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METHOD OF PREVENTI NGDAMAGE TO POROUS LOW K MATERI ALS
DURI NG RESI ST STRI PPl NG BACKGROUND OF THE | NVENTI ON

wab@spesgent i nvention relates to the fabri catPOnUsfo04/040267

sem conduct or - based devices. Mre particularly, the
P e B A PR SIALGNG BANRIG 58 kBRI SSIL

| ow-k di el eqyiATERBAES DURING RESISTRITRIFPIDESed devi ce
(e.qg., integrated circuits or flat panel displays)
manuf acturing, dual danmascene structures nmay be used

i n conjunction éﬁ(ﬁ&ﬁ?ﬁb(‘f & rEI(T?f@Ni al to
reduce the RC '

pr opagHid 28schnin@bititnelates 36 e fﬁiﬁtdatlbmbﬁsme(dlduntor-based

previ ous gener.ation technol ogies. |In dual damasce
|df?§tcé%th9Fe Rarhgyl ﬁ@yatth"epréﬁﬁ’i‘élﬂ’é’%ﬁm“rﬁraé jtQ ImPLPVE ‘i%ec

@rncfahﬁﬁg %ﬁ%oﬁﬁuo%fﬁ@gd d éﬁ)‘l‘&lsqs%[k &eﬁ@@rférlhﬁrs
copper e exc Ss copper

r enovdd sbyimhdnitaabasad dhacﬂ (e, ipiokratdd qnl@u(tmpﬁlaﬂp@avll dagplays)

copper |ines co nect ed b vias f

GBS T QA ThTRstE IR B 5P BTam e ey copper
%ElQHCC‘tOIl 19Weﬁhletb @Qcilfcb ‘f?hecf@@ RN asIBdistel alith si@M] PRPUSATSN in

These por ous | ow dielectric constant materials
| el poed usieiatrarsod il proviategyicrtion (abgplogies e i émasl,

ST s R e Bl BB R aR, 98 g flhthes may be

r@&lféfdl igloShé aieRecGy Aeridned fyldd agreoppamThie regwsp Obmiee thay be
into a silicon dioxide lattice, which Jowers th

dicaloxed by sherpigaliaeahapicakolishing KrVE) lea%l&é?\%l?efé@@s connected by
S |

AL S PRI R g MR pld 0

pdl@le@tnrc&snsiﬁnt nﬁ%aermajsmwbe nseal Thase mo%Lowmelchtrlalcbomnt

cirbsT Rl T B B Bl P BT eSS HAPE) ek e §fg materals
Vihy be %Q&PHfled% cfoBecg@fﬂHQf-‘gaﬁiéecohﬂJohﬁﬁs QRN @hotBY1 groups. 0SG

organi ¢ cont ent exposure to the plasma used t
sﬂnlaiepals thave esbat araﬂmydscvgstawmnhssmcdiperaﬁﬂdagw ﬁihﬁ}omfﬂlfmﬁg dattice,

SR R Lol B e PR o B3 B oy e
L e
astepping @hotngemte PQB(BS mentesinl hesrores, pdidd) gllogorrippiag ipkpémas to
ot noepa i AR S B AR § TS O ract o of

t he OSEoloay S ekt hRdydralkysiscepfibinotdamagt dtet theremoval

the trench side wall that neans a
of organic content by exposure to the plasma used to strip the resist and sidewalls.

ues for

The plasma may diffuse into the pores of the porous OSG layer and cause damage as
far as 300 nm into the OSG layer bordering the opening. Part of the damage caused
by the plasma is the removal of carbon and hydrogen from the damage area causing
the OSG to be more like silicon dioxide, which has a higher dielectric constant.
Damage may be quantified by measuring the change in SiC/SiO ratio of the OSG
layer from FTIR analysis. When translated to the trench side wall that means a
damage of a few hundred angstroms on each side of a 2000 A trench wall.

It is desirable to reduce damage to porous low-k dielectric layers during the

stripping process.
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damage of a few hundred angstrons on each side of a
2000 A trench wall. It is desirable to reduce damage

W 200p063us | ow-k dielectric |ayers during the BCT/UR®DH0267

process. SUMWARY OF THE | NVENTI ON To achi eve the

f oregoi ng and Ot@ﬁﬁu&ﬂk&?&ﬁ?%H%iNVEN@Rﬁ%a”CG with the

pur pose of the present Ttnvention a nethod of formng a

f eat urko acrhlewqtthe forsgdingvard dihet einjt:crtis end anyescondgnce with the purpose

vided. A orous I elect | ayer is pla . .
Gothe rresasdrieaen  mlid of henBgearEh a oo R at detectic
?ei VAR RV RTedt RepRBLO K- k@%ﬂécﬁic%ﬁ@ﬁ plecddaWef a sdbstrate. A

eature i's etched into the porous |lowK dielectric
Ipayened Ahptootsist tmiask 19 plperd over thepwsousdewds diclechigc layer. A feature
B kR RO LB A Foro 1B 088t ovs
@lﬁé)ﬁeﬁﬁiﬁe\éﬁef ¥ fchiify the TeMee, Tho 9ﬁ@erﬁéﬁiﬂ)lhot@ta§1§t Iﬁﬁsktlbl gtripped, so
protective walls formed fromthe protectlve | aye

et ¢frihe peotcize daver 19 wmatied rdterqemalt pat af the ﬁr%?ctwﬁéfvaﬂs
Iyent ?H“t th%'ﬂaclﬁgﬁﬂ}’eqa% r{:rﬁgtm%ﬁ | fAg,f feature in a

porous ectr ayer through a mask over a
subst riat #otifer piapifestetion 4f amasaum an eappairmgs ofd‘rwmﬁemg a feature in

provi ded, conpr|3|ng a chanber
@r@é@é%m@ Keighspiaic layrs tyepgha n?mg%%tar%gl@mgﬁﬁﬁg?‘fﬁ?% r
?Ez@?a%{ to@gssﬁngséﬁgﬁlﬁo'ef‘fsgrwﬁgﬁ ok ﬁs g%%ﬁﬁﬂ%é&ﬁﬁ?ﬁir&%g a plasma
encl osure ressure r tor for regul ating
tpln@;epsmgmambemﬁctceum asnlwtqatecmlppmtt iy sopporbieg a substrate within

cl osure, t one e] ectrode for providin ower
b PRET e RasIHE LuEaTh g RRbRPEHEY BRUALr oy RS te
Sﬁﬂ@stsfi‘i'é"inrtﬁe B1aRInd $Boes@ng BRarh B @hclbQfre it WakHHREI@ASde for
into the plasma processing chanber encl osure, and a
gaevidutg pawdrde teagrasnsa pr@ge@ag dherwbet enslqsneesiensustaining a plasma,

