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*300002* 5METHODS AND LAYERS FOR METALLI ZATI ON BACKGROUND 10 m m“\
nore enbodi nents of the present invention pertain to fabri catli m\l‘
el ectroni c devices such as integrated circuits; nore specifically, Qge or

————

fror e enbodi ments of the present invention relate to using capping layers =
and nethods of netallization for electronic devices. 15 [OOOZ]JW lu [ npn -
t echnol ogi es that use netal and dielectric damascene and/or d n"m lwgmm
structures have becone wi dely used in the manufacture of electronig,-
devi ces. Nunerous established processes exist and are in use for =~~~
fabricating such devices. Although renedies, of varying effectiveness,

exi st f or 20met al | i zaj e HODHSLARMBLAYERSSO mgqug_rp'cljgp\ﬂd nin electronic
devi ces, such renedi es may not be transferable to advanced el ectronic
devices. As further inprovenents are made in electronic device

t echnol ogi es, existing nethods of manufacturing technol ogy nay becone
unsui tabl e for advanced el ectronic devices. 25

BACKGROUND

10
[0001] One or more embodiments of the present invention pertain to fabrication
of electronic devices such as integrated circuits; more specifically, one or more
embodiments of the present invention relate to using capping layers and methods
of metallization for electronic devices.

15

[0002] Metallization technologies that use metal and dielectric damascene
and/or dual damascene structures have become widely used in the manufacture of
electronic devices. Numerous established processes exist and are in use for
fabricating such devices. Although remedies, of varying effectiveness, exist for

20  metallization problems such as electromigration in electronic devices, such
remedies may not be transferable to advanced electronic devices. As further
improvements are made in electronic device technologies, existing methods of
ma.nufacturing technology may become unsuitable for advanced electronic
devices.

25
[0003] The present inventors have made one or more discoveries that may be
pertinent to metallization for electronic devices. The one or more discoveries may
have the potential to provide one or more methods énd materials for improving the
fabrication of present-day and advanced electronic devices.
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[ 0003] The present inventors have nade one or nore discoveries that may be
pertinent to netallization for electronic devices. The one or nore

di scoveries nmay have the potential to provide one or nore nethods and
materials for inproving the fabrication of present-day and advanced

el ectroni c devices. 30 SUMVARY [0004] One -or nore aspects of the present

i nventi onggRivIARY to fabrication of 5 electronic devices. One aspect of the
present invention is a nethod of making an el ectronic device. According to
one enbodi nent, the method conprlses depositing a cap |layer containing at

| east one ant _onto a fill and nneal ing so.th t.he, at | east

one dopanﬁﬂgﬁ’ﬁgra@? e E g AR TS i WY g

met aI 0

ot a1 Syan o deRiceat O aSHI A IRE broddhf ifREK ie ATAERbU S dIRRgEAT 2

conpri seselactroniasievinee Alenonding tameaembadlmaytxtb\eaaett@dtdmnmsdseast one
dopant to,mgrate to interfa es agag/or rain bo r es

et Hioa cn Ve copfanipBatt gttt dorti B & GaeflLoietdl A Gevi ce.

15[ 0005] | 4nnealihg doethanghey stiegst dritadopdit rigyses 't@@rélﬁ beRihdhiies bAE/drn its
application to the details of construction and to the arrangenents of the

conponentistestaces s tie papfilhenetal) mgor@ngé@@npﬁtq(;@mb%@enhxﬁbﬁﬂneihods capabl e
f
Chyo O GIRRAERA A i SAY, BEBOMAE & VAR 5 ik Bl ot

term nol agap kel oyegribes at least 6né dophahie apdrarraling taad@gsfhepéﬂ leastagrie shoul d
not be regarded as limting. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] FIG 1

is apro e migialey F%fﬂt%'é%‘iﬁﬁf?’i'féfof graim benpeanieeat thermetad gaBfif-esent
| n'vent I ONanother aspect of the present invention is an electronic device.

15  [0005] It is to be understood that the invention is not limited in its application to
the details of construction and to the arrangements of the components set forth in
the foliowing description. The invention is capable of other embodiments and of
being practiced and carried out in various ways. In addition, it is to be understood
that the phraseology and terminology employed herein are for the purpose of

20  description and should not be regarded as limiting.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a process flow diagram according to an embodiment of the
25  present invention.
[0007] FIG. 2 is a process flow diagram according to an embodiment of the
present invention. _ _
[0008] FIG. 3-1 is a cross—section side view of a substrate for processing
according to an embodiment of the present invention.
30  [0009] FIG. 3-2 is a cross—section side view of a substrate for processing
according to an embodiment of the present invention.
2



[0007]FIG 2 is a process flow diagram according to an enbodi nent of the
present invention. 100081FIG 3-1 is a cross-section side view of a
substrate for processing according to an enbodi nent of the present

i nventi.on. 30100 FIG, 3-2 is a cross-sectiopn side view of a substrate for
processi N0 cor %?ég3‘§3‘3£10@ﬁ56%‘?%ﬁ‘ts'6? VleH\éOg@ &4bpirate{QBRqcsssing

[ 0010] FI = B iRt P the bR ekt flWeRfioR Substrate for processing
accordi n?%%@ﬂbi%%g%ﬂéﬁ?' of tohe pPeseentﬁll relveu?lt'i on. [OO11]FIG 3-4is a
cross-sedddby si ftGvBeWisE crassudexitiont sdé siewpoha sabstnatedor pradiesgingo an

mbodi t of .th t Lon. 5[0012]FL.G 3-5 i - ti
Ci'de v evpesBredn ABBR BRI Oh L PReSERl MVRDESR on. [0013] FI G 4 15 &

cr ossSSegbbpz]_ Si fPGVBNsY cRRsERADNEHAE vihw b18n BRbYRIitheh ¥Rk Bsent

[ 0014] FI 57 s a cross-section side view of an enbodi nent of the present
invention.
[0013] FIG. 4 is a cross—section side view of an embodiment of the present
invention.
[0014] FIG. 5 is a cross—section side view of an embodiment of the present

10 invention.

[0015] ~ Skilled artisans appreciate that elements in the figures are illustrated for

simplicity and clarity and have not necessarily been drawn to scale. For example,

the dimensions of some of thé elements in the figures may be exaggerated relative
15 to other elements to help to improve understanding embodiments of the present

invention.
DESCRIPTION

[0016] For the following defined terms, these definitions shall be applied,

20  unless a different definition is given in the claims or elsewhere in this specification.
All numeric values are herein defined as being modified by the term "about,"
whether or not explicitly indicated. The term "about" generally refers to a range of
numbers that a person of ordinary skill in the art would consider equivalent to the
stated value to produce substantially the same properties, function, result, etc. A

25 numerical range indicated by a low value and a high value is defined to include all
numbers subsumed within the numerical range and all subranges subsumed
within the numerical range. As an example, the range 10 to 15 inciudes, but is not
limited to, 10, 10.1, 10.47, 11, 11.751t0 12.2, 12.5, 13 to 13.8, 14, 14.025, and 15.

30 [0017] One or more embodiments of the present invention pertain to methods,

and/or materials for metallization layers. More specifically, the present invention is
3



10i nvention. [0015] Skilled artisans appreciate that elenents in the figures
are illustrated for sinplicity and clarity and have not necessarily been
drawn to scal e. For exanple, the dinmensions of sone of the elenents in the

figures be e erated relgtive 15 to other elements to help to inprove
under st a F & s pRihodstan @ matarialy forvetalization mp&ﬂeemomle] For

the foll Oéﬂé\ﬁgeéjﬁﬁa Warrdeélgaroﬁlé%gw‘égf' nitions shall be applied, 20unless a

di fferent Inrtron i's given in the claims or el sewhere in this
speci fication. nuneric values are herein defined as being nDdlfled by

the term et.her or_ pot ex I ndi.cated. The term "abqut
Goner ol [yiOPER; & %Q%é o e RSERLRYpEdor WL RGeSt BERUDIRRNDI i
the arl vilthe c%ﬁ[b%dt%?brcﬁﬂé‘s ls?é?ﬁ.cbﬁd&aer%?é@%u&ﬁldées.ﬁdbnqwsfw%sed for
substantially the same properties, function, resu A 25nuneri cal
range i ndflabacehhg)9le@trbow devicas. aFe alelo:trgnlcxmw@s incliiei copper andfer| ude al |
nunmbers sub n the nungrical ran and r ange ubsumed
whenn ¢ raaRE pietlricR Habdfol Bhveder iR pRAMdBreSY FAFHEOTHENTES bt
is not |igddcRdanéd with thd Brdsent thvdhtiod maylbe (Betidordthér tybdsof 13 to 13. 8,

14, 14.025, and 15. 30 [0017] One or nore enbodi ments of the present

i nvent i onsqmmarihcfpb deiicRswafess athar than spmigandugtornafers. iangteleetricaler s.

