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The present invention generally relates to the field

of fabrication of integrated circuits and, nore
particularly, to the formation of netal l|ayers over a
patterned dielectric material conprising trenches and
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characteristics in view of higher resistance against electromigration and significantly lower electrical resistivity

when compared with aluminum. In spite of these advantages, copper also exhibits a number of disadvantages
- regarding the processing and handling of copper in a semiconductor facility. For instance, copper may not be
efficiently applied onto a substrate in larger-amouats by wctl—established deposition methods, such as chemical
vapor deposition (CVD) and physical vapor deposition (PVD), and also may not be effectively patterned by the
usually employed anisotropic etch procedures, due to copper’s characteristic to form non-volatile reaction
products. In manufacturing metallization layers including copper, the so-called damascene inlaid technique is
therefore preferably used, wherein a diclectric Jayer is first applied and then patterned to define trenches and vias

therein, which are subsequently filled with the metal, such as copper.
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desired surface texture ofs the seed | ayer nay be
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process, thereby providing an efficient base |ayer for

the subsequent filling in of the bulk nmetal. In stil

ot her enbodi nents of the present invention, the

filling in of the netal, such as copper, silver and



In Figure la, a sem conductor device 100 is

illustrated and is to represent any appropriate device

that receives netal-filled features having di nensi ons

waszoarerstoyppi cal for mcrostructures. In the pees8Rkcosrs0s

enbodi nent, the sem conductor device 100 may represent
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| east one | ateral dinensien, such as a width or a
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openi ng 108. Consequently, a lateral dinension, La, in
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WD 2007/ 078790PCT/ 1JS2006/ 047603 exposed surface
portions 107A on the basis of established techniques.

In one illustrative enbodi nent, a palladi um contai ni ng
Wiplogti7erwomay be used to form the catal yti cabbyus2o06/w47603
activated area 112. In other illustrative enbodi nents,

the activation process 116 may be perforned as a
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the baS|s of avai |l abl e process tools, such as plating
reactors, spray tools and the like. The deposi tion of
the material of the layer7110 nmay, for exanple, be
controlled on the basis of a deposition rate, which
may be established in advance on the basis of test
runs, Moreover, in other illustrative enbodi nents, the
process may be controlled on the basis of the
tenperature of the environnent 117 and/or of the



a desired catalytic material is incorporated into the
| ayer 110, at least in surface portions thereof, so as
to prepare the bather layer 110 for a subsequent wet
weheni/gateodeposi ti on process for filling thepopeRiongeizcns
108 with a highly conductive netal. For exanple, the
electrolyte solution of the anbient 117 may conprise
one or nore of cobalt, silver, palladium platinum
which nmay act in a subsequent nmet al deposition
e"p"ég%‘gf"alpy’ﬁ’f’@ et epithg basiy pf wtaplished gtch@iquee Mo ckientntrgive embodiment, a
pallgfumeontiiies S@POshi Brusdfto fhe deay@ftichilyOsctritha afch @12, AR Yother ilustrative

embé‘duﬂé%&' Macaﬁ%r@?&ébﬁ glGQﬁa?%??e?ﬁ@ﬁTed & aféélgotsxhrﬁf %gc@%%rylﬁsltagce on the basis of

arri

Ct IDV 9&? in o er t% qsrm Gaggé %algesgﬁ?ygrt lg%]?}ilngcatt a%‘fpé‘ﬁte geﬁa}l;rsbgtgenal such as
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mateg g chpevided en threkpked sﬁglcepi’oeﬁﬁ!lsdusﬁl y“oee)xph;m, DRighWdi fhem and thin layer may be
forme® b HeNGEs 10 a EI‘QZU lieBhniqde, \)Mar%m tnh%n@rc%odlrgrgxtsh%r ke @R process 116, a

con'ég;?o%&:lﬁé chagxaé ﬁroc% Sf’gr %&’L‘xceaé»r %v?&r?grany Bonlam}{aatfog? ?fﬁi d)m{i:scd portions from the

rres rocesses

e c?‘oﬁfﬁ °f s %%1 FTEP PP P1oierh ‘P‘W‘éy desesipeatje risk of incorporating
ontasieat Yeing teetpalenuens plogssings In Frotex ik embodiwats, the area 112 may be

formed as a barrier layer, for instance on the basis of tantalum, tantalum nitride, titanium, titanium nitride,
tungsten, and may be formed by well-established sputter deposition techniques, wherein an appropriate catalytic
material may be incorporated into the layer 112 to enable a subsequent wet chemical deposition process for a
highly conductive metal, such as copper, silver and the like, which may then be deposited in a single fill process,

as will be described later on.

