1 5 SEP 2005 9 METHOD TO | MPROVE ADHESI ON OF ORGANI C DI ELECTRI dsb BEPri0Bd
DAMASCENE | NTERCONNECTS BACKGROUND OF THE | NVENTION (1) FIELD OF THE

| NVENTI ON This invention relates to a nethod of fabrication used for

seni conduct or integrated circuit devices, and nore specifically to the use
an alternate etch stop in dual damgscene interconnects that

i mproves, adhe betmeen | ow di el ectric constant organic materials, mnth
the etch stopﬁﬁﬁg F@WR@W@I@Pﬁﬁ§é°§o@§tQBGAH§CeDIELECTRnGSSt|ng of a
silicon containing naterl whi ch becones silicon-rich silicon oxide
after UV radiation and fﬂ@ﬁLp@%@%ﬁFE¥EDIHI§R§QNNﬂG3$ OF RELATED ART

Rel ated Prior Art background patents will now be' described in this
section. U S Pat. 5,830,801 entltled "Resi stl ess Met hods of Gate Formation

in MOS Devi ces" granted RQQ\ 9 hifalagi et al. describes a W
method to forma SI|ICOﬂ r Uk% %FI§?§ INYH %ﬁgﬁhod is directed toward

formng an MOS gate and d i)g,g t he ate area, which includes formng an
oxi de mask by positioninz FEGRt FadkEadNYENRION surface of a polysilicon

| ayer. and exﬁﬁignﬂn%@ﬁt%BﬁfggfakggogghatQgthoghof fabrication used

- for semiconductor integrated circuit devices, and more

-“-specifically to the use én alternate etch stop in dual
'damascene interconnects that improves - adhesion between low
dielectrig constant organic materials, with the etch stop
being a low diglectric constant material, consisting of a
silicon containipg material,{which becomes silicon-rich

- 8ilicon oxide after UV radiation and oxygen plasmé.

(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 Méthods of Gate
_ Formation in MOS Deviées” granted Nov 3, 1898 to Shiralagi
et al. describes a UV method to form a silicon- rlch oxlde
layer. The method is dlrected toward forming an MOS gate and
deflnlng the gate area, whlch 1ncludes forming an oxide mask
by p051tlon1ng a llght mask adjacent a surface of a

polysilicon layer and exposing the surface through the light




1 5 SEP 2005 2 mask to a deep ultra violet light in an ambi ent jchn§SEP rdl8Yy
oxygen. U.S. Pat. 6,040,'243 entitled "Method to Form Copper Danascene

I nterconnects Using a Reverse Barrier Metal Scheme to Elimnate Copper

D ffusion" granted Mar. 21, 2000 to Li et al. describes dual damascene
process conprising: formbottoml|owK material, formetch stop layer, form
top low K and then etch dual danascene opening. D ffusion of copper into
di el ect MR difers AP 19 towre reitadietofl itdd: [ias sinv atibdenltayenthsniali ni nat ed
by a bargjier layer. The method can be used to form dual damascene

i nt er connecia:: Copper traces through an' isolation |ayer are provided
overlying a sem conductor substrate. A passivation layer is deposited
overlying the copper traces and the isolation layer. A dielectric layer is

deposited. Awap lmper ¢ oAeRes ik g 3R oagd the dielectric -
| ayer are patterned to expose the tc}p}: %Sirfacééh%?et °e%g’§§“sf%€§’?ﬁ6n | ayer and

over yi ng Che pase At e S, st ey a3 NEheEs | ayer
ger e LS aled LN S5 I B TR b L 1R
of the tarf.ncd@cri:@gs_ RASSI V altr:_ilaosncelna %rcicess comprising: form bottom
| 'tllow K material, form etch sﬁop-layér,.form top low K and then
etch dua; damascené 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 interconnecés. Coppé: traces through an
:isolation'layer are provided ove%lying a semiconductor
subétrate. A.paésivation layer is deposited overlying thé
copper traces and-the isolation laver. A dielectric laver is
deposited. A cap layer is deposited. The cap layer and the
dielectric layer are patterned to expose the top surface of
the passivétiod layer and to form trenches for the damascene
.yisa. A_barrier layer is deposited overlying the passivation
‘layer, the dielectric layer, and the cap léyer. The barrier
layer is etched though to expose the tdp surfaces of the cap
layer and thedpéésivation iayeél‘fhe barrier layér iscolates
tﬁe-sidewalls of thétrenches.Thedpaésivation layer:is

Ietched through.torcomplete_damascene@vias. The barrier layer




et ched through to conpl ete damascene vias. The barrier |ayer 1155SBBEP22% 3
prevents copper sputtering onto the dielectric |layer during the step of
etching through the 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 et al. teaches .a dual damascene process by oxidizing an organo
silicon film A method and apparatus for depositing a |low dielectric

const anPHAVERTSs hPrney s ilwnigo ondac tihen difelacteigatayer aaeiagnpound -
and an oxi di zi ng gas. The oxi di zed organo silane filmhas barrier

propert ités fsdierusd atchiligahromgic ahd prarsiaditacantai/erqt her dielectric

| ayers. The oxi.di zed organo silane filmcan al so be used as an etch stop

or an internetal dielectric layer for fabricating dual damascene.
structures. The oxidized organo silane filns also provide excellent

adhesi on bet ween ditf eresus4)iz ®@ndicl daydMetncad MARESS i Tikg! NVEN ON
This invention relates to a nethod - of fabrication used for sém conduct or

i nt egr atedigleafinic dotite @xgamd Sidreme’s patirfieen bpr .t @5t heogse tan al t er nat'e
etch st i n dual - damascene interconnects that inproves adhesi on between '
| ow di el*&1 % Tonsteatiet gafualndanasiene Eragasis bon oxike. zéngh an
' organo silicon film. A.méthod andraﬁparatus for dépositing a
y low_die;écpric constant film is described using a reaction of”
an organo silane compound and an oxidizing gas. The oxidized
”organo silane film has barrier propertiés for use as a liner
or cap layer adjacent to other dielectric layers. The
oxidized organo silane-film can alsé be used as an‘etch stop
or an intermetal dielectric layer for fabricating“dual
damascene s_tructure‘s'. The oxidized organo silane films also
prdiride excellent adhesion betwéen .different dielectric

layers.

'SUMMARY OF THE INVENTION
This invention relates to a method-of fabrication used
for semiconductor integfatedtcircuit;devices, éﬁd more
specifically to. the use an_alternaté etch stop in dual
démascene_interconnécts thatrimprovés édhesion between low
dielectric cgﬁsfant organic materials. In addition, the etch

stop material, which is a silicon containing materiai; is




‘stop material, which is a silicon containing material, is 1 5 SE§ 3BP52045
transfornmed into a silicon-rich silicon oxide after UV radiation and
.silylation, oxygen plasma. This invention has been sunmari zed above and
described with reference to the preferred enbodi nents. Some processing
details have been omtted and are understood by those skilled in the art.
" More details of this invention are stated in the "DESCRI PTION OF THE
PREFERRETS ENHAIMAN RS tos @ tsiidi.comRERDh BESCRORT b@AIdEF aEidEr DBRAW NGS The
obj ect arnd ot her advant.ages of this invention are best described in the
preferreaadélrﬂ}i)’tﬁrhﬁﬂcg% a0 e Y Ies PlRpsmat-t ached drawi ngs t hat

I nclude: Fig. 1, which in cross-sectional representation illustrates the
Prior Art method showi ng an adhesion problem at the interface between .

