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I nterconnects to wire together the individual devices on a sem conductor
substrate, or to communicate externally to the integrated circuit.
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all oys a As devic r {] 45- node
Fechnol oSELAGASSENIHE MONGY AxrER HRTMPRGVING AR buSiOR
barrier/seed | ayer r I 0 geonetry
features to enabIeI€Eﬁ§“g$gé gggg%?ﬁgi |ng]gecones cha?&eﬁ%*ng The
notivation to go to ultra thin and conformal barrier in 45-nm node or
sub-45-nmtechnology is to reduce tgglgﬁhﬁﬁgr's i npact on via and |ine
resi stance. However, poor adhesion of copper to the bather |ayer could
caUSﬁ del lamvaamﬂm Naﬂmmhiebh)mwdemrheiﬁmpamm@giﬁeﬁymgsuhg&lmaud@ssi ng
or thermal stressing that poses a con mgration and
stress-induced voi di ng. Fé?mlﬁﬁ%Féﬁﬁ W%PY8?§§EWﬁg there is a need for
nmet hods and apparatus that enable deposition of a thin and conformnal
barrier layer, and a copper layer in the copper interconnect with good

el ectro-mgration performance and Bidkdrdused risk of stress-induce
voi di ng of copper interconnect.

[1] Integrated circuits use conductive interconnects to wire together the individual
devices on a semiconductor substrate, or to communicate externally to the integrated circuit.
Interconnect metallization for vias and trenches may include aluminum alloys and copper.
As device geometry continues to scale down to 45-nm-node technology and sub-45-nm
technology, the requirement of continuous barrier/seed layer with good step coverage in high
aspect-ratio geometry features to enable void free copper filling becomes challenging. The
motivation to go to ultra thin and conformal barrier in 45-nm-node or sub-45-nm-technology
is to reduce the barrier’s impact on via and line resistance. However, poor adhesion of
copper to the barrier layer could cause delamination between the barrier layer and copper
during processing or thermal stressing that poses a concern on electro-migration and stress-

induced voiding.

[2] In view of the foregoing, there is a need for methods and apparatus that enable
deposition of a thin and conformal barrier layer, and a copper layer in the copper interconnect
with good electro-migration performance and with reduced risk of stress-induce voiding of
copper interconnect.

SUMMARY

[3] Broadly speaking, the embodiments fill the need enabling deposition of a thin and
conformal barrier layer, and a copper layer in the copper interconnect with good electro-
migration performance and with reduced risk of stress-induce voiding of copper interconnect.
Electromigration and stress-induced voiding are affected by the adhesion between the barrier
layer and the copper layer. A functionalization layer can be deposited over the barrier layer

to enable the copper layer being deposit in the copper interconnect. The functionalization
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deposition of a thin and conformal barrier |ayer, and a copper layer in the
copper interconnect with good el ectrom gration performance and with reduced
ri sk of stress-induce voiding of copper interconnect. Electromgration and
stress-induced voiding are affected by the adhesi on between the bat her

| ayer and the copper |ayer. A functionalization | ayer can be deposited over
the barrier layer to enable the copper |ayer being deposit in the copper

i nt erconn . | i - | | '
barrierﬂP§§§F“§E%”&#?%h@§§%%r O&?@%?§§g%g géﬁ%%ﬁ%ﬁﬁlgﬁ?;ﬁgggaégﬁﬁFﬂ% t wo
| ayers. bkiiweshok dvle 18Rl edt ahedldt batappheiapede sleant the nresenk dnventionbean be

i npl erented in numerous ways, jncluding as a solutjon, a method, a process,
an appaimplementsd ia nyperens waysyeelding asensqlyions gBehad i Brogessy ‘Hbaltﬂaéﬁ%t

invention are descrihe . i 3 :

prepari ﬁbagysg%.ss g‘?ftr é Hg‘ﬁelrﬁ?l gggng?&lélegtsb%%%%gmgg%&q ?@ggﬁﬁgﬁgggh zation
| ayer over a_netallic barrier | r of a copper.i,ntercaqonn t i St
de%osi tith off LU FHRAINERf e A ’i‘lﬁ%ﬁe"fgﬁr@ ngpﬁtsgpg%%ggﬁg-eﬁgfé%%bgt?%éﬁ rove
el ectro sAtd giﬂlcfgﬁﬁél&ra_ q%epfovﬁpglr{liéiﬂﬁ‘é‘rbahﬁ@relﬁ W@%of)flﬁe_r AhRYdonaest idhe

nmet hod 1| ude positing the netallic barrier Tayer to 1ine the copper

i nt er coassigtt defositiohuo® a mopive layere gn athe deappst éntercandead xindiordengtoa improvace of
the netallic bather |layer. The nethod .al so includes. depasitin he

FUnct | oRIEPTOBEHP By VSOl HE CORPR DIECHoBDNY 45 GI el TP ARPY e oy

| ayer, %gﬁ’?sg(ﬁ%f‘@b teRgnid Bsﬁgppgar?h%qge EdbpeP it G ORRIRE st REERIRE GltoghiodCtL ur &

after th onal1zat1 on ye eposited over the nmetallic bather

| ayer. sjddm) androgidieng endwiicerefitthe anatalib ddrmidr Ipyeep aFherqethosluddse nedhedes
surface of a substrate to deposit a functjonglization. |layer .oyer.a netallic
bat her Napestiing the ferssigeslzafips LAt Gse sprtieloe PPl Darmico Jer

| ayer i h rod.nt n i er i B e Ok

por  or malS o SofURRE (b0 ERAT bk b MEEcobtr, FREQUAGEL SSHIATL IR e,
deposi t ifigtiohglizaEbmldyecis dapdrited bagtehe tetalliceartitrdagmpper i nt er connect
structure in the integrated system The nethod al so i ncludes depositing the
functi Ofpﬂl | 23 iaRBhbP%EhodNRAL, YBetBsl it pRshasitly faak®stedte hdadtedfal kitsrbrttber

| ayer. e method further includes depositing the copper layer in the
copper idepasitca fmetionaization dayer afvee s méfellicurpenérolazeri Qgil icoppdr dptercangect to
deposited over the netallic bather .| a%lgr. 1[’%6]. {n anot her e oFi ment . .an

i nt egr aPEsts fERASHOPOPT F SOBRY; i‘f’é[e 10,196 PURPET | AILERPTSI Fe @7 &RV SRRERE to
enabl e %Fe%ﬁﬁﬁitri_ﬁ HorPherforitdRSd bRl doppdr iRRRrdoANE: i9¥$ﬁfvi&d.ﬁeﬂﬁé ol akdigdes! ayer
of a copper | Erer connect to I nprove electromgration performance of the
copper idepesitirgnthe adetalkic parvier thyel toTine the teppenindetcoystiestiichat udibs irtegrated

| ab- anbi ent t f hanb, bl e, of erring t bstrate.
Subst 1 aEEERs SHiR weed AednEbIeh GeRosisa bt SHEUSTAtERe HRSAPEIEF K °
i nt egr a%ﬁ#%%g&?ﬁg%e%ﬂ%oﬁarﬂﬁﬁl‘&w @ Rediedd ﬁ%@ﬁﬁ&m@@@a@bﬁa@ng REieopypacidyep at a

pressure e Integrated system al so includes a vacuum

pr ocess ikl kepfepintelepnsdct istracttiecafhart tht Ifinctivaslimtion dyyer is dhprséed overethgacuum
process nodul e for depositing the netallic bather layer is coupled to the
vacuum tREHYE BRTIGRYBer ;| and i s operated under

