METHOD FOR REPAI RING LOW K DI ELECTRI C DAMAGE BACKGROUND OF THE | NVENTI ON
Field of the Invention 5[ 0001] The invention relates to a nethod of

obt ai ni ngwe 28twaiatear e on a sen conductor wafer by et chi rgTiusc@ughs3ar | ow k
silicon based organic dielectric |layer. Description of the related art
[0002] I n sem conduct or plasma etching applications, a plasm etcher is
Usual 1y 10useMIED HOMFOR REBAIRING L0k DIKT.ECERICDAMACE csi st
mask pattern, into a circuit and line pattern of a desired thin film and/or
filmstack (conductors or dielectric insulators) on a Si wafer. This is

achi eved by etching away the BalrBrO@OSORTHFELAEKSHN UNder neat h t he
photoresist materials in the opened areas of the nmask pattern. This etching
reaction is Higldtof shedgvenfionhe chemically active species and el ectrically
char ged 15paphdil es bl ANS)HPRERALEY PN EXG] d iind FHEGHT 4, di scharge in a
reactant “m xture contal ned in a vacuum enclosure, ~al’'so referred to as a
react or changgiicondaksdbt waeaby Yichinkehiosts a &5ve kallion dagel egatiediclcomrr ds t he
wafer materials through an electric field created between the gas m xture
and the waf éMY¥ateri al s, generating a directional renoval of the etching
materi al s allg&gri%%(g}itﬁg&tﬂtg)@a@f the ion trajectory in a manner 20 referred
to as anisotropic etching. At the finish of the etching sequence, the

maski ng mat §00@]s aireseneoandadtobplasing eehinggpplicaioay,,a glasaw dicherr s ustisllypl ace a

replica of the lateral pattern of the original intended sk patterns.

SUMVARY B ! AR OISR TP LER S aﬁﬁ@hptﬂr@&émfﬁﬂﬁﬁ&rﬁﬁn@&cor dance

with the purpese afdi’cﬁ }iﬁ@ﬁzﬁ&??@f@&es%é& ﬁ?{ﬁ@iflﬂl%d/toﬁﬁlﬁétm&ﬁﬁuc{&@é% ditRgdamage
oW or

to a silicon base ielectric layer with gani ¢ conpounds, where
damage r epl doedatarsiret Ayl wateradheds adhigiel ibyetehiig dway thy titox (and dtlmaedled t o

il i i ded.. A i . i sing CH4 i i ded., . Th
Fepai rgas NEAFEREA TR R FH e Sbftke s A7 R B BrBle el ow s0
mrorr. Hydr exdtin@ich@cdhad idifatsd by @Rthemidallplad@rckpatibhantedibtticdIlyuiaidee pl asma

15  particles (ions) generated by exciting an electric discharge in a reactant mixture

contained in a vacuum enclosure, also referred to as a reactor chamber. Additionally,
the ions are also accelerated towards the wafer materials through an electric field
created between the gas mixture and the wafer materials, generating a directional
removal of the etching materials along the direction of the ion trajectory in a manner

20  referred to as anisotropic etching. At the finish of the etching sequence, the masking
materials are removed by stripping it away, leaving in its place a replica of the lateral
pattern of the original intended mask patterns.

SUMMARY OF THE INVENTION

[0003] To achieve the foregoing and in accordance with the purpose of the present
25 invention, a method for repairing damage to a silicon based low-k dielectric layer with
organic compounds, where damage replaces a methyl attached to silicon with a
hydroxyl attached to silicon is provided. A repair gas comprising CH4 gas is
provided. The repair gas is formed into a plasma, while maintaining a pressure below
50 mTorr. Hydroxyl attached to silicon is replaced with methyl from the plasma
30  formed by the repair gas.
[0004] In another manifestation of the invention, a method for forming features in
a silicon based low-k dielectric layer with organic compounds over a wafer is

provided. The wafer is placed in a plasma etch chamber. The wafer is chucked to a
1



30 formed by the repair gas. [0004]1n another manifestation of the
invention, a nethod for formng features in a silicon based | owk

di el ect riwol2aynsoos2t h or gani ¢ conpounds over a wafer i sPpraseadeds3sThe waf er
is placed in a plasma etch chanber. The wafer is chucked to a 1 wafer

support. Featyres are etched int he silicon based |ow Kk dielectric |ayer

D or gant cvBrBAS PR Sl PR i Ddgat ovK Kool SETTE ayer

Wi th organi G eaPesRsinis. DaRakd Rh RicdAN AN MRk BiclRBRI TaydasidcogRAiLSi ng CHA
gas and formng the repair gas into a plasma, while nai n%,al ning a pressure

bel ow 50 niT@ompokidirioxgpairsdby antveding o repairi gap poingrisiag Cile @ds wid formetgthe from
the plasma forned by the repair, gas., The wafer is.onl chugked after the

Fopa ting. i JoEOdYe P Eaba s e Das e Fpr ol ESERE et fon, an
appar at ug f aiitaéiidrth Riche atrdplased Witkniettyl GO B3 pEEmb F¥nieddiyethe eédpairGak.ayer

wi th organic compounds over a wafer and under a mask is provided. A plasm

processi ng cHEmyEer is orprdeshydked atiprthp eapanmeiaremplstesi ng a pl asma processi ng
il encgﬁééb;f’ %ﬂ%&%ﬁ’?‘aﬂl e SHPROS nd Blve tlilcglogﬁt%%ﬂl}?atﬁsm St thin the

pl asma processing chanber enclosure, a pressuré regulator for regul ating

t he pressur eeattirek frea piliasimbaspd toe&sii¢lectah tybewitk bedadiLootpoahdd ®@as b walke

el ectrode for praoviding power to the plasm processi ng chanber encl osure
for sustai nidig R %@ﬁ%‘ is proyided; [} Blashg ProsesneinaE beaeo MRty & hehasIbss g

[ t ' f
Processig Wﬁhﬁ%ﬁ{r%gae@ﬁ%rﬁigﬁo ess@@@h@mﬂ@x.sen‘al&ﬁr%, %éel.g{str%égg%ﬁ)g% f3g gas from

t he plasma process r enclosure i s provi ource is in
flui d connecupporting b lwvafdrevigas therplasimagprdcaseinp chaekerantbldure.onprassorang gas

source, an etchin as source, and a.strippin as.soyrce. A controller is
cont i1 abr veEUnmRe St e pR st pES PR S e tep A OPEL ot ode and
conpri ses atjedsgand elfdtfodR rf@ﬁ;%?i@[ng%?ﬁze@ @J%'étp@d’sn{a%ﬁ@&*@éiﬁg BRGher edd165129

conput er readabl e nedi a conpri ses conputer readabl e code for chucking the
waf er to thdossHstiniag e puppor £as islshinupervidisadabing the plasmagroessing ng
features.intg the silicon based |owk di.electric layer with organic
compounds. OBl ERHRET E5 Y r SRS A el A AR RRIRTRE  eadabi
code repai ridhgmbar@ghsti@ igpoividedON fRS66ct Wniluid ebreettidrCwitRYRY gavdidlb
organi ¢ conmpounds, conprising conputer readable code for 25 providing a
repair gas cOfSPIPIRS A eRManNg @A FRIICHAN SEHING 895 AIER SN 8 HHWINNS