Figure 1b schematically shows the semiconductor device 100 in a further advanced manufacturing
stage. In this illustrative embodiment, a barrier layer 110 is formed on the exposed sutface portions 107A of the
dielectric layer 107 and within the opening 108. In one illustrative embodiment, the barrier layer 110 may he
comprised of a material that may be deposited on the basis of a wet chemical deposition process 117, In one
illustrative embodiment, the barrier layer 110 may be comprised of one or more compounds comprising cobalt,
- tungsten phosphorous (CoWP} and/or cabalt tungsten boron (CoWB); cobalt boron (CoB), molybdenum, nickel,
boron (MoNiB). The barrier layer 110 may be provided with an appropriate thickness in accordance with
process and device requirements. For example, in sophisticated applications, a thickness in the range of

approximately 5-50 nm may be appropriate.

As previously discussed with reference to the area 112, the catalyticaily activated surface portions
therein initiate, upon contact with the wet chemical deposition ambient 117, the reduction of the corresponding
metal ions contained in the ambient 117, which may be provided in the form of an appropriate electrolyte
solution, thereby forming the barrier layer 110. The electrolyte solution 117 may be provided by means of an
tmmersion or spray process on the basis of available process tools, such as plating reactors, spray tools and the
like. The deposition of the material of the layer 110 may, for example, be controlled on the basis of 3 deposition
rate, which may be established in advance on the basis of test runs, Moreover, in other illustrative embodiments,.
the process may be controlled on the basis of the temperature of the environment 117 and/or of the substrate 101
in that the temperature of the electrolyte solution that is in immediate contact with the areas 112 may be
efficiently controlled. For this purpose, when the ambient 117 is established in the form of an electrolyte bath,
the bath temperature may be maintained at a specified temperature that is somewhat below a critical temperatire
for a self-catalyzing reaction, thereby avoiding any undue spontancous creation of metal in the corresponding

reaction chamber. For initiating the reaction, the substrate 101 may be heated in order to provide a desired



iI'lustrative enbodi ment, an additional |ayer may be
deposited by CVvD, ALD or PVD; wherein, as previously
di scussed, the step coverage is less critical since
wdmotosmespondi ngly forned catal yti cC materi ab TR 603
need to continuously cover the barrier layer 110. In
other illustrative enmbodinents, the barrier |ayer 110
may be exposed to a plasnma ambi ent containing at | east
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be cogldiilibgang sulwiantishy fesaniadebisiy.”s Fariisfaice antdunech angingtetyRe w 200 mi
electrele O$ bbbt nleiy BalséaCs i N t he presence of an externally

generated electric field, as will be described later
on[nlsg]me ! t?auve en%oclhmcnu the wet chemical deposition process 117 may be configured such that

a desired catalytic material is incorporated into the layer 110, at least in surface portions thereof, so as to prepare
the barrier layer 110 for a subsequent wet chemical deposition process for filling the opening 108 with a highly
conductive metal. For example, the electrolyte solution of the ambient 117 may comprise one of more of cobalt,
silver, palladium, platinum, copper, which may act in a subsequent metal deposition as catalytic material, In stifl
other embodiments, after the deposition of the layer 110 and after any cleaning and drying processes, a further
catalytic activation process may be performed on the bardier layer 110 to provide appropriately activated surface
postions for the subsequent filling in of the conductive metal. As previously explained with reference to Figure
la, when the area 112 has been described to also act as a barrier layer, corresponding processes may also be
performed to provide the barrier layer 110 with the desired catalytic characteristics,. For example, in one
illustrative embodiment, an additional layer may be deposited by CVD, ALD or PVD, wherein, as previously
discussed, the step coverage is less critical since the correspondingly formed catalytic material may not need to
continuouslty cover the barrier laver 110. In other illustrative embodiments, the barrier layer 110 may be
exposed to a plasina ambient containing at least ane catalyst species, which may be incorporated into surface

portions of the barrier layer 110.

