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ORGANI C QB§?§G§E | N DUAL DAMASCENE | NTERCONNECTS BACK

~ |_LNVENTI ON | ELD OF THE I NVENTION This invention relates to a nethod of
fabrication used for sem conductor integrated circuit devices, and nore

‘§pecifically to the use an alternate ttch stop in dual danmascene
organtc e sPETRECHE, FeeaBUE“AORREEGTRD LSRR AREEE,
i1 conioh silicon oxiHb AL SRRSEERE B SERES o o asrm. (2)

DESCRI PTI ON OF RELATED ART Related Prior Art background patents will now
be described in this section. U S. Pat. 5 830,801 entitled "Resistless

Met hods of Gate Fornmation V, v. 3, 1998 to
Shiralagi at al. descrlbegh'gK h%g 0 fornﬁgggﬁ?icon-rich oxi de

| ayer. The nmethod is direct %Qﬂﬁﬁd ¥%?r$#¥%#fﬁﬁﬁgalg and’ defining the
€ y

gate area, which includes foFmMNg an ox positioning a |ight
mask adj acent gn$UriAGEnLLoA relates to a method of fabrication used

for semiconductor integrated circuit devices, and more
- gpecifically to the use an alternate etch stop in dual
‘Hamascene interconnects that improves adhesion between low
dielectric constant organic materials, with the etch stop
being a low dielectric constant material, consisting of a
silicon containing material, which becomes silicon-rich

silicon oxide after UV radiation and oxygen plasma.

{2) DESCRIPTION OF RELATED ART

Related Prior Art background patents will now be

described in this section.

U.S. Pat. 5,830,801 entitled “Resistless Methods of Gate
Formation in MOS Devices” granted Nov. 3, 1998 to Shiralagi
‘et al. describes a UV method to form a silicon;rich oxide
layer. The method is directed toward forming an MOS gate and
defining the Qate area, which includes forming an oxide mask
by positioning a light mask adjacent a surface of a

polysilicon layer and exposing the surface through the light



pdl-ysilicon | ayer and exposing the surface through the |jght CS06-033 2
mask to acgﬂggayltra violet light in an anbient containing oxygen. U S.
Pat. 6,040,243 entitled "Method to Form Copper Danmscene |nterconnects
Wsi ng a Reverse Barrier Metal Schenme to Elimnate Copper Diffusion”
granted Mar. 21, 2000 to Li et al. describes dual damascene process
conprisin 's]{_éormbotom low K.materigl , formetch stog ‘Iﬁ%ger formtop | ow

‘K and the teh AR TN HGPEDAPf AR BRPLERE oppetining

dielectri&x$@¥§fs due to overetch of the passivation layer is elimnated
by a barrie ayer. The nethod can be used to form dual damascene

I nterconnects. Copper traces through an isolation |ayer are provided
overlying a sem conductor substrate. A passivation |layer is deposited

overlying the Uchppeatt réyoBi0 4B tditiitdeldatiMethbady €6. Forsi @bgséri c | ayer is
deposited. A cap layer is deposited. The cap |layer and the dielectric .

| ayer ar epgaisEsme IIh torodniectid Udingy SURee sef Batbeepagsty Bt §brhayer and
to formtrenches for the damascene visa. A barrier |ayer is deposited

overlyi nged hﬁlmﬁﬁiﬂétéﬁeé e sudilmdighetied fakaysi, 2pdoths ﬁflp%é ayer.

The barrier layer is e ed though to éxpose the top surfaces of the cap

of the T meroaroipass Bl Ntasdalls Phddd¥s MBI B3mm! HECEMACNA | S

qllow K material, form etch stop layér, form top low K and then
etch dual damascene opening. Diffusion of copper into
dielectric layers due to overetch of the passivation layer is
eliminated by a barrier layer. The method can be used to form
dual damascene interconnects. Copper traces through an
isolation' layer are provided overlying a semiconductor
substrate. A passivation layer is deposited overlying the
copper traces and the isolation layer. A dielectric layer is
deposited. A cap layer is deposited. The cap layer and the
dielectric layer are patterned to expose the top surface of
the passivatioﬁ layer and to form trenches for the damascene
visa. A barrier layer is deposited overlying the passivation
layer, the dielectric¢ layer, and the cap layer. The barrier
layer is etched though to expose the top surfaces of the cap
layer and the.passivation 1aye£;.fhe barrier layer isoclates
tﬁe sidewalls of the trenches. The passivation layer.is

etched through to complete damascene vias. The barrier layer



etched through to conpl ete damascene vias. The barrier |ayer CSOO 033 3
prevents ﬁﬁ@ﬁ r..sputtering onto the dielectric layer during the step of
etching.t| '%ﬁ3the passivation layer. U S. Pat. 6,054,379 entitled "Mthod
of Depositing a Low K Dielectric with Organo Silane" granted Apr. 25, 2000
to Yau at al. teaches a dual danmascefe process by oxidizing an organo
silicon film A nmethod and apparatus for depositing a |ow dielectric

const ant PrpHeRpEsdesEPebedPuttaying rentke ithe dlielactaigadsyerl dueingnpound
and an oxidi zing gas. The oxidized organ si.lane filmhas barrier

properti e¢heostepecfseschingr thoouglaptha yas sddjadtien lagest.her diel ectric

| ayers. The oxidized organo silane filmcan also be used as an etch stop
or an intermetal dielectric layer for fabricating dual danascene
structures. The oxidized organo silane filnms also - provide excellent
adhesi on bet weensdi Pher et 084 ¢Brgt en€itlay ende tiRIIMIARDPos 1 HEnGNYENGON
This invention relates to a nethod of fabrication used for sem conductor
i nt egr at e® ditedectrdeviviéh, Oagdnovsilasgtcgtantadd Apgm, 2% 29@0amoal t er nat e
etch stop_in dual ~damascene interconnects that inproves adhesion between

| ow di el ed® @tcahst &9BCHR§aRi dupht dATRASAENS (PRRRAESS QY Helizdal ast op

material, which is.a siliggon contaipning mterial, is o
organc silicon film. A method and apparatus for depositing a

" low dielectric constant film is described using a reaction of
“an organo silane compound and an oxidizing gas. The oxidized

organo silane film has barrier properties for use as a liner
or cap layer adjacent to other dielectric layers. The
oxidized organo silane film can also be used as an etch stop
or an intermetal dielectric layer for fabricating dual
damascene structures. The oxidized organo silane films also
prdvide excellent adhesion between different dielectric

layers.

SUMMARY OF THE INVENTION
This invention relates to a method of fabrication used
for semiconductor integrated circuit devices, and more
specifically to the use an alternate etch stop in dua;
damascene interconnects that improves adhesion between low
‘dielectric coﬁstant organic materials. In addition, the etch

stop material, which is a silicon containing material, is



C860-033 4 transfornmed into a silicon-rich silicon oxide after W

radi ati on silylation, oxygen plasma. This invention has been sunmmari zed
above and bed with reference to the preferred enbodi nents. Sone
processing details have been onmtted and are understood by those skilled
in the art. Mre details of this inveption are stated in the "DESCRI PTION
OF THE PREFERRED EMBCODI MENTS" section. BRI EF DESCRI PTI ON OF THE DRAW NGS
The obj ectramngformed idtantagdiioénthichisiltdromxide alféer U¥scribed in
the preferred enbodiments with reference to the attached draw ngs that

i ncl ude: FRgliakiophpad shlylatioBece¥yden Plasmssentation illustrates the
Prior Art nmethod show ng an adhesion problem at the interface between
organi ¢ or carbon-doped Si02 material and TECS-base Si Q2 etch stop

Lo S B R AR LA MR i

silicon containing adhesion 1ay [
terial. FEig. .3...which i - ti I | t at] i I lustrat th
1 con M FEEERARSs o S, BFOBEr L. ISR UPFRIPEPEERSHBPm ng &

silicon “dél;ﬁﬂ% %% %rbeggcgggggeg'and are understood by those skilled

in the art. More details of this invention are stated in the

“DESCRIPTION OF THE PREFERRED EMBODIMENTS” section.

BRIEF DESCRIPTION OF THE DRAWINGS
The object and other advantages of this invention are
best described in the preferred embodiments with reference to

the attached drawings that include:

Fig. 1, which in cross-sectional representation
illustrates the Prior Art method showing an adhesion problem
at the intexface between organic or carbon-doped SiO,

material and TEOS-base Si0O, etch stop material.