conputer readghl.e AC«%%OEQJ is E8@831B$18}J&%n£c‘%%ﬂorth9 JolEQ afd me%% t c\ﬁ“}i le
mal ntal ni ng a pressure el ow mliorr, and conputer rea able code tor
repl aci ng hydkoboyt aed ¢anhresds holesdt bhe pivcwdsbhaniadomplutdr r@ableendaliasme: f or med
by the repair gas, and conputer readable code for dechucking the wafer,
only af 128y rC@B}EHqur ﬁ@&dﬁl&lﬁﬁg}a comprises computer readable code for chucking the water to
the substrate support; computer readable media for etching features into the silicon
based low-k dielectric layer with organic compounds, computer readable code for
stripping the mask, computer readable code repairing damage to a silicon based low-k
dielectric layer with organic compounds, comprising computer readable code for
25  providing a repair gas comprising CH, gas from the CH,4 containing gas source and
computer readable code for forming the repair gas into a plasma, while maintaining a
pressure below 50 mTorr, and computer readable code for replacing hydroxyl
attached to silicon with methyl from the plasma formed by the repair gas, and
computer readable code for dechucking the wafer, only after repairing damage.
30 [0006] These and other features of the present invention will be described in more

details below in the detailed description of the invention and in conjunction with the

following figures.



30[ 0006] These and other features of the present invention will be described
in nore details below in the detailed description of the invention and in
conj unct iwo 2eittasogeke fol | owi ng figures. BRI EF DESCRI PTPONUSEO10ME3DRAW NGS
[ 0007] The present invention is illustrated by way of exanple, and not by
way of limtation, in the fi ..- of the acconp n)évn drawi ngs and in which
i ke reference nurrerals ref e¥ SCRITION (I A HE g1 n which: 5[0008]FlG
1is a flowphgnt Ofrhé‘Bre%m(ﬂWeHﬁGﬁ 1sqf1u§tﬁeem»/@£5t 60X anlpROAR] FbB3 wAfoB are
schematic vi evvs of the formation of a feature using the inventive process.
[0010] FI G 3Jimitatwnsioitbertigiies of élwamor@pmymtgemwma anrhipn Wigclubkelreferepaeact i ci ng
the i nvention t| c view of a plasma processing

he
chanber thatnu%eygﬁ eqfé&ﬁmil arﬂ'lenéef% %C %]F the invention. [0012] FI GS.

SA-B aressclieoss]i ¢ Fi@Wsisafflay Waﬁrenﬂibﬂhﬁéﬁtbhﬁielﬁ%htlbﬁ used in
practicing the invention. [0013]FIG 6 is a graph of the Si-O-Si to Si-C
ratio for pr[pQQQ]ne BIGS - Zdafege s-hematic Kieanf thepfaimeipnafic fepopiujma e 7 shows
t he water H\tf&%&e%ﬂ% & for a pristine ULK, damaged ULK and repaired ULK.

[0010] FIG. 3 is a schematic view of a system that may be used in practicing the
invention.
10 [0011] FIG. 4 is a schematic view of a plasma processing chamber that may be
used in an embodiment of the invention.
[0012] FIGS. 5A-B are schematic views of a computer system that may be used in
practicing the invention.
[0013] FIG. 6 is a graph of the Si-O-Si to Si-C ratio for pristine ULK, damaged
15 ULK and repaired ULK.
[0014] FIG. 7 shows the water contact angle for a pristine ULK, damaged ULK
and repaired ULK.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] The present invention will now be described in detail with reference to a
20  few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
25  have not been described in detail in order to not unnecessarily obscure the present
invention.
[0016] As dimensions of integrated circuit devices continue to decrease,
propagation delay must be decreased, which may be done by lowering the capacitance
of surrounding dielectric material. In the specification and claims, a low-k material is
30  defined as having a dielectric constant k<3.0. Such low-k dielectric materials may be
silicon based, such as silicon oxide, with organic compounds, to lower the dielectric
constant, such as organosilicate glass (OSG). For silicon based low-k dielectric
materials, such material may be formed to be an ultra low-k (k<2.8) by forming
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [0015] The present
invention will now be described in detail with reference to a 20 few

pr ef er r edwornthudisnenat s t hereof as illustrated in the accecpansgémngssraw ngs.
In the foll ow ng description, numerous specific details are set forth in

order to provide a thorou under, st andi of the present inventign. It wll
be appar ent ,naﬁme%lﬁ,tﬁ? g?“gg diedggig @atepﬁfg‘ﬁémalﬁ trf,’fe‘gﬁg?o PHEAREEH TR nvent i on
may be practihgaddiMetirubase or all of these specific details. In other

i nstances, well known process steps and/or structures 25have not been

descri bed i d0@ER]ai | In sengeatsiuctoo viadirsurameb éss Y FTly) dlak damasceree D)esent

i nvention. [0016].As di nensi pns of. i nt.egrated circuit. devices continue to
door oo, prORSUE o BRI ol e B S A R 58S it

| ower i ng 5t heyrganaedhpdiettsab pfovideorddicngietict]cawhktast HA@EQIJséd o Vaiotihe

specification and clains, a lowk material is 30defined as having a
di el ectric dersangndurkngsetch angyetist sgiie Rrogess| dae expospalay-Kalideqtig materials) i con

based, such i i ' ! %gﬂi o TROU er

dielectric ca%%gﬁégln a%%ﬁgﬁ&ggc}lés\rwlgéaﬁlggé I céitcgggrge%gss ’}?@é@, W&a {nlgg%n based
| ow-k di el edh¢ludesrcabugdels ah matesiaCéompds@fonak.gayrbos dépleni®d, inorphelayy ul tra

| ow-k (k<2.8) by formn nanopores in the lowk dielectric material, which

i s referred EesH¥ oRRAGHEYotRd/Rf WFi3ce BRPRIYS ey eBidreRhORgt ta hydiophilish 1719 n

sem conduct [ [ M - Ssi ng,
ST Sondge Ykl fibfo khERGo AR élgenléﬁt%ﬁ?‘p%ﬁl@%\‘ffﬁ)ﬁi%i%r SlanERAESS
50r gani ¢ conjeeiveryicdd tass pudden Batdlitydaiduresli ‘€haerefiore, cedvoimgtdantagaderiexjooskd t o
various reactants during etch and resist strip. prqcess. The exposed | ow k
diel ectric MUERTSPENAIE BroSrBaARRdTSPos CHIcGE TS Hcs S SHINERE cal s.
I'n general, J-owxingdalRbke hePLVGRSuEAANLRE) I0%- Rl i, 1feQRRSbd 198 & 9.
carbon depl etion), norphol ogy (density or porosity), and/or surface
property (e.bg.readilydemphesbbcdilue FFchobpien iliciy a cPmenonOpractiva dedudngiyetowrs | onger