[6] In another embodiment, an integrated system for processing a substrate in controlled
environment to enable deposition of a functionalization layer over a metallic barrier layer of
a copper interconnect to improve clectromigration performance of the copper interconnect is
provided. The integrated system includes a lab-ambient transfer chamber capable of
transferring the substrate from a substrate cassette coupled to the lab-ambient transfer
chamber into the integrated system, and a vacuum transfer chamber operated under vacuum
at a pressure less than 1 Torr. The integrated system also includes a vacuum process module
for depositing the metallic barrier layer, wherein the vacuum process module for depositing

the metallic barrier layer is coupled to the vacuum transfer chamber, and is operated under



3 vacuum at a pressure less than 1 Torr. The integrated system further

I ncl udes a control |l ed-anbi ent transfer chanber filled with an inert gas
sel ected froma group of inert gases, and a deposition process nodul e used
to deposit the functionalization layer on the surface of the metallic
barrier layer. [7] Although the invention is described in terms of
enabling a Cu dual - Damascene interconngct process, it can also be applied
to througB- hol e vias used in 3 dinensional (or 3D) packagi ng or personal
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advantages of the invention will become apparent from the following detailed description,
taken in conjunction with the accompanying drawings, illustrating by way of example the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[8]  The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.

[9] Figures 1A-1D show cross sections of a dual-damascene interconnect structure at

various stages of interconnect processing.

[10] Figures 2A-2C show cross sections of a metal line structure at various stages of

interconnect processing.

[11] Figures 3A-3C shows cross sections of a metal line structure at various stages of

interconnect processing to incorporate a functionalization layer.

[12] Figure 3D shows a schematic diagram of bondings between one end of a
functionalization layer with a tantalum oxide surface and between another end of a

functionalization layer with copper.
[13] Figure 3E shows a cross section of deposited layer of an interconnect structure.

[14] Figure 3F shows the complexing group of a functionalization layer deposited on the

oxidized metallic barrier surface at an angle o.

[15] Figure 4 show a cross section of a non-formal barrier layer deposited in an opening of

an interconnect structure.



[12] Figure 3D shows a schematic di agram of bondi ngs between one end of a
functionalization layer with a tantal um oxi de surface and between anot her
end of a functionalization |ayer with copper. [13] Figure 3E shows a cross
section of deposited |ayer of an interconnect structure. [14] Figure 3F
shows the conpl exing group of a functionalization |ayer deposited on the
oxidized netallic barrier surface at an angle a. [15] Figure 4 show a
cross section of a non-formal barrier layer deposited in an opening of an
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process flow of interconnect processing that incorporates a
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system uséd to process a substrate using a process flow of Figure 6A
incorporates a functionalization layer.

[18] Figure 6B shows an exemplary integrated system used to process a substrate using a

process flow of Figure 6A.
DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[19] Several exemplary embodiments for improved metal integration techniques that add
an adhesion-promoting layer to improve interface adhesion are provided. It should be
appreciated that the present invention can be implemented in numerous ways, including a
process, a method, an apparatus, or a system. Several inventive embodiments of the present
invention are described below. It will be apparent to those skilled in the art that the present

invention may be practiced without some or all of the specific details set forth herein.

[20] Figure 1A shows an exemplary cross-section of an interconnect structure(s) after
being patterned by using a dual damascene process sequence. The interconnect structure(s)
is on a substrate 50 and has a dielectric layer 100, which was previously fabricated to form a
metallization line 101 therein. The metallization line is typically fabricated by etching a
trench into the dielectric 100 and then filling the trench with a conductive material, such as

copper.

[21] In the trench, there is a barrier layer 120, used to prevent the copper material 122,
from diffusing into the dielectric 100. The barrier layer 120 can be made of physical vapor
deposition (PVD) tantalum nitride (TaN), PVD tantalum (Ta), atomic layer deposition (ALD)
TaN, or a combination of these films. Other barrier layer materials can also be used. A
barrier layer 102 is deposited over the planarized copper material 122 to protect the copper
material 122 from premature oxidation when via holes 114 are etched through overlying
dielectric materials 104, 106 to the barrier layer 102. The barrier layer 102 is also configured
to function as a selective etch stop. Exemplary barrier layer 102 materials include silicon

nitride (SizNy) silicon carbo-nitride (SiCN), or silicon carbide (SiC).
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when the barrier metal, such as Ta, TaN, or Ru, is exposed to water aqueous solutions.



[25] Barrier |ayers, such as Ta, TaN or Ru, if exposed to air for extended
period of time, can form netal oxide, such as, Tax0y (Tantal um oxide),
Ta0"Ny (Tantal um oxynitride), or Ru02 (Ruthenium oxide). Metal oxide, such
as TaxOy, TaO0"Ny, or Ru02 can also be fornmed when the barrier nmetal, such
as Ta, TaN, or Ru, is exposed to water aqueous solutions. 6 Electroless
deposition of a netal |ayer on a substgate is highly dependent upon the
surface characteristics and conposition of the substrate El ectrol ess
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concept apply to other types of barrier metals, such as Ta or TaN capped
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materials such as silicon nitride (Si3N4), silicon carbo-nitride (SiCN), or
si | i conl28r bimedqitiprcfo dugl-damascene interconnect structures, copper interconnect can also

be applied to metal lines (or M1 lines) over contacts. Figure 2A shows an exemplary cross-
section of a metal line structure after being patterned by a dielectric etch and being removed
of photoresist. The metal line structure(s) is on a substrate 200 and has a silicon layer 110,
which was previously fabricated to form a gate structure 105 with a gate oxide 121, spacers
107 and a contact 125 therein. The contact 125 is typically fabricated by etching a contact
hole into the oxide 103 and then filling the contact hole with a conductive material, such as
tungsten. The surface 124a of the conductive material 124 should be very clean. Alternative
materials may include copper, aluminum or other conductive materials. The barrier layer
102 is also configured to function as a selective trench etch stop. The barrier layer 102 can
be made of materials such as silicon nitride (Si3Ny), silicon carbo-nitride (SiCN), or silicon

carbide (SiC).



[29] A netal line dielectric |layer 106 is deposited over the barrier |ayer
102. The dielectric materials that can be used to deposit dielectric |ayer
106 have been descri bed above. After the deposition of dielectric |ayer
106, the substrate is patterned and etched to create netal trenches 116.

Fi gure 2B shows that after the formation of netal trenches 116, a netallic
barrier layer 130 is deposited to |line7netal trench 116. Figure 2C shows
that after the barrier layer 130 is deposited, a copper layer 132 is

deposi t over YRs CRNE

i nter coiibelct%stn?é?u%t ﬁ%?@e%@é’?@#?@rﬁ ﬁ & ogft%%gggﬂg%heﬁanggg of rrla%?erngles
such as dichdtirid uintetialy thohe chd D) ysed atntdflpum (dTedgctric Btyee 06 rhagRbeen alesaibed

conbi nation of these filnms. A _copper film132 is then de OSIté“”gt ill the
metal t Abpsh After the dgpgsitien a%é@wg@da%o@é ugﬁ%ﬁte ‘3’6’9&? es,
bat her 1 tion
For oxt ShEdgal fehsfls T HENeD i ha P HESc By Bl oo Abighs: S ¥

