Diffusion Barrier For Damascene Structures TECHNICAL FIELD [0001]

The present invention relates generally to semiconductors and, more

particularly, to a semiconductor structure with a barrier layer in a

damascene opening and a method for forming such a semiconductor

structure in an integrated circuit. BACKGROUND [0002] Complementary

metal-oxide-semiconductor (CMOS) technology is the dominant

semiconductor technology used for the manufacture of ultra-large scale

integrated (UifGI}icitdRitsitndal o8iPrusdsctiog St ssafconductor

structures has provided significant improvement in the speed,

performance, circuit density, and cost per unit function of semiconductor
TECHNENIRS puarithe past few decades. Significant challenges, however, are

faced as the sizes of CMOS devices continue to decrease. [0003] One :

such, challenge is the fabricati iptercon: S iculariv. to a
001] o R ot e aorans
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conductive layers formed of‘a metal or metal alloy separated by layers of
such a s& Ir(ljl;l;%lf?ﬁgﬁf%% ﬁ{%@g{g‘@g@ygﬁgﬁg_semiconductor structures to

interconnect the semiconductor structures and to provide external

contacts to the semiconductor structures. Openings (e.g., contacts and
BACK vi%onventional metal interconnect structures, trenches and vias in

' ene structures, or the like) are formed in the dielectric layers to

provide an electrical connection between metal layers and/or a metal .
[0002] layéiamiemseamcantirmdsterigradicior ((MOS) techmology is the dorminant

semiconductor technology used for the manufacture of ultra—.la__rge scale integratf:d (ULSI) _
circuits today. Size reduction of the semiconductor struchires has provided significant
improvement in the speed, performance, circuit density, ar_lci cost per unit fupction of
semicaﬁductor chips over the past few decades. Significant challenges, hoWever, are fgce:d as

the sizes of CMOS devices conitnue to decrease.,

[0603] One such challenge is the fabrication of interconnect-strué@es. CMOS devices
typically include semiconductor structures, sun:;h as tansistors; capacitors, fésistorsl, gnd the bike,
férmed on a substrate. O.ﬁe or méfe conductive 1ayefs formed of a metal or metal aﬂojf separated
by layers of a dielectric materiai are formed over the sémicdnduCtor stmctgres to lin‘i;crc()nne.ct the
| semiconductor structures and to provide external co;ﬁacts 1o the semiconductor sml:ctures'.
Openings (e.g., contacts and vias in conventional metal interconnect structures, trenches and vias
in damascene sﬁ‘ucturels, or-tﬁé.iike) are formed in the dielectric layers to proﬁde an élech‘ical

_ connection between metal laycré and/or 2 metal layer and a semiconductor structure.



[0004] Generally, one or more adhesion/barrier layers are formed in the
openings to prevent electron diffusion from the conductive material, e.g.,
copper, aluminum, or the like, into the surrounding dielectric material and
to enhance the adhesive properties of the conductive material to the
dielectric material. For example, it is common to utilize a first barrier layer
formed of tungsten, titanium or tantalum, which provides good adhesive
qualities to the dielectric layer. A second barrier layer is commonly
[ooo4] formgdeffyngsien nifideiHitanim-niride-er anfatumdnitrictespadiiats to prevent
provides good adhesion qualities to the first barrier layer. and a filler
clecronMAEEEh Sushi@scdungstenraturninum arepppetthanmayrecided widillhe
the openings, such as contact, trench or via. [0005] However, the _
surroundiglesdic matesiatminuhicintheocpbanisdye forpredes/pi tadlpandgirisanaterial
porous material, particularly with low-K dielectric materials havinga '
to the didletettrinatedinstant leesthanitabounm B ioTHE BRAN RerHse BpeHieigaed of
may be damaged during an etching and/or ashing process while forming
fungsterthétopeningsnBhend amish ecsidensard orise vhewmtgesit the Parstie layer. A
' low-K dielectric layer may become more porous and rougher. As a result, .
second lzatyimrleydnirtotenerdy Gvaedd %é%%ﬂl%%é%ﬁéﬁﬂﬂg‘ﬁ%ﬁ}fﬁ%mim nifride,
non-uniform, thereby allowing conductive, ateri%lhéo %#Luse intoaﬁhe b
which pwidessam@Mﬁ@i&l@hﬁftﬁ%é@&fﬁ%‘?ﬁiﬁ&ﬂ?ﬁéeﬁ LGSR AR St
: may, not provide an adequate difféjsio l()jﬁrrier. This difg %’Qgﬁ}%&r%@f{gﬁ% r via
tungsterFaifPRIEER AT GOREFTEIRLGHE 15O s,}’lﬂw iCHIANY S5 design sizes” - A
' decrease. Therefore, there is a need for a barrier layer that prevents or
[0005] reduResdiffthiodieRGiNMMATRY OFVEME N vERTONFODOBET Fgdeatid
other problems are generally solved or circumvented, and technical
comprise a porous material, particularly with low-X dielectric materials havmgia dielectric

constant less than about 2.75. The sidewall of the openings may be damaged during an etching
and/or ashing process while forming the openings. The damaged sidewalls of the openings in the
porous low-K dieiéc;tric layer may become more porous and rougher. As aresult, a barrier iaye;r

' Afonn‘ed over the _sidewalié of the dpenings may be nop-uniform, thereby allowing conductive
%iaterial to diffuse mto he porous low-K maferials. In these situations, the non-uniform barrier

: layer may not prmlfl:;de an adequatg diffusion ban‘ier._ This diffusion may J;f:sult in fgihn;es and
ather reliabﬂity‘_ problems, particularly as ;iesign sizes decrease. 'I'}ierefore_, there is a need fora

barrier layer that prevents or reduces diffusion.