possess the intended dielectric properties, and can |ead tq.device yield
oas andror ParTASRRES el Sl BPErbERe BHRRT 1055k Sla BE) S
diel ectric eagpiesihldilpte 1B st1@6OEFQ MRS orbiteul R Sdw-kIdidlé@at nabddal 80gES 1 n

sem conduct or processing. Unlike the pristine (undamaged) |owk materi al s,

t he danmged dagipse maybepecreasgd begaupcaths pares pyovdda an iciapsedshifageonea pyerj s a
o vy . d oto
by moasur  ngV iF i GURRE il oW o ey RLPIELlo HRTRGR irb itn B Gty St 11 P

sol uti on. Faadibanepbirots dididdtdc fibnw- k di el ectric material, such damage may
be increased because the pores provide an increased surface area over which

the damefe MAW8ccuFEfaryhtrdrenmpde dxtdbes drpagsduanairyfshiddeetds e9hragi ng
radicals wi tslaii@%toessseﬁ efh%ﬁ&r{ﬁ,r g{tfnilétﬁ'ads%q tﬂeo&plﬁ%ﬁs&o%f%téﬁaa\ﬁa sBEFHoBRAS to

reduce damage during | ow ectric etcha
by optimizing process chemistry, hardware configuration, and/or plasma sources (e.g.

RF vs. microwave) etc. have resulted in only limited success. As the dielectric
constant (k value) continues to reduce, and the material becomes more porous, and the
25  critical dimension becomes smaller, damage becomes a more severe issue in the most
advanced integrated circuit processing.
[0019] FIG. 1 is a high level flow chart of an embodiment of the invention. In
this embodiment, a patterned organic mask is formed over a low-k dielectric layer
(step 104). FIG. 2A is a schematic cross-sectional view of a substrate 210, over
30  which a low-k dielectric layer 208 is disposed, over which a patterned organic mask
204 has been form. One or more intermediate layers may be disposed between the

substrate (wafer) 210 and the low-k dielectric layer 208. One or more intermediate



strip processes. The prior art methods of the optimzation of etch and
strip processes by optim zing process chem stry, hardware configuration,
and/ or plaermaiigsweees (e.g. RF vs. mcrowave) etc. havePcgdiskaieasisn7 only
limted success. As the dielectric constant (k value) continues to reduce,

and the material becones nor orous, and the 25 itical dinension beconmes
smal | er, daﬁﬁ 5B Ma&tlﬁﬁﬂiég%%wlag’if&%‘ée ! Qsﬁé{’%@fm ﬁaﬂa?'& elefiriSgr at ed
circuit proqgrs$h0gand AR IAlEME ofeah® RaskiZgh, | evel flow chart of an

enbodi nent of” the invention. In this enbodi nent, a patterned organi c mask

is formed oM802( | olWh& sulistrhiedtlPiicplheadan a(psocpsingwpl (Fpd 082AFIG. Jisgachemat i ¢

cross-sectional view of a substrate 2 ver 30 which lowk dielectric
Tayer 208 1 SchapisdthPeyler MR RnE Gl PeriE g s A e Be ¥k e been
form Ong oreniBydemériof (¥ EHtOn! By QliSeiBimentdihg chileioE 80D ddhgprisdpst r at e
(wafer) 210 and the lowk dielectric |ayer 208. e or nore internedi ate

| ayers, such &Baiaghaher pe4.|agddvialiy fgaasnHgproersing ehambgyp saeh Heatoheen3he
| k diel il i 4 Th
subst rat o o7 parisELptide 315, SHEBARLRIAEMCLPAT LRI B8 R g | PRRE The

schemati c t ahambevd(afand epoheseXSitaglldow @hovdtent dfal wafey inbeants@d off thetBgair
preferred 5 enbodi nent of the invention. In this enbodinent, the processing

tool 300 corfdrmBes’y andphwpliypd stsbers308; whilemangdining agpcWiBs ma pr ocessi ng

chanber S s e 10/ - W1y I sport
nmodul e g:(L)Z ﬁg%ﬂaceg{:@gé\/\%en tﬁg’ @gggl?sﬁﬁ%'ﬁ%r%gePﬁg%&iﬂngﬁg&ésé)gg?%&%gﬂ to

al | ow novenght atthesproadseing itortl 608nwhareih vaduunhs arepal. r'Thehteamseort 3104ula3d?2
plurality of etchers. 308, ile maintajni a vacu 10[ 0Q21] I.n this
Brbod ment . S s e 20 B o7 Bl AT B A OhOF ERIAVETES 1 ¢ he
processi ng teph 30des WREH lé‘wllécﬁé!!é&hb%y‘;e,f £A2) Themty dsdaghéncmdul e 312

moves the substrate 210 into an etcher "308. In the etcher 308, an etch is
per f or ned t ergavieimigatshasstiipped (st 11 @wHGd2Blist sqhiematiayross-¢estiepal viy . | n

this e di nent .. th ani.c k. is. then rj S 116). F 2B is a
schemat o crBasitfs DI Pl i tic 8 25 MBS RFE i heenielt 1 ¢

| ayer 208 afih@rthé Raf-U H%ecZﬂ@laEMSbﬁhﬁmh@@@Bﬁd Ak Bad benls@¥pped diethect ri c

| ayer 208 and the organi c nask has been stripped. In this enbodi nent, the

stri ppi ng i $nphediaenietie stippig iepefemedagtheatchst ARy arskrficmbodsnenss. gt ri p
tool may be I r , rt
modul o 312 nogoett he9 bb Bl el SHERRNpMPRE e 3E2 WS R dSudd ARSRE
W t hout br ealirgovel ehe?@bwaae D0 rpMARL Eifhe 208a0apatpt tooh eitheutBh2akifethe moves
the substrate 210 to the repair chanmber 304. Preferably, a single plasm
processi’ly CHR&WHBr with a single electrostatic chuck holds the substrate

210 during tjgaAt Chirhgya Eg%@e&rﬁ% FARELRRVE! MY subdhel 186 aflABFait N the

singl e plasma processi ng
chamber 304. Preferably, a single plasma processing chamber with a single

electrostatic chuck holds the substrate 210 during the etching, stripping and repairing,
which are done in the single plasma processing chamber.

25 [0023] In the repair chamber 304, a CH,4 containing repair gas is provided (step
120). Preferably, the CH,4 containing gas is at least 5% CH,4 by molar flow rate with
the balance being an inert gas such as N, or Ar. More preferably, the repair gas is at
least 50% CH, by molar flow. Most preferably, the repair gas consists essentially of
CH,. The CH,4 containing repair gas is formed into a low pressure plasma (step 124).

30  Preferably, the low pressure plasma is maintained at a pressure of less than 50 mTorr.
Preferably the plasma is formed with a bias voltage of between 0 V and -100V.