( Tant al wivtOKYy Bhdidel USks 130 isRIPBsifdduoirri merabiterthi) 11 6WHHiglre X0 shitves ﬂhhteaﬁ:ﬁnal ity
of adhesi on between copper and the barrier_layer. In one enbodi ment

cheni cathegearrienigyerddgds ferositadia approlaye Betis \9‘§P‘3ﬁ1t5‘$ Avertthe PRECHIAYET b3y

barri er coetal rfa e e r@ﬁ%'l

chem calsémg?‘lrtt hee (()i%l od amaé&b %rC%%‘IfCt%%ur a’cgle e %%lggié&%rbghﬁﬁﬁgf
chem cahsatdiaye sﬁapas&mﬁsiunﬁﬂm@'(q‘amnﬁmlm (1hy, rathetivae@ ) 2orTa @inbirdtan of
surface and the other end forns bonds wi th _copper. The_nonol ayer of the

cheni catthege &ims.né coppaydibmds2 is ﬂxea@gppsmét%ﬁﬂéhﬁjnsf@h‘aw@ 1df- one end with the
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TaxQy awthernaidhithe Behped)r Hlidve @ppér enGdhesich wedirelgotop éite. cﬁﬁp’er SAMrdomnesd by
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onto sol id substra (ile% % gﬁﬁ?s d.wiih g h@m urface and to forman ordered
mol ecul zQF PR BWATS D BT

ayer, is a self-assenbl ed nonol ayer.
Al ternativel the chemjcally nmpound can .al.so be applied to the
Subst r atilleurins elocks BabRBd Siara) EBHBEE COPPouLd IR G GoBRICIRATRP
barrier i lsufRded
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f unct i oraifhceaiol ndépgieed 304 ofayehef nfatariab aduelymafcoppay, cenphe xianglayeowith320.

The conpl exing group 320 has two ends, A end an end., A end forns
coval enﬁ“ﬁ@ﬁ](y’oﬂﬁ%ilﬁ hetieenathe| rapnglayes | angythg Aepesite g‘ﬂﬁ@ ergsTiak &8e@f%&p&§20
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exanpl e, phosphate ( of an al ky phosphate can bond wi th Tax ch as
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| ayer 305, as shown in Figure 3C. The B end of the caonpl exing, group 320

shoul d Isestalofop 6erngr dxftergornsneh shh eompISKIngauiPeD olhoths funcationalization kver hastane
copper. The B end of the conplexing group 320 may be netallic or
organonetallic in nature, or have conductive properties (such as conductive
pol ymers) to enabl e el ectrol ess deposition of copper directly on the
barrier surface upon which has been deposited the functionalization |ayer.
Exanpl es of the conpound that would forma netallic bond with copper




9 [34] Figure 3D shows a conplexing group with a phosphate (POX-) on the A
end and a pal | adiumam ne (Pd-am ne) on the B end. The phosphate bonds to
the Ta. Oy surface, while copper bonds to Pd. [35] Figure 3E shows a cross
section of an interconnect stack.310. A thin barrier netal oxide |ayer 302
has grown on the surface of a barrier layer 301. A functionalization

nono- | ayer 304 is deposited over the tigin bather netal oxide |ayer 302. The
functionalizati onal nono-layer bonds firmy to the thin bather netal oxide
| ayer 3 e i : f | i i yer
304 bondtd g AdBhe b1 SHEPLEC, s SRAHS Gl fole D Rl Bl et
304, a qoppaM ek B0hehtcall gpdting, énl ond ambodinent didi chenticaligheftiog pdeculesy er
305 includes a copper seed | ayer.  306. Copper in the copper |ayer 305 ,gonds
to the @thadsoeied byfphypisopsam Y chynigpptipn fom AsolugRe (3 B’ﬁéP’IOES%/S? SRt s)idy

304. Sin n t Nt h o) j i : r
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met al  oxisgdelapphied R0he subsEate FEERERs fSEPOLELEXR PIPLESSEoul d be i nside a via
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substrat e 54hh 3¢ehe gl?%ﬁgﬂl-égfgﬁ?%%p%i@(MFQZQT ’ﬁaecéﬁiﬂiﬁlézﬁh@gradc\%m 1220’
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conpl exitwg egdQuy ef@Bhd Bsend! tAaeirbtbring at doealenblsindayith sher faaier rattaboxidng0d a,

the thick f the f ti | i zati - | is | th h
conpl ex 13 CGRANRKLFL B AN S PeTes ekt DSk aas o SorHE ot P e
t hi ck i t : i |

' of ¢ RaniehmARPbEt BBt AUFLOE be AIEPIRA, LIF of THROP(TiiuRes (1
= L*si neix{e), Ta(, 87 Tanalappdyynitride)not Ro@a(Ruthérian oxidepr Fowexampla phospliatesi on
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vi a hol gSFORY; WhereR + Fearlor GyHyabhdacil ay atid 4BBrides @OEOSIR)ed in the opening
405. If the bather deposition process 10 is a physical vapor deposition
(PVD), the thickBesd Jrlmefcoldpfe tib 330 1Or@8 4 8fvafest base vath téppebFuct ure
401 coullgﬂbe 10 times the thi clﬁgg'rng?t of the barrier layer _th(iq?kness at

t he | oweopparseed dayeo30Hois showooimEigeje 3F. tThe Btendceflthe complrxing group 320

normal | y has poor ste over age d the ther filmon the,top corners Bw
a5l t *BaA B RomosEh ot 8 compar, et HOTKbrmd: opiayey Pl i e o Re
bott om [ e | ' tah Olor KR

hol es i r?wghgﬁh%t%r o%ne%‘t:gyosl'g’(r)g%% W&%%ﬂlgggﬁ%gﬁoﬁfﬁﬁgéﬁﬁ t hre gapfill
pr ocess,copdusivagpropérties (suoh cars  eonductivey polyae) i teatriable diectiaiessl dapopities sefr e,

hi gh tenperature processes, after planarjzation, or, can opened during
metal CWPPRRICIESCHY 0BJRE RArTIFASHIERF PRaNGEhic hﬂ@&ﬁ%dw%ftﬁ? thepgrepeliation
formati f I i ' | clngsgef the
bat her ﬁ%@g‘r EE( %‘BP% o%@i%%ﬂo%g@&#ﬁgg@ g"é’éﬁ? B-%tedhgcrsl?j%%dhvg&%g? ﬂe?# film slﬁoul d
be as c@tidingpPdamine gsillbdiem-aine) Ri-pyridite, dwepyridiné, dhahminenend Ryeamine,
sandwi ched between the bat her Iager and .t he copper I% re ucesﬁégle Si ze
of the opdmi nfceeigilinkpee with melgblere \ao%a&@rmpig@%fshel Etrppiexes; plgdl, tri,

functi oqg#;,, zatgﬁiep%gg% %{ggagés)g@gﬁg. t §3Q%4ofd *i,%wg%ptth@w G P4 32 PSS £l fetals NuRNE

enbodi ne he functio i zation [ayer 1s between ‘about
10 angstdafuiyst)t With s fundfodd @eéupe En tHid cad . &.| pmidideh @mineythiol mitkile atidoor

| ayer should not significantly increase overall netal |ine resjstance, or
vi a resissetaied.ds thesemirsovalent osflororiboney dhe hendkbeiwgehths catalyst @Ptag@‘ ki ng
appl i cations, the.presen f ) i bl | t on
the. 1 eaisrd o Py UGCPARE nfe Pk g WP AL gepp P KD SEPORITLE WBER. T,
resi st anag4-at @l A end 881 bdridg with BRIR iatheapeind thgt bads afithadvppat er connect
metal trench structure (netal 1) that is surrounded by a dielectric |ayer
501. Figure 5B shows that a bather |layer 502 is deposited to line the netal
trench opening 510. The bottom of the metal structure is a contact, which
is simlar to the contact 125 shown in Figure 2A-2C. The barrier layer can
be deposited by ALD, PVD, or other applicable processes. The thickness of

t he bather layer is between about 5 angstrons to about 300 angstrons.