R A D P G B PR gl

CRAET i e&hhlystlﬁ? @ﬁ@ﬁbﬁ’ﬂth% pladinalpeesbsingn ehaibel baclgase. A gas
source the at least one electrode, the pressure

rsegwﬁaus ok fluidengeationidh theagaginiele Aygantilier scontipliably connected

I t
ds r‘r{p llr?t%e C c?r;ee ggﬁ% ‘[gésss%ﬁap% thé %ﬂegsct: gﬁg 81{3%’5?&1?6: 213 gbfsgﬁirﬁég%uellator, the

GRERTles esd clepstontiet. eHMn&oﬁﬂC@ntmrsespntdaasd bmpmnesednc@d
pl asma for etchi ng a feature into a porous

dioé"tpé‘é?lrlieé arbécg,@le ¢ dhs GOBPUICE 574RPE CWISﬁ BQ}TIWtﬁrg
afGQCELB(l)ﬁ h&ltl faﬁ’ %’[C&Zﬂ{ﬂ FoReBhidk AqEANR 1111%)’£150rous low-K
eat r e a ea

over t er t ture haS been etch
ahdectonpayer congadetieed abdeleodedpr stovidpyg m@emsm@ntpdﬁsm for

k. f | di gl ic |
e
ANButeNdalfaY @@desfﬁﬁkthpﬁﬁ@ta@;ﬁfotdf@slyt@lﬁdsﬁ ffdﬁ{ be& the fotous low-K

the protective | Y
dielectric layer, where the strtppmg removes part of the protective layer and leaves

small protective walls formed from the protective layer.

In another manifestation of the invention a method of forming a feature in a
porous low-K dielectric layer over a substrate and disposed below a patterned
photoresist mask is provided. A feature is etched into the porous low-K dielectric
layer through the photoresist mask. A protective layer is deposited over the feature

after the etching the feature. The patterned photoresist mask is stripped, so that part
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In anot her manifestation of the invention a nethod of
formng a feature in a porous lowK dielectric |ayer

W@®5/0605881bst r at e and di sposed bel ow a patt er nB@I/US2004/040267

photoresi st mask is provided. A feature is etched into

t I,

p{]kg%lg ggogé@rde%gmdﬂ&ﬁto?g% gt(/:here ?%:{/1(6/?%}19 é‘%‘%‘g Ifrtogl dthe rotective
tlagerfreaiiir i@ thé f@turehe etching the feat ure. The

patterned phot i st tr part of
Phe. or Dbselnd aticagurimsor brpvastt ianah g5 pedeieyBi ithore

V‘@etiu? bél@ﬁ/rﬂ% Ghd QI ddN R ARTE ‘tlYeemlv&Mﬁﬁl dn@ MR ShjhittibRSvith the
feature. These and other features of the present
i fllemtinohgwies.| be described in nore detail belowin

the detail ed dge .Min

COI’]] unction

RIEL L)

DESCRI #i¢ pRs&Xt uT\}ﬁtlQ?&Vﬁlh@ﬁt&h@ Roag Sﬁébtample/ ent In@ﬂay way of
illustrated by way of exanple, and not

| Foiteten, om the frevrereofithyy BICOBIDERYINA ArayHBsHpH rW “ﬁ@ch like reference
dra nce nunerals refer to
nun\% ar efeg ?r%énl{‘hsl %Hleh{s\%ﬁ d Elﬁ&,ﬁ[fﬁ 1is a flow chart
of a pFoGess ausked chem afa probesd usehin aof entivdihent efitieanvention.

FIG' s 2A-F are schematic. si.de views of an e
por ous Flve #Adi @psehsmatic)syirariewt Eﬁ)ar”d‘?tﬁlbedtpé’r‘t‘ﬁ ﬁg giglsgtric

L &‘corjdﬁn%:ﬂocﬁle Cgssaoﬁ:q@e[mtl c view of a process

e used i n an enbodi mrent of the
| nvent FG. 3 i‘sla@chematzﬁoAvrBwaxfe psodeesieitantbey thahmagbe ased in an

er s emthat may be used as a controller.
nﬁt"tlﬁtﬁnbé%i?ﬁtlﬁﬁ%ﬂtl@ THE PREFERRED EMBODI MENTS The
presengydh AVERLE QR héhatROWeRE oflE sGhphetsykRni@h@ihhy ¥é idkd as a
reference to a few preferred enbodi nents thereof as
i onistlleat ed in the accorrpany| ng dr awi ngs. In the

foll OV\bE&Aqﬁﬁ

set f orth

of theTRkpsRBit 1h‘{76{ﬁ16h|vﬁ11 nolwtbe\/tvlelsci:rrﬁﬁ 1ﬂrdbtaﬂ @sfith reference to a few
however, to one skilled in the art, that the present
i pederradopmbrejmpets ﬁaeaeqf.aé@@%teﬁé@thesa@ﬁ@ne%n%a rgyings. In the

t t I
?oggogxggg 8?§c§1§ﬁoﬁi 31}.1 QL{S shgc%rﬁ% ggt’é 1% {1}1‘3 s%fgiicﬁg in Yfelet toﬁﬂ'QWﬁe a
d&&@diughadldleﬂ;tdﬂldt@ df theypresdhe inveationt It wiliée eplmentj yowever, to one
obscure the present invention. To facil,it

drlsled & bg artpth@t the present IPV%WOBH%BM bed;fragtcegtwdt]ilpwgsome or all of
PHREE §1§€cﬁfc BR4i8YSn other instances, well known process steps and/or structures

have not been described in detail in order to not unnecessarily obscure the present
invention.