Fig. 2, which in cross-sectional representation
illustrates the silicon containing adhesion layer on the low

.dielectric constant material.

Fig. 3, which in cross-~sectional representation
illustrates the silicon containing adhesion layer being

exposed to UV radiation forming a silicon rich top layer.



Fi.g. 4, which in cross-sectional representation illustrates the
silicon-rich adhesion |l ayer being transformed to Si-rich SiOthrough

si |yl atJ oggsopxosgen pl asma and having a |ow dielectric constant between 3.5
to 5. Fig. 5, which in cross-sectional representation illustrates the
deposition of a second low dielectric_, material layer on Si-rich Si O
adhesion layer. Fig. 6, which in cros®- sect i onal representation

illustrates thesfornation of .du damascene trench/vi a ening wi th copper
pl ati ng and sugg dugﬁt%%ﬁgﬁa%gzg%Pgﬁ 5?8€}?E?£Lﬁ?3ﬁ§§e TION OF THE

PREF ERRED MRCRMENTS (T $118KEALLRAAT Shitl €60k O &y dPHIMG Pl LARELEALEO

used for semconductor Integrated circurt devic specitircally
to the usapalliN@io ehebughoBily1dudbn, (GHREGENS d ML RN ARG Agt At

i mproves -adhesi on between | ow dielectric constant materials, which are

or gani c- based direlegsthirion cooysddnSi b2tweanaddstton. the etch stop material is
a silicon containing material and is transfornmed into a low dielectric
constant material (k. =- 3.5 to 5), which beconmes silicon-rich silicon

‘oxi de after UV g.adiation.and.silylation, .oxygen plasng. .CSOO 033 6
Referring to F:iEr g;ﬁgqmﬁhﬁ$ | A0 FE98SSEEFFRARL representation

illustrates the deposition of a second low dielectric

.. material layer on Si-rich SiO adhesion layer.

Fig. 6, which in cross-sectional representation
illustrates the formation of dual damascene trench/via
~opening with copper plating and subsequent planarization of

the surface.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention relates to a method of fabrication used
for semiconductor integrated circuit devices, and more
specifically to the use an alternate etch stop in dual
damascene inte;connects that improves adhesion between low
dielectric constant materials, which are organic-based or
carbon-doped SiQ,. In addition, the etch stop material is a
silicon containing material and is transformed into a low
dielectric constant material (k = 3.5 to 5), which becomes
silicon-rich silicon oxide after UV radiation and silylation,

oxygen plasma.



representation.illustrates the Prior Art nethod show ng an adhesion
problemat_the interface (19) between organic or carbon-doped Si 02
material @¥P-B8d the TEOS-based Si02 etch stop material (17) (TECS =
fetraethylorthosilicate). As a background to this problem the integration
of organic-based or carbon-doped SiOgl |ow dielectric constant material,

I n dual damascene processing presents a chall enge (regardl ess of
-.via-first, tRefsrxfingsttooiFigel L, akhjoedivi aregpprsmxtiiondln  parti cul ar,

t here exists an adhesion problemat the interface (19) between the | ow

di el ect ri crenpeasnfiatiog) iddystire teFECHR bRsor AOR mattods tsahpwih@) anas
illustrated in Fig. 1, for Prior Art methods. One solution to the adhesion
probl em | @desiele PEARILR 2% &hehistepfarpuél) betesn argamiicc oFonst ant of

SiN.is too _high bou = 7,.1nh co ison tQ k= 3. 9 for |.O2. High

di el ectri ccwgﬁ'{“ﬁpﬁ?gt%oﬁa’f‘ét?’é’aﬂlt i FrRE r"FE%SEBﬁg’FQn?"%I in

| nt er conneglopisid ks 10T (199 RIBLENES te cL 0801 IR B deila)| 24l & ProVi ded
in Fig. 1, lor Art, are as ol'l ows™ "'sem conductor singl e crystal silicon
subst r at e YedbkgiRiderie drad Prebiiaa, "ehal inteyPatildn (Ghaddad d-bada

I nsul ator, which is not shown in cross-sectional Figs.), Tirst |ow

di el ect ri coxcresttant—-dupiest iS6l0, 147 omhd Ddil écstricy gaumistalnds ed tetriadl, bon- doped

Si 2, TECS-base Si02 etch stop material (17).(tetraethylorthosilicate),

second |owWiual damagscane aracessing priesents, avhhahlenger (radardeassd ofr

carbon-doped Si 2, and finally, the adhesion problemat the
: ~via-first, trench-first or self-aligned via approach). In

particular, there exists an adhesion problem at the interface
{18) between the low dielectric material (16) and the
TEOS-based Si0. etch stop (17}, as illustrated in Fig. 1, for
Prior Art methods. One solution to the adhesion problem is to
use SiN as an etch stop. However, the dielectric constant of
S8iN is too high, about k = 7, in comparison to k= 3.9 for
8i0,. High dielectric constant materials lead to high RC time
constant delays in interconnect wiring. For completeness, the
other materia; layers provided in Fig. 1, Prioxr Art, are as
follows: semiconductor single crystal silicon substrate 10,
patternéd éond&cting metal wiring 14 {(embedded in an
insulator, which is not shown in cross-sectional Figs.),
first loﬁ dielectric constant material 14, which is
organic-based or carbon-doped SiQ,, Tsos-base 8i0, etch stop
material (17) . (tetraethylorthosilicate), second low
dielectric constant material 18, which is organic-based or
carbon~doped Si0,, and finally, the adhesion problem at the

interface {(19) between the dielectric material (16) and the



inaterface (19) between the dielectric material (16) and the CSOO 033 7
TECS- based Si Q2 etch stop (17). It is the object of the :present invention,
to sol ve (R808esi on problemat the interface between the |low dielectric
Raterial, which is organic-based or carbon-doped Si 02, and the TEGCS-based
Si02 etch stop, (tetraethylorthosiIifate). Referring to Fig. 2, which in
cross-sectional representation illustrates silicon containing adhesion

| ayer . (ZEPS-baged SiS} etwsh sttoppn(1Xw diteliecthiecobyastant twéeri al (26)
whi ch i s organi c-based or carbon-doped Si02. It is this specially treated
adhesi on paesenthanviestion,t tot helpe ethatadhendisn ipxobllear atothket eness,
some of the other material |ayers provided in Fig. 2, are as follows:
seni condudderiages bedeeno thai tavi dteleetrietmatenicl r edtichctied to
nmonocrystal line silicon, siligcon-qgn-insulator (SO ) and_ silicon-gernmani um

(Si Ge), afFIRRLCSPREG ORdGREPRYAEPSR SiPxri Ag FheeERdghased S0
i |t,#' ' ' .sectjonal Figs.). Th i conduct
I nNsul at or IS%%U 3 Q%%ti\g%\egggP'gggﬁ§Q§flé§E%1 ona I gSs ) e sem conauctor

substrate be un 0 posSsibly include one or nore | ayers
of insulating material and/or conductive material and one or nore active
and/ or passive devices, fornmed in or over the substrate, or the |ike, and
one or nore | nfRefeommiegt tostFrhiget Aneshisghchnasrossasecttimi=ict S, trenches,
nmetal wrings
,, representation illustrates silicon containing adhesion layer -
- (27), e.g., TSI resist, on low dielectric constant material