Fi gure 5C shows that a functionalizational nonol ayer 503 of

Y o o o o M. T NN




11 [39] Figure 6A shows an enbodi nent of a process flow of preparing the
barrier (or liner) layer surface for electroless copper deposition. At step
601, the top surface 124a of contact 125 of Figure 2A is cleaned to renove
native netal oxide. Metal oxide can be renmoved by an Ar sputtering process,
a plasma process using a fluorine-containing gas, such as NF3, CF4, or a
conbi nation of both, a wet chenical et&h process, or a reduction process,
for exanpl e using a hydrogen-containing plasma. Metal oxide can be renoved
by a wef3qherigat 3Deshval a poragRemel dtod Witht £phétphate {POLFRNWEE A BRIThERR
process sequence. The wet chem cal renoval process can use an organic acid,
such as reiadianaaming (Rdammehon k8 en&hEhe pmsph:@ie bondscto the Tadhatriaee, avhile

sem - aqugo%§bsq5 @%, such as ESC 5800 offered by DuPont of WI m ngton,

Del awar & PR P8P Gani’ ¢ base such as t et ramet hyl ammoni um chl ori de (TMAH),

| ene di,am.ne, diet

| h h h
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Ent hone,, 1(1{3% oY%l & bP&"o%me aﬁrgxdﬁéf OR. qu&io%hB&Hoﬁ%@ono-
speC|f|ca y copper oXl de, can e renoved usi a weak organi ¢ acid such as
citric &ojerl30dis Mﬁmeﬂecbomrthe thon batrier gactelcoxade thyer:am b&he SeettioAddiatiomnal | vy,
very dilute (| 199  per oxi de-cont ai ni ng aci ds, such as

sul furi &99er ayard‘éowXﬁwléfsto then thin Sprmer ekl oxage devep ¥iB3, Qpepsed iofrtheayer
d

for ‘1 o cpiifitddl Eohf St @0 bcdoniy by Tat dcAonds Al %, BEEE W SRELD

sur f aceOveh dldaﬁlhamnasmtfoaclayeﬂml d chpperduyr 805y dbsusited:r wyhelembddimehgr ri er

| ayer is treated by an oxidi zing anbient, such as an_oxygen-contai ni ng
pl asma, the “é’tﬁ‘ﬁ?rrlé}’fffé@5 inadpdasia coRperessed layat HiontConper 1 the coRNee kayens 0% b@&ﬁ ment

wi t h pertoogg[ &' gto?ﬁgycg;’%‘a{p‘fﬁé{xé‘gm%iﬂ%ﬂt? ct%cﬁltah% qﬂe? 302, RERAYEEhdhds

barrier- ena e su ent functionall zation

| ayer dep®aich it filcBpnalizhddd laybeaakihdi Rinig duffasd, melﬂt:h isSa Gatriedmadtal Gemgndi ng
on the congﬁ(:)smlon of the surface. Afterwards, the substrate surface is

deposi t ad tmexaﬂlsﬁnn@fon@hwéémg ﬁ@d £9pRgr a6 vprasithynds RRLAPRCHS seqedly 606.
In one eRb t%eba?ér*]ge{loltﬁ%u %n%ﬁonﬁanroc 338@0 ”1? asmn}xeg jina

SO|UtIOﬁ epo n pro ess 'S a Wwe

step GOBX%U@GI BOZ. depagkichaiecbi@ék 310 6Afd BRMsAE: NeRdRIb] 14[043]me%1tt%n\6ﬁr ds,
a conformal copper seed is deposited on the barrier surface at step 608,

fol | owed1®pf Bigvrs bk copper bulk fill (or gap fill) process, 609. The
conformal copper seed | ayer can be deposited by an el ectrol ess process. The
t hi ck c{dfjer Thualckmbldxing( @bep ofjtie funhttionalid?iohayearo-kager 304 shepash tRighrey3Bn ECP
process. Alternatively, the thick bulk fill (al p fill) Iayer can be
deposi t @ € Appeareder by ésrsearpraagewﬂmeg hléerg%wiq g’ctt‘? cﬁl%s%l %tpaé% e fack

conf or Mg}, OBPGhe %&ﬁgméﬁgt gr\%%goemdb%sgl &edclg&ﬁk u%t nanopar tﬁst

t hi ol - contalnln I’sT us as t 1cles
can be dapasz] tFEghré GFfsfhbW’s @atexhiibleCofsd édaspleting tghﬁapsmms PaLi€ibhedCARPEMgle o

deposi tion step.
less than 90° from the substrate surface. When the complexing group 320’ is attached to the
substrate surface at an angle a, the thickness of the functionalization mono-layer is less than
when the complexing group is attached to the substrate surface perpendicularly. The
thickness (T) approximately equals to the product of the sine of the angle 0 of the monolayer

to the substrate and the length (1) of the molecules (T = L*sine[0]).

[37] To apply a functionalization layer to improve adhesion between the barrier layer and
copper layer for 45 nm technology node or sub-45 nm technology nodes, such as 22 nm node,
the barrier layer 301 with its accompanying barrier metal oxide layer 302 should be as thin as
possible. Figure 4 shows an interconnect structure 401, which could be a via hole or a metal

trench. A barrier layer 403 is deposited in the opening 405. If the barrier deposition process



[43] After the substrate is deposited with conformal copper seed at step
608, and thick Cu bulk fill by either an electroless or electro-plating
process at step 609, the next process step 610 is an optional
substrate-cleaning step to clean any residual contam nants fromthe

previ ous deposition. [44] Figure 6B shows an enbodi nent of a schematic

di agram of an integrated system 650 thk enabl es copper interconnect
processing to produce copper interconnect with good el ectrom gration and
Wi t h retig physidal @aori degusition YRVD),NYe thitlhesnTLOr dechriysfileiod 36 sathcbofused
to process substrate(sﬂﬁthrough the entire process sequence of flow 600 of

Fi gure &% strychsg 49hcop b.fgﬂattwslstygtﬂéiﬁ%%@ haof thesbasier layver thickmessedt edul es
660, 67 T 70 i i
?dwe?‘ n&;n%%) or, 5(%{621; grgg{éfsﬁl RIS %g'gctmﬁe P@Bdglg)%gssaﬂo%&%ﬁg Irhgg E)gory\%t%g

robots to move substr om ohe procéss ar 0 an ceSs* ar ea.
The progessag#d th®bhdich A ofuhs topadoenda BSE B Br@cdre@sicdin, copfacAbéfoacttheck.
Substrate transfer_ nodule 660 is operated under |ab anbient. Mdul e 660

i nt er f abasicpdayrr isuiliad, fere the betéem, whichdeayss p&ep helesigdhe ingregmect grusturag t he

o1 % he L OBy 010 4 B LSRR S YRA A B B Bed BE OB BRR LBl Rsh O"°
Fi gure Bahsitgh@nouidntor 2kplobied vioriiafibs Alirih®lohBrebsticd Bigt Rehpehubire Prétebsel O

deposit barrier layer, to prepare barrier surggce for copper |ayer
deposi t Rber. plagarigasen: iobean be opened wWodurng mpetalEMP dndovarcomtamipptierisidetto

