Diffusion Barrier For Damascene Structures TECHN CAL
FI ELD [ 00011 The present invention relates generally
to sem conductors and, nore particularly, to a
sem conductor structure with a barrier layer in a
damascene opening and a nmethod for formng such a
sem conduct or structure in an integrated circuit-
BACKGROUND 10002]
Conpl ement ar ynet al - oxi de- sen1conduc§%r éﬁ)ﬁfﬁ '
t echnol o®iffusiarhBagvier dzoit Dam@asceba abti P e chnol ogy
used for the manufacture of ultra-large scale
integrated (VLSI) «circui-ts today. Size reduction of
gonductor structures has provided significant
TECHK&E%%ovenent in the speed, perfornance, circuit
density, and cost per unit function of se ond%% Of v, toa
[0001] chiPis rmasent invienliqrerstates @opearllya 6¥nicRBRIOT ore parucliiarty,
chal | enges, however, are faced. as the sizes, of C¥CS
. semicorfd@MbEfBcRANtitUBtia mecmeea@@ms?e@@esepﬂ@rﬁél dg pgthod for forming
chall enge is the fabrication of
such a sbiicBh@RPASalctsd muatintegsted CVAR. devi ces  typical ly
i ncl ude sem conductor structures, such as transistors,
capacitors, .resistors, and the I|ke formed on a
substrate. One or nore conductive layers forned of a
RYENDor et al all oy separated by |layers of a
dielectric material are forned over the sen1conductor
[0002] St EGHhyIERS A Prolefal- -exidenmeicsndubier €BDEpmduiagy is the dominant
struct'ures and to provide external contacts to the
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vices In conventional netal interconnect

circuits ic{d%ﬂ ﬁl% Riactibh gf‘%@ gém@&giuléﬂo@ﬁmchﬁesdﬁﬂpﬁﬁﬁl&& significant

ures, or t are fornmed 1n the dielectric

unprovcm%’? TShd speddl Sé/rkoqﬁa@c% &c%ﬁ%ﬁﬁ@l and cost per upit function of

semiconductor chips over the past few dccadcs Significant challenges, however, are faccd as

_the sizes of CMOS devices continue to decrease.

{09{]3] One’ such challenge is the fabrication of mterconnect structures CMOS dev1ces
typmally include scmxconductor structures, such as transistors, capacitors, res1st0rs and the like,
fom_lcd on a substrate. One or more conductive laycrs formed cf a metal or metal alloy separaied-
by layers of a dielectric mai;erici are formed over the scmiccnducmr structcres to _iﬁfcrccnncct the
- Semiccnductor structures and to provide external coﬁtacts to the scm_iconducto_r structures. |
Openings {e.g., contacts and vias conventional metal inferconnect structures, trenchcs and vias
in damascene structures or thc hlcc) are formed In thc dielectric Iayers to prowde an clcctncal

. conncctlon betwccn mctal Iayers andf or a metal layer and a scmlconductor stmcture




connecti on between netal |ayers and/or a netal |ayer

and a sem conductor structure. 1 10004] Generally, one

or nore adhesion/barrier |ayers are formed in the
-openings to prevent electron diffusion fromthe
conductive material, e.g., copper, alumnum or the

like, into the surrounding dielectric material and to
enhance the adhesive properties of the conductive

material to the dielectric material. For exanple, it
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tungsten; titaniumor tantalum which prOV|des good

electrorf@8S Y 8ol Rl dobiieSvd Batetiel, digebapty plomimysor thy e tecigirgthe

barrier layer is commonly formed of tungsten nitride,
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: becone nore porous.and rougher. As a result, a barrler
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non- uni ereby al | owi ng conductive nmateria
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parous low-K dielectric layer may become more porous and rougher. As aresult, a barrier laye_:
' _foxmed over the s1dewaﬂs of the opemngs may be non-uniform, thereby a]lowmg conductive
' matenal to dlfoSC mto the porous Jow-K materials. Tn these situations, the non-uniform barrier
3 layer may, not prowde an adequaie dlffllSlOIl bamer This diffusion may result n faﬂures and
other rehabﬂny_ problems, particularly as demgn sizes decrease. Therefore, there is a pced for g

batrier layer that prevents or reduces diffusion.




barrier layer that prevents or reduces diffusion.
SUMVARY OF THE | NVENTI ON [ 0006] These and ot her
probl ens are generally solved or circunvented, and
techni cal advantages are generally achieved, by
preferred enbodi nents of the present invention which
provi des a sem conductor structure with a barrier
| ayer in a damascene openi ng [0007] In accordance wth
an enbodi ment of the present invention, a
SUMMARHIGROHE WBENIEI@Nct ur.e i s provi ded- The seni conductor
structure conprises an opening defined through a
porous | owK di el ectri I ~3URStiE@hen] A
[0006] ’i?ﬁnaﬁthfe%]?fgﬁcfng #e# ﬁ%rgy}g%d{eﬁgﬁ@%?%‘ggﬁ ric |ayer
al ong the. sidewalls of. the ' : ;
advantaggs s AT e SR Pt e L e e LG i wjcd
t he opening. The pr.otecting |ayer, prefe conpri ses
providesfoieBlu@af N Stfe%lz?éﬂ%raa‘f%ﬁ q?yﬁﬁ 4% pCS’Pogﬁ‘J‘%“o% K
dielectric l'ayer and may conprise a
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sl R S P T bR R B 080 1R RS g ey
' substrate. The sidewalls of .the ogg [
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or oxidized portion along the sidewall.of .the Qfe in
concentiggonthat téeporpﬁféloﬁfoﬁ’»éie%e%%@%f aP‘iF‘é}é POTFRESE By ORSH "Hgél’mgg’ an
sidewal | of the opening. A barrier |ayer and._. .
Oxygen-couthing, iasdicomtentiiaingmgarna-esEEnipHopteisl, ¢rfae 832% i hgrrier

layer and a conductive material may be used to fill the opening.