Preferably, the plasma is maintained sufficiently long enough to provide a repair layer



25[0023]1In the repair chanber 304, a CH4 containing repair gas is provided
(step 120). Preferably, the CH4 containing gas is at |east 5% CH 4 by nol ar
fl ow r at ewoizoh/ashes2bal ance being an inert gas such as NPCOMUS20L0/08437E
preferably, the repair gas is at |east 50% CH4 by nolar flow Most

preferably, the repair s consjgts_ _essentially of CH4. }%g cont ai ni ng
repair gas i%tHdf o t]il%\/é%rzg"g&P'ésuﬁ‘Fea@ thea bg pemoy, .fr%?gé?eeferably,
t he IOM/preﬁﬁg&ggﬁéaﬁmgoogﬁaptﬂgained at a pressure of less than 50 mrlorr
Preferably the plasma is formed with a bias voltage of between 0 V and

-100V. Prefdexabiple the plasma is maintained sufficiently | ong enough to
provide a r i f, layer with.a thickness of. | ess ng 5 A..The substrate may
then be remdUatlr r o TS BrofessiTRe ehot abefipsris o By enisniere® s 024) A
nore spegi fiabx Pl Bwhére @it BNDRicMRA1c 18Yert208 id AMAVPbRAIAS BFMbHRE@
S5substrate 210 where the lowk dielectric |ayer 208 i s a nanoporous

or ganosi | i cal#sgilhe srgamsangskg@diita madticlayeuphagorgsiph ask-qogipaisingHE8 e si st

mask conpri sj LSt { i.refl |V ing, and
an o gantc. pIRRatTd P RRE SaEeh s e A G AR Sl BER 1881
pl aced in the4processing tool 300 (step 108). In this 10exanple, the
substrate 210 is placed in the transport nodul e 312 of the ?rocesslng t ool

d
300. The trdfdpdrt ABaitmbstrae2]RdvRlacadia taqmeessaing (ool g0p btem 1@ c hehisos. 1n
this exq@pl eexg fel,J{ %uﬁs]tl%te(fll(ﬁs ?a@}d E‘f tﬁe %ﬁg}%ﬂ rhmu?e Bffoij RN K)_cgés ctric
t & mas i pped ]

| ayer (step 112) an e organi IS st step 116) in tihe etcher
308. Conventtodri®l). dihgamnosiort madwde 3l 2aswvet thhisulgtrared 1photoeebersiOSstin kippi ng

processes my be used. t hi xanmpl e, the.transport no e 312
Toves the S eRPIR BHaiES 270 (kb 2Papin St AOare Bk ety GERdhehat | ¢
view of a plA3nR HoRGe Rk CHFRged 06 iNate &BYerBO8 UEBHVdnRoh41e preferred
enbodi nent of the invention for treating the repair layer. In this

embodi ment , arganopiligatnglyss oichingiand pholarasist stipping prgeesssemag dafusetement  ri ngs

and an’ danadlt R 96 it S Bt E TR CTa e B TR AL OBl Ce a2

Q her gas sQupdishafibr 3G OFITRY iDE s¢Hetatid &tkv 6f £plakil pRiceMinge-hamber 400epai r
gas conponents or to provide gases to perform other tasks, such as

strippi ng t Hbatgpot ksyussl &1 theyyretpired gmbadiment o dbasBiverficnHanteatingdle reppis
. S5t | ' |
substrate 2 égyér.s PR édu‘g’({h%ﬂeﬁ{p&l@ tpﬁi%ﬁng p%\és%g%gé SEfhiRg %oéE&aBJQ:‘s‘ ower

el ectrode 4 I ncorporates a 5sui rate chucki nmechani sm (e. g.
el ect r ost at iconfin@adm ming@l0; laanpparglecdiodd Be4,lailkepr dlestrdde 408 nggdsheuisabst r at e
210. The reactor top 428 incorpqorates the upper el ectrode 404 di sposed
i medi at?®l y DPpyyt aneexhpest peiRe28) dde g%@ﬂf&@éﬁ(*mglpﬂlﬁ@e@r CBl 821 1o8Ere 484,

I ower el ect rggley élag%ou& 4 £ONT 6 %ﬁ@?réd}i&@ﬁg%&ﬁgﬁ%%ﬁ@oih@ﬁreggi'i‘f hoed plasma

vol une 440. Gas Ts supplied to t onfl ne ma vol une as source 410
t hrough a ga®sn@Onems et tofpiGvidndases teepenunsit alibrftastisn subleaconppingthepl asma vol une

t hrough the confinenment .ri ngs 402 and an exhaust port b hge exhaust punp
420, The ex AGETeghimeY 30 PROPAL Oege Sitet J0bind b EHE S ARSHIEEE] ng
chanber. A figbfihdiowePelb&odt4dsl ThelGedildl&abiy 40PMREHbaGkstuihBle UpPer
el ectrode 404. A second RF source 448 is electrically
25  substrate chucking mechanism (e.g., electrostatic, mechanical clamping, or the like)
for holding the substrate 210. The reactor top 428 incorporates the upper electrode
404 disposed immediately opposite the lower electrode 408. The upper electrode 404,
lower electrode 408, and confinement rings 402 define the confined plasma volume
440. Gas is supplied to the confined plasma volume by gas source 410 through a gas
30  inlet 443 and is exhausted from the confined plasma volume through the confinement
rings 402 and an exhaust port by the exhaust pump 420. The exhaust pump 420 forms
a gas outlet for the plasma processing chamber. A first RF source 444 is electrically

connected to the upper electrode 404. A second RF source 448 is electrically

6



connected to the | ower el ectrode 408. Chanber walls 452 define a plasna
encl osure in which the confinenent rings 402, the upper electrode 404, and
t he | owerwel2enivosowe 408 are di sposed. Both the first RFPsoISc@048387and t he
second RF source 448 may conprise a 60 MHz power source, a 27 MHz power

power 1ot naofestid 6aEe Biver BRCkTEiA0S. Kr3ae( v ey BN BERATE oot r1 ¢
et ch syst emigRdgcPMe ko RaRaarink 4@0215 aRMpbeIdIMAAE 454 B Mo 106R! Ekokdiea may

be used in a preferred enbodi nent the invention. A controller 435 is
cont rol | abl Y08amndispasdd.t Bothitbe first R RBrcscldd ead dessecoddRE souedd44mgpur ce

448, the exhaust. pu 0, afirst c | valve 437 co ed to 10 the
G’ gas. sourdapiiss o MAgafierishiteof 20 M raSy RRE e 1 SIEORTTS) val v
441 conngct adufce. DifergaSconibifitRbs 8fdonnddithg RiMoWasoitid @bctddid aRy giskiBRS gas
fromthe gas sources 412, 414, 416 into the plasma processing enclosure. A

shower head nmay3O® Egplaa@idex Eb didhectigaetch pyssam ayde byfanglResepighet 443 may be
ingle inl : . iff t |
A e M B R

conbi nat i onsinvdn®ioa.7 A\RdnGoll&A 38rid caidrdllablysionadcgedocldiitst RE seywist end 50€, whi ch
is suitable for using as a controller for the grocessing tool. Such a

control  er rEPMREEBECT 4+ Ferapai Prme +Ststisheadrobstiieen’ eRmrereit
process 1@“6@9@@%1@%{1%&9%&&@2 agécohh%oﬁgagﬁ%%g'aﬂdMﬁrcp&&l%%@alw@ er. FIG