Lo o etk cthSrunpheaBile BYSRENALS Sy heBa b WS AOBRIEHS, .,
el ectroni @f tdevpree@nt |ﬁwi&8>hﬁnbluden‘eumtaeafotthhﬂtqdrte$e@;bperw@hsélt afickil] | be

di scussed below prinprily 5in the context of_processi n? sem conduct or
waf ers Su@ﬁg%ensp'qk@bghmrprrgu%srgg}(q sfatinum SI|ICIde cobalt fungsten, cobalt

tungsten phosphorus, and combinations thereof.

15 [0019] In the following description of the figures; identical reference numerals
have been used when designating substantially identical elements or processes

that are common to the figures.

[0020] Reference is now made to Fig. 1 where there is shown a process flow
20 diagram 20 according to one or more embodiments of the present invention.
Process flow diagram 20 shows a method of making an integrated circuit. Figure 1

shows process flow diagram 20 comprising process 25 and process 30.

[0021] Process 25 comprises depositing a cap layer containing at least one

25 dopant onto a gapfill metal. The cap layer may be an electrically conductive layer
such as a metal or metal alloy or the cap layer may be a substantially non-
electrically conductive layer such as an insulating layer. The dopant is an element
or combination of elements present in the cap layer usually as a minor component.
In other words, the dopant is present at a smaller concentration than at least one

30 other component of the cap layer. According to one embodiment of the present
invention, the dopant has one or more properties such as a low reactivity with the
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fabricating electronic devices. The el ectronic devices include copper

and/ or another el ectrical conductor. However, it is to be understood that
enbodi nents in accordance with the present invention may be used for other
types of senlcon 8%ng%lces waf ers ot her than sem conductor wafers, and

el ectri ca9anit g wHiap ratednreughhite ganfillmpetes and/ana Péﬁfﬁéer}?@t ar
I f
l??/ne'[ Zd 1(:)'{) co pegﬁi‘rﬁzégﬁﬁ?éﬂ% %ﬁg "it%ﬁ‘gc\é/ 61‘ the dc%gﬂ Wﬂ% Qﬁor ous n| ckeI

pl at i num sudhcasle themhﬂlanntaahg'fhedppanbualseléale@m bav@bmp:d*rﬂeslso ti@aﬂdhe

conbi nati ons ther 15[Q0019]1.n the fallo description of the figures,
Gont | cal PIRSPRFS REE daRATL I OFl bouBgANas Bl HTRE SR eFsIhBet ancl al 1y
| dent iscal oigLROMIYratiGH opggﬁmﬁﬁ%m&?é/a@rnes SRERPthd erés@ﬁcé WM& dopant at

[ 0020] Ref erence 17s now made to Fig. 1 where there Is shown a process flow
20 di agr antertacescditie ggpiilbmetal povides @ karmedtadiffusionfofithe gapél eretal

I nvention, cess flow di a m 20 shows a net hod of making an integrated
circuit. Bl L?? ?Pf8 trb‘?‘ g&g&gcq | ow di agram 20 conpri sing process 25 and
process 30. [0021] Process 25 conprises depositing a cap |ayer containing at
| east one 25dopant onto_a gapfill nmetal. The cap | ayer may be an

el ect ri cal0PIZlcondieeesse3d go@prisas nasalingrse tatdhe gblesst ane@ippant the cap

a5 T ahant B il eSahio aftaRBs of e AMIL AR BlSardile & "

present iond bemm@ehmcﬁrmeats%ﬂtyieqﬁeeerrtilméntmnﬂmamwealin@ &irfigrisgsor ds, the
dopant ishé)ﬁr esent at a smaller concentration than at | east one 30 ather

conponent heating! leass thayep. lamfc%}cbmegganf'"dn@taékﬁ)aa effertvetemprragredent

i nventio r ity
W th the I CHECHRPARbURES: RE B nATHE REPRE Tl ERos kAT oBuh ML ARbY L U
and/ or a iptelfaneeruféhégapﬁlémedialngo\camrcgngltoobemdaoneesmbodmntsnfﬂ'fe‘ aces of
t he pfill metal roces es su her mal anneal . e do ant is
el ecliba RIESHEVEVBRIE o BERE8ameY HuNgr Bebiiecyptaliraiofo BME SOl ai n
boundar i egef| ahaﬁ)rgﬁ?gtbl {;ra“?? fRIwtheduces the 5e| ectrom gration of gapfill
netal ions/atons and he presence of the dopant at interfaces of the

gapfill netal provides a barrier to diffusion of the gapfill netal
i ons/ at onf®023}y ondcecheding teohaoe mdréGahailiomets oBhecurepentsieseratiorg dhé ng so

It 2? Ear ]E ggeioqﬂn??ﬁtgrane]tg BFael1 é ma&é%ataﬁ oH&tgrggcens 81‘0 t'}j'ngdgqarplfl Sm(‘aﬁtrz!\fldurmg a

20 subsequent elevated temperature process. According to one embodiment of the

present invention, the dopant migrates to the grain boundaries and/or interfaces of
the gapfill metal during an anneal of a subsequent higher level metallization layer

such as for crystallization of the metallization layer.

25  [0024] According to one or more embodiments of the present invention, the cap
layer and the one or more dopants are deposited by a selective deposition
process. According to one or more embodiments of the present invention, the cap
layer and the one or more dopants are deposited by electroless deposition.
Descriptions of electroless deposition processes suitable for one or more

30 embodiments of the present invention can be found in commonly owned US
Patent 6,794,288 to Kolics et al. and US Patent 6,911,076 to Kolics et al.; the
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one or nore enbodi ments of the present invention, the annealing conprises

hreating at | east the cap layer and the gapfill netal to an effective
tenperature for an effective anount of tinme so that the dopant migrates to
grain boundaries and/or interfaces of the gapfil|l netal. According to one

or nore esRfBEntFaiad foth@%pqt&@ﬁav@qmwmmddwretrh@ me%ntlrﬂty betpis ur t her

I ncl ude c f I

[0023] Acasiaense: StiBBP'a hof-Bly> dekBLRon WAL Eithe Bod I HRplS ey o
dopant. mitheadapsiayer.gr ai n boundari es and/or interfaces of the gapfill netal
during a 20 subsequent el evated tenperature process. According to one
enbodi nent of the present invention, the dopant mgrates to the grai n
bounday i d/ or, ' : ﬁﬂf}f
subsequeﬁlt% %glgherA dlc%l;/(@l[Ié ?gts éﬁl %Trﬂ%oﬁﬁpg@elﬂreds%%ﬂ{he%ggﬁtc@ggt [ za'? %Bn of
t he net al Ibyelalslappllbelyetthe gapfibéveidiasoa dappingdayerdopnthengapdillenbtalli Thet s of

t he present nvent| a r.a one or re .dopant e
Homoo & ododR e Bayke ob Secitail évdapﬁ&%@erﬂe%@a.wet% opmeetah aliyror
enbodi mengg ch‘p Ibpﬁr Pla§ BN sUBé’t@ﬂhélﬁﬁnoﬁ%%&@&allkl%‘%u@% Fa%r Qlﬁ‘éh 9§ amor €
dopants are depoSited by el ectrol ess deposition. Descriptions

el ectrol elggulaapgéaxerorhﬂquems‘@@llsdhemmav@rlsdmned onﬁln@tcwemm ments of

t he [ese, Lon d i 0 Patent 6,794,288 to
o i 0t SlrddB Ghe SRRl latss GRBSHAR. FIERER |veP i olmed tyis Bicsds et o
all of th@@e@&bmtssde@bg.tbngorporat ed here| n, intheir entirety by this

reference. Optionally, a non-selective deposition process can be used to
deposit the cap layer. 5[0025] According to one or nore embodi ments of the

pr esent @yert i omcch gﬁf bg}(ﬁrmé J,aiﬁ%nﬁ%)o% i &%BL{} thy &% é&??eaasél ly

cappi ng | for t met a e cap Tayer e an e

conduct i vené dypantsamhp@&sanaagajhem Aetardirg ﬂocanoihertémboalmérﬂmlthmy be - a
substantlall non-el ectrically conductive | ayer such as an |nsulat|ng

| ayerl> wr@séab'ewnm Ithe capdayafFamprEses; balardtcksh apddhe apleash esed

10surf aced&é]aﬁt%n&ﬁ%feblrhaﬁ@éﬁése Q@pticly! the L4IP1a58PIs BYREd Y 4 BfdBedsPY 2

process suc
such as electroless deposition.

[0027] According to one or more embodiments of the present invention, the cap
20 layer comprises cobalt or nickel and the at least one dopant comprises one or

more of arsenic, gallium, germanium, indium,_iron, lead, mercury, tin, vanadium,

zinc,_or mixtures thereof. Optionally, the cap layer is formed by a process such as

electroless deposition.