surface 5a_of. contacts 125 is.etched to nove.natiye netal .oxjde. Once
he ot Sg i TR fematon it Bl Rl Sida AT 550 o hiReessa
needs t gf pR: Pardiee tyed shaddnbe 4E @hinOasOpdale aml M byt FOHIulSbeRs
integrated system the substrate is transferred fromone process station

i medi acenformal ashpossible. J/sdeg gsfugctiariabpationdl otenbilayer ssandheictied detvoaen ttheat

| t al f 25a | dto,l | | s_of. . [47] Lf th
Fenoval HPSE LT BT 45 Aponeh VB TR ipep dbt 8 o fie ORPHiog AR In 4" debettr 671
i s coupkgshet Ryt ETHERGHMHe ARG oRALHRHAI G Sibayet EhoRIVES 1{“%’2 a8iHRhs SssiBieNg

process iI's selected, the reactor should be coupled to
cont r ol Irednandmentimentaribé dhickoeal ef 680 functiondlizetibraayer 1i8 bateemtabowtah@f er

nodule 660, to Jimt the exposure of fhe clean.tungsten. sufface to,oxygen.
For o wBREPBR eSS et v FREDGRIR ed mcliory oS oo e i a6 P g
and tr agsRchhiOineRNdd QBRI thetal Bife FcSREHEL, oF@i%q%siEtht%.e Th MEQEAL L IR- 2

rinse/dryer to ‘enable dry-in/dry-out process capability. In addition, the
syst em heledda tpoodses forl 312 havckdging applicatiais, tlee presence ofi the madnodeyeo suill havé t he

substrate g .oxygen. [48] Afterwards, the substrate js deposjted with the
bar 11 o PGS AR pahe bt Pt Pghell o B e 9 B4l L HRTILE telenga o PuD
or an AL . I n one enbodi nent, the barrier |layer 130 is deposited by
an ALD prggégggﬁakich is a dry process and is operated at |less than 1 Ton.

h 672 | led tq th dyl e 670.
subst ral 8 cahirtivs ghouk B spranas & OF AR BRI re Pt Hele e dmeli ¢ 1 e
bar ri er HapYesurfdHhlas By S dRRkAlc RYLISOT | SltOBBI oGl R ibaaid: My 3VSTis

deposi tion. The QX|da¥ion reactor 674 can be coupled to the vacuumtransfer
nodul e é@®sital ta hing the attal trénshsapssingad . i The dwdipnt of thshmetad sbrughuee isi mg

Coove. PARF BT AT FhPblR SRR S B SR P
deposi t gghdsileby A, wb,vaf&ﬁé}&pgﬁéaaheeﬁioe&sss@ RRUALLHSRQTIH Birichadhes 683,

coupled to the controll ed-anbient transfer nodule 680. In one enbodi nent,
chanber b@88en sationt efyr angsttomsc teashony HHAnesitoos. shidgme 56 chewn thak a
substrate 655 after,the functionalizational. nonol ayer depositi.on. In

ot her HBRBIm Gt ibgolRo LT PhihedmeA i inh CoTa IS, RO Hhin GFRRraed s
per f O el ke IaJey s XA ihé AteliBfal 4 fonal RiohBlalyer TRUBLELbsttRa, A Kop)E LT
transfer nodul e"670. The reactor 1s operated uhder 1 Ton. In ong

enbodi niager, SFuissdepastited6bsr tind Bmgbemliastiopt monalaysui(X, matshowh émFiguge SDep
607, as  described in pr ss.flow 600. The Str .cl.eani ng process can
be a br (Rr EIRPSHIEH @éﬁ‘é3§$m6§@8¢@£&9wer&Bﬁﬁmﬁq%dﬁ éamﬁte‘% AR SHAVE i
control#@ﬂﬁgﬁ@ient transfer nodule 680. After the substrate surface

cl eani ng,” substrate 655 is ready for copper seed | ayer deposition, as
described in step 608 of flow 600. In one enbodi nent, the copper seed |ayer
deposition is performed by an el ectrol ess process. The el ectrol ess copper
pl ati ng can be perfornmed in an el ectrol ess copper plating reactor 681 to
deposit a confornmal copper seed |ayer, as described in step 608 of Figure
6A. As described above, the deposition of the gap fill copper |ayer at step

609 of Figure 6A can be deposited in the sane el ectrol ess plating reactor
681 with different chem stry, or in a separate ECP reactor 681'.



14 [49] Before the substrate | eaves the integrated system 650, the
substrate can optionally undergoes a surface cleaning process, which can

cl ean residues fromthe previous copper plating process. The substrate

cl eani ng process can be brush cl ean process, whose reactor 663 can be
integrated with the | ab-anbient transfer nodule 660. [50] The wet
processi ng systens described in FigurelleB, which are coupled to the
control |l ed-anbient transfer nodule 680, all need to neet the requirenent of

dry-in/ g39]- OWigir® 6Al Shows Sy Shfhddinide OF atprédess Nowaddrdpading tl’id”lﬁarﬁb’l‘s@ﬂﬁﬁeﬁ}f e
filled wth one or nore inert gases to ensure mni mal exposure t he

subst r alayer suraeg detnelectfobass copper siepesitien. f AboieB GO1 dbs éon op 24 gﬁﬁ@t@;& and

copper 127 o AR syl Grply SRS BelR it MER e BB lorl B byt
darasceng AstshiiedriNeqFocess, Q1SR procdss AnB AQTiosine RBh@EE: %&é SlcRABINF, CPY

surface of metal line, which is shown as surface 122a Figure 1A f 52]
Whi | e t i & combérationef fhath, Bewet chemical btk rirpcass e mﬂu@marratesarﬁbodxmpi@s it

Il b ted that. Ih Ki | h t dj
br ecent HITE fody ogey Polntininas Srihy | MER 1 S by SomRVed Bt 1 W' JBricls
al t er at rQRSval %ﬁﬂﬂe&é N5 1-sRP s AstePNFetodhdnfC! lgy@iem uéﬁ&r eptc wheaRhRER, 1t

is intended that the present |nvent|on i ncludes all 'such alterations,
addi t i orgmoyad pmgesstdan s alamgawmcuhlsecrh@ E@rﬁblan offerediby Kdndo Chamugime t and
scope o the Lnvention. In the cl

SooPe ki R o perpadubis sONERG Sk o ENC RO Lorfireh tof Byfbh (oA Y.

15 LAl I\}ﬁlmmgton, Delaware, an organic base such as tetramethylammonium chloride (TMAH),
complexing amines such as ethylene diamine, diethylene triamine, or proprietary chemistry
such as ELD clean and Cap Clean 61, provided by Enthone, Inc. of West Haven,
Connecticut. In addition, metal oxides, specifically copper oxide, can be removed using a
weak organic acid such as citric acid, or other organic or inorganic acids can be used.
Additionally, very dilute {i.e. <0.1%) peroxide-containing acids, such as sulfuric-peroxide
mixtures, can also be used. At step 603, a barrier layer is deposited in either an ALD or a

PVD system.

[40] As described above, for the functionalization layer to be properly deposited on the
barrier surface, the barrier surface should be covered by barrier oxide. The barrier layer is
treated by an oxidizing ambient, such as an oxygen-containing plasma, a controlled thermal
oxygen treatment, or a wet chemical treatment with peroxide or other oxidizing chemicals, at
step 605 to produce a barrier-metal oxide layer that will enable the subsequent

functionalization layer deposition step.

