WO 03/ 094209 PCT/ US03/ 12967 Use O Conductive El ectrol essly Deposited Etch
Stop Layers, Liner Layers And Via Plugs In Interconnect Structures
BACKGROUN®O (3i0kx95 [ 0001] Enbodi ments of the present invardi/osvingdsate to

i nterconnect structures and fabrication nethods. In particular, the
enbodi nents relate to novel interconnect structures containing conductive
el ectrol essly deposited etch stop layers and in sone instances |iner

| ayers and via plugs, to novel nethods for making the interconnect

st r uct ur Bse OfildntactiveElegiralesdy DiepositetiEtch Stap hapg st hiner diayexsomk ¥ia
structures. 10 Background [0002] Many integrated circuits contain

mul ti-layer electrical intBhgsdndotereammect Shruetures provi de el ectri cal
signals to logic elenments such as transistors |ocated on a sem conduct or
substrate. The interconnect structures often contain interconnect |ines
which are spaced apart in a neaBACKGHOENR arrangenent within a
dielectric material that insulates the lines 15 fromone another. Sel ect
connecti_Q bet ween interconnect lines on different levels are mde by

Vi as foéﬁ%@ through the insulating material. [0003] The interconnect |ines
are often nmade of highly conductive netals or alloys. Copper has becone a
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prolonge >subjecte variety of etching or plasma
cl ean nQoﬂtaﬁﬁr?g:]écﬁﬂﬁctl\;e'@e&fbﬁés@%edeﬁﬁéﬁeﬁ%@&r@o & £@dn sbilelikfanted ingt her

materi al s as alum num copper oxidation does not lead to a thin
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of the copper may béconme oxi di zed. This is general ly undesirable, since it

may si grntbiagdiciredits containing the interconnect structures.

10  Background

[0002] Many integrated circuits contain multi-layer electrical interconnect structures to
provide electrical signals to logic elements such as transistors located on a semiconductor
substrate. The interconnect structures often contain interconnect lines which are spaced
apart in a nearly coplanar arrangement within a dielectric material that insulates the lines
15 from one another. Select connections between interconnect lines on different levels are

made by vias formed through the insulating material.

[0003] The interconnect lines are often made of highly conductive metals or alloys.
Copper has become a widely used material due in part to its low electrical resistance
compared to other metals. However, one of the disadvantages of copper is that it readily
20 oxidizes. Accordingly, if a copper surface is left exposed for prolonged periods of time, or
subjected to a variety of etching or plasma cleaning operations, the surface may become
oxidized. Unlike with other materials, such as aluminum, copper oxidation does not lead
to a thin protective coating that blocks further oxidation, and significant portions of the

copper may become oxidized. This is generally undesirable, since it may significant
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WO 03/ 094209 PCT/ US03/12967 change the el ectrical and nechani cal
properties of the interconnect structure. Another disadvantage of copper
is that iwameesdly etched with many of the commonly usedcTdiBazisri c
etching chem stries. Accordingly, if the copper surface is |left exposed,
and unprotected, it can becone oxidized or partly renoved during
subsequent processing 5 operations. [0004% In order to reduce oxidation
and copgbangst thhiekegiriqal ené gn¢ohenidileproperties ok thehindarognnset sthustute medtotheryer s
are often formed on copper interconnect lines. Materials that are conmonly

used fodisedyantaggr pfoseppends o Biipicesily stohed deth Siaqy, okihe eermeabbid (Si C) |
d silj .di oxide (Si.02). Ath t di el ectyric.l b
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strugt ur %n ead to reduced performance. [0005] The protective dielectric
| ayers provide an additional material interface or junction where
mechani cal separation fromthe protective layers in the formof pilling,
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conmpounded when l'ow dielectric constant materials (Il owk), which have a

di el ect coRnanstadtfol €88 ptdpdse Hichidedilichnoxiride, (SENE siifeefl chidd (BiC?, and
i nterconnect structure, since these materials are often chemcally
di f f er estlicon dinxidee(SpOHt exlthiongh dhezb didledtic lagysmaybeaificalive at2ftole0fitbtheThe
protective dielectric materials may al so increase the effective dielectric
cond® ancopyfer t fiemi reactiapnthey t oftanr gontribete twamtecharlical | sepatatinng Heatsteadictour e
contains lowk dielectric materials. Such increases in the dielectric
const anintpgrgted disuit i fidyry andcthewgeay Hereagp dedeldictivh ali¢lpetagrognstantcof thei t