25  [0028] As an option for one or more embodiments of the present invention, the
at least one dopant comprises one or more of arsenic, gallium, germanium, iron,
lead, mercury, vanadium, or mixtures thereof. As an option for one or more other
embodiments of the present invention, the at least one dopant comprises
antimony, bismuth, cadmium, chromium, gold, indium, iridium, molybdenum,

30 osmium, palladium, platinum, rhenium, rhodium, ruthenium, silver, technetium,
thallium, tin, zinc, or mixtures thereof. According to still another embodiment of

6



as el ectrol ess deposition. [0026] According to one or nore enbodi nents of
the present invention, at |east one dopant conprises nmanganese. According
to anot her enbodi nent of the 15present invention, the cap |ayer conprises

cobalt or nickel and the at |east one dopant conprises manganese.
Opt i onal 1the prasentdpventings the at lsaskeng dopapt crrardsas e g Maraof Perass

nvent | o oRAAGHC T8RN AR, RrRfrt br ARGy R P dalb e Bl one

dopant cadsiiorinsed by rcproces®sachnas aletoless depdsition. ger mani um i ndi um iron,
| ead, mercury, tin, vanadium zinc, or mxtures thereof. Optionally, the
cap layer is fornmed by a process such as el ectrol ess deposition. 25[0028] As

an opts Ogogg%]aonﬁc%r %?0 BRE O nfBHalembd |ﬁ%t§6ﬁﬁ1%r5reFPHﬁH§/é%n,ttﬁ@cﬁf)

| east on nt conprises one or nore of arsenic ium gernmaniu
i ron, | eddyenesraprises galdadailadlumr platintior, ebenibar, eoﬂ’nenABn,asilveptziimm dror one or

nor e ot her . enbo s ,of the sent. i nvention ast .one dopant
Conpr | sedTERdAGTeds: AMAOSUSIRT Sheh cRGHmANts, Siiat jeasf Sie PPRat

nol ybdenussmghssdtinafganase. afk dhotiBradptionTor sisMembodirhestsUtRe étuégﬁrbdém
silver, technetium fthallium tin, zinc, or mxtures thereof. According to

still ancloprantsepttises@rsenic, galiumy gewnaniumy #ani lead, mescaty, vanadiugher dopant

o e Uos iR ORs; s ot AR eationiah Bhof SRpRARY s, IR O L ohy s
el ect r ol edspditposiprises. arﬁhﬂﬂﬁ@bﬁmnhdcmgnmn atreomiumpindignbiadiument s of the

present invention, the cap I er conprises gold, palladium platinum
rheni um MaMRERNUM, osMiyey rhodivm, te&hnﬁt's&mu#@h%rnetﬂwr mixturgs tharepbn f or

such e”boéb{sfﬁﬁ%{ nié]ga& a)t??ssfor%@ Bj)Pé’gFBce%QrQ&r h%%%l@@t’?&@%ﬁ@g oéifioRNOt her

option for the at st one opa conpri ses arsenic,
gallium germanium iron, |ead, nercury, vanadium or 10m xtures thereof.
As Stlisl | [%rd%]her F%?toin%norfr%resgr%gog%bgn% o tespresgﬁt ﬁ‘\tvelntef\gr? tthe cap layer

further comprises tungsten and/or boron. According to a more specific

embodiment of the present invention, the cap layer comprises cobalt, tungsten,

and boron. According to another embodiment of the present invention, the cap

layer comprises cobalt, tungsten, and phosphorous. Optionally, the at least one

20 dopant may be selected from any of the dopants described above or mixtures

thereof.

[0031] For one or more embodiments of the present invention, the cap layer
comprises cobalt, tungsten, and boron and a dopant that comprises manganese.

25  According to one or more other embodiments of the present invention, the cap
layer comprises cobalt, tungsten, and phosphorous and a dopant that comprises
manganese. In still additional embodiments of the present invention, the cap layer
comprises cobalt and tungsten and a dopant that comprises arsenic, gallium,
germanium, iron, lead, mercury, vanadium, or mixtures thereof.

30



~dopant conprises antinony, bisnmuth, cadm um chromum indium iridium

nol ybdenum osm um rhodium technetium thallium tin, or m xtures
thereof. Optionally, the cap layer is forned by a process such as

el ectrol ess deposition. 15[0030] For one or  nore enbodi nents of the present

i nvent i on903%e cg;mb%eiaenrwiwgrpr%%tr'ng@zt'qmwagmu%mpswarvanﬂ or di ng
to a nore, ﬁgg«% bt mt& Qe (B e @é% iR eI €3¢ 2 %%Eﬂ rﬁ%?&&h%r ni]cn'rg egﬁ%o%mé‘?ﬁ% of

conprises ¢ tungsten, oron. Accor t 0o anothe I men
t he pr eseusfttherpres&ntomwerttioa dmogapiylernetaiufqn'nisals irtefate withienbatrien layemnd

phosphor ou tiona , the at |eas ne 20 dopant, may be sel ected from
By bt hho A S BnHE tGHRHEN VS DR o sier AN GRIEBIPEORS She or
mor e §ThadoRPBhiboRiméfi d11thS BRisdrl RSN, the Farifiine @Y RimfaPintéfsos obal t
tungsten, and ron and a dopant that conprises manganese. 25 Accordi ng to

one or nowith atbarrieciayetsuenas siiton mitrige esiiean carbonitfide, silidon carpideayer

' bal t I that '
manganes UM I RPN Bt GIBrE ety heBERt HaTRRBVE, < he
cap | ayer A6&3rBINgS® orePdRbbdmiéhtiof MES bess et thvntlen athe ihfefaces B the §apfill
arsenic, gallium germanium iron, |lead, mercury, vanadium or m Xtures

t her eof . TBetal coUBTisErATLRNgABIR layer. AReorgingstorang amdadireentraljihe peesand t he use
o ol clibgufin. €T Refoces bEBERRP ikl SomBAR B Spietmblgl oA 2, "

i nt er f aceAw¢driing toasrie ahbbdmntscicthe present nvieation) medhwrfa‘castoalthmgapﬁlr | de
barrier layer. As an option_for_one oy 5nore enbodinents of the present

i nvent i onmetéﬂéog&msmn arsaRic $ejf-agsenblenirapralayei AFCUdRPiANe | ayer such
as silic ‘Q’“Pbafﬁ':'g ’oﬁl‘\% hFé%’én? ‘H'ﬂbﬁrt{h%?ntgﬁ’g'cé&%‘f‘tﬁ@%?bﬂ?me?%l%l@eox' de,

al um num ni er substantia l"ectric Barrier
Accor di ngan orgzrmc ayeoducteat, bit ndtdingteestenanianvaphoos catbon lageeorgads of t he

apfill netal ri se an organic, | ayer ccor too e odi nent of the
JaPLeh Tovat T BAnos DS corogurias, Sfgari EERT of el Bise a

sel f - asse&@hﬁgum%@y& an@%ﬁﬁbmst& rﬁe@usféa%raﬁpﬁn ebmtda)@neéesent
I nvention e interfaces of the gapfill netal ‘conprise an organic

sel f - asseﬁ@@dlngdno}ruy@rmomemb@dngemt@ Qirtbe @mﬁﬁmT invention, interfanessadibe
i nvention

the ipterfaces o t he met al ri.se an organic | ayer
such s GRRTBEE ERRERS BT aeait mano isfh of SFERRS EoBPelnit
Optionally, embodiments of the present invention may include using an.interface

20  between the gapfill metal and an adhesion layer.

[0033] Another embodiment of the present invention comprises an integrated
circuit and/or intermediate device structures made by the method presented in

process flow diagram 20 and described in further detail above.

25
[0034] Referenée is now made to Fig. 2 where there is shown a process flow
diagram 50 according to one or more embodiments of the present invention.
Process flow diagram 50 shows a method of making an integrated circuit. Figure 2
shows process flow diagram 50 comprising process 55, process 60, and process
30 65.



15l ayers of organosil ane conpounds, organic |ayers of triazinedithiolsilane
conpounds, and organi ¢ conpounds of netall ated porphyrin conpounds.
According to one or nore enbodi nents of the present invention i nterfaces
of the gapfill netal conprise self-assenbled nonglayers ani c
corrpounds[(m@ﬂtloﬁé@q?%ﬁs QapHess forgying ﬁé“ﬁ'?aégéﬁﬂ é'éﬁﬁ 9raledide
using an t 53R

[ 0033] Ano her &n%%d&ﬁgﬁéwgﬁrhe resé%h%%%ﬁ@grce%%g??‘ggéh% tl}]%%hzégtra!a ed
circuit agapfiliris fortreadhiach amlmstctﬁelthai hasrdmrhaswerad@/obyluamamasd:mte present ed

in process flow diagram 20 and descri [ detai |l ahoye. 25

[ 0034] Ref%?%‘&?sqgr deen e§§ rm rdgel?ﬁé'Fe ine @ﬁgﬁmagplg}/@%g?s f1 ow
di agr am [ SR gty;,@l h AR tion.
Pr oce?s f\ﬁa@é %’grﬂ;é?‘h(:hgsgﬂgo\{sﬁ{a rrelﬁltqu of Im%%ﬁgl’tlél ﬁtcg%r at efc? d():r?lérlgﬂlt

Fi gure 2 mbomembpodiesstsidfdve grespniinvedtioontvei metah gpptil ssactievedmsingss 60,

~and
e 1 or  arPORERTR o5 R T et Mked oy D 63 Eiar S SRR Ben Bt RERET S Tho

present inueRG, /ot SectiBleas depesitibh. IGptiokalP hrobess 58say Ricludehat has
damascene and/ or dual damascene structures for vias and trenches fornmed in

a diel ectwaﬁllhméh&rdamasgam ang/or |dua§daﬁ@ssen@§traﬁw%$ s@ thatdhers iS@f or m
tal, ' f th
oreoct ' | ARRUTIRRAF fictas 87 Bl oCaITRER) OIS D e

but not Ipr@bé@@bémcmé@mm@btumned tolegrahicabetchivige chemidat mabanidait | ng,
and/ or el ectrol ess dep05|t|on tlonally process 55 may i ncl| ude

overfi| | i pgnanzatipanglacioeh ﬁﬂ‘dﬁ% anasizatiah; H%"%WQJCAG?‘%@"!Q)Q%OE here is
an 10 overRyr gﬁ'ﬁ)%ﬁlrﬂént%?ﬁfthélp %@érﬁlmvetntﬁSno;Efﬂgggé @@Etﬁ'gwe@sgﬁ&fal %épfﬂﬁbal s

renoved by processes su em cal etching,
chemi cal fittfelatures in aplieleairiczatd the, toplseciace ofi éme vaitaldapiitlis sabstantialnd

pol i shing., According to on nor e- enbodi rents of the present invention,
procels 58 ?%‘ﬁ@%gﬁéf’%‘?e‘gapfl Il to fill features in a dielectric and the
top surface of the netal gapfill is substantially 15planarized and exposed.