[0008] | In accordance with another embodiment of the present invention, a semiconductor
structure is proﬁdei' The seimiconductor gtmc_:turécompriscs an opening deﬁ]i;d through ‘a
“porous ‘iow-K dieleciric. layer formed on a substrate. The sidewalls of the 0periings in the
dielectric layer may conipriée a carbonated, nitrogen or oxidized portio-n along the sidcwail of
. the opening to .prot'ec.:-t the porous low-K dielectric Ia.yer on the sidc\;vall of thf: openiﬁg. A barrier
layer and a conduc-ti\é material IFL‘;:lY bé use'd'to Vﬁ]l the opening. | - .
[0669] = In accbr-dancc with yet another embodiment of tjle present invention, a
semiconductor sn';lcture 'isAproAv-ided. A porous low-K dielectric layer is formed on a substrate, |
and an openiﬁg is fdfmed through the porouslew—K dielectric layer. The pores of thé c‘]ielecfric; | '

iayer along the sidewalls of the opening are at least partially sealed. Cne or more barzier Jayers

~~




[0009] In accordance with yet another enbodi nent of
the present invention, a sem conductor structure is
provi ded. A porous lowK dielectric layer is formed on
a substrate, and an opening is forned through the
porous | ow K dielectric layer. The pores of the
dielectric layer along the sidewalls of the opening
are at least p wally sealed. One or nore barrier
| ayers 3 are fornmed along the s wa
* are ormog daneie sanTals SRRt g tCar S oy AR el o i e
_ - the opening. [0010] In accordance with yet another
openingenbodi nent of the present invention, a nmethod for
fabricating a sem conductor structure with a

[0016] por 5 Seradan@egwﬂggc{t cfthér%m%&]ﬁ:leﬁ@&therﬁ@sdﬁ?ﬁlb&ﬂmm dflﬁieﬂﬂﬂfer.

?ﬁ”ng a su e wmth a porous lowK dielectric

er forned the 0 he
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si dewal | of the eni n h

*includes UG ? FRPSHATRTGNED ﬁmk oBLAN B Bl AN Bton. forming an
porous |l ow K dielectric ;and f

opening Bapwitdhe Ayeiric e I GpRRIFE bl OB?%% 3ftef) Jehpenin
may conprise an oxygen-contai ni ng

the proteeiibtg bgeromprsiag ahiggerrarben Palllcent[f%’f@?ﬁaﬂl the porewy gk diclectric

- Wi th yet another enbodi ment of the present i nventi on,
layer; and fomdihod fifsobarribalbydr owdr ﬁhrpg)mmgrgnﬂ'b@pr@@?@f]%gf aFGT ISR cﬁﬂnépnse an -
with a pore-sealing process is provided. The nethod

-~ oxygen-bdMediMAesr frextncionginingsodisialate with a porous | ow K
d|eIectr|c Iayer formed thereon; formng an opening

) hrough the dielectr I for S
[0011] tr &m roreREn GV el §?Q§fé pﬁ&%{mc tﬁo“afrthe rgéeﬁg]’n@% oﬁ, gﬁlé)d for

treatnent resulting a car honat ed n
fabricatipg g ﬁmlc%@,u@;pggam@éq. W}ﬂbﬁ PYg-sealing g process 1 il pr0v1 b %@ gnethod

mcludes providing a substrate with a porous low-K dielectric layer formed thereon; forming an

opemng through the dielectric layer; performmg a plasma treatment on the s1dewa11 of the

: . opening, the plasma treatment resultmg ina carbonated, pitrogenated and/or OX.ldlZGd portion of

the porous low—K chelecmc 1ayer along the sidewall of the opening. A barrier layer may be )

Subsequenﬂy formed along the sidewalls of the openmg and the opening ﬁlled with a conductrve
material.

[0612] Ir shoeld be_appreciated by those skilled 111 the art that the cor_lcepﬁon'. zrnd specific

embodfmént dieclosed may be readily utilized as a basis for ﬁlodifying or des'igning other

stroctures or processes for carrymg out the same pmposes of the prescnt invention. It should

also be realized by those skilled in the art that such eqmvalent constructlons do not depart from

the spirit and scope of the invention as set forth in  the appended clanns. :




the porous lowK dielectric |ayer along the sidewall -
of the opening. A barrier |layer may. be subsequently
formed al ong the sidewalls of the opening and the
opening filled with a conductive material. [0012] It~
shoul d be appreciated by those skilled in the art that
the conception and specific enbodi nent disclosed may
be readily utilized as a basis for nodifying or ‘
desi gning other structures or processes for carrying
- -out the sane purposes of the present invention. It
BRIFF BESURPAOSOHEHE WEIGBy those skilled in the art
t hat such equi val ent constructions do not depart from
- the.spirit an - ' bl i9Fen@iss ehd freratdbaritapes
[0013] thSF"éi8Eéoﬁ%%oglpg?t‘gﬁgﬁ%%t&fgﬁ%%gmﬁg’é%l PTI ON OF THE

DRAW NGS [ 001 For r rfhRAeh RgthQhe
ﬂlefeoﬁf‘?f%‘eﬁ‘ieé%‘#‘f’ miaﬁ%/té) i ?%ﬁ?&gﬁﬁgl‘egﬁgﬁ g%f/%}étﬂgjggi t her eof, -
reference is now made to the foll owi ng descriptions
aﬂmﬂmeWEﬁhF%mé%H}W%é%ion with the "acconpanyi ng draw ngs,
in which: [0014] Figures la-le illustrate steps that
0014] rrayFi?gespﬁr, feaname:etseeph @t inapbepdrammeéto fabryaatesaimier layers in
accordance with a first enbodi nent of the present
i nventien; : | e grvestidnt | ustrate steps that
accordance. %ea %}ﬁb&%% gf‘fﬂg l‘lr%;t%cat e barrier layers in '
- accordance with a second enbodi nent . of _the resegt .
[0015] i N\Bpirecls-2dRustpBeIB} TR gay be Berfqrmgd {4 4peE Teheht ™
anal ysis of a cross-section of a via fornmed in :
accordaR@GAAtaReedwntto diarenesitbeprossnt ingentioneanst esent
i nvention. ' :

f0016] ‘ Figure 3 {lfustrates an element analysis of a cross-section of a via formed in

accordance with an embodiment of the present invention.




5 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS
[0017] The making and using of the presently preferred
enbodi nents are discussed in detail below. It should
be appreci ated, however, that the present invention
provi des many applicable inventive concepts that can.
be enbodied in a wde variety of specific contexts.
The specific enbodi nents di scussed herein are nerely
illustrative of specific ma%s to make and use the
DETATL AREDES CRIP TEN OBGLAUSTRAT Y EFAEBQBBYENGE t he
i nvention. 100181 Referring now to Flgure la, a

substrat.e 10 i S pr.ovide ivedl Ed dt .
o SR B  a

Al t hough i t t h t h '
below. Trbpade epreiied JOuRHE ORI P??Su b dides %%%a%l’h"able

the substrate 100 may have. farne
inventivtercansdpésttat san keggmehorlicd iz 2 Wl“b%‘f%‘?‘g of qucﬁr & ’étgﬁtr%ecp g S%ecgi ©
the like. In an enbodi nent, the cogpuctlve |.a eﬁ
embodiingnta disetsadd Heapjeare mivaely [LEisiaive Of SRECHICHAR %‘F‘%Lcﬁ%/alnl élé’f
- devi ces or ~another netal |ayer. [00191 The conductive
inventidn@y@l doldsd lnmyhdrecporifedingéntigny conductive material,
: but an enbodi nent of the present inventioon has been