5A shows one possi physi cal formo conputer systemthat may be
used for theoonstadatoltler gab3burce¥ 4 thydil 6.eThe bas inknpdd proveles genfiromythdigase many

physi cal forns rangj froman integrated circujt, a printed circyit board,
End o omal | SROFENG 1 -dbvi1Bah e BleSh ipEes s losiisu o monesiarEn By st em

500 i ncl udes:ofndrRdl e éﬂgnleMﬂJ.sﬂi@%s és 48 VS NGingRGnlcArodbalh ki ve 508,
a keyboard 510, and a nbuse 512. Disk 514 is a conputer-readabl e nedi um

used to 25 tsoaresfoen deffarenttinletiod edahogas sourpeiver phyaite of BOWs ffreadeda| G 5B i s
an exanqle o% a bkgé& diag%qg}for conput er system 500. Attached to system
bus 520 Ps a°WiG8" 9LET Byt “UMBeY s, Processor (s) 522 (also referred to

as central goorgssi FIGYIFA snd 3B RIS adbeh putt Y€€ (500 SHRER gSsudeME €8S,
i ncluding menory 524. Menory 524 includes random access nenorg (RAM and 30
read- onl y merBrRyas@morjrollodor the peqcessiroigal. i Yichgeoatrollermmy becyssd {1 t r ansf er

data and instr ' Iz dhr ' ' ed
typically téhP%%%g g?“%%%gggﬁ (%hg'rﬁctﬁ%%g%{ﬁ?égﬁﬁgﬁ% geg ﬁgﬂé manner .

Bot h of theggodegesn die presens tlesnbrRy Fith GAUg®warye pusditlb prydigap €oraf oftdhe
conmput er -readabl e nedi a descri bed bel ow. A fixed disk 526 is al so coupl ed

bi - di r ec0i orfRMPRE Y P i mayibe yspoiar desconyallen tiRalOlarecsPs cageiCapaci t y
and may als %55@51' HACh A By S AFTRI ﬁhgiglggﬂﬂp h@idiEhdd Qﬁéﬁ{, ?%ﬁqw%e' ow.

Fi xed di sk 526 nmay be used"to store prog data, and t e and is
typi cal | y a sreoohbdadyarsht osmagkbhandtieldnie{ise op t@as hagehaupdr dingkitert Katmpugers| ower

than primary 5stao e. It will b ppr.eci a g t hat. tB i nf.ornati ret ai ned
W Thi h 11 e VPO IRy A Taieg SO o g RS 60 dio bt Pt ot S e
standard faghiBeh@S10,ant 4dhoE8BPS Y Didk ITBNPE ¥orngdter-RAIMIARMQivtH Sdedrd 4 may
take the form of any of the conputer-readabl e nedia described bel ow.
25  transfer data to and from computer system 500.
[0028] FIG. 5B is an example of a block diagram for computer system 500.
Attached to system bus 520 is a wide variety of subsystems. Processor(s) 522 (also
referred to as central processing units, or CPUs) are coupled to storage devices,
including memory 524. Memory 524 includes random access memory (RAM) and
30  read-only memory (ROM). As is well known in the art, ROM acts to transfer data
and instructions uni-directionally to the CPU and RAM is used typically to transfer
data and instructions in a bi-directional manner. Both of these types of memories may

include any suitable type of the computer-readable media described below. A fixed
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[ 0029] CPU 522 may be al so coupled to a variety of input/output devices,
such as 10di spl ay 504, keyboard 510, nouse 512, and speakers 530. In

gener al , W0 20psbdeout put devi ce may be any of: video di gpirapsoionszsek ball s,
m ce, keyboards, m crophones, touch-sensitive displays, transducer card
readers, magpetigc .or paper pe readers, Lefs, styluses, voice or
handwr i ti ng i 2P ebued RbSreeBelbinan ) S5 Sopuhex bty datd cpy 522
optional |y nidtafecpaMBl £ they ANOIRRIde GRYBEIE coffpurkp-rdAhsIe HEMNISALEBQANS |
network using network interface 540. Wth such a network interface, it is
cont enpl at edetdvat Fixhé dGRI2 fringplytbervgediostore pfegrams.idora, fimbhetive anéiswor k, or

m ght output_information to the network in the coyrse of .performng the
Above- deser BREY Rt Rean s ot aramiR ek & hBEGRRREE HBRtRa bERa
present isnNveRdrh@) QY1 BX 53t @ats@ ik theURRAM&IRYA R&2ncl Wiy fiR¥@alkS20ver a
network such as 20 the Internet in conjunction with a renote CPU t hat
shares a poripin aiPrepietdeasee $sinrgrrqraodo] standaghiashion as swysUing@Arsinof t he
present inveptij r I r rod ith a
conputer-reéﬁ%tﬁ@f%%dﬁﬁﬁﬁvﬁﬁf%%ggggg%%g%%gieg%%ggﬁﬁgfgéﬁa%%rﬁgéﬁforning
vari ous conpeidable m@lieaestibed bpewat i ons. The medi a and conputer code may be

t hose speci al |l y designed and constructed for the purposes 25 of the present
i nvention, dP0ey FRY B BRY bhelskronplsteria verswPTARRIURVLL diriieest BichRdse

havi ng Sl@ ! 'dég{‘%%ﬁﬁ, 5&%‘3& 10?9105%@5@, ahd ﬁpgﬁﬁ%’?%@dt)ggl %%fg_eltaﬁrﬁgii ft/output

conputer-rea medi‘a 1 nclude, but are magnet i c di a
such as har dledics hsy Hel amppy: didskdisplaysd tradgbelsi mideakeyboads,i m@lopieoésa such as

CD- ROMs and hol ogr aphi ¢. devi ces;  magnet o-qgptical media such as floptical
i ks and. HETSTERaRUEgsREY. EREuPaRE Fan e 1 ishE GhPIRGLrEa S or e and
execut e progrBl CRHABsesSHSR: &%a%_@@zh’tiﬁ??éc@Qﬁi%&@,%i&h@tricE‘Ee%gé@t &bigdrcuits
(ASI Cs), programmabl e | ogic devices (PLDS) and ROM and RAM devi ces.

Exanpl es of coomptarsCREbH22 dptinalde masidhicaepledtieanothee homputpr @duced by a

conpi ler,. and files containjng, higher |evel cod hat. .are. executed by a
Comput erts o teslam T Rn e ARl B0 Gl Be kRS ho by SRESES ovmout er
code transmihfefdcd)¥t i csmplai tiatide SPUNRIghekbad: Borinhtidn Gait ther wave and
representing a sequence of instructions that are executable by a processor.