To facilitate discussion, FIG. 1 is a flow chart of an etching process of porous
low-k dielectric layer used in a preferred embodiment of the invention. Where the
pores are nanometer sized pores. More preferably, the pores are from about 1 nm to
about 10 nm. In the definition and claims, the phrase porous low-k dielectric is a
dielectric with a dielectric constant of less than 2.3, since dielectric materials with a
dielectric constant of less than 2.3 are usually porous. Some examples of porous low-
k dielectric materials are JSR LKD-5109 Low-K dielectric, made by JSR Corporation
of Tokyo, Japan and Zirkon™ LK made by Shipley Microelectronics, which is a
subsidiary of Rohm and Haas of Philadelphia, PA.- Some porous low-K dielectric

3
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low-k dielectric |ayer used in a preferred enbodi nent
of the invention. Where the pores are nanoneter sized

wW@eescoshdre preferably, the pores are from abper/US2004640267

to about 10 nm In the definition and clains, the

pllﬁr HEVEIEE BiRdl oft ¥ gan%'fg ‘E]cﬁ‘ég[atsig(ﬁg? @fhglll ﬁc%ﬁé k! elftric

rlc cons ce dielec
rrma&ruaams potdus ALY, elperly orgacio nsdtai, vafich ssslidondiee2 F$G s 2A-
are usual | por ous. Some exanpl es. of parous

dPerestheny %llﬁg{d@r\fllgygofgf@rg oy_v%gﬂ@g@‘g cllaver RCCOI‘(\i\f;lg to the process
ri
an@d: \2 &Fofmg il (tﬂég é}% gf%ﬁ %{{b&)@glteﬁ%lyﬁsubgﬁzﬁéﬁw (step

Zi'rkon LK ma roel ectroni cs
whidhas shownsuB8Gd2Ar hefsﬁtcslrmea’&% ririgalss mlhm Wali&eblpdmoaher type

o B IR CHS e E P 1 s b e st 18 i PR over the

dh&bes erle@tr[ﬂbﬁé1'2@4 (XeF 109 A cab Id§rer @1ma%basﬂmlasmqe.
mat eri al is silicon free. FIG's are

s@hmkly, dhe panclayeraas pefteciive é&}@u Qf # digleetriyi raptedely jTde cap layer
o"flec‘fsotlhg 1%u% %beig i {%gr A ]tné &9611113031 rﬁe%%%&ﬁf%ohshmg

CtrIC

2(18\/[P$ hﬁpoﬂaeﬁﬁ;r,ocassess hﬂw’bap Naykel &12 RAy b Adowdkbditicatie, A0& the
may be a silicon wafer or another type of material or
nﬁ%P %@elrsap@rt of the angypapdust dreferapdy. &hd g laygy 1t efl silisopoxide base

@g;e?f’aﬁgh rlla%}qs B&?@%H‘% %@5 ﬁﬁ%l(n'egs Aﬂﬁéﬁ?&eeﬁ%ﬁo&ﬁ(@rﬁ and

ayer e silicon oxid
Gelftellt abog A. tz’&leamtarpﬂécalwe rcoatmge(A;ﬁC@tﬁéhss ﬂ@obmdamvemtheecap layer

pOF b )b PR RGN eSOATRIA TG DM e vetpm
p%th@ﬂédgﬁe Q:gﬁﬁoﬁg (@QRQ% bk RbREER Wectdd §ntﬁé‘ﬂecltl%¥ @hatdrs?

may be owk dielectric, since the cap layer is part
ofDARE)efitle pRSdbat 2 thﬁlrlmﬁgr‘tabme,n abhuet kQé)pf brad grouit 4 0 Aa A

il i d t
PRy TS (i GALe P DeAeA  ALot | Byo The aifiered
a@am mh9091 Phasih Heftireeidoe %b;:@tt@rﬁéd te3Rt 1ARGha Tﬁ b4 fdrfned by
deposited over the cap |ayer 212 (step 112)

gm Fingfal leyariof @h@f@aﬁtSil&tngmtR@)exmwdﬁw light Iﬁﬁeﬁﬂgﬁiﬁ hen etched.
B4 TS5 Y50 Al FAThagls 0 A5 ApR e s

amtaplh@k@@ssntbatzwemdahmﬁermrAl(and about 1000 A. A
patterned resist mask 216 i s provi ver the AF%C 214
(step 1heyubsimie J0amar heploseddpsp © gxg ebRREhegf the porous

ggﬁﬁ:g g@%&%ﬂ? @tcﬂg(% ?E&)n@@ J ﬁ%laﬁnaﬁ? léﬁ:ﬁ'?ﬂa}b@e {8 'ﬂ@gtch the

a |layer oto ‘esi'st i s ‘exposed
apbiogh tiicpatriclaperedid, Mhmh feltrMamopeﬁhigé]Mmﬂhdﬁs apffrture 220 in the

formn patt ed resi st

st B0mb gt at Sk 2B o 56l T HagPried pesist mask

| ayefs rgﬁ-lgvedr B&isRS hbAfug dRAB BN ySetd. 8RE pofbudiclectric etches
et ching chanber Wwhere the porous dlelectrlc | ayer 204

| agtushedh¢micepettG)ich a5 yingsatiuenine tesehetplant. pBonx@mpiey an etch
chemlsgy may use C4Fg and N, at low pressure. As a result, the sidewalls of the
feature may be etched. In addition, such etches may deposit polymer during the etch.
Such etches may use some O,, but the amount of O, would generally be less than the
amount of O, used in the stripping process. Since the amount of O, is small and the
pressure is kept low, the etch chemistry does not damage the porous dielectric, as

much as a stripping process would.