und to be pa IarI [ ie 1z
[0018] i B TpRaLEG 1 e 1) o R ERS el Joyer

110, st 0 AP EL LT LAES O%u ‘Pgs nof SIS %‘F\é% ate 100
sy inchulD ety o ArEORE Jror PR SR S T afmg%ga&ehfomgd
R LA TR AT X
conductr:x?et liyrfe!ralll{) 1saa metal laycr that isin contact with electrical devices or another metal

layer. -

[0019] The conductivé layer 116 may be formed of any conductive material, but an
eﬁlbodjment of the present invention has been foum:}_rto be particulaﬂy‘tiseftﬂ‘ m appﬁca_tio_ns in
which the conductive layer 110 is féﬁned of coﬁper. As discussed above, copper provides good - .
conductlwty w1ﬂ1 1ow resistance. The efch stop Iayer 112 prowdes an etch stop that may be

used to selec‘avely etch the IMD 1ayer 114ma later processmg step Inan embodunent, the etch
stop layer 112 may be formed of a dielectric matenal such as a sﬂ;con—contalmng materlal a
nitro gen—contammg matenal an oxygen-contammg material, a carbon—contalmng material or the
hlce The IMD layer 114 is preferably formed of a low-K dlelecinc material, such asa carbon—
contaunmg material, a nitro gen—contaxmng matenal an oxygen—-contalmng material, or the like.
The carbon—contammg matenaL mtroacn-conta.lmnb maienal or oxycen-contammg matenal of

-the IMD laye:r 114 may be a carbon'—doped material, a mn‘ogen-doped maierial,z Of an oXygen-




ni trogen-containing material, an oxygen-contai ning

material, a carbon-containing nmaterial or the |Iike.

The IMD | ayer 114 is preferably formed of a | owK

dielectric material, such as a carbon- contai ning

material, a nitrogen-containing material, an

oxygen-containing material, or the |like. The

carbon-contai ning nmateri al, nitrogen containing

mat eri al, or oxygen-contain naterial f %D
Goped rhatrnd. A1 dnbrtbent 8% SRR BISEHOMERE PF Bel] fphch W5ing ietectric

ni trogen-doped nmaterial, or an oxygen d materi al .
material®ha@AP o dieleeiit corfistan h:spthe@é)ntlt 3t et @nb%ﬁvelﬁéo thepygsent

when using dielectric materials having a dielectric
inventica QRS RHartlcBiady biedil vilea diclmt: m@ehds hawirrddinisairis copstary dess

present invention nmay be particularly useful when

materials having a dielectric constant |ess

ﬂMiﬂqu§?§§%gﬁ?'2 75 are used. [0020] It should be not ed

that the materials selected to formt u? sﬂé%%llo the

[0020] | aylershoutdche npied that giF BaleRply selrefed 14 S G
+ 114 shoul d be selected such that a_hi
eich stop tdyerct IRyindyhe RGP daver bl shewd heﬁ%‘eitﬁﬁﬂ‘:gg@? %&g&* e&?iusei‘?‘fé!‘”ty
etch stop layer 112 and between etch stop |ayer
exists bétded he D riguc 1 14vend thyeeh 200 layen! 12108 befsiepe f chmrs@?r 112

may be formed in the |ayers as described bel ow.

and the AGEIRESIMGey1 10l Nn s enhedisherts mdyfve foved imtherlayeryas descrrbed
utilizes materials such as carbon- doped silicon oxide

below. Q@&&Ehcig%&E@:nbydraes@aiemmlayacmiuqm msaerial asicEDearbon-
' pi n- On LPCVD, or ALD-CVD. In this

doped sﬁf@?r? g}ﬁ?@@i@fﬂﬂéﬁh&%& ERbRiisterehREqRe eithf20 OVD IREWEDaSpin-On,

rial for the etch stop layer 112 in

et ot PR RGBT ot s hetoas v
materi 'O;ﬁg{ﬂe % sip Hhver 1 Y3y %%9% SL cohd setfaml £ Bﬁ&imed_

a‘trenc as an openi ng
illustrative purposes. only. Enbodinents of the
[0021] Referring now to Frcrure 1b, an opening, e.g., via 120 is formed Tt should be noted

that a via and a trench are used as an opening for illustrative purposes only. Embodnnents of the
present mvennon may be used with other types of openings. It should also be noted that the via -
120 is Hlustrated as a dual-damascene structure for illustrative purposes orily and may be fomred
by one or more process steps (e. g2 single damascene process). The via 120 may be formed by
Aphotohtho graphy techniques known - the art. Generally, photoh’rhography involves deposmng
photoreswt ‘material and then Jrradratmg (exposmg) and developmg in accordance with a
| specr_ﬁed pattem to remove a portlon of the photoresxst material. The remaining photores1st
- ‘material protects the underlying material from subsequent processing steps, such as etching. The -

- etching process may be a wet or dry arusotron or isotropic, etch process but preferably is an




present invention may be used with other types of
openings. It should also be noted that the via 120 is
illustrated as a dual -damascene structure for
illustrative purposes only and nay be formed by one
or nore process steps (e.g., a single damascene
process). The via 120 may be forned by
phot ol i t hography techni ques known in-the art.
CGeneral Iy, photolithography involves depositing a .
anisotrqliofyreeh psicesvatidier e eiphuhgtrnessss, teagmainingghelexsis oagyial may
and devel oping in accordance with a specified -
be remPat ern.to renove a portion of the' photoresist
material. The remai ning photoresist material protects

t he_underlvyi ng mater,i al .froms equent [
o022 & S0 R B 0D SRR RS SIS RR A s e

" wet or dry, anjsotropic or.isotropic, etch_.process,._.
112 s fomedgi SHiemiminyle; g cmusive et | By e Of Pegpes die via 120
After the etching process, the. remaining.p otoresisfr
may bertehed Wi, foreerampler & sadytion of CFe B s prCdn Erda &Fe‘ﬁ gh giop layer
g which the IlvivD layer 114 is fornmed of FSG the etch.
112 acts by dichysem. ThéRaiites, tho medsdyivl esihl sterdayarild? P be iched wgh, for
conductive layer 110 is fornmed of copper, the via 120

examplSRYsohBoeb @ fihateb exfosing eheamples ofdhsainduiton lafer tHy,
CSFs or CAFs, wherein the etch stop |ayer 112 acts as