advantages are generally achieved, by preferred embodiments of the
present invention which provides a semiconductor structure with a barrier
layer in a damascene opening. [0007] In accordance with an embodiment
of the present invention, a semiconductor structure is provided. The
semiconductor structure comprises an opening defined through a porous
low-K dielectric layer formed on a substrate. A protecting layer is formed
on the dielectric layer along the sidewalls of the opening to protect the
SUMM PRToUS v digiecttioayer along the sidewalls of the opening. The
protecting layer preferably comprises more carbon concentration than the
porgus low-K %ielec ic layer and m C%@B% e g.Nirogenscontaining. an
[0006] oy HECBIAN ?ﬁé’,rét[) Shcon-con %ﬁgﬁé?a car%on-containin’g material, or
odne like. A barrier layer,and g condustivematerizimaybepsediadl $gn
advama%ﬁéfﬁﬁﬁﬁﬁa%ﬁc Pﬁegcgzg’o%frr}cg with another embodin?efnt of the present
provides SR A RS IIARATUCIN 2BMCRrea MoV dadsthepRliganductor
structure comprises an opening defined through a porous low-K dielectric
layer formed on a substrate. The ségewalls of the o tenin Sein'tch%du cor
10007} dielcwroTdgRse A &B APPRETEERA A SREREE RO GRIN BF Sxiei s a0 RIdh
~along the sidewall of th openin%to prote%stgseag%r%us |0£g§n9i _(:(}QG .
structurq i oBii e SaSRRIFERIHE BpERG A BaRier [&yer anda conductive
material may be used to fill the opening, [0009].In accordance it yet
porous logd B e O difFe %%nﬁrse%%eggﬁﬁ\/&%)n?a enﬁcon%ctor structure
electri i afiad the BUQUON . ASIRGIN BB IUMRA RN ARG AR e:
dmlecmce‘aﬁr&:ﬁé’ Q%ﬁ%t%%%‘g@%%ﬂ%ﬂjﬁ%%%r%%ﬁ low-K dielectric layer. The poregs
along &GS AR RUELRIR0 Ihpdiepialls: ghifeAneRlg AL AhlRerbon

partially seale r more barrier layers

concentration than the porous low-K dielectric layer and may comprise a nitrogen-containing, an

oxygen-containing, a silicon-containing, 2 carbon-containing material, or the like. A barrier

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

[6008] | In accordance with another embodiment of the present invention, a sermiconductor
structure 15 provided.' The semiconductor structure comprises an opening deﬁnf;d through g
" porous iow—K dielectric Jayer formed on a substrate. .'Ilhe sidewalls of the operiings m the
dielectric layer inay comprise a carbonated, nitrogen or oxidized portio.n along the sidewaﬁ of
- the opening to .protec.:;t the porous low-K dielectric 1aﬁfer on the sideﬁvall of thg openiﬁg. A barrier

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

[0009]°  In accordance with yet another embodiment of the present invention, a
semiconductor structure is provided. A porous low-K dielectric layer is formed on a substrate,
and an opening is fofmed througﬁ the porous low-K dielectric layer. The pores of the dielectric

iayer along the sidewalls of the opening are at least partially sealed. One or more barrier layers



are formed along the sidewalls of the opening, and a conductive material
may be used to fill the opening. [0010] In accordance with yet another
embodiment of the present invention, a method for fabricating a
semiconductor structure with a pore-sealing process is provided. The
method includes providing a substrate with a porous low-K dielectric layer
formed thereon; forming an opening through the dielectric layer; forming a
protecting layer on the sidewall of the opening; the protecting layer

- are formEOMBHISG Adbigher cakepeoncentatiamdnanvheporeUsioviidiel sc it the
layer; and forming a first barrier layer over the opening. The protecting

' Opem'ng'layer may comprise an oxygen-containing or nitrogen-containing material.
(0011] In accordance with yet another embodiment of the present

potoy MVEDton. & methad for  fabricaling &semispRduGtAESIMIHI Nl R thod for

pore-s%%ilng process is provided. The method includes providing a

ebricanSyRSHAIe Wik A POrous lowHK distectrisiay erdermed therean; Tomminghan

li(})%enlng through the dielectric layer; performing a plasma treatment on the
includesIARNRILOS h6OReRing, thecRlppmaiGalssent kseyliingdn tearhoratedng an

nitrogenated and/or oxidized portion of the porous low-K dielectric layer

opening BloNGihaSidawaliahibe apeniag. Adwaier layerandy bilesulisetibentiening;

formed along the sidewalls of the opening and the opening filled witha
the prot@Rgustivecmatetial a[ghay dhlﬁn_ﬂmhhbela‘p@@amtbbquzsé@wlé dligiectric
- the art that the conception and specific embodiment disclosed may be
layer; anteRgilnstiized baacbasis forentbdifyingner ddsighiiyatsety StellPegIBFise a0
processes for carrying out the same purposes of the present invention. It
oxygen-Ghatildnglsonbepeatizedanyrhorécsiled in the art that such equivalent
constructions do not depart from : :

© [0011] Tn accordance with yet another embodiment of the present invention, a method for '

fabricating 2 semiconductor structure with a pore-sealing process is provided. The method

includes providing a substrate with a porous low-K dielectric layer formed thereon; forming an
oéening through the dielectric layer; performing a Piasma treahpent on the sidewall ,Of the

. Qﬁéﬁiﬁg, the plasma treatment resulting in a éafbénét&& nitrogenated and/or oﬁdﬁed portion of
the porous'iow~K die‘iectfic 1éyér along fhc sidewall of fhr:: opening. A barrier layer may be
mbsequenﬂy. formed along the sidewalls of the opéning and the openingﬁlled with a conductive
material: | |

