Ther mal Met hods for C eani ng Post-CWVP Waf ers BACKGROUND OF THE | NVENTI ON
Field of the Invention [O011lThe present invention relates generally to the
field of sem conductor device fabrication and nore particularly to wafer

cl eaning. Description of the Prior Art 1021Sem conductor devices,

i ncl udi ng the Back-End of Line (BEoL) interconnect structures thereof,

i ncl ude conductive lines and other features that are fornmed from copper.
During sem conductor device fabrication on a wafer, the copper is typically
deposited within trenches or vias defined in a dielectric |ayer. The copper
and dielectric |ayers ar hen planatized t rQVi ac,snmoot h and pl anar
surface on which %Ugi’aé'ﬁ'é‘iMe%ﬁgthBgFa?%eﬁ%ﬁ'QK@gm#rﬁet hod for

pl anari zing is chem cal mechanical planarization (CW). CMP processes

typically | eave a residue on the exposed surface of the wafer that nust be
removed prior to the forBACKGROUNDUOEAHEINVENYBON.

Field of the Invention

[01]  The present invention relates generally to the field of semiconductor device fabrication

and more particularly to wafer cleaning.

Description of the Prior Art

[02]  Semiconductor devices, including the Back-End of Line (BEoL) interconnect structures
thereof, include conductive lines and other features that are formed from copper. During
semiconductor device fabrication on a wafer, the copper is typically deposited within trenches or
vias defined in a dielectric layer. The copper and dielectric layers are then planarized to provide
a smooth and planar surface on which to deposit additional layers. A common method for
planarizing is chemical mechanical planarization (CMP). CMP processes typically leave a
residue on the exposed surface of the wafer that must be removed prior to the formation of
subsequent layers.

(03)  Typical approaches to removing the CMP residue involve washing the wafer. For
example, the wafer can be washed first in an acidic solution and then in a basic solution, or first
in a basic solution followed by an acidic solution. However, these methods are disadvantageous
as they tend to remove copper, leaving the copper features recessed with respect to the
surrounding dielectric layer. Other methods for removing the CMP residue expose the wafer to
an energetic plasma to etch away the residue.

[04]  What is provided by the present invention are novel methods for removing CMP residue

that do not harm either the exposed copper or the dielectric layer.



[03} Typi cal approaches to renoving the CMP residue involve washing the

waf er. For exanple, the wafer can be washed first in an acidic solution and
then in a basic solution, or first in a basic solution foll owed by an
acidic solution. However, these nethods are di sadvantageous as they tend to
remove copper, |eaving the copper features recessed with respect to the
surrounding dielectric layer. O her nethods for renoving the CVP residue
expose the wafer to an energetic plasma to etch away the residue. 1041Wat
is provided by the present invention are novel nmethods for renoving CWP
residue that do not harm either thg\qxp d copper or the dielectric |ayer.
SUMVARY 1051An exenpl ary post-CWP cl eani ng met hod conprises treating a
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oxidizing environment can include treating the wafer in an atmosphere comprising O, or O
while treating the wafer in the reducing environment can include treating the wafer in an
atmosphere comprising H,. The method can further comprise treating the wafer with a basic
solution prior to treating the wafer in the oxidizing environment. The basic solution can have a
pH in the range of about 8 to about 11, for example, and in some embodiments comprises
tetramethyl ammonium hydroxide.

[06]  The present invention also provides a method for cleaning a post-CMP wafer that
includes a conductive feature having a Cu,O surface layer. This exemplary method comprises
oxidizing the Cu,O surface layer in a first gas-phase environment to form a CuQ surface layer,
then reducing the CuO surface layer in a second gas-phase environment to elemental Cu.
Oxidizing the Cu,O surface layer can comprise treating the wafer in an atmosphere including O,
or O3 at a temperature above about 100°C, while reducing the CuO surface layer can comprise
treating the wafer in an atmosphere including H; at a temperature above about 100°C. The
method can further comprise substantially removing a residue layer with a basic solution prior to
oxidizing the Cu,0 surface layer.