A e RiedTBe G A bel o 0%, HACBL YN BLE LRl ORpuricies

[0023] | aydpbopiibepgle _ Xan
f CF4;. thereb ' th urf f.t
o gl o éha v 440 0 CKBOBS PR ENEHOTRABR® oEsbLY e

pre-clean process may be performed to renove ..
clean priopgya miay bes reaglivery 2B TeCEERIEICE 2B Prachs: FPRCHIPLGAdercyve
cl ean the underlying conductive |ayer 110. The pre-

processchagdnchpieagdsmamagcelrasngrdudrisve cortaiaingghasmeaand 4/eon-reactive
- _pre-clean process. For exanple, a reactive process

process iy ihdieleddiasmapharssmusipae esnusifgning or helium-containing plasma.
o hydr ogen-cont ai ning plasma, and a non-reactive ,

" The pre-clean process may be also a plasma process using a combinaﬁop of _the above gases
containing plasma.
[0024] Figure 1c illustrates the substrate 100 of Figure 1b after a protecting layer 130 has
been formed in accordance with an embodiment of the present invention. As discussed above,
the IMD layer 114 fhroﬁgh which the x}ia 120 is formed typically comprises a porous material,
suchasa léw—K dielectric material. Tn accordance with an _embbdinaént of the present invention,
one or more sealing processes may be performed to pérﬁaﬂjr or completely seal the exposed
pbres of the IMD l_élyer'_l 14 by simultaneously forming a protecﬁng layer 130 on the surface of
the TMD layer 114 with the via 120. By sealing the poreé of the IMD layer 114, the surface of
the IMD layer 114 with the via 120 is smoother by providiﬁg a protecting layer 130 with a more

* uniform surface up-fon- which subsequent barrier layers may be formed, resulting in a more -




process may include a plasnma process using an
argon-contai ning or heliumcontaining plasma. The
pre-cl ean process nmay be al so. a plasnma process using
a conbi nati on of the above gases containing pl asna.
[00241 Figure le illustrates the substrate 100 of
Figure |Ib after a protecting |ayer 130 has been
formed in accordance with an enbodi ment of the present
i nvention. As discussed above, the JMD | aye

unifornt bargerghyenhTletpredees (A ngr fmthesseaﬂ&%@éaceﬁ %P‘Frfzom the pmt‘“’ctmg
conprises a porous material, such as a Iom#

layer mai; &t @ plasthetrepiing pndfilm Hepositiop reivdesufh ahe %}ﬁc‘e@%ﬁf‘% At 2
of the present invention, one or nore sealing

: plasma@ﬁe@fﬁ@ﬁﬁ@&bﬂﬁ&wbtﬁ@@tdﬁpﬂsmgm@h@art| ally or conpletel y
: seal -t he exposed por es of the ilviD layer. 114 by

) | t f .
ot S APk AR o 4 e g
| h f the | MD | 114,. th fa
comprisini FND- Ay ER AR E Sqaéorwoga e Fiteigh R e S tatting

providing a protecting | ayer 130 th a nor
-materiab gn bargsnwpernigTetcrAlE &l PR ]éfr the gLoiga gﬂﬁg%)’ EH 18

. formed, resulting in a nore uniformbarrier |ayer. The
formed oy QPECS propes foor tidkhess o8atiauh i Hrio dbaig 3%‘?13 6T FEARIFA
the protecting |ayer may be a plasma treating and
protectth e S0 asdythc Hgrmedidisticosniciteasing ARECHD prchwdisig sane and
asma treatnent conbined wth any depositing nethod
}%Ogmh9025] In an enbodi ment, the protecting layer 130 is
: formed of a dielectric mat eri al conprising a

silicon-containjng nmaterial ar-bon- c
[0026] nat Befeming ngw k¢ Fﬁ%ﬁf‘eldl %ﬁp%%}eﬁlé)% 1ERFS c:I 1S %%1 W 'Ster the

-oxygen-containing material, or the |I5ﬁ Pregg,g
protectinpéaypr Géeremaged alges thy betiqra of te rd Ay Broc egjg

to a thickness of about 10 A to about 500 A. For
protectlag daypd B0 ipformed of a dlelecmc material. Therefore, to ailow better electrical
properties between the conductive plug and the underlying conductive layer, it is preferred that
the protectmg layer 130 along the bottom of the via be removed. The protecting layer 130 along
- the boﬁ:om of the via 120 may be removed-by.a wet or dry etch process. It should be noted that a
porhon of the protecting layer 130 along the bottom of the trench may be removed durmg this
process However, 1t 18 prefexred to adjust the etch parameters sueh that at least a poruon of the

protectmg layer 130 remain along the bottom of the trench to prevent or reduce the diffusion -

between a eonduotwe plug and the IMD Iayer 114 along ﬂ:Le bottom of the trench

-[6027] It should be noted that the surface of the conductlve 1ayer 110 may be recessed in the
vial20asa result of removing the first bamer layer 130 along the bottom ofthe via 120. Ina

prcferred-embodlment_, the depth of the recess 1s less than about 800 A.




protecting |layer 130 maybe forned of silicon nitride
usi ng a PECVD process using silane and N20O gases.

[ 00261 Referring nowto Figure 1 ci, the substrate 100
of Figure 1 c is shown after the protecting-Ilayer 130
is renoved along the bottomof the via 120. As

di scussed above, the protecting layer 130 is forned
of a dielectric material. Therefore, to allow better

el ectrical properties between the conductive pl
[0028] t herigine e illyitngeschmslibstrity €00 afjes p pairier jagerplp 8%@1@6&9%%?13 120
the protecting | ayer 130 al ong the bottonrof the via

is filled aahaesaﬂaave The1 41, ehett bngadepYenriz8ln atcorlgnee Wih Bot t om
of the via f%o maybe renoved-by-a wet or dry etch

. embodirRéf %Fﬁl\s, Prekéﬂt shewtich. bmenetrd 1dyBat3 2arefpably compeofestdpe or more

pr ot ect [ 'ayer 130 al ong the bottom of the trench

oy L fRGer bRivenRIoe ElSEes dHWweMERto the INID layer 114
hwmsopaépéﬁﬁégﬁgﬁﬁadﬂggt tﬁ% etch paraneters such that at

and provgﬁ% c? %@g{s\téet c?rﬁhﬁgs %)pﬁlh e RbRERGYE 15191% h 20/ i 2h 3hboETIRENA the barrier |

e trench o prevent or reduce
' di ff usi on tmeen Ply9n@ng the 11viD
hﬁﬂ13?&?%F“¥@¥¢§93ﬁﬁﬁﬁﬁ%u%% Qgﬁﬁﬁgmﬁﬁench [0027] It
shoul d be noted that the surface of the conductive

[0029} | a}iﬁﬁn drhBhdirBaht e e@eRsHedlinl 4hemprise al@pperasatarialdegpad by
removing the first barricer layer 130 along the -