[0036] Optionally, process 55 may further include providing a barrier Iayer
and/or a liner layer over the damascene and/or dual damascene structures prior to
forming a metal gapfill. Examples of suitable materials for the barrier layer and/or

20 the liner layer are known to persons of ordinary skill in the art. Process 50 may
also include forming a seed layer for initiation of electroless deposition of the

gapfill metal or for electrochemical plating of the gapfill metal.

[0037] According to one or more embodiments of the present invention,

25 process 55 comprises forming a substantially pure seed layer so as to use the
higher electrical conductivity of a substantially pure seed layer rather than the
lower electrical conductivity of a seed layer that contains additional elements such
as dopant elements and alloying elements. According to one or more
embodiments of the present invention, process 55 comprises forming a metal

30 gapfill that is a substantially pure metal. According to another embodiment of the
present invention, process 55 is accomplished by forming a substantially pure

9



[ 0036] Optionally, process 55 may further include providing a barrier |ayer
and/or- a liner |layer over the damascene and/or dual damascene structures
prior to formng a netal gapfill. Exanples of suitable naterials for the
barrier layer and/or 20 the liner |ayer are known to persons of ordinary

ski |l in $4ed lgyer ang glastrochemigally plating the metal ogphill frgmuthectaed layer. f or
ol ect r oc QRN fid SeePByEPREY be BpRer ARGl et Rlaybe bBbper and,

nor e enbasithernng afbdthengy bs eepositett osingrchedtipaloapes depositions eleelsoless m ng a
substantially pure seed |ayer sg as tQ use the higher electrical
conductiﬁ?%ﬁl%t %aggggt%ﬁqt %ﬂhey“ﬁglr@atﬂ%d | ayer rather than the |ower

el ectrgical conductivity of a seed |ayer that contains additional elenents
such as dopant el enments and alloying el enents. According to one or nore
enbodi neni0838]f t IRsogesssBhcompisas depesifing@ecap Byecombhe swdalfgapfilng a net al

30gapfill_that i tantial | tal. di ng, t th

oo rerXEReR R cEs At fr Birel sAPRsEE ableasE5TS S2batnThERER Pt or i ng

a subst angdpy the dxposed sufaesd dfm@gapmnm@kﬁwmai bérfdHndd bRE ot Aforget al
e see

gapfill fromthe seed |ayer. tionally, eed Ia%_er may be copper and
t he gapf i ®fithadungtiongyof reCanning tayeh dorganilirmetadizationotTihernap Iyedeedeimsed

oi coriboran Bhmeap apRERaEksBeas BB TEAR! B3 BRRTPAA o B Mrst onap
| ayer on ddpanteihatis gl pleseakipabedapuaj@ce. The cap | ayer conprises at

.l east one dopant. The cap | ayer caps the exposed surface of the gapfill
nmetal. The cap |ayer perforns one or nore of the functions of a capping

o 11 onalVOR¥Tc, ASABHANG 16 Bho hboHifhenf B riftes Bt e Afion: Protis o Mo 1
dopant t heampssed depgsitigptiie cap layer oaphé aetal gapfill exposed surface using a
15 selective deposition process such as electroless deposition, a selective chemical
vapor deposition process, a blanket chemical vapor deposition process,
electrochemical plating, and/or physical deposition process such as sputtering or

evaporation.

20 . [0040] According to one embodiment of the present invention, process 55
includes using electroless deposition and/or electrochemical plating of copper to
form the metal gapfill and process 60 includes using electroless deposition to
deposit the cap layer on the metal gapfill. According to one or more embodiments
of the present invention, the metal gapfill comprises copper.

25
[0041] Process 65 comprises annealing the substrate obtained from process 60
to cause the at least one dopant present in the cap layer to migrate to interfaces
and/or grain boundaries of the metal gapfill. Optionally, the anneal can be
performed as a dedicated step to accomplish the migrétion of the at least one

30 dopant to the interfaces and/or grain boundaries of the gapfill metal. Alternatively,
one or more embodiments of the present invention accomplish the anneal as part

10



[ 0039] According to one enbodi nent of the present invention, process 60
conprises depositing the cap layer on the netal gapfill exposed surface
usi ng a 15sel ective deposition process such as el ectrol ess deposition, a
sel ective chem cal vapor deposition process, a blanket chem cal vapor

deposi t i of PEeesamient prragssEiepthalingduées ayposiachthe ayRstEale tadPosi ti on

brboa nentioupepSHELaLIS ford s SERA Roffof de HSh R0 HTmR BEP | oo
deposi t i aanathdf purpelse cthercthani migratigrasfi thg ledstamepdopdant. frobther veords; thie

gapfill and proce 60 i ncludes using,electrol ess depositipn to deposit the
cap Iayerméﬂfgy%o?rét%ll?aéta%? PPanidngy BeRFCORIS e@PSﬁlﬂ%SHH%%QH%ntS of the
prese [ [ Sapf 4 eteteacs %%Gt C li2atie P 8fidesiocess 65
conpr {S;eséﬁlﬁér%glg?ﬁééﬁﬁ%@ggé’trat eééoi%ltJ ai nelgfHI ror%’ pr o éetgslgé%&tg caegése t he at

| east onegafilafot aprexésding drrsublsequent metadlizationnd@ygrate to i nterfaces and/ or
grain boundaries of the netal gapfill. Optionally, the anneal can be
performed as a dedicated step to acconplish the mgration of the at |east

one 30dopppl2)f O ARotdlh§d BREDr MY MBEiMEro B prRSenl invBRtiGHRPT i | |
metal . Alternativel one or nore enbodi nents of the present invention

acconpl i sHustretedrin&ig. 2@ ¢an layepis farmad saquetal geptit eta demascengtoridvdl udes

ength of Sempgceriy B crCorth FieohBleR o Ui of L P bBh aloritirnbfydilin

m gr at i onjeakt 6Me dbpast THEedIpMts seldtted becavse itlhas bhe oringéret propefifest he
| east one dopant may be acconplished using a subsequent ‘5anneal used for

pur poses, S& 80 B gapablenef migratingta and ageymutading;at &raipbayndapies and/or
interfaces of the metal gapfill. The migration of the at least one dopant is

accomplished by a thermal anneal at a sufficiently elevated temperature and for a
15 sufficient length of time. According to one embodiment of the present invention,

the dopant comprises manganese. According to another embodiment of the

presént invention, the dopant comprises arsenic, gallium, germanium, iron, lead,

mercury, vanadium, or mixtures thereof. According to another embodiment of the

present invention, the dopant comprises antimony, bismuth, cadmium, chromium,
20  gold, indium, iridium, molybdenum, osmium, palladiurﬁ, platinum, rhenium,

rhodium, ruthenium, silver, téchnetium, thallium, tin, zinc, or mixtures thereof.

