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BACKGROUND

(1] In the fabrication of semiconductor devices such as integrated circuits, memory cells,
and the like, a series of manufacturing operations are performed to define features on
semiconductor wafers. The semiconductor wafers include integrated circuit devices in the
form of multi-level structures defined on a silicon substrate. At a substrate level, transistor
devices with diffusion regions are formed. In subsequent levels, interconnect metallization
lines are patterned and electrically connected to the transistor devices to define a desired
integrated circuit device. Also, patterned conductive layers are insulated from other

conductive layers by dielectric materials.

[2]  Reliably producing sub-micron and smaller features is one of the key technologies
for the next generation of very large scale integration (VLSI) and ultra large scale integration
(ULSI) of semiconductor devices. However, the shrinking dimensions of interconnect in
VLSI and ULSI technologies have placed additional demands on the processing capabilities.
As circuit densities increase, the widths of vias, contacts and other features, as well as the
dielectric materials between them, decrease to sub-micron dimensions (e.g., less than 0.20
micrometers or less), whereas the thickness of the dielectric layers remains substantially
constant, with the result that the aspect ratios for the features, i.e., their height divided by
widih, increase. = Many traditional deposition processes have difficulty achieving
substantially void-free and seam-free filling of sub-micron structures where the aspect ratio

exceeds 4:1.

[31  Currently, copper and its alloys have become the metals of choice for sub-micron
interconnect technology due to its lower resistivity. One problem with the use of copper is
that copper diffuses into silicon, silicon dioxide, and other dielectric materials, which may
compromise the integrity of devices. Therefore, conformal barrier layers become

increasingly important to prevent copper diffusion. Copper might not adhere well to the



for the next generation of very large scale integration (VLSI) and ultra

| arge scale integration (ULSI) of sem conductor devices. However, the
shrinki ng di nensions of interconnect in VLSI and ULSI technol ogi es have
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occur wherever the copper is free to move, typically at an interface where there is poor
adhesion between the copper and another material, such as at the copper/barrier or
copper/liner interface. The quality and conformality of the barrier layer and/or liner layer
can certainly affect the EM performance of copper interconnect. It is desirable to perform
the ALD barrier and liner layer deposition right after the suiface pre-treatment, since the pre-
treated surface might be altered if the surface is exposed to oxygen or other contaminants for

a period of time.

{6l A post-treatment after barrier and/or liner layer deposition prior to the deposition of
copper can improve the adhesion between the barrier or liner layer with copper by removing
impurities from the substrate surface. In addition, a post-treatment after barrier or liner layer
deposition prior the deposition of a copper seed layer by electroless method can increase
nucleation sites for copper seed layer deposition, which can improve the film quality of the

copper seed layer.

[7] In view of the foregoing, there is a need for integrated systems and methods that
perform substrate surface treatment and film deposition for copper interconnect with

improved metal migration performance and reduced void propagation.



[5] Electro-mgration (EM is a well-known reliability problemfor netal

I nterconnects, caused by el ectrons pushing and noving netal atons in the
direction of current flow at a rate determ ned by the current density. EM
in copper lines is a surface phenonenon. It can occur wherever the copper
is free to nove, typically at an interface where there is poor adhesion
bet ween the copper and another material, such as at the copper/barrier or
copper/liner interface. The quality and conformality of the barrier |ayer
and/or liner layer can certainly affect the EM performance of copper
Interconnect. It is desirable to perSummaRYe ALD barrier and |iner |ayer
deposition right after the surface pre-treatnment, since the pretreated
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proximity head and the substrate. The proximity head has an excitation chamber to excite
the treatment gas before the treatment gas being dispensed on the active process region

portion of the substrate surface.

[10] In another embodiment, a method of treatment a substrate surface is provided. The
method includes moving a proximity head for surface treatment above a substrate. The
proximity head has at least one gas channel configured to dispense a treatment gas on a
region of the substrate surface. The proximity head has at least one vacuum channel used to
vacuum excess treatment gas from a reaction volume underneath the proximity head, and the
proximity head for surface treatment covers the region of the substrate surface. The method
also includes exciting the treatment gas in an excitation chamber of the proximity head
before the treatment gas is dispensed on the region of the substrate surface. The method
further includes dispensing the excited treatment gas on the region of the substrate surface to

treat the substrate surface.

[11] In another embodiment, a chamber for performing surface treatment and film
deposition is provided. The chamber includes a first proximity head for substrate surface
treatment configured to dispense a first treatment gas to treat a portion of a surface of a
substrate under the first proximity head for substrate surface treatment. The chamber also

includes a first proximity head for atomic layer deposition (ALD) configured to sequentially



[9] In one enbodi ment, an apparatus for treating a surface of a substrate
is provided. The apparatus includes a substrate support configured to
support the substrate. The apparatus al so includes a proximty head
configured to dispense a treatnent gas to treat an active process region of
a substrate surface under the proximty head. The proximty head covers the
action process region of the substrate surface and the proximty head
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[ 14] In another enbodi nent, an integrated systemfor depositing filnms on a
substrate for copper interconnect is provided. The integrated system

i ncl udes a processing chanber having a plurality of proximty heads.

Sel ected ones of the proximty heads are used for surface treatnents and
atom c | ayer depositions (ALDs). The integrated systemalso 5 includes a
vacuum transfer nodul e coupled to the processing chanber. The vacuum
transfer nodule is used to transfer tHe substrate in the integrated system
The integrated system further includes a processing nodule for copper seed
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enmbodi nent of € current invention

BRIEF DESCRIPTION OF THE DRAWINGS

[16] 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.

[17] Figure 1A show an exemplary cross section of an interconnect structure prior to

barrier layer deposition, in accordance of an embodiment of the current invention.

(18] Figure 1B show an exemplary cross section of an interconnect structure after
deposition of barrier layer deposition and copper, in accordance of an embodiment of the

current invention.
[19] Figure 2 shows an exemplary ALD deposition cycle.

[20] Figure 3 shows a cross-sectional diagram of an ALD film grown with limited growth
sites in the beginning of ALD deposition.

[21] Figure 4A shows a schematic diagram of a proximity head ALD chamber, in

accordance with an embodiment of the current invention,

[22] Figure 4B shows a schematic diagram of a proximity head for ALD, in accordance

with an embodiment of the current invention.



[19] Figure 2 shows an exenplary ALD deposition cycle. [20] Figure 3 shows
a cross-sectional diagramof an ALD filmgrown with [imted growmh sites in
t he begi nning of ALD deposition. [21] Figure 4A shows a schenmatic di agram
of a proximty head ALD chanber, in accordance wth an enbodi nent of the
current invention. [22] Figure 4B shows a schematic diagramof a proximty
head for ALD, in accordance with an enbodi nent of the current invention. 6
[ 23] Figure 5A shows a schematic di agr@am of a chanber with a surface
treatment proximty head, in accordance with an enbodi nent of the current
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for surface treatnment, in accordance with an enbodi nrent of the current
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treatnment _or ALD over_ a substrate, in accordance with an enbodi nent of the
current ild¥lenEigvge 5B shows a schematic diagram of a proximity head for surface treatment, in

accordance with an embodiment of the current invention.

[25] Figure 6A shows a top view of a proximity head for surface treatment or ALD over a

substrate, in accordance with an embodiment of the current invention.

[26] Figure 6B shows a top view of a proximity head for surface treatment or ALD over a

substrate, in accordance with another embodiment of the current invention.

[27] Figure 6C shows a top view of a proximity head for surface treatment or ALD over a

substrate, in accordance with yet another ernbodiment of the current invention.

[28] Figure 6D shows a bottom view of a proximity head for surface treatment or ALD, in

accordance with an embodiment of the current invention.

{29] Figure 6E shows a bottom view of a proximity head for surface treatment or ALD, in

accordance with another embodiment of the current invention.

[30] Figure 6F shows a schematic cross-sectional view of a proximity head for surface
treatment or ALD below a substrate, in accordance with one embodiment of the current
inventiorn.

[311 Figure 7A shows a schematic diagram of a proximity head for surface treatment, in

accordance with an embodiment of the current invention.

[32] Figure 7B shows a schematic diagram of a proximity head for surface treatment, in

accordance with another embodiment of the current invention.

{331 Figure 7C shows a schematic diagram of a proximity head for surface treatment
coupled to an RF power source over a substrate and a grounded substrate support, in

accordance with an embodiment of the current invention.

[34] Figure 7D shows a schematic diagram of a grounded proximity head for surface
treatment over a substrate and a substrate support coupled to an RF power source, in

accordance with an embodiment of the current invention.

[35] Figure 8 shows a schematic diagram of a thin film deposited by proximity head ALD,

in accordance with an embodiment of the current invention.



[26] Figure 6B shows a top view of a proximty head for surface treatnent
or ALD over a substrate, in accordance with another enbodi nent of the
current invention. [27] Figure 6C shows a top view of a proximty head for
surface treatnent or ALD over a substrate, in accordance with yet another
enbodi ment of the current invention. [28] Figure 6D shows a bottom vi ew of
a proximty head for surface treatnment or ALD, in accordance with an

enbodi ment of the current invention. 729] Figure 6E shows a bottom vi ew of
a proximty head for surface treatnent or ALD, in accordance w th another
enbodi men@6pf Hifige OArshewts plivdBiytof QPRoximity Beadsiferduefabdtredtnws add sepisimmhi C
cross-sectional view of a proximty head for surface treatnent or ALD bel ow
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[31] Figure 7A shows a schematic diagramof a proximty head for surface
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treatnment, in accordance w th anot her enbodi ment of the current invention.

[33] Fi gung 7Gghove sﬁoﬁ%@sﬁm LA G Y19 by aRiBRtall, IacB&rashct Hichhe f ace

treatment coupled to an _pome? source over a substrate and a grounded
subst r at eengpdpeant of thecurresbindemtios: wi t h an enbodi ment of the current
invention. [34] Figure 7D shows a schematic diagram of a grounded
proxi mi t yi3Akadifuwe IDwshbuceplirbytofenxivite heads Sobuiface weainehtand dbxsitian e

support CRMP ll Sﬂ)s&é&c,gﬁ a ordg{?miths)pelﬂ hither ie&bg&ﬁgﬁtdo? rﬁfeecuWe}ntQm%%ﬁgrgb odi ment  of

t he current 1 nven
[40] Figure 10A shows a interconnect feature deposited with an ALD barrier layer, an
ALD liner layer, and a CVD layer, in accordance with one embodiment of the current

invention.

[41] Figure 10B show s plurality of proximity heads for surface treatment and deposition

over a substrate, in accordance with yet another embodiment of the current invention.

[42] FigurellA shows a process flow of surface treatment using a proximity head, in

accordance with an embodiment of the current invention.

[43] Figure 11B shows a process flow of surface treatment and deposition using a
plurality of proximity heads in a process chamber, in accordance with an embodiment of the

current invention.

[44] Figure 11C shows a process flow of surface treatment and deposition using a
plurality of proximity heads in a process chamber, in accordance with another embodiment

of the current invention.

[45] Figure 12A shows a process flow for surface treatment and film deposition for copper
interconnect using the integrated system of Figure 12B, in accordance with one embodiment

of the current invention.

[46] Figure 12B shows an integrated system for surface treatment and film deposition for

copper interconnect, in accordance with one embodiment of the current invention.



[35] Figure 8 shows a schematic diagramof a thin filmdeposited by

proxi mty head ALD, in accordance with an enbodi nent of the current
invention. 7 [36] Figure 9A show s plurality of proximty heads for
surface treatnment and deposition over a substrate, in accordance with an
enbodi nent of the current invention. [37] Figure 9B show s plurality of
proxi mty heads for surface treatnment and deposition over a substrate, in
accordance with anot her enbodi ment of &he current invention. [38] Figure
9C shows a proximty head for CVD over a substrate, in accordance with one

enbodi ment of t hPrra EDDESHIEPTIGNOF THIEXEVMIWAR YEMBoDMmENTsUr al ity of
proximty heads for surface treat nent and depositlon over a substrate, in

accor danqariv tddyyst %{%@W EmBSRR tgr%mm@géag%a;g?@e&ﬁﬁs%& sh B 48 Mehddd O]

Fi gure 10A shows a I nterconnect teature wi th®an ALD barrier
| ayer, arfoplsibsirateurfacey teatmentcand iQwDdémmyition fomnceppen indarpemeti 4rt dotaded.

nbodi h t 41 10B lurality of
or ot ity bt e B o0y R ber 1iEH ackh T o HBE el S Y P
accor danc@niantifanysebr amorabtmacee slatadé rfein bawikr tldi}er Qtontie rthyer rdepoditicnn (ALD).

Substrate post-treatment after film deposition can either remove surface contaminants or

prepare the substrate surface for deposition of another film, such as a copper seed layer. Pre-
treatment and post-treatment proximity heads can be integrated with an atomic layer
deposition (ALD) proximity head to complete the film deposition and surface treatment in
one chamber. Afterwards, the substrate can be moved into a copper seed layer deposition
chamber in the same integrated system for copper seed layer deposition. The substrate is
either transferred under vacuum or in a controlled ambient to limit the exposure to oxygen or
other contaminants. ALD barrier layer, ALD liner layer, and copper seed layer deposited on
clean or activated surfaces yield good electro-migration (EM) performance, and avoid

delamination and void propagation.

[48] 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.

[49] 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.

[S0] 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 PVD tantalum
nitride {TalN), PVD tantalum (Ta), ALD TaN, or a combination of these films. Other barrier
layer materials can also be used. Alternatively, a liner layer can be deposited between the

barrier layer 120 and the copper material 122 to increase the adhesion between the copper



[42] FigurellA shows a process flow of surface treatnment using a proximty
head, in accordance wth an enbodi nent of the current invention. [43]
Figure 11B shows a process flow of surface treatnent and deposition using a
plurality of proximty heads in a process chanber, in accordance with an
enbodi nent of the current invention. [44] Figure 11C shows a process flow
of surface treatnent and deposition using a plurality of proximty heads in
a process chanber, in accordance with %nother enbodi nent of the current
invention. [45] Figure 12A shows a process flow for surface treatnment and
fil m deposdt¢riabr 28 gind ¢l pariei hyer £28nnAodthersbangert layeri 1026y rdapasited pedrethe of
Figure 12 I.n_.accordance, W one odi ment of current invention.