(26) which is organic-based or carbon-doped S$i0,. It is this

speciallj treated adhesion layer that is key to the present

invention. For completeness, some of the other material

layers provided in Fig. 2, are as follows: ;emiconductor

substrate 20 which includes but is not restricted to

monocrystalline silicon, silicon-on-insulator (SOI) and

silicon~-germanium (SiGe), and patterned conducting métal

wiring 24 (embedded in an insulator, which is not shown in

cross—sectional Figs.). The semiconductor substrate 20 should

be understood to possibly include one or more layers of

insulating matérial and/or conductive material and one or

more active and/or passive devices, formed in or over the

substrate, or the like, and one or more interconnect

structures, such as, vias, contacts, trenches, metal wirings

and the like., A passivation layer 25, which is an insulator,

preferably silicon nitride, is deposited over the patterned

conducting wiring 24, which is embedded in an insulator (not

shown in cross-sectional Figs.). Next, a first low dielectric



and the like. A passivation |layer.25 which is an insulator, preferably
silicon nigsggdgss i s deposited over the patterned conducting wring 24,
whi ch i;s enbedded in an insulator (not shown in cross-sectional Figs.).
Mext, a first lowdielectric CSOO-033 ti 8 constant material |ayer 24,
whi ch is organi c-based or carbon-dopgd Si 2, is deposited over the

passi vat i QiydA%RI+ “.(%'te ey Qezglr’eﬁgg&sl: ¥¥eg{\§%?_il§a§é}? Jlext process

step, the coatling the surface w't I'con- contal ning adhesi on | ayer

(27) . (whi gerichddae dild, 0m & Neeps SL6SS i&%ﬁfthgbﬁ%?%}#ghf?g& ng

directly on the l'ow di el ecfric constant nateri

or gani c- bazsd Kuy ot ke ¢aRednY Gaventobf, LB 6héi hé£O bt g ,adhesi on
| ayer (27), e.g., TSI resist, is an alternate etch stop nmaterial in dual
damascene, thambasi e suff ithhed surfades edqitint pibiessi consifaping kaitesEon
transfornmed into silicon-rich silicon oxide, through silylation, after W
radi ati on PR (3Bt i o¥hishy gén deriyed fmam fher PEQees#iRrg «ff (TSI (I LD)

i ol ect 11 ROt AR (P TEEIY S™ FRE SPTY BLALORERLS | SRANARS tod by
hi cknoss s Tt o8 008 ST 1 SBS RIS PR S T P AdSSS i S 1 < for
the"OWQ9VN$€§Iriﬂiérﬁﬁﬂiﬁdﬂﬂbontaining adhesion layer (27), e.g., TSI -
~'resist, is an alternate etch stop material in dual damascene,
and as described in subsequent processing steps, becomes

transformed into silicon-rich silicon oxide, through

silylation, after UV radiation and silyation, oxygen plasma.

An interlevel dielectric (ILD) comprised of silicon
oxide can also be used in combination with low dielectric
constant material layers. The silicon oxide is deposited by
chemical vapor deposition {CVD) using tetraethoxysilane
(TEOS) in a thickness range from 1,000 to 10,000 Angstroms.
The processing details for the low dielectric insulating
laYers are as %ollows: layer thickness ranges between 1,000
to 10,000 Angstroms for the dual damascene trench/via build.
However, the key embodiments of the present invention also
apply to single damascene interconnects. The low k material
is formed by either chemical vapor deposition (CVD) or by
spin coating. The spin coating method requires a post-coating
oven bake and an optional furnace curing step. The low k

materials are organic based materials are seiected from the



lkayers are as follows: |ayer thickness ranges between 1,000 to 10,000
-Angstronsgﬁﬁg_ e dual damascene trench/via build. However, the key
“enbodi ment’s ot "the present invention also apply to single damascene
Yy nterconnects. The low k material is fornmed by either chem cal vapor

deposition (CVD) or by spin coating.® The spin coating nmethod requires a

post - coat i tjonal, furnace cur.i he | ow k

nater|aIsgﬁggpg¥§8ﬁ?§%gﬁgeﬂfﬁ€f% ?%?ép%&¥@%ﬁ§(ﬁﬂmﬁflﬁggwg%ﬁgo e0-033 ti 9
| 00% b b th

oD oo athod, axBEACH B Pehd B ndR TS o FortOihar g1eRinrg e 70"

it d | R t f th

e 0gen BO-RGRN, er o SLOAD, CouPBRES @‘E%%a prel LS

(frOﬁlang%ggh!hatgﬁaggg QQQegeﬁéggeﬁaf ﬁ fﬂf%dﬁﬂd%%gﬁg&&Rng%the group

consi sting of alkyl silsesquioxane, ary sesqul oxane

hbvel|US)bu%k&@hs@b&mamdeééhev1sf@nltﬁfbﬁﬁﬁéwlGﬂéﬁlcdlvﬂ&ﬁBhﬁmmRﬂanlC based

materials and the carbon doped SiO2 are available in both a non-porous or
a porous (foom Heakgweld) .t CaFbgn Scpadli 810 mateedalseateosalected
representation illustrates another key cess of the present |nvention,
the silic&HFBoE JFRyPagrRBsishingyef }gwl silsesquioxane, aryl

, Silsesquioxane, CORAL (from Novellus), Black Diamond (from
- Applied Materials). Both the organic based materials and the
carbon doped SiQ; are available in both a non-porous or a

porous form.

Referring to Fig. 3, which in cross-sectional
representation illustrates another key process of the present
invention, the silicon containing adhesion layer (37)
undergoing exposure to UV radiation (38) forming an exposed
layer, which is cpmprised of a silicon-rich material. The UV
wavelength ranges from 436 to 100 nm, with an exposure time
between 1 sec to 5§ min. In another preferred embodiment, a
pre—silylatioﬂ‘bake at between 50 to 400 °C can be performed

to promote cross-linking of the exposed layer.

Referring to Fig. 4, which in cross-sectional
representation illustrates the. final key process of the
present invention, the silicon-rich adhesion layer (47},
undergoes a transformation to Si-rich $i0O through a

silylation and an oxygen plasma process, and consequently



under goi ng exposure to UV radiation (38) form ng an exposed |ayer, which
is conpri €<i800ef33a silicon-rich material. The W wavel ength ranges from 436
to 100, nm with an exposure tine between 1 sec to 5 min. In. another
Preferred enbodinment, a pre-silylatign bake at between 50 to 400 C can be
performed to pronote cross-linking off the exposed |ayer. Referring to Fig.

4, which meaeees 3RChH 0Bal dibbpeeset Séndfant Iniidrdiaas Whenf k. Palukey
process of the present invention, the silicon-rich adhesi on | ayer (4.7),

. under goe et wciean Sf.Gr @t 5Qn The Sniylabl&x Qéddintighhsn aXid WsafoBoased an
oxygen plasma process, and consequently t SOO-033 6 ' 10 neasures as a
| ow di el ecrr iinecdnsiaant engt.er nakrogenh ks vihblel edeatnddrpuidS HMDSS5. The
silylation conditions are as follows; an inert gas, e.g., nitrogen, is
bubbl ed i n(hexpmethnlidd silneramdt hyransmmzm)mms dirrs gdvet iviagpoVBhiRset he

vapor pha The HVDS vapor is then introduced to TSI resist in a reaction
chanber , ﬁﬁ@% RS HEreT itsoFhenpintareuGRfelo i Shetsdth dn BetR@ENL2D to

150 C A Sl sttt % ol 0 KLE0.LIEKAMBILY 1 Sdtaangl, | 0y ene

can al so calise tHe resi s to --DECOme Si e oxygen p asma process
or treat MidewdNdid QRN eC.aSAiﬁéll:ﬁH’@elﬁ r%l’iﬁﬁtonﬁebffoi“dilﬁﬁs

tenperatures between 40 to 400 C, at pressures between 1

‘ (hexamethyldisilazane) in xylene can also cause the resist to
~-bacome silylated. The oxygen plasma process or treatment
conditions are as.follows: treatment performed at
temperatures between 40 to 400 °C, at pressures between 1
milliTorr to 50 Torr using oxygen gas. Oxygen flow rates are
from 100 sccm to 50,000 scem. Power settings of between 100
to 2,000 Watts can be used if RF or microwave is
capacitatively coupled to the plasma. Forming gas (96%

nitrogen, 4% hydrogen) can be optionally added to the oxygen

gas, to aid in the dissociation of oxygen.

Referring to Fig. 5, which in cross-sectional
representation“illustrates the next process step, in a dual
damascene build, the deposition of a second low dielectric
material layer (50) on the specially treated Si-rich SiO
adhesion layer (47). Form this point on, the dual damascene

build and processing is “conventional”.