[0043] One or more additional embodiments of the present invention comprise
a method of making an electronic device such as an integrated circuit. The

25 method comprises providing a substrate having vias and/or trenches formed in a
dielectric for damascene or dual damascene metallization. The method may also
comprise depositing a barrier layer on the dielectric so as to cover the dielectric of
the substrate including the surfaces of the vias and trenches. Optionally, the
barrier layer may comprise tantalum and/or tantalum nitride. The method may

30 also comprise depositing a substantially pure copper seed layer over the barrier
layer. The method further comprises growing gapfill copper on the copper seed

11



gapfill for an existing or subsequent netallization |ayer. [0042] According
to one or nore enbodi nents of the present invention illustrated in Fig. 2,
a cap layer is formed on netal gapfill of a danascene or dual 10 damascene

metal li zati on of an integrat e‘d circuit. The ca )ﬁ_er al so conpri ses at
| east onda¥BpEMas tqﬁéba@ﬂﬁﬁ'ﬂy iIstheeyias ppd/a5d 831 trheagetios may M

roperti

Eouﬁdarl 2@0@98/ OPfaﬁra]P g?wgﬁﬂh%fdg%mc%@? b f&gréﬁoﬁ‘gvﬁrﬁe m graé I on ofﬁgrﬂe at
| east onethéapetaliizationdioespindadrexbnbgcts. T henneﬂhodrfuﬂb.ér edmprises fi ciently

el evat ed tenper at ang. for a 15sufficient According to
ohe. enbodt BEREIeaPYdREOBIEGgh e [RYBhCPBrp S sE S D6 HiSKES 200 fegase
A i t '
ccor dj ngedfip ﬁ&ﬁbhﬁéngﬁdﬁ%@'dﬁ@&h@ abfPcHpReNthd ﬁ%%d Q@oyaoh@ﬁrgaégan

conprises arseniC, gallium germanium 1ron, |ead, mercur ium or

m xt ures ammaéio’g s bih mgnganammwat@ﬂoognanehourmdaneseamﬂ/esmerfaacasavft i on,
t he dopan ris smut.h oI d, indium
o 61 e P BERIN AR 5B MR B S Ao PRER. BbsFRgBHEm

rut heni unain@/br Ufigstdre CAB @hbther dptiah! themdap laler ébmpris€$ cObAit YuRgstbRCARPT -
[0043] One or nore additional enmbodi nents of the present invention conprise

a net hod %@roﬁaﬂzq{gﬂ'ﬁr@n@ﬂ&t%'ﬁﬂct@e‘ﬁ&l?Y§[|§ﬂm@§|S@$|CPh@'édldag@anaWéwt The
5 nef provi ding a substrate having vias and/or trenches
forrre |n a ric for damascene or dual damascene netallization. The
met hod may al so corrpri se depositing a barrier layer on the dielectric so as
to cover the dielectric of the s bst:Fate incl udi hg the surfaces of _the vias

and trenclf@44l opReIREANCE Is PRW WaARite F1g-a3rdr Figay-2d7idr 3-Se M4l and B/ or
tantal um @'St\ﬁlhg% heRE aPES RN %Pé’abs?'&adtﬁﬂ #?@érpire\l\%%]fdéapreﬁ{ﬁ%ﬁ u?tgiéél%?é antial ly

pure copper see ayer over the barrier layer rconprises
gr owi ng glaq:iﬁgldrocermmdramrdlhg tc oppar meredembagiererds o mdtiodsibkthant | al | y

of 1 gaptecent BpRlont BRFE speeBaLN Bif ash Eloored. FiBcFor - and Fig. "

net al | i zagisoghdw BRE R MBI reSals éFééqueWn@l H@c@@glnblﬁfttﬁé%uﬁgtm%'é“&%rdm
el ectrol essly depositing a cap er conprising Cobalt and/or nickel] and

further Stocogper Biong embngtiments ertﬁe prégergamyentioncopper . The net hod al so
conpri ses annealing so that the nanganese mgrates to grain boundaries
and/or interfaces of

[0045] Figure 3-1 shows a substrate 101 having a base 110 and a dielectric
20 layer 115 on base 110. Optionally, base 110 may comprise a semiconductor
wafer, a semiconductor layer, and/or a lower metallization layer. Dielectric layer
115 may be a dielectric material such as, but not limited to, silicon dioxide, silicon
oxide, a low-k dielectric of carbon-doped silica, other dielectric used for integrated
circuits. Dielectric layer 115 has a via or trench 120 formed therein such as a via

25 or trench for a damascene or dual damascene metallization structure.

[0046] Figure 3-2 shows a substrate 102 that results from depositing a
substantially conformal barrier or liner layer 125 over dielectric 115 including the
via or trench 120. Barrier or liner layer 125 comprises materials typically used for
30 barrier and liner applications such as, but not limited to, aluminum nitride,
aluminum oxide, silicon carbide, silicon carbonitride, silicon nitride, tantalum,
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the copper. Optionally, the cap |ayer further conprises boron, phosphorous,
and/ or< tungsten. As another option, the cap | ayer conprises cobalt,
tungsten, and boron. For still another option, the cap | ayer conprises

Ol g RSl S S G Sl Sl un RS 0 ¢
accor di g pardmg 18 oesmBle Skl EMtsRr e RLeAt etk e EP e

i nvent i onlayébt25 spmprites ahlorgaficdayed-slichfasy buBnat lirhited t3-a8) afibgphdiis4,  and
Fig. 3-5 shpw one or nore resulfts of S.F uenti al ocessm? of tFe substrate
accor di ng-HBOBIRVaS: OIS lgNBRLR TRIBRROSIENG PTRPRWIR, TRIRIANSHS O 0045] Fi gur o
s-1 stowfstrigzﬁ%gftﬁib%ﬁpé%ggﬁwseneg sn%?@arileéeog@@uﬁdgb?h?é%%ﬁéted &%@gﬁ{ 115

on base 11 I ona 110 may TConpri a sem conducto r, a
sem conduearopolirdse r Aceordingrtosoricosemone eaibiddimentsrofithg presedit éhventionc | ayer
115 may b@ a di el.ectlri C %eri al. suchI as bg); ngt IL?m' tedfttho, silicon

di oxi de, QFTIPEBRIYIA¥ST 13 GAMRNIGER PElESPRMBIeL LORgIRYEEH LIS 9PRAIC ot her
di el ect ri goHp8GhdRNT As BhasptRheer 6hé O inidre dhhBdEIRTdNLS of ieasreddft iRdenton/i @ or
trench 120 formed therein such as a via 25 or trench for a danascene or

dual dansbedniegnated|dirceimannet ingeidgrabarien esfippryayer 3292 shows a substrate
102 th)at results fromdepositing a substantially confornmal barrier or |iner
| ayer 125 over dielectric 115 including the via or trench 120. Barrier or

liner |aymo4i25 ¢agoreis8sshoised sabstraty piodathby rassitd fload dépésitingar and | i ner
applications such as, but not limted to, alumnumnitride, alum num oxide,

silicon C%Httﬁt%!étiaugiqoin&fﬁ‘eﬂ&PEGH@X%1(?@_, O@r!tqa(gﬁwqﬁlmqr@%erﬂgﬁt. aThﬁn “tantal um
nitride, HAp o Sy @k&m n%b Eﬂsr%[g?ona‘i fc#r%}LéW m@@émboﬁirﬁ@ﬁ‘ﬂstﬂf‘tﬁ%yés%%
mor & enbodi t

According to one or nts o e present 1 nvention, rrier or
| i ner | ayievedidin.c\dfen inelsidad, seemhlayer N30 anay be lusad fobgrowing al gapfitl edetab, an

anor phous, carbon | ayer, organic |layers of organosilan onpounds, .organic
ayers® of PEPIRGEEFRR B A5 ERRDe R RIS 23 5UEH 5 Aec el deris A

net al | at ede@ Y42y 130 AAYTBBHIFRe o ¢aRitd bR ehdtasAIRN s, BRE RoBlfet ents of the
present inventi'on, barrier or liner layer 125 conprises self-assenbl ed

nmonol ayer eopiert hthenigamicobalbruliedmetalaligys.opti on for one or nore
enbodi nents of the present invention, the integrated circuit nmay not
i nclude a barrier or liner |layer 125.

[0048] Figure 3-4 shows a substrate 104 that results from growing a gapfill

20 metal 135 that fills the vias or trenches 120 and optionally forms an overburden
metal 135-1. Overburden metal 135-1 includes the portion of the gapfill metal that
is deposited outside of the vias, the trenches, and the other features that are being
filled. A variety of metals may be used for gapfill metal 135. According to one
embodiment of the present invention gapfill metal 135 comprises copper.

25  Optionally, gapfill metal 135 may comprise metals and/or metal alloys such as, but
not limited to, cobalt, cobalt alloys, copper, copper alloys, other metals, other

metal alloys suitable for integrated circuit metallization.