[41] The oxidizing treatment is optional, depending on the composition of the surface.
Afterwards, the substrate surface is deposited with a SAM of chemical-grafting complexing
compound at step 606. In one embodiment, the chemical-grafting complexing compound is
mixed in a solution and the deposition process is a wet process. An optional clean step 607

after the deposition step at 606 may be needed.

[42] Afterwards, a conformal copper seed is deposited on the barrier surface at step 608,
followed by a thick copper bulk fill (or gap fill) process, 609. The conformal copper seed
layer can be deposited by an electroless process. The thick copper bulk fill (also gap fill)



1. A nethod of preparing a substrate surface of a substrate to deposit a
functionalization |layer over a netallic barrier |ayer of a copper

i nterconnect to assist deposition of a copper layer in the copper

i nterconnect in order to inprove electrom gration performance of the copper
I nterconnect in an integrated system conprising: depositing the
metallic barrier layer to line the copier interconnect structure in the

i ntegrated system oxidizing a surface of the netallic barrier |ayer;

deposi t laygr téiebé demisited b iandiCR Prdcayser Alwmativdly thxitidilz ddlkstill f(alse gap fitlhe
netalli¢ barrier_ layer; and depositing the copper layer_in the copper
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tungsten (W, zirconium (Zr), hafnium (Hf), nolybdenum (M), niobium (Nb),
vanadi uﬁ‘aﬂ{s‘é‘)uen&mpp@h@?ﬂ?ﬁ (S@P) and a hybrid combination of these
materials. 3. The method of claim1l, wherein the material used for the
functi ofdl]i zatfieothd wbﬂrat@isrﬂnpbsim vaitlc oofbemdl mgppr seqal atistdp GO8, hwhthick Go
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end of the conpl'exing group that ng a bond wth oxidized surtface of

t he et ptelvioms ldapdsétion. ayer is sel ected fromthe group consisting of
phosphate (PO4-), silicon, silane (-Si(OR)3, and acid or acetate (-0-00-R),
R bei ng[4d]or Figukdy6B shows an embodiment of a schematic diagram of an integrated system 650

that enables copper interconnect processing to produce copper interconnect with good
electromigration and with reduced stress-induced voiding. The integrated system 650 can be

used to process substrate(s) through the entire process sequence of flow 600 of Figure 6A.

[45] The integrated system 650 has 3 substrate transfer modules 660, 670, and 680.
Transfer modules 660, 670 and 680 arc equipped with robots to move substrate 655 from one
process area to another process area. The process area could be a substrate cassette, a
reactor, or a loadlock. Substrate transfer module 660 is operated under lab ambient. Module
660 interfaces with substrate loaders (or substrate cassettes) 661 to bring the substrate 655

info the integrated system or to return the substrate to one of the cassettes 661.

[46] As described above in process flow 600 of Figure 6A, the substrate 655 is brought to
the integrated system 650 to deposit barrier layer, to prepare barrier surface for copper layer
deposition. As described in step 601 of process flow 600, top contact surface 125a of
contacts 125 is etched to remove native metal oxide. Once the metal oxide is removed, the
exposed metal surface 125a of Figure 2A nceds to be protected from exposure to oxygen.
Since system 650 is an integrated system, the substrate is transferred from one process station
immediately to the next process station, which limits the duration that clean metal surface

125a is exposed to low levels of oxygen.

[47] If the removal process is an Ar sputtering process, the Ar sputtering reactor 671 is
coupled to the vacuum transfer module 670. If a wet chemical etching process is selected,

the reactor should be coupled to the controlled-ambient transfer module 680, not the lab-



16 5. The nethod of claim 3, wherein the end of the conplexing group
formng a bond with copper is netallic or organonetallic and is sel ected
fromthe group consisting of Rupyridine, Pd-am ne (palladi umam ne),

Pd- pyri di ne, Cu-pyridine, Cu-am ne, Ru-am ne, Ruacetate, Cu-acetate and
Pd-acetate. 6. The nethod of claim3, wherein the end of the conpl exing
group formng a bond with copper a thibl-containing |igand, gold
nanoparticles being deposited to formcatalytic sites for the subsequent
copper depisit tiagstesinepule 660, hiemitahd exbasbirecdfahenclean whegeh pudicediozoxygend. he
surface of the netallic barrier |ayer is performed by an_ oxidizing anbient.
8. The REF AOUCtdIORss fionbg integrateddp s ithgeontrolled pfacassingyand transpodivg

sur face . SYARY . i.Nnt t r
Sur  ace RurSHBETh R A f BeiEaBRANGln L NRCARSE kO ST Aot
deposi t pRgcteapabilil. | Inadbigion] Me syase heedstie beifillet hethuinete phytongsurengihinhal part

of an underlying interconnect electrically connected to the copper
i nt er cogreesure of the substrate to oxygen.

48] Afterwards, the substrate is deposited with the barrier layer. The barrier layer 130 of
Figure 2B can be deposited by a PVD or an ALD process. In one embodiment, the barrier
layer 130 is deposited by an ALD process, which is a dry process and is operated at less than
1 Torr. The ALD reactor 672 is coupled to the vacuum transfer module 670. The substrate
can undergo an optional surface oxidization process to ensure the barrier layer surface is
metal-oxide-rich for functionalization layer deposition. The oxidation reactor 674 can be
coupled to the vacuum transfer module 670. At this stage, the substrate is ready for
chemical-grafting complexing compound functionalizational monolayer deposition. As
described above, in one embodiment, this process is a wet process and can be deposited in a
chemical-grafting complexing compound deposition chamber 683, coupled to the controlled-
ambient transfer module 680. In one embodiment, chamber 683 is integrated a cleaning
module (not shown) to clean the substrate 655 after the functionalizational monolayer
deposition. In another embodiment, the deposition of the functionalization monolayer is
performed in a dry process reactor 676, which is coupled to the vacuum transfer module 670.
The reactor is operated under I Torr. In one embodiment, substrate 655 undergoes an
optional substrate cleaning step 607, as described in process flow 600. The substrate
cleaning process can be a brush clean process, whose reactor 685 can be integrated with the
controlled-ambient transfer module 680. After the substrate surface cleaning, substrate 655
is ready for copper seed layer deposition, as described in step 608 of flow 600. In one
embodiment, the copper seed layer deposition is performed by an electroless process. The
electroless copper plating can be performed in an electroless copper plating reactor 681 to
deposit a conformal copper seed layer, as described in step 608 of Figure 6A. As described
above, the deposition of the gap fill copper layer at step 609 of Figure 6A can be deposited in
the same electroless plating reactor 681 with different chemistry, or in a separate ECP reactor

681°.



9. The nethod of claim1, wherein the copper interconnect include a netal

| ine over a via and the copper interconnect is over an underlying

i nterconnect which includes a netal line. 10. The nmethod of claim1,

wherein the copper interconnect include a netal |ine and the copper

I nterconnect is over an underlying interconnect which includes a contact.

11. The nmethod of claim 1, wherein theldopper interconnect includes a

t hrough-hole via in a 3 dinensional (3D) packagi ng or personal conputer

board (4) . Beldte thdeutshiateortands bk dhrpratedisroni B50lethoSubitinge the opRérallli C

barrier layer further conprising: depositing a first netallic bather |ayer;

and undeérgoes a surface cleaning process, which can clean residues from the previous copper
plating process. The substrate cleaning process can be brush clean process, whose reactor

663 can be integrated with the lab-ambient transfer module 660.

[50] The wet processing systems described in Figure 6B, which are coupled to the
controlled-ambient transfer module 680, all need to meet the requirement of dry-in/dry-out to
allow system integration. In addition, the systems are filled with one or more inert gases to

ensure minimal exposure of the substrate to oxygen.