Laa] i griraiB RBIGS) WL, P Ee 0 it Pt ded Rob B me a1 m
deposi t i avhehatia Kedapan ardéteticdahddegh overlyingQidédtia@eteblt NONNO6 ehedanRAt  of

the current invention., 8 DETAI LED DESCRI PTI ON OF THE EXEMPLARY ENMBODI MENTS
[47] Sevd®&r 18% R barmerdaish 47 nis dtse contigumddg fuclian appsledivselchitop g &ns) and
met hods f@ppes WitlsiotbRrrRHS Efﬁ’éiﬁpl&r?r SREE DY e hidrMABPAE diliQR diBke EARPET

i nterconnect are detailed. Substrate pre-treatnment prior to barrier |ayer
deposi t i ®nsikigen eartiteSiCenpve surface contaninants or can activate surface
for barrier layer atomc | ayer deposition (ALD). Substrate post-treatnent

after filldldegovpdicknsiredayasilOhéy dapesiisd @venthe budeclorierai®ndie yicoticlprtépar e t he
Substral g 34 HACk OhadPROP hleAM Blin 390k Milccdd BnoHCD @SimE vEORDEL S

| ayer. Pretreatnent and post-treatnent proximty heads can be 1 ntegrated

W th an asyemie4 issyeencteldsitid bper(186D)Thertexchriliplectnie dalet d0& omplbetadowhie fil m
deposition.and surf.ace.treatnment ip .one chanber. . Afterwards, .the substrate
can be. maug o, PRl ShishrdEe maleR SuboR 1 e EhLRRE AR 1Phe 18 He

I Nt egr at echbsFinte@Nbbr the pPAId B&eH dictacaic Heqao el inde of THe s&bd siatedihe ahé ei t her
transferred ug‘?er vacuumor in a controlled anbient to Iimt the exposure
to oxygerfepnsied pdhe wgisitung Rdpmya continuepsifiey, Attey de trepgtryliclectse laygy 6 15 ang

copper s eRphsktay, the dgRQaI! S¥ a2 HoldaRe Qfru@thklsy Ah8Go Sl LRGSRy kil SciRod
el ectro-mgration (EM performance, and avoid del am nati on and voi
pr opagat iPsgfesses to form the via holes 114 and trenches 116 by known art.

[52] Figure 1B shows that after the formation of via holes 114 and trenches 116, a barrier
léyer 130, an optional liner layer 131, and a copper layer 132 are deposited to line and fill the
via holes 114 and the trenches 116. The barrier layer 130 can be made materials, such as
tantalum nitride (TaN), tantalum (Ta), Ruthenium (Ru), or a hybrid combination of these
films. Barrier layer materials may be other refractory metal compound including but not
limited to titanium (T1i), titanium nitride (TiN), tungsten (W), zirconium (Zr), hafnium (Hf),

molybdenum (Mo}, nicbium (Nb), vanadium (V), and chromium (Cr), among others.

[53] The optional liner layer 131 can be made materials, such as tantalum (Ta), and
Ruthenium (Ru). Liner layer materials may be other refractory metal compound including
but not limited to titapium (Ti), titanium nitride (TiN), tungsten (W), zirconium (Zr),
hafnium (Hf), molybdenum (Mo), niobium (Nb), vanadium (V), and chromium (Cr), among
others. While these are the commonly considered materials, other barrier layer and liner
layer materials can also be used. A copper film 132 is then deposited to fill the via holes 114
and the trenches 116. A copper seed layer 133 can be deposited prior to the gap-filling
copper film 132 is deposiied.

[54] As discussed above, before depositing a metallic barrier layer 130, the substrate

surface can have residual contaminants left from etching the dielectric layers 104, 106 and



[48] It should be appreciated that the present invention can be inplenented
i n nunmerous ways, including a process, a nethod, an apparatus, or a system
Several inventive enbodi ments of the present invention are described bel ow
It will be apparent to those skilled in the art that the present invention
may be practiced without sonme or all of the specific details set forth
herein. [49] Figure 1A shows an exenplary cross-section of an interconnect
structure(s) after being patterned byl@sing a dual damascene process
sequence. The interconnect structure(s) is on a substrate 50 and has a

di el ectr itiee bamyarriay:0 02 whalioly mamemﬂe:vli)mum'llyyef aR0 toctmet i@ dotitactfwithnthe copper
netalllzatlon l.ine 101 therein. netalllzatlon ine ist

(abri car RO SEEh Angeating bicris: 6 of i wpliie, Fbe Bisof seRisn Sl 1o the

trench wibita@inaf) ISS As\RsciBE@ hbovk, cofiftehalaR pSRRPEST metdIBOPartier 1hyee 130 BN
there is a barrier layer 120, used to _prevent the copper materi al 122 "from

di f f usi nplilhmésht ﬁ%ﬁdoﬁuéri@dzrﬁfr@atmet toTRake e SubBFaty face cpsigr loong WithdiRe of PVD

t ant al Umd%&sfdoﬂ r&]@l}{) ,Thgygsgmtdggcﬁmdg@gw ALD TaN, or a conbination of
t hese fil er barrier layer materials can al so be used. Alter natlvely,

a liner Igyer A d DED be duBL dnﬁyﬁl;n :1,‘3@, copper
mat eri al [%)42 tg&ﬁlngg)ééggdéaté 1{1&{1 hesrgﬁ%ﬁ%t vvetgﬂ{r(% ue cop ter| 122
and t he lbaverager A@wtymiz@lly mmhbsheéézy isigg nhdyee pﬂb@ su;:hd?@pwe iptises, of/er t he
pl anari zed pRer. mat.eri al 22 Lo rotec e teri 122 from

br emat ur S-S RRBRT PG Rieh b e S R09h SEehidc AR B BT Fnny

di el ect r ipalséraff eatrier-Sneldl4ontdidmgt mactt:in‘fe (Ma)rmlers dadiyerd 102he Jitatrinarsaifede, | ayer

102 is al figured to functi sel ective.etch.stop. and a copper
i 1 usi ofd5ayef iR PSERPens ganCPy 207 | Dhrohioeoy tREIeGr A SORREME SR | Gon
nitride 061 Wlivefedsb theabstEad Rirfhe (Sfokth-a mbioldyeLol baariéh BeRIC buichGs ITaysr 104 is
deposited over the bather |layer 102. The via dielectric |ayer 104 can be

made of &ersEb¥tafeurigre Hn gne efberimenicihe Prise oiRUSIAE sasdy a Plaswa-ephiagcest @F ectri ¢
| ayer 1%1dsﬁa:assns& P%ﬁs dirkd B4tibd GetaBY¥Eh JSOﬁa bR thRNGsEH i hGeicE | whikipyer 106

may be a'low K d €ctric material, which can be a material same as or
di f f er entcarf bmmqlﬂeqf@rdw_lmnc mategrlesushisn v materipls t1A4.t 196 of Figuzenkh. end/ach

dielectri A 2R e sane
ime to PAMPRSaBEs, SRR, Qpol IR B kb8 1a JP, SRR AR Ao TS T2
deposi t edhe dxbess barbst-matabcdfrinihgteabiohtd9 1 fiiven the substrate efrice.under goes
patterning and etching processes to formthe via holes 114 and trenches 116

by known [26]t . Folldsdhg the gulse ofliBe ptrgimg gah 202, afptise of feectim (BB2(3anddivered do hol es

114 and 1 0 | 31, d
2 copper UeyEtRstas, TolRoerEE R s APRR SRR Te @i 1o The
t rfncges 204 & 1ikdne tdednitdie hidoayer The Geacanit (:Ba A08can B trerdgeh-Sontaining s té ant al um
nitri ae

N_)r tantal um (Ta), Ruthenjum h i nati on of
these fi F9F" ﬁgr‘Ylﬂ’e?lel'@y‘é? thepubstras. sEﬁﬁ‘i’j}PlfogeOfo’Eeﬁ%tf‘mr(@g rzgét"i‘f&'ifim rASRIEPNIE o npound
i ncl udi ngNi\-;I\;)t NJOdnd NI t@flet R- Johﬁamgwﬂeé&hars gﬁdes Ry WB e Eﬁo@lﬁiu( Thit)not

tungst en zirconium (Zr), hafnium (Hf), ybdenum g{ . n| obi um (Nb),

vanadi unﬂl(ml)‘ld to AL Fr gndndny (reegers @reprkiebe H‘é;glasm&{ spyreeT N&LU (S lilom amopg ner
layer 13}gan ﬁ%aﬁapﬁer% ) Hofirain il @lsn&al%génume(rzaemn@ﬁ?am ey 4im (Ru) .
Li ner Iayer materi al s e ot er refractory métal conpound 1 ncl udi ng but
not lim ﬂlmtogan-mqntaanngjmd(lding £as, istietn au ble.niHor is deremiing gast nhn@m@m v\(uwthe
zirconiu r haf n| bden ( ni. obi. N ium (V),
and chr oﬁg{f‘é% e W é?ﬁ%‘éf“mel“‘\;\m fegaﬁe@s{g)o%rte e%g] &rr'm%]i11 gsﬁtéonder ed
mat eri al Follmlhgpulbarzm era puby @f paathg dano4.| RyeranmEMEBJamldSpuﬂ@rgaaPS:enbe used.
A copper film 132 is then depos dto fjl]. the via holes 11 t he

£ enehos Bl ephagess necauly gt 18 90 emho Ja@elae?}sgﬁlf%ag e oAia

gap- fill ppemsepp@ted (of Plskdladsitedpposi t ed.

[57]1 However, in some situations, the substrate surface does not possess ample bonding
sites for all the potential locations on the surface. Accordingly, the barrier-metal-containing

reactant M (or precursor) bonding to the surface can result in the formation of islands and



[ 54] As di scussed above, before depositing a netallic barrier |ayer 130,
the substrate surface can have residual contamnants |eft frometching the
dielectric layers 104, 106 and 10 the bather layer 102 to allow the
metallic bather layer 130 to be in contact with the copper material 122. A
cl eani ng process, such as Ar sputtering, can be used to renove surface
contam nant. Al so as discussed above, confornmal deposition of netallic

bat her | ayer 130 by ALD m ght need suitface pre-treatnent to nake the
substrate surface easier to bond with the deposition precursor. The reason
i s descr ighfith Wkitipwte suffeidniptfanapariliayein pepasality oL} Al) FigirkBahewds am pr oduce

thin filmw ood step coverage. ALD s typically accaonplishe usi ng
mul ti pl e A3t b 96 _&F&%ﬁldég‘]k e %ﬁg@&g,Wl@fhfF@&Q@?@sﬂ% Wﬁheg?%f“ﬁwgé’g@i?

bet ween, gasosffdf WBetwel ii@E18nd: 30T Othe RV il C303AUGRY thel eRast bf @B sulstid! se of
bat her-netal -contai ning reactant (M 201 is delivered to the substrate

sur f ace, Seertiatvisefagsy sechas) SO2 of Ik gnateriakaen (bp)quite nertrand ngtpasy tppond
barrier- wehab: GHALAL a8 o) ng‘%hhg%agnttm. %J}%cé WRskkAly GHI face to
form a nonol ayer of barrier metal, such as” Ta, on the substrate surface. In
one enbod, werQ radidak exposwre w@h effingitygngasHOE atpthash@Sewhgaerate 1 $i-OH

pl asma- assi.st ed) . .. The. barrier ne such_a -ban ersubstrate
surface, 5%2}08 P cé%qgaet %%@R@f B g (| IEehc ?ibérr e g?ail-a‘?%mgﬁ% %éaacgagf %Qv— Eﬁe

mat er i al $ntdQdctiohO6f Giie pregiifaemdnd, plasntl/ Gito ahe qrrckesding ehamberr ¢omtainisgiahe as
copper material 122 of Figure 1A _Th urge gas 202 re es.t he excess

bar i er - SULPECEh SRR im e TGN Df Si5%eF SUsHHes HovAS(OHS (FSUFQ PORiTElsS. I og)

Fol | owi n@rdehfd @b EeniHuokd BitePldédiafd fitas oddémbaimet: S the fprds@aehvantion Blo 203 i s
delivered to the substrate surface. If the bather material contains

ni t r ogen presiRah thes sorface of Hbe subipignpriqrep 4BB nsorden o rake theokitars Mort r ogen.

The reactanl (bl w2iD cag?tobiﬂoﬂgidglgdggﬁ,g-sﬁ&nt aining gas to formTaN with the Ta
on the substrate. Exanples of reactant (B) 203 include anmonia (NH3), N2,

and NO. er i Dy r i YoR@ntisal A1s ek t not
i it ed %ﬁmﬂy%ﬁgﬁhg rElafively 6, Sopisitio e b Yonvent gﬁéj?n&“?éﬁb?é@?
NH2N( CH3 Yigposaionmage Ourtianosghphif) fortpemisditreer onlines ldyats, swh@aRnsis consideeeddeo no
nitrogen, the react.ant. (B ca - .aj nj i gas,
Such as. 12 WA RArry Herdtat o ot o DEBHP T GRLRLT 1S nERSHTERE OO0
t he bat hand me=tialds iofi usRgct prokinkity?Bdadt for tAdrDriofi bheriet Hayef iahdrod Bpaysliayear cane

Fol | owi I 03 i I f . i 4. R X B,. and

pur ge. gadBedn Fia, 1A sfiaVe Adoeid draRErREl A e T eht Y BRI rent
the pul s@eRff 440636 t&@dior 4), RASisl Ssvdstpli@sIRdigRRaneed sitstratp k@HoR-4a8 s Thé ed) .

[ 57] However, in some situations, the sub%rate surface doges Egué?&tpossess

anpl e boREAXHBINS head 44P 4 suppprigd aboye subsste 19 aRdyeqvERLnbn? PATEOR | rate

Accor di Ngh¥ace! BReRRH MY prifihddy o 90 Md@e seREhRAM 0 MhéRis REQBHsSRImdondi ng
to the Stiggace can result in"the formation of islands and 11

[59] A gas inlet 440 and a vacuum line 465 are coupled to the proximity head 430. The
gas inlet 440 supplies reactants and purging gas to process chamber 400. The gas inlet 440
can be coupled to a plurality of containers that store reactants and purging gas. The gas inlet
440 can be coupled to a container 441 that stores a first reactant, such as reactant M
described in Figure 2. The gas inlet 440 can also be coupled to a container 443 that supplies
a second reactant, such as reactant B described in Figure 2. As described above, reactant B
can be plasma assisted. Reactant B can be supplied by a reactor 443’ that generate
plasmarized reactant B. Alternatively, the substrate support 420 can be coupled to a radio
frequency (RF) generator to generate a plasma of reactant B when reactant B is dispensed
into the reaction volume 450, instead of supplying plasmarized reactant B from reactor 443’.