I LI 0Ed hRS aMil fork: a doppér 1y efemretmtireniotigmeotess. The
&pomu@ﬁ ﬁﬁ%ﬁh ofﬁ?he recess is |less than about 800 A 9

3 EeaScHeﬁﬁ:aﬁﬂi@&iaﬁﬁthclﬁﬁmgf(CB’fP)a
Sllet-rat‘:[barrl"éf Iayerzlsglpg foH%ed the via 120 is filled -

pProcess. V\qﬁl-reé%aﬁgr %and"a&{ }W\é?esg slﬁgayjb%%e@fbdcoﬁlﬂ)ﬁtesﬂbﬁ@ﬁi%n@h@ﬁé\:ﬁka?i@@ of

ance enbodi nment "of the present

|nvent| The barrler | ayer 132 preferabl conpri ses
the sem16 %6’].08 y P y P

[0030] Figures 2a—2dri]_1ustrate a second embodiment of the present ilrvention. The process
ﬂlustrated in Figures 2a-2d assume the via 120 has been formed in the II\/.[D layer 114 as
- described above with reference to F1gures Ia—lb Accordmgly, Figure 2a 111ush:ates the substrate

- 100 of Figure Ib havmg d pore—sea]mg process performed mdlcated by the directional arrows. .

[0631] -~ The sealing. process may be performed by exPosmg the s_ubstrate 100 ’Fo a pore-

- sealirig plasma. In an embodiment, the seaL'Lng process is perforrhed by expcsirig the substrate '
100 to a plasma having a gas source ccntammcr a gas such as argon, hydrogen, oxygen, mtrogen,
hehurm ora combmanon thereof The plasma treatrnent will induce a plasma treated portron 222

¥ in the IMD layer 114. The pores in the plasma treated pornon 222 will be substantially sealed by
the plasma treatment The plasma treated portion 222 may contam a blgher concentratlon of
carbon, mtro gen, and!or oxygen than the bulk portion mtbm the ™MD layer 114. The plasma

" treafed portion 222 may aJso comprise a carbonated, nitrogenated, and/or oxidized portlon due
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| ayers of a conductive material that further prevents
or reduces diffusion into the IMD |ayer 114 and
provi des good adhesive qualities for the conductive
plug 140. In an enbodiment, the barrier layer 132 may
conprise layers of titaniumnitride and titanium
silicon nitride. [0029] In an enbodi nent, the
conductive plug 140 conprises a copper material forned
by depositing a copper seed |ayer and formng a
- the plassRRRAfmenBYEPtichhky, aRr@tehp layep(rat shogm pr Bigpssla) Ty be formed
substrate 100 maybe pl anari zed by, for exanple, a
ﬂ%hﬁdm sfBChRRineak dRelss&ivboge (iitdenqeriotamses la-1e.
along erea%%er, st andar d processes may be used to conplete
fabrication and packagi ng of . the sen conductqr
[0032] devTeeplasrpoeime gy be perfmgd pf 4 as 3%{{021 abaittd o about 100
enbodi ment of the present-invention. The process'
secondd dndusempradeiofialiing 0F esbou B8° Gsdtiawieenray AAHORLO0 eV to
been formed in the IMD | ayer 114 as described above
about 890 £V witt highRicenetgy dFiaburt&80 EX-td bhouplsVavitysupstrp dips @bout 0 to
“2a.illustrates the substrate 100 of Figure Ib having a
© about 40PWE FRARHIENE Ak ARLSS tpefiap baeskd foritle pertedallng progess include
directional arrows. [0031] The sealing. process nay

‘Ar/'Ha REND SR Pige Dbt,/RX DOEDN O, Sorabdisiter dither PAEestimt angydreased
“'seal’ing plasma.” I n an -enbodi ment, the sealing process

includc:gﬁ g&gﬁg—gﬁr{ﬁgﬂo %Xs,‘ %ﬁg%é&fgcgﬁnﬁ? bt 5 Af@ ger BhthiBing gas, a helium-

avi ng “a 'gas source confaining a gas such as

-contajm‘glrg %gsp %?%y%%@?ﬁ{e{%%%é %Qﬁ%co%{bﬁﬁﬁ&ﬁﬂere&e bi @AYiker a

e asma treatment will induce
a plasma treated portion-222 in the INID |layer 114.
10033] TheFipae @b ilhntratbethpbdsraic 0@ af Bigupdn eftgrs frpbagiien layms 230 bas
substantially sealed by the plasma treatnent. The
been folRhalS Mcdubeat echling pidcan d2a2ibmhybovemithireferenhd phdgure 2a

. concentration of carbon, nitrogen, "and/ or oxygen than .
substantifIfy S04k he POFeS bPMhe MADagertihe, thfikselyeriorlayer 23T kefophersorsa
* smoother surface. The smoother surface ‘allows the ﬁrst barrier layer 230 to form a more
. ﬁom and continuous barrier layer than previously available. Asa result,‘ it flas been found
. that the ;csulti_ﬁg Bafriér 1ayer_may préxdde,beﬁé; dif%t.l;iﬁn prope_ffiés.‘ - |
[0034]7 In _an'ernbodiment, the first barrier layer 230 may comprisé a silicon-contaiming layer,
. carbon=containing layer, nitrogen—éontaMng layer, hydro gen-containing layer; or a metal or a
.m@ Qoﬁpomd-coﬁmigjﬁg_myer, such as tantalum, tantalum nitride, titanium, titanium nitride,
titanium zirconiurn, titanium zirconium nitride, tungsten, tungsten nitride, a]léys, or
combinations thereof. 'Ifﬁe ,ﬁrst barrier layer 230 may be fo_rrﬁed b:y a process such as physical
".ira.por deposif_;i 0-11 (PVD_), ch;emic-al vvapo‘r_ deposition-'(CVD), p_lasma—enhaﬁce& CVD (PECVD);

loW—preésuré CVD (LPCVb), atomic-layer dcpc.)siﬁ'on {ALD), gpiu»on deposition, or other
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treated portion 222 may al so conprise a carbonated,
nitrogenat ed, and/or oxidi zed portion due 10 the
plasma treatnment. Optionally, a protecting |layer (not
shown in Figure 2a) may be fanned along the sidewalls
of the opening as discussed above with reference to
Figures 1 a-1 e. f00321 The plasna treatnent may be
perfornmed at a tine period of about 10 to about 100
seconds and a tenperature of about O to about400 C
suitableWhetodk. ol RFenddiggnt.dhe fisbbarrigdayes 3¢ is tanigdgndomey b PYD
- wWith high RF energy of about 200 eV to about 800eV
process Mk fiSUbSfidratier DE@map baprid mgtiplafryerts- 400W  Exanpl es
of gas sources.that may be ‘used for the pore-sealing