Sorganic or canbon-danatk S Thad el Audid TEShase SiPetongtap

material. Fig: 2, which.in cross-sectl Pt ESENCafPon deSFrY

si li con pofd akd¥deadhasi Qi t . dielegtric_constant
material . Fig. 3; which in celr ss-ffg(ﬁ%d;na %\rgel;r)nregé:gﬁt SN PFPCEESSEPes the

silicon i i ' | - hein exposed to radi ation formng a
,SiliCoéﬁf?%ﬁu?gggfggg%si%&uf@gﬁ 8 W uﬂ%%rs qod‘gg Bosa shizion N9

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
7 1llustrates the Prior Art method showing an adhesion problem
Vat the interface between organic or carbon-doped 8i0,

material and TEOS-base 8iQO; etch stop material.

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

-dielectric constant material.

Fig. 3, which in Ccross—sectional representation
illustrates the silicon containing adhesion-layér being

equSed to UV radiation forming a silicon rich top layer.




1 5 SEP 2005 5 Fig. 4, which in cross-sectional representatior| §l §ERt2l8bes
the silicon-rich adhesion | ayer being transformed to Si-rich Si O through
silylation, oxygen plasnma and having a .low dielectric constant between
3.5to 5 Fig. 5 which in cross-sectional representation illustrates the
deposition-of a second |low dielectrigg material layer on Si-rich SiO
adhesion layer. Fig. 6, which in cross-sectional representation

i1l ustrrates i for mticm iof chals-dAMSERa HeRhahitarigpeni ng with
copper plating and subsequent planarization of "the surface. DESCRI PTI ON OF
THE PREFERRED-ENBEDI tYENES. Iivicn - miven tddie sirimties <o beimgt kednefFokali cation
used for sem conductor integrated circui't devices, and nore specifically
to the Us® SiiZdFer$id dheuoh vl yintdel, cdamssc glasimat encohaethy that |

i nproves; adhesi tween |ow dielectric constant materials, which are
organic?base %ﬁghég%?xﬁﬁ%ﬁﬁﬂﬂffﬁ?ife?q1%ﬂﬁﬂﬁq(ﬁn the etch stop material is

a silicon containing material and is transforned into a Fow dielectric
constant material (k 3."5 to 5), which beconmes silicon-rich silicon oxide

after .UV radiiati o, auteh i |yt adddds-sc04381a 10 sentation
illustrates the deposition of a secénd low dieiectric

) mate;ial layer on Si-rich Si0 adhesion layer.

Fig. 6, which in cross-sectional representation
‘illustrates the formation of dual damascene trench/via

_opening.w;th copper plating and subsequent planarization of

the surface.

DESCRIPTION OFVTHE PREFERRED EMBODIMENTS
This invention relates to a method of fabrication used
for semiconductor integrated-circuit devices, and more
specificéllyAto the use an alternaﬁe-etch stop in dual
damascene interconnects that improves adhesion betﬁeen low
dielectfic constant materialé, which are orgaﬁic—baséd or
carbop—dbpe& 8i0,. In additioﬁ; the eﬁcﬁ stop material is a
: si;icon containing materiai and is'tfénéformed into a low
dielectric constant material-(k-;-SIS to 8), which becomes

- silicon~rich silicon oxide after UV radiation and silylation,

oxygen plasma.




1 5 SEP 2005 6 Referring to Fig. 1, which in cross-sectional rdpbeSERt280%0n
illustrates the Prior Art method show ng an adhesi on problem at the
interface. (19) between organic or carbon-doped SiQ2 material (16) and the
TECS-based SiOQ2 etch stop material (17) (TECS = tetraethyl orthosilicate).
As a Dbackground to this problem the integration of organic-based or
carbon-doped Si @2, |ow di.electric constant material, in dual damascene
processi ng prRef@nsing dwmiFiangd ( ndgartdlies erefss—seickibnagt, trench-first or
sel f-aligned via approach). In particular, there exists an adhesion _

pr obl emZAPHGREN it ek Ihclel L ysiya tins \iden Bdien éwtdimeltaot shownhgr aal (16) and
the TEE‘-based Si etch stqop (17), as illustrated in Fig. 1, for Prior
Art met BoES*PhETRIT Gt tie i trifageot Y obetwees poganse 6N as an.

tch st the dielectric ,canstant of SiNis too high,. about k =
O e et ad o B B (08 e B B RS chRee s Pl + ol &

| ead to dtgh MBEd4il const gRfodlel ayse AL . W, ring. For
conpl et eness, the  other na?@%ial |éf%ﬁ%?ﬁﬁ%ﬁﬁ%ﬁﬁygi?aﬁgg?’1 A8 Por Art,

areas fuidhomoursdnie ortdis tmrfolsiang) echd isittlgRidilciO RS WaghhatepdQed
patterned conducting netal wiring 14 (enbedded in an insulator, which is
not shoW¥ i fRrRTsdered Bl Roysdielebitrst tonstastemstéeigDpsimnt

nateriéﬂd£§& gg%éﬁhéﬁé processing presenté a éhallen ‘ :
_ . , | , _ ge (regardless of
“via4first,“trench—first or self-aligned via approach). In
particu;ar, there exists an adhesion problem at the interface
(19)'betwéen the low dielectric material (16) and the |
VIEOSfbased 510, etéh stép (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 dielect:ic conétant of
. 8iN. is too high,. about k =K7; in compariscon to k= 3.9 for
$i0;. High dielectric constant maéérials lead to high RC time
constant delays in-interconnectlwiring;.For completeness, the
other materia; layers provided.in-Fié. 1, Prior Art, are as
folloWsi semiconductor siﬁgle crystal-silicon substrate 10,
patterned éond;cting metal wiring 14 {embedded in an
insulato?, which is not shown in cross-sectionallFigs.),
~ first low dielectric constant material 14, which is
organic—basgd dr'darbon—doped Si0,, TEOS-base Si0; etch stop
material (17) . (tetraethylorthosilicate), second low
dielectric constant material 18, Whiéh is organic-based or
carbon-~doped Si0;, and finally, the adhesion problem at the

iﬁterface (19) between the dielectric material (16) and the




or gani c- based or carbon-doped Si 2, TECS-base Si2 etch stop rebeBERI2097)
(tetraethylorthosilicate), second low dielectric constant material 18,

whi ch is organi c-based or carbon-doped SiQ2, and finally, the adhesion
problemat the interface (19) between the dielectric material (16) and the
1 5 .SEP 2005 .7 TECS-based SiQ2 etch stop (17). It is the object of the
present,%$ 3%40n to solve the adhesion problemat the interface between

the | ow 59¢ Sicpiteh, sRAPCK1VE . Btgasi thebalspecbrofathen- doped Si C2,
and the TEOS-based SiQ2 etch stop, etraethylorthosilicate). Referring to
Fig. 2, RAFERT &%Y%El%‘bctﬁ%rﬁd? ver é&%@@mﬁmnnomw atteshsi | i con.
contalnlqgh eS|q9 | a 27) TSI resist, on low dielectric

const ant 9‘6‘%/ (ﬂ“@é‘tﬂ‘ﬁl%@@-f@rl@d-rrbmw Si. It is

this . that I,s, key to the present

i nventi on. I%é%c&%)érrgp{cgteness sorre oef%/t &0t #BH ﬁﬁ err9F~Paged sSHPovi ded in
Fig. 2, ‘etaie sisop ol { Byra ST ICONHES 0l oSt rate 20 which includes but is.
not_restrlcted to nonocrystalline silicon, silicon-on-insulator (SO) and
silicon-germanium (Si Ge); and patterned conducting netal wring 24 :
(enmbedded in nsul ator, which is not shown in cross-sectional Figs.).
The seni condtfg‘?%e?rmﬁ%tt%’-% %hd’fhld?h in cross-sectional S