(071 Another method of the invention is directed to selectively forming a capping layer over a
conductive feature of a wafer. This exemplary method comprises cleaning the wafer and
forming the capping layer selectively over the conductive feature by electroless deposition. In

this method, cleaning the wafer can include oxidizing a Cu,O surface layer of the conductive



at nosphere conprising H2. The nethod can further conprise treating the
wafer with a basic solution prior to treating the wafer in the oxidizing
envi ronnment. The basic solution can have a pHin the range of about 8 to
about 11, for exanple, and in sone enbodi nents conprises tetranethyl
ammoni um hydr oxi de. 1061The present invention also provides a nethod for

cl eaning a post-CWVP wafer that includes a conductive feature having a Cu20
surface layer. This exenplary nethod conprises oxidizing the Cu20 surface
| ayer in a first gas-phase environnent to forma CuO surface |ayer, then
reduci n ' - ' to
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in an a sph i ncl udi H2 a enperature above about 100C. The net hod
can fur%ﬂgﬁgéaﬁ§?¥ygm§ﬁ€§gaﬁffgﬁﬁ§m%%hnving a residue layer with a basic
solution prior to oxidizing the Cu20 surface |ayer. 1071Anot her method of
the invention is directed to selectively formng a capping |ayer over a
conductive feature of a wafer. This exenplary nethod conprises cleaning the
wafer and form ng the capping | ayer selectively over the conductive feature
by el ectrol ess deposition. In this method, cleaning the wafer can include
oxi di zing a Cu20 surface |ayer of the conductive feature in a first

gas- phase environnment to forma CuO surface | ayer, then reducing the CuO
surface |layer in a second gas-phase environnent to elenental Cu. In sone
enbodi ments, the capping | ayer conprises cobalt or a cobalt alloy.



BRI EF DESCRI PTI ON OF DRAWNGS [081FIG 1 is a cross-section view of a

post - CM? waf er

i ncludi ng a conductive feature disposed within a dielectric

layer. [091FIG 2 is a cross-section view of the top portion of the
conductive feature of FIG I. [mai FIG 3 is a flowchart representati on of
a nmethod for cleaning the post-CW° wafer of FIG 1 according to an _
enbodi ment of the present invention. 10111 FIG 4 is a cross-section view
of the top portion of the conductive feature shown in FIG 2 follow ng
treatnment in an oxidizing environnment according to an enbodi nrent of the

present invention. [0121p/4 Dﬁsbﬁliﬁ_‘{lgl@éﬁ'ﬁl?&w&&s"i ew of the top portion
own In

of the conductive feature s

(08]  FIG. 1 is a cross-section view of a post-CMP wafer including a conductive feature

disposed within a dielectric layer.

[09]  FIG. 2 is a cross-section view of the top portion of the conductive feature of FIG. 1.

[010]  FIG. 3 is a flow-chart representation of a method for cleaning the post-CMP wafer of

FIG. 1 according to an embodiment of the present invention.

[0o11]  FIG. 4 is a cross-section view of the top portion of the conductive feature shown in FIG.

2 following treatment in an oxidizing environment according to an embodiment of the present

invention.

[012] FIG. 5 is a cross-section view of the top portion of the conductive feature shown in FIG.

3 following treatment in a reducing environment according to an embodiment of the present

invention.

[013]  FIG. 6 is a cross-section view of a wafer including a capping layer selectively disposed

on a conductive feature according to an embodiment of the present invention.