[0049] Figure 3-5 shows a substrate 105 that results after removal of the
30 overburden metal so as to planarize the gapfill metal and complete formation of
trenches and via contacts so as to form a portion of an electronic device according
13



10 [0047] Figure 3-3 shows a substrate 103 that results fromdepositing a
substantially conformal seed | ayer 130 over barrier or liner |ayer 125. The
i nclusion of seed layer 130 is optional for one or nore enbodi ments of the

resent invention. \Wen included, seed |ayer 130 be used for gromng a
apt 111 HRiCTIe QOBpr POREAIBe MR hG Srerestinsaion CNIZAIPAP i o9ath ac
el ectrol er@étéi%@ﬂﬁé aflevettBf prébesed 3UcHBY %Wﬂ&élngro §ds) giéétr%h%"i@éls
such as, but not limted to; copper, ruthenium cobalt, and/ or netal
al | oys. lfrodedsesyphysiBalproicesses andiartcheneicalOnechanicalgdaharizatioom growi ng a

gapfill 20metal 135 that fills the vias or trenches 120 and optionally
forns an RJPEFBHen netal 135-1. Overburden metal 135-1 includes the
portign of the gapfill netal that is deposited outside of the vias, the

trenches, and the other features that are being filled. A variety of netals
may be usi®850lor Gabistrate h@d furthiganclndes adiapdayer bikfasmeddvesitihe of t he

present inventio L al~135 co I ses, copper.. 250ptionally, gapfill
et o 135 a0 G aPPmetal Aol BveRdRoImaY pE HPERerEAL o | A e
to, coballayeclisH 4s alrhétes or Aoy &EPRRENaél TAGmagtdies siBs@nsallhoer net al
all oys suitable for integrated circuit netallization. [0049]Figure 3-5

shows a selBstricalivcanduativaray@rsyichasan isuatingayetos Capaysn 1¢0ampriRas et al
SO_asf o é&'lé&étrdﬁeedéﬁﬁ‘qtgaﬂie' at |e5§t.t&He %ﬁ?&ph%&nm{ SPLMBinglioh lpnehes and
via contactS so as to Ion O C g

orm-a por an electronic device according to

one or noglemsmi®pragsent i e ddpclapecssudllyi avva mihoncorpbanexitl 2atotiter wdrdishe
gapfill tal can. be achjeved b rocesses. such as, chem cal, processes,

el ectroc Hfg‘% anh jppreseptat %ﬁ?@“@gmfbﬁ‘%‘é@g@éha%ﬁ&}e@ﬂ en%mﬂa% COmRINEN cal

pl anari zakd {fB ogbqﬁzéses. 5 [0050] Substrate 105 further includes a cap |ayer
140 forned over 't ' _

15 [0051]) According to one or more embodiments of the preseht invention, the
dopant has one or more properties such as a low reactivity with the gapfill metal, a
high diffusion rate through the gapfill metal, and/or a preference for residing at
grain boundaries and/or interfaces of the gapfill metal after processes such as a
thermal anneal. The dopant is selected to have properties so that the presence of

20 the dopant at grain boundaries of the gapfill metal reduces the electromigration of
gapfill metal ions/atoms and/or the presence of the dopant at interfaces of the

.gapfill metal provides a barrier to diffusion of the gapfill metal ions/atoms beyond

the interface.

25  [0052] According to one or more embodiments of the present invention, the
integrated circuit has the at least one or more dopants from Cap layer 140
accumulated at grain boundaries and/or interfaces of the gapfill metal. According
to one or more embodiments of the present invention, an elevated temperature
anneal comprising heating at least cap layer 140 and gapfill metal 135 to an

30 effective temperature for an effective amount of time so that at least a portion of

14



pl anari zed gapfill netal 135. Cap |layer 140 may be an electrically
conductive | ayer such as a netal or netal alloy or cap |ayer 140 nay be a
substantially non-el ectrically conductive |ayer such as an insulating

| ayer. tl?m | ayer 140 conprises 10 at |east ope d E@ The at | east one
dopant i sthgPn8 enmrre gppertsdniialy Bresspt B edr: ygfg Saigrates t gEaiRap | ayer

usual l'y aﬁo@ndﬁrfé%rarfb‘?gpi Sces Bmaiar ~the dopant is present at a

4 2P
smal | er concentration t an at one ot her conponent of the cap |ayer.
15[ 0051] According to one or nore enbodi rrents of the present invention, the

d t h t h t th t fill
e L SH o ABl GBI BRe R A Bk 1 R bbb i e e
for resi digBgt Ghe BbBAM RAHPHRLS ﬁ%n@@ﬂé&! Ae&&eiryﬁ%mthéh&naaefméﬁt dmﬁéll
after processes such as a thernmal "anneal opant Is selected to have

proper t i egresent inxentiors the sapriayerafommises ebadrr ruckejraadrthb@hiﬁmt pee of the
gapfill taI reduces the el ectr061 ﬁrat on oiaé%ag 'O %J{ i ons/ at ons
and/ or t hEORFELORRIISES TAMIYS St bioRallvereR AOR LTI bY P RIBESES
provi des gudhas erRJctrofesdi ddpesitionm. of the gapfill netal ions/atons beyond the
interface. 25100521According to one or nore enbodinments of the present

invention, the integrated circuit has the at | east one or nore dopants from
cap lagyer ac in.b i of,. | ' o]

gapt i [ “THSPSR *AALRARE o Bhetrthete BHBOBER: 8P BrabBhCV Bl oab”

i nvent i onlayan140 evaipeidet eopalt at nickehand the ablmasi csmmgobamtdompraﬁed @asbr cap

| ayer 140 and gapfill fal 135 to an, 30q ctive tenperature for an
ef f ect i veMRRDRhESENIG iGaiugy geimianiym; koilead,priqusy, \Ginadiye, emabdyresor e

dopant s, | b4 |00RIRAGEard (yBRR4b R BmEACLyTa BFGUES LRrfebiBchotadar | os

and/or interfaces metal 135 ng to one or nore
enbodi nendepasitiathe present invention, the at 5 | east one dopant conprises
mang se. According to another enbodi ment of the present invention, the
cap layer conprises cobalt or nickel and the at |east one dopant conprises

manganesepooSBf | O &y opie fdradRe orlhBré 8mbidimREniaofah® pRERST ififilioASthe
el ectrol ess deposition. 10 [0054] According to one or nore embodi ments of

t he preseatlepslene depantegmprigasroneior mene of seenio igalliumrgermagdimainen.t he at
et gD PRI CA R ol A B SR PR, o,
140 is foemdadhyertsRf Bee preostint thvaatieh sibrallesst othedupdnt cdbmprises
20  antimony, bismuth, cadmium, chromium, gold, indium, iridium, molybdenum,

osmium, palladium, platinum, rhenium, rhodium, ruthenium, silver, technetium,

thallium, tin, zinc, or mixtures thereof. According to still another embodiment of

the present invention, the at least one dopant comprises one or more of boron,

molybdenum, phosphorus, tungsten, or mixtures thereof. Optionally, cap layer

25 140 is formed by a process such as electroless deposition.

[0056] According to one or more embodiments of the present invention, the cap
layer comprises gold, palladium, platinum, rhenium, ruthenium, silver, zinc, or
mixtures thereof. As an option for such embodiments, the at least one dopant
30 comprises manganese. As another option for such embodiments, the at least one
dopant comprises arsenic, gallium, germanium, iron, lead, mercury, vanadium, or
15



15 [0055] As an option for one or nore enbodi nents of the present invention,
the at- | east one dopant conprises one or nore of arsenic, gallium
germanium iron, lead, nercury, vanadium or mxtures thereof. As an option
for one or nore ﬁt her %boﬂi ments of the gresent i nvention, the at |east

one dopanPEYiastheeofo el rerpRfian iRr skl fMARdinRpSHhmAt I§8PHONE ndi um
i ridium Jod U i iiRAe HdiM. #i L um

rut heni uma@é%rﬁ\%gﬁﬂqsggﬁérﬁéﬁaunnﬁ%ﬁngﬁh gén?rﬂ'!ﬁ &;%éurhow m xt Elrmetfsilﬁ’t her eof .
Accor di ngmiotybsienum, axsatitrer; riesdiomi, textinetioim, tealliurestmtori mixtures dinerebhe  at

| east one.dgpant conprises one or re of boron, nolybdenum ,phosphorus,

t ungst on. OBHORRI GRBLYS SA0GF Todind B Mooseasush, 8 elemioes dSRSHRt by
process such as el ectrol ess deposition. [0056] According to one or nore
enbodi ments of the present invention, the cap |ayer conprises gold,

pal | adi unf00sTkt i inemoneraharg embodismentmof $he peasent invention, capciayerd4® her eof .

As an option faor such enbodi nment the at, | east one dopant 30 conprises
manganeselurier ShaRrERs SRR BBHRL borSubetdila B8 ridB3Pectfst "one dopant
conpr i sesembddMént dFahé preBend fivEntibHNtap l29@r 146 dmpFRiesWobaltVRimgetdhn  or

m xtures thereof. As still another option for such enbodi nents, the at

| east oneaR@dparan. cosgATHRStoAnathergmbadigantiof the arasemnt inveptian LeaP fayer um
iridi - ' dj Lu [ | r

it b TR OPRSE cOBAR {ihotiat adbnbSeiehe: Dptdiy agledbi e, o1,
el ect r ol edspatttpnay beaeledted GOV aMYOf theedapant® desenttiabevd or wiixtutes present

I nvention cg& | ayer 140 further conprises tungsten and/ or boron. According
to a m)reﬂ"?ﬁ tfic enbodi nent of the present invention, cap |ayer 140
conprises cobalt, tungsten, and boron. According to another enbodi nent of
the present invention, cap |ayer 10140 conprises cobalt, tungsten, and
phosphor o[#958]0pt iFemaineygr more embbdiments oé thin peasentrinvebtios etapclagdr 140m any

of thes dopgnbRsEea5haIP TinGRaN Cartd bOH

o)ﬁt and 8 dto%%wma't comprises manganese.
According to one or more other embodiments of the present invention, cap layer
140 comprises cobalt, tungsten, and phosphorous and a dopant that comprises
manganese. In still additional embodiments of the present invention, cap layer
140 comprises cobalt and tungsten and a dopant that comprises arsenic, gailium,

20 germanium, iron, lead, mercury, vanadium, or mixtures thereof.