Another alternative is to couple an RF generator 473 to the proximity head 430 to generate



grains which are sufficiently far apart to formpoor quality ALD film
Figure 3 shows an ALD filmw th islands 301 that are growmn with limted
growh sites in the beginning of ALD deposition. Between the islands 301,
there are voids 303 along the surface of the substrate. Substrate surface,
such as Si02 or lowk material, can be quite inert and not easy to bond
with for bather netal in the barrier-netal-containing reactant M Surface
treatnent by OH, 0, or O radical expoddre can efficiently insert HOH into
the SiOSi to generate 2 Si-OH surface species that are highly reactive with
t he bar r iphsmaetlal one entbadimeny ane aixicaode M colpled itmthedﬂﬂl(geﬂemmxo;indt the other
pre-treat ?Eptde[p asma m{lo thg B@ocessn ng chanmber containing the substrate
can resul°IRIGIRECPBIYTRG Plsme gryetaiion speC| es at various desired bonding

sites rd .gr ow conti nuous i nt. er and filns, one_enbodj nment of
the' presdfll | oeRR B HO oA f ot Jit d0E 8PuiHiis ShoREraReMpr 1 or to
ALD in orgigding gas M&a&tﬁtﬁ Bl R G uidR be a ThEee |‘bhl@h bah Wlda inditgist DuliRY ©
deposi tion SI tes.. [58] Due to the relative | ong deposition cycle of

convent i dHdP dPMOSLPR 6¥Aess ong pfreprsanbs My B@ndrpatgelg(gsts t iR SEP R Lt the gy inksbne
bat her orghi BRL ol AYESBof S Qﬁnﬁﬁs Rtthede $2C ROSLARTIRE bg QRvELW 1! £AMyg 455,
manuf act uri ng st andp0| nt- order to"l nprove t he eposli tion fat e,

syst ens aiid other bshief ¢ vaminpgling 466 dx i rvmwrrmmm 468X mwe@momaplmnemso ayer

and/or |i r n ho agram of an
ALD reactiire gyl GBS reblcl 5@ FAUBASENG Ll fTRE,
subst r at eegdsiodirstpad @cbmmtyahsanlb.SLDatfeaaﬂitpmet cahZd. 10T ﬁﬁespmohdgili’ﬂrttbanhﬁﬁd 440

i s supported. above ubstrat £§L and covers only a portion of substrate
surf ace. dﬁ%S\Wé’e'r'iatfﬁ cayEo Eit ][gead 430 and the substrate 410, there is a

reaction 45 59 t 44Q an cyum | ne 465 are
coupl Ied Eegﬂ’f t&i ?ﬁ"[“ﬂ? %ﬁﬁﬁgﬁ‘g@em é‘ Fﬁ%mi“ﬁl(}ilﬁ?ad %ﬁ’o‘yu qbgee jbsiRie Nt s and

purging gas, \tlifﬂl R ERAGS veliMaas0 béMen THREpEAmidyHeed 446 And AlbsteRe aQUPITRE to a
plurality of containers that store reactants and purging gas. The gas inl et

440 can BebsEgGpTuEdce Bnder dhmhregrtiy valume 1438t is sinopcaiye progepssregioBaSanthe such as
react ant Mx‘i’rﬁﬁﬁﬁéaﬁ@‘io bk fdeg)yﬁer@gastﬂﬁmgeau MaupfHiQ rERBAMS B, &epu‘fﬁlgﬂ ed to

a container 443 t suppl i es Second reactant, such as reactant
descri bedas B ﬂndmleﬂ@es Qﬁéh@&@@hﬁ@@ﬂ‘“db&%e arg ea@tumhamlqlsaﬁ%élﬁapmm

assi sted i 4

pl asmari ze%gsrqg%%tg %%l? l\g’aﬁélﬁ %ﬁg%g 4| \?g Op%aﬁa{t%ﬁgltsotg p(g gr%rsnu%%g%af &%Zr%oﬁcan be
coupl ed #80. aRea:@hnoM rBeqmﬂapmglr(gI%ﬁ) Pgepmsat tbrougbtlg@elcbameladflplsa@wauaﬂfy
reactant _B,wh di s e rea

| hotead Srrenny SRS Rhe Tt ERHEPEAGR M A D FEREP bl R P

al t er nat iwieni aSpum o Q@uf) letthé@riedStang BN &8, @t O is4rj 3cté@fdrin&h@gw@hmﬁey4ﬂe@dhél30 to
generate I n one enbodj ment, one ele ode b?s couipfl ed to the RF

| a
gener at of*¥ béﬁﬁ‘p °f CBt‘H%PXCSfSé‘é‘NHB g8 ISUpRRY ANy tratesytiace i thg i on.

[60] The vgasm dﬂaﬁtelmg B 65, GAHidH 189pd Qe ReaCBtH AINAE sﬁét@mtdt@tm&t HeGrdndur 9i ng
gas. React ant ging gas and reactant B can be dil ut edtﬁ%fy a carrier

gas, whi €h pelaﬁmsél% PHee thyygractiqnuyolpge A pmalbsdy smalh agpntedf reagiat &

react ant §eded & 80dr Rl Hall Fefi8n FolumeS Wiklik R aga% i ighe on
and of f o? gas sup|ro |ess of ethegeogag arelcontélgl ‘f“gﬁ ant \?EI H%S > 453 and
455. Theneadaéfo purge tie et(tres veaciaurrdm the r4g8%ion srotamaﬂéuuﬂm pttdﬂ]mmﬂ@.vafmm

reaction I 4 er h reactlon ol unme
ha conolptEan Mol B et Trictial ol 0. Ml 3P el BRI AL o
barrier baqgmg danhe baecelsﬁ) r¢acm3$ purghigoder a:tdhamttdneb;qbeqnhnsustﬁcmm tHeazttﬁstm‘te
conventi o 61] Figure 4B sho n odi f a proximty head
410 di spé‘é‘g’& \f‘e°°§‘ BRoht @eﬂtﬁe g Pi‘acfﬁg r\ggﬁtnfmgorzfswaeet%egn t he
proxi m t ¥y né k6 RYPLcSHDE bhPbLerddl redtd SHPE ESRL G, e
reaction v(h}?ﬁgi é% f]% an "active r%cess region 45(%l The}ég%j)’(jl mtylﬁ@head 410
has one 9?11Wﬁ@%éﬂ%ﬁa%@@?ﬁﬁinghwmﬂﬁﬁpl ies reactant M B, or purging
gas P. On both sides of the gas channel 411, there are vacuum channels 413,
415 punpi ng excessive reactant M B, purging gas, and/or reactant
byproducts fromthe reaction volunme 450. Reactant M B, and purging gas P

i s passed through the gas channel 411 sequentially, such as the sequence
shown in Figure 2. Gas channel 411 is coupled to the gas inlet 440. Wen a
pul se of gas, either reactant M B, or P, is injected formthe gas channel
411 to the substrate surface, the excess amount of gas is punped away from
the substrate surface by the vacuum channels 413, 415, which keeps the
reaction volune small and reduces the purging or punping tinme. Since the

reaction volume is small, only small anobunt of reactant is needed to cover
the small reactl on voI une. Simlarl y onI y small amount of purgl ng gas i's

o o " o T T .




13 [62] The proximty head for ALD can al so have nmultiple sides with
different sides dispensing different types of processing gases. Rotating
the proximty head fromside to side allows the ALD cycle to be conpl eted
and a thin filmbeing deposited. [63] As discussed above, in order to grow
continuous interfaces and filns, one enbodi nent of the present invention is
to pre-treat the surface of the substrate prior to ALD in order to have the
surface nore susceptible to ALD. In addition, after barrier |ayer and/or
liner layer is deposited on the substrate surface, the surface can be

post -t r eg62ld (The rppoximéty aheyd Sor AdEe caroalsaniavanhultple tsides editc diffapgursides es i n

the film_or to nsity the film Posttreatnent can .al so ,enhance nycl eation
of  copperdientity SERRSSr PRge e s BOANE B EopryOLEsd AT nar
nmechani sraides efel A oM ®e komplefe8 ahd £ 8iABR bdid @potikdbarrier |ayer
deposi tion. Copper seed |ayer with enhanced nucleation has better film

qual ity a8 r esubissuskddl RB&eCin &ldbalid | drby Esdahonrds inkRey fRd NBREEon@nd

avoi ds del am nation and voi d propagation. Surface pre-treatnent and

post - t r e FROAINCALRL the Piseqnt BYRRIEPNHY toprenticas the sustage) et the pusiratzipgor e AL shows a
schemat i g, df AP TAMO thedufRTR SAYOST FPL iRl ith a
proxi mty head 530. Ien cﬂ%nb(g% S%gg?tfb?ghgre |shg£c§!ﬁ%d§&f éﬁ?@fﬁﬁg%gjggd on a
subst r at dinsupyer is dsp@itedrhe ther kétrate surfacadhs 80Tacs caupp post-tdatad bveneubst r at e
510. Bet n..teh r Oxi i e 530 and t.he substrate 510, .there js a

eact i on TONUREBAAHE o O Bfce el HISHET S O Rl mt E9E° BN Fon o

t he substtreatngens wad alse enhdiee mealestionnofy edppere séel Jayes depoadited 8l dreeleétfoldas

conventional surface.treatnent fhat applies to the entire sybstrate

SUrf ace. PRREE] e GuSlar TPASFD daHaroat ARNFuIRE [P oESHaprior 4B Bt 16T ¢ he
proximt )ﬂeg@sﬁibn.5 &Q)Fpel? Reedahyre Wwitrehiced MMMbbmﬁﬁ@gam@ afRd RWIR iP60. The
gas inlet 540 supplies reactant gas to ci)rocess chanber 500. The excess

t r eat nentbelersreliabilyy dgyieh ag R perfospangee and aypidsdelantipationgnd Weid praPae8irhy t he
vacuum | i _ [Wa W GoMR! Bmfly ai ner 541 that
stores a %ﬁﬁg%ﬁzﬁggﬁgggéﬁﬁgéﬁ% Eﬁ}lhrbg%t@[;feat rrgg;igrégas cg%a e diluted with
an inert (ggs. PG ASACHIEth AMfdc !l S IeRimbA S50 br e Bl:AS WS S St ed.
I n one enbodi nent, the plasnarized treatnment gas 1s supplie aby a reactor
541' t hattrepienhwith 2 groxithity haad 366e bt chgmber W0t dereds p vdisirate SR disprdssd ot e
support I .. I : r ner at e
R e s B e L
react i on theoprorenifSikad i 536 taed dha$ubstugp I5Y0,nberp |18 8 meactize dolime aiS0e rSinder then

reactor 541'... Anot ternative. i s.to coupl e an enerator 573 .to the
b ox o ¢ ooy Bt BB oBluieBYatda ofioh o R s RE Sp ks e BERSOE Bt 0t cust ai n
chanber phehSihaker@iantcdn Safib@il Burfdca &8@mmentkat apfiel tdihg Uhie Sbsthe v fee

enbodi ment of a proximty head 510 di sposed above substrate 510, with a
reacti on [g8) uegASRlehBiOVRAR Tadeurd 1iax 563 iy doepled l@e pRtimitPhdadae. The. The
proximty head 530 has one or _nore gas _channels 511 that supply treatnent

gas On b&ther endielsthe vaqupm lipgo6¢ i RWPP 590 | The,gasdnlst 40 syeplighreastinheasde 513,

515 punpigiske@*HambertJ0BANE eicegaaée_(a%ﬁémfga@mphm?ed BRG] fr6 Ok ST BheTeitiofAS
channel 511 is coupled the container of the treatment gas. Wen treatnent

gas is i nebeeetPlryrthe vamumdineciiannie |1 inletx>40iran bpiseuped © aeantaincs 541 he
excess a f i r ty.ai; . e e
Vhouum or erd'a S8inf g8t HUELHEV TS OIS o3 O e ISP ob
subst ant ifsl degciiteld avotd)ehe troatinentt gashamacbe5@8sma fBidjedFi uore Gvbaeliows, the

hemati . top.view of mhodi ment of t nent inity head 530
of i gur QUSRI Rt SR e dgOer e BBl PREHLR: ARURAIL Ear | ous

enbodi nemierfivly,aké Bibsiath e@sRrif520 canlbé aeplddr @ at ragiotfreqadhc(BB) gaphayrt 0 ALD
proximty head 430 of Figures 4A and 4B on a substrate 410. Proximty head

530 noved® SEAEUE PIATRA JOFESIATE SRAUPERLCES |Yep Hiealnibh 88 ettPerielemMiodigt h of
the proXimgdction f@@de 55U lidstead i @ipplythedlastHafidd i eatid flohSresti@nBY erAfdnet he
substrate. The reaction volunme under the proximty covers the substrate
surface @Hereptisds ko coplemnRI gerarrtont Gxiorihe pronddty ead 93¢ tq BruesbRlaszk e once,

the entir ks | : nt gas, which can
be exci tﬁe%@éﬁ%&gg@eﬁl{éi@@% ‘?@FB%WS%MF‘;%;}BP%%‘? .ﬁﬁ%rﬂzanot her enbodi nent,
the substrate 510 is noved under the proximty head 530. In yet another
enbodi ment, both the proximty head 530 and the substrate 510 nove, but in
opposite directions to cross each other. The anount of surface treatnent

the substrate receives can be controlled by the speed the proximty head
530 nove across the substrate 510.



[68] Alternatively, the length of the proximty head LpH can be shorter
than the dianmeter of the substrate. Miltiple passes of the proximty head
530" across the substrate is needed to deposit a thin barrier or liner

| ayer on the substrate surface. Figure 6B shows a proximty head 530" with
the length of the proximty head LpH shorter than the dianeter of the
substrate. After the proximty head 530" nobve across the substrate surface
in pass 1, the proximty head 530" caf4nove downward to nove across the
substrate in pass 2 and pass 3. At the end of pass 3, the entire substrate
sur f ace i[g6]de PFasid SB shdvistond eibodimentystra bxitnte hbal $li0adispoked dbbed subktkatle 15

[ 69] Fi gure 6C shows anot her, _enbodi nent with a proxim head 530" rotating
around © HAOSHFh AGEATPn SOBTErID EoSien terrOHIGy iebbal it Subtifge STbaihent gas

i's suppl ity %ezﬂlaﬁ’;o' 13k @he 569101@1 }f!?@tchhlﬁleﬁt§1QQH'€ﬁ duppfdy t‘.r@ﬁm%ﬂtdgagf Onh¥oth

proximty head 530 he vacuum | i ne ' is also coupled to the end of the
proxi m t yideeafiths 3as ChaﬂIEe?Q}l rhageipte V@W“@h@iwﬂmis 2k o H PRIARING PXCESSHBRIH vi ew of
t he proxi o A [ t S
et o e AR R TG 356 ol WEaRELTFIe doubRR LIRS & HEZ
i nj ect i onrehiplens gEsZ1Wh6meceameammrmnmeaﬂwcsmapesaa)¢haga@ 51ﬂute¢ltia substkm es 521

ol o8 andVRALGE B APUEL Pt RoR e g Eih BEMHERHE SERos By e on

the inj e@hmﬁialsfma,dsﬁmmlaaﬁu@nﬁlme 0fiol bJu@y 5 be tsub(smﬁﬁalszhﬁw the p@dxirnity ection
hol es. Alternatively, For exanple, there could be two or nore rows of

i njecti oe#b?¥s, instead of one. The injection holes can be staggered or
can be side by si de The shapes of the injection holes gan be round,

square, HWeRaghimre 64 shopner sdrmaEs “’PI'H’éWpP%Q‘i‘ FMPgdimeR oF serface seFateat y acuum
heads S503roxMRy hERUBASSE P@&b@m@ﬁmﬁ NBeh Sutkdde 5105 TR Reddpiish des of
the gas inj ectl on head . In this enbodi nent, vacuum heads, 503, 505 are
two slit yadpusepmbiditpends of peradmiey heeds for svﬁmumaﬁe@w%aa%wapw Be Aldad.

Al ternat iy, v d 5 x@thity t 0
becone o e&sléélr%ﬁg%sfjd &fs%g&ess%% lréggﬁgsﬁlgé ?‘F:beé’if:}gg (ii(l) n?g)ctl onﬁ%ga@g@ég%eg as
shown i n atives fheoubstiateysubfeeed BB(Dis ¢mb0|ﬁug¢m,eth6 Eengthhef tHe pomipity benddbave f or
2ppl i od E8UBrBA Yo B Beke et e bR R TR e T he© P
subst r at @roxiizy cévepy X substrate bl&ﬂade urdesneagit lm/trﬁo\d@g\thabmnhw péaﬂmadssabove a
proximty head to :ff‘ eat thﬁjsubstrate surf g tg ure 6F sho ghematlc
fr awi ng. SFOSEAG Q58phe HTE USSR Ttarec ARl e ErPmsPees, ghchcen b

active suykéig@@yplidnaf thbh@ll§ BsUVAbEhyDAE: f BCiddthet BabgIiXhtMht Yubiead 55(30

Devi ces are manufactured, on the_active surface 570. The substrate 510 is
suspendeds BBYAanderdheproximityihpad a3t 1o 3ef appihgr eraRAdurentrith BrBiRymityrad

pr oxi m t 53063 1R 30bded 18 IncVHPRRiA E5holiYe @irdtRERADICERS A8 \iifS. TROLmSHPWN) -

[ 72] As di scussed above, the treatnment gas can be thermally excited.