[0031] I n t hitgtweekngy mighhoypulsrEormatiofetodhe pelsy oy insthp sPwhef RIfop@erthef 50
tts 5 at . f f . 50 nil
for 15 secontoiEqp @l BRmp R0 rbtn6RTlRl I kel SRR RS O ™ P

RF power fr dguemioy ntfy edtcdteasély2ipoMIPTNSER @ hoyelechetoneenndwbrk S@hwat ts.
[ 0032] The transport nodule 312 noves the substrate 210 fromthe repair
chanmber 2804 tBaintginetipsoyppetidsyithya feprte SEY hat dgres apprtionef[tboRSFFS§%&not her

preferred er[@g%grrenin aci R I ol FRECGES M i Rfher RHE0AS the

processi ng ch er 400 may be use or etching, stripping, and repair,
wher ei n t he ®uipstar atoeag2 Phodistselvigle b cospatti-callible bedngh that hdve dompeter el ect r ode

408 during th t chi , SLri ing, and repair. [0034]1n an enbodi nt of
the ot end, tode Blefotntie pettrnlB! Hipuh B b o tieenies badals I BRSeADY oons s

and before tha csHPakr ad® sy B@meyeeﬁ;eaagyu&ﬁgnewa%%@ﬁétﬁﬁteuqaﬂ t;he?HﬁJ@sésuni ng
is described in US Patent Application Nunber 12/604, 222, entitled METHOD

FOR TUNABLY dRERANRINGIVENIA, DI e FORRILE abahaaEd wisll kspeplhed agiilakledodhosal . |
R T W T
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
30  configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,

and files containing higher level code that are executed by a computer using an
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20[ 0035] An advant age of the inventive process is that the inventive process
provi des a cl eaner deposition. Qther polyner ingredients are believed to
provi de two 2nuaisoqel yreri zation. It is also believed thaCTiuseoloos3pi as
reduces faceting. Experinmental Results [0036]In an experinent conparing

damage wi thqut the ipventive Rr cesa. wi th 25 damage using the iﬁgventi ve
process usi AgCENCEh oV eMPES 158 media may 3lsq be opny ffrtCPg‘?] ﬁnsélfll;t. 'PXl?e_s, t he
fol I owi ng regplfuter Wetaidn@dbodifteinel Ghed J K_tHA BSHridehf] aséq]h@ndemfentl ve CH4
recovery process was found to have 7 nm of physical sidewall damage after a
45 second 100stiucHPngthpt arekescetabtedhedpoeessares with the inventive CH4

recovery pr wa ound to haye | ess than nm of. sical sidewal
g af fendEo 4aiuaRmphon Pigpads fenciithey FPelind REPpER phaf SHE
capaci t agce & GOMIEAbLW RS 1okt dFOD st of TYERE b Y& of ST ARFr foRS$S fddngs. t 0 be
1, wherein the normalized line-to-line capacitance for features with the

i nventi ve CHhereafentemparatire sunaintagnadet 809, Priagklyothe RE poveasdregeensaer t hat

2011/ 05006280 o er ous i OIS EhATARI oxper i ment . anal ysi s vas

performed orfoese)ul t Tae trangpkrtdh@iu@es 12 @olayke su bl 2befonethdasmpe was done
on the ULK, after danage was done on the ULK, and after the inventive
repair was pErmBENY Bt of He paeseatieditool ROO gsfep 128)-shows the Si-O-Si to Si-C
ratio frgm ggogsiR-| § & SHELSMBAEMBAY §5in k mRgerhdbd and

r epai rec} ULﬁ. F-cqr a pr@??{;@ULKt e 5-0to ?-pg&srétgﬁg I'S gS.%. The
resul ti ng daelyedthbipkodesssngaciamber 4@0 Shy Ge nsid for efching, 48ppingdind a¢pang

damged UK GRETNGEESFaE O g ebERA R B COlE ST ags BOBPSHE 0a
whi ch shows thbakhiBesdihiing ema\&layr. met hod recovers nost of the [ost carbon.

FIG 7 shows the water 10 contact angle for a pristine ULK, damaged ULK and
repai red ULKOO3H shbwmn ¢mbedi@entpf thehimvertiont i plasiol kuiag may he pervidedrifge t

anich 1955 MG RPRT SRRE T wATEER SRR b o RRneP Rl Rulh i

has a hydrophgihg ¢ dat@edarNiSRitem P piconBGumbél ICMcRIIAS erithRl MREHOEEOVEr Y
is alnost conplete. 15[0038]Wiile this i nventi on has been described in

terms of seVEPRITUNABEN RGP N DildieTRKe DAN &f4: pyécphen Sirard

per nut ati ons i i I f it N of
this invent i%ﬁﬁ’ fﬁgﬁgﬁuel Sé&%ﬁig%adéetﬂ%lt%g%ﬁ?%%@aﬁﬁ%r@tﬂaégﬁg%yog?eﬁer native
ways of i npllexenPRagP19R, amdt mocipoains] mpRédraidcdSesalbpurpbespr esent i nventi on.

It is theref ﬁre intended that the follow ng appended. clainms be interpreted
20as i ncPudilf®3Yi 1 Soadvantess Aithoiyentieriipteat IS thaiyertisrpest e

equi val ent's @sifial 4 iR bEpdsRnt OtRerRiyrhd: iRBHARAQRR Qiict o580 too

i nventi on.
much polymerization. It is also believed that the low bias reduces faceting.

Experimental Results

[0036] In an experiment comparing damage without the inventive process with
25  damage using the inventive process using an above recipe on a 55 nm half pitch
trench structures, the following results were found: The etched features without the
inventive CH4 recovery process was found to have 7 nm of physical sidewall damage
after a 45 second 100:1 HF dip, where etched features with the inventive CH,4
recovery process was found to have less than 3 nm of physical sidewall damage after
30 a45second 100:1 HF dip. Normalized line-to-line capacitance for features without
the inventive CH4 recover was found to be 1, wherein the normalized line-to-line
capacitance for features with the inventive CH,4 recover was found to be 0.9.
Therefore, it can be seen that the CH,4 recovery reduces the physical sidewall damage.
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CLAI M5 What is clainmed is: 1. A nethod for repairing damage to a silicon
based lowk dielectric |layer with organic conpounds, where danage repl aces
a met hyl wotaohsdseo silicon with a 5hydroxyl attached POTAiISRI10OM3377
conprising: providing a repair gas conprising CH4 gas; and formng the
repair gas whil e maintaining a pressure ror.r;

repl aci ng hy@{’@yl iﬂ’f‘é’ S RTINS BT SR Pﬁléfgﬁgﬁf ‘?nr%ﬂﬁ‘frﬁ 0 iaf’é cHigr med

by 10t he reiqaj(err (QE &) befbre E[;hﬁa%wmgne 3# tﬁeemkeﬁlftérraaﬁiagé Was a@nefmﬁﬂh@l nha flow
of CH4 is at 1east %o r flow of the repair gas . The nethod, as

recited in dUIaKnaIIZl,aftmh&reenwmlherefp@rrrwaﬁgaetfhgnfm esthe dasegeChUbKaﬂGoﬁtage oV
to -100 V. 15 4. The,. hod,. Aas ited i rther I’ISI rovi di ng
o RE power etk TR ES B S Sonan 4 T dr gl e B RN RfbRen s 6 %0
watts. 5. Thenaped 00K ardiSrepAFIAEIUKI Fofh piisHire, UMK @hiee$inO th 8i-0l ragdi 334,

mai ntained for a tinme sufficient to provide a bonded hydrocarbon | ayer with

a thi ckness BF Pedung dumesd NLK bas ahieOreShbaatiast »&df tiadicatingclealetads,
| ove ka0 anlti ARl 1O S PUOCEL RRbely IR BT icS [1F Sl dnaRo o]
C e S Ef e(fgt

| ow-k di el ectri ¢ |con base ric layer
through the p@hﬁa@;ze&sﬂtmgmﬂm wahd SHO tpPi-O gattoef 4ater, ahesi shbwedsk thebef or e
providing the repair gas. 7. The method, as recited in claim®6, wherein
the silicon Cgég@aoyeéwt}mdépwﬁslreost of the'lost carbon. FIG. 7 shows the water

10 contact angle for a pristine ULK, damaged ULK and repaired ULK. As shown in
FIG. 7, the pristine ULK has a water contact angle of 91°. The damaged ULK has a
hydrophilic water contact angle of 9°, which is a significant reduction from the
pristine ULK. The repaired ULK has a hydrophobic water contact angle of 86°,
which shows that the recovery is almost complete.