{eéiz} ﬁ should be appreciated by those skilled in the art that the cogception" gnd specific
embodim&nt .disciosed may be readily wtilized as a basis for modifying or dcgigning other
structures or processes for cafrying out the same purposes of the prcsegi invention. It should
also be realized b}.‘f fhose skilled m the art that such equi"{faient.co.nstruéﬁc;ns dﬁ na§ depaﬁ-from

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



the spirit and scope of the invention as set forth in the appended claims. 4
BRIEF DESCRIPTION OF THE DRAWINGS [0013] For a more complete
understanding of the present invention, and the advantages thereof,
reference is now made to the following descriptions taken in conjunction
with the accompanying drawings, in which: [0014] Figures 1a-1 e
illustrate steps that may be performed to fabricate barrier layers in
accordance with a first embodiment of the present invention; [0015]
Figures 2a-2d illustrate steps that may be performed to fabricate barrier
BRIEF IAYErR iDTACKANGarieE With &&$Cnd embodiment of the present invention;
and [0016] Figure 3 illustrates an element analysis of a cross-section of a
via formed in_accor j 0diment plthe@resenhinvention: s
0013] pEFNE BB HESE %@%%@ﬁ‘é\%%l I %%Qrg E%?\{/iE EMBODIMENTS [0011;%
The maki i gsentiviielor etembostijnenismreith the
ﬂwmoﬂfzﬁs%ﬁ%cseegigr?%rggﬁ% ngg(\t/v?agcfﬁoﬁld berg{ppreciated, however, that the

accomp éﬁﬁg'&H@« lignprRyides many applicable  inventive concepts that can
" embodied in a wide variety of specific contexts. The specific

o STESAETs tesed e e e sl shadinunysion

N, an not limit the scope of the invention.

accord%n%%gﬁgf%ggt Eﬁﬁ%ﬁ:@s&ﬁﬂ@éﬁﬁ;ﬁ-loo is provided having a |

;an etch stop layer 112, and an IMD layer 114.

Although it is not shown, the substrate 100 ) . )
[0015] Figures 2a-2d illustrate steps that may be performed to fabricate barrier layers in

accordance with a second embodiment of the present invention; and-

[0016] Figure 3 illusirates an element analysis of a cross-section of a via formed in

accordance with an embodiment of the present invention.



may include circuitry and other structures. For example, the substrate 100
may have formed, thereon transistors, capacitors, resistors, interconnects
and the like. In an embodiment, the conductive layer 110 is a metal layer
that is in contact with electrical devices or another metal layer. [0019] The
conductive layer 110 may be formed of any conductive material, but an
embodiment of. the present invention has been found to be particularly .
useful in applications in which the conductive layer 110 is formed of

DETATCEPRSESG: Hiseyssed aboveTropparprMiBes guGH tonductivity with low

resistance. The etch stop layer 112 provides an etch stop that maybe

used to selectlvely etc IMD layer 114 SSIngSERdA AMNetail
[0617] embgYifRRAE &E%l?fyese Iééé? f%)ﬁf}rﬁge(gﬁg%g dielectric ) el

below. ﬂg]%gﬁg SUCh as; escgllI%%Qvgx%@t%@@@e%ts%ﬂﬂn@eﬁﬁgﬁ%%\fﬁa@@ﬁ}if/‘ﬁpphcabie

Sﬁp&%%n -¢ontaining material, a carbon-containing material or .

the like. Jie Bolaé’x%%&&l%{f%npi’%jﬁf@bz%é%r@?ﬂ)éﬁlﬁdQ\Ah{éxd£|%ﬁflgpecxﬁc

inventivg, coREERS 21 "A5 3 carbon- containing material, a nitrogen-containing

emb dn@g terial, an 9xyden-ceniaining mataral @spaeifikevayii® make and use the

1.‘bOﬂ contalnlng material, nltrogen contalnlng material, or

venticXYEAS N cg&tggﬂﬂgé@@&ﬁ@%mieﬁh%ﬁd&wlayer 114 may be a carbon-doped
7 material, a nitrogen-doped material, or an oxygen 6 doped material. An

embodiment of the present inventio be | | r
(0018} matBREFSIRADATY Y HiEteEt ?3 tonst ar?terﬁegé that ﬁ%&%g‘%%g%%%% Eyer

110, mg{gi%%}?@%'ej&ﬁ%gﬁ]f resem 1 ”V?TE'Q” Mavhs-RATtisHaHyMsail Wheate 100

aving a didlectric constant less that about 2.75 are

0020 It Id b d ted tad thesrmed
ey inECL10920L I o b Roled P05 Aeiarat selec i doim:

thereon transistors, capacitors, resistors, interconnects and the like. In an embodiment, tﬁe
conductive layer 110 is a metal layer that is in ‘conta.ct with electrical devices or another métal
iayer.
[{}(}19] The conductive layer 110 may be formed of any conductive material, but an
embodiment of the present invention has been found o be partzculariy useful il apphcatwns in
which the conductive layer 110 is formed of copper As dlSCﬂSSBd above, copper provides good :
conductwlty with low resistance. The etch stop 1ayer i12 pmwdes an etch stop that may be
used to seiecﬁveiy etch the IMD 1ayer il4ina Iater processmg step In an embodunent, the etch
stop 1ayer- 112 may be formed of a dielectric material such as a silicon-containing mat-cnal, g
nitro gen;containing mate;ial, zm oxfgenl-.ccntzjniqg material, 2 carbon-containing material or the
iike.- The IMD layer 114 is preferably formed of a low-K dielectric material, suc;h_ as a carbon-
containing material, 2 nitrogen—éontainiﬂg materlal an oxygen-contaiﬁing material, of the like.
The carbon—contammg matenal, mf:ogen—cantammcr matenai or oxy en—contammg matenal of

the IMD laycr 114 may be a carbon-doped material, a mtrogen—doped material,- of an oxygen-