Tr eat mentof garéace anatbenttth@wbaﬂraty ressives e bpyortrdilgd by ﬁheasm the pjogigmity lead shows a
pr oxi m ty B%g]ag%%fﬂ\[%oﬁt“ﬂ daatt@ﬂto filament 561 in an excitation chanber 566 in

t he gas c ann up the treatnment gas before the treatnment gas
reaches t S%f }naa\‘; ¥ feR ﬁoth a@@)ﬁn@@%mfitsclym%%aﬁ?&%ﬁ liafildfef 2C€
treatrrent an a orrre roor uifra-viol et exclted gas.
Fi gure 7Bf tlib@substrate Multlple passes of the proximity head 530’ across the substrate is needed to

deposit a thin barrier or liner layer on the substrate surface. Figure 6B shows a proximity
head 530" with the length of the proximity head Lpy shorter than the diameter of the
substrate. After the proximity head 530’ move across the substrate surface in pass 1, the
proximity head 530’ can move downward to move across the substrate in pass 2 and pass 3.
At the end of pass 3, the entire substrate surface is deposited with a thin layer of the barrier

or liner film.



shows a proximty head 530** with a |ight source 563, which can be a | aser
or a W light source, in an excitation chanber 564 to excite the treatnent
gas. [73] As discussed above, the treatnment gas can be plasnarized. Figure
7C shows a proximty head 530 with an excitation chanber 568 to plasmari ze
the treatnent gas supplied by gas line 540. The proximty head is coupl ed
to an RF generator 573, as described in Figure 5A. The substrate support
520 is grounded. Figure 7D shows anot R&r enbodi nent with the proximty head
530 grounded and the substrate support coupled to an RF power supply 570,
as descrifbed iHiguFé g@rsaoxﬁsAanotkie?&}nbEd’hgmntewﬁh ahewsmity heltb §30” rotating asuséct | onal
di agram of a n rrier. or |iner d|111vler 20 deposited o Iir’legéSUbS” te 810.

At the edie ??fees@idnﬂﬁsg'ﬁlﬁﬂ cOf BFAUESAL &3F ISCHPRICH AP A8 IS | i ner
| ayer 82(5408&{3@9,0&%&&6 tblﬂséegndt&f%@ Xty NeaB €30 TAE vabuusehhd 965 8241sb S
deposited, the proximty is noved towards |l eft to deposit another section
822, whi chuple®iol thpyends shei psprimity head 9AT y. Section 823 fol | ows section 822,
and section 824 follows section 823, and so on. At the other edge of the

subst r at 470} h&igte 6B thowramenbadimens taf s betiam AicgophihetRoximity Hepd 738 DO |

f or med. e = isncr ease
to gr owe 8 3A° IO PleRRRlyhcBl 3 R RO R ka1 ROGIES AL RA AL
subst r at ewithoa ipbirdep of ighetijestivi haleh 2 T. i é‘he Iaag@emantddndrshapelsiqﬁ@as iragotion m ght
need to he pre-treate trate surface or

Cubst r a A0UR PLehST P e & AR ghelly RARRIFS Otet PEFpl B Mofip " °
proxi m t yand erdpes ))f infcBéd Relby@imtalpriexised. t Jh dieaa{bedimenr) dicOinjepiat hdat a0 ment
proximty head(s) can be integrated in one single oce chanmher to
conpl et e%’ﬁiﬁ@“‘dé’ﬁ‘6§i“¥‘?"6ﬁlﬁéﬂ?f PuRY H‘étrfflleﬁtu‘ S0 AlICERHIVLY 5 SRAIRIE B° be

deposi t edolidtid @vol &t MoB 36w Bf infRUEK holSs)Ghktédd of e, aME imjedtionGiolds@Rbe SUCh
as Ru, the substrate can be pre- treated to clean the substrate surface or

the substsiggaedgF Faicke @éfhbbéldar dhe sbapee af the ipieetipay holgsrran bgrrpgide squsFe. ALD
deposi ti %xagt%ﬁ 1%?%&@?% DOMfe (ﬁxﬁxﬁ{ ty s %@g%btﬂmacduﬂﬁhéade%roal 3ol

deposi tion e substrat can” be post treated to prepare the
surface feonpledpytbe vauon Chayvels Sdé,pﬁiélomlb@ﬁl sidas of thei gag) ingectionl headt S0 d+ latthis
dep05|t|on/tr t € t d with
S Dare oA RAARIRE sy 8 UGS (8 ol M SRl L ORIE
substr at Eheﬁdb():amnatsh ba usﬂdu rﬁdtarﬂayweijr t]ae eixts of vacutmdaddseion aanil d03lepcemtecoad heads

over the s bstrate 61 reat ne roxi mt i s used. t

pretreat ® §°‘§’i5°o§?er ?ﬂlgl SSSF 58% Sué‘iol"ﬁg?g %aéﬁﬂl?g“(i“r@ﬁ?f‘% 28 §oWiyi rﬁg%pare
the substgialigit§ Heh 680 @ FRluk: BE! Wead deRepRs0Above tiyr ReRis GRBodinknt E
surface of substrate 610, there is a reaction 17 vaolune 660, The substrate
surface HEPRURY fieads &rspifens SeamsnEcap alsoibe applicd & P‘i?ém”ﬁf'yg}fé‘%ssfo? ALPon 670. Next
to pre-treatnent {Erom mty head 620 is_an ALDl proximty head 630 used to
deposi t d7Hat Aerddiigefo prcinge Shyets wrder agrpdity fisac IO ICAR £5° Reéad 630

i's an ALLR,-BE Q¥dvaid proRigaY r@é@t@@@a@l tHeQuB SRS iukrfae. m@@fe dresiBivs Anchiddtic
substrat After the |1 nér %er is deposited, the substrate is

post - t r ealrewing of h proxingty keas Plﬁ?ﬁsir‘iieiQ“E% substrate 5 ), avitiras actee Sifges F7908
surface f f f theadgient is
perfor méR%S&ggﬁggtlé? %:e%fﬁ)!%?o pro ?lkr’ﬁ‘tdt %heg%#lgég(fw eﬁgcét?@gtgg t%?om mty
head nov essrf&cecﬁ]@nmhalsmmtratc 58 g atulslmnétmahomﬂfe psonifmiy deaddS30dyH dviset(matat ment

and deposj urface. nment epOs tio an occur

si mul tanéb%? '%‘proﬁmgl@ﬁﬁe égé 15 S?e‘*]‘%?%‘ﬁ@ berI}gc#'aé]fcan?%meﬁ%ﬁ?téﬁ%% “be used to
make t he oxim es of erialsn but not
T t e 0081 (A diud hanky oo S RRRG Sy Aon oA Frermly £ mhehlnetBas "o
t r eat nenthe@R&RSBIly Skislad %ﬁ a|'l‘l3t fikehe3Figliro A shhawe aPieHitnity Aekidcido* lwifhed haote,
quartz woul d be a suitable material [7 e enbodi nent shown in Figure

7]
9A i s on|fglarawté§a#p% exgtation ehgmber S6f V‘r@%ngﬁ%ﬁta“ﬁrl oxt ¢ PRt HB ke FatHent

deposi ti QRs BEBX Mk tr¥atheRthas RS (ROMMLRAL k@RRe ANBwRIR BiRsschabortRaIP! €,
there codld be a surface treatnent after the bather |ayer is deposited and

bef or e t herfakepgrssimanbernafsotpgefomedeyith alaear or pitiguiicletd B Ve g¥siisd gps. dfigise 7 Rent
with a surface treatnent between two deposition steps. Inter-treatnent
proximty head 635 is inserted between ALDL proximty head 630 and ALD2
proxi mty head 640.



[78] Proximty head surface treatnent chanber can be integrated with other
deposition, substrate cleaning, or treatnment systen(s) to conplete copper

i nt erconnect deposition. Proximty head for ALD also can be integrated with
anot her proximty head for ALD or CVD, and proximty heads for
pre-treatnment and post-treatnent in the sane ALD deposition chanber to
conplete the barrier/liner layer deposition. [79] The gap di stance between
the proxinmty head and the substrate flér surface treatnent is small is

bet ween about 5 nmto about 10 nm The gap distance between the proximty
head and shives 8 pbximiag Read F30¥#Y wAh @ Ihanges Fa3owhieh den be adasdecmn Vi kghk ess

than 5 mm such as 1 nm .Th di stance between the different proximt
head and SSHfi5&t'f 4t E"Cétﬁ?cf“a%mg%f%%géo wicte &eérﬁ?trr:feaggaai fferent proxi mpty headg

inthe c er. .[80] Proximty head can al so pbe used tg depgsit thin film
by net hogzgﬂt s 651339 BV e és?atmﬁpbsasp?a&wagwﬂéZ& . CHiRBe G ShRrs &
deposi t gr&lRity Gadd 59RAth SeReitioh @RarhleYBB3 fd pliBmaritS e WeaGRRPEL sipkd Ng, the

t hi ckness of bather |ayer and/or seed |ayer on _the substrate surface needs
to be thitykeasdmaghis olbaveximity heprbistconpled &9 py RE)2anesias Pddgrs deserited itopper

pl ati ng. re%l 1 | I ad ' : ALD
pr oxi m tyﬁ%‘%gﬁp)ﬁ%gﬁ %%tﬁgg%rgg%bo?%‘?dﬁg%?r?lg%%l %ﬁ]n%ﬁrﬁ%é@g@?gﬁﬁ?@%%éosi t ed,
a | ess coriflothwgiroxduily heak 30 aperdedaand ke sibploae segpottacoupled éase Rfhgowehi ckness

of the tqtal her,_ | r. and liner layer(s) to |ower the sheet resistivity
to enabl é“@%ﬁ%@é’ agﬂﬁfﬁe&m%ﬁgﬁg@i gure 9C shows a proximty head 655 that
can be u t Q. depgsit_ a D r pl asma- enhanced . filmw t.h reactant A
oot B on AL BiglfoR 3hiwSa SelerkRl RuBRIRaGT ARG o3 in bairdt B e IGRE 200 4
pr e- t r eat§IB ikpgaitek bk tybshead 10 AlAD thar @ié of tubstkead]0, arsnptlskeioneil e tHin

proximty head. Mny t .0f conbj nations are possipble. For ex | e,

oat -t r e JEERT BN {osFb B0 45 HEROT BRIeE DS AR Bk o AGEE St Bt i

pre-t r eatdapatited, AP lprtiity Nis t oved adwadid AER 1o Aldpdsifafoth@estetion §02.t WRich _
conbi nati on_can be pre-treatnent, ALD1, CvD, and Eosttreat ment, as shown in

Fi gure 9mverigps Fpctiongizl eslightly. s Sestionz823 ellos Fectien & 3 adcyerinm &34 follows
I nt er conngGiongbs Uk s %n.m@gl@i%gﬁlr SRS il sBbsfrhf:, thﬁ%p?sﬁfoﬁy%%es@%s Shd yeture

700 has an opening 705, an ined with a bather |aye n opti onal

| i ner | ayemplegohinTie §H&tinéarmedy by ong2gbadichens, sehstrata Py ha3gen preFiragteddo 7A ar e
used as S t j Lt ] ossible that there is only one
%‘%&%&Qgé ﬁ‘; a%/rgx'rﬁihf%é’«?rf dnY Sinkberack tSuljfat%e.p y

si ngl e bather or copper 1ntérconnect. Both the barrier |ayer 720

and the Il4xner ,l e j t b . 2N ther | ayer
720, and [?ﬂe Iﬁsﬁ&e{%[lsf%%g%%’ 3§g€8§§{eet§qﬁy%gﬁ%ggr“§%‘e§ g%lgif&t pﬁgerh%d%%ath%%knesses
of | ayer dayéRGigtrichedBO @y @e-geated taicledrothmsebsstaiedutfhe @tto pedpareahé edisuwate. The

t hi ckness _af each, | ayer is ween, abo 10 Ato out 50. A, T t ot al

{hi cknes SuHs it dpPEHiRet Algh I Enadter dm el ° Lt Bl Tl 96 A o
about 10@reftmen{ Gdkinkiey hexanpdnd/or pds-thatnidne brdxaiiey hdatils)ican dbQhkkerdfedAn Of TaN

bat her layer, The liner layer 730 is about 20 A(gf Ru liner |ayer. The TBL
i s about OB SREl PIocess chamberiasGomplsls e dapopEPheRd, tpiant PIgesteoorey 2, which

i's too hisghkirhRrto 60BEREitd vAtH Nhin KarSEra8er, 88 ST, bid Qiinéﬁ%)e?ﬁ%{ictﬁ&% 10
to about 10 O is needed for copper plating process. By adding anot her
about 60 the sbstrate enn herpgetieafed to ggaarthe substrate pface Redie splstptstspcipeeycapbe t he

barrier/| kélﬁéatédal/oeggep&%?‘ﬂhg.sgﬁ PRI ALD 18 oﬁ mﬁ‘%“:]&iséuséd%ove. %ﬁeé"@g' d be

| ow enou or cop ati ngfj1 w t hout a ec¢trol ess copper see yer.
Pl ease ndgepositivat the Himer laj¢ri depositianp thefsubstmtediurfact candppmstegitzateddp prepathe | i ner
| ayer (or, bather [ri er

Ther ef or é},’e % 3?eef°:r§ p?f%%%elgg la[yg}c @%%gf%‘}t %nags? ?a?‘fa@gegr#%%rgeg%@:ﬁ%%%gi ure to
i ncr ease chéigbdr otha lsubsdatei ie phd-tree@sd, ldays@ited with a barrier layer and a liner layer, and
post-treated. Figure 9A shows a substrate 610 with a plurality of proximity treatment and
deposition heads over the substrate 610. Pre-treatment proximity head 620 is used to pre-
treat the substrate surface either to remove impurities or to prepare the substrate surface for

ALD. Between the proximity head 620 and the surface of substrate 610, there is a reaction



19 thickness TBL' over the substrate surface to | ower the sheet resistivity
to be between about 1 O to about 10 O for copper plating. In one
enbodi ment, the total thickness TBL': is between about 60 A to about 200 A
Vari ous net hods can be used to deposit a barrier layer or liner layer to
i ncrease the thickness. The nethods include, but not Iimted to, CVD and
physi cal vapor deposition (PVD). [84] As described above in Figure 9C,
proximty head can al so be used to depdsit a chem cal vapor deposition
(CvD) film CVD filmdeposited by using a proximty in a fashion simlar to
the proxivalume @400 Ukpestistrat ufhdeobelév eheéMaktnowdiliithé Yo eadn etiveproisegr at ed
with surfacge TL‘u eat nent and fil m depqgsition tools_using proxi n(‘ijésy heads. CVD
@-t O

processestaYt t i it pmenhre ity heprbo200s g MdH RsOepity hgp ustthe of

process GoB&idki abarriet hyOnéh @EBAMAARN Wfiel e AAPCHIRintiBMREE 85V G ANTL
bet ween about 250C to about 400C. |In another enbodi nént, the tenperature

range i s PHEEMEE headhest(r ussd ocdenysialadiser Bgecon tha subraraenbdiérntbe linerthger iy ocess

pressure i . - . i r eat nent
e can GEPosBE) RANAAR pdy kel Suulh Qerdle Eualy G BRI AS Bardd 22 20
bet ween tstifacs fbis toppeesesd idyac demmsigion Haloswing. ache phstreaxiend is\petfemetdftacd ng t he

substrate i s_hetween about about 10.mm .in one enbodinent. In

anot her é’ﬁ%fs)u(ﬁa r(r}rnee\rllﬁf?mf(wgg'&?ﬁ&iﬁgwbte[g%@ﬁoué%%fm%y H?ﬁﬁt%o‘é?ﬁéﬁﬂuew acrody5] Such
a CVD pr abd pitisiyatb sadaczan adngileth @renienqhid @8pdaftdn tsuffaddre The Rfc@heni bivd
head(s), ALD proximty head(s), .or post-treatnent proximty head(s) to
per f or m SERASItORPECCETPY AR QU SHRHBATOUSIN AT 1 CA4EEhosi tion in one singl e
chanber . %any t ypes of combinations are possible. Using the exanple in
shown i nflguMany GRes §f prisaals st hsiisd to sigke thsdrerdmity headet Fheatxamales pf oxi mity
head 750 g midebdis REcRide bl hol BRfed RO sthiflesdGRASithhiAG (ALORY gﬁ:ﬁ&, SiyGha an
ALD2 proximty head 770 for depositing a |iner over the barrier layer, a
CVD pr oxiSiticpy. ertreqtments gasesd sysbgis tHradNids, leat hiayaehort radieal lifetrhe, opent by a

post-tregﬁoqﬁagea%%lmng% ;head 790 for post-treatment, as shown in Figure
10B. [8 There 1s a wafer area pressure (Pwap) in the reaction vol une.