_ - process include Ar/H2, Ar/ Ar
[0035] Ar /Referripg P fo Bievtere. i ?@é@ﬂ%{zﬂﬁ%cresgg@e%e%%%@ %%Ple“’b’ or

- used i-nclude an_ arggn-containing gas, .a . .
partiallyryalo vy fiss hemicn g 2G4 &long *iOFthle‘ﬁ- e K% Figus 26 Mhygtrates
hel i um contai ning gas, an oxygen-cont ai pi S, i
' an embaglomdit ivawhioh thetfEptdiier ver 7Y  pREOGTSY ecgi @%Pﬂﬁ%eﬁbodmt
' illustrates the substrate 100 of Figure _ 2a after_a
" the firstbiniiat lapanBD eraylteyempRaly teaw ved degretiyrpedne Be sadRgl e
. seal i ng process described above with reference to
. conductive ie£1 DA Coalsiéailtor p,hrﬁyllj;sgeaiosringﬁfee mmlmlaxm &30 plpng the
. layer 114, the first barrier layer 230 is formed on a
' bottom SHROLREL0 By B@F&ticﬂi&@y spanihenbeliméace whitlowslifebarrier layers
first barrier layer 230 to forma nore uniform and
: i S Rak dnflor h@ESHhn iR evh@uslsieanBs, Ibabfeser Asthinner
'mﬁumﬁggpgégﬁtgﬁgtIhas(%gen #o%ﬁ%ﬁthat tﬁe resulting. barrier
o 1L AYELIRY | Lo B EUSIn0R: RESRES! iTeshoulddBRAe noted
barrier Ipyg %ﬁgg%%g%?%%g??qﬁﬁgﬁ#?rs; ba?fierllayer 230 may
-{hat onegg %ﬁdﬁgﬁ@l 1;'.3'11-‘53‘%7‘ c e%ﬂ%%'aﬂie?gmgﬁﬁ@formed after removing the bottom

inrng Tayer, nitrogen-containing |ayer,

portioﬁ Q%/ tgé gx%tegahglgrq;%r Bl_’; 8 .gI'klleal}lo%trom HnéetP ﬁa@ﬂiﬂfque? 230 may be removed

by a dry or wet process.
) | [Oll.lék)] | AIt shoﬁd be noted that the sarface of the cbﬁdﬁcﬁve 1ay;3r 110 may be recessed in the
via 120 as aTesult of removing thie ﬁﬁt barrier ldfcr 230 al.ong the bottom of the Yizi 12b. Tnan’
- en:;bédimeﬁL the depth of the recess portion is less than about 800 A
B [0037] - Figure 2d illustrates the substrate‘ 106 after the via 120 is ﬁlle_d with a conductive
| plug 140 and the surface pl-ana:rized. Inan cmﬁodiment, the con&uctive-plug 140 compﬁses a
' copl;ef material forﬁied by .de:in_ositing a copper seed layer and formiﬁéravcbpper layer via an
N elebtro~pléﬁng p'ro'cess. The substrate 100 may be plananzed béf, for exa.n;ple, a chemical-
A 'mcchanicﬁi poli_sﬁing (CMP) process. Théreaﬁef, standard processes may be used to complefe'

fabrication and packaging of the semiconductor device.
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met al conpound contai ning | ayer, such as tantal um

tantalumnitride, titanium titaniumnitride, titanium

zirconium titaniumzirconiumnitride, tungsten,

tungsten nitride, alloys, or conbinations thereof. The

,first barrier layer 230 may be forned by .a process

such as physical vapor deposition (PVD.), chem ca

vapor deposition (CVD), plasnma enhanced CVD (PECW)

| ow pressure CVD LPCVD), .atom c- | yer depos

100381 ( AL TIFmedh h e BB O ORGE 155G g heross a v
nmet hods.” I n an enbodi nent, the first baryier Iayg 30.

that was @mad]maﬂcmamwghﬂmpr%?em@scf&%éé% Apidusta igure 3, it
barrier layer 130 may conprise nultiple Iayers [ 0035]

" has beeRéfuad than g rasolnof e Piogesses d2ecribed abgye isohkiEhes corceagatamotigarbon,

performed to conpletely or partially renove the first

oxygenRdiitrgeh fr@ed 2BHg tk ergwltse Asoiltgmiedfin Figore\d, ghegpeition -
' Figure 2c illustrates -an enbodi ment in which the:

indibateti'aﬁ e shRthT S hlitayE gl 3 Coricentiaioch iofihilrygane oxpeen,. anl warbon than the
anot-her enbodi nent, the first barrier |ayer 230 nay

mamnﬂWﬁfg ﬁ@bgﬁ@}y rennved t hereby exposing.the underlying
uctive layer -110_ Conpletely or partlally renovi ng
the first barrier layer 230 along the _bottom. of the
[0039] vi aAliiROighvtby phesesdnehba Endi aguarages have SRS HRELD fpail i
: which nmultiple barrier layers are used to provide
- should s frilersiood thanetrions cuhgrs] whstpnidmsend disratiopnepn bgenade herein
sidewal I s, but fewer or thinner .barrier |ayers-are
without @eﬁm—[@ﬁ@h tGpirh endebposhitho inveutiones defited by hecappsndsdetaimns.
It .shoul d. al so be nhoted that one or nore additiona
MOIB()Vpla fHlel 86 et ﬁﬁ%ﬂr&@ntb@ﬂidaﬁdilﬁls ey inedédan e dnhfet ey the paicilag
the bottom portion of the first barrier |layer 230.

embod.ué@:ﬂs Qﬂﬂ: Q% thiink] hsfufRAE,] Dbpbai®f ofdditeRBifeans, methods and
rennve by a dry or wet process. :

steps described in the specification. As one of ordinary skill in the art will readily appreciate

from tbe disclosure of the present invention, processes machines, manufacture, compositions of

matter means, methods or steps prcscntly existing or later to be developed, that perform

substanﬁa]ly the same functlon or achleve substantidlly the same result as the correspondmg