etch stop layer 112, and the IMD layer 114 should be selected such that a
high-etch selectivity exists between the IMD layer 114 and the etch stop
layer 112 and between etch stop layer 112 and the conductive layer 110.
In this manner, shapes may be formed in the layers as described below.
Accordingly, in an embodiment, the IMD layer 114 utilizes materials such
as carbon- doped silicon oxide (SIOC) formed by deposition techniques
such as CVD, PECVD, Spin-On, LPCVD, or ALD-CVD. In this

doped = mbodimentsiican-carhide-Rasheenitiunddiey be asshitabbenmataridkfortric
e etch stop layer 112 in which a copper damascene structure is being

material %?%%ze[@%éh&%@ﬁ&iﬁ@mw thdigre 1btan opbnimgeaigoivie 12Gey
' formed. It should be noted that a via and a trench are used as an openlnlg
€88

inventiof PR AMStBLivR AP eses: DR tbatiments il o vire sehtipantiontiay
be used with other types of openings. It should also be noted that the via
that abodi2D7s Hiuiglkated as a dual-damascene structure for illustrative purposes
. only and may be formed by one or more process steps (e.g., a single

0020) damASCENe EQ 065 e Ml 20 mayche fermed By cphetelitoapty o, the

technlques nown in the art. Generally, photolithography involves

etch stop FA%%? aﬁdﬁfﬂ@f@f@sﬂﬂéﬁaﬁrﬁbﬂmﬁ@%}dﬁ&dmhn théexddgingichndlectivity

eloping in accordance with a specified pattern to remove a portion of

exists beRE-RhaloteaisLMAteriakn I e-rasainipgapbotdtesistbenateriatiproteptahel 12
underlying. material from subsequent processing steps, such as etching.

and the JNEBIERING HIOCE SE Mayhesewebared yaabisiropit iorisokbpie: a%ggqcnbed
process, but preferably is an 7 anisotropic dry etch process. After the
below. BlEHINENBIGESS, dheottmainithy PHbtdrssistirhateras makprisds Bibdeearbon-
' [0022] In an embodiment in which the IMD layer 114 is formed of FSG, the
doped sﬁl&‘dih&iﬂﬁel &yE¥C) formed by deposition technigues such as CVD, PECVD, Spin-On,
LPCVID, or ALD-CVD. In this embodiment, silicon carbide has been found to be a suitabie

material for the etch stop layer 112 in which a COpper damascene stmcturg is being fabncated.

{0021} Referring now to Fi-gure 1b, an opening, e. g, via 12{}, is fomi_ed. Tt should be noted
that a via and a trench are used as an opening for iilustrative purposes only. Embodlments of the
r.present inventwn may be used with other typﬁ:s of openings. It should also be noted that the via -
120 is illustrated as a dual-damascene structure for illustrative purposes oniy and may be forzqu
by one or mor-e process steps {eg.a s%ngie damascene process). The via 120 may be formed by
photolithography techniques known in-the art. Generally, photolithography involves deposi*dng

a photoresmt material and then irradiating (exposmg) and developmg in accordance with a

) spemﬁed pattcm to Temove a portlon of the’ photorcmst material. The rernaining photoresxst
‘material protects the underlying material from subscquent processing steps, such as etching. The

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



112 is formed of silicon nitride, and the conductive layer 110 is formed of
copper, the via 120 may be etched with, for example, a solution of CF4,
CSFg or C4Fs, wherein the etch stop layer 112 acts as an etch stop.
Thereafter, the underlying etch stop layer 112 may be etched with, for
example, a solution of CF4, thereby exposing the surface of the
conductive layer 110. [0023] It should be noted that a pre-clean process
may be performed to remove impurities along the sidewalls of the via 120
anisotro@NCHI0 Giganihe undedying Gandyciveday etcltbathiepiestotesin: process may
may be a reactive or a non-reactive pre-clean process. For example, a
be remoh@ACtive process may include a plasma process using a
hydrogen-containing plasma, and a non-reactive process may include a
blasia process dsing an e RSN o, O allumCani AN RS BRy layer
[0022] TheLBFé‘-EéIFé %I%:tess‘grfﬁ}%%ﬁg also t¢'1;13%11J:asmalproc:ess using a combinatign
.. of the abave gases containing plasma; [0024hFigyre.da Jusspas thevia 120
112 1s forma r§% icﬁf? %?réén?lé b after a protect[ﬁ\% layer 130 has been formed in
aceordance with an emhogliment of the EIesentjryamtiaeinisdisaussedayer
may be gtrl:?o(‘:/e',W {]h’eef %vﬁltgalﬁé%er’ 114 through which the via 120 is formed typically
112 actSOMRNSES, A POraus Mateialusuchas sdowdp disteqttic imatedakclrd with, for
accordance with an embodiment of_the present invention, one or more
exampl SCANIGBIAGESSE Bdtal s pesiorme d ierpariibdhe eosbiopletbiyesdalihe
exposed pores of the HAD layer 114 by simultaneously forming a -
protectin

yer 130 on the surface of the | el r 14 ith, ' ties
0023) By R BBt R g 18 o STt e WD gy

ace of the IMD layer
114 with the yia 1204s smqoth idli i r1180 wi ,
e BN 8 SO N O Bt e 130 A

ich subsequenfgbarrler layers may be

clean pr];ocrgs]segh)rr%%ugtggzgéﬂf@omgﬁ%xﬁreacﬁve pre-clean process. For example, a reactive
process may include a plasma. process using a hydrogen-containing plasma, and a non-réactive
| process may include a plasma process using an érgon—containing or helium—céntaining plasma.
1The prewcleén process may be also a plasma process using a combinatiop of j,he above gases

containing plasma.