[S1] The process flow 600 described in Figure 6A and system 650 described in Figure 6B
can be used to deposit barrier layer and copper for dual damascene structures, as shown in
Figures 1A-1D. For dual damascene structures, step 601 in flow 600 is replaced by cleaning

top surface of metal line, which is shown as surface 122a of Figure 1A.

[52] While this invention has been described in terms of several embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and
equivalents thereof. Therefore, it is intended that the present invention includes all such
alterations, additions, permutations, and equivalents as fall within the true spirit and scope of
the invention. In the claims, elements and/or steps do not imply any particular order of

operation, unless explicitly stated in the claims.



17 depositing a second netallic barrier layer. 13. The nmethod of claim 12,
wherein the first netallic bather |layer is deposited by an atom c | ayer
deposition (ALD) process and the second netallic bather |ayer is deposited
by a physical vapor deposition (PVD) process. 14. The nethod of claim12,
wherein the first netallic bather layer_is deposited by an ALD process and
the second netallic barrier layer is deposited by an ALD process. 15. The
nmet hod of claim1, further conprising: cl eaning a surface of the
finctionalization layer in the integrated system before depositing the
copper layer. 16. The nethod of clam 1, wherein the copper |ayer is
deposited by an el ectrol ess process. 17. The method of claim 1, wherein

t he copper layer is deposited by an %Emé)chem cal plating (ECP) process.

1. A method of preparing a substrate surface of a substrate to deposit a functionalization
layer over a metallic barrier layer of a copper interconnect to assist deposition of a copper
layer in the copper interconnect in order to improve electromigration performance of the
copper interconnect in an integrated system, comprising:

depositing the metallic barrier layer to line the copper interconnect structure in the
integrated system,

oxidizing a surface of the metallic barrier layer;

depositing the functionalization layer over the oxidized surface of the metallic barrier
layer; and

depositing the copper layer in the copper interconnect structure after the

functionalization layer is deposited over the metallic barrier layer.

2, The method of claim 1, wherein the material of the metallic barrier layer is selected
from the group consisting of tantalum nitride (TaN), tantalum (Ta), Ruthenium (Ru),
titanium (T1), tungsten (W), zirconium (Zr), hafhium (Hf), molybdenum (Mo), niobium (Nb),

vanadium (V), and chromium (Cr), and a hybrid combination of these materials.

3. The method of claim 1, wherein the material used for the functionalization layer
comprises a complexing group with at least two ends, one end of the complexing group
forming a bond with the oxidized surface of the metallic barrier layer and another end of the

complexing group forming a bond with copper.

4. The method of claim 3, wherein the end of the complexing group that forming a bond
with oxidized surface of the metallic barrier layer is selected from the group consisting of
phosphate (POg-), silicon, silane (-Si(OR)s, and acid or acetate (-O-CO-R), R being H or
CiH,.



18. The method of claim 1, wherein depositing the netallic bather |ayer,
oxi di zing the surface of the netallic bather |ayer, depositing the
functionalization |layer, and depositing the copper |layer are perfornmed in
an integrated system 19. A nethod of preparing a substrate surface of a
substrate to deposit a functionalization |ayer over a netallic bather |ayer
of a copper interconnect to assi st depﬁ%ition of a copper layer in the
copper interconnect in order to inprove el ectrom gyation performnce of the
copper int er dbamaghod nf alim i, egreatie dhe gad efmthe cmpplesinggroup formikgpea dond ng
the netal.lic bather |layer to line . rhe ¢co r ipterconnect structure in the
| nt egr atith QpBFicH, metallic caé)as@meﬁﬁdﬁf fad FFReqtsh i e v cRpsistipg of Rune

oxi di ze ) t | EYaRN oY < TR~ PR -} <] g 8, i | | thi.ng t he
copper PLompt R aRine QR i), Py Uiy (o, Chimipe REGRAR, R

f unct i onedtate Afu-acetdtaymd Pd-acetaposi t ed over the netallic barrier layer. 20.
An integrated systemfor processing a substrate in controlled environnent

to enabl e deposition of a functionalization |ayer over a netallic barrier
| ayer of a copper interconnect to inprove electromgration performance of

the copfer i dhemaherbef clagn Farhereig:the end of theaperapibriaatereuminsméng gtbvander
Che T b AhioRRR s SRy ifife e 08 ohERud Pape iy BRTIY o Sanec °

sites for the subsequent copper deposition step.

7. The method of claim 1, wherein oxidizing the surface of the metallic barrier layer is

performed by an oxidizing ambient.

8. The method of claim 1, further comprising:

cleaning an exposed surface of a underlying metal to the copper interconnect to
remove a surface metal oxide of the exposed surface of the underlying metal before
depositing the metallic barrier layer, wherein the underlying metal is part of an underlying

interconnect electrically connected to the copper interconnect.

9. The method of claim 1, wherein the copper interconnect include a metal line over a
via and the copper interconnect is over an underlying interconnect which includes a metal

Hne.

10.  The method of claim 1, wherein the copper interconnect include a metal line and the

copper interconnect is over an underlying interconnect which includes a contact.

11.  The method of claim 1, wherein the copper interconnect includes a through-hole via

in a 3 dimensional (3D) packaging or personal computer board (PCB).

12. The method of claim 1, wherein depositing the metallic barrier layer further
comprising:

depositing a first metallic barrier layer; and



a vacuum transfer chanber operated under vacuum at a pressure less than 1
Ton; a vacuum process nodul e for depositing the netallic barrier

| ayer, wherein the vacuum process nodul e for depositing the netallic
barrier layer is coupled to the vacuumtransfer chanber, and is operated

under vacuum at a pressure less than 1 Torr a controll ed-anbi ent
transfer chanber filled with an inert Has selected froma group of inert
gases; and a deposition process nodul e used to deposit the

functi onal i z@pesitidgay&kohmehdlichurfiedeywf the netallic barrier |ayer,
wherein the deposition process nodule is coupled to the controll ed-anbi ent
transfer chanber. 21. The integrated system of claim 20, further

conpri siyRQ: [ Ol Lt to
deposi ¢ 13°; nitherrasie SF RO SHCEGRRET cHeRRRE S 6F T, BBRMEL KPS, 12,
t he fungidnsiodyic épositionIRED)ipBoddePas the decond nitalliv birmieelagér it epasitedbl ac
barrier |ayer, wherein the el ectrol ess copper deposition process nodule is
coupl ed phsiedl ¥apastepenitieu(PAB) mAeeSsr ansf er chanmber. 22. The integrated
system of claim 20, further conprising: an oxi dation process nodul e
used to oxidize a surface of the netallic barrier |layer before the

functional i ZatheQhethéd of clasmdep adickaa tin fitdd engallit daticpllayehes Geioaited by harri er
| ayer, wherein the oxidation process nodule is coupled to the vacuum

t r ansf eAldhardsess aad dhe sccopbmgtallty banderlayas dudapositeddbymnedERmEo¢esss t han 1
Ton.

15.  The method of claim 1, further comprising:
cleaning a surface of the functionalization layer in the integrated system before

depositing the copper layer.

16.  The method of clam 1, wherein the copper layer is deposited by an electroless

process.

17.  The method of claim 1, wherein the copper layer is deposited by an electrochemical

plating (ECP) process.

18.  The method of claim 1, wherein depositing the metallic barrier layer, oxidizing the
surface of the metallic barrier layer, depositing the functionalization layer, and depositing the

copper layer are performed in an integrated system.