' Referring to Fig. 6, which in cross-sectional

representation illustrates the formation of dual damascene



mel i Torr to 50 Torr using oxygen gas. Oxygen flow rates are from 100 scan
to 50, 000 %3 power setti ngs of between 100 to 2,000 Watts can be used
if RF or mcrowave is capacitatively coupled to the plasnma. Form ng gas

(®6% nitrogen, 4% hydrogen) can be optionally added to the oxygen gas, to

aid in the dissociation of oxygen, Refersi Fi eﬂm h in
cross-sec&i‘aﬁﬁi/%?‘gpngaﬁ?%ﬂ%% icioPt?g rgi'%gﬁf%%nr‘#e%%mgrocesg step, in a
dual  dangsiGaRe-ikeitidn bEerennsiftical Rbtd: seamnGidecinalli eteated ¢ naterial
| ayer (50) on the specially treated Si-rich SiO adhesion |ayer (47). Form
thi s poi ntsprcidth@iduabihdaias ckayar Hd7)d undepgese PAtEgrping cibent i onal .
Referring to Fig. 6, which in cross-sectional representation illustrates

the formtebehisiadle feamasEaneh RHIFFSY)  ARACKHA | BZBERPEY with coppoV

pl ati ng-and subsequent anari zat io f, & X : i al

treated SPRPRUIFSH g@h%&'?o%"\fa@}éerl%f%i e gﬁag%%gg&p?ae{}l? é?n#ﬁ aén

etching, tonk08m tiﬁ&%%%ﬁ&ﬂ\&e&m-\ﬂi@m 820 &M orORAgeBg(4ES do t he
nt ma

| ow di el ectric consta terial layers 26 and 50. The special treated
Si-rich Si Gandiitss are haeer to4Zzpt sammlawbbetopedin clusdt damagaerech st op,

in dual damascene trench formation. A barrier ms\é{;\lllj | a;[ée?r g64éﬂi S
deposi ted tranehtfermatdarh ¢ Bagpeet Mett davery i ersiFadch vi a

liner. The,BaEriRE RSk AACLRpLALEENGS %dvit}PhHEHcte a. tranch/via
.. 1inar. The barrier metal layer thicknass i3 between
approximately 50 to 2,000 Angatroms. The barrier metal is
salaected from the group consisting of. tantalum, tantalum

nitrida, titanium nitride and ternary metal silicon nitride.

Refexring again to Fig. 6, in cross-sectional
rapresentation, illustrates the £illing of trench/via opening
-or cavity with ¢onducting metal (65), in a dual damascene
procass. The two layers of low dielectric constant insulators
26 and 50 are patternaed and reactivae ion etched (RIE) forming
trench 60 (arzow)} and via 62 (arrow) openings. Many photo
lithographic processes can be employed to pattarn the
trench/via opaning. As stated above, after trench/via opening
or cavity definition, the trench/via is filled with a blanket
-deposition of a barrier layer (64). The barrier layer is

. approximately 50 to 2,000 Angstroms thick. Electroplating
requiras the deposition of a copper geed layar (not shown)

ovar the barrier layer. The zeed layer thickness cotprises



approximately 50 to 2,000 Angstrons. The barrier nmetal is selected from
t he group igﬁﬁiahing of tantalum tantalum nitride, titaniumnitride and
ternary ne HPicon nitride. Referring again to Fig. 6, in
Eross-sectional represent.tion, illustrates the filling of trench/via
opening or cavity with conducting neismal (65), in a dual danmaacene
process. The two layers of | ow dielectric constant insulators 26 and 50

are patter fBdckR@speaapoes Feamcbenke 2400 Mngshusgps erdnak deppaited) and

o pat t o nEUhERSREERLLFIPRE PR LR (e A, BPAEERELAgy CRENFAFAL
Goposi ti on vBEBY BépPRariph) IPvphaymhe BETEAer den aptiertat sBafi marel y 50

copper seod TRy Ko ihins HE' E8GhBhIDE, SEHEAL T MavRROCBh Reg o

(I ckness o k3169904033 13, lbskBesso agRSY IR 4102, 0R0AROS! o

and i s deposit m cal vapor deposit ) or by sputtering,
physi cal \saROkredpReREh ey . (RYkL, Eﬂﬁcbaééﬂx&ﬁciﬁﬁrcdﬁg:fe&* iexl 1664) ,
conpletely lines the trench/via opening or cavity, and are on the two

| ayers of IdepcdiidieeiGt byt e¢dhetranlectsophabing 2prafer€d medhpeldt oveby.
Next, thick conducting copper 65 is deposited, by either electroplating
(pref err ed ShAGEPL s Bpating, upon the copper seéd layer. Copper

- electroplating is the preferred method for obtaining the
thick copper. The thick copper layer 65 dips into the
trench/via opening or cavity. The plated thick copper
deposition is approximately from 1 to 10 microns in
thickness. The plated thick copper undergoes an annealing
step using rapid thermal annealing (RTA} from between 50 to

450 °c.

Referring yet again to Fig. 6, in cross-sectional
representation, illustrates the planarization of the excess
material in the trench/via opening or cavity to form
conducting interconnect wiring (60) and conducting contact
via (62), with inlaid copper (65) in a dual damascene
process. The excess material in the thick copper layer is
polished back. and planarized, along with the barrier metal
layer, by chemical mechanical polish (CMP). Note, key to the

present invention is the special treated Si-rich Si0 adhesion



-al ectrol ess plating, upon the copper seed | ayer. Copper .electroplating is
the pref ergsggo.g®s hod for obtaining the thick copper. The thick copper
I"ayer 65 dips into the trench/via opening or cavity. The plated thick
ropper deposition is approximately from1l to 10 mcrons in thickness. The
pl ated thick copper undergoes an annd&l ing step using rapid thernal

anneal i ng bet ween 50 ..to 4 C..Referring t again to Fig. 6,
in cross-sieé}-%ng4m e%?%vgérﬁ%ﬁl&ﬁe'i ?ﬁ&g}}gy e85t AR ﬁ%gh%’?‘?gaﬁ’f%cf?%ﬁ t he
excess erial.in_the trench/via gpening or_cavity to form conducting
i nt er connet®YSF rtA g RBPTLIRP ¢ IR TG e It &b d?Pés%'B’Z‘)",‘ #¢h inlaid
copper (65) in a dual damascene process. The excess material in the thick
copper | ayRRtFerniRgihed R ProtarFiyioncap 2auerallffy - wiba ¢3R IANeYs er
metal |ayer, by chem cal nmechanical polish (CWP). Note, key to the
present i n¥8nsebactedt firom pehe graure fadisitinge RfSsOLadarshohrid800- 033 13
| ayer (47), shown in place. Finally, as an optional process layer in the
present i nsghicon, okgni beideposd t$idh cord capdtider.niThg chpalayerpist ecti ve
cap layer (69). The cap layer is selected fromthe group consisting of
si licon ni epdsitedi bycohenkyal tvapker adapasilticon (CI¥DDI de. aThkrickpesayer i s
deposited by chem cal vapor deposition (CVD) in a thickness

range from 50 to 5,000 Angstroms.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:



r-ange from 50 to 5,000 Angstrons. Wile the inventi larly

shown and- § bed with reference to the preferred r eof ,
towill be understood by those skilled in the art M’!ﬁg"m & s in
form and details may be nmade without departing from co e
of the invention. What is clainmed is:q4CS(c)U 033 | 1111112111111 1111111111

11IN CL 14 1. A nethod of feﬁrrcatrn damascene conprising: providing a
sem conduct or substr teh'ﬁﬁ BgnéFﬁFSGF??nﬁmEWEEHHHﬁ‘in an

I nsul at or over the ubgt‘r,f 5 de n‘qd 310 gb{) gn | ayer over said
patterned Imetal wi T hy sarﬁt 4 tﬁﬁ? %trlfconstan:

mat eri a ayer upon_sai assi vat i r; coating a silicon containing
adhesi on | ayer on tH&® ‘i’ffﬁ?r?q ﬁa;ﬁiﬁ CL:F%%FP ELESRGt ﬁ%’?e%‘? r}a2e ayer ;
exposi ng sai d adhesjon layer tg Ak ati'on;  exposing sai dadhesion | ayer

to a silylati ontRFL2ERY &¥eD| yhsigade’ depositing a second | ow
dielectric constant ~+ q 15.matertial.layer upon said adhesion |ayer;
deposited a passivation layer over said patterned

metal wiring;
depositing a first low dielectric constant material
layer upon said passivation layer;
coating a silicon containing adhesion layer on the
10 first low dielectric constant material layer;
' 5&\3’»‘\ Loy

exposing said adhesion layer to UV radiation;

T v
‘exposing sa:.d’ \adhes1.on layer to a sxlylatlon and

oxygen plasma process;

depositing a second low dielectric constant \/\,) My
H ;
15 material layer upon salai}:adhesion layer; \S-(*/{;r %,'W" "
‘¥G prov1d1ng patternlngleei;efehizg\ef thehiayers
formings trench/via Openlnés_ or caén.it;:.e‘s} £ RS T‘al/{@ 5
.. I igis

depositing a blanket layer of barrier metal over
<y aat ¥
the substrate and into the trench/via opening;
20 depositing a blanket conducting copper seed layer
over the barrier metal;

depositing by electroplating or electroless plating

conducting thick copper upon the copper seed layer.