Figure le schematically shows the semiconductor device 100 in a further advanced manufacturing
stage. In one illustrative embodiment, the semiconductor device 100 is subjected to a wet chemical deposition

ambient 118, which is configured to enable the deposition of a highly conductive metal, such as copper, while, in
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Consequently, the netal |ayer 114 may be fornmed on the

basis of the seed |ayer 113 having a desired surface

texture, wherein contam nation of the seed | ayer, as

wabr/eguwent | y encountered in advanced CVD olcMuk006/047603

techni ques, may be significantly reduced, due to the

in situ nature of the processes for formng the seed

Iayer 113 and the final netal |ayer 114. In
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i nterconnect structures of the 45 nu technol ogy node

and even beyond substantially w thout conprom sing
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I ntegration concepts. Mreover, this invention may be

used in conbination with a plurality of netals, such

as copper, silver and the liKke. The particul ar

enbodi nents di scl osed above are illustrative only, as

the invention may be nodified and practiced in



What is clainmed: A nethod, conprising:
depositing a first portion of netal over a patterned

| ayer of a sem conductor device by applying an
wal mevaretoyt e sol ution and perform ng an el eceeplienssneds
chem cal deposition process; and est abl i shing an
externally generated electric field in said
el ectrolyte solution while applying said electrolyte
solution to further deposit a second portion of said
mefigpredg sepmeicalytshoys| tet demigondustyo 9évici: d 40, prhaeie 98 wet ghemiBhigleposition
ambipng # 180¢din G cBt@pRtidg regfntl TRL a0 oMM BdnbrgteRk k0 GOE NG 1@05(31)11311&(! in the

ambl@@tl@t yltchegy @@Ld:r}éaf; élQr@m Q&@ﬁ&ﬁﬁg &Qu&%@@%l@grog}érqfoﬁgq% doef\rt & amb1ent 118.
Morcg']/er So@éecg rnp 912: %i@lu’%{?zqﬁaé ac)éxénéa] eet%g ger Ilg <g| gss%stantglly eleﬁ)ér!ctely il the
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During el segttoplbripzprebeessmGolpi: Biege HReo O R BlahdiGusalic td@@8 burrent 120 may
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al m ng
the df)p Pt 'cgﬂ/ & B %f“‘ﬁ%i"t PerRAEYY driemaetopi Bl ‘f?ﬁét"é’ﬁl ag |is ped fown from
convaniprgleand wplt-¢spblisbed cipctrpplatirie pros@icd  patt Ynmedle dhlek@eits the temperature of
the cla@bBreisathrio@ B EhS ahitenb BIS ahdthe JuByRE tel‘n@c[rﬂﬂzr@@)l%%’ shuRath el tﬂﬁ.@mg from

the eieﬁﬁé%ﬁs conérl[ecir E@mﬁqs H@@legﬁoplgtknglrgﬁ ﬁgﬂ-eeu’] m%x%l)ydeﬁ%gt:vely reducing or
Sl

ehm:Aagr% any cou?ormal dgposmon%ukmnonp 50 thata e elgc])smon kinetics is substantially conwolled by the

electroplating regime. For example, the temperature of the electrolyte solution and the substrate 101 may be

reduced to approximately 40°C or less to substantially terminate the electroless deposition process.

Consequently, the metal layer |14 may be formed on the basis of the seed layer 113 having a desired
surface texture, wherein contamination of the seed layer, as is frequently encountered in advanced CVD or ALD
techniques, may be significantly reduced, due to the in sitx nature of the processes for forming the seed layer 113

and the final metal layer 114,

In still other embodiments, the seed layer 113 may be formed in a separate deposition process on the
basis of the barrier fayer 110, which may also be formed on the basis of a wet chemical deposition process,
when, for instance, the seed layer 113 may be formed of a different material composition compated to the metal
layer 114. In such a process strategy, significant advantages are nevertheless obtained due to the electrochemical
deposition. of the barrier layer 110 and the seed layer 113, thereby providing the potential for further device
scaling, while nevertheless high process flexibility is accomplished with respect to the formation of the metal
layer 114, since here a separate deposition process may be performed on the highly conformal and reliable seed