3 following treatnment in a reduci ng environnent according to an enbodi nent
of the present invention. 10131 FIG 6 is a cross-section view of a wafer

i ncluding a capping | ayer selectively disposed on a conductive feature
according to an enbodi nent of the present invention. DETAILED DESCRI PTI ON
OF THE | NVENTI ON t 0141 The present invention provides nethods for cleaning
sem conduct or wafers follow ng chem cal nechani cal polishing. An exenplary
nmet hod exposes a wafer to a thermal treatnment in an oxidizing environnment
followed by a thermal treatnment in a reducing environnent. The therma

treatment in the OXIﬁhﬂﬁ@ﬁﬁ@smp@f@Nt@Fﬁ-H’ﬁmgﬁTﬁ@N dues and oxi di zes
exposed copper surfaces to forma cupric oxide layer. The thernal treatnent
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copper. This | eaves the exposed copper clean and in condition for further
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view of a wafer 100 follow ng a chenical nechani cal polishing (CW)
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inhibitors, which are typically copper-organic complexes. The residue layer 130 should be
removed as completely as possible prior to further processing, such as electroless deposition on
the conductive feature 120.

[016]  The dielectric layer 110 can comprise SiO; or a low dielectric constant (“low-k”) material
that has a dielectric constant less than that of SiO,. Such low-k materials, especially those with
dielectric constants lower than 3, are increasingly favored in semiconductor device fabrication as
they impart superior electrical properties to the finished devices. Examples of suitable low-k
materials include fluorosilicate glass (FSG), organosilicate glass (OSG), and highly porous SiO,.
(017)  The conductive feature 120 can be a conductive line or via made of copper, for example.
Although only one conductive feature 120 is shown in FIG. 1, the conductive feature 120 is used

to represent the large number of conductive features that are typically present on a wafer 100.



10181 FIG 2 shows an enlarged view of a top portion of the conductive
feature 120 in FIG 1. The residue |ayer 130 has been omtted fromFI G 2
for clarity. As shown in FIG 2, when the conductive feature 120 conpri ses
copper, the CVWP process | eaves the conductive feature 120 with a thin
surface | ayer 200 of cuprous oxide (Cu20). [019] FIG 3 is a flowchart
representation of an exenplary nethod 300 for cleaning the wafer 100 to
remove the residue |layer 130. The nethod conprises optionally treating 310
the wafer 100 with a basic solution, treating 320 the wafer in a gas-phase
oxi di zi enviyonent, and treati 330..t he waf er i.n sr-phase., rreduci ng
envir onﬁ)gﬂt Wfﬁégégwsga’élsefl %f‘%gé”'ewi Or%n iq%pa oétéori(ﬁé ectoﬁ(tj-:-uc%ﬁ%%g%o 12@15 ? gf‘ 1Wi thin

opt 32%#2&%@8% ikt FRdeef R B 6 Frabia ReP R0 bR ALndEr 2 Bsh B on. 1
sone enpoail

1 [ basi | uti H of 0; it |
For b TR Bt 10 PPt PECR B R eR s e oy g RO o 0 on

conprises,tet.ranet hyl i um hydr.oxid A suitable dwell tinme in the

basi ¢ s8vlltt}jtai%8ﬂSnﬁaﬂgrayfrm?ﬁ‘ﬂ’ﬁﬂistoﬁ@ﬁzb?z dabout 30 seconds to about 2

m nutes. Treatl 310 the wafer 100 with the basic l.ution serves to
Femove. D19UpEEA AR SMOVERE BhrespieliRRol BeremR A YRhod i i StiiTrace of
the dielectric layer 110 and_the surface of the conductjve feature 120. In
sone enﬁ@@?"ﬁ%‘ﬂ?‘é",tx‘f W@ﬁw lééetr&é@t %%@etf@awg?ﬂafﬁﬁPB%}aﬂéfrs?tylgé1%ﬁdfaég’rer of the
residue | ayer 130 on both the surface of the dielectric |layer 110 and the
surface 18(1? {th 8 besmpiptiopatesatiagaiafrthe Waller inpreasphasg0ddigingien HraREhag ¢ sol uti on
does not neani n%f ully alter the Cu20 surface |ayer 200 (FIG 2). 10211