For surf t : : P , .S r apout 100
ort to Mot TG0 et (B ds Bihnf DA only P el opteof ek @RRteRlnll ) oo
bet ween abmirmityl Beadnwioh rdepesitadmoprioxiznifjohead. V@ther cambiaatme sselpess®lap Fon t he

reaction_yol need 0_be.greater than chanber pressur. P to
control %mﬁﬂ’ N Oeu?d %er %%uéﬁg%gfaﬁgﬁrgr?gg%e E@gﬁrs a¥é§1 englgefj%ﬁgpe g’ieﬁ'&f’ut ly

hi gher t depositior gfrties lindrelapdr. tFigury SBUsHWS WiliPerhbvdimdns wiged strface QrRbin@ht t he
chanber pressure. 20. [8%)]S EiB%ure 11A shows an gg%gdi msgdﬁ of a process

f1 ow 1108967 YOI HiPs s (It iegingent propimily hogdh 83315 dpseited batgesndPlhe used
to treat paRimityRad 680 SASLDA bR RG@s4@Nd is not limted to barrier/liner
| ayer deposition pre-treatnent or post-treatnent. At step 1101, a proximty
head for [myr f BeRintifyeRadRG#fadeStrdatrAge dhARRY RarRbS UlSdridd Qith Tdiiker Rleposittht ¥ head
is placed over a region of substrate surface that needs surface treatnent.
The regi S¥PSHYE efleaning, (oF droalipgnd FyPemee 48 Goatplesh Copmer oftemogRack dgpesiiod. Fi gur e
9B, Whi CBdxSnidNHE R RS his§Ra BL i Rty i fof fipgensed on
t he subst?ate surfaclé. At sst ep 118§?gr?ﬁg%?§12&e;to%§?£gas Egat%1 j;OZAS‘sDZgIeto
treat th€Vaylead prkinityhchdclor pe-tepatmeang dndoprfsbireatméns it theatmre AfDydeposigon

di spense e t syrface to activate the treatnent gas. The

treat nen?hag%g;@acr?ﬁ@%?ee@l%%%% eé?arjiﬁﬁﬁ %’F"%&"“a hot-filament in an excitation
chanber cribe ve. . The treatnment gas, c al so he.excited by UV or by
Y o i SR R N R e R e R e o

After the dnalict emicegalsout S r@%Go bibeht 10 hemt MaalgaR QistagesSbdiwedh he prsaainon t he
regi on OI‘ t. he subs{)rate s_urfﬂée at step 1105. Afterwards, a questjon of

whet her D$7d 384 dhegbyrste dprive 2 ehanges fﬁfﬁ% sige & sifeaidis ipsy fhap grmmssugh ped  at

step 1107 .mhf ThEQaplisiRse hebwedhale diffeRft @&%ﬁ@m@ BEPGRRRatk SufdcBeangd. | f
the answer is "no", the next treatnent location is identifies at step 1109.

The pr oc8iflsrenhon difterait pxingtyplicadseia shesghapmbary 01
[80] Proximity head can also be used to deposit thin film by methods other than ALD.

For example, proximity head can be used to deposit a chemical vapor deposition (CVD) film.



[88] The surface treatnent process using the proximty head can be
conducted over a w de range of process conditions. In one enbodi nent, the
process tenperature range between about roomtenperature to about 400C
When the surface proximty head is integrated with ALD proximty head in

t he sane process chanber, the tenperature range i s between 150C to about
400C. I n another enbodi nent, the tenperature range is between 250C to about
350C. In one enbodinent, the process pBessure is between about 10 mTorr to
about 10 Torr. The vacuum ng of treatnent gas can be performed by turbo
punp capdlol eoppier plating vhendjickesd off bartier lafy@AHndfot grerl daykd Bn siivosubstaate aurfaceli ment
of a process flow.1120 for pre-treating a.sybstrat urface, depositing a
bar £ or 155 GRdhick prowef tq Bl e et finPg S Phibobpe 1SRG Aby

post - t I et VD Groxitfing HAILaRbE irferhd & h8 cRaribed GAHSAICD PRaXShityhéAa (YU lAlrep| €
proximty heads for treatnent and deposition. At step 1121, a substrate is
pl aced i rheacbermak baripylines 1ayeis)as ideposied. gy less ‘Fﬁﬂf‘i}mﬁbgé@ biggr layer cache

treat nentae,?&f{eéﬁo%éfeagc% thldGeR df i fohal éﬁ&iep 9% fHdt IYneP%gﬁ?])atﬁ oWdafed 1N a
sequence of pre-treatnent proximty head, ALD’| proxi mty head, ALD2

proxi m t ypheeeedistivitytofendtlospgedplatigpost -t reat ment proxinity head. At step
1123, a pretreatnent proximty head is noved above a region on the

subst r at §8Hur Fawe Hhshows s prdxamisy bead-655 Bat tandmtugehto deposger® P feplamat he

regi on Orf]:nlgar}lgeds épﬁgﬁﬁﬁ %itﬁli!ée{c%% A aﬁ‘& S(;[ne su?iéltrza% 610 Sﬁ‘lﬁ DélL CWIPXrIorrllrrgl h@g dis
noved above a'reégron on thé substrate surtace and a arrief f{ay ri

deposi t edamhlsd beinteggitahprerehirensprbsintigtead WIapwxinfity Isdadpor b AreatmienAL D2
proximty head is d above_.a region on the substrate surface and a |iner
Cayer i s PERTBLY hEe oMany IRee B GRmBH=tes 2y BUFRIE o FOLPFIRE. PRI AEWRL 120,
post - t r eatifRntior BE Q¥ddall e @AALDS TIRYICeaBRY ?reatréa&ﬂér@,nAD,Dl tpR&imi#P hitddat e
surface and a surface post-treatnent is perforned at the region on the
subst r at 8r/gy ARPE areecdqde (Orthe gombingtinaan & PEsHISAHEIMhALI h WA Rng fpost-
deposi ti Qi@ S44HLRRE: FfRgENt has been reached is asked. If the answer

is "yes", the deposition and surface treatnent in the chanber is conpleted.
T, the agsyer pigdre UK shdbd sBHANCIRY sdhERLIENIAGROS B oo #
identified at step 1133. Afterwards, the process cycle returns to step 803
t 0 under gustraieYd0pThe nfaseonnedt siyane 70 by anepening 23, padis limpd weth a bpg®] Fi gur e
11C sho ﬁp‘? ' te o . : 0 t.] bstrate
surfac eﬁ%@%ﬂésr ?g%dgg&blglt%{]lg?erﬁg@éﬁiﬁég ?%Ygge}?g%éﬁhr%ngayg{@?ﬁg ?%ul?en@y | ayer
on t he sulestsedbeesunpleaac\ltefmativayadisippsylds that thest is oglyt dve sgighesharddrdaysur f ace

inapro chamber with i pl I OXi m heads. for treatnment an

opostt G0 TuSOREE ent gty ot B Baaf Y 19 B Tne e PR RhoPceq 1
a chanbenbywaLD. aspkeéibathi thy wri@r RyeMTIly daeans liher 730 hafcaaepdsit@iabyediD and
deposi tion. The[[@ﬁlrality of proximty heads are BI %{ed in a sequence of

pr e- t r eaPFRSATSCH ISR fipkhtssss, of Agvers 170G%eA P9 grerride Unikrpparpisk e sifyf e ad, and
fol | owed thyura PRt hicRAdsiRRtead BXEMst derb@RA0abolt 16 R ABR8.5093 PI'Bre dofapat ment
proximty head is noved above a region on the substrate surface and a

surface preknessdTerhohbarrisr lnyarngd Haar layer ishetvreary kgt dhArtnabanihed Aat e surf ace.
At step 1155, an ALD1 groxi'm'ty head i s nmoved above the regj on on the
subst r at é83ur Faexamplg. the bawigelaysraplBs gbgu of Ty bagrier lagery d§E Hperdayet he
substr at r , Al L 0 FoSoi ve a
regi on oﬁg’? éggﬁglgt}re%ft%& @lﬂ}rr #é/?:g 'Iét%(rj‘l" -0k ﬁg{@%%@éiSggeggesggr@e)%%gtt@?%e

regi on ombdthd081b6a LAt ,ewlsich fsaoe high Bi kopier plagpe. 1 ASdeetaeGiigyroddbetvety head
is noved above_the regi on the substrate surface apd apother |iner |ayer
s deposPbel 14 (REPHEAPGH draveret oE SURACLPlaiRs et PAPILRE fiothes $900%

post - t r eghnept RRAhdMideY 14)RAUNd BidTRNEH rARAVIE) b8e beGieAIn?NayeRewsHPBE r at e
surface and a surface post-treatnent is performed at the region on the
subst r at @baurlf 8¢ e to Apous tldp 1L.6@d would bs tiow enarghviiee copper phdngndithpfut an

deposi ti nd surface treatpment has.been.re ed.| ed, |f,t.he answer
o v yes HeoRBeRampudifeet 106 Pitle MESonFEE B SO IR M S b REST DT et e
| f the afigaier iager (BObarrieiclxfery R géfoningasd céppendesd tiyédnpgaisting. Therfat ehdrs

identified at 22 )
1s a need to deposit another layer 740 over the feature to increase the total barriet/liner layer



step 1165. Afterwards, the process cycle returns to step 1153 to undergoes
t he pretreat ment/ ALDUALD2/ post-treatment cycle. [92] The surface
pre-treatnent and the bather | ayer deposition being perforned in the sane
chanber reduces process tinme and protecting the pre-treated substrate
surface from bei ng contam nated or being non-active before the bather |ayer
is deposited. Surface posttreatnent and the liner |ayer deposition being
performed in the sane chanber al so redlces process tine. [93] In addition,
not every proximty heads in the process chanber needs to be used for

pr ocessi npickiees Tax angylties subitrape sxface et loeat the shaaotesinbégad bé betweanzbouypes of

substrate th retreatment - proximty head cap nove across the_substrate
with A_LDléfpr‘tS’xﬁ%Hﬁ‘tfﬁFFZa&?f E’)g‘ Fﬁ?%&_ QRerfaahpdimeny the, ital; thickpesy dipr 1s
proxi m t Yherdidh aBut 60 BBkt 200K, | Parttius RRARAL At DR RpSsit 4 GAKERNer
proximty head. [94] Once the substrate conpletes processing i1 n the

i nt egr at ed ey kyerdo drceaseriba thighngsd e Pessinetheds isglades bpt &aidimitgd to.HeVIBaed in
Fi gures > te is ready for electrol ess deposition (ELD)
My 808 vl dbiiSpETDE

of coppe er ubstrate should not be exposed to oxygen or

ot her co m nan SEf f e it .

hi gh- qualr[?t er)w%e%e??%q%ggag g‘t%glpié&ﬁrsee%% ﬁg&raﬂrl @ ﬁlﬂgﬁac ia\gs\r(/)elgecg%tﬁ r%l {égo Ita"hd

i mted ehpomal eappo depogiion (CVIY)dilpr. oCdE) filthelepasittdbg usingm pmaiming mant s, t he
substrat houl.d.be transferred rocessed in, c ol | ed. envi ronpent
Such aa. APPRINTPY i 2 ReEr G oA ERRSPGa Gy o (o PROvTEd AR 1P B | her
gas. [ 9Shtefrh@urvathl dAFa6d @d@man SaDGIEH B&dkitioh téblP 196 BfoxihidhdaddO Cfp

depositing a bather | ayer, an optional liner |ayer, an_ el ectrol ess copper
seed | aydFooesiy Using ol oyt head gagybe cppducier) Oven 4 wiide caigherit PESSHICt Ur e.

The barrighdilioser et &iodRRdrt Oma | prbdeBe fentpddt@ire e HRAASH BGud F5080 10
i ntegrated chanber that has the process capability of surface treatnent. At

step 120Bboyt0hde mpether embpditaenti the dempasrtaieargazeci diersenvibort 30 @de at ed
surface LbGRIIZBH, %%e‘ %@o(ﬁﬁfgfﬁ? He! p%l:esﬁ%ﬁ%ﬁl%cig bg%gc@%}ﬁ?l TBH% b s??%?t ed

surface treatnent ALD deposition c er uses proximty hea
surf ace tTomatlhevacumingiif Dredimpobgasicambe sdrfoemedbotibe puynprrepabde ef acieving

i nt egrat i.oR ~Of tinpl r.0Cessi heads in, one processing. cha r.. [96]
A step. 19030 AR RRER TSR RS, ul BRI T RI L B Bt
Wi th i nt ey attedats lis beweert nbmit Memin &ndbotk DOdamMOHi bhoBmbeditle@osint attat her

| ayer and liner |ayer with surface treatnment before and/or

%n optignal %

after filMH 8@5‘5@’5?’ CFAP 198550 ABGH, S RPLNFOOU BN o substrate surface before
filmde itign, s as the one shogwn in Figure 1A is pretreated to

b epar o SR s SR SO AT T BRSO FEmsG: PR e Pher

cl eaned tALIb @roXVRitE UELdE) Lo prt-aBARRM SroRimidy! RAIE@F toMbdribr fubStdidTBifacgas to

i ncrease deposition grown_sites, as described above. In one enbodi nent,
subst r at éredipepnard §im depositipneinceitneipgle fbambare, Mant lypss of semhinetians xae of

Figure 1Aqsqaul @sihgnﬁb&%ﬂle% bhwielt FigurD Y., { BoBRE Rt 8in QXS ggl;be et al

oxi de can be renoved by an Ar sputtering process, g plasma procesS using a
f | uor i ne{xeatment proxigutydsad e AEDNPSximgity headr 766 ferclapasitingi adrarrist ldyot, hn

Al ternati i £l eghrd i . ' ight: need to
be pl as mﬂ%ﬁ%gﬂogglﬁ%yghﬁggﬁ gaf'élgd%é%ggg t?1 ishci)n(rglI g?#ggé tB %%F%r%aff%r\’/é 3(5(1?1%9 %%tft y, as
descr i bedeabBddor daposismmanoliar hinalayes\felloweslibyla mst-tfaipera ptaximeity hag 890 such

as Ru, m_ght be needed before.co deposition. For other barrier |ayer,
such as ,poftﬁtéeafrp?{‘grasf’lg m%‘ ‘?P@%t be needed. In one enbodi nent, the

20 A to dH0ut THB e HRE R AL fore 18 U PSSR CPIBTE ik AL SPRERE: | per
layer i s sh@t Wepro-cRanUR, 203 i) the rale W aBAR 1H0 mTorr to about 10 Torr. In another
embodiment of ALD, Py, is in the range between about 100 mTorr to about 2 Torr. Wafer
area pressure Py, in the reaction volume needs to be greater than chamber pressure (Pehamper)
to control Pugp. Chamber pressure (Pehamber) needs to be at least slightly higher than the

pressure of the vacuum purnp that is used to control the chamber pressure.