[0024] Figure 1c illustrates the ‘substra‘tﬁ: 100 of Figure ib aftér a protécﬁng lﬁyer 130 has
been fomed in accordance with an embodiment of the pfesent invention. As discussed above,
tﬁe IMD layer 114 throﬁgh Wﬁich the via 120 is formed typically comprises a pofou.ﬁ ﬁateﬁai,
such as a low-K dielectric material }Ln accordancé with an_cmbbdim‘ént of the present iuvenﬁom
one or more sealing processes may be performed to péxﬁaliy or coﬁlpleteiy s'ea_l‘the_expdsed
iﬁores of the IMD layer 1 14 by simultaneously foﬁniﬁg a protecﬁng llayer 130 on the surface of
the IMZD iay~6r l};4 with the _via 120. By ée;clﬁng the porés of the IMD iéyer 114, the sgxféce of
the IMD layer 114 with the ﬁa 120 is smoother by pifovidi,ng a p;‘otecting layer 130 Wlth a moré :

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



uniform barrier layer. The process to perform the sealing process and to
perform the protecting layer may be a plasma treating and film depositing
method, such as a PECVD method or a plasma treatment combined with
any depositing method. [0025] In an embodiment, the protecting layer 130
is formed of a dielectric material comprising a silicon-containing material,
a carbon-containing material, a nitrogen-containing material, an
oxygen-containing material, or the like. Preferably, the protecting layer

umform]ig‘i(.?rl@r formedby.a REGY beprieess e dilhigkness afatoparkOmA toeabiotscting -

500 A. For example, a protecting layer 130 may be formed of silicon

layer m%lﬂgg Haing: 2B\ oISing Siathe @RCINEG: GEsesDoB)d or 2
eferring now to Figure id, the substrate 100 of Figure Ic is shown after

plasma therpratestinglayei: 30sisiepmgirechadtng the bottom of the via 120. As
: discussed above, the protecting layer 130 is formed of a dielectric

< material. Therefore, g allow bettar electical sorapesiesipabeeendh@rial
[0023] cong?Ja?ve%fug and thegﬁlﬁwderlylng%onductlve layer, it is preferred that

compnsmv %@8&'@8&%&?@&@@1&@%&9{1@6&%@ MiadeiemovegknFbentaining
prBtectlng layer 130 along the bottom of the via 120 may be removed by

materiaP Y& dry. stch processrit shauldine. npiethdiay ahportieotofgbeyer 130 1s

protecting layer 130 along the bottom of the trench may be removed

formed GYHNEING PFOSRS S0 b aVIENRES ibfaiprefatet tozdjusithd efch psraintsets
such that at least a portion of the protecting layer 130 remain along the

protectiBOUQ 0fthearenchinedrevdinhomisticesthe dliffiSion nvewweering silane and
conductive plug-and the IMD layer 114 along the bottom of the trench.

N:0 g2£8027] It should be noted that the surface of the conductive layer 110 may
be recessed in the via.120 as a result of removing the first barrier layer

[0026] 1301@@?@&?8@@%%@4*1@,% %@&6&9100 of Figure lc is shown after the
protecﬁng'layer 130 is removed along the bottom of the via 120. As discussed above, the |
protecf:ing layer 130 is formed of a dielectric material. Theréfore, to ailow better electrical
properties between the conductive plug and the underlying conductive layer, It is ?refeﬁed that
the protecting 1aye}: 130 along the bottom of the via be removed. The protecting layer 130 along
- the bottom of the via 120 may be removed by.a wet or dry etch process. It shouid be noted that a
port:lon of the protecting layer 130 along the bottorm of the trcnch may be removed durmg this |
process. However, it is preferred to adjust the etch parameters such 'ihat at least a portion of the
protectmg layer 130 remam along the bottom of thc t'ench to prevent or reduce thc diffusion

befween a conductwe plug and the IMD iayer 114 a.lon,g the bottom of the t;:enoh,

0627] It should be noted that the surface of the conductzve layer 110 may be recessed in the
via 120'asa result of removing the first barner layer 130 along the bottom of the via 120. Ina

preferred embodlment, the depth of the recess 1s less than about 800 A



preferred embodiment the depth of the recess is less than about 800 A. 9
[0028] Figure le illustrates the substrate 100 after a barrier layer 132 is
formed, the via 120 is filled with a conductive plug 140, and the surface
planarized in accordance with an embodiment of the present invention.
The barrier layer 132 preferably comprises one or more layers of a
conductive material that further prevents or reduces diffusion into the IMD
layer 114 and provides good adhesive qualities for the conductive plug

nozg) SA0: 10 .an embodiment M hAUIRT 1Yer 32 uAl COmBIISEHmes, ale via 120

I titaniem nitride And titanium silicon nitride. [0029] In an embodiment, the
is filled SARAUSHME 1'\5’%%‘@0 COMpIiSEs &A0RpEhMmateiiahiatetuine depasiting a
copper seed layer and forming a copper layer via an electro-plating

embodindd RS Be E&%e&%@yxﬂgrﬂ-%M@rﬂlﬁ,@ﬁ%@@ﬁf@rﬁhﬂﬁﬁ@ﬂﬂﬂ%&ﬂom or more

chemical-mechanical polishing (CMP) process. Thereafter, standard -

layers of! rogessesMandleusediotterppletadabriedtion anffupmokatirthediviRdayer 114
semiconductor device. [0030] Figures 2a-2d illustrate a second

and provRIBDESIMRIN-of theupresembinventiohicTine prackdl Musterded#nrgrbs barrier

. 2a-2d assume the via 120 has been formed in the IMD layer 114 as :
layer 1 30@86ribathakoMeanithi ritferience todEiguddideii: ABeoRdiHEHE Figure 2a

illustrates the substrate 100 of Figure Ib having a pore-sealing process

oozep PeTormed, indicatedshy.thedlirsctonah alyevsoriQQ31obher sealifigl formed by

process may be performed by exposing the substrate 100 to a pore-.

depositiuscegggllgﬁm Sma.0.ap emhadimenipihe soaling pietessippafgmmetisy The
ékposing t E;

S e substrate 100 to a plasma having a gas source containing a

substrateORR SHENLRS BIGER NYJI aBeNa@plgen c RitogenmchBlniol op Bsoora fTeEon
~ thereof. The plasma treatment will induce a plasma treated portion 222
process. Thereafter, standard processes may be used to complete fabrication and packaging of

the semiconductor device.