porous dielectric |layer 204, which fornms an opening
224 under the aperture 220 in the patterned resist

wore®E/0d588 as shown in FIG 2B. Sone of the pap@EUS®04/040267

10

15

20

25

30

resi st mask 216 is renoved during the porous

i el et bioudRYelayBt o1 i MAARLRHS! 6L SRE RafENESD 124), as
biOtBNE Bl 818 1 BT F

use emc such as using uori ne
ba]scam at E]hihri’ic ]Ecmrpreﬁe&aqb Embodimest, ¢lie pnbemn‘est llayerrm:,%lmd by a

N2 . at ressure, As.a r
PO Lot B RIGPE PR Gt gt e en 4 fegpsition
S Hﬁcﬁnﬁﬁ 5 Res, MYndRpPes CH4 Bﬁ(ﬁ y)ge o dVbil Qigmtaglﬁégﬁé\,:\%k&odmbmus

et ches may use sone o2, he anpunt )
g Eivdechli¢, yt iseréfesed thlahmﬂwweleaﬁnmnhenmm i gead thPQlfm‘ler formation.

st.riopi SS nce.t he

¢ REBRLOS R RRERRs PR IR Rritp VBl o0 A 1500 A
dm@®réf5ﬁbﬁﬂflwtﬁ1cﬁh@ls O thel folyrdé: d@g@dﬁrl@ﬁs @eﬁr&deh rabmgzoo and
process woul d, A protective |ayer 8 i's then deposited

098P At Hdlogh prpEserbiy dhehickpassep ﬂleZlF)l}’m@lfsdeﬁﬁ%‘éml jsrpepyegn about 200
26 4580 %~preferred enbodi nent, the protective layer is

y a pol yner deposition. Such a pol ymer
deposi tlihematkesd sdsisy mzmlyz UsB saiphepasing aetrippienthst algo refmoves
C2H4 and N2 or CH4 agia To avoi danaging.the. ¥
e R 96 theiPisGaY ciieuere lepying protective WallsEaP pEtherpgfectiye layer in the
F Q68 41 Sﬁﬁé&? %ﬂe s dléle«?[ﬁ@ gstgﬁfzgfjozisysﬁg&/n ORI Typical

Pretera Iy, ckness o e polymer deposition is
b phweessish swipt chtOistaerlist SRONH:, WO¥AL pasfistaipiyg clehgstries. These

t hj ck t.he t i s bet bout
6baE Sststionp o B REE Robeh e pfies RS e e to
pel cAgRRRhisic?hd @r&%ﬂ%ﬂ@d@ﬁ:@tﬂc REPvLABH ROk Dsed fifface,

patterned resist mask 216 is stripped using a
stcamqmg da:gn@gm) a@lubfejarrt@&rm@gn pathe lof-ik dielepiriet &topyayer, the

g S

diafd @CEtgosed SilréResl@Bhe pa®us Hﬁ%trid‘lafdr@umﬁ@the'rsﬁ@mﬁﬂg process.
phot or esi st strkgﬁchenlstrles use

N2H2
bAvear efeetiysoralls 230ews Bin prosigh thaud g@h@ﬁl@pufwgre If the protective
¢ %@s Hﬁo%ghl%fc ech@}? hl%&hglgﬁmytéégaﬁlsfn% 8{! nfﬁ}tghte%&%g?)gu%e other
| (lh.%cﬂg iflthel ceiplinal er dﬂﬁﬁ@e ﬂls/leﬁw tbd ﬂlll@,)tb@ﬁthdemmﬂ@bemsufﬁcient

causi ng d ge to fubstantlg%pg @ t he |03ﬁk
dPEERY %%@%éle cetis Iyt Sepry PR %@t Py g as a
P &tuﬁc‘c;f'tl‘i’@etelfl sfe %reot%f) A7 t@gﬁbﬁﬁ%ﬁff&é@%ﬂﬁ%@@ﬂ o8 thetdbus

there are no exposed surfaces of the por ous dlelectrlc )
| @yedectdutdyey vitheh stwhypappoigmplr dapesition Figp aﬁmmt@fung iseompleted is

wal |'s 230 are.thin t d f

Berdig” froRibt gt hanromey s B FrB il e tefany
deéasY @b eufstsi oTthAHBREH R aPEORIRAP renfdVidd e 9¥ch&ft1ve walls.
hand, if the orlglnal protective |ayer is too thi

t hen t Hapemgsulbedisecnityefithe inyeetan, the barrier layer 210 may be opened
after the photoresist 216 is stripped. The protective walls 230 may further protect the

porous dielectric layer during the opening of the barrier layer 210. A next layer is
then formed over the protective walls 230 (step 132). In one example, a barrier layer
240 is formed over the protective walls 230, as shown in FIG. 2E, and a copper
contact layer 244 is formed in and over the feature. Chemical mechanical polishing is
used to remove excess parts of the barrier layer 240 and copper contact layer 244 to

form a copper 246, as shown in FIG. 2F.
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protection of the porous dielectric layer. Cenerally,
sidewalls that may formas a result of the etch step

wW@e®@snes48 hin to provide sufficient protecti onPOf/US1984/040267

porous dielectric layer, which is why a pol yner

deposi i ' : : | .