[0059] Embodiments of the present invention may include the use of a variety
of types of interfaces for a gapfill metal. According to one or more embodiments of
the present invention, a gapfill metal forms an interface with a barrier layer wherein
25 the barrier layer comprises tantalum and/or tantalum nitride or titanium and/or
titanium nitride. As an option for one or more embodiments of the present
invention, the gapfill metal forms an interface with a barrier layer wherein the
barrier layer comprises a material such as, but not limited to, silicon nitride, silicon
carbonitride, silicon carbide, aluminum oxide, aluminum nitride, or other
30 substantially dielectric barrier layer. According to one or more embodiments of the
present invention, the barrier layer comprises an organic layer such as, but not
16



[ 0058] For one or nore enbodi nents of the present invention, cap |ayer 140
15 conprises cobalt, tungsten, and boron and a dopant that conprises
manganese. According to one or nore other enbodi nents of the present

invention, cap, |layer 140 conprises cobalt, tungsten, and phosphorous, and a
dopant tﬂ&‘ﬂ't‘i‘g%ﬁi SHBOMRARY S f@ERON [ayesqrapnigdayeis sl roameigngcempaindspe

br esent | GpugicIafersCAiAANSiTARISATBEPBANASAMI offiid UotABbERISEH @ dopant

that conprises arsenic, galltum 20germanium’ iron,” | ead, rcury,
vanadi um metallated porphytih eoegfounds 0 FgicBndingd itorene or shortehempodiseatits iohthent i on

may include the use.of .a variety of types of interfaces,for a gapfil

o al | AdUBRERCIE Vo h e PamsT st i R by Selassrttind maoEREro A
gapfi ls @bﬁhicfﬁﬁﬁoﬁhé. nOBtibRARy, BhidddimBAls' dfthe lpPdsdnt WWRIioR may he barrier
| ayer conprises tantal um and/or tantalumnitride or titani um and/ or

ti t ani umintiudedisingran intedpee batwern thecgapfilletal ant i adhesiorofayehe present
invention, the gapfill netal fornms an interface with a barrier |layer
wherein the barrier |layer conprises a material such as, but not limted to,

silicon niohsojde, Reféreries i€ AbRANLEE itélFig. i Whemnthens B sowmbuirbssiBeeadrie,
alumnumnitride, or other 30substantially dielectric barrier |ayer.

Accor di ncSige viavws ofa substratepl &l iHestratings a pREIgsy elsameleckoBistdayice t he barrier

| ayerloc‘”@c'fdo%ﬁg%' o%f%ﬁ’?h&e' é‘%ﬁ&dﬁﬁ@rﬁs o rhé)éFes%m invlehﬂblt].e ubgtraﬁelm SR phous
carbon | ayer, ofganic layers or organosi | ane conpounds, ‘organic 1ayers of

t ri azi nededdeintibly thensame msaubdtrateanls presemted oROGrBliwithfthaekesptidrethat

G T N ST ERE RN I CEE E Su
or gani ¢ CAIPRENLRs ﬁé#@(@bh!ao%@h%ﬂbﬁ%@l fér;lg?%?ﬁ avdy §Eéh_ dray

i nclude using an i1 nter etween the ga and an adhesi on | ayer.
[ 0060] Ref Sulsitate i1$0rveludasbase 1R 0ga dlelebtricdaydret b, itenshmmvian120.dgwrsect i on

i de i f bs; 180 il lustyat t f | ect roni
dovi 0B 108U b epd36mend capr Tl BbirERath BStan @l the B3RS nvent s on.
Subst r at egdsefibed f6SERNBLAIFIY. 3-0¢ F@@:s,asig.sgbﬁtarnatrag.l@% presented in Fig.

3-5 with the exception that substrate 150 is fabricated without using a
seed | ayer. Mre specifically substrate 105 i ncludes a seed | ayer 130

whereas s r at t : tr 1 nel udes
e eas B 2 ReTRoHRIs ahBmdBY T iRl HEta sEBE abes 18badn gt
view of substrate 150 as described above for Fig. 4. For the purpose of o
20  conceptual illustration, Fig. 5 also shows an enriched interface 145 to represent
accumulation of the dopant at the interface between gapfill metal 135 and liner 125

as described above but not shown in Fig. 3-5 and Fig. 4.

[0062] In the foregoing specification, the invention has been described with

25 reference to specific embodiments. However, one of ordinary skill in the art
appreciafes that various modificaﬁons and changes can be made without
departing from the scope of the present invention as set forth in the claims below.
Accordingly, the specification is to be regarded in an illustrative rather than a
restrictive sense, and all such modifications are intended to be included within the

30 scope of the present invention.

17



15l ayer 125, gapfill 135, and cap layer 140 that are essentially the sane
as described for Fig. 3-1, Fig. 3-2, Fig. 3-3, Fig. 3-4, and Fig. 3-5.
[ 0061] Reference is also nade to Fig. 5 which also shows a cross-section

side view of substrate 150 as, descri bed abg}{/*,e for F%t%' 4. For the purpose
of 20cond@pellal Pengtits; sthegiadventages, and solHions ta Rrebipmemaye bRt f ace 145

to repre ; r ; Nt cgapfill
0. P SR BE BB Rl B OBRE enodenisnslacs B beRemgopt ||
Fig. 4. [daDa@didged, lselutionsdgoipnoplemscahd @alyicdement{s) ihav erdy causeasanypeen
descri bedgqvg th Zq'iyr eference tq. specific epbodi nents. However, one of

or di nary 28014fit adyantage, ar saiffioadp fesur PREBCAMPINBYHE RPRIAPHNCE pEhEOtRPe

changas caihsibeR™ics Wi edifBA! bi B6sdriiRMddige3saAEmRht b EnPorarH

i nvention as set In the clalns ow. Accordi ngly, € speci e?cati on
is to be ¢laiges.ded in an illustrative rather than a restrictive sense, and
all such nodifications are intended to be included wthin the 30 scope of
the present invention. [0063]Benefits, other advantages, and solutions to

probl ens [pggs e WrsChrart thd ettevidofpraeardcsMmphBmg! icieadodi ment s.
However, the benefits, advantages, solutions to problens, and any

el enent ( sYnaludingrahasasaviagy “aleast ene abivananyethes vagation thateeb asecur or
csserth ai nesieRg e pdich- BRlydi%e NG, PR ERafB iobbig mefri °
herei n, téticletbMappaeig it somprisesR listiofiglemeéntsds Heerecessarily limited

only to those elements but may include other elements not expressly listed or

inherent to such process, method, article, or apparatus. Further, unless expressly

stated to the contrary, "or" refers to an inclusive or and not to an exclusive or. For

15 example, a condition A or B is satisfied by any one of the following: A is true (or
present) and B is false (or not present), A is false (or not present) and B is true (or

present), and both A and B are true (or present).

18



"including,"” "has," "having," "at |east one of," or any other variation
thereof, are 10intended to cover a non-exclusive inclusion. For exanple, a
process, nethod, article, or apparatus that conprises a list of elenents is
not necessarily limted only to those elenents but may include other

el enent s GbhAIM pressly listed or inherent to such process, nethod, article,
or apparatus. Further, unless expressly stated to the contrary, "or" refers
to an inclusive or and not to an exclusive or. For 15exanple, a condition A
or B is swhiasfs @dintiad mny one of the following: Ais true (or present) and B
is false (or not present), Ais false (or not present) and Bis true (or
present), and both A and B are true (or present). CLAIMS Wiat is clained

Is: 5% H.”Rtrheﬁwo%foffmgkiﬂﬁ a?ﬂnle%fr% ir%@itC{HeCMbgwoo‘&ﬁnHﬁéiHB.d conprising.
depositing a cap |l ayer containing at [east one dopant onto a gapfill netal;
and anndegpasitinga cahaayereontainingaattieastondogepant winip atgapfitl nefaki n
boundaries and/or interfaces of the gapfill netal. 2. The nethod of claim
1, wherei#® he at |east one dopant conprises manganese. 3. The nethod of

claim1, wher eifhddifig@RthbiR atdea8Y driccdosaitahigrates b gkeih bidahes at | east
one dopant conprises rre:cgganese. 4. The nethod of claim1, wherein the cap
0

| ayer congid/eemtertacg egapkbmeiad the at | east one dopant conprises
arseni.c, gallium germanium iron, |lead, nercury, vanadium or m xtures
t her (9 . 20 5. The method of claim1l, wherein the at | east one do pant

conpri ses2 aragmhéthod of claim 1, wherein the at least one dopant comprises manganese.

3. The method of claim 1, wherein the cap layer comprises cobalt or nickel and
the at least one dopant comprises manganese.

15
4. The method of claim 1, wherein the cap layer comprises cobalt or nickel and
the at least one dopant comprises arsenic, gallium, germanium, iron, lead,

mercury, vanadium, or mixtures thereof.

20 5. The method of claim 1, wherein the at least one dopant comprises arsenic,

gallium, germanium, iron, lead, mercury, vanadium, or mixtures thereof.