,. representation illustrates 3111con.conta1n1ng adhesién layer'“
~(27), e.g.; TSI'resist; on low dielectric constant material
(26) which is organic-based or carbon-doped $i0,. It is this
Specially“treated adhesion layer that is key to the present
invention. For completeness, SOme of_tﬁe other material
layers provided in Fig. 2,' are as follows: semiconductor
substrate 20 which includes but is.hot'restrigted to-
moneocrystalline silicon, silicon—dh-insulator (soi) and
silicon-germanium (SiGe), and patternedtcoﬁductiﬁg metal
wiring 24 (embedded_in an insulatof, which is not shown in
cross-sectional Figs.).-The seﬁiconductor substrate 20 should
be understood to possibly include cne or more layers of
insulating materlal and/oxr conductlve materlal and one or
more active and/oxr passive dev1ces, formed in or over the
substrate, or the like, and one or more interconnect
structures, such as, v1as, contacts, trenches, metal wirings
and the like. A passivation layexr 25, which is an insulator,
preferably silicon nitride, is deposited over the patterned
ICOnducting wiring 24, which is embedded in an insulator (not

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




be understood to possibly include one or nore |ayers of insul atf BgSERt205 al
and/ or conductive material and one or nore active and/or passive devices,
formed in or over the substrate, or the Iike, and one or nore interconnect
structures, such as, vias, contacts, trenches, nmetal wirings and the |iKke.
A passivation layer 25, which is an insulator, preferably silicon nitride,
i s deposited over the patterned conducting wiring 24, which is enbedded in
an insulator (not shown in cross-sectional Figs.). Next, a first |ow
dielectric 1 5 SEP 2005 8 constant m#terial |ayer 26, which is

or gani c- based or carbon- doped Si 2, is deposited over the passivation

| ayer 2%onkewntt @atbeiplesgnpéri nventstoish 1is theanextbpseaess siepont he
coating of the surface with a silicon containing adhesion |ayer (27),

(whi ch iS9rger iSved EFofArPhelprdcesst ngofrarsiivatdoinstipyetoat Phg B#Yectly on

the low. dielectric constant, .nmateri al 2@%{ which i s organic-based or
car bon. dopati PSP RoTEEP R ERG T U GO o S2dREE oncH By er ( 27).
e.g., TSloatli®3 St the afrabterpate £t AP IRflindhg AadEahfamascene,
and as described in subsequent processing steps, becomes transformed into
si |l i con-rdyedr gi2l7)gonwbxicheist deoigdd Biduyltdtd @rocftseangUdtr adiiat i on and
silyation, oxygen plasma. An interlevel dielectric (ILD) conprised of
silicon resist), coating directly on the low dielectric constant

material (26), which is organic-based or carbon-doped S5i0;.

Note, this silicon containing 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 inte 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 wvapor depositicn (CVD) using tetraethoxysilane
(TECS) in a thickness range from 1,000 to 10,000 Angstroms.
The processing details for the low dielectric insulating
layers are as follows: layer thickness ranges between 1,000
to 10,000 Angstroms for the dual damascene trench/via build.
However, the key embodimeﬁts of the present invention also
apply to single damascene interconnects. The low k material
is formed by either chemical vapcur 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 selected from the




oxi de can al so be used in conbination with |ow dielectric consjt8n8EP 2005
material |ayers. The silicon oxide is deposited by chem cal vapor
deposition (CVD) using tetraethoxysilane (TEOS) in a thickness range from
1,000 to 10,000 Angstronms. The processing details for the |ow dielectric
insulating layers are as follows: |layer thickness ranges between 1,000 to
10, 000- Angstrons for the dual danasé%ne trench/via build. However, the key
enbodi MEFRGIR{colBl priose st | ongmiiepelviterapinpdisad R q gdanascene
i nterconnects. The low k material is formed by either chem cal vapour
deposi t | SAHFRBYD) CFbYy wih romeads muprd hef sytien SoldidwiggRiIRa@ni@aui res a
post-Co%%} oven_bake and an optional furnace curing step. The |ow k
nat eri al U gahteoprred ek et al Bl tregerel ud dekdmriora .t e ghri SEP 2005. 9
group ¢ Qgig%in of,%iganic pol ymers conpri sed of 100% carbon, carbon with
one or nDre of'T Her 1ot i his et eweed st romyiehe @reur | qasvs i inguldtur
ni t rogen.,a ] | C ed_materials are selected fromthe group
consi st irkr’lg Q? %ﬂ%ﬁﬁf%%g%?%{ I%:Fb@ge?frs‘?rﬁg?_‘f (R CheRE HDARENd FLARE
(7 om Horeyde! ddnede bon. dopalonl 45O 816,208 218.58! geted gy bremithe group
consisting of al kyl silsesquioxane, aryl “siTsesqaroxans, BOREFeffrom
Novel | usirom| Gek Praupncof $1 981 nd\pHE | KTk Mt €11 SdSqui Bide t’g\rﬂrgani c based
materi al s and the ' R

: ,, Silsesquioxane, CORAL (from Novellus), Black Diamond (from

'-Applied Materials). Both the organic based materials and the

_carbon doped Si0. are available in both a non-porous or a

porous form.

Referring to Fig. 3, which in cross-sectional
‘representation illustrates anothér‘key-procesg of thé present
;nvention, the.silicoh containing édhesiop 1a§er (37)
undergoing exposure to UV radiation (38) forming an exposed
layer, which is compriéed of a éilicon-ridh material. The UV
wavelength ranges from 435'td 100'nm; with an exposure tiﬁe
between 1 seg to 5 min. In another preferred embodiment, a
pre-silylatiog”bake at betﬁéen‘SO to 4QO°C can be performed

to promote cross-linking of the exposed layer.

Referring to Fig. 4, which in cross-sectional
representation illustrates the-final kéy process of-the
present invention, the silicon-rich adhesion layer (47),
undergoes a transformation Lo Si-rich 8i0 through a

gilylation and an oxygen plasma process, and consequently



car bon doped Si2 are available in both a non-porous or a poroqssngP1ﬂm5
Referring to Fig. 3, which in cross-sectional representation illustrates
anot her key process of the present invention, the silicon containing
adhesi on | ayer (37) undergoi ng exposure to VVradiation (38) formng an
exposed _layer, which is conprised of a silicon-rich material. The W

wavel ength ranges from 436 to 100 nd? with an exposure tine between 1 sec

to 5 nmi medsummotdiera el elifedd IR idERand | a L between
50 to 400 C can be perfornmed to pronote crIlosg?%e%E%'yﬁé gkgphgajgg]ﬁg?ed

| ayer. REWIGIMEP 1D R . CheriidlylationosendettiicaBahre’ 8o ?Bfﬂtﬂé'- on
Illustrates the-.-final key process of the present invention

si |i conal dheRthesion & .@grer i4rggen uidegbbed ihanskaiamiMpl to Si-rich
SiOthro i l.ylation and an oxygen plasma process, and consequently 1
5 SEP 20@%”?5‘

betweeni%éS éi The SI| atiqn conditions are as follows: an inert gas,

|
e.g., nltrogen &ﬂQPIHQﬁHQW¥ﬁEth(H@ﬁaﬁﬁﬁhﬁﬁdiglBazaﬂetlon

transporduai;g;éiMD%ﬂé}_-élh-p ﬁf@%ﬁﬁg .o eSP:(r?fat]tﬁ w?l c&ﬁ gﬁt hen introduced to °

TSI resist in.a reaction cha mher BEBAat® wafer is
heat ed tetween 40 to 150 °C. Alternately, solutions of 10% HMDS