Next , t HEatRgAAY thegifsrdn ¢ pasathass reduyingpnyirPsendiHare g sasrifiseo mrstes thasther eat i ng
310 the wafer 100 with the basic solution is optional, in sone enbodi nents
t he net RBric SDDatss iithin the eyiropment isweas2s opppsehie agasaiazi ng envi ronment. An
exenpl ary oxi di zi ng_environnment conprises an atnosphere including about 1%
t o aboutf28l00d bronetbed 0 apsigrpdls beging by tsatingyphdrthe wafen! Whwith a bavic selugere 1003) |

w th the bal ance of the atnobsphere being an inert gas such as nitrogen,
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noted ot herwi se. 10221 A suitable tenperature range for the oxidizing
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in the range of about 150C to about 250C. The pressure within the oxidizing
envi r onhrdroxidanA beitagte dyrellisieieowthedrastakolatiamppéréhdse cprdémos rseboyiriOesengs ar y
pressure is about 1 Ton. A suitable dwell time in the oxidizing environnent
under t heshwuchniiutesofssating Hidabe waferi Qdurithsthe bastc somtiodeerven t¢ femovamge of about
1 mnute to about 5 mnutes. Omtting the optional treating 310 the wafer
100 wi t kulisheetid) @sition ©6thatrésatue dpyael3dl ffom the surfacs of the Hislegeic lapee! 10 dnil thes .

surface of the conductive feature 120. In some embodiments, the treatment 310 leaves
approximately a monolayer of the residue layer 130 on both the surface of the dielectric layer
110 and the surface of the conductive feature 120. Treating 310 with the basic solution does not
meaningfully alter the Cu,O surface layer 200 (FIG. 2).

[021] Next, the wafer 100 is treated 320 in an oxidizing environment. As treating 310 the
wafer 100 with the basic solution is optional, in some embodiments the method 300 begins with
treating 320 in the oxidizing environment. An exemplary oxidizing environment comprises an

atmosphere including about 1% to about 10% molecular oxygen (O,), or about 1% to about 2%



[23] Treating 320 in the oxidizing environnent serves to deconpose and

vol atilize the organic materials in the residue |layer 130. The el evated
tenperature of the oxidizing environment also serves to desorb water in the
resi due layer 130. Additionally, the oxidizing environment serves to

oxi dize the Cu20 surface |ayer 200 of the conductive feature 120. As shown
in FIG 4, the Cu20 surface layer 200 (FIG 2) is oxidized to forma cupric
oxi de (CuO surface layer 400. [24] Next, the wafer 100 is treated 330 in
a reducing environnment. An exenplary reduci ng environnment conprises an

at nosph iRl udi | ecu).ar. hydrogen (F12). The, at npsphere.can be
essenlto i §%ﬁ%§l((gﬁ’t‘71r eﬁ%gb%?ﬂf? 3 %‘ﬁ,am?)%g}beé%be&ﬁ(%r'? a5 Syfhyap ﬂl’tré’pg)?)’?’ NI ®5en wi t h
an inert gas, uch as nitgl en, helium or argon. The pressure within the
reduci n&rgerﬁviﬁ BHHEIEcT &Y B%eﬁtarcoYOhBB? Weﬁﬁﬁlﬁgfs%’f Bfc pressure. At

nor nal spher ressure, a_sujitable concentration of drogen i s about
4% At ﬁ’%ﬁgr’g 5?@*3@&?%%?&1@66%%5&0%%q ZIpg FYEORRery “‘1‘0?%; fo 3?’ Uahout 10
Ton, th sphere ¢ be entirely hydrogen. A suitable tenperature range
for t heg?ogézgi ’ﬁ%’eﬁﬁ?‘?r? fIFBIRErarEe ‘éb%[]i‘F raI‘@@%e%bBU‘alBBLﬁ tozﬁ?e‘é.%ﬁrﬁoné@ pref er abl e
tenperature is in the range of about 150C to about 250C, In sone

embodi nBIEETe Yifiln thy gxidizierayisennent ¢ag beat oftbgloN GRS ESSHE e AR NNt S
320 and 330, A suitable dwell tine in the reducing environnent under these
condi t i GHEPIALY BisHEe 1 2hauhLT et & suithi dveliimrindke 0xidizing epdrosmeRinin FI G 5,
treating 330 in the reducing environnent serves to reduce the CuO surface

| ayer 4B§S¢ep@iongys phpuy? Sichyt Fap\Rsrin Hisaange obrhoMe hmHICOFpRH S(nmpytes.