[97] After the barrier layer and the optional |iner |ayer are deposited,
the substrate can be post-treated, as descri bed above, to renove surface
contam nants or to prepare the substrate surface copper seed | ayer
deposition. Therefore, the integrated chanber can include a proximty head
for post-treatnment. In one enbodinent, the barrier |layer is hydrogen-plasma
treated to produce a netal-rich surface on the Ta, TaN, or Ru layer to
provide a catalytic surface for the sdf8sequent copper seed deposition step.
[98] At step 1205, the substrate is noved into a copper seed | ayer

deposi ti qB7kc hdigyes 11 Ashotsem ditfbdiment oﬁpwcesm I E¥fefor trsatﬂmgptbsisubstdatel n one

enbodi nent, . t he_t hi ckne of the cqpper see r .is en _apout 25 Ato
about 200uace nToGBPRRSS %g’??’b% k?f‘e’r'ﬁeg tgﬁr@att WYCWH%éES'&SH?tﬁ “%)%ﬁpg? B8y | ayer
i s bet wegiiniadaoidt bapierAin01ag&0dbposkféh Pre-thdatrfdie of pBadicARiHnt. Wae;te@»ommr aseed

| ayer is deposited by an el ectrol ess process. The thick copper bulk fill

process dEPKIBEY dephLdrisuefagsytraatment dt plagtdeabove @pwbitiation ThEPISFINbBedss or by
an el ect rpchen 6al rc?iloﬁ-tof Euggsﬁﬁgé‘&rf&em%éeds%&ﬁ&%m%%% Tﬁé"x% ﬁ;H%st% eis

noved to a copper-plating nber. However, if the copper ga p-f| | ayer is
deposi t edh¢)9€tEE Drocmur%l@n @19 @dﬁglbe 94 leing ﬁmre( Yptwhieheis undas gyeactpm E@Umhe

gap-fill r a S r as

t he seed qn%glr H%%{&%ﬁ %ds Heg%gl&geg%%s%%%gﬁﬁf? gg @p@g %eposﬁg 5 [ 99]
El ect r ol eb#® icogpdao trdapknrsmbstmne anthcEGRxanal vedbdre {lkmmntmmgaqo:smhspsmsd Emr a wet
process t

t r anspor ttﬁ%gebsgﬁtc ﬂ%@%ﬁvatet ﬁ‘&t &gg\é\%%r agce)gh'& krga Sﬁrgﬁ%g%? Qegﬁ’%{}]\ﬁg? h a

ri nse/ dr fdmdaby Bynahbteﬁlﬁkhym Atk it@itin dAERBE ABscEBRBIYONE.t The tdatdelpdsican, the
system needs to be filled with inert gas to ensure m ninmal s lEgﬂsure of the
X

subst r at é1¥0PeERGEDY RECBRY 1a5er- dn afdition, Ry FRaghnt gRere AP &8 pePe process

has been glayal oRRAine HebtA( gas &l dxcitddiitd rebieRer 49 i NGHePl-AGR MR REiBn BEmEassed,
i.e. dissolved oxygen is renoved by comrercially avail abl e degassi ng

syst ens. SupstQB surkec ¢f stepr bli08s s Afersesds: iaoareptiare a5 svhethar B@ ensk of e@faset in a
number of dauhmggh R HA0h&iPhREd ﬁ%tegmﬁf.elf tﬂédlanqwms %@%ﬁ@ﬁ&tﬁaﬁo a
owe tati c node, t he

substrate and 1s al toreact In a after whic

r eact ant pravess sfinished hdie dinswarisi&ahy”, dre meat tredtment. lod¢ationm no tdartifies b o@p nent |
the pr oceﬁggushals g XI m&l oceesés he fo limt the electrol ess process
liquid is only TRCORtACt. ?rﬁ(é% dte surface on allmted r egi on.

The substate urf ce.n nder t he oxi m t. 83 head i.S dr [ 101]
After copflr dBpsufiEs 8%*3“? gy gt %%fa’“f&%l el v it Vel vige

opt i onal Iryngquﬁocte@st cordithouls U ahe embaﬁﬂieﬁlg thehgrodess tdrlq:ewnderrgrgewetvmahl onal
substrate, cl eaning at step 121 er deposi t i |l ean c

acconpl i Shey rB?f“lS%‘i‘H?&“?B‘EQ@H‘%@fEb% Wff‘?f’ O’SWé% ‘Sé‘lf?gf?tf:‘g?’(“ﬁsuch as
a sol uti oQ 15 prixahidy Rehd G ieRaik PRIce@thambd, theREmpIalE ramd iChawesalso° ¢ nc.  of

Al | ent own, Pennsgl vani a. O her substrate surface cl eaning gr gcesses can

al so be u@ebout 40 62] Inpngtheperximeisviie AHMRATIUEI ARG S Bftwaers eGP i2bowdi agr am
of ‘an i nt@geat ﬁ{ioéeyéma;{zéﬁ Eh@g;}oc@és WSufd 1Q'b@'§l{;3e§)£9&ﬁqb Phrr 381050k b€

surface to oxygen or other contam nants afte at her surface preparation.

| n addi t iTon. Hierveenuinting of treatnient gagrcan belpajarmedrpy tublen muipstapatileod achieviagsf er r ed
from one Brsqc?[ss station imediately to the next process station, l[imting
the duration that the clean or treated barrier |ayer or liner |ayer surface

5502 O FRLSED TR sh LSRG AL AGYS e oy 095"
surface, depositing a barrier layer and a liner layer on the substrate surface, followed by
post-treating the substrate surface in a process chamber with multiple proximity heads for
treatment and deposition. At step 1121, a substrate is placed in a chamber with a plurality of
proximity heads for surface treatment and deposition. The plurality of proximity heads are
placed in a sequence of pre-treatment proximity head, ALDI1 proximity head, ALD2
proximity head, and followed by a post-treatment proximity head. At step 1123, a pre-

treatment proximity head is moved above a region on the substrate surface and a surface pre-



[ 103] As described above, the pre-treatnment and post-treatnent for
barrier/liner |ayer deposition, ALD of bather and liner |ayers, and

el ectrol ess deposition of copper seed |ayer, copper gap-fill |ayer
deposition, and the optional post copper gap-fill deposition involve a

m xture of dry and wet processes. The wet processes are typically operated
near atnosphere, while the dry plasma processes are operated at less than 1
Torr. Therefore, the integrated systedineeds to be able to handle a m xture
of dry and wet processes. 25 [104] The integrated system 1250 has 2

subst r at erchunans iseperfrogied et thk2isbion amdthd 2b0strafer amter Artodep €2512bMAldnd 1257
are equipped wth robots tq nove substrate 51 fromon rocess area to
Aot her proumty nipd 5 Reved el acteRibpoer B naTel B S0t aletidiufie”
reactor, deposited QHE &lon RS kiitRtrae tshidef At seapduble, sh2BBDD praxpfiiphad iwnder
vacuum at a pressure less than about 1 Torr. Substrate transfer nodul e
1255 is OMYBH abrved ssiph or Bssubsiaesuriaceng afdiger jaygrdy fepositpdf thedeion Pat nent
and ALD, iiubftrdiSsudaSO ARRLAUSS a\HoGEFeatRGH Prikinily Ral fsSRSHE GbdveSTediBRn 1
Torr. In one enbodi nent, vacuum transfer nobdul e 1255 interfaces with a
subst r at @n| thadebstiater sushaess and g sufagespast-tyatmemis tpgriprmadgat the regibsopghe 1251
into thej r S t.o r I e 1252.
Bet ween t Igekh\gl%csglhfrgr% réﬁ étg g\ rl?gnlﬁ K ucIng&%O%S@ ‘Ié%ghe? E%S %%cf;éfg?eﬁogmﬁgg Qr?aag‘%ga%ée is a

| oadl ock tE@5@nt basalssh stachedissdsked.i dthe asserbist“lyed’e tHeedopegtont el atrffiospheri c

cassette 1252 and the ,vacuumtransfe | e 1255,.which is operated under
Cacuam atcanspLdl ina cRba T SRRl or BodieC g hismont { okt JRERTHES
processi ngatelanpositadbsicledt ideaired.at stop 1E3%aMTteewartld, thdRocudsicleat@m2S1 is to
be transferrgg fromthe atnospheric_cassette 1252 to the vacuum transfer
modul e 15%B 8U8 fendprgess thepigrireptment 8L g A passirpaimenticylenei ng brought to be

at nospheric to allow the substrate 1251 to be transferred fromthe

at mosphe?¥ cHigges HE shows ap gmbeiment of p peqeessiiow 1140 far prerfreatingasybsitate 1251 i s
in the | QagleCHepbsdifidg %%:ﬁé?ela)l'e?,ﬁéi Hia&k1aflQObAP hndtﬁercﬂrfétis- ®Fer biiend Qd-ack 1253

is punped to be in vacuumto allow the substrate 1251 to be transferred
fr om t he stigasgl PERWad BB post-tiepfing the gulsirate sndrcsrin ontedess dipgber with @Biltiple

descri be ﬁgg] L I .t 1 i t,to the
i nt egr at R sy\sffg%ﬁigélg&?%&eetp%g%g%gﬁ% rearglsﬁc:’bﬁﬁl{ Fl%ﬁ/reer@ éﬁég%gggg’raseed

| ayer, awmgbsrateapplesedgmpchdnhbier With erplurdiy dEpoxiniitycheads fot spfat@@datméntprdeess
flow 120 sybstrate 12 i.s_nove 0 process dule 1256 with a chanber
1256 for ArpptRa: Bl oD, oF pERUER. bl o8 REE TR ¥isEnbfen el PSRt on.  The
surface fprexahing htadad AL Prdx@thity @edd, IA1G2 gdepisint hedd, and® falirwearbyed posit h

proxi mty heads, such as t he oniﬁsi n Fiqure 9A. The surface treatnent

pr ocesseSCAUH HrrR hept n oL SR Sip3: &R ACE e h B BRIN R POoROWELAPPYhRd i n

Fi gure 9fegidrorthk sobisital sQERS A8 a didace [pee-BbdimORas pérRBmBE home leghkfdl dn- the [ 106]
After substrate 1251 is processed _in process chanber 1256 at step 1202, the

subst r at 8uistraie suEigeer Yt siep pled 3p L LRlegximydicad isguavediabave the B&iMgtdis copper

deposi ti gfhsahd sﬁﬁg&tﬁlﬁ%m&%yephsa&épaﬁtcﬁ Bt 84i6n VR e KRR WREacPr AEESSES.
As di scussed above, for a wet process to be integrated in a systemwth

control | egppiobessildy pmuinityheapormoved abens ¥ twaionon, thewibstmth sigtise and 2
descr i beﬂn‘giiﬁ’ s (%p&icre&?ﬁhﬂ%{bﬁ%ﬁhés%gafaté Qifgrated with a 26 rinse/dryer
r y abrlrty.

to enabl e -1 n/ -out procCess cap n addition, the system needs

to be fi d w [ t L NJ osur.e . ate to
oxygen.  Rlfent yap 130t BFD bASEIRLhGaT BheiBl SEROHE Gl ob &, SSRELCT
devel opedurfdeuahth @ngthal linef layerdis dapesited at thheegioroce $® sabsratesugfass eds step e.

di ssol ve en | s renove copnerci I ayai | abl e degassi ng systens.
qlg)l)f %gpost-éreatment proxqut}// head 1s moveg aIvae éﬁe regon on ghcgsu%stratg SUI%J.CE:
and a surface post-treatment is performed at the region on the substrate surface. At step
1163, a question of whether the end of deposition and surface treatment has been reached is

asked. If the answer is “yes”, the deposition and surface treatment in the chamber is

completed. If the answer is “no”, next region for treatment/deposition cycle is identified at



[ 107] Both ELD copper and ECP copper processing nodul es need to be
integrated with a transfer nodule with controlled anbient; therefore, the
substrate transport nodul e 1257 is operating under controll ed-anbient to
limt the exposure of substrate to oxygen or contam nants. In one

enbodi nent, the substrate transport nodule 1257 is filled with an inert gas
and operated at atnospheric pressure. Substrate 1251 is noved from

processi ng chanber 1256 to ELD copper2processi ng nodul e 1258 for copper
seed | ayer deposition, as described in steps 1205 and 1207. Afterwards, the
subst r at etet 28651 sAfrawadisi theEfidcessppyele rendid & 42HA 156 rio codp@besgde- pred |

deposition, as I in step. 1209 and 1211. After ECP gap-fill, the
subst r at éfei%i"g@ﬁfmyﬁ?ﬁﬁf&f‘ﬁ%v“-m eani ng nodul e 1261 and under goes a
substr at | eani n as descri bed i tep 1213, Hawever, the cleaning after
£CP coppeiZlae b HGh PREUCHFR e ther Rismicaye; dspaution ifve e kdan 4

I nt egr at g4ing e kaGucddir6desdTtigBtanl P Stedtitl f the bRIEdNedCluBaRR sirfiRe FrolsSt r at e.
[108] Wiile this invention has been described in terns of several

enbodi meReigg cprtaminpied e beipp perpeitve deforrathe bRwISE lays i5deepsited. t Prrfage posipon
read N9 L DRmBhEAAGhS inc AR g%@@ﬁ%ﬁ Bing DS O e AL NS Whlchs "eal | ze

various alterations, addit ernmutations and equi val ents thereof.

Ther ef or grocess ting. i nt ended that the present invention includes all such
alterations, additions, pernutations, and equivalents as fall within the
true spi {93 ahdaddgmpenafevelyeproximgptheads.in ithe prbeese lamber nedde nehe gsedrfdy or
steps do_nat inp an ar.ticul ar qrder of eration |ess. explicitly
Stated' | REHeiny 5 BRhoRo P e i ac S RES A BB FHELREEE L e Y ace
of a substatakst, proxingty ihsad¢in Mowldesdss decsubitapowith AMMILI oxiedkythead WIpIX t t he
substrate; . . roximty head configured to dispense a treatnment gas to
Creat  an PRI heslo MUCROS- BN Grroximuyp Byt ey weabpp: A% 1 fiaen s BB i m ¢ y
head, whefeakdatrhdie pRkityhea. head covers the action process region of the
substrate surface and the proximty head includes at | east one vacuum

channel {gy] pUDhcee e CRiBstidies bMBIRles PRscelsipMA tHeCRfclztRid MRt RreRBieneary t he
proximty head and the substrate, the proxi mﬁt@y{)head havi ng an excitation

chanber HePosiien 1¥siPhe Siqlledt HEnPneyds Harey 84t #d PRelentireiraiads Barndor
CZ“ Spe“Se@le&?blééa%eﬁ&hio}ﬁﬁﬂb?%?é%géﬁ&e@tﬁh 07 thOfubSart E!ﬁ)uﬁiliﬁﬁtﬂﬁ%&ﬁoslé&l tJ ace.