6. The method of claim 1, wherein the at least one dopant comprises antimony,
bismuth, cadmium, chromium, gold, indium, iridium, molybdenum, osmium,
25  palladium, platinum, rhenium, rhodium, ruthenium, silver, technetium, thallium, tin,

zinc, or mixtures thereof.

7. The method of claim 1, wherein the at least one dopant comprises boron,
molybdenum, phosphorus, tungsten, or mixtures thereof.
30
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gallium germanium iron, |ead, nercury, vanadium or mxtures thereof. 6.
The nmethod of claiml, wherein the at | east one dopant conprises anti nony,
bi smut h, cadm um chrom um gold, i ndi um iridium nol ybdenum osm um
25pal | adl uml_ gl atjinum_ rhenjum rhodi rut heni um sil ver, ,chneti um
thal | i um8: iRe methed obelaimyt. \wherei P, 1ayer Comrises e, Bal 'amm 1
wherein t I n e

EIS |ﬁt5m fAtiurf thﬁ'é’rﬂpm, gx%ﬁg_kir@hér HﬁBEtEFéds t'KPFéfcﬁal fo

t ungst en, m xtures thereo e met vvherel n the
cap | ayerdonamlcomsgelmbngmielsadi um platinum rhenium rut hem um silver,
zinc, or mxtures thereof and the at |east one dopant conprises manganese.

59. The nethod of claim1, wherein the cap | ayer conprises gold, palladium

pl ati mum g r NRBIYEhoH & RRIMUMWISreifthe c?dﬁ‘l@yepéorﬂbﬁéé'é §61dt Béﬂeﬁﬂumand the at
| east “one dopant conprises arsenic, gallium germaniufm 1ron, |ead,

mer cury, Matigurheniemniuthenigm, siereginc, contxtukisethersdf@ndothedtaeast bne

wh th | .| ad | h
Pt heni urfiORET GRRPFaFR aroic, yali TR Geriahugl i Bre ey, KOS Sp ant

conpri sesmixiline8QR¥recpi smut h, cadm um chrom um indium iridium
nmol ybdenum osm um rhodium technetium thallium tin, or m xtures
thereof 1511. The net hod of claim1, wherein the interfaces conprise:

b ant 3oum AIIEAL ohARbAl B! { \ire vl AN ApALed BbANBHAIL T Ie

he nmet'ho aim er ein ayer rrprl Ses tungsten
platinum, rhenium, ruthenlum, silver, zinc, or mixtures thereof and the at least one

- dopant comprises antimony, bismuth, cadmium, chromium, indium, iridium,

. molybdenum, osmium, rhodium, technetium, thallium, tin, or mixtures thereof.

15 11. The method of claim 1, wherein the interfaces comprise:
tantalum and/or tantalum nitride; or

fitanium and/or titanium nitride.

12. The method of claim 1, wherein the cap layer further comprises tungsten

20 and/or boron.

13. The method of claim 1, wherein the cap layer comprises cobalt, tungsten, and

boron.

25 14. The method of claim 1, wherein the cap layer comprises cobalt, tungsten, and

phosphorous.
15. An integrated circuit made by the method of claim 1.
30 16. A method of making an integrated circuit comprising:

forming a metal gapfill;
20



20and/ or boron. 13. The nethod of claim1, wherein the cap | ayer conprises
cobal t,, tungsten, and boron. 2514. The nethod of claim1l, wherein the cap

| ayer conprises cobalt, tungsten, and phosphorous. 15. An integrated
circuit nade by the nethod of claim1l1. 3016, Ahrret h?d of maki ng an
integrated ci réeRAsitingdCARiIAPr anothirgtal gaefilh the gapilayer having atleggheng t i ng
a cap |ay, peftit the nmetal gapfill, the cap |ayer having at | east one dopant;
anneal ing to cause the at |east one dopant to migrate to interfaces and/or

grai n boundar i amedlinghe caasalthgapleakt on® dofp@nt tbmeigratehiodnigffacksiand /6,

wherein depositing a c | ayer on the nmetal gapfill is acconplished using
el ect r ol ¥eINyR "’lrl%rp.afqhe etah@apfgﬂhe met hod of claim 16, wherein fornming a
met al sgapfill is acconplished using 10el ectrol ess deposition and/or

el ectrochem cal plating. 19. The nethod of claim 16, wherein depositing a
cap | ayer17.sThe coethbd o sthims1thgvhsirein depositinga cap paygrtaroiine metad gaphileismet hod
of claim16 &ﬁiﬂebei n f.orn?' n& & rrgjtal ga fill is acconplished using
el ect r ol LGRS fegil"(?rlpgaﬁ&f; PlegP &EPPEERENI cal pl ati ng of copper. 21. The
met hod of claim 16, wherein depositing a cap |ayer is acconplished using
sel ective degosition. _ ) ) o ) )

18. The method of claim 16, wherein forming a metal gapfill is accomplished using

10  electroless deposition and/or electrochemical plating.

19. The method of claim 16, wherein depositing a cap layer is accomplished using

chemical vapor deposition.

15 20. The method of claim 16, wherein forming a metal gapfill is accomplished using

electroless deposition and/or electrochemical plating of copper.

21. The method of claim 16, wherein depositing a cap layer is accomplished using
selective deposition.

20
22. The method of claim 16, wherein forming a metal gapfill is accomplished by

forming a substantially pure metal gapfill.

23. The method of claim 16, wherein forming a metal gapfill is accomplished by
25 forming a substantially pure seed layer and electrochemically plating the metal

gapfill on the seed layer.

24. A method of making an integrated circuit, the method comprising:
providing a substrate having vias and/or trenches formed in a dielectric for
30 damascene or dual damascene metallization;
depositing a barrier layer on the dielectric;
21



20 22. The nethod of claim 16, wherein formng a netal gapfill is
acconpl i shed by formng a substantially pure netal gapfill. 23. The
nmet hod of claim 16, wherein form ng a netal gapfill is acconplished by

25form ng a substanti all ure seed | ayer and el ectrochem cal ]y plating the
rotal oot 11T Gepatinga sUbBEREATY Bire GORRSY TGRSR A 9Pl FgPasEen

circuit, 1Sl 104, WY : r i vi as and/ or
renches TaaBRer 8Bel BTRreS) didko QARG 1 18Y ol Mdorhisl ane
met al | i zat i on; eldepolesslyrdeposiitngra eap layee comprishng cbbelearid/ocnickel, and

d iti bstanti al | I ) i fill
on' the coppBe" éamunpisnaigRaise SRBIRE RN coPYS i The Vi e andior

trenches;, annédipgtdPthas He/mdPBaRbse MigrtER D JrANEhoGIBNdsSARYoL obal t
and/ or nickel, and further conpriSing manganese onto the gapfill copper;

and 5anneiatérfagesofithecopper. manganese nigrates to grai n boundaries and/ or
interfaces of the copper. 25. The nethod of claim 24, wherein the barrier
| ayer conprises tantalum and/or tantalumnitride. 10 26. The nethod of

cl ai m 24, 28h&heimethbel of iYL widreimeie ISABF ia%@ﬁc@mﬂges RHaRRP ARG
and/ or tungsten. 27. The nethod of claim 24, erein the cap | ayer

conpr i sestadtldmnitridgagst en, 15and boron. 28. The nethod of clai m 24,
wherejn the cap |ayer conprises cobalt, tungsten, and phosphorous. 20 29.
An integrated circuit made by the nethod of claim 24.

26. The method of claim 24, wherein the cap layer further comprises boron,

phosphorous, and/or tungsten.

27. The method of claim 24, wherein the cap layer comprises cobalt, tungsten, _

15  and boron.

28. The method of claim 24, wherein the cap layer comprises cobalt, tungsten,

and phosphorous.
20  29. An integrated circuit made by the method of claim 24.

30. The method of claim 1, wherein the interfaces of the gapfill metal comprise an

organic layer.

25  31. The method of claim 1, wherein the interfaces of the gapfill metal comprise a

self-assembled monolayer.

32. The method of claim 1, wherein the interfaces of the gapfill metal comprise an
organic self-assembled monolayer.
30
33. The method of claim 24, wherein the barrier layer is an organic layer.
22



30. The nethod of claim1, wherein the interfaces of the gapfill netal
conpri-se an organic |layer. 2531. The nethod of claim11, wherein the
interfaces of the gapfill metal conprise a self-assenbled nonol ayer. 32.
The nethod of claim1, wherein the interfaces of the gapfill netal conprise
an organic self- assenbl ed nonol ayer. 30 34. The nethod of claim 24,

wherein tfie Bapn H@f%‘alﬁ%éﬂllﬁé;féinathéﬂérnéﬂ% HPJ:%BHQ@&E%ﬁfﬁs%ﬁ%leJhe

met hod of claim whereln rrier Tayer s an organic se assenbl ed
nmonol ayermoaﬁlayﬁhe met hod of claim11, wherein the interfaces of the gapfill
metal conprise an anorphous carbon | ayer. 10

5 35. The method of claim 24, wherein the barrier layer is an organic self-

assembled monolayer.

36. The method of claim 1, wherein the interfaces of the gapfill metal comprise an
amorphous carbon layer.
10
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