19. A method of preparing a substrate surface of a substrate to deposit a functionalization
layer over a metallic barrier layer of a copper interconnect to assist deposition of a copper
layer in the copper interconnect in order to improve electromigration performance of the
copper interconnect in an integrated system, comprising:

depositing the metallic barrier layer to line the copper interconnect structure in the
integrated system,

depositing the functionalization layer over the oxidized surface of the metallic barrier

layer; and



19 23. The integrated systemof claim2l, wherein the el ectrol ess copper
deposition process nodule is also used to deposit a gap-fill copper |ayer
over the thin copper seed layer. 24. The integrated system of claim 21,
further conpri sing: an el ectrol ess copper deposition process nodule to
deposit a gap-fill copper layer over the thin copper seed layer. 25. The

i ntegrated system of claim 20, furtherl8onpri sing: a substrate

cl eani ng process nodul e used to clean the substrate surface after

deposi ting t Bepdsitimgt itknaddppait i layer! dy etheoweppérhanterbandct cstowmture enfibraythe ,
wherein the substrate cleaning process npdule is coupled to the

cont r ol fungtigpedization layerris fleposierhieves the metallipharierdayst-at ed system of cl ai m 20,
wherein the deposition process nodul e used to deposit the functionalization
| ayer is a wet process nodule and is coupled to the controll ed-anbi ent

t r ansf epomoduleintegrafed SReen frggbedssids Aysibstratetn comiolled @nvinbreneit no eheble
deposition process nodul e used to deposit the functionalization layer is a
dry pr odepositipncnf] sefianidoriatizatismplexer avst ¢ aesiallic bawies dayer ghagpaper intgrcompget

| ntegr anelgnpsrX\%[ € crarc]:tpofmiga 1iorr1n p% bnﬁalfarcé[: QF {he%%g)err iiI?tieﬂ:gﬁnect, comprising:

a lab-ambient transfer chamber capable of transferring the substrate from a substrate
cassette coupled to the lab-ambient transfer chamber into the integrated system;

a vacuum transfer chamber operated under vacuum at a pressure less than 1 Torr;

a vacuum process module for depositing the metallic barrier layer, wherein the
vacuum process module for depositing the metallic barrier layer is coupled to the vacuum
transfer chamber, and is operated under vacuum at a pressure less than 1 Torr;

a controlled-ambient transfer chamber filled with an inert gas selected from a group
of inert gases; and

a deposition process module used to deposit the functionalization layer on the surface
of the metallic barrier layer, wherein the deposition process module is coupled to the

controlled-ambient transfer chamber.

21.  The integrated system of claim 20, further comprising:

an electroless cdpper deposition process module used to deposit a thin layer of copper
seed layer in the copper interconnect after the functionalization layer is deposited on the
surface of the metallic barrier layer, wherein the electroless copper deposition process

module is coupled to the controlled-ambient transfer chamber.

22.  The integrated system of claim 20, further comprising:

an oxidation process module used to oxidize a surface of the metallic barrier layer
before the functionalization layer is deposited on the surface of the metallic barrier layer,
wherein the oxidation process module is coupled to the vacuum transfer chamber and is

operated under vacuum at a pressure less than 1 Torr.



a first |oadl ock coupled to the vacuum transfer chanber and the

control | ed-anbi ent transfer chanber, wherein the first | oadlock assists the
substrate to be transferred between the vacuum transfer chanber and the
control |l ed-anbi ent transfer chanber, the first | oadl ock being configured to
be operated under vacuum at pressure less than 1 Ton or to be filled with
an inert gas selected froma group of i%hert gases; and a second

| oadl ock coupled to the vacuum transfer chanber and the | ab-anbient

t r ansf ep3chaffhelintegated asystemhe chkamadhig wheadih dekelesmiless sopes dspisstianggrecdss be
transferred between fhe vacuumtéﬁmsfer chanber. and t he | ab- fmbi ent

t r ansf efmadilenpalso upgtodepoHiie £ GEFRP%QY%OY%FH? Py RPEISeRL ®Pferat ed under
vacuum ?ﬁ pr%ﬁ‘iﬁt@%ﬁﬁ?y&&ﬁ%f&aﬂﬁ@l?{lﬂ r dbbrfAfY. ent or to be filled with

an inerf gas selec oma group of Inert 'gases. 20 29. The integrated
system of cl ahraifolesheogpan depesitiae provess aodblertoodepnticr gapdill keppeadayem
process nodul e coupled to the vacuum transfer chanber are operated at a

pr essur 6verdhe thip §epper 566 18%T-cont rol t he exposure of the substrate to
oxygen. 30. The integrated systemof claim 20, wherein the

control |l ed-anbi ent transfer chanber and the deposition process nodul e
coupl ed250 t Mbetmorart spdeamifichith 201 futhteconaraideer are filled with one or

nore inert gases selected fromthe group of inert gases_ to control the
exposure of @haubstipist plgening Pregspg eRodulg jusednio iciﬁa%g&ﬁt Bibsugist BHHasE %{]eéi m

20, Vmepg%{égﬁ%eth%tﬁl{l&%%%ﬁgﬁgéﬁ ver &%%l:ﬁllﬁ%?fﬂljag& Wirein the substrate

control ent trans e enables a ry-out processing of

t he SUb%Iehﬂth,prddéﬁlﬁbdulé econpledtis diecopaeBed-ambiett eaiks nwduld he at | east one
process nodule in a dry state. 32. The integrated system of claim 20,

wherein the oxidation process nodul e prepares the surface of the netallic

barri er ,kay eyt 4nRErflGPYRlchSdr Waldl 20 Sutlehils tPBRob#Bh iBeds@¥ifdule used to
deposit the functionalization layer is a wet process module and is coupled to the controlled-

ambient transfer module.

27.  The integrated system of claim 20, wherein the deposition process module used to
deposit the functionalization layer is a dry process module and is coupled to vacuum transfer

module.

28.  The integrated system of claim 20, further comprising:

a first loadlock coupled to the vacuum transfer chamber and the controlled-ambient
transfer chamber, wherein the first loadlock assists the substrate to be transferred between the
vacuum transfer chamber and the controlled-ambient transfer chamber, the first loadlock
being configured to be operated under vacuum at pressure less than 1 Torr or to be filled with
an inert gas selected from a group of inert gases; and

a second loadlock coupled to the vacuum transfer chamber and the lab-ambient
transfer chamber, wherein the second loadlock assists the substrate to be transferred between
the vacuum transfer chamber and the lab-ambient transfer chamber, the second loadlock
being configured to be operated under vacuum at pressure less than 1 Torr or at lab ambient

or to be filled with an inert gas selected from a group of inert gases.
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29.  The integrated system of claim 20, wherein the vacuum transfer chamber and the
vacuum process module coupled to the vacuum transfer chamber are operated at a pressure

less than 1 Torr to control the exposure of the substrate to oxygen.

30.  The integrated system of claim 20, wherein the controlled-ambient transfer chamber
and the deposition process module coupled to the controlled-ambient transfer chamber are
filled with one or more inert gases selected from the group of inert gases to control the

exposure of the substrate to oxygen.

31.  The integrated system of claim 20, wherein the at least one process module coupled
to the controlled-ambient transfer module enables a dry-in/dry-out processing of the
substrate, wherein the substrate goes in and comes out the at least one process module in a

dry state.

32.  The integrated system of claim 20, wherein the oxidation process module prepares the

surface of the metallic barrier layer to be deposited with the functionalization layer.