[0{}30] Figures 2a-2d illustrate a second embodiment of the present invention. The process
illustrated in Figures 2a-2d assume the via 120 has been formed in the IMD layer 114 as
~ described above with reference: to Figures la-1b. Accordingly, Figure 2a illustrﬁtes the substrate

- 100 of Figure lb.héwing a'bore%ealing process performed, indicated by the directional arrows.

[6031] -~ The scaling process may i)i;: performed by exposing the substraie 100 to a pore-

l' sc%alizig‘ plasma. In an embodiment, the seal’mg pr_océss 18 perfor:cﬁed by é;xpcijsirig the substrate -
160 10 2 plasma having a gas source containing agas such as argon, hyd:oéen, 0¥ygen; nitro gen,
héliuzm ora cémbinatidn thereof. "Ihe plasma treatment will induce a piasma treated portion 222

| in the IMD layer 114. The iaores in the plasma treated portion 222 will be substantially sealed by
the plasma treatment. The plasma freated portion 222 m'ay'. contain a higher ;:oncentraﬁon of
carboﬁ, nitrdgem and/or -oxygen than the bulk portion W]Ih]n the IMD layer 114. The plasmé

' treated portion 222 may also comprise a carbonated, nitrogenated, and/or oxidized portion due
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in the MOD layer 114. The pores in the plasma treated portion 222 will be
substantially sealed by the plasma treatment. The plasma treated portion
222 may contain a higher concentration of carbon, nitrogen, and/or
oxygen than the bulk portion within the IMD layer 114.. The plasma
treated portion 222 may also comprise a carbonated, nitrogenated, and/or
oxidized portion due 10 the plasma treatment. Optionally, a protecting
layer (not shown in Figure 2a) may be formed along the sidewalls of the

the plaso a%?ggg%gﬁ.dggggga%%é%%m G cedn.figw ?@g%l@'ﬁ% W Hh8ed

asma treatment m performed at a time period of about 10 to about

100, secon peratyLe-Qhahout@ioabeut AQDICowith law RF
along theer?é%egv;%g g%%hﬁt% %%%/Tbtgo%géb%% 880 eV with high RF energy of about

200 eV to about 800eV with substrate bias ?bout O.tcg1 afb%%'t ?98%%%{ 100
[0032] ExaRhsIBE T ALeLBERLBEY S RAE) B L EbY 1B RE56r8-E88lhg process

include Ar/H2, Ar/IN2, Ar/He, H2/H N2.,Ar/02, O2/N '
Semﬂdséﬂ‘?é%‘ﬁ%‘gﬁ?‘ﬁﬁgtﬂr%%%teéué% a°FRE %@gﬁnwadr}&orﬁ cO nt%?ﬁ{%% %%a%%é!l 590 e 10

hydrogen-containing gas,.a nitr n-Gqnt inj liums ininQ...
about 8 %Yé?f‘g%gﬁﬂ%%% i?l%%g)g%ﬁg%éim b?n%?ﬁ%%ﬁo%%ﬁr %ﬁgéﬁl%ﬁ%%]%w: oto

* abour 4{Jfr SRS URIES 6 SUBRIAISA0 el QAR A i stat P ctuae

30has ormed. Because the sealing process described

A/, %%Veﬂ)ﬁ%{%%??gﬁ@fﬁ%ﬁ 2ansubstaptially saals heReEsRLINg bsed

ayer irst barrier’Tayer 230 is formed on a smoother surface.

include HhG-omoQthehauriace Alowshe fshhanteadoy o230 fo. oM anpese, a helium-

uniform and confinuous barrier layer than previously available. As a resuilt,

containﬂ%%,bﬁ%{%eﬁ-@om%lﬂg Jasultipgibiastion yesofay peoide better
diffusion properties. [0034] In an embodiment, the first barrier layer 230

0033] " bR S QARG RV Figure 22 after a first barrier layer 230 has
been formed. Because the sealing process described above Wi_th reference to Figure 2a
s‘ubstan{;iaﬂy seals the pores of the IMD layer 114, the ﬁrst barrier layer 230 is formed on a
smoother surface. The smoother surface ‘aﬂows the ﬁrst barrier layer 230 to form a more
_@form and continuous barrier layer than previously available. As a result, it has been found
that the resulting barrier layer,maj prévide bette% dif%ﬁgién properties. |
[0034}- In an embodiment, the first barrier layer 230 may comprisé a silicon-contaiming layer,
. carbon-containing layer, nitrogen-containing layer, hydro gen;containing layer, or a metal ora
‘me‘éal éompound‘coﬁtajniﬂ'g.layer, such as tantalam,tantalum nitride, titaniom, titantum nitride,
titdnium zirconium, ttanium zircopium nitride, tungsten, tungsten nitride, alloys, or
combinations thereof. Tfﬁe ﬁrst barrier layer 230 may be fgr:ﬁed by a process such as physical
;faf)or c'.lcposii_:io.n (PVD}, ch;amic-al rvapor‘ dcposition"(CVD), plasmanenhaﬁce& CVD (PECVD);

low-pressure CVD (LPCVE), atomic layer depbsiﬁen (ALD), spin-on deposition, or other