_ embochments described hcrem may be utilized accordmg to the prcsent invention. Accordmgly, )
' the appended claims are mtcnded to mclude w1th_m their scope such processes, machmes

manufacture, composiﬁons of matter, means, mcthods, or steps.”
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[00361 It should be noted that the surface of the

conductive layer 110 may be recessed in the via 120

as a-result of renoving the first barrier layer 230

al ong The bottomof the via 120. In an enbodi nent,

the depth of the recess portion is |ess than about 800 -

[00371 Figure 2d illustrates the substrate 100

after the via 120 is filled with a conductive plug

140 and the surface planarized. In an enbodi nent, the
“ELMTGSEEM&MEW@SpIug 140 conprises a copper material formed

by dep03|t|ng a copper seed layer and form ng a copper

. via, an eIectro i ng process. The substrate
L Vhﬁg BTERAF Y gﬁ%@ﬁ for exanple, a chenical -
‘ nechani%% pO|IShInﬁE%: | P) process. Thereafter,
gloglf ‘%ﬁ%@%§§@§s e- -used to conplete

fabricati on and Cka%ﬁ”g%éf the sen conduct or deV|ce

ApopEO g SAteRed g BRCF 1€ r ati ng t he -
conposi tion of a cross section. taken, acr
3 hatectigstayes forsxedion thelowrBairie i \R¥er eipae ﬁi% %‘% fjtﬁ‘e opening
- descri bed above. .As illustrated in Figure 3, it has :
with blgteemtﬁcmwndcenhalonethmetb@i law-Bf dielpeiripkgeieddks descri bed
above is ‘a higher concentration of carbon, oxygen.
APshdktive agedmial Oilive éh thk opepithe si dewal |'s. As
illustrated in Figure 3, the position indicated as
o t he sidemalls exhibit a higher concentration of
nitro # :
2 B S0 A FRO0ON RS B e (TP ane Car s peyers on
its advantages have been described in detail, it
the proteiggila¥ehe under st ood that various changes,
substitutions and alterations can be nmade herein
W t hout departing fromthe spirit and scope of the

3. TRY@BhdoARucRS stafthied chim t hehapipdndediecting laer comprises an

OXyg en—conta,tmng material.

4. The semiconductor structure of claim 3, wherein the protecting layer has a higher

- concentration-of oxygen than the loyv—K dielecuric layer.

5. The semiconductor structure of claim 1, wherein the protécting layer comprises a

. nifrogen-containing material.

6. The semiconductor strﬁc_;ture of claim 5, wherein the protecting Iayer‘ has a higher

. concentration of nifrogen than the low-K. dielectric layer.

7. The semiconductor -structure of claim 1, wherein the protecting layer is bEtwéeri about 10

‘A and about 300 A in thickness.
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Moreover, the scope of the present application is not
intended to be limted to the particul ar enbodi nents
of the process, nachine, nmanufacture, conposition of
matter, means, nethods and steps.described in the
specification. As.one of ordinary skill in the art
Wil readily appreciate fromthe disclosure of the
present invention, processes, machines, nmanufacture,
conpositions of matter, neans,. nmethods, or ste

8. Pregaiddniudatisgtittog of ciairaﬂ ewhetrgmb@ ldee ﬂ)@}g&e@w quf@agas
perform substantially the same function or .achi eve

dmkmmﬁg@ﬁ&ﬁ@kﬁ@ﬂﬁﬂa&ﬁ@38anE result as the- corresponding

nbodi nents descri bed -herein. may be utilized

accordlng to the present |nvent|on Accordlngly, t he

ended clains are i cl 1 r
9. &oﬁﬁ@ﬂ@%‘ﬁ’t‘ﬁrs%@%@gc a}fﬁ@h‘i" gD ﬂ‘*‘*q"‘”%& gl 1“’%& hhed
npositions of matter, neans, nethods,.or steps. -
dwkmﬁm30M$Mwbﬁsi@LﬁWMEb 7S L' A semiconductor structure.
conprising: a low-K dielectric layer on a substrat e;
an openi ng extended through the | owK dielectric
yyﬁﬁucoﬁdﬁd?tsﬁﬁéﬂn@%f LRYeN , fkrée the@pedihg isl aainakdamascene
ielectric layer along sidewal I's of the opening with
hi gher carbon concentration than the lowK dielectric

_ Openmz;rayer and ‘a conductive material -filling in the
opening. 2. The sem conduct or structure of claim 1,
further conprising one or nore barrier %{s on the

€r COmprises &

11. ’.ﬁlle(mmmonmgtm gy@q{ure of claim 10, wherein the substrate

conductive laYGf underlying the dual damascene opening with a recess portion less than 8007

angstrofns.
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3. The sem conductor structure of claiml1, wherein the

protecting |ayer conprises an oxygen-containing

material 4.- . The sem conductor structure of claim 3,

wherein the protecting |ayer has a higher

concentration-of oxygen than the lowK dielectric

| ayer. 5. The sem conductor structure of claim1,

wherein the protecting |ayer conprises a

ni trogen-containing material 6. The sem conduct or

st sendtondectofstrottaierromprisiggier ei n-t he protecting | ayer

has a higher concentration of nitrogen than the

laQuer i diclbaliebtyed @ d sapgrate; 7. The

seniconductor structure of claiml, wherein the

Renli@y@foubs tHeedwae dickbivid layto th laweK distagtricd@per Aaving

hIC ness. 14 S. The seniconductor structure of

aplasrr%!t?c'aﬁgh oM EE 8 kit ilEof tBVbenttiel ectric | ayer- has a

13..

electric constant |ess than about 3.0. 9. The

({}g Hg&ﬁg{ lazérg M SloRE 116 |sRiohils ofWResRnthet BRI | ow K
rc

as a ielectric. constant | ess than

nductor structure of claim
fCO%#Q%*IW“thﬁgpgnlng |s%a dual danmscene openi ng.

11. The sem conductor structure of claim 10, wherein
the substrate further conprises a conductive |ayer

(Mhelembiyindgetdiherudived of dhuir d & evwbereip diei s ragted nogides a
~portion | ess than 800

thickness along the sidewall of the opening between about 10 A and about 500 A in thickness.

14

The semiconductor strupﬁlre of claim 12, wherein the low-K_ dielectric layer has a

dielectric constant less than about 3.0

15.

The semicondﬁctof structure of claim 12, wherein the low-K_ dielectric layer has a

dielectric constant less than about 2.75.

16. -

The semiconductor structure of claim 12, wherein the plasma treated portion has a higher

concentration of carbbn than the low-K dieiectrig 1ayer. '

17

The semjcénduﬁtor.stuctme of claim 12, wherein the sidewalls of ﬁhc plasmé treated

porﬁon héveA a }ﬁghér coneéntration Qf nitrogen than the low-K dielectric layer.

“18.