15  [0038] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and substitute equivalents, which
fall within the scope of this invention. It should also be noted that there are many
alternative ways of implementing the methods and apparatuses of the present
invention. It is therefore intended that the following appended claims be interpreted

20  asincluding all such alterations, permutations, and substitute equivalents as fall

within the true spirit and scope of the present invention.
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25l ayer is a nanoporous ultra lowk dielectric layer. 8. The nethod, as
recited in claim?7, further conprising nmaintaining the substrate

t enper at Wwe 20eldwed0 C. 9. The nethod, as recited in clParms2@0/0943¢Tei n a
flowof CH4 is at |east 50% of a nolar flow of the repair gas. 3010. The
met hod, as recited in claim8, wherein_the repair gas consists essentially
of CH4. 11. The nethod, as recited |ng%ﬂ5Ln11 wherein the silicon based
| ow k dle|eQWhmgskgﬁﬁ&ihS a nanoporous ultra lowk dielectric |ayer. 12.
The nethod, as recited in claim1l, wherein the repair gas consists
essential |y lof CHYmegkg. fAr rephiniog dhoagd tor diheprf waedilopsk idrelextrad layeromithased

| ow-k dielectric |ayer th organic ounds v npr|S|ng
ol aci ng. ¢ he dies S el SRR AR AT iate R s legp ST,
substratg sqgﬁgﬁ@1aummcdu)mhaﬁﬂ@@h@gnmgatures into the silicon based | ow k

dielectric layer wth organic 10 conpounds; repairing damge to a
silicon based IomﬂRWdH@F@@P$T%w$%§ﬁ¥muﬁﬁﬁiowﬁaﬁﬁb conpounds, conpri sing:

providing a repa%nﬁﬁg e %ﬂr ﬁés“ %a&ﬁé W}ﬁﬂ:dmalntalmn%a presiuL belngoé?S‘ ng the

repair gas into a ai ni’ng a pressur rorr;
and InTonJepIaC|ng hydroxyl attached to silicon with nethyl fron1the
pl asma forned by the regair dechucki ng the wafer, wherein

the wafer is decHERREAS miryxgl att‘é?hetdéﬁa}hFP?@’“thH%etB&rfﬁﬁ% theyjasmariosmpdbrod, as

reC|ted1bn QB@k%h&%a wherein a nask is over the silicon based | owk
dielectric | aye organi ¢ conpounds, and further conprising stripping
t he nmsk. 2. The method, as recited in claims 1, wherein a flow of CHy is at least 5% of a

molar flow of the repair gas.
3. The method, as recited in claim 2, wherein the forming the plasma uses a bias
voltage 0 V to -100 V.
15 4. The method, as recited in 3, further comprising providing an RF power with a
frequency of at least 27 MHz and a power between 5 to 50 watts.
5. The method, as recited in claim 4, wherein the plasma is maintained for a time
sufficient to provide a bonded hydrocarbon layer with a thickness of less than 5 A,
6. The method, as recited in claim 5, further comprising:
20 forming a photoresist mask over the silicon based low-k dielectric layer;
etching the silicon based low-k dielectric layer through the photoresist mask;
and
stripping the photoresist mask, before providing the repair gas.
7. The method, as recited in claim 6, wherein the silicon based low-k dielectric
25 layer is a nanoporous ultra low-k dielectric layer.
8. The method, as recited in claim 7, further comprising maintaining the
substrate temperature below 60° C.
0, The method, as recited in claims 8, wherein a flow of CH, is at least 50% of a
molar flow of the repair gas.
30 10. The method, as recited in claim 8, wherein the repair gas consists essentially

of CH,.
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15. The nethod, as recited in claim 14, wherein the etching, repairing, and
stripping are perforned in the plasm etch chanber. 2516. The net hod, as
recited iwocbhuiosso624, wherein a flow of CH4 is at | east PE¥uUsko@/onssiar f 1 ow
of the repair gas. 17.The nethod, as recited in claim 16, wherein the

form ng the plas use bi as vyol tage between 0.V to -100 V., further
conpri si ng ICiovi gﬁﬁdn%fﬁocglﬁs f)‘?f\’/&ﬁ%{l%lf‘ é Yhedgindpeyligm '%ﬁgec?%é{‘é{‘ dﬁe% and a
power bet weqRye? i PnafdphRfut S1EANGwWINEERLRiclIMR30 plasma is maintained for a
time sufficient to provide a bonded hydrocarbon | ayer with a thickness of

| ess than 5 1&  \WDe20dthdd 50 082PCT ¢JS2D 1.0V 0FSB e rep8ir gTheonsistsirogkntialdy r eci t ed
in claiml5, \eﬁfrei n the repair gas consists essentially of CH4. 19. The
nmet hod, as roéc' “ed in claim 13, wherein the repair gas consists essentially

of CHA. 520.1A0 apRafediddstof ArmifY féhideesfigakiices bhsedadowil dicloaribased wiw- k
dielectric layer with organi c conpounds over a wafer and under a mask,
conpri si ng: WEPlGsAPPILE exiawafen apmersingonpri si ng: a chanber wal | forning

a plasma processi . encl e, X a substrate support
for supporting aﬂ\?\%?@a\}w (T”rr%ﬁlfca gassp aa%c%Chﬁpgggssi ng 10 chanber encl osure;

a pressure regul ahackih@therveged tata sagsttdiesyppegsure in the plasma processing
chanber encl osure; ] at | east one el ectrode for providing power
to the plasma prdé@ueg kgtusssdpiodhe ailepmasre lovpK digleqtas lyRgWHEh predBita; 15a gas
inlet fqp prc%{pghg&;gas into the plasma processing chanber

repairing damage to a silicon based low-k dielectric layer with organic
compounds, comprising:
providing a repair gas comprising CH,4 gas; and
forming the repair gas into a plasma, while maintaining a pressure
15  below 50 mTorr; and
replacing hydroxyl attached to silicon with methyl from the plasma
formed by the repair gas; and
dechucking the wafer, wherein the wafer is dechucked only after repairing the
damage.

20 14, The method, as recited in claim 13, wherein a mask is over the silicon based
low-k dielectric layer with organic compounds, and further comprising stripping the
mask.