Fol lowi ng.treating 330 in the reduci ng environnment, the wafer 100 can be

f ur t her Opritieg g eptionphireating i) Be waler &I with thg basiq sodytion |geresally reguithit of a
capping | ayer on the conductive feature 120. Methods for electroless

pl at i nglBecrddsirimeand cobalt all oys are taught, for exanple in US patent
application 11/644,697 filed on Decenber 22, 2006 and entitled "El ectrol ess
Deposi t %91 ofreatisgare inahe exidizing gpviransepieras toalepdnneat nshvolatilisd ®e 684niti | ed on
August 30, 2006 and entitled "Processes and Systens for Engineering a
Copper Satefigle & theresida¢ layerilye. ke devapdporperitanof taokidgingsivigdnnat also

i ncorporated herein by reference. FIG 6 shows the wafer 100 after a

cappi ngsdresy ér Ao weses ibde mesglk bt 8| ydflitionaly, e oxidzingenduemioneseheat ur e 120
by el ectrol ess plating. Advantageously, the el enental copper surface |ayer
500 pr ote aredizeghsGpwér juofeceslayer 38@of the candectiva ddasat 129 Asrstiogn ovEIG. éftheobal t  and
cobalt alloy capping |ayers than the Cu20 surface |ayer 200. 10261 In the

f or egoi RY:GEpelrd lrpa2DOFIGt Bas briviged fodorni scupeis oxidb 6ChYistitfadediyer édice t o
specific enbodi nents thereof, but those skilled in the art wll recognize

t hat t h&241nvidext,ithimwafer Htis ireandd 3360 it hexleding envaonoes. Aeakemgsyasdicagpect s of
t he above-described invention nay be used individually or jointly. Further,
t he i nventiioomertanmixdsesitn dtpgeheterin@ndinguolearardfyd@gst (HIN MRt 3méspHere can
applications beyond those described herein w thout departing fromthe

br oader bs@sentibllaemiradyg bpkogeh, driven sqist b aattu@Rf hidiegspa 4 isat fRRuand

drawi ngs are, accordingly, to be regarded as illustrative rather than
restri chitrégen, hdllufN, MEargon. The pressure within the reducing environment can be at or below

normal atmospheric pressure. At normal atmospheric pressure, a suitable concentration of
hydrogen is about 4%. At lower pressures, such as iﬁ the range of about 1 Torr to about 10 Torr,
the atmosphere can be entirely hydrogen. A suitable temperature range for the reducing
environment is about 100°C to about 400°C. A more preferable temperature is in the range of

about 150°C to about 250°C. In some embodiments, the same temperature is maintained through



What is clainmed is: 1. A post-CMP cleaning nethod conprising: treating a
waf er in a gas-phase oxidizing environnent at a tenperature above about
100C, then treating the wafer in a gas-phase reduci ng environnment at a

t enmper ature above about 100C. 2. The nmethod of claim| wherein treating the
wafer in the oxidizing environment includes treating the wafer in an

at nosphere conprising 02. 3. The nethod of claim2 wherein the atnosphere
conpri ses between about 1%to about 10% 02. 4. The nethod of claiml
wherein treating the wafer in the oxidizing environnment includes treating