11



carbon-containing layer, nitrogen-containing layer, hydrogen-containing
layer, or a metal or a metal compound containing layer, such as tantalum,
tantalum nitride, titanium, titanium nitride, titanium zirconium, titanium
zirconium nitride, tungsten, tungsten nitride, alloys, or combinations
thereof. The first barrier layer 230 may be formed by a process such as
physical vapor deposition (PVD), chemical vapor deposition (CVD),
plasma-enhanced CVD (PECVD), low-pressure CVD (LPCVD), atomic
. lay rgéep sition (A %Dﬁ% spin-o0 it] r r itable e 3
suitable iﬂ?%ﬂ m%o ir%%n?!a e ﬁs@%ﬁf&%gﬁ %%ﬂ%tﬁ%ﬁ%@rmed byg}fgg?
process, The first barrier layer ) %gﬁplr' nultiple layers. [0035]
PrOCEss. ?Eégf%%?fﬁtgbﬁgﬁrt%a é}lifrjg 510%%{ gl‘(l} %%%ﬁ%{uproces? ;&nggy be performed to
completely or partially remove the first barrier IayetE 230 alon%ﬁhe bott
n

- : m
100351 of tReforinEom FiguRE v s ABSO B BREORHEHS R SHER Th TP oL o

~barrier layer 230 is partially removed, In another embodimpe thej&r% ¢
me—— e e b T S

7 membﬁgggé{yggéﬁ%%%ﬁgﬁ eé 106189@" %gﬁ%@ggﬁ%gggg r%\_éi@lgxlgﬁl%ﬂment

ottom o via may be particularly .

. useful in empbodiments in which multiple, barri Si usedldq.provide
 the first Bf’ﬁﬂ%’iéﬁ"ﬁ#dggrr%gh%%%ﬁﬂ %Sgrﬁ%%gaqgeo%?ﬁé% g}i%%aﬁg%ﬁt fewer}g{l%

R0 g&%m along thehotiom, tof6duee: ea0taking the

é also be notéd that one or more additional

thinner rier la
‘conductlrver%%j{g P]%r (ﬁ%

€s ce.’lts |

 bottom %%E{ée fa %@%‘&%M&W Re darmed pierLmMoyiRgitheRatem barrier layers

fon o st barrier layer 230. The bottom or the first barrier layer

are usedi%%@@&%ﬁ@%vﬁﬁ/w a@l@@pﬁrﬂ@&ﬁ%@&ﬁlg{mﬁ/ﬂﬁ@ﬂﬂﬁ emnptedhinner
~ that the surface of the conductive layer 110 may be recessed in the -

barrier lajfﬁ:rs are desired along the bottom to reduce contact resistance. It should atso be noted

‘ﬂ:aat one or more additional baxrier/adheéion barriers may be formed after removing the botiom

portioﬁ of the first barrier layer 230. The bottom or the first barrier layer 230 may be removed

by a dry or wet process.

: [Oé3ﬁ] It shoﬁld be noted that the surface of the cénc_hi‘ctive layer 1 10 may be recessed in the

via 120 as atesult of removing the first barrier layer 230 along the bottom of the via 120. Inan’

- ezﬁbodhneﬁt, the depth of the recess portion is less than about 800 A.

) [0037] - Figure 2d illustrates the substrate IOO after the via 120 is filled with a condnctive
plug 140 and the surface pi—ana;ized. In an embodiment, the conductive plug 140 comgrises a
coPI;'ef material forrﬁcd by .depositing a copper seed layer and formin‘gra_cbpper layer via an

: clcbtro—pldting précess. The substrate 100 may be p}aﬁaﬁzed b&, .for exa.rgple, a chemical-

| mechanicél polishing (CMP) process-. Thereafter, standard processes may be used to complefe'

‘fabrication and packaging of the semiconductor device.
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via 120 as a result of removing the first barrier layer 230 along the bottom
of the via 120. In an embodiment, the depth of the recess portion is less
than about 8001. [0037] Figure 2d illustrates the substrate 100 after the
via 120 is filled with a conductive plug 140 and the surface planarized. In
an embodiment, the conductive plug 140 comprises a copper material
formed by depositing a copper seed layer and forming a copper layer via
an -electro-plating process. The substrate 100 may be planarized by, for
[0038] example, aichemichkimechapical peistind{CHMPrprocesanlthersalterss a via
standard processes may be used to complete fabrication and packaging
that wasbtR@ Semicenduciotdeviesd2-[00BSHHglrb @ is & graptritesimfingithe, it
composition of a cross section taken across a via that was formed in
has beerdfSeIigACe radth thittprpcesssdedesibid dbiove. iAs illaberatee-artFigoreod cirbon,
has been found that a result of the processes described above is a higher
 oxygen, codesntatichrofedarivog thexydrvallndittbgeritd im B b Agthseosition
- sidewalls. As illustrated in Figure 3, the position indicated as the sidewalls
indicatedxkithit sideighibr wonbisAthiEhon STNRAGFEAT SLJFERE An B T EBoAh &R iga than the
material of the IMD layer. [0039] Although the present invention and its
materialafvhnidfedatiere been described in detalil, it should be understood that
various changes, substitutions and alterations can be made herein
10639] Withou dleparingemithenspiiibantisebpatofdhbanventivtessitlefiteddsil, it
E the appended claims. Moreover, the scope of the present application is
should HeQlindensiadier bermitethtodhedartitieans exbddintentscof fhrermprdebssin
machine, manufacture, composition of matter, means, methods and steps
without desetibgdrimttie spetificatiomeAs brdofotdinasylekiphbihtasrrmmndeddigims.
appreciate ' ' _
Moreover, the scope of the present application is not intended to be limited to the particular

embddiments of the process, machine, manufacture, composition of matter, means, methods and _
steps described in the specification. As one of ordipary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, composi‘_iions of
maﬁér, ﬂ.:aea:ns,_ methods, or stéps, presently eﬁsﬁng or later 1o be devélopei that perform
substantially the samer fﬁnéti'on 51' _ach-jev-e substantidily ?he same result as the corfespond_ing '