15. The method, as recited in claim 14, wherein the etching, repairing, and
stripping are performed in the plasma etch chamber.

25 16. The method, as recited in claims 14, wherein a flow of CHy4 is at least 5% of a
molar flow of the repair gas.

17. The method, as recited in claim 16, wherein the forming the plasma uses a bias
voltage between 0 V to -100 V, further comprising providing an RF power with a
frequency of at least 27 MHz and a power between 5 to 50 watts and wherein the

30  plasma is maintained for a time sufficient to provide a bonded hydrocarbon layer with

a thickness of less than 5 A

12



encl osure; and a gas outlet for exhausting gas fromthe plasma processing

chanber encl osure; a gas source in fluid connection with the gas
inlet, cowprosiasge220a CH4 contai ning gas source; an et ®0rM$2Qa®s3s0ur ce;
and a stripping gas source; and a controller controllably connected

to the gas sqQurce_and the at | east one gl ectrode, canprising: 25at | east
one processor: a 668?1‘% ’é1Fr?&ﬁ@&bﬂ@%ﬁi"@?@%ﬂﬁﬁ%@ﬁ as opptiEEEn g abl e
code for chygkippg the wafer to the wafer support;

conput er readable code for etching features into the silicon 30 based | ow k
di el ectric |1&yer Wietrhetboganiresited ipdaimal $3, venpo tler repaadatdopsisodesehoally
stripping th sk; conput er readabl e code repairing
damage to a‘gi i‘on based lowk dielectric layer with organic conpounds,

conpri si Bg: 20.  An apparatus for forming features in aGAITgoH thatedr16RdalieRc&RALyd: @ith
providing a repair gas conprising CH4 gas fromthe CH4 containing gas
sour ce; and YBHPUSERPTIELE apira wHgeafdgmdebt Miaply COM@IiFiEgai r gas into a

plasma, while maingainl Ne.ARECRIHbE, LGhoind mrorr; and

a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a wafer within the plasma processing
10  chamber enclosure;
a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;
at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma;
15 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, comprising:
20 a CH4 containing gas source;
an etching gas source; and
a stripping gas source; and
a controller controllably connected to the gas source and the at least one
electrode, comprising:
25 at least one processor; and
computer readable media, comprising:
computer readable code for chucking the wafer to the wafer
support;
computer readable code for etching features into the silicon
30  based low-k dielectric layer with organic compounds;
computer readable code for stripping the mask;
computer readable code repairing damage to a silicon based
low-k dielectric layer with organic compounds, comprising:
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5conput er readabl e code for replacing hydroxyl attached to silicon with
methyl fromthe plasma fornmed by the repair gas; and conputer readabl e code
for dechwwizog/asbes2waf er from the wafer support. 21. TReTmsSRi0w533as
recited in any of clains 1-2, wherein the formng the plasma 10uses a bias

voltage O Vto -100 V. 22. The nethod, as recitﬁd 'n.%né of clainms 1-2 and
21, further conprising providi ngcog}?“ﬁtr??gﬂlé‘?cﬁﬁ I idgeéAdit'ci®S at | east

27 Mz and g %fng@ﬂ’?ﬁ'ﬁoﬁnﬁf@ 9, Wakdifing gas Sourcel Bgd method, as recited in
any of clainms 1-2 and 21-22, wherein the plasma is 15 naintained for a tine

sufficient to provide a bonded mpdutsardsdableagds foniferming theircpanegss inth al ess
than 5 A 24_. The thodt.as recited ir11 agm claims 1-2 and 21-23,
further congPi WG e GIHGNS ARIGITr QY o588 the silicon based |ow k
di el ectrisc |ayer; etching the sidohfpferRagesiclcone for MRAeed hydtodyayiaichedr ough
t he photoresist mask; 20 and stripping the photoresist mask, before

provi di ng t He siispaithgaethyl fomn thendaspea fesaed by thegepaiegpsi ahdany of clains 1-2
and 21-24, wherein the _sjilij i gl i oy nanopor ous
ultra lowk dielectri ccoﬁéjbltee??&dg@.ﬁ%%ée%\#g %hgﬁl,gmggﬁe{‘gevgfiet %égll tﬁé gvral@e "of ¢l ains
1-2 and 21- 2appdrurt her conprising 25mai ntai ning the substrate tenperature
below 60 C. _27. The nethod, as recited in any of clains 1-2 and 21- 26,
wherei n a fl1dw of herpethed. 3¢ rqcitsd in ayopfsfains dol grheraipiedprrping thegplaima gas.

opair e cans Ba SRRV AT BN i "30 29, The met hod, as 1 eci ted i n any
of cl ai s 13214, 'Weenghod,as tdaived of ar@l—d;f cilzﬁmgitl—l asakll, 5@1&1@:‘? campméiag fl ow of
;[/\Egr reieﬁa![ Le a(g'im%g&-tll_t eg(?vE/er}ovglth g frecrluee%lc:;[/ SP at' 10ast 2y l\ﬁ—flz grl zlllr)rgwe]i -eg'véee?i t029’
50 watts.
23. The method, as recited in any of claims 1-2 and 21-22, wherein the plasma is
15  maintained for a time sufficient to provide a bonded hydrocarbon layer with a
thickness of less than 5 A.
24. The method, as recited in any of claims 1-2 and 21-23, further comprising:
forming a photoresist mask over the silicon based low-k dielectric layer;
etching the silicon based low-k dielectric layer through the photoresist mask;
20 and
stripping the photoresist mask, before providing the repair gas.
25. The method, as recited in any of claims 1-2 and 21-24, wherein the silicon
based low-k dielectric layer is a nanoporous ultra low-k dielectric layer.
26. The method, as recited in any of claims 1-2 and 21-25, further comprising
25  maintaining the substrate temperature below 60° C.
27. The method, as recited in any of claims 1-2 and 21-26, wherein a flow of CH,4
is at least 50% of a molar flow of the repair gas.
28. The method, as recited in any of claims 1-2 and 21-26, wherein the repair gas
consists essentially of CH,.
30 29. The method, as recited in any of claims 13-14, wherein a flow of CH, is at
least 5% of a molar flow of the repair gas.
30. The method, as recited in any of claims 13-14 and 29, wherein the forming the
plasma uses a bias voltage between 0 V to -100 V, further comprising providing an
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pl asma uses a bias voltage between 0 V to -100 V, further conprising
providing an RF power with a frequency of at |east 27 MHz and a power
bet ween Swvocob®swmkt s and wherein the plasma is nmaint ai Red/USer1045337Te
sufficient to provide a bonded hydrocarbon layer with a thickness of |ess

than 5 A 3 he nethod, as recited i of cl ai 13-14 a 29- 30,
whorein the %wr% a freqyracy pta @%%2? Mz 91160%13@19{ Fbehivech s 50 watis and

wherein the plasma is maintained for a time sufficient to provide a bonded
hydrocarbon layer with a thickness of less than 5 A,
31. The method, as recited in any of claims 13-14 and 29-30, wherein the repair

5  gas consists essentially of CH,.
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