AR Nt T B R W AR R
conditions is about 1 minute to about 2 minutes.
[025] Asshown in FIG. 5, treating 330 in the reducing environment serves to reduce the CuO
surface layer 400 (FIG. 4) to a surface layer 500 of elemental copper (Cu). Following treating
330 in the reducing environment, the wafer 100 can be further processed, for example, by
selective electroless plating of a capping layer on the conductive feature 120. Methods for
electroless plating of cobalt and cobalt alloys are taught, for example in US patent application
11/644,697 filed on December 22, 2006 and entitled “Electroless Deposition of Cobalt Alloys,”
and US patent application 11/513,634 filed on August 30, 2006 and entitled “Processes and
Systems for Engineering a Copper Surface for Selective Metal Deposition” each of which is
incorporated herein by reference. FIG. 6 shows the wafer 100 after a capping layer 600 has been
selectively formed on the conductive feature 120 by electroless plating. Advantageously, the
elemental copper surface layer 500 provides a superior surface for the nucleation and growth of
cobalt and cobalt alloy capping layers than the Cu,O surface layer 200.
[026] In the foregoing specification, the invention is described with reference to specific
embodiments thereof, but those skilled in the art will recognize that the invention is not limited
thereto. Various features and aspects of the above-described invention may be used individually
or jointly. Further, the invention can be utilized in any number of environments and applications
beyond those described herein without departing from the broader spirit and scope of the
specification. The specification and drawings are, accordingly, to be regarded as illustrative

rather than restrictive.



6. The nmethod of claim1l wherein the tenperature of the oxidizing
environment is between about 150C to about 250C. 7. The nethod of claiml
wherein a pressure within the oxidizing environment is about 1 Torr. 9 8.
The met hod of claim 1l wherein treating the wafer in the oxidizing

envi ronment includes holding the wafer in the oxidizing environment for a
dwel | tinme of between about 1 mnute to about 5 mnutes. 9. The nethod of
claiml wherein treating the wafer in the reducing environnent includes
treating the wafer in an atnosphere conprising H2. 10. The nethod of claim
9 wherein the atnosphere conprises § (fpydure of H2 and an inert gas. 11.
The nmethod of claim 1l wherein a pressure within the reducing environnent is
bet ween | T to about 10 Torr. 12. The method of claiml wherein

t he tengg?§$%%gm%§lthe reduci ng environnent is between about 150C to about

250C. 1. A post-CMP cleaning method comprising:

treating a wafer in a gas-phase oxidizing environment at a temperature above about
100°C; then
treating the wafer in a gas-phase reducing environment at a temperature above about

100°C.

2. The method of claim 1 wherein treating the wafer in the oxidizing environment includes

treating the wafer in an atmosphere comprising O,.

3. The method of claim 2 wherein the atmosphere comprises between about 1% to about 10%

0,.

4. The method of claim 1 wherein treating the wafer in the oxidizing environment includes

treating the wafer in an atmosphere comprising Os.

5. The method of claim 4 wherein the atmosphere comprises between about 1% to about 2% Os.

6. The method of claim 1 wherein the temperature of the oxidizing environment is between

about 150°C to about 250°C.

7. The method of claim 1 wherein a pressure within the oxidizing environment is about 1 Torr.



13. The method of claim| wherein a tenperature of the oxidizing

envi ronnent and a tenperature reducing environnent are the sane. 14. The
met hod of claim1 wherein treating the wafer in the reducing environnent

i ncludes holding the wafer in the reducing environnment for a dwell tinme of
bet ween about | mnute to about 2 mnutes. 15. The nethod of claiml
further conprising treating the wafer with a basic solution prior to
treating the wafer in the oxidizing environnent. 16. The nethod of claim 15
wherein the basic solution has a pHin the range of about 8 to about 17.
The met hod of claim 15 wherein the basic solution conprises tetranethyl
ammoni um hydroxi de. 18. The nethod of claim 15 wherein treating the wafer
in the hasjc solution inc]Judes holding the wafer in the basic, solution for
a dwel | tgs!t ?h%m ‘%0‘3&%%1 WHOUE SHIng AoTRIE 1B BreQBtiA eI AR RS Inchides A et hod

i _ s EETHIHITEL nohdE A ot hod
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surface | aye

minute to about 5 minutes.

9. The method of claim 1 wherein treating the wafer in the reducing environment includes

treating the wafer in an atmosphere comprising H,.
10. The method of claim 9 wherein the atmosphere comprises a mixture of H, and an inert gas.