. embo‘diménts described hﬂElBiE‘L may be utilized accor&igg to the prééent invention. Abco?dingly, _
" the appended claims are iﬁté:idéd to include within their scope sﬂcﬁ processes, ma;lzjnes,

manufacture, compositions of matter, means, methods, or steps.-
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from the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means,, methods, or steps,
presently existing or later to be developed, that perform substantially the
same function or achieve substantially the same result as the
wAATesRENLing: s Mbodiments described herein may be utilized according
to the present invention. Accordingly, the appended claims are intended
to include. within their scope such processes, machines, manufacture,

1. compositidnsdfcmatterteneansprisethods, or steps. 13 WHAT IS
CLAIMED IS: 1. A semiconductor structure comprising: a low-K dielectric
layerderaksdisstetie janr openivigtesttended through the low-K dielectric
layer, the low-K dielectric layer having a plasma treated portion on a
sidewaltrsming operied thoneeoihndee aridetaye levforthedoaldhglitectric layer
sidewalls of the opening; and a conductive material filling the opening. 2.

haying %@Wﬁ@éﬁ@ﬁ@&%@bﬂﬁr@%ﬁe&’é}mfﬁm%he plasma treated
portion has a thickness along the sidewall of the opening between about
10 AAR G ABSEOBBET AR ThickREsd 03e Fre demitonidlit ticaiigctie of
claim 1, wherein the,l(?vgv-. dielectric layer has a dielectric constant less

i

thanaB8ES Y RAFHE SEMEORIBEBEstructure of claim 1, wherein the

low-K dielectric layer has a dielectric constant less than about 2.75. 5.

The semiconductor structure of claim 1, wherein the plasma treated
2. B&ﬁ@ﬁ:@é_@tgtﬁ@ﬁ‘épture of claim 1, wherein the plasma treated portion has a thickness

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

3. The semiconductor structure of claim 1, wherein the jow-K dielectric layer has a

dielectric constant less than about 3.0,

4. The semiconductor structure of claim 1, wherein the low-K dielectric layer has a

dielectric constant less than about 2.75.

3. The semiconductor structure of claim 1, wherein the plasma treated portion has a higher

concentration of carbon than the low-K dielectric laver.

6. The semiconductor structure of claim 1, wherein the sidewalls of the plasma treated portion

have a higher concentration of nitrogen than the low-K dielectric fayer.

7. The semiconductor structure of claim 1, wherein the sidewalls of the plasma treated portion

have a higher concentration of oxygen than the low-K dielectric layer.
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concentration of carbon than the low-K dielectric layer. 6. The
semiconductor structure of claim 1, wherein the sidewalls of the plasma
treated portion have a higher concentration of nitrogen than the low-IC
dielectric layer. 7. The semiconductor structure of claim 1, wherein the
sidewalls of the plasma treated portion have a higher concentration of
oxygen than the low-K dielectric layer. 14 8. The semiconductor structure
of claim 1, wherein the opening is a dual damascene opening with a via
8. and dleenekiOndiesemicorduCiitistruciteesof dlaiopdivghereituthedmasdéne
dielectric layer further comprises a plasma treated portion on a bottom of
opdinegrerich vidda Aemeéthod of fabricating a semiconductor structure, the
method comprising: providing a substrate with a low-K dielectric layer
formed thereon; forming an opening through the low-K dielectric layer;
9. formimgeasplasimautieated-poettioncofithe, loneicidiglecRiclayrlcalon®fer further
sidewall of the opening; and forming a barrier layer over the plasma
cortigatad posion:&lediHeaimethadafalaifttitGremtterein the plasma treated
portion has a higher concentration of carbon than the low-K dielectric
layer. 12. The method of claim 10, wherein the plasma treated portion has
a higher concentration of nitrogen than the low-IC dielectric layer.
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13. The method of claim 10, wherein the plasma treated portion has a
higher concentration of oxygen than the low-K dielectric layer. 14. The
method of claim 10, wherein the plasma treated portion is formed by using
a plasma with an argon-containing gas, a hydrogen-containing gas, a
nitrogen-containing gas, a helium- containing gas, an oxygen-containing
gas, or a combination thereof 15. The method of claim 10, wherein the

10.lowsHS dligleetic laver hasadisleaticeRnsiantdess, an ahau3-0. 16.

The method of claim 10, wherein the low-K dielectric layer hasa dielectric

Con%ﬁ‘ﬂ’ﬁdﬁx%sa Lheun AL 2 fowe KBdielectric layer formed thereon:

forming an opening through the low-K dielectric layer;
forming a plasma treated portion of the low-K dielectric layer along a sidewall
of the opening; and

forming a barrier layer over the plasma treated portion.

11. The method of claim 10, wherein the plasma treated portion has a higher concentration of

carbon than the low-K dielectric laver.

12. The method of claim 10, wherein the plasma treated portion has a higher concentration of

nitrogen than the low-K dielectric layer.

13, The method of claim 10, wherein the plasma treated portion has a higher concentration of

oxygen than the low-K dielectric layer.

14. The method of claim 10, wherein the plasma treated portion is formed by using a plasma
with an argon-confaining gas, a hydrogen-containing gas, a nitrogen-containing gas, a helium-

comtaining gas, an oxXygen-containing gas, or a combination thereof

15. The method of claim 10, wherein the low-K dielectric layer has a dielectric constant less

than about 3.0.

16. The method of claim 10, wherein the low-K dielectric layer has a dieleciric constant less

than about 2.75.
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