provi ding patterning and etching of the |ayers fornl_LLeneh#¥+a—eﬁeﬂ+ﬁgs

or cavities; dqrspote3zy a bl anket | ayer of barrier

the substrate and'into the trench/via opening; 20 depaﬂﬂ wzwlmmﬂl
tonducting copper seed |ayer over the barrier netal

el ectroplating or electrol ess plating5 conducting thick copper upon the

copper seed layer. CS00-033 r [ II1I1T1 t1r11 111 Tull 11111 15 2. The
met hod of claim 1, whereains sRithodS8&l gq_)agﬁlciorwﬁélpé{ﬁ adpds selected from
the group consisting of single crystal silicon, i 1'icon-on-insul ator

(SO, sil i con-permpl S %sir%%hléewggeggtﬂoﬂgﬁx E oyt er connect

wiring and contact vias over the subsirate he ne aiml

wherein said | r e ec nstant material |ayer
selected 10 f?é/omstlh grf%d%t con %Fieﬁ é?"%fganl c based materials or

carbon doped Si 02 materials rgani, ¢.based nateri al sel ected
from the group s’éo‘rf's‘?’%t‘?rhg”tﬁ \ﬁgre‘é’é’nl 9 I'yﬁéiécﬁﬁnﬁ?wlﬁ? %&%ﬁcar bon,
carbon with one or nore of the follow ng el enments:

5 with semiconductor devices, interconnect wiring and

contact wvias over the substrate.

.3. The method of c¢laim 1, wherein said layer of
first low dielectric constant material layer selected

‘10 from the group consisting of either organic based
materials or carbon doped SiO, materials, wherein
organic based materials are selected frog the group
consisting of organic polymers comprised of 100% carbon,
carbon with one or more of the following elements:

15 hydrogen, fluorine, sulfur, nitrogen, bromine, while
carbon doped Si0, materials are selected from the group
consisting of alkyl siléesquioxane, aryl silsesquioxane,
CORAL (from Novellus), Black Diamond {(from Applied
Materials).

20

4. The method of claim 1, wherein said layer of
second low dielectric constant material layer selected

from the group consisting of either organic based



15 hydr ogen, flgsgjﬁg% sul fur, nitrogen, brom ne, Wnite Tarbom doped Si 02
naterials are s C fromthe group consisting of ' gpoxane,
aryl silsesqui oxane, CORAL (from Novellus), Bl ack [Hg "i' l;mgxglfl ed
Materials). 20 4. The nethod of claug11, wher ei n sai cayer 3 ond | ow
dielectric constant material |ayer selFfected fromthe group consisting of
ei ther organic based CSOO-033 | 1111111 111111 11111 121111 Il 1111 16 M S
material s or caFPORTHROPE P eBrhrl GaRas SifkdrrteridkSyariitedsided materi al s
are selected fromthe group consisting of organic polynmers conprised of
100% car bon, cor@dm Qi basedanakerinls @ire Iselegitedwfngmethaegreup 5
hydr ogen, fluorine, sulfur, nitrogen, bromne, while carbon doped Si 02
mat eri al s are sebwsietihgoof tdmegamion polymesissidompraked| k¥l 180% sescpwoxane,
aryl silsesqui oxane, CORAL (from Novellus), Black D anond (from Applied
Material s). 10c&rbdhewirth homle obr charrendlf thieefellosand atiemenbs: | ayer is
conprised of a silicon containing material selected fromthe group
consi sting ®f Thidregest fhabdbrise, sulfur, nitrogen, bromine, while

carbon doped Si0O; materials are selected from the group

consisting of alkyl silsesquioxane, aryl silsesquioxane,

CORAL (from Novellus), Black Diamond {from Applied

Materials).

10
:tc”
5. The method of claim 1, wherein saidh?dhesion

layer is comprised of a silicon containing material

selected from the group consisting of TSI resist that is

transformed into silicon-rich silicon oxide by

15 subsequent processing steps including silylation,
exposure to UV radiation, oxygen plasma treatment and
has a low dielectric constant between 3.5 to 5.
SL.
6. The method of claim 1, wherein said, adhesion

20 layer is exposed forming an exposed layer, which is
comprised of a silicon-rich-material, whereby the UV
wavelength ranges from 436 to 100 nm, with an exposure

time between 1 sec to 5 min, and furthermore, a



tyansforned into silicon-rich silicon oxide by 15 SubSequent—processi ng
st eps incluyding s tion, exposure to UV radij sma
tT eat ment and k??gb{ﬁs?ow dielectric constant bermnH"mHBﬂE”@ . The
ret hod of claim 1, wherein said adhesion 20 |ayér fFs exposed rmng an

exposed layer, which is conprised ofia silicon-rich-material, whereby the
W wavel ength ranges from436 to 100 nm wth an exposure tine between 1

sec to 5 mn, a f UL , - LA A LA AN b L (] 01 17
pre-sil ylati On%%éﬁ(gagpigg%ge%&%ﬁg ]g%%”%ex%rgodrm eéoocr%sé%$+#%sng of the
exposed layer. 'I. The, hoF. .of, claim1 ere' n said adhesion 5 | ayer
W -TS| resist CFSSSXE&ggEn?o?E I:}I"?I%’fﬁ’%?ﬁd ®n | the silylation
conditions are as follows: an inert gas, nitrogen, is bubbled in liquid
HVDS (hexanet hyl di sil azane), thus, transporting HVDS in tge%bvapor phase
to TSI re ist in a reaction chanber, wherein 10 the }silico.Mistrate wafer
is heated to between740 #He msghodcof oelaim ek nathaneinusadg aghgsions of 10%
HVDS (hexanet hyl di si Itazaivd):>¥h Xyl ene causes theesi st t& become
silylated. 25 glapes wathodSaf reséshyiw erpoesdh @a{ailadlae:slo@n wherein

the silylation conditions are as follows: an inert gas,
nitrogen, is bubbled in liquid HMDS
{hexamethyldisilazane), thus, transporting HMDS in the
vapor phase to TSItre.ist in a reaction chamber, wherein
. N\ e AL GLAT
10 the silico&&bstrate wafer is heated to between 40 to

150 °C, or alternately, using solutions of 10% HMDS
(hexamethyldisilazane) in xylene causes the resist to
become silylated.

5N

)\

15 8. The method of claim 1, wherein said adhesion
e N I K

layer with TSI resist is exposed to ‘an oxygen plasma

. Lo -
u \ N S R . v
process “?r treatment,\ conditions arelas follows: O«L Pl bece O
Y DA

7o

E:reatmen‘:{ performed at temperatures between 40 to 400
°C, at pressures between 1 milliTorr to 50 Torr using
20 oxygen gas ., oxygen flow rates ére from 100 sccom to
50,000 scom, power settings of between 100 to 2,000
Watts with RF or microwave capacitatively coupled to the

‘plasma, with the addition of forming gas (96% nitrogen,



stA layer with. TSI resist is exposed to "ani Ioi§553"5T5§ﬁﬁ‘“ﬁrUUes or
treatnent,, 'N ,CRW3%ions are 1 as follows : tre m;mw
t‘errperatures betvveen 40 to 400 C, at pressures bet m’mg QLto 50
Torr using 20 oxygen gas, oxygen flow rates are from 160 $ccth to
scam power settings of between 100 #® 2,000 Watts with RE or nicrowave
capacitatively coupled to the plasng, mnth the addition of form ng gas
(96t nitrogen, Codyb3yen erided tol theloxygenidas, 180 Midyidy dden) added to
t he oxygen gas, to aid in the dissociation of oxygen. 9. The nethod of
claim1, whereidissocidiaiond &f dxylgane"\i s sel ected fromthe group
consistin(Sof , .,= 111111 tantalum tantalumnitride, titaniumnitride,
ternary netal silicon nitride, and the barrier (metal) layer thickness is
bet ween approxi mately 50 to 2,000 Angstroms. 10 10. The nethod of clg 3

wherein said coppe §ee‘jl‘ljzé‘3f€étﬂo%l PRIEGD 10V ehe 880 DL d Oha st rANESYR

5 K;aye;\;s selected from the group consistinﬁg\of
- [l
tantalum, tantalum nitride, titanium nitride, ternary
metal silicon nitride, and the barrier (metal) layer
thickness is between approximately 50 to 2,000
Angstroms.

10

10. The method of claim 1, wherein said coppe

seed layer is deposited over the barrlertiaye; §§
chemical vapor deposition (CVD) or by sputtering,

physical vapor deposition (PVD), in a thickness range

15 from 50 to 2,000 Angstroms.