(hexamethyldlsllazane) in xylene can also cause the resist to-
~become silvlated. The oxygen Plasma process or treatment
‘conditions are as follows: treatment performed at

temperatufes between 40 to 400 °C, at pressures between 1
milliTorr te 50 Torr using oxygen gas. Oxygen flow rates are
- from 100 scem to 50,000 scem. Power settlngs of between 100
‘to 2,000 Watts can be used if RF or microwave is
capacitatively coupled to the plasma. Form;ng gas (96%
nitrogen, 4% hydrogen) can Be opticnally added to the oxygen

gas, to aid in the dissociation of oxygen,

| Referrlng to Fig. 5, whlch in cross-sectional
representatlon 1llustrates the next process step, in a dual
'_damascene build, the dep051t10n 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

aang)| oW insRsgthing  EMPSt ant thet eapak, phasa.k val ue

;



between 40 to 150 C. Alternately, solutions of 10% HVDS 1 5 SEP 2005
(hexanet hyl di sil azane) in xylene can al so cause the resist to -becone

- silylated. The oxygen plasna process or treatnment conditions are as

foll ows: treatiment performed at tenperatures between 40 to 400 C, at
pressures between 1 mlliTorr to 5Q, Torr ‘usi ng oxygen gas. Oxygen flow
rat es arerarfichgmi200peniny tol 50 @GRt pia tPogeind ciulinagmest bet ween 100  to

2,000 Watts can be used if RF or mcrowave | capaci,t ativel y coupled to
the pl aﬁ?é‘.mlf&rzﬁitﬁr(j‘“gag F’%%"“Ffi‘t%gg‘ﬁt“&% héﬁr%%%%alc%ﬁ g"eépt i onal |y
added 1 QNG MU adlBli o OLafhd) (4! NGrlle2B0sh bl fbaGlicyugEn. Referring
to Fig. 5, rch1’n cross-secttona representation i1llustrates the next
process gt&find N t& Géaln +4aABRCEOE ditidw), anbevilapes? tamrowdf a second | ow
dielectric material |ayer (50) on the specially treated Si-rich Si O

adhesi orcpeatyiory ( 4@ doFdive Lhivsdbelertaic qonstansl naheaktendYan® R§ and

' is "cor ti ", Ref j ng. to Fig. Wl ' - ti I
epr coarar] S (T4 aReas EReSFofrEtT O b B AR aghas conss “WEp 5005
L rench/ vig, 0pent e Widdy GRPRSE Bb3khNGcalhihsaquenhl Bhiiédreat ion of the

surf ace. te: the speci treated Si-rich:Sio adhesion. |ayer (47),

under goegrgath erSinge ot Etakrigr hetiDrragaren@l)( 68 deposdtedd via (62
arr ow) ' SRR

,. into the trench/via opening or caﬁity and acts a.trench/via

.. linar. The barrier metal layer thicknass is batween
approximately 50 to 2,000 Angstroms. The barrier metal is
‘gelected from the group consisting of ’tarntalu_m, ’cantélum

nitride, titanium nitride and ternary metal silicon nitride.

Refarring again to Fig. 6, in crosas-saectional
rapréaentation, illﬁstratas tha £illing of treanch/via opening
.orlcavity with ébnducting matal (65), in a dual damascane
procass. The two layers of low dielaectric constant insulatoxs
26 and 50 are patternad and reactive ion aetched (RIE) forming
.trench 60 (arrow} and via 62 {arrow) openingé. Many photo
lithographic processes can be”empioyed to pattarn the
trench/via opdning. As stated abové;'aftmr tranch/via opening
or cavity definition, the trench/via is filled with a blanket
: deéosition of a barrier layer {64).‘fhe-barrier layer is
 approximately 50 to 2,000 Angstroms thick. Electroplating
requires tha déposition of a copper‘ﬂeéd layar (not shown)

over the barriern 1ayai:°. Thae seed layer thickness conprisas




opening, as do the low dielectric constant material |ayers 26 1ahdSEP-200he
special treated Si--rich Sio adhesion |ayer (47) can also be used to act
as an etch stop, in dual danascene trench formation. A barrier netal |ayer
(64) is deposited into the trench/vi a opening or cavity and acts a '
trench/via . liner. The barrier QI | ayer thickness is between
approximately 50 to 2,000 Angatrons. “The barrier nmetal is selected from

the gr ouhdewsiests mgnglest Arcal 5O, toaat, abonAnfEtEbAS, aﬁatf‘@'&%&{iéc?e and
ternary netal silicon nitride. Referri ng again to Fig. 6,

cross- se&l mé@@ﬂmmsummumesowhbﬁ sbhtﬂgrﬁxﬁg; rSigd ¥4 B
openi ng or caV| ty with conducting netal (65), in a dual damascene
process. VFRET REPCSdFe 0 (BVAY -di berrierohsyent mahenial o(64) 26 and 50

are patt activ n etched (RUE) forming .trench 60 .(arrow
and via Z:?”%g' %&% 3‘&&% 3"’%&-&% nohd V& PPﬁé@PQpﬁFc%Vb‘é?éss@Bdcamb@n

enpl oyed fqr] e trench/yi nin As stated above, after
t-rench/ v#gl%ogﬁgtrﬂ ﬁ'g tr% caf{/(it ifﬁ#lr&ﬁ RELEPENLRFVLALPZ, 26 1 RBKEWI th a

‘bl anket  sgepegd éa’-];Q,f b r barrier La s .
appr oxi mat el y 5 stholz e(% 0 %\egég:terééh E‘é)ul‘::ltm] ropPB?l n8E ¥§qw res the

deposi t i clerafsiteapper it QIR LAY e f Layger. The
seed | ayer thickness conprises 105 Pa200§n (Er@f@iﬂaﬁ mEEhb4f 01:3%3‘?

... electroless plating, upon the copper seed layer. Copper
~ electroplating is the preferred method for cobtaining the
~thick copper. The thick copper layer.65 dips into the
trench/via opening orrcavity. The piated thick copper
deposition is approximately from 1 to 10 microns in
thickness..The plated thick copper unde:goes an annealing
step using rapid thermal annealing (RTA) fromhbetwéén 50 to

- 450 °C.

Referring yvet again to Fig. 6, in'cross—séctional
representatiocn, illustrates_the p%gna;izatibn of the excess
material in the trench/via'oéening,or cavity to form
donducting interconnect wiring’(GO)'and conducting contact
via (62), with inlaid coppef {65) iﬁ a dual damascene
procéss, The éxcess 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 _th'e'spec:ial treated Si-rich 8i0 adhesion




by either electroplating (preferred

t hi ckness ranges from50 to 2,000 Angstrons. and is deposited t§ SERnIlda
vapor deposition (CVD) or by sputtering, physical vapor deposition (PVD).
The barrier layer material (64), conpletely lines the trench/via opening
or cavity, and are on the two layers of |ow dielectric constant .insulator,
26 and. 50; respectively. Next, thiqﬁeconducting copper 65 is deposited,
thod) or by electroless plating,

upon t he legerer(4996d shayer inCepRek. - Fingh ¢ trggl [ erred
met hod for obtaining the thick coppeirln Thg thlc 8 tién%fyg?égé %lps into

the tredeler AropeRi RERentaY nikntIRE ph_gt gl Bg5$ﬁ999$ epos' tionis
e

approximately from1l to 10 mcrons-in I ckness thick copper

under goepatitraami i h rnal aI from
et veon B0 ta an0 et Sr P RaSLBREOY ablThlRx 288F7 kﬂ%é Alemal

representat i t t anarlza i.on of. the excess nmateria
t he trenéh/ﬁﬁgeggéﬁ?ﬁgkﬁ}%%§V| % PO &BHdﬁgtFﬁ 1FRPeP bRAEE! MArlng

60) and tid V|a inlaid copper (65) in a dua
éan;sceng&qgg%@és§%n$%EE xc@?g 7 éF%QICFﬁg?H@ tﬁh@kcggpbégeFéyér i's '

pol i shed | apari.ze along with the barrier nmetal . |ayer, by
chenicald%gghanrca p& gwﬁ?P°NoF€P°ﬁé§198 {R¥D) in a thickness

. range from 50 to 5,000 Angstroms.