. The apparatus of claim rein there are two vacuum channel's, one on
each si dexysenan dteeagonigménagiistocinavmethe suiaegparmly fondepossmgngh-qgdisy 3.
The appare@ct:ti‘bﬁesgfco@??'ségdjiqe% ‘jfoezlcﬂietlg @%ﬁroh?d %ﬂflix‘ﬁﬁ?&’ &?Oglﬂg g Schg%H of 2 ndi ng
at | east "'one gas annel to dispense e treatnment gas.

protect the surface from contaminants, the substrate should be transferred or processed in
controlled environment, such as an environment under vacuum or an environment filled with

an inert gas.

[95] Figure 12A shows an embodiment of a process flow 1200 of depositing a barrier
layer, an optional liner layer, an electroless copper seed layer, and a copper gap-fill layer to
fill an interconnect structure. The barrier layer and the optional liner layer are deposited in
an integrated chamber that has the process capability of surface treatment. At step 1201, the
substrate is moved into a process chamber with integrated surface treatment and ALD
deposition. As described above, the integrated surface treatment and ALD deposition
chamber uses proximity heads for surface treatment and ALD deposition, since proximity

heads allow integration of multiple processing heads in one processing chamber.

[96] At step 1203, the substrate surface is processed in the process chamber with
integrated surface treatment and ALD deposition to deposit a barrier layer and an optional

liner layer with surface treatment before and/or after film deposition. In one embodiment,



4. The apparatus of claim1l1, wherein the treatnment gas is selected forma
group consisting of H2, NH3, NF3, NH4F, 02, and N2. 5. The apparatus of
claim4, wherein the treatnment gas is diluted by an inert gas. 6. The
apparatus of claiml1l, wherein the treatnent gas is excited by a
hot-filament, by laser, by ultra-violent (UY), or by plasma. 7. A nethod
of treatnent a substrate surface, conprising: noving a proximty head
for surface treatnent above a substral®, wherein the proximty head has at
| east one gas channel configured to dispense a treatnment gas on a region of
t he substiieadubstsas futee befoes ﬁrm))dépdsitixon,hmhl abae o aabwheiaﬁglmﬂeAyacprwn

channel used.to vacuum exces reat as.fro aCIIO

under neatFAEhL BEBYT :‘j?et%‘rfgl“eea%’ H’&‘ﬁ‘&r e 1??’85%5‘% t Cef 5r°”56rr‘ﬁ {9 eat ment
coveri ng rdhdvel REh@ coRfardif@tsSeHdalcat Wics W ide@sRnt ga%&o increase ﬁé;fdsitlbﬂ%r

treatment gas in an excitation chanber of the proximty head before the

t r eat menditgfads descrified sborce dn one embodimgftoniberate fisfase pkibe att@w@lme@tafeaiureand
di spensi gg.Ht RGuEXGI 108H of K g?ﬁ; BN oda%a Wbkl 8x1B8d AL iR SURSITAIRL. surface

to treat the substrate su
The metal oxide can be removed by an Ar sputtering process, a plasma process using a

fluorine-containing gas, such as NF;, CFq4, or a combination of both. Alternatively, the
dielectric surfaces of openings 114, 116 might need to be plasma treated to increase
deposition sites to improve film quality, as described above. For some barrier layer, such as
TaN, a liner layer, such as Ru, might be needed before copper deposition. For other barrier
layer, such as Ru, the liner layer might not be needed. In one embodiment, the barrier layer
is TaN and the thickness of the barrier layer is between about 20 A to about 200 A. The liner
layer is Ru and the thickness of the liner layer is between about 20 A to about 200 A,

[97]1 After the barrier layer and the optional liner layer are deposited, the substrate can be
post-treated, as described above, to remove surface contaminants or to prepare the substrate
surface copper seed layer deposition. Therefore, the integrated chamber can include a
proximity head for post-treatment. In one embodiment, the barrier layer is hydrogen-plasma
treated to produce a metal-rich surface on the Ta, TaN, or Ru layer to provide a catalytic

surface for the subsequent copper seed deposition step.

[98] At step 1205, the substrate is moved into a copper seed layer deposition chamber. At
step 1207, a copper seed layer is deposited. In one embodiment, the thickness of the copper
seed layer is between about 25 A to about 200 A. In another embodiment, the thickness of
the copper seed layer is between about 50 A to about 100 A. In one embodiment, the copper
seed layer is deposited by an electroless process. The thick copper bulk fill process can be
deposited by an electroless deposition (ELD) process or by an electrochemical plating (ECP)
process. At step 1209, the substrate is moved to a copper-plating chamber. However, if the
copper gap-fill layer is deposited by ELD, this step can be skipped (optional step), since the
gap-fill layer deposition will be done in the same processing chamber as the seed layer. At

step 1211, a copper gap fill layer is deposited.

[99] Electroless copper deposition and ECP are well-known wet process. For a wet

process to be integrated in a system with controlled processing and transporting



8. The nmethod of claim7, wherein the surface treatnent

is used to renopve

surface inpurities prior to the deposition of a filmon the substrate. 9.

The nmethod of claim 7, wherein the surface treatnent

initial

deposition sites for an ALD of a barrier |ayer for copper.

met hod of claim7, wherein the surface treatnent is perforned on a

deposited |iner

| ayer to be deposited, or to renpve c@htanmi nants on the deposited |

| ayer pr

ior to the deposition of a copper seed layer. 11. A chanber

is used to increase

10. The
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[100] The electroless deposition process can be carried out in a number of ways, such as
puddle-plating, where fluid is dispensed onto a substrate and is allowed to react in a static
mode, after which the reactants are removed and discarded, or reclaimed. In another
embodiment, the process uses a proximity process head to limit the electroless process liquid
is only in contact with the substrate surface on a limited region. The substrate surface not

under the proximity process head is dry.

[101] After copper deposition at steps 1207 and 1211, the substrate can be optionally
moved into a substrate cleaning chamber to undergo an optional substrate cleaning at step
1213. Post-copper-deposition clean can be accomplished by using a brush scrub clean with a
chemical solution, such as a solution containing CP72B supplied by Air Products and
Chemical, Inc. of Allentown, Pennsylvania. Other substrate surface cleaning processes can

also be used.

[102] Figure I2B shows an embodiment of a schematic diagram of an integrated system
750 that allows minimal exposure of substrate surface to oxygen or other contaminants after
barrier surface preparation. In addition, since it is an integrated system, the substrate is
transferred from one process station immediately to the next process station, limiting the
duration that the clean or treated barrier layer or liner layer surface is exposed to oxygen.
The integrated system 1250 can be used to process substrate(s) through the process sequence
of flow 1200 of Figure 12A.

[103] As described above, the pre-treatment and post-treatment for barrier/liner layer
deposition, ALD of barrier and liner layers, and electroless deposition of copper seed layer,
copper gap-fill layer deposition, and the optional post copper gap-fill deposition involve a
mixture of dry and wet processes. The wet processes are typically operated near atmosphere,
while the dry plasma processes are operated at less than 1 Torr. Therefore, the integrated

system needs to be able to handle a mixture of dry and wet processes.



12. The apparatus of claim 11, further conpri sing: a second proximty
head for substrate surface treatnent configured to di spense a second
treatment gas to treat a portion of the surface of the substrate under the
first proximty head for substrate surface treatnent; and 29 a
second proximty head for ALD configured to sequentially dispensing a
second reactant gas and a second purging gas to deposit a second ALD film
under the second proximity head for ARD. 13. The apparatus of claim 11,
wherein the first proximty head for substrate surface treatnent is used to
per f or m d16dir fThe dnegrit nentembé2¥) a2 aubsteate tthesfeubsitlnlat 6255 awpdzi7t ed with

i o e eples 0265 and B TRREREb OGP fBle By s BISGRE T ot Fomh nor o
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claim12, wherein th econd proximty head for substrate surface treatnent
i s used tFFEr P’o?r‘}?ﬁ?‘%ﬁgff ‘E?é“ﬁ? SEnHEnh rodle o259 He BRI e YasuwBpYs? t ed

wi th the psa6as deshlahnf aidom 1 Torr. Substrate transfer module 1255 is coupled to a process
chamber 1256 for integrated surface treatment and ALD, which is also operated under
vacuum, at a pressure less than 1 Torr. In one embodiment, vacuum transfer module 1255
interfaces with a substrate loader (or substrate cassette) 1252 to bring the substrate 1251 into
the integrated system or to return the substrate to the cassette 1252. Between the vacuum
transfer module 1255 and the cassette 1252, there is a loadlock 1253 to assist transferring the
substrate between the atmospheric cassette 1252 and the vacuum transfer module 1255,
which is operated under vacuum at a pressure compatible with processing chamber(s), such
as processing chamber 1256, attached. For example, if the substrate 1251 is to be transferred
from the atmospheric cassette 1252 to the vacuum transfer module 1255, the pressure of the
loadlock 1253 is first being brought to be atmospheric to allow the substrate 1251 to be
transferred from the atmospheric cassette 1252 to the loadlock 1253. After the substrate
1251 is in the loadlock 1253 and the loadlock door(s) is closed, the loadlock 1253 is pumped
to be in vacuum to allow the substrate 1251 to be transferred from the loadlock 1253 to the

vacuum transfer module 1255.

[105] As described above in process flow 1200, the substrate 1251 is brought to the
integrated system 1250 to deposit barrier/liner layer(s) and copper seed layer, and a copper
gap-fill layer. As described in step 1201 of process flow 1200, substrate 1251 is moved to
process module 1256 with a chamber 1256 for integrated surface treatment and ALD
barrier/liner deposition. The surface treatment and ALD barriet/liner deposition are
performed with proximity heads, such as the ones in Figure 9A. The surface treatment
processes, ALD barrier deposition, and ALD liner deposition described in Figure 9A are all

dry processes and are all operated below 1 Torr.

[106] After substrate 1251 is processed in process chamber 1256 at step 1202, the substrate
is ready for ELD copper seed layer deposition. Electroless copper deposition and electro-
chemical plating (ECP) are well-known wet processes. As discussed above, for a wet
process to be integrated in a system with controlled processing and transporting

environment, which has been described above, the reactor needs to be integrated with a



17. The apparatus of claim 12, wherein the first proximty head for ALD is
pl aced next to the first proximty head for substrate surface treatnent,
the second proximty head for ALD being placed next to the first proximty
head for ALD, and the second proximty head for substrate surface treatnent
bei ng placed next to the second proximty head for ALD. 18. The apparatus
for claim17, wherein the first proximty head for substrate surface
treatment is used to performa pre-tréatment before filmdeposition on the
substrate, the first proximty head for ALD being used to deposit a barrier
| ayer f orrined@tprerr to anhlle sleemyrltyonioproerss yaphbi&w f mraddition hibe wgstas eceds o beposi t a

l'iner nd the econd RER ead for Strate surface
tr eat ment sl iEEPRS o Bl b SRRy B bl PRy, 234N £ e

and the I1m/dqr~odt jeetrolbsi cmgpeiegm&si @ak beehUevdlbgedappathat,usl Niide hwdnihjtﬂe
wherein the firsé react ant qs%is a barrler tal -con alnlgg¢reactant or a
react ant PHEESSHRHC 8555 Le- Firelyestoxyasrds repvRd Py eopmpreiady ayallable degasting ni ng
react ant gystgfs. 20. The apparatus of claim 12, wherein the second reactant
gas is a riner-netalcontaining reactant or a reactant gas that forma liner

layer wi trioAheolt FEb « @lmd?BOP%b engrdc@@&tgqmdules%éed A BEhLReAalwies f or m ng
surface treat nent and I m e OSI ion on a substrate in a processi ng

chamber , t@BFpi medule) with Contml}?lde?éﬂh@t,t herefouh Sha abetrite, trppRpoxy rlmﬁéksl?ﬁ@ ithanber
ULh 2, Pogialh Yl QLRI Rt AT (U AGG LEUARAL BT
porti on ebntamigahist aone esibofiacet, ﬂmubsu@tearaps;@rltm@hlﬂa@iﬂ ipfilded wittt an ihetd above
a region ggsn aB %pgrlzjl eﬁt e{taé[ltx%og lflenc pressure Substrate 1251 is moved from processing
chamber 1256 to ELD copper processing module 1258 for copper seed layer deposition, as
described in steps 1205 and 1207. Afterwards, the substrate 1251 is moved to ECP copper
module 12359 for copper gap-fill deposition, as described in step 1209 and 1211. After ECP
gap-fill, the substrate 1251 could be moved into a cleaning module 1261 and undergoes a |
substrate cleaning, as described in step 1213. However, the cleaning after ECP copper

deposition is optional. The ECP processing module has an integrated rinse/dry, which might

have sufficiently cleaned the substrate.

[108] 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.



performng a surface pre-treatnment with the pre-treatnment proximty head at
the region on the substrate surface; novi ng an atom c | ayer
deposition 1 (ALDl) proximty head above the region on the substrate
surface; and depositing a barrier |layer for copper with the ALD 1
proximty head at the region on the substrate surface. 22. The nethod of
claim 21, further conprising: nmovi ng an atom c | ayer deposition 2
(ALD2) proximty head above the regi oB’on the substrate surface;
depositing a liner layer for copper with the ALD2 proximty head at the
region on the substrate surface; nmovCngidspost-treatmnment proxinmty head
above a region on the substrate surface; and performng a surface
post-treatnment with the post-treatnent proximty head at the region on the

substratq, surf@G@paratus for treating a surface of a substrate, comprising;

a substrate support configured to support the substrate;

a proximity head configured to dispense a treatment gas to treat an active process
region of a substrate surface under the proximity head, wherein the proximity head covers
the action process region of the substrate surface and the proximity head includes at least one
vacuum channel to pull excess treaiment gas from a reaction volume between the proximity
head and the substrate, the proximity head having an excitation chamber to excite the
treatment gas before the treatment gas being dispensed on the active process region portion

of the substrate surface.

2. The apparatus of claim I, wherein there are two vacuum channels, one on each side

of at least one gas channel to dispense the treatment gas.

3. The apparatus of claim 1, wherein there is one vacuum channel surrounding at least

one gas channel to dispense the treatment gas.

4. The apparatus of claim 1, wherein the treatment gas is selected form a group

consisting of H;, NH3, NF3, NH4F, O, and Na.
5. The apparatus of claim 4, wherein the treatment gas is diluted by an inert gas.

6. The apparatus of claim 1, wherein the treatment gas is excited by a hot-filament, by

laser, by ultra-violent (UV), or by plasma.