11. - The method of claim 1, wherein said conducting
thick copper is[copper, deposited by either
electroplating or electroless plating upon said seed

20 layerlin a thickness range from 1 to 10 microns.



Qhéﬁi cal vapor deposition (CVD) or by sputtering, physical—vapor-

‘deposi tion (PVOLS00-03% t hi ckness range 15 from 5

The nethod of claim 1, wherein said conducting ﬂmﬁmﬂmmmamgpper
Heposited by either electroplating or electrol ess* pltatitng®upon ssai d seed

20 layer in a thickness range from 1o 10 nicrons. CS00-033 111111 1111511
*¢ L 111,11 1 9 12. A nethod of fabricating damascene trench/via wusing a
silicon containing athesi GietiyElof FaYHiYatdng BaAYEEERE Br&Edh GEAUCZOr
substrate; providing patterned metal wiring enbedded in an 5 insulator
over thes'ubstrasingdepasiiash acqessiniaig adhleayen Ddugersadtpppdisg ned

nmetal wiring; depositing a first low dielectric constant material |ayer
upon sai d passivati dPr¢Ey@rng 1D seRidoTFEeTl isgsteeneai ni ng adhesi on | ayer
on the first lowdielectric constant naterial |ayer; exposing said
adhesion | ayer to Uprradidingpatiwges] nptedi dixdhgsenheddgdrin cam
silylation and oxygen plasnma progegs’ =k5.-depositing a second |ow

di el ectri c §onsiastlatatesvat tmaﬁfuhanatnm d adhesion | ayer;

]

deposited a passivation layer over said patterned

metal wiring;
depositing a first low dielectric constant material
layer upon said passivation layer;
10 - coating a silicon containing adhesion layer on the

first low dlelectr%e_constant material layer,
exposing saidxgssesion layer to UV radiation;
exposing saié%édhesion layer to a silylation and
oxygen plasma proc;ss;

15 depositing a second low dielectric constant
material layer upon said adhesion layer;
providing patterning and etching of the second

-
A

and first low dielectric constant material layers, the 5

,.
Y
'\

adhesion layer, and the passivation layer to form

- . a‘k'\~"

20  trench/via openinﬁzér cavity,k\tchlng down to the

L, - - -
i

patterned metal wiring;

depositing a blanket layer of barrier metal over
<
( s{\-\
the substrate and into the trench/via opening;

/'\



provi ding patterning and etching of the second an T el ectric
gonst ant n&teﬂQﬂmH ers, the adhesion |ayer, & | ' lon | ayer to
fform 20 trench/vi a opening:,or cavity, etching dﬂm‘[mmlmﬂm"?aﬂfﬂ ned net al
W ring; depositing a blanket |ayer of barrier netal cover &y, Cg Substrate
and into the trench/via opening, CS06%033 ME 11111 11111N101 20 s
depositing a bl anket conducting copper seed | ayer over the barrier netal;
depositing by el ect Agpesiitigdor blabkeb| eendptting coprmm seedngaykicck
copper upon the copper seed |layer; 5 chem cal-nmechanical polishing

pl anari zi ng t hevesurthac ®arréeevmagakxcess thi ck copper, excess copper seed

| ayer and excess barrier netal,.:forning inlaid interconnect and contact
via toconducting |i RRpdsitdng bﬁ eiééhrgﬁﬂﬁﬁfﬁéebﬁréiéﬁﬁ%oﬂéé%hfﬁ%&&h@r _
nmetal lining the J ~ 10 trench/via. 13. The nethod of claim 12, whérein

said _serm coNdugof iy itk BopRbechBln’ ERY EH5pAF Whka GRS NO of

single crystal silicon, -~

A
5 chemical-mechanical polishing\\planarizingEthe
Y .'..: 3 - \\ ~

f L
surface, removinglexhess thick copper, excess copper
_— i Nt
2 seed layer and excess barrier metal, forming inlaid L
- -~ Sl
interconnect and contact via to\cqnducting line&/;n a “~¥ﬁ;.’
g\ < d ~" AT
dual damascene proceSﬁ} with barrier metal lining the ' )

. N vl
10 trench/via.

13. The method of claim 12, wherein said
semiconductor substrate is selected from the group
consisting of single crystal silicon,

15 silicon~on-insulator (SOI), silicon-germanium (SiGe)
with semiconductor devices, intepconnect wiring and

contact vias over the substrate.

14. The method of claim 12, wherein said layer of
20 first low dielectric constant material layer selected
from the group cénsisting“of either organic based
materials or carbon doped SiO, materials, wherein

organic based materials are selected from the group



15 silicon-on-insul at or (SA), silicon-gernani um_(_SLGe_)__\M_t_h_semconductor

devi ces, interdo%e@I3 wiring and contact vias over the subst r at he
et hod of claim 12, wherein said |ayer of 20 fir l{ Hﬂlﬂ ﬂ'constant
fraterial |ayer selected fromthe gr oup consistin ni ¢ based

materials or carbon doped Si Q2 materi®l s, wherein organlc based materi al s
are selected fromthe group CSOO 033 IIIIIII 111111 2111211211211 iii 21 ¢ L
M s consi sti ngeaisisirigenicf - poiganics podypeirsedonpr 168860 cfir LIk caxdodmn

wi th-one or nore of the follow ng el enents: hydrogen, fluorine, sulfur,

nitrogen, broni gecbarikith GHP Y #RRRA S EReMBLELbM g A& Feridi@ft ed from the
group 5 consisting of al kyl silsesqui oxane, aryl silsesquioxane, CORAL

Gl i m 12, Cwher eFEORR (LML) G S erbBeAT B Stind S T Ter o

orcar bon dopecd® 5P s F C%é%%%ﬁfgo%%ﬁsl S ca%eed ﬁ%‘fﬂér PR EeglR

carbon. 15 Lar HOTRE EHERR e Ao il ARG G PBR nBr UL cherpasaioahe 100"
CORAL (from Novellus), Black Diamond (from Applied

Materials) .

15. The method of claim 12, wherein said layer of
10 second low dielectric constant material layer selected
from the group consisting of either organic based
materials or carbon doped SiO, materials, wherein
organic based materials are selected from the group
consisting of organic polymers comprised of 100% carbon,
15 carbon with one or more of the following elements:
hydrogen, fluorine, sulfup, nitrogen, bromine, while
carbon doped Si0O, materials are selected from the group
consisting of alkyl silsesquioxane, aryl silsesquioxane,
CORAL (fﬁom Novellus), Black Diamond (from Applied
20 Materials).
-~
16. The method of claim 12, wherein said“adhesion

layer is comprised of a silicon containing material



hydrogen fluorine, sulfur, nitrogen, brom ne, wh+¢é%—4xwian4hymai.S
materials are $e808e¢833d fromthe group consisting ses ui oxane,
aryl silsesqui oxane, CORAL (from Novellus), Blac Mﬁi’gﬁhlﬂ pI | ed 20
Materials). r ty, 16. The met hod of 2%ain112, mhe

| ayer is conprised of a silicon contafning material CS00-033 1
1111111111111111111111112 111 22 CL MS selected fromthe group consisting
of TSI resist tseteqgted thrams fthemgetoupt cossl stimg ref ISl |deadistoxinde by
subsequent processing steps including silylation, exposure to Wradiation,

oxygen pl asma timatsfurmeandntohasaikbow-diehesili o aneicntbypet ween 3.5 to
5. NL 17. The nethod of claim 12, wherein sai adhesion |ayer is exposed

forming an exposgskdusis plickiasing SeRRSI §Fx€’19&1§%5 411 PQkdeh material,
whereby the UV 10 mavelength ranges from 436 to 100 nm~ with an exposure

time between 14&&3&0&&& 8 Ry %@xﬁ%&bﬂerwgenapl &S&A&Agﬁ%ﬂ* ke at

between 50 to C promptes  cross-linkin e expose ayer. 15 18.

The method Of Glal g 13, Whehldt S¥ doadR88k Between 3.5 to 5.
<
- 17. The method of claim 12, wherein said adhesion
layerlis exposed forming an exposed layer, which is
comprised of a silicon—rich material, whereby the UV
10 wavelength ranges from 436 to 100 nm, with an exposure
time between 1 sec to 5 min, and furthermore, a
pre-silylation bake at between 50 to 400 °C promotes

cross-linking of the exposed layer.