While the 1nventlon has been partlcularly shown and
'descrlbed 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:




present invention is the special '"treated Si-rich Si O adhesion 1155S§EF2[]B§‘)05
13 | ayer (47), shown in place. Finally, as an optional process |layer in the
present invention, is the deposition and patterning of a top protective
cap layer, (69). The cap layer is selected fromthe group consisting of
silicon nitride," silicon oxynitride and silicon carbide. The cap |ayer is
deposited by chem cal vapor deposition (CVD) in a thickness range from 50
to 5,000 Angstrons. While the invention has been particularly shown and
described with reference to the preff£rred enbodi nents thereof, it wll be
understood by those skilled in the art that various changes in form and
details may be nmade without departing fromthe spirit and scope of the

invention. Wiat is ekahBBAoEStadr beSEM@WMmaldche Acpt-hedngt fabricating
damascene conpri sing: providing a sem conduct or substrate; providing
patter ned nefACAtPAg2eABRYGRUITAC AR SYHEWHAGr over the seni conduct or

substrate; depesiitiing BaPRSShYAtLON] AYEr i QY &I dPatt gpned  netal
Mrng, insulator over the semiconductor substrate;

depositing a passivation layer over said patterned
metal wiring;

depositing a first low dielectric constant material
Ilayer upon said passivation- layer:

coating a silicon containing adhesion layer on the
first low dielectric constant material layer;

exposing said silicon containing adhesion layer to UV
radiation; 7

exposing said silicon containing adhesion layer to a
silylation and oxygen plasma process;

depositing a second low dielectric constant-
material laver upon said silicon containing adhesion
laver;

providing patterning and etching of the second and
first low dielectric constant material layers, the silicon
containing adhesion layer, and the passivaticon layer to
form trench/via openings extending to the patterned metal
wiring;

depositing a blanket layer of barrier metal over
the semiconductor substrate and into the trench/via
opening;

depositing a blanket conducting copper seed layer
over the barrier metal;

depositing by electroplating or electroless plating

conducting thick copper upon the copper seed laver.




~depositing a first low dielectric constant material layer upon §a3ﬁp 2005
passi vation |ayer; coating a silicon containing adhesion |ayer on t

first low dielectric constant nmaterial |ayer; exposing said silicon
cont ai ni ng adhesion |layer to UV radiation; exposing said silicon
cont ai ni ng adhesion |layer to a sili%ation and oxygen pl asma process;
depositing a second | ow dielectric nstant material |ayer upon said
silicon containing,adhesi on a provi ding patterning and etching of t he
second and first fow P%I%@F??% Hretait hmtdrerein Baid, the silicon

cont ai ni ng adhesi on | ayer, and the passivation layer to formtrench/via
openi ngs ext eﬁﬁ%ﬁo?ﬁu?ﬁ@rp%@%’ﬁmﬁenma$elemt¢qhgfrmprma tgmeaga bl anket

| ayer of barrier nmetal over the sem conductor substrate and into the .
trench/via opeRfhgtidapoti single trewkal sohikatj ng copper seed | ayer

over the barrier netal; depositing by electroplating or electrol ess platlng
conduct i ng thﬁcklcoppen iupsulahercOPOEY, sefﬂlé@w€§erﬁaﬁiﬁﬂa%éﬁ&g@

5 _wzth semiconductor devices, 1nterconnect wiring and

contact vias over the substrate.

3. The method of claim 1, wherein said layer of

first ;ow'dielectric constant material layer selected

10 from the group consisting of either organic based
materials or carbon doped 810, materlals, whereln
.organic based materials are selected from the group
consisting of organic polymersAcomprised of 100% carbon,
carbon with one or more of the following elements:

15 hydrogen, fluorine, sulfur, nitrogen, bromine, while
carbon doped SiQ, materials are selectéd from the group
COnSlStlng of alkyl s1lsesquloxane, aryl 811sesquloxane,

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'eithef organic based



15 2. The nethod of claim 1, wherein said semiconductor substrdqt§ SEP 2005
"selected fromthe group consisting of single crystal silicon,
silicon-on-insulator (Sol), silicon-germanium (SiGe) wth sem conductor
devi ces, i

nterconnect wiring and contact vias over the substrate.
met hod of claim1, wherein said |ayer of first
mat eri al

3. The

| ow di el ectric constant
| ayer selected 10 fromthe group consisting of either organic

based nmaterials or carbon doped SiQ2 naterials, wherein .organic based
materials are selected fromthe group consisting of organic polyners

conprised of 100% carbon, carbon witjsone or nore of the follow ng

el enent s:
doped Si2 materials are selected fromthe group consisting of alkyl

si | sesqui oxane, aryl silsesquioxane, CORAL (from Novellus), Bl ack.
(from Appl ibed e Mauerbal 8hrndl doped Neidelied k16! aedsiwherein said | ayer

of

second

15 hydrogen, fluorine, sulfur, nitrogen,. bromne, while

car bon

Di anond

| ow dielectric constant material |ayer selected fromthe group
consi sti ng wlagiichepsefganaterbasedr e 558 tFghF rom 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
carbon doped $i0; materials are selected from the group
consisting of alkyl silsesquioxane, aryl silsesguiocoxane,
CORAL (from Novellus), Black Diamond (from Applied

Materials).

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

to 5.

6. The method of claim 1, wherein said silicon
containing adhesion laver is expesed 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, é pre-silylation bake at between 50 to 400

°C promotes cross-linking of the expcesed layer.



16 materials or carbon doped Si2 materials, wherein organic Ha§e§EP 2005
materials are selected fromthe group consisting of organic polyners
conprised of 100% carbon, carbon with one or nore of the follow ng

el enents: hydrogen, fluorine, sulfur, nitrogen, brom ne, while carbon
doped SiO2 materials are selected fromthe group consisting of alkyl

si |l sesqui oxane, aryl silsesqui oxane, CORAL (from Novellus), Black D anond
(from Applied Materials). 5. The nmethod of claim 1, wherein said silicon
cont ai ni ng adhesion |ayer is conprised of a silicon containing materi al
sel ected fromthe group consisting of;7TSI resist that is transfornmed into
silicon-rich silicon oxide by subsequent processing steps including
silylation, exposure to UV radiation, oxygen plasma treatnment and has a

| ow dielectric constant between 3.5 to 5. 6. The nmethod of claiml1,
wherein said silicon containing adhesion |ayer is exposed formng an
exposed layer, which is conprised of a silicon-rich material, whereby the
UV wavel engt h r ahges Theome4B86dt 0£100akm 1/ vivhersim egics wid icome bet ween 1

sec to 5 mp,and,; furtierare, ,9.pr ¢z skhy)ation bake At hgtegn 50 to 400

is exposed to said silylation, wherein the silylation
conditions are as follows: an ingrt gas, nitrocgen, is
bubbled in liguid HMDS (hexamethyldisilazane), thus,
transporting HMDS in the wvapor phase to TSI resist in a
reaction chamber, wherein the semiconductor substrate
wafer is heated to between 40 to 150 °C, or alternately,
using scolutions of 10% HMDS {(hexamethyldisilazane) in

xylene causes the resist tec become silylated.

8. The method of claim 1, wherein said silicon
containing achesion layer is comprised of TSI resist and
is exposed to said oxygen plasma process under
conditions as follows: the oxygen plasmas process 1is
performed at temperatures between 40 to 400 °C, at
pressure between 1 milliTorr to 50 Torr using oxygen

. gas, oxygen flow rates are from 100 scem to 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.