7. A method of treatment a substrate surface, comprising:

moving a proximity head for surface treatment above a substrate, wherein the
proximity head has at least one gas channel configured to dispense a treatment gas on a
region of the substrate surface, the proximity head having at least one vacuum channel used
to vacuum excess treatment gas {rom a reaction volume underneath the proximity head, and

the proximity head for surface treatment covering the region of the substrate surface;



31 23. The nethod of claim 21, wherein the surface pre-treatnent is used
to renove surface inpurities prior to the deposition of the bather |ayer or
to increase initial deposition sites for the barrier |layer deposited with
ALDl1 proximty head. 24. The nethod of claim 22, wherein the surface
post-treatnent is performed on the liner |layer for copper to enhance

nucl eation for an el ectrol ess copper seed |ayer to be deposited. 25. The
net hod of claim 21, wherein the surfaé® pre-treatnent and the bather |ayer
deposition are perforned in the sane chanber to reduce process tine and to
prot ect the pexdtingdheteaimbritgasireasencitaienn dhephernéithegprovmityrtieadbefaredhe bei ng
non- act i . | ay: i ' e . A net hod of
depositiﬁgmgg%ﬁéﬁg%ﬂgmgﬁggﬁ?gfggﬁ%?f%%%%ggi%hﬁgy%éﬁﬁect in an integrated
system conpri,sSing. - Vi he rate i.nt r sin anber
navi g a_ ol or Sepdiging e cxgidGe0l 86 SRS RN oS b Bo Rl EBSb BN heads
bei ng contibsguteadfios. perf orm at | east one of surface treatnments and atomc

| ayer depositions (ALDs), the processing chanber being part of the
integrated system and within the processing chanber, perform ng, barrier

| ayer deposition over a surface of the substrate using one of the plurality
of proxi @ity Meadsitfodndtdam Nogwhaecipahd etfacharcament isayed tdlrBnodnshrface

novi ng the supstrate fromthe prqcessing chanber, through a transfer nodul e
of the iHW@ﬁﬁﬁ?86“§9§F6WP%WHmﬁﬁﬁg&QOBﬁﬁﬁgggpﬁb nodul e for perforning copper
seed | ayer deposition, the processing nodule for perform ng copper seed

| ayer deposition being part of the integrated system and within the
Processi g Mol ¢ b2 SORLE T DersRPBE iR ubaBHEN SR dfas PRI ™ O

deposition sites for an ALD of a barrier layer for copper.

10.  The method of claim 7, wherein the surface treatment is performed on a deposited
liner layer to enhance nucleation for an electroless copper seed layer to be deposited, or to
remove contaminants on the deposited liner layer prior to the deposition of a copper seed

layer.

11. A chamber for performing surface treatment and film deposition, comprising:

a first proximity head for substrate surface treatment configured to dispense a first
treatment gas to treat a portion of a surface of a substrate under the first proximity head for
substrate surface treatment; and

a first proximity head for atomic layer deposition (ALD) configured to sequentially
dispensing a first reactant gas and a first purging gas to deposit a first ALD film under the

second proximity head for ALD.

12.  The apparatus of claim 11, further comprising:
a second proximity head for substrate surface treatment configured to dispense a
second treatment gas to treat a portion of the surface of the substrate under the first

proximity head for substrate surface treatment; and



copper seed | ayer deposition over the surface of the substrate,

wherein the integrated system enables controll ed-anbient transitions within
the integrated systemto limt exposure of the substrate to uncontrolled
anbi ent conditions outside of the integrated system 27. The nmethod of
claim 26, further conprising: 32 novi ng the substrate fromthe
processi ng nodul e for perform ng copper seed | ayer deposition, through the
transfer nodule of the integrated sys€8mand into a processing nodul e for
perform ng copper gap-fill layer deposition, the processing nodule for

per f or m ng coépﬁé@ﬂgaﬁoﬁimﬁy Head) & Alleld cwnfigured esaqyenpially dispertsing 4 stcenyt at ed
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| ayer depositi ayer pog? t he
copper seeskihaybeadddr A®. substrate; and novi ng the substrate fromthe
processi ng nodul e for perform ng copper gap-fill |ayer deposition, through

the transfer nodule of the integrated systemand into a processing nodul e

for perfasm ngheupsdritad 6f El@ani NGherbilahd Tk Ge&iindy &S hibdrResdRET NY
substrate cl eaning being part of the integrated system and within the

processi MGAFsALISESed fo B g bustace dgpiment befiee fos afipmie substrate is deposited
with the first ALD film.

14.  The apparatus of claim 11, wherein the first ALD film is a barrier layer for copper.
15.  The apparatus of claim 12, wherein the second ALD film is a liner layer for copper.

16.  The apparatus of claim 12, wherein the second proximity head for substrate surface
treatment is used to perform a surface treatment after the substrate is deposited with the
second ALD film.

17. The apparatus of claim 12, wherein the first proximity head for ALD is placed next to
the first proximity head for substrate surface treatment, the second proximity head for ALD
being placed next to the first proximity head for ALD, and the second proximity head for

substrate surface treatment being placed next to the second proximity head for ALD.

18.  The apparatus for claim 17, wherein the first proximity head for substrate surface
treatment is used to perform a pre-treatment before film deposition on the substrate, the first
proximity head for ALD being used to deposit a barrier layer for copper, the second
proximity head for ALD being used to deposit a liner layer for copper, and the second
proximity head for substrate surface treatment being used to perform a post-treatment after

the barrier layer and the liner layer being deposited.

19.  The apparatus of claim 11, wherein the first reactant gas is a barrier-metal-containing

reactant or a reactant gas that form a barrier layer with the barrier-metal-containing reactant.



cl eaning of the substrate after the copper gap-fill |ayer deposition has
been perfornmed. 28. The nethod of claim 26, further conprising:

perform ng surface pre-treatnment over the surface of the substrate using
one of the plurality of proximty heads functioning to perform surface
pre-treatnent in the processing chanber before the barrier |ayer

deposition. 29. The nethod of claim28, wherein the surface pre-treatnent
is performed over the surface of the 3%bstrate to renove contaminants or to
activate the surface of the substrate for the barrier |ayer deposition.

30. The €t hodhefappiratupn of sclaimydghatheieinhei sqcapd reactant gay finanling-rhdtdder | ayer

deposi ti %gm?l\ﬁg{rg &&%an*?s,}} Eg%glgﬁ—%’ s efde f&.fﬁ?a ?i#grs%%e?tyﬂthufﬁls e algcf,onEa%ﬁﬁ in the

plurality o oxi mt nct1 oni ng formTiner Tayer

pr ocessi meactianber, and perform ng surface post-treatnent over the
surface of the substrate using one of the plurality of proximty heads

functioning to performsurface post-treatnent in the processing chanber

after t h%l.l N’ m!et%Xg of ggr%)rrsnljlggl Stface treatment and film deposition on a substrate in a

processing chamber, comprising:

placing the substrate in the processing chamber with a plurality of proximity heads
for surface treatment and film deposition, wherein each of the plurality of proximity head

covers a portion of a substrate surface;
moving a pre-treatment proximity head above a region on the substrate surface;

performing a surface pre-treatment with the pre-treatment proximity head at the

region on the substrate surface;

moving an atomic layer deposition 1 (ALD1) proximity head above the region on the

substrate surface; and

depositing a barrier layer for copper with the ALD 1 proximity head at the region on

the substrate surface.

22.  The method of claim 21, further comprising:

moving an atomic layer deposition 2 (ALD2) proximity head above the region on the

substrate surface;

depositing a liner layer for copper with the ALD2 proximity head at the region on the

substrate surface;
moving a post-treatment proximity head above a region on the substrate surface; and

performing a surface post-treatment with the post-treatment proximity head at the

region on the substrate surface.



33 31. The nethod of claim30, wherein the surface post-treatnent is
performed over the surface of the substrate to renbve contam nants or to
activate the surface of the substrate in preparation for the copper seed

| ayer deposition. 32. The nethod of claim26, wherein the filnms deposited
on the substrate for copper interconnect in the integrated systemwth
limted exposure to uncontroll ed anbient conditions outside the integrated
system i nprove el ectro-nigration (EM 3performance for copper interconnect.
33. An integrated systemfor depositing filns on a substrate for copper

i nt er conrféct , Teemstiod ohglaim 21, whegpithe serase mep-Ctrmerd is wrad ingmaveswifaad | ty of
proxi mt : I.m L. -heing. f.or

U face fPRaraarrariotl &odirpthe balf N oF e RE AT BN SR e BE,

t ransf er thplutier lgeugddpesitedovithhsLIpt posessiyigadhanmber, the vacuum transfer
nodul e being used to transfer the substrate in the integrated system a
processi ng nodul e for copper seed | ayer deposition; a
control |l ed-anbi ent transfer nodul e coupled to the processing nodul e for
copper sedd | ahemethopobclbino?l, wdnckin the surface post-treatment is performed on the liner

layer for copper to enhance nucleation for an electroless copper seed layer to be deposited.

25.  The method of claim 21, wherein the surface pre-treatment and the barrier layer
deposition are performed in the same chamber to reduce process time and to protect the pre-
treated substrate surface from being contaminated or being non-active before the barrier

layer is deposited.

26. A method of depositing films on a substrate for copper interconnect in an integrated
system, comprising:
moving the substrate into a processing chamber having a plurality of proximity
heads, selected ones of the proximity heads being configured to perform at least one of
surface treatments and atomic layer depositions (ALDs), the processing chamber being part
of the integrated system, and within the processing chamber, performing,
barrier layer deposition over a surface of the substrate using one of the
plurality of proximity heads functioning to perform barrier layer ALD; and
moving the substrate from the processing chamber, through a transfer module of the
integrated system and into a processing module for performing copper seed layer deposition,
the processing module for performing copper seed layer deposition being part of the
integrated system, and within the processing module for performing copper seed layer
deposition, performing,
copper seed layer deposition over the surface of the substrate,
wherein the integrated system enables controlled-ambient transitions within the
integrated system to limit exposure of the substrate to uncontrolled ambient conditions

outside of the integrated system.

27.  The method of claim 26, further comprising:



a | oadl ock coupled to the vacuumtransfer nodule and to the
control | ed-anbi ent transfer nodul e, the | oadl ock being used to assi st
transferring the substrate between the vacuumtransfer nodule and to the
control |l ed-anbient transfer nodul e, wherein the integrated system enables
control | ed-anbient transitions within the integrated systemto limt
exposure of the substrate to uncontrolled anbi ent conditions outside of the
integrated system 34. The integrated2system of claim33, further

conpri si ng: a processing nodul e for copper gap-fill |ayer deposition,
which is coupMEuhEthﬁ@m@@ﬂﬁmmiﬂ@dwmwbhemmomﬂaﬁxﬁeﬁbmﬁdyb@xmanﬁdlmmr a

processi co
controll reagp&ﬁgll ﬁygf%haﬁlgf er Sl% % (',}' @19 “i“i‘%%‘a%ﬁts §FT ed‘l my%taeqﬁo%qsmgg ai m 33,
furt her aomiplei $émgerforBdng copper agapeﬁs dhyes d&pbmﬁ@i dthagpffob@sﬁgl baibdilé efobef or e

d aft th bstrate ocessed in th rated systen. and
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cassette and the vacuum transfer
copper gap-fill layer deposmon over the copper seed layer of the substrate;
and
moving the substrate from the processing module for performing copper gap-fill layer
deposition, through the transfer module of the integrated system and into a processing
module for performing substrate cleaning, the processing module for performing substrate
cleaning being part of the integrated system, and within the processing module for substrate
cleaning, performing,

cleaning of the substrate after the copper gap-fill layer deposition has been
performed.

28.  The method of claim 26, further comprising:
performing surface pre-treatment over the surface of the substrate using one of the
plurality of proximity heads functioning to perform surface pre-treatment in the processing

chamber before the barrier layer deposition.

29. The method of claim 28, wherein the surface pre-treatment is performed over the
surface of the substrate to remove contaminants or to activate the surface of the substrate for

the barrier layer deposition.

30.  The method of claim 28, further comprising:

performing liner layer deposition over the barrier layer of the substrate using one of
the plurality of proximity heads functioning to perform liner layer ALD in the processing
chamber, and

performing surface post-treatment over the surface of the substrate using one of the
plurality of proximity heads functioning to perform surface post-treatment in the processing

chamber after the liner layer deposition.



36. The integrated systemof claim 33, wherein one of the proximty heads
Is used to deposit an ALD bather |ayer for copper interconnect. 37. The
i ntegrated system of claim 33, wherein one of the proximty heads is used
to deposit an ALD liner |ayer for copper interconnect. 38. The integrated
system of claim 33, wherein one of the proximty heads is used to perform
surface pre-treatnent before ALDs, and another one of the proximty heads
is used to perform surface post-treatﬁ%nt after ALDs. 39. The integrated

system of claim 33, wherein the sel ected ones of the proximty heads
i ncl udes 3& pr&he methpd 16 slaim 3P, whereiacthe pyrgace pegttrpatment i prrfoxned ever eead f or
bat her | L m _ | . tmty
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cont r ol | ecbpanatiorefot thercapyet ered daydudapositich.t he processi ng nodul e for perform ng
copper seed | ayer deposition are filled with an inert gas to limt the
exposure of the substrate to oxygen.

32.  The method of claim 26, wherein the films deposited on the substrate for copper

interconnect in the integrated system with limited exposure to unconftrolled ambient
conditions outside the integrated system improve electro-migration (EM) performance for

copper interconnect.

33. An integrated system for depositing films on a substrate for copper interconnect,
comprising:

a processing chamber having a plurality of proximity heads, selected ones of the
proximity heads being used for surface treatments and atomic layer depositions (ALDs);

a vacuum transfer module coupled to the processing chamber, the vacuum transfer
module being used to transfer the substrate in the integrated system;

a processing module for copper seed layer deposition;

a controlled-ambient transfer module coupled to the processing module for copper
seed layer deposition; and

a loadlock coupled to the vacuum transfer module and to the controlled-ambient
transfer module, the loadlock being used to assist transferring the substrate between the
vacuum transfer module and to the controlled-ambient transfer module, wherein the
integrated system enables controlled-ambient transitions within the integrated system to limit
exposure of the substrate to uncontrolled ambient conditions outside of the integrated

system.

34.  The integrated system of claim 33, further comprising:

a processing module for copper gap-fill layer deposition, which is coupled to the
controlled-ambient transfer module; and

a processing module for substrate cleaning, which is coupled to the controlied-

ambient transfer module.

35.  The integrated system of claim 33, further comprising:



34

a cassette for holding the substrate before and after the substrate being processed in
the integrated system; and

a loadlock coupled to the cassette and to the vacuum transfer module, the loadlock
being used to assist transferring the substrate between the cassette and the vacuum transfer

module.

36.  The integrated system of claim 33, wherein one of the proximity heads is used to

deposit an ALD barrier layer for copper interconnect.

37.  The integrated system of claim 33, wherein one of the proximity heads is used to

deposit an ALD liner layer for copper interconnect.

38.  The integrated system of claim 33, wherein one of the proximity heads is used to
perform surface pre-treatment before ALDs, and another one of the proximity heads is used

to perform surface post-treatment after ALDs,

39.  The integrated system of claim 33, wherein the selected ones of the proximity heads
includes a proximity head for surface pre-treatment, a proximity head for barrier layer ALD,

a proximity head for liner layer ALD, and a proximity head for surface post-treatment.

40.  The method of claim 33, wherein the controlled-ambient transfer module and the
processing module for performing copper seed layer deposition are filled with an inert gas to

limit the exposure of the substrate to oxygen.



