (i)
grounding the first el ectrode and applying up to about 1000 W power

26.  The method of Claim 25, wherein the protective coating is formed on
the imaging layer.
15
27.  The method of Claim 25, wherein the protective coating is formed on

the sidewalls of the features of the low-k material.

28.  The method of Claim 25, wherein the semiconductor substrate does
20  not include the multi-layer mask and the protective coating is formed on the low-k

material.

29.  The method of Claim 25, wherein the process gas is energized into
the plasma state by:

25 (i) grounding the first electrode and applying up to about 1000 W power
to the second electrode at two different frequencies including a first frequency of
less than about 10 MHz and a second frequency of more than about 12 MHz; or

(1))  applying at least about 100 W power to the first electrode at a first
frequency and applying power to the second electrode at a second frequency which

30  is different from the first frequency.
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to the second electrode at two different frequencies including a first
frequency of |ess than about 10 MHz and a second frequency of nore than
about 12 MHz; or (ii) applying at |east about 100 Wpower to the first

el ectrode at a first frequency and applying power to the second el ectrode
at a second frequency which 30 is different fromthe first frequency. -19
30. The nethod of Claim?29, wherein: the first electrode is an upper

el ectrode having a bottom surface facing an upper surface of the

senmi conduct or sub3tr at Ehevmethod e Chami2Qowhersttor substrate is supported in

h | i h el de_ | :
the plasma proc ES%I %St%\?ﬁ%&gﬁé Fﬁgrﬂlgg%ﬁ e':fec%rgvg% B%wg%g%é{tgm%u}fgceafgﬁ%% Slrlt ed: for

el ectrostatic chucﬁ on con r fate 18§

(i), a rati ousper blir€acal€ theGbmicohtlictbr @beedts vbah (H@rsethicbndiictohaubplras
processing chanber to the area of the upper surface of the sem conductor

substrat e i ssuppeded indhe plappyprosessigrhpmber, ppg thegeeand; edecgiode fieatar ea of a

he. ot ¢ oim stFReER Rk il of QEFRplleBL SREERE WnRIOMREL ' '57 "whe

nmet hod of O ai m 28y (i) W faki6 lof SRR ¢Fiafitst ddédtEal lefoudd Fitich plBsn@d proddskiag
provi ding, the sem conductor substrate in the plasma processing chanber: 15

suppl yi ng a ¢hasdsr ingthgareaiofthe upper pirfiseral the semwondustarabseate isdesd thasner gi zi ng
t he cl eani ng lg)a§_,,j nto the plasma state and sputtering contamnants fromthe
first el ectrdye1a

for (ii), a ratio of the area of a second electrical ground of the plasma
10 processing chamber to the area of the bottom surface of the first electrode is less

than about 5.

31.  The method of Claim 25, further comprising, prior to providing or
after providing, the semiconductor substrate in the plasma processing chamber:
15 supplying a cleaning gas into the plasma processing chamber; and
energizing the cleaning gas into the plasma state and sputtering contaminants

from the first electrode.
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