15 18. The method of claim 12, wherein said adhesion g 5"
layer with TSI resist is exposed to silylation, wherein Qgp‘\
the silylation conditions are as follows: an inert gas,
nitrogen, is bubbled in liquid HMDS
{hexamethyldisilazane), thus, transporting HMDS in the

20 vapor phase to TSI resist in a reaction chamber, wherein
the silicon substrate wafer is heated to between 40 to

156 °C, or alternately, using solutions of 10% HMDS



Igayéi with TSI resist is exposed to silylatt lyFati.qn- = . »

conditions.are gxobm@3Bows: an inert gas, nit “Sin liquid
AVDS (hexamet hyl di si | azane), thus, transporti Hmmn 0 vapor: ‘phase
to TSI resist in a reaction chanber, wherein trate '

wafer-is heated to between 40 to 15024, or alternately, u5|ng solutions of
10% HVDS CS00-033 lillilll wiIl 11J,j1 1111111111 23

(hexanet hyl di . snh&&@m@khymdi¥hﬂﬂﬁaﬁépSﬂﬁ ifEéﬂé*ﬁéﬁSéeoth@eQ@EEsﬁlE&'ated
19. The method of claim 12, mhereln said adhesion 5 layer with TSI resjst

i s exposed t0 aR.E¥HECRip Qﬁgg :iz process or treatnent, conditions are
as follows: treatnent per orne at tenperatures between 40 to 400 C, at
pressures between 1 milliTorr to 50 Torr using oxygen gas, oxygen flow
rates are from 100 sccmto 10 50,000 sccm power settings of between 100 to.;

2,000 watts with RF_gr m_crowa a atively coupl.ed to t he plasna 3
with the addition of l%ormTﬁ‘& @Sghi’é g/fn? 2HRell ‘ﬁ% R agh@8ioRo 't he ».
oxygen gas, to aid in the dissociation of oxygen. 15 20. The met hod of” , -
claim 12, mﬁere#ﬁY§§|Hlﬁérﬂﬁérr?§lstlh§e¢xP%s |k tady PYEgen pdagrmeup |, | L%
consi sting of tantal um 1 }?\
process. or treatment, conditions are as follows: RO

'

treatment performed at temperatures between 40 to 400 Q
°c, at pressures between 1 milliTorr to 50 Torr using
oxygen gas, oxygen flow rates are from 100 sccm to

10 50,000 sccm, power settings of between 100 to 2,000
Watts with RF or microwave capacitatively coupled to the
plasma, with the addition of forming gas'(96% nitrogen,
4% hydrogen) added to the oxygen gas, to aid in the

dissociation of oxygen.

15

20, The method of claim 12, wherein said barrier iz: -

\%ayerx;s 'selected from the group consisting of tantalum,
tantalum nitride, titanium nitride, ternary metal
silicon nitride, and the barrier (metal) layer thickness

20 is between approximately 50 to 2,000 Angstroms,

21. The method of claim 12, wherein said copper

seed layer is deposited over the barrier layer by



tantalumnitri 8 titaniumnitride, ternary netaI_~§TT736ﬁ“ﬁTrrrde——and t he
harrier (metal )CBO3833 ¢ hi ckness 20 is between appr 000
Angstroms. 21. The nmet hod of claim 12, wherein sai @E! L'i&
deposited over the barrier |ayer by CSOO 033 111111111I11111 L M S
24 chem cal vapor deposition (CVD) or?dpy sputtering, physical vapor
deposition (PVD), in a thickness range fromb50 to 2,000 Angstronms. 5 22.

The method of cEhemd al Verordeprsaitiagoddy®) i ng leﬁRutbngmgds copper,
deposited by electroless plating upon said seed |ayer in a thickness

range from 1 toph@sital ovapod Melbsikiei NEVDYf, Labai ¢hitkgesaPaigne
trench/via wusing a silicon containing |low dielectric constant adhesion

| ayer, which issagmabbeedas So® Angdtonid) dual  danascene, in the
fabrication of sem conductor devices, conprising: iS providing a

sen conductor substrate with sen1conductor devices within the substrate;
providing patterned netal wring enbedded in an insulator over the

substrate; s 22. The method of claim 12, wherein said
conducting thick copper is copper, deposited by
" electroless plating upon said seed layer in a thickness '

range from 1 to 10 microns.

10 23. A method of fabricating damascene trench/via
using a silicon containing low dielectric constant
adhesion layer, which is an alternate etch stop in dual
damascene, in the fabrication of semiconductor devices,
comprising:

15 , prbvidin§ a semiconductor substrate with
semiconductor devices within the substrate;

providing patterned metal wiring embedded in an
insulator’over the substrate;
deposited a passivation layer over said patterned
20 metal wiring;
depositing a first low dielectric constant material

layer, which is organic-based or carbon doped SiO;, upon

said passivation layer;



deposited a passivation |ayer over said patterned _20 nmetal wiring;
depositing a fiHgolgyy dielectric constant material |ayer. which is

or gani c- based or carbon doped Si 02, upon said passi{NH{MH “=;Vl“ﬂﬂF0-033
* 25 CL MS coating a silicon containing adhesio o LM st | ow
dielectric constant material |ayer; 28xposing said adhesi on | ayer to WV
radiation, formng a silicon-rich material |ayer; 5 exposing said adhesion

layer to a silylatioRcidng0%y 38 :iBbASEBRRAORESS adHANTP1IBRAG Al ¢he
adhesion layer into a silicon-rich silicon oxide; depositing a second | ow

di el ectric cons rds I , ' | 924 -Q&& or carbon doped
10 Si @2, upon sgﬁgkgﬁEgéfgﬁnggg%?Epfgg%ggﬂs%%§§terﬁfﬁb and et ching of the
second and first low._diel.ectric cogitant terial adhesi on

| . t.h
Caver and the passi REoRiTE, pasl faRERRon TavEs Mo 1V SattiaiGn 005D

etching down to fhe . 15 patterned netal wiring; depositing a blanket |ayer
of barrier met alft°5i§‘i=l"rng thé _é'ﬁé‘gaﬁat?ﬁ%%ltﬂ%y?’ﬁnch/vi a openi ng;

5 exposing said adhesion layer to a silylation and

oxygen plasma process, transforming said adhesion layer
» into a silicon-rich silicon oxide;
.depositing a second low dielectric constant
material layer, which is organic-based or carbon doped
10 Si0,, upon said adhesion layer;
providing patterning and etching of the second
and f;rst low dielectric constant mater;al layers, the
adhesion layer, and the passivation layer to form
trench/via opening or cavity, etching down to the
15 patterned metal wiring:;
depositin§ a blanket layer of barrier metal over
the substrate and into the trench/via opening;
depositing a blanket conducting copper seed layer
over the barrier metal;
20 depositing by electroplating or electroless plating
conducting thick copper upon the copper seed layer;
chemical-mechanical peolishing, planarizing the

surface, removing excess thick copper, excess copper



depositing a blég&?e_%ffonducti ng copper seed layer over the barrier nme
e

tal;
20 depositing by el ectroplating or el ectrol ess pl aﬂ’“ﬂll"ﬂ&l“ﬂﬂ"lﬂ;ﬂllt hi ck
copper upon the copper seed layer; chem cal - mechani® i SO RARR i 8

pl anari zing the surface, renoving EXCHSS t hi ck copper, "excess copper
CS00-033 titlhilLi iifl122I111) 11INNI™ L x 26 see d |l ayer and excess

barrier netal, ' Ll al It erco cl. a ont.act . vi a. conducti ng
line, in a dua%‘g%%ngg%éeﬁe%c?o%%é;ess,g v%atr%q'betarr f“:%g’ra (ir'reqtsg%&(f‘flﬁi #@Pﬂfg
trench/via; 5 Deppsiting and form ng an optional cap, | ayer over, the top of
the second | ow HREFECORRRCE a?ﬂnt%éi%r"ilél £ SPBAVCEREE $HRe; ViR g the
dual damascene. 24. The nmethod of claim 23, wherein said 10 sem conduct or
substrate is sefiuaicdanpaaendEIPLRES, oGl Hairrg esf metayl diviygt Bhesilicon,
silicon-on-insulator-(SA), silicon-germanium (SiGe) wth sem conductor
devi ces, interctpnerch/wapng and contact vias over the substrate. 15 25.
The nmethod of claim 23, wherein said |layer of first low dielectric
constant maserial | apgposetefgesnd forming an optional cap layer over

the top of the second low dielectric constant material

- layer, thus passivating the dual damascene.

24. The method of claim.23, wherein said
10 semiconductor substrate is selected from the group
consisting of single crystal silicon, .
silicon-on—-insulator (SOI), silicon-germanium {(SiGe)
with semiconductor devices, interconnect wiring and
contact vias over the substrate.