layer 113,

In still other illustrative embodiments, the deposition of the seed layer 113 and the metal layer 114 on
the basis of the wet chemical deposition ambient 118, as described above with reference to Figures lc and 1d,
may also be used in combination with a barrier layer formed on the basis of other deposition techniques, such as
CVD, ALD or PVD, as is previously explained with reference to Figure 1a when referring to the catalytically
activated area 112 as a barrier layer. As discussed above, in these cases, the barrier layer 112 may then comprisc

a respective catalytic material or a corresponding catalytic material may be formed on the layer 112,
As a result, the present invention provides an enbanced technique for the formation of highly

conductive metal regions on the basis of an inlaid technique, where a seed layer is formed on the basis of a wet

chemical deposition process, which in one illustrative embodiment is combined with a subsequent clectroplating
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copper and cobalt is incorporated into said barrier

| ayer while formng said barrier layer. 6. The nethod

of claim4, wherein said at |east one of platinum

winlobadktem silver, copper and cobalt is inceeposabeticos

into said barrier layer after formng said barrier

| ayer. 7. The nethod of claim4, further conprising

formng a catalytic |ayer over said barrier |ayer

prior to depositing said netal. 8. The nmet hod of
process ghijpeqntinyghdy &prying 8 deveatoah ypiopridtedydripriedelfcarlyeglubyn. & this case, an
in sthi@BGtss QNRovded Cih eMict abpri&pey sd@.&@&ﬁdxt&@ﬁgroﬂ&yﬁé @@ﬂredvrﬁ@&x{-to -top fill
behadgm%gttﬁe%c%gm%trgé%g wluﬂeXl%Ee aQ§M§ +r£ guggﬂnhallg “macl?ve” xg:;}g 91@. formation

ofas d? reln sald rrier s forned
tie a%/ Oglé)gagvea ep Sgﬁeli' lia)ghmﬁzr %%%rggd on Tb asrT-H%a wﬁtcf;ﬁg&calocfeposmon process,
whicg |mgy femact fyz sehklaves onpalygs hepr ferfiidting g wetrehdnriget deadsition of the highly
condga@iv@lmetal @ &etfiivatiit® ResPleHEeGEniRR EXROS ARhlS ULAAC @mab@@Sor devices.
Cons@cﬁuesﬁ@' tge ﬂ?@&r& QM)\%L é;{!ib?és %tfd‘nh&mmtn%aﬂélmo&r fi)rqgtcrgognefcps(rmnng of the 45
nm t§(§l}10‘iiog9%1 z?nrd eveny beyond substantially without compromising device performance while using
well-established integration concepts. Moreover, this invention may be used ia combination with a plurality of

metals, such as copper, silver and the like.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.
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| . The method of claim 10, wherein performng said
initial catalytic activation process conprises
i ncorporating into said exposed surface portions a
catal yst material for initiating deposition of
material of said barrier layer. 12. The nethod of
claim4, wherein said barrier |layer conprises at | east
one of a compound conprising cobalt, tungsten,
WhaHeslsheedous; a compound compri sing cobal t, tungsten,
boron; a conpound conprising cobalt, boron; and a
conpound conpri sing nmol ybdenum nickel, boron. 13.
. The\nEMthammnch@in1l wherein said netal is deposited

d el ectr.ol t chem cal deposition
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the further deposition of said netal
dep@fiti¢ BPEESH: andher ei n sai d electrolyte solutlon
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ng reducing a tenperature of said

d“éP%%P?%?ﬁPgﬁg%Fﬁf?%n bel ow a specified process
tenperature of said el ectrol ess deposition process
whi |l e further dep05|t|ng said netal on the basis of

2. sajlleenebed jof ogigl &, further comprising performing a catalytic activation

process on exposed surface areas of said patterned layer prior to performing said

electroless wet chemical deposition process.

3. The method of claim 2, wherein performing said catalytic activation process
comprises incorporating at least one of platinum, palladium, silver, copper and cobalt into

al least some of said exposed surface areas.

4. The method of claim 1, further comprising forming a barrier layer on a patterned
dietectric material prior to depositing said metal, said patterned dielectric material and

said barrter layer forming said patterned layer,

5. The method of claim 4, wherein said at least one of platinum, patladium, silver,

copper and cobalt is incorporated into said barrier layer while forming said barrier layer.

6. The method of claim 4, wherein said at least one of platinum, palladium, silver,

copper and cobalt is incorporated into said bartier layer after forming said barrier layer,

7. The method of claim 4, further comprising forming a catalytic layer over said

barrier layer prior to depositing said metal.