O i B R S Ch Tl Bl S ooty e
tzep fef ectang ihelfbaturepmmoMben dgpositing dlcasotzttivdkayer, and then

protective | ayer without renoving the p otﬁcE#%e )
er é)Ol’an‘lSCS

VATTPRINE e RAGHECRFH B T hre hiSP 814 HECTSHRE ST HBRS
gc%ﬁlrfﬁlﬁﬁleﬁtar}ﬁfgé 3§§~,0a_|1_1|r}g% ePEARRIREA4 8 foler ERS-RROIR! £84Sdource

6 I's strippe protective walls 230 may further
¥ 16, end a Erchapstrpouny W0 Betgas sourey/2h0 ahurmrisgs dhelchynd gangpurce

of . the barrier |layer 21 A next .layer is th f g, ed .
o RSt EYeraU Lot LrtE gy Sonpik e ThEERs source
XA coflp dddR{onh P8 5o R8s, | WithPIfRehOYBEeskig chamber 300,
protecff%ePVHIIs 5%0, agoshomn iﬁ I G 2E,(§ﬁdg§lmn ”

clbppelpstiatsrifos ppuijercdpan ke IpwehelectiadedRd. dlelowgiglectrode 308
Iigl?r%]g)rg%tes%hs%'i?aﬁ%lsytgs?rgépeact%lgﬁg% B%cheﬁﬁ%nq éé.,s Elggt%;sﬁagf&, mechanical

EXCESS par rrirer a

CaRRAIngCONtha tike) Y BS1ddA4Ahé Subsie268.c Ohpasactds Gop HB incorporates
shown in FIG 2F.FIG 3.is a schematic view of a
piha gperlessiede P disprses anmydigtalnappogHy thsdowsedeqtipde 308. The

o : a n e _
L BRI RSl 1P IR RATELRE il 02 defin the

i @11?111%&11 plafhe vpluasiTeGario sgssicd ¢ thh antfered30neonpuns by the gas
confinenent rings 302, an u r el ectrode 304, ower
crRueRe, Serddn oy Fepiine Eog T Piaea nanp aetTgbiy

32 inlREnO@SesS0U 268 an th £ $EHe BRhARLENAAD 39ASA first RF

source 312, a protective |ayer ‘gas source 316, and a
stauir@piddgs gistrsally camsdigd toTthe ugper edsstrode 334.0Asagond RF source

c rise additiona a ources. Wthin-plasm

B AT e g B e ERerot b D6 AR valls 352 surrouna
P@gichhenGfertd PABs 34T theovsper Slb@EIdeqU8, 3A8he Tveerleorbde 308.

el ectrode 308 I ncorporates a suitable substrate

cRobkhn §rerBdhreniosrdt ang the sspandi Rl seuaes 243 may empies a 27 MHz
cl anpi n or .t ' (o] Ne! :

R il 23 B0 Pkl P A D5 AR B s
3Py el 16 piseectiodeacy piseible. QppBsdlie23008M] wineh ieinedd byodAM
308. The_upper. q&gctrode 304, | ower el ectrode 3 8,dand
cBaTaRrrafeaporafipn Y efdrenant Galiforua.dpnt peisgd pr agrricrTe

v |.S: jed to the confined plasma vol une
b@kyﬁgnggg&ggﬁgﬁggg%% and i s exhausted fromthe

conf i AKG HAsimd 4Bdllustentd hcaugiter dystesolFOOnehshtis suitabks for

302 d h t t th h 320. A
FTrRE R Bt tEobanS et Detmrelr PO ebARatRa Pietie. FIG
UFR%BO\% %{5% e&gﬁ)le’)’&ﬁfsicﬁl B8 YTthFongRMTGOsth dfourse, the

el ectrica connected to the | ower electrode 308. o
Chanperr syateism3s Rawumemuphysichefoconfangmeeinm i igegraGd circuit, a

t I};]l%ltlég RECuif {Jgacl:' ,ra% % S%’l%ﬁ’ haﬁglgelé gvic';eol\ﬁ’)e fo aelllueg%tsﬁgg%oﬁl%ﬁter.
Computer system 1300 includes a monitor 1302, a display 1304, a housing 1306, a
disk drive 1308, a keyboard 1310, and a mouse 1312. Disk 1314 is a computer-
readable medium used to transfer data to and from computer system 1300.

FIG. 4B is an example of a block diagram for computer system 1300. Attached
to system bus 1320 is a wide variety of subsystems. Processor(s) 1322 (also referred

to as central processing units, or CPUs) are coupled to storage devices, including
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Both the first RF source 344 and the second RF source
348 may conprise a 27 MHz power source and a 2 MHz

w@owsnewsarir ce. Di fferent conbi nati ons of conneRCT/NERORF040267

power to the electrode are possible. An Exelan

2368%0&?% on I of Slé?%ﬁ%}]\.t@é égmngor ﬁ%g%mo%gp\m chl nd read'mﬂy

phaherr@DMbAadismeelt kafwit ehé mv,EDModtts 15Itﬁnsfeﬁd&é\aﬁdh d
4B illustrate a conputer system 1300, whic

snftEuehPes wyrdireRienaiie MY aehRAM ratscd iy o fransfer data
eﬁﬁ@‘?ﬁ’étﬂﬁﬂ@% 19fa th I?ﬁe ﬁl%t?ﬂltdllﬂé?v BBEH %llesjéltﬁbesﬁlﬁﬂ%%& may

one possi| ySIC formof the conputer system
doclndeanyt fudtablomys ttitesrmm),u:betrernadahge rhediederenyepbsiewc l fixed disk

];11%:253§ {11%%8 gec{ Teatl %WEHﬁg ﬁgpeﬂ%@? d1rt %g&i}}l(geé aggltiogglgcgata storage

BURA %DélWﬁlﬁfudegﬂj?‘Bﬂﬂ@E SYSeBadAN0 nidar 1deshed below.
nDnl tor 1?% di spl ay 1304 01ait‘housl 1306, a disk =0

drikekedisiB 0326 mak by bamirtd smqprog@m ém thehiloe ar ig kypically a

13040 GO SO PR AT 40 oy o

exanmbe aﬂfre@laﬂéﬂ fﬂ@k tigh iafrandoretgasipaitien fikys dem1330thay, in
Attached to si;stem bus 1320 is a wi.de variety of