135

25. The method of claim 23, wherein said layer of
first low:dielectric constant material layer selected
'from the group consisting of either organic based
materials or carbon doped SiO, materials, wherein
20 organic based materials are selected from the group
consisting of organic polymers comprised of 100% carbon,
carbon with one or more of the following elements:

hydrogen, fluorine, sulfur, nitrogen, bromine, while



f;om‘t.he group consisting of either organic based materials—or —carbon

doped Si 2 nat er€C88®&033wher ei n 20 organi ¢ based muﬂ”u'" 'l jjected from
the group consisting-of organic polyners conpri | m&mg on, carbon
with one or nore of the followi ng elenents: hydrfogén,* fl%ofi ne, sulfur,
nitrogen, brom ne, while CSO- 033 11!12A 12111122 112 ' 1Lkl 21 1f01 27

carbon doped-Si 02 materials are selected fromthe group consisting of

al kyl si| sesqui cxarison adypediSisBsntexdabs afPRN1ddtaanMioneldhes jroBpack
D amond (from Applied Materials). 5 26. The nethod of claim 23, wherein

said layer of sgsRefstong bel L/ GiaRuRAbxARES & 1'@1/?&@@5&& Ope,dfrom

the group consisting of erther organic based materials or ca

Si 02 material s, ngggéﬁio%%%?g&po ilqlga,segia@g %r:.L' Io dér{gﬁg/{)gl:%%f;%&rom t he

group consisti ymer's conpri sed of. car bon
with one or nore,o0f the follow ng el.enents: hydrogen, fluorine, sulfur,
nitrogen, brom ﬁbéi?éﬁﬁ?e%s) tarbon doped Si2 materials are selected fromthe
group 15 congisting of al kyl silsesquioxane, aryl silsesquioxane, CORAL
(from Novel I'ts), Black Dianmond (from Applied Materials).

26. The method of claim 23, wherein said layer of
- second low dielectric constant material layer selected
from the group consisting of either organic based
materials or carbon doped Si0O, materials, wherein
10 organic based materials are selected from the group
consisting of organic polymers comprised of.100% carbon,
carbon with one or more of the followinq elements:
hydrogen, fluorine, sulfur, nitrogen, bromine, while
carbon doped SiO, materials are selected from the group
15 consisting of alkyl silsesquioxane, aryl silsesquioxane,
CORAL'(from Noveilus), Black Diamond (from Applied

Materials).

27. The method of claim 23, wherein said adhesion
20 layer is comprised of a silicon containing material
selected from the group consisting of TSI resist that is

transformed into silicon-rich silicon oxide by



27. The nethod of claim 23, wherein said adhesion 20 layer is conaprised of

a silicon cont ai(ﬁ'd; terial selected fromthe group copsisti of TSI
resist that is nstorned into silicon-rich si Iﬂmﬂwtﬂﬂ“ﬁg“iﬁgsm 033 |
E Il 111112111 1211121112211!'1i CL MS 28 subseque ps
including silylation, exposure to Wpadiation, oxygen plasma treatnment and
has a | ow dielectric constant between 3.5 to 5. 5 28. The nethod of claim
23, wherein sai BQD ' I r..:S_ex ed.f g _an. expased | ayer, which
is conprised o%a sﬁ?‘{leglo%n-prr%%s% & °a ?’S\Ahggﬁé%n?%es’d\eyﬁ%alvoel}’ength ranges
from436 to 100 n with an posure. tinme_between 1 sec to 5 mn, and
furthernore, a 1OHTEES I ﬁ&'ﬁdﬁé‘ﬁéo&' 8@%&@%@% W@%To%‘(d:s
cross-linking of the exposed |ayer. 29. The nethod of claim23, wherein
sai d adhesion |%&®r2 vih Heledsia qonssrpssbateer ByP at? o, wherein 15
the silylation conditions are as follows: an inert gas, nitrogen, is
bubbled in liquid HWS (hexanet hyl di silazane), thus, transporting HVDS in

the vapor phase to TSI resist in a reaction chanber, wherein the silicon
substrate wdff er is hez8 ed The hettkeeh o0 dlaim 23, wherein said adhesion

layer is exposed forming an exposed layer, which is
“ comprised of a silicon-rich material, whereby the UV
waveiength ranges from 436 to 100 nm, with an exposure
time between 1 sec to 5 min, and furthermore, a
10 pre-silylation bake at between 50 to 400 °C promotes

cross;linking of the exposed layer.

29. The method of claim 23, wherein said adhesion
layer with TSI resist is exposed to silylation, wherein
15 the silylation conditions are as follows: an inert gas,
nitrogen, is bubbled in liquid HMDS
(hexamethyldisilazane),.thus, transporting HMDS in the
vapor phase to TSI resist in a reaction chamber, wherein
the silicon substrate wafer is heated to between 40 to
20 150 °C, or alternately, using solutions of 10% HMDS
(hexamethyldisilazane) in xylene causes the resist to

become silylated.



20 150 C, or alternately, using solutions of 10% HVDS

(hexamet hyl.di si |@g@ne3d3 i n' xyl ene causes the resi st mﬁmmim |k ghjat ed.
GS00-033 111121111121 Hi Il 1211121ff till ¢ L ms 29 ] uﬁtwﬂuf claim
23, wherein said adhesion layer with TSI resist is*exposed ™ osan*oxygen

pl asma process or treatnment, conditizns are as follows: treatnent
performed at tenperatures between 40 to 400 5 C, at pressures between 1

mlliTorr to 50 Torr 3G NECheNHBNODJE uiGensf | aMer@iwssi® dduBilRD scem
to 50,000 sccm power settings of between 100 to 2,000 Watts with RF or

i orovave capact {aydy Skt onst adbdiae 13 BiBadRa Wb! lin! DRYGES1 |
formng gas (96% nitrogen, 10 4% hydrogen) added to the ©oxygen gas, to aid

in the dissoci: ‘J:‘geé‘?é)g XY r%m c%xjt, g&%ﬂ%&@ﬁg gLechi g%%%?%¥\41erei n said

barrier layer i ected e ‘group consrsting of um 15
tantalumnitride, _titaniumnitride, ternar tal sjlicon njtrjde nd the
bar i er (metal ) FESRTEGHE RIRAITEL AfotRERTAEHFER: RRELRS b 1t A%D0
Angstroms. 32. The nethod of claim 23, wherein said copper 20 seed |ayer
i s' deposi t el ovelCrt B¢ BPFes¥repabetveen &hehithformper fefoEn v§ingovD) or
by sputtering,

oxygen gas, oxygen flow rates are from 100 sccm to

50,000 scam, power settings of between 100 to 2,000

Watts with RF or microwave capacitatively coupled to the

plasma, with the addition of forming gas (96% nitrogen,

10 4% hydrogen) added to the oxygen gas, to aid in the

dissociation of oxygen.

31. The method of claim 23, wherein said barrier
iayer is selected from the group consisting of tantalum,
15 tantalum nitride, titanium nitride, ternary metal
silicon nitride, and the barrier (metal) layer thickness

is between approximately 50 to 2,000 Angstroms.

32. The méthod of claim 23, wherein said copper
20 seed layer is deposited over the barrier layer by
chemical vapor deposition (CVD) or by sputtering,
physical vapor deposition (PVD), in a thickness range

from 50 to 2,000 Angstroms.



physi cal vapor deposition (PVD), in a thickness range from50 to 2,000
Angstrons. CSOO p8gp-883 33. The nethod of claim 23, wherein said

ceonducting thick copper is copper, deposited by electroplating or

el ectrol ess plating upon said seed layer in a thickness range from1l to 10
mcrons. 5 34. The nethod of claim23p wherein said optional cap layer is
sel ected fromthe group consisting of silicon nitride, silicon oxynitride,

silicon carbide and &5, depRsihechdly SN G MAPYhdBRPASELEQN (CVD), in a
10 thickness range from50 to 5, 000 Angstroms. 1111111 111111 (11j1 11111

N1 L conducting thick copper is copper, deposited by

electroplating or electroless plating upon said seed

layer in a thickness range from 1 to 10 microns.

34. The method of claim 23, wherein said optional
cap layer is selected from the group consisting of
siliéon nitride, silicon oxyngtride, silicon carbide and
is deposited by chemical vapor deposition (CVD), in a

10 thickness range from 50 to 5,000 Angstroms.

A