11. The method of claim 1 wherein a pressure within the reducing environment is between about

1 Torr to about 10 Torr.

12. The method of claim 1 wherein the temperature of the reducing environment is between

about 150°C to about 250°C.

13. The method of claim 1 wherein a temperature of the oxidizing environment and a

temperature reducing environment are the same.
14. The method of claim 1 wherein treating the wafer in the reducing environment includes

holding the wafer in the reducing environment for a dwell time of between about 1

minute to about 2 minutes.
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oxi di zing the Cu20 surface layer in a first gas-phase environnent to forma
CuO surface layer; then reducing the CuO surface |ayer in a second

gas- phase environnment to elenmental Cu. 20. The nethod of claim 19 wherein
the first gas-phase environnment conprises an atnosphere including 02 at a

t enper ature above about 100C. 21. The nethod of claim19 wherein the first
gas- phase environnent conprises an atnosphere including 03 at a tenperature
above about 100C. 22. The nmethod of claim 19 wherein the second gas-phase
envi ronnment conprises an atnosphere including H2 at a tenperature above

about 1 23.. Th thod of claim19 further. conprising, substantially
Fenovi nd ot el iR el el e by ST bR DUTERBIAGO t he. 20
surface | ayer. met hod ,of claim 23 wherein the basic solution has a

24. Th
pH in the 1 afgiibfe deiR B Pyeing Gpvronmeit

16. The method of claim 15 wherein the basic solution has a pH in the range of about 8 to about

11.

17. The method of claim 15 wherein the basic solution comprises tetramethyl ammonium

hydroxide.

18. The method of claim 15 wherein treating the wafer in the basic solution includes holding the
wafer in the basic solution for a dwell time of between about 30 seconds to about 2

minutes.

19. A method for cleaning a post-CMP wafer including a conductive feature having a CuO
surface layer, the method comprising:
oxidizing the Cu,0 surface layer in a first gas-phase environment to form a CuO surface
layer; then

reducing the CuO surface layer in a second gas-phase environment to elemental Cu.

20. The method of claim 19 wherein the first gas-phase environment comprises an atmosphere

including O, at a temperature above about 100°C.
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25. The nmethod of claim 23 wherein the basic solution conprises tetranethyl
ammoni um hydroxi de. 26. A nethod for selectively formng a capping | ayer
over a conductive feature of a wafer, the method conprising: cleaning the
waf er, including oxidizing a Cu20 surface |ayer of the conductive feature
in a first gas-phase environment to forma CuO surface |ayer; then

reduci ng the CuO surface |ayer in a second gas-phase environnent to Cu; and
form ng the capping |ayer selectively over the conductive feature by

el ectrol ess deposition. 27. The nethod of claim 26 wherein cleaning the

vafer [of Hikmddl didRRn 196HALE AU ALOG.E BRCHAS AULEAGS 4 AR Ld €A NG

the wafer wth a basic sol ution.

capping | ay&p GaRPo! AGSRall BveAnsaabd. & 1 oY

22. The method of claim 19 wherein the second gas-phase environment comprises an

atmosphere including H; at a temperature above about 100°C.

23. The method of claim 19 further comprising substantially removing a residue layer with a

basic solution prior to oxidizing the Cu,O surface layer.

24. The method of claim 23 wherein the basic solution has a pH in the range of about 8 to about

11.

25. The method of claim 23 wherein the basic solution comprises tetramethyl ammonium

hydroxide.

26. A method for selectively forming a capping layer over a conductive feature of a wafer, the
method comprising;
cleaning the wafer, including
oxidizing a Cu,O surface layer of the conductive feature in a first gas-phase
environment to form a CuO surface layer; then
reducing the CuO surface layer in a second gas-phase environment to Cu; and
forming the capping layer selectively over the conductive feature by electroless

deposition.
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27. The method of claim 26 wherein cleaning the wafer further includes, before oxidizing the

Cu,0 surface layer, treating the wafer with a basic solution.

28. The method of claim 26 wherein the capping layer comprises cobalt or a cobalt alloy.
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