SPpEIPsoERsepPe HEeEorgie] instrdardfpgyon @mﬂ%ldn%owén memory
A e e
|1ﬁed1ude:?:ribamﬁaxapcess rrerkmr y (RAM and r ea%d?/lnl y

nmenor . 'S nown | art

tr anﬁ%@w at b %%?ocquﬁﬁéﬁﬁ% Rt OGPHPHQW’CBE& dexish |S?}gl% & iplay
1%4%43&1)@&@ 134! 1h§ 81%% tax@gﬁ‘eakéry 1850, tlﬁlag%ﬁ&%[ afl ¥ eR0hut

instructions in a directional manner.” Both of these
t@cw&g ody lvfearmofesldntaghspllaw ek balls, sude hgyboarsis, ltnmeophones

t d d b A fi
ORISR, BRhRSeR S ALYt b

RaStsda§uastd v bic® BAhardidtRing r€oafiR et Apidfietiits @élﬁlefﬁab’l &11610
i ncl ude an]édof t he conputer- readabl e nedi a descri bed

bresinepwtersi G 1823 Rpticsply may bssovpled|ta #oshes cemprigypans,

dlafe?%agﬁ%m&{] gns 116%&8(&%”11%11@%16%\%(& 5 ‘f@:eg%ea][?ﬁgf "Wl‘?l?gl%éh a network

tiRgRfapE, iiNBIcYnteindla@ethat the WP miyat siopive i fairegtidnifedm ttlin:e
information retained within fixed dksk 1326 ma¥ in .
aApiV ks Paachi guipyt Infrmafien fpie Aeerk i YegAwEP a1 PASHURE the

azﬁno\lfé %Mheﬁ'ﬁ@{&ﬁ d smﬁﬁﬁ%ﬂﬂ)g@é fhetmmﬁe%b St Ptékent

eth rmo any o conput er - r eadabl e
mﬁdmmodleﬂa}r txzedte belebmpoGFIP1 322 orsmay s@cueupyeednttwoak such as

(LS P SRULLOURM, el c68. sush 85 CLep! 2130
generglaqdffdinl BRMEJiRRAR 8F the present invention further relate to computer
storage products with a computer-readable medium that have computer code thereon
for performing various computer-implemented operations. The media and computer
code may be those specially designed and constructed for the purposes of the present
invention, or they may be of the kind well known and available to those having skill
in the computer software arts. Examples of computer-readable media include, but are
not limited to: magnetic media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD-ROMs and holographic devices; magneto-optical media
such as floptical disks; and hardware devices that are specially configured to store and
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device may be any of: video displays, track balls,
m ce, keyboards, m crophones, touch-sensitive

waele®phensss transducer card readers, magnetic OPCPHRENG/040267

tape readers, tablets, styluses, voice or handwiting

r i r I

G a5 En f%dnEaF‘Fc‘h E*S"aép%eﬁﬁﬁ shrcif pRlenfta O ARG,
gro glehﬁ?@tbmm gllc(datficasn@D‘IBD and RO iand) R dovikes. Ekanf)hs ef
1340. Wth such a network i nt erfac

CompeipIcat eI bamachiae epiy, s abisey by brpgpiieh phfiles
fJoBleﬁlEE h{%ﬁ@ R4 o8 tht SBEx QR 4 mn%lﬂﬁidsﬁ& dnAnichSeter.

net wor he course o perform’ng t

dbovputcesedablededie iy lst epempmtar tcheég msallttﬁfﬁeb)h@ gomputer data

59 of the present inven nma e ..
ORI §ERGRS O TI9D B Ay P EHCRIPE S SUBPnSE o eyons that are
Sé*@altg@e%pgpwgeggomet in conjunction with a renote CPU
that shares a portion of the processing. In additjon,
e nbodaﬁh@mxsmﬂesm@ lgﬁe@ﬁlmmdepwm degises.uln glagr emitodimaentya

O 01 3P RIB LB ey S R R e

ViRIrb@diclecip Wdyer 204Phedaiioadothpresntiddiments ilfhgi peEfdina thengching,
conmput er code may be those specially desig and}
cHResIHnG £ BEPLCHIV e {ayeT, FUf SBPRIEIR SeivEatH F%@%‘?ﬁrs &ivERL i on,

or thg o0 b
oL E U 1 gD SR Uallonkoo st bl e
Emﬂﬁd)mdmig a:mmmta&rennle afilertal vea hresdbegn ietobkedi degtcliing aanaeafter a
not

5By Gk St FE- T auCe 6 len e TR iy Ty be
qghﬁ%/gvé'ﬂge AL AR the PRHHESISS is TRPPEE. OmARheCAkesBE iRt

such as floptical disks; and hardware devices that are
slegai depbsited omési thel pmﬂethe statls maarhgexotaresigfmgkam code,
such as application-specific integrated circuits

( AS| G54 igogr ammabl e | ogi ¢ devices (PLDs) and ROM and

RAM dl%VdnCeQ&np@b?@lm BSeifonCOPPILE HickR R Tajslof SR MEIMHINE is
code, such _as produced by a conpiler, and files

CROPRINLE] znglbﬁiir@h e gilicoa] oxadscap v issdeposied ontaie [poroAls dielectric
CI%%IBU t"ﬁle cgé ayer ﬁ%?bﬁlctfi%b%e Bh&L - AJQB{EQH%%RC ?;%%?El f%nﬂgcgb@er the

al’so er co ransm a-conp
dafpdagdrg Matt&ﬂ‘iéd@h@tdn&sm maslatsroaned\evee thmﬁRC Inthls example the
representing a seqguence of instructions that are
E&Qﬁeﬁﬁqlél&/l@ Bewsipley.or her exanpl es may use

ot her Tgeeﬁlgﬁ‘ﬁ ik %:}llg?ﬂl'a&%smt& %b&%@?@%‘f@éé@@éﬁh& %pﬁ‘éhﬁé is

etch nma to renove rotective wal
thtlhuawn caighrtigi ARCtliger pod tepodie| chfdbcrtnc ldyany ehn 20U chhmstry of

addi tion ther nbodi nent s formthe etch
Al i 0 BSETN 9B Ch P Yo R P PR ot et
SRREY afife cﬁ&ﬁﬂ&%’r@ss{u%)‘is §éttté‘ Aboudl b ety t Neoetcdit pebvadeddby the
tréench is illustrated above, the invention nay al so be
27 MHz RF source. 1,000 W are prov1ded by the 2 MHz RF source.