- C pronptes cross-1inking of the exposed |ayer. 1 5 SEP 2005 17175 JFf 2005
method of claim1, wherein said silicon containing adhesion |ayer is
conprised of TSI resist and is exposed to said silylation, wherein the
silylation conditions are as follows: an inert gas, nitrogen, is bubbled
in liquid HWS (hexanet hyl di sil azane), thus, transporting HVDS in the
vapor phase to TSI resist in a reaction chanber, wherein the sem conductor
substrate wafer is heated to between 40 to 150 C, or alternately, using.
sol utions of 10% HVDS (hexanet hyl di silazane) in xylene causes the resist
to becone silylated. 8. The nethod ofglaim1, wherein said silicon
cont ai ni ng adhesion layer is conprised of TSI resist and is exposed to
sai d oxygen plasnma process under conditions as follows: the oxygen plasnmas
process is perforned at tenperatures between 40 to 400 C, at pressure
between 1 mlliTorr to 50 Torr using oxygen ,gas, oxygen flow rates are
from 100 sccmto 50,000 sccm power settings of between 100 to 2,000 Watts
with RF or mcrowave capacitatively coupled to the plasma, with the

addi tion of forrng s (AOMNI LFOGERin 40 HEIABENG.AGIEY L 9ethe oxygen

gas, to aid in the di'ssociation of
metal is selected from the group consisting of tantalum,

tantalum nitride, titanium nitride, ternary metal
silicon nitride, and the barrier; metal has a thickness

between approximately 50 teo 2,000 Angstroms.

10. The method of claim 1, wherein said copper
seed layer is deposited over the barrier metal by
chemical wvapor deposition (CVD) or by sputtering,
physical vapor deposition (PVD), in a thickness range

from 50_to 2,000 Angstroms.

11. The method of c¢laim 1, wherein said conducting
thick copper is in a thickness range from 1 to 10

microns.




oxygen. 1 5 SEP 2005 18 9. The nethod of claim1, wherein said{bgrgffer2005
nmetal is selected fromthe group consisting of tantalum tantalumnitride,
titaniumnitride, ternary netal silicon nitride, and the barrier; netal
has a thickness between approximtely 50 to 2,000 Angstroms. 10. The

nmet hod of claim1, wherein said copper seed |ayer is deposited over the
barrier netal by chem cal vapor deposition (CVD) or by sputtering,

- physi cal vapor deposition (PVD), in a thickness range from50 to 2,000
Angstrons. 11. The method of claim iy wherein said conducting thick copper
is in a thickness range from1l to 10 microns. 1 5 SEP 2005 19 12. A nethod
of fabricating damascene trench/via wusing a silicon containing adhesion

| ayer conprisbng: apravhdings ar .&Qmﬂﬂfﬁﬁ&l%QQ%%r%Ee' Eroviding patterped
metal wiring enbedded in an 1nsulator over the Senic8HAGEt 3r substrat e;
deposi t iuxg.ng passilvabhotohdyenigy efdrsad brpathRrNednprising:
- providing a semiconductor substrate;
providing patterned metal wiring embedded in an
insulator over the semiconductor substrate:
depositing a passivation-layer over said patterned
metal wiring;
depositing a first low dielectric constant material
layer upon said passivation layer;
coating- a silicoen containing adhesion layer on the
first low dielectric constant material layer;
exposing said silicon containing adhesion layer to UV
radiation;
exposing said silicon containing adhesion layer to a
silylation and oxygen plasma process;
depositing a second low dielectric constant material
layer upon said silicon containing adhesion layex;
providing patterning and etching of the second and
first low dielectric constant material layers, the
adhesion layer, and the passivation layer to form
trench/via opening extending to the patterned metal
wiring; -
depositing a blanket layer of barrier metal over the

. semicenductor substrate and into the trench/via opening;



metal wiring; depositing a first |ow dielectric constant naterLfb Stgy 5
upon sai d passivation |ayer; coating a silicon containing adhesi en yﬁm on
the first lowdielectric constant material |ayer; exposing said silicon
~contai ning adhesion layer to W radiation; exposing said silicon
cont ai ni ng adhesion layer to a silylation and oxygen plasnma process;
depositing a second |low dielectric constant material |ayer upon said
silicon containing adhesion |layer; providing patterning and etching of the
second and first low dielectric constant material |ayers, the adhesion

| ayer, and the passivation layer to fmyrm trench/via opening extending to
the patterned netal wring; depositing a blanket |ayer of barrier netal
over the sem conductor substrate and into the trench/via opening; 1 5 SEP
2005 20 depositing a bl anket conducting copper seed |layer over the barrier

metal ; depositi Bgpbyiekegt 5opl atkag @ndl@actioleppep! abkaglagenducting
t hi ck copper upon the copper seed | ayer;
over the barrier metal;
depositing by electroplating cr electroless plating
conducting thick copper upon the copper seed layer;
chemical-mechanical polishing and planarizing to
remove excess thick copper, excess copper seed layer
and excess barrier metal therebky forming an inlaid
interconnect and contact via to said patterned metal

wiring with said barrier metal lining the trench/via

opening.

13. The method of claim 12, wherein said
semiconductor substrate is selected from the group
consisting of single crystal silicon,
siliceon-on-insulator (S0I), silicon-germanium {3SiGe)
with semiconductor devices, interconnect wiring and

contact vias over the substrate.

. 14. The method of claim 12, wherein said layer of
first low dielectric constant material layer selected
from the group consisting of either organic based
materials or carbon doped 510, materials, wherein

organic based materials are selected from the group




chem cal - mechani cal polishing and planarizing to renove excess tEigE
copper, excess copper seed |ayer and excess barrier netal therleBy %rﬁm%g
an inlaid interconnect and contact via to said patterned netal wring
with said barrier nmetal lining the trench/via opening. 13. The nethod of
claim12, wherein said sem conductor substrate is selected fromthe group
consisting of single crystal silicon, silicon-on-insulator (SQ),
silicon-germanium (Si Ge) wth sem conductor devices, interconnect wring
and contact vias over the substrate. . 14. The nethod of claim 12, wherein
said layer of first lowdielectric constant material |ayer selected from
the group consisting of either organic based materials or carbon doped
Si02 materials, wherein organic based materials are selected fromthe
group 1 5 SEP 2005 21 consisting of organic polyners conprised of 100%
carbon, carbon with one or nore of the follow ng elenents: hydrogen,
fluorine, sulfur, nitrogen, bromne, while carbon doped Si02 materials are
sel ect ed fresmisd §odp CEGABESt PAGYBEL Al k§IP 5t Isbsfuildanearkppl

SilseSqUio&ﬁﬂ%mn with one or more of the following elements:
hydrogen, fluorine, sulfur, nitrogen, bromine, while
carbon doped S5i0; materials are selected from the group
consisting of alkyl silsesquioxane, aryl silsesqguioxane,
CORAL (from Novellus), Black Diamond (from Applied

Materials).

15. The method of claim 12, wherein said layer of
second low dielectric constant material layer selecgted
from the group consisting of either organic based
materials or carbon doped Si0; materials, wherein
organic based materials are selected from the group
consisting of organic polymers comprised of 100% carbon,
carben with one of more of the folleowing elements:
hydrogen, fluorine, sulfur, nitrogen, bromine, while
‘carbon doped SiOé materials are selected from the group
consisting of alkyl selsesquioxane, aryl silsesguicxane,
CORAL (from Novellus), Black Diamcnd {from Applied

Materials}).