The sem1c0nduct0r structure of cla_lm 12, wherem the mdewa]]s of the plasma treated

) portlon have a higher concentratlon of OXygen. than the low-K dlelecinc layer.
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angstrons. 15 12- A semi conductor structure
conprising: a. lowK dielectric layer oil a
substrate; an openi ng extended through the | ow K
dielectric layer, the lowK dielectric |layer having a
pl asma treated portion on a sidewall of the opening;
one or nore barrier layers fornmed along the sidewalls
of the opening; aiid a conductive material filling the
openi ng. The. sem conductor structure of claim 12,
19.  Thesesicontingoptastog of clan 4@, Wearein e dpssing is 3 fptigresseene
along the sidewall of the opening between about 10 A
openingtwilidh Gband 2 BOfLhA - M t hi ckness. .. 14. The semi conduct or
~ structure of claim12, wherein the |owK dielectric
Layer has a dielectric constant |ess than about.3.0 15
e sem conduct or struct claai : ) :
2. TR Seer e TR P g A A B e T R
' t hm about 2.75, -16. : The i copductor structure of
© comprisgs & PlIDLreakiRas! Q%boﬁﬁog’s‘?fﬁggﬁﬁcg‘at ed portion has a .
hi *r concentration of carbon than the lowK ~ ‘
diciectric layer. -IT The sem conductor structure
of .daim 12, wherein the sidewalts of the- plasm
treated pordon have a higher concentration of
nitro~gen than the low K dielectric layer. 18. The
- sem conductor structure of claim12, wherein the
sidewal I s of the plasnma-treated ‘

17




pordon have a: higher concentration of oxygen-than the
lowK dielectric layer. 16 19, The sem conduct or
structure of claim 12, wherein the opening is a dua
damascene opening with a via and a trench. 20. The
sem conductor structure of claim19, wherein the | owK
dielectric layer further conprises a plasma treated
portion on a bottomof the trench. 17 21. A nethod of
fabricating a sem conductor structure, the nethod

21, sOoRRKiEIMgricatpeomieticogdurtes yhattugt e wicthod gomprping:
dielectric layer forned thereon; forming a opening

. %!Maﬂ% dib@ralcOMitke Binek @l dciri: lhypey Gormefl rondong &~
rotecting layer on a sidewal |l of the opening having a

g#%ﬂ%{:atoﬁa%ﬁ@%é@hit&%@ﬁ( deREBRNahan the | ow K

> |chayer; and forming a first barrier layer '
N SinglalFoBURL BEEL 8k LiBKRIL or 3o opblifs RRlifpdhigherahatenulion of
i’ the Tirst barrier | ayer conprises a plurality
f Qharri J.ayers; The met hod of claim 21, wherein
Cmbon&ﬁﬁgﬁﬁ%¥§%Pﬁﬁ%nfE?ggg%%nprises an oxygen-.cont ai ni ng
mat er i 4. . The net hod of ' 1, wherein the -
_ BF@P@éﬁhﬁémFﬁ9 ¥ 10 1$F§%§w§&§F?%%gen-containing

‘material .

22. ' The method of tlaim 21, wherein the first barrier layer comprises a plurality of barrier

layers.

“"23.  The method of claim 21, wherein the prétecting layer comprises an oxygen-containing

material.

94.  The method of claim 21, wherein the protecting layer comprises a nitro gen-containing

material.

25. The méthod of claim 21, wherein the protecting layer cd_mpﬁscs a higher nitrogen

concentration than the low_—Kﬂielecttic layer.

26. The méthod of claim 21, wherein the protecting layer comprises a higher Qxygen

g concentratio‘ﬁ than the low-K. _dieleétric layer-

27 Themeth’od of claim 21, wherein ﬁhe protecting léyc}r is between about 10 A to ,ab'qut 500

A
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25. The nethod of claim 21, wherein the protecting

| ayer conprises a higher nitrogen concentration than

the lowK dielectric layer. 26. The method of claim

21, wherein the protecting |layer conprises a higher

oxygen concentration than the owK dielectric |ayer

27. The. method. of claim21; wherein the protecting

| ayer is between about 10 A to about 500 18 28. The

met hod of claim 21, wherein the lowK dielectric |ayer
28, asnahdi aflchirt Pl cwhweis thrtowte dislechiraym e Gelgotris gonspy less

met hod of claim 21, wherein the |lowK dielectric |ayer-
than sbda@s.oa dielectric constant |ess than about 2.75. 30.

The nmet hod of claim 21, wherein the protecting |ayer

i s formed by a PECVD process. 19 31. A nethod of

f 3 9 5t i onstant less
abric @I . a 8?{)@%%%9 01%[ {eﬁelé ecl‘i\%\feir REJLS?l%Eﬁ% stant les

dlelectrlc | ayer forned thereon form ng an openi ng
ﬂmnﬂxwh?%%gh the low -K dielectric layer; forming a plasma
treated portion of the low-K dielectric |ayer along a
.- sidewal | of the opening; and fornmng a barrier |ayer
30, BMShetidiorlans e ¢hedh e potettimriagy iDoniie et BEHDatrocess.
cl’aim 31, wherein the plasma treated portion has a
hi gher concentration of :
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carbon than the lowK dielectric layer. 33. The net hod
of claim31l, wherein the plasma treated portion has a.
hi gher concentration of nitrogen than the | owK
dielectric layer. 34. The nmethod of claim 31, wherein
the. plasma treated portion has a hi gher concentration
of oxygen than the low K dielectric |layer. 35. The _
met hod of claim 31, wherein the plasnma treated portion
Is formed by using a plasma with an argon-cont.ai ni ng
31.  gascthad bifdbrogtng ¢ smiedndieigr Hasure tepg MPERP&I ni ng
gas, a helium containing gas, an oxygen-containing
gasidigy a subsmbivitat lonkt fideané laygeormepBera@t hod of -
claim3 than about 3.0. , wherein the lowK dielectric
kAels Bespedingiebgttid lowekdsdahntc lkgss 37. The net hod of
claim31l, whereinthe lowK dielectric layer has a
HiBLECH $1hGnCRREEFoHioh @S Shell MK diblatitric 2y2BaloRpa sidewall of the

opening; and ' 7

foriming a barrier layer over the plasfna freated portion. -

32.  The method of daim 31, wherein the plasma treated portion has a higher concegtration of -

carbon than the low-K dieléctric layer.

33.  The method of claini 31, ﬁrhércin the plaéma treated portion has a higher conéentration of

nitrogen than the low-K dielectric layer.

34. | The methed of claim 31, wherein the plasma treated portion has a higher cbncentgtion of

] oxygéﬁ than the low-K. diglectric layer.

35.  The method of claim 31 , wherein the plasma treated portion is formed by using a plasma

- with an argbn—clontzijning' gas, a-hy‘drogen-c.dntzjning gas, a nitrogen-containing gas, a helinm-

- containing gas, an OXygep-containing gas, or a combination thereof. .

36. | ' “The .nicfhod of cIai_i:h 31, wherein the Tow-K dielectric layer has a dielectric constant less _

" than about 3.0.

37. The method of claim 31, wherein the low-K dielectric layer has a dielectric constant lgss '

than about 2.75.
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