After the feature is complete etched, a protective layer is deposited over the
feature. This is done in situ. A deposition gas chemistry of 50 sccm of C;Hj and 5
scem of O, is used to form a polymer deposition on the feature. The chamber
pressure is set to about 120 mTorr. 500 W are provided by the 27 MHz RF source.
500 W are provided by the 2 MHz RF source. The deposition lasts for 15 seconds, to

provide a deposition layer of about 300 A thick.
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used for etching a via or a trench after a via has
been etched or etching a via after a trench has first

whewsoesehed. After each feature i s etched, a PCT/US2004/040267

protective |layer may be fornmed over the feature before

the pt ﬂ{e?}:‘rtb% tiilesla?értr i%}'@&%@ﬁed, e 68§68 asklif ﬁriﬁgéﬁ. This is

| ayer deposi ove e protective walls nay be

ploat or €84 SA siipplog dax almphietry of G0 exandH ad 20Rsccm of N; is used
i nventjon, a porou i.electric |ayer. of J 5109
185U B GreR LA r WeehRbu P BT SRTIAR A0 T Eho 5400
deReShleticanl tnd MEMIY RESoHEE| AW Ge bAWRIed bitBe SARHZ RF

| ayer” i's about 500 A thick. An organic ARC | ayer is

fsonmmeed over the cap |layer. A patterned photoresist

phot orar €T By iapRe e S MRt
tRRARhARE Ghdrd a® dHeakions, ﬁ&%t@kﬁcﬁis?&ﬁdrdu@stﬁh&@ﬁival‘énts, which
feature is etched through the ARC | ayer and the porous

dplé et the speppent thiagnveniegn. dhahaudd alyo be nqtgd Sad fhegs are many
E8, .- '
e BauPERar ot R Ry M QpURER: b et SHAD pletly
tigvaliont 1th2themForerinteidddGbM/iae &llorang aieendyd ¢lhiensbe ieepreted
RF source. 1,000Ware provided by tgg 2 MHz RF source.
mersluding all gugh Alierationg prpngaiaons; mrddicationsapdagtipyssubstitute
I . h : e o in
I R R B YL ol D LB B L P ekt
and 5 seemof Q2 is used to forma pol yner deposition
on the feature. The chanber pressure is set to about
120 mforr. 500W are provided by the 27 MHz RF source.
500 Ware provided by the 2 MHz RF source. The
deposition lasts for 15 seconds, to provide a
deposition | ayer of about 300 A thick.After the
protective |ayer is deposited, the photoresist mask is
stripped. This is done in situ. A stripping gas
chem stry of 600 seemof H2 and 200 seem of N2 is used
to strip the photoresi st mask. The chanber pressure is
set to about 300 mTorr. 400 Ware provided by the 27
MHz RF source. 400 Ware provided by the 2 Mz RF
source. VWiile this invention has been described in
terns of several preferred enbodi nents, there are
alterations, pernutations, and substitute equivalents,
which fall within the scope of this invention. It
shoul d al so be noted that there are many alternative
ways of inplenenting the nethods and appar atuses of
the present invention. It is therefore intended that
the foll ow ng appended clains be interpreted
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as including all such alterations, pernutations,
nodi fi cati ons and various substitute equival ents as

w0 ados/09usehi n the true spirit and scope of the PCEESU4/040267

i nvention. CLAIMS What is clainmed is: 1. A nethod of

formng a feature in a por ey K dielectric |ayer,
conprising: placing a por O%K dielectric |ayer
oWVeit iaclaithstisat e; pl acing a patterned photoresi st mask

over the poro | ow K di el ectric |ayer,; .etchi a ..
fleat ur _n}eﬁ}oé o s BESIE R KPATOF B, deledig et comprising:
depos | 1Atk ApdbRd RO KVEelb@Vie NayRY 8lerlR@bdte@dure after

the etching ]tohe feature; and stripping the patterned

phot orpdaiiisg a pattsknedgmotdradistpaask ovér thepononstorcki dielettapdayer;

isre ed re.protectiv l.s.formed fromthe

pr ot eg(%i’\%g‘f g\le.g‘?rﬂ}e@of?}lsﬁﬂﬁgbetl%ﬁécﬁ% > The met hod,

as redehStingdla floddclive laybHbtR Elie ROMEY dftek 0@ PEIALE 1@ féature; and
cap layer over the porous |lowK dielectric |ayer

bef or etijnpaes thy pefiemphphapississmasks sk thalpast @f the pragective layer is
phot or esi. st nask..i s e .
DBHOEE U TR RSP U HE a0 b LBl gt T
clespfe. Si ng depositing a deposition |ayer over the
protective walls. 4. The nethod, as recjted in any of

A ai sl E-methed, g pesited g}rﬁ,llajng iln%u'thgurqu}péls% placing a cap layer over
ST DL FRLKURRIPL S B B UL iy o
miskoresst phaak édplocedrovehtheanp layef.l ecti ve coating. 5. The

th ited.in. | ai 1-4, wher.ei n . the..
oo oot a5 i et o Tt domstiis SO RaTeR ebigpe »
‘;c]ieﬁé@%ﬁ&?lafygre&vel' xSfrotebriveMpRlIgTEt hod, as recited in any

clainms”1-5, wherein the depositing the protective
ldyer Thermetbed, e ngnited as ampeplodiimisRes, dutleir pampripiag éprmigg an

TR DB R 5 B RRL eBLALTE: AnSyy O i

&he phctorRish@esk i8pldces bv&@dhd Mmtadfecdive Coangs 1- 7,
wherein the depositing the polynmer |ayer conprises

pr-ovi dirgnetbpdst recdisd gaswsolarlaipt. avfterap theglepygng the
R 092 LS B oA AL By, bt el (e
f¢.om arhd reasbdd,en esdited by aiiyogBolainti It-5, ogenein drandepbsitiag the
o}ﬁ'gt%(gtri]{/e layer further comprises depositing a polymer layer.