16. The method of claim 12, wherein said silicon

containing adhesion layer is comprised of a silicon



CORAL (from Novellus), Black Diamond (from Applied Materials).q §$5SEFH305
nmet hod of claim 12, wherein said | ayer of second |ow dielectric constant
material |ayer selected fromthe group consisting of either organic based
materials or carbon doped Si02 materials, wherein organic based materials
are selected fromthe group consisting of organic polymers conprised of
100% car bon, -carbon with one of nore of the follow ng el enents: hydrogen,
fluorine, sulfur, nitrogen, brom ne, while carbon doped Si02 materials are
selected fromthe group consisting2of al kyl sel sesqui oxane, aryl

si | sesqui oxane, CORAL (from Novellus), Black D anond (from Applied
Materials). 16. The nmethod of claim 12, wherein said silicon containing

adhesi or:dnyehing GeERFiSEdsOfc@r&i | F1eah thsd ¢3ERp208a:221¢0Qt aF ni ng
material selected fromthe group consisting of TSI resist that is

t ransf orlrddd riestistsithrtonsr tcansidreah ira de lbycstbrseuent. ipoocessi ng st eps
including silylation, exposure to UV radiaion, oxygen plasma treatnent and
has a |GW3§ ElveSLPEEIEBNSt RRAPCHE: e BB ti Juding FheYhdthod: of claim

12, wherein said silicon
exposure to UV radiaion, oxygen plasma treatment and has a

low dielectric constant between 3.5 to 5.

17. The methed of claim 12,-wherein said silicon
containing adhesion laver 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 pre-silylation bake at between 50 to 400 °C promotes

cross—-linking of the exposed layer.

18. The method of claim 12, wherein said silicon
containing adhesion layer is comprised of TSI resist and
is exposd to said silylation, 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 TSI resist in a
reaction. chamber, wherein the semiconductor substrate
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.




cont ai ni ng adhesion |ayer is exposed form ng an exposed |ayer j Sh§Eh 2085
conprised of a silicon-rich material, whereby the U/ wavel ength ranges
from436 to 100 nm with an exposure tinme between 1 sec to 5 mn, and
furthernore, a pre-silylation bake at between 50 to 400 C pronotes
cross-linking of the exposed layer. 18. The nethod of claim 12, wherein
said silicon containing adhesion |ayer is conprised of TSI resist and is
exposd to said silylation, wherein the silylation conditions are as
follows: an inert gas, nitrogen, is23 bubbled in |iquid HVDS
(hexanet hyl di sil azane), thus, transporting HVDS in the vapor phase to TSI
resist in a reaction chanber, wherein the sem conductor substrate wafer
is heated to between 40 to 150 C, or alternately, using solutions of 10%
HVDS (hexanet hyl di sil azane) in xylene causes the resist to becone
silylated. 1 5 SEP 2005 23 19. The nethod of claim 12, wherein said silicon
cont ai ni ng adhesion layer is conprised of TSI resist and is exposed to
sai d oxygen plasnma process under conditions as follows: the oxygen plasmas

process is parfor ged gl LENPEr ALYILs; betyeen. 40 L0 400, ¢, at pressures
55 F

between 1 ml'li Torr Tarr using oxygen gas, oxydgen ow rates
containing adhesion layer is comprised of TSI resist and

is exposed to said oxygen plasma process under conditions
as follows: the oxygen plasmas process is 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 sccm, power settings of
between 100 to 2,000 Watts with RF or.microwave
capacitatively ccupled tce the plasma, with the addition of
forming gas (26% nitrogen, 4% hydrogen} added to the

oxygen gas, to aid in the dissociation of oxygen.

20. The method of claim 12, wherein said barrier
metal is selected from the group consisting of tantalum,
tantalum nitride, titanium nitriae, ternary metal silicon
nitride; and the barrier metal has a thickness between

approximately 50 to 2,000 Angstroms.




are from 100 sccmto 50,000 sccm power settings of between 1G05t$ER,2009
Watts with RF or mcrowave capacitatively coupled to the plasnma, with the
addition of formng gas (96% nitrogen, 4% hydrogen) added to the oxygen
'gas, to aid in the dissociation of oxygen. 20. The nethod of claim 12,
wherein said barrier netal is selected fromthe group consisting of
tantalum tantalumnitride, titaniumnitride, ternary netal "silicon
nitride; and the barrier nmetal has a thickness between approximtely 50 to
2,000 Angstroms. 1 5 SEP 2005 24 2124 The nethod of claim 12, wherein said
copper seed layer is deposited over the barrier netal by chem cal vapor
‘deposition (CVD) or by sputtering, physical vapor deposition (PVD), in a

t hi ckness ramnge fmom bOthod2:0001aANgsE ) Oifers22. sENe @BhLped okeglaim 12,
wherein said conducting thick copper is in a thickness range from1 to 10
m crons.l@2®r Asrsehodiofdf abef chite nep dairas cetelt benchewiaalusing a silicon
containing |ow dielectric constant adhesion |ayer, which is an alternate
etch stovpa%oﬁ HOSIGAMEsEENB) PR P heSRAbrS Cdtd oy 168k ¥8REECt or devi ces,

Conpr'S'Jgﬁosition (PVD}, in a thickness range from 50 to 2,000

Angstroms.

22. The method of claim 12, wherein said conducting

thick copper is in a thickness range from 1 to 10 microns.

_ 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:

providing a semiconductor substrate with
semiconductor devices within the semiconductor substrate;

providing patterned metal wiring embedded in an
insulator over Lthe semiconductor substrate;

depeositing a passivation layer'over said patterned
métal wiring;

depositing a first low dielectric constant material
layer, which is organic-based or carbon doped $i0,, upon
sald passivation layer;

coating a silicon containing adhesion layer on the
first low dielectric constant material layer;

' exposing said silicon containiﬁg adnesion layer to GV

radiation, forming a silicon-rich material lavyer;




providing a sem conductor substrate with semiconductor deviceq §i SEPriife
semi conduct or substrate; providing patterned metal wiring enbedded in an
insul ator over the sem conductor substrate; depositing a passivation |ayer
over said patterned netal wiring, depositing a first low dielectric
constant material [ayer, which is organic-based or carbon doped Si02, upon
sai d passivation layer; coating a silicon containing adhesion |layer on the
first low dielectric constant material |ayer; exposing said silicon _
cont ai ni ng adhesion |ayer to W radsation, formng a silicon-rich nateplal
| ayer; 1 5 SEP 2005 25 exposing said silicon cont ai ni ng adhesion |ayer to a
silylation and oxygen plasma process, transformng said silicon containing
adhesi on | ayemxpiostiaga saiiti 60ni&bghcostd €00y ey Henaskti pg @ second | ow
di el ectri. %pnstant material - layer, which is organic-based or carbon doped
Si02,, Ui éﬁ'agépﬁ §P9i85%988nP5?ﬁT%gp%&Wﬁ%ﬁmnFH%ﬂﬁﬁQfmﬂﬁ§vﬁéﬂﬁg pat t er ni ng
and et chiing ddie cseeandiagdafiheston | oW di el,ac) rd & qanstant paterial |ayers,

the silicon ]
silicon oxide;

depositing a second low dielectric constant material
layer, which is organic-based or carbon doped S$1i0;,, upon
said silicon containing adhesion layer;

providing patterning and etching the second and first
low dielectric constant material lavers, the silicon
containing adhesion layer, and the passivation layer to
form trench/via opening extending to the patterned metal
wiring;

depositing a blanket layer of barrier metal over the
semiconductor substrate and into the trench/via opening;

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;

chemical-mechanical polishing and planarizing to
remove excess thick copper, excess copper seed layer and
excess barrier metal thereby forming an inlaid
interconnect and contact via to said patterned metal
wiring with said barrier metal lining the trench/via
opening; and

depositing and forming a cap layer over the top of
the second low dielectric constant material layer, thus

passivating the duzl damascene.




cont ai ning adhesion | ayer, and the passivation layer to form tr Bn§FP 2085

opening extending to the patterned netal wring; depositing a bl anket

| ayer of barrier metal over the sem conductor substrate and into the

trench/vi-a opening; depositing a blanket conducting copper seed | ayer

over the barrier netal; depositing by electroplating or electroless plating

conducting thick copper upon the copper seed |ayer;  chem cal - nechani cal

excess copper seed
i nterconnect and

. polishing and planarizing to renove excess thick copper,

| ayer and excess barrier netal thekeby formng an inlaid

contact via to said patterned netal wring with said barrier netal
the trench/via opening; and depositing and formng a cap | ayer over the
top of the second |ow dielectric constant naterial |ayer, thus
passi vating the dual damascene. 1 5 SEP 2005 26 24. The nethod of claim 23,
wherein said sem conductor substrate is selected fromthe group

consisting of single crystal silicon, silicon-on-insulator (SOT),

si li con-ger mani um SiGe%
24. The method of claim 23, wherein said

semiconductor substrate is selected from the group

consisting of single crystal silicon,

silicon-en-insulator (SOI), silicon-germanium (SiGe)

with semiconductor devices, interconnect wiring and

contact vias over the substrate.