16. The nmethod of claim 15, wherein said tenperature
is reduced to approximately 40 C. or less. 17. The
nmet hod of claim 15, wherein said tenperature is
reduced prior to establishing said externally
generated electric field. 18. The nethod of claim1,
wherein said netal conprises at | east one of copper
and silver. 19. A nethod, conprising: formng a
8. bar “’%‘P’tha@@f clain 7 whetain ppewitigid @yereid formed by at least one of
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0. The method of claim 9, further comprising performing an initial catalytic
activation process on exposed surface areas of said patterned dielectric material prior to

forming said barrier layer.

I, The method of claim 10, wherein performing said initial catalytic activation
process comprises incorporating into said exposed surface portions a catalyst material for

initiating deposition of material of said barrier layer.

12 The method of claim 4, wherein said barrier layer comprises at least one of a
compound comprising cobalt, tungsten, phosphorous; a compound comprising cobalt,
tungsten, boron; a compound comprising cobalt, boron; and a compound comprising

molybdenum, nickel, boron.

[3. The method of claim 1, wherein said metal is deposited during said clectroless
wet chemical deposition process with a thickness in the range of approximately 1-10 nm

prior to establishing said electric field for the further deposition of said metal.

4. The method of claim 1, wherein said electrolyte solution comprises one or more
additives for controlling a deposition behavior during the further deposition based on said

electric field.

5. The method of claim I, further comprising reducing a temperature of said
electrolyte solution below a specified process temperature of said electroless deposition

process while further depositing said metal on the basis of said electric field.



process on said barrier layer for initiating netal
deposition during said wet chem cal deposition process
for formng said seed layer. 21. The nmethod of claim
20, wherein formng said seed layer and filling said
opening are perforned as an in situ process. 22. The
met hod of claim 21, wherein a process tenperature of
an el ectrol yte sol ution used for forn1ng sai d seed
16. I ayEic andiod of chiil| iSng/hsairdsagp emimairs is educeidodippraxgmately
400 II|n sai d opening. 23. The nethod of claim 20,
erel | said at | east one of platinum palladium
silver, copper and cobalt is incorporated into said
barrier |ayer while formng said barrier |ayer. 24,
17 Thel f%t}ﬁb@}/ off cldimal Smvdereinyiit emnersuirdisaeducedipioranestalflishing
saiPhabh AN enpalkatleiWcg | ver, copper and cobalt is
i ncorporated 1nto said barrier |ayer after formng
said barrier layer. 25. The method of claim 22,
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silveieed | ayer.

19, A method, comprising:
forming a barrier layer to line an opening formed in a dielectric layer of a
semiconductor device by a wet chemical deposition process;

forming a seed layer over said barrier layer by a wet chemical deposition process;

and
filling said opening with a metal by an electroplating process using said seed layer.
20. The method of claim 19, further comprising performing a catalytic activation

process on said barrier layer for initiating metal deposition during said wet chemical

deposition process for forming said seed layer.

21, The method of claim 20, wherein forming said seed layer and filling said opening

are performed as an in situ process.

22, The method of claim 21, wherein a process temperature of an electrolyte solution
used for forming said seed layer and for filling said opening is reduced during filling said

opening.

23. The method of claim 20, wherein said at teast one of platinum, palladium, silver,

copper and cobalt is incorporated into said barrier layer while forming said barrier layer.



26. The nethod of claim19, wherein said barrier |ayer
conprises at |east one of a conpound conpri sing
cobalt, tungsten, phosphorous; a compound conpri sing
cobalt, tungsten, boron; a conpound conprising cobalt,
boron; and a conmpound conpri si ng nol ybdenum ni ckel ,
bor on.

24, The method of claim 20, wherein said at least one of platinum, palladium, silver,

copper and cobalt is incorporated into said barriet layer after forming said barrier layer.

25, The method of claim 22, wherein an externally generated electric field is
established at least temporarily during forming said seed layer.

26.  The method of claim 19, wherein said barrier layer comprises at least one of a
compound comprising cobalt, tungsten, phosphorous; a compound comprising cobalt,
tungsten, boron; a compound comprising cobalt, boron; and a compound comprising

molybdenum, nickel, boron.