7. The method, as recited in any of claims 1-6, wherein the protective layer is
between 100 A to 1500 A thick.

8. The method, as recited in any of claims 1-7, wherein the depositing the
polymer layer comprises providing deposition gases of C;H, and O».

9. The method, as recited in any of claims 1-8, wherein the stripping comprises
providing a stripping gas selected from at least one of hydrogen, nitrogen, ammonia
and oxygen.

10. The method, as recited in any of claims 1-9, wherein the porous low-K
dielectric layer comprises nanometer size pores.

11.  The method, as recited in any of claims 1-10, wherein the stripping comprises

using ion bombardment.

12.  The method, as recited in claim 11, wherein the ion bombardment removes top
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10. The nmethod, as recited in any of clainms 1-9,

wherein the porous lowK dielectric |ayer conprises
whaenetses si ze pores. 11. The net hod, as reciP€OUBIV04/040267

any of clainms 1-10, wherein the stripping conprises

ch?ygnsggfl tfie pl\"/a%é;? glr gar}'/?ﬂ tgu’f %%Vcb %E%?e&gi rl? Wrafel%&ﬁl%'dtb?/qhé ﬂ‘otec’uve

tppltayers of the protective Iayer but | eaves

protective sidewal|s formed by the protective |aye
13 THAermaetherh 25 BSitPd B A9 Pl Chauaﬁ} 135 wapipihe fenopttion layer

gés?t‘eﬁ ov&and ?fbg&l‘tl"gb %gé %yﬂanqﬁﬁgﬁéﬁ ed over the

tective wa arrier layer. 14. The nmet hod,
ag r editicanethod, anyectttd ol @iy clairh8 |- Bufitrther ccnm}mmngplagng the

aC I a?Fgllltalljlf?éab‘g%t F]E %p@elﬁﬂl@ﬁ?%]ﬂl&{ %pp%ygg he d_‘ﬁ%te?thvg layer

5&1& lﬂmtﬁﬁpﬂlg &Rkt REA BHotBROLPHES 81 BRI FuSyilan énel dich
tu wwthin the etch chanber. 15. A semni conductor

@hmmb@.forned by the met hod, as recited in any of
Ialrrsl 14 for etchln
o poraneorhi asf ERReEbY tug Bpobly D Bk M Gapns 1
Q4substrate conprising: a plasna proceSS|ng chanber,
conprising: a chanber wall form ng pl asma_ processi ng

dRanbekn EErBELioE etching afsatpeaia ag)@mj@ Sripwrig dielseirirolayeriprough a
g%;s#%%{ a?gl?os%ttehéorhd&ﬁﬁl | asma processi ng chanber

osur €; egulator for regulating the
pressunﬁaﬁﬂapMmmﬁhg$Hmnﬁﬁpmﬁﬁpmmmgchanber encl osure;
at | east one el ectrode for pr OVI di ng g%?vver

t he
pl asma pr oced¥ThgT VAR MIBINGEMEIAgEA PECE Neehereh Pl sare:
plasma; a ge?ﬁ.tb‘s t@ELg; gft 0F ﬁébgﬂu‘ﬂg a3@Bsth4d Q/lthﬂedl@bl%%@
er cl osuré;

processi ng cha a gas outlet for
grbaasthg ngagles ehelosnre;he pl asma processing chamber
encl osur e; argas sour.ce i.n nne

P

| yid ith the
gas ini'et. SRR BT Eer EgAeRdHiaEny Promsedt e s
| Recksifp 8h@hbdrRAcIBage;sSOUr ce the at | east
at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma;
a gas inlet for providing gas into the plasma processing chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet,
a controller controllably connected to at least one of the gas source the at least
one electrode, the pressure regulator, the gas inlet, and the gas outlet, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for providing an etch plasma for
etching a feature into a porous low-K dielectric layer;,
computer readable code for providing a deposition plasma for
forming a protective layer over the feature after the feature has been etched; and

computer readable code for stripping a photoresist mask from

11
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one el ectrode, the pressure regulator, the gas inlet,
and the gas outlet, conprising: at |east one

wQ@e@seeses ; and conputer readabl e nmedia, conprPGI/IR004/040267
conput er readabl e code for providing an etch plasnma
for . o i . , .
R L L i s S
gegrocivei loyer phd saaed motebivarwvallgs aripedfreatthy protayiee layeer
the feature after the feature has bee tched; and
ddnputeehod pABpraning adeatye 13 ¢ PPIgHF ﬁ)@}v-g ‘gﬁlG?tB‘F dfespver a
WRSHratd M EIosEd 16109 PhsteinRWphoticsisEmhil, Colpdhg: Wher e
the stripping renoves part oP the protective | ayer and
| eavesteuing eibiweiniatiepoiansied-K§ distectrivdayardhmough the photoresist
| ayer. 17. A nmethod of formng a feature in a porous
"SWFK dielectric |ayer over a substrate and di sposed
bel ow RpHafitEs pREPROIRELE s thdMetkire HRATH Bl the feature; and
etching a feature into the porous |ow K dielectric _
| ayer stimrongjihe Phderpebplatershist mpsks o thaeppisefttheprodective layer is
Q‘rl% ecdt I\&Xl%rel_ ﬁX%r i) V\%Ellé ﬁ%ngcf ﬁ&lﬂr’cﬁ oteehivd Dzﬁ/exte}eﬁﬁ'irp the
tRe Yeat'ure:> and s ripping e pa? erned photoresis
megkse. SO that part of the protective layer is renoved,
where protective walls fornmed fromthe protective .
I&yer Therasthod. 3s foraied dnelaing 17, valeremp e fispRgHng e protective layer
reGi | AR j e depositing the
6?%%%§?Fie8%%§£?hﬁﬁ ?ﬁg ]%%ﬁir?ses depositing a
pol ymer | ayer.
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