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 $i0, materials, wherein

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

L
carbon doped S5i0; materials are selected from the group

- consisting of alkyl silsesquioxane, aryl silsesquioxane,

CORAL (from Novellus), Black Diamond (from Applied

Materials) .

l'ining




wi th sem conductor devices, interconnect wiring and contact vija§ gkRr2ifhe
substrate. 25. The nethod of claim 23, wherein said |ayer of first |ow
dielectric constant material |ayer selected fromthe group consisting of
ei ther organic based materials or carbon doped SiQ2 materials, wherein
organi c based materials are selected fromthe group consisting of organic
~pol yners conprised of 100% carbon, carbon with one or nore of the

foll owi ng el ements: hydrogen, fluorine, sulfur, nitrogen, bromne, while
carbon doped SiQ2 materials are sel2tted fromthe group consisting of

al kyl sil sesqui oxane, aryl silsesqui oxane, CORAL (from Novellus), Bl ack
D anond (from Applied Materials). 1 5 SEP 2005 27 26. The nethod of claim
23, wherein said |layer of second low dielectric constant material |ayer
selected frgmth roup. cqonsi.stjng of_either organic _based materials or
car bon doped%érCQ%Hgt@FEQPg,Oah%}%gﬁ 2dr gdHi ¢ IPaséd Imde¥FraPS are sel ected

from t hesedup 1608Sk3tbRg:ef cOF g € Mol RIS 16/ is38d-0£4100% car bon,
carbon with one or nore of the following elenments: hydrogen, fluorine,

sul fur, Qqu(R?gqgrgp@npﬁ§§i§hip@ of either organic based

materials or carbon doped Si0; materials, wherein
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
carbon doped S5i0, materials are selected from the group
consisting of alkyl silsesquioxane, aryl silsesquioxane,
CORAL (from Novellus}, Black Diamond (from Applied

Materials).

27. The method of claim 23, wherein said silicon
containing adhesion layer is comprised of a silicon
containing material selected from the group consisting of
TST resist that is transformed into silion-rich silicon
oxide by subsequent processing steps including silylation,
exposure to UV radiation, oxygen plasma treatment and has

a low dielectric constant between 3.5 to 5.




carbon doped Si02 materials are selected fromthe group consi gt Gn§EPT2005
al kyl sil sesqui oxane, aryl silsesqui oxane, CORAL (from Novellus), Bl ack
D amond (from Applied Materials). 27. The method of claim 23, wherein said
silicon containing adhesion |layer is conprised of a silicon containing
material selected fromthe group consisting of TSZ resist that is
transfornmed into silion-rich silicon oxide by subsequent processing steps
including silylation, exposure to UV radiation, oxygen plasna treatnent
and has a low dielectric constant p®etween 3.5 to 5. 1 5 SEP 2005 28 28.
The met hod of claim 23, wherein said silicon containing adhesion |ayer is
exposed form ng an exposed |ayer, which is conprised of a silicon-rich
material, - whereby the UV wavel ength ranges from436 to 100 nm with an
exposure tine between 1 sec to 5 mn, and furthernore, a pre-silylation
bake at between 50 to 400 C pronotes cross-linking of the exposed |ayer.

29. The nethod  of rgkahm B3a ¥hered fin Sat d (&ddO0N saG@ntahALpg adhesion |ayer
is conprised of TSI resist and 1is exposed to said silylation, wherein the

si |yl at iSRtadgiact pehssape davesl iovwiregrd Hermigys annerpoged, is

layer, which is comprised of a silicon-rich material,
whereby the UV wavelength ranges from 436 to 100 nm, with
an expocsure 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.

29. The method of claim 23, wherein said silicon
containing adhesion layer is comprised of TSI resist and
is exposed to said silylation,wherein the silylation
conditions are as fellows: an inert gas, nitrogen, is
bubbled in liquid HMDS (hexamethyldisilazane)}, thus,
transporting HMDS in the vapor phase to TSI resist in a
reacticn chamber, wherein the semiconductor substrate
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.




bubbl ed in Iiquid HVWDS (hexanethyl disilazane), thus, transport}i oSERE05n
t he vapor phase to TSI resist in a reaction chanber, wherein the

sem conductor substrate wafer is heated to between 40 to 150 C, or
alternately, = wusing solutions- of 10% HVDS ( hexanet hyl di sil azane) in

xyl ene causes the resist to beconme silylated. 1 5 SEP 2005 29 30. The

nmet hod of claim 23, wherein said silicon containing adhesion |ayer is
conprised of TSI resist and is exposed to said oxygen plasma process under
conditions as follows: the oxygen p#asmas process is perforned at
tenperatures between 40 to 400 C, at pressures between | mlliTorr to 50
Torr using oxygen gas, oxgyen flowrates are from 100 sccmto 50,000 sccm
power settings of between 100 to 2,000 Watts with RF or m crowave
capacitative%y cou led to the Iasna with the addition of formng gas

(96% ni t r ogen’ -4% RFdFEHBAY %ﬁd‘é]dajt% "G%e "NGNgEn 5¢4S, SEOTEPR in the

di ssoci atd:Am iefin gxﬁaﬁ@51éﬁ 1dher ned hadhfi dign 231 %@%&@tnaﬁéld barrier
netal is selected fromthe group consisting of tantalum tantalumnitride,

titani ursiemicged ter Aaiy ABYALD sPlawth PrHaessdendsd chedbaienar netal has
a thickngss NYNREN + hAPBLOYLABL 8L ¥ 2 149 %200 ANASELOMEG at

temperatures between 40 to 400 °C, at pressures between 1
milliTorr tc 50 Torr using oxygen gas, oxgyen flow rates
-.are from 100 sccm to 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.

31. The method of claim 23, wherein saild barrier
metal is selected from the group consisting of tantalum,
tantalum nitride, titanium nitride, ternary metal silicon
nitride and the barrier metal has a thickness between

approximately 50 to 2,000 Angstroms.

32. The method of claim 23, wherein said copper seed
layer is deposited cover the barrier metal by chemical
vapor deposition (CVD) or by sputtering, physical vapor
'deposition {PVD), in a thickness range from 50 to 2,000

Angstroms.




32.. The nethod of claim 23, wherein said copper seed |ayer is{dBpSEPtH§n
over the barrier netal by chem cal vapor deposition (CVD) or by
sputtering, physical vapor deposition (PVD), in a thickness range from 50
to 2,000 Angstrons. 1 5 SEP 2005 30 33. The nethod of claim 23, wherein
said conducting thick copper is in a thickness range from1 to 10 m crons.
34. The nethod of claim 23, wherein said cap layer is selected fromthe
group consisting of silicon nitride, silicon oxynitride, silicon carbide
and is deposited by chem cal vapor3@eposition (CVD), in a thickness range
from 50 to 5,000 Angstrons.

33. The method of claim 23, wherein said conducting

thick copper is in a thickness range from 1 to 10 microns.

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

50 to 5,000 Angstroms.