whi ch depends ugon i nt erconnect signal propagation speeds. This can | ead

to redulHerepuiechbiifisite anst lepg o seduesyrnerfopmececui t . 25

[0005] The protective dielectric layers provide an additional material interface or junction
where mechanical separation from the protective layers in the form of pilling, cracking, or
15  blistering often occurs. These types of mechanical failures may reduce production yields
and may decrease the effective lifetime of manufactured integrated circuits. This problem
may be compounded when low dielectric constant materials (low-k), which have a
dielectric constant less than silicon dioxide, are used for the interconnect structure, since

these materials are often chemically different from the protective dielectric layer materials.

20  [0006] The protective dielectric materials may also increase the effective dielectric
constant of the interconnect structure, particularly when the structure contains low-k
dielectric materials. Such increases in the dielectric constant may effectively decrease the
speed of the integrated circuit, which depends upon interconnect signal propagation

speeds. This can lead to reduced performance of the integrated circuit.
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2 WD 03/094209 PCT/ US03/ 12967 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF
THE DRAW NGS [ 00071 The invention may best be understood by referring to

t he fol | owiong/ode®eri pti on and acconpanyi ng draw ngs that POTRUSeSEZH6Y O
illustrate enbodi nents of the invention. In the 5 drawi ngs: [0008] Figure
| shows a cross-sectional view of an integrated circuit substrate

contai ni ng BRIEMDESTRIPTION DIHTHESEVERAUI RS ORTHEYRAMINGS! on t he
substrate, and a trench fornmed wthin the dielectric |layer to acconmobdate

an interconnect line, according to one enbodinent of the present

i nventi . FlLOUR hﬁ@%i ks AR grated
circui t?gbuogi '& rh %’? 12\%21%195%1&9# gsrtg%eﬁgﬁéﬁ}o?yﬁg&‘??%ye ar%g@?élgghﬁr%v?%%gﬁbﬂoﬁ%@t he
di el ect ac@nimygmgadrdwisigs that atdresedrieritibstte elbgliments, ofahe dnaintign.t n dree

enbodi ment of the present invention. [0010] Figure 3 shows a

cros3- s@RWBSAl view of an integrated circuit substrate after forning a
conductive layer (typically a netal layer) on the seed |ayer and within the
trench 15 of Figure 2, according to one enbodi nent of the present

i nvent i ¢0008] ¥kt 1Fl@usa ctosshwevtioral etenssf arintdgeatad civiudivsubbtrate contbiagrgat ed
circuit substrate after renoving portions of the conductive |ayer, liner,
and seed semi@nidadtoosiibsirae, 4 tielectrenleyerffooned omthesubstate tandaf trédich fomn el
according to one enbodi nent of the present invention. [0012] Figure 5 shows
a cr ossvgthin itheadiclepisiy ayerato jascemmateld @ ripigreonsess shinet accafding o 200 or ni ng
a conductive electrol essly deposited |ayer over the interconnect |ine of

Fi gur e &mbodisresi af thg preseefiBVE@W9Bdi ment of the present invention. [0013]
Figure 6 shows a cross-sectional view of an integrated circuit substrate

ft f i d dielectric |lay. t h i Sfi di i¢c |
o D1 B MerhssE Bhge ) BHESh By e PP ghrB et il haghe i
enmbodi mafnt .of the Qresent iQa/en ior11

orming a liner'Tayer and seed m aterial o n?f he dielectric layer and within the trench of

Figure 1, according to one embodiment of the present invention.

[0010] Figure 3 shows a cross-sectional view of an integrated circuit substrate after
forming a conductive layer (typically a metal layer) on the seed layer and within the trench

15 ofFigure 2, according to one embodiment of the present invention.

[0011] Figure 4 shows a cross-sectional view of an integrated circuit substrate after
removing portions of the conductive layer, liner, and seed material outside the trench from

the substrate of Figure 3, according to one embodiment of the present invention.

[0012] Figure 5 shows a cross-sectional view of an integrated circuit substrate after
20 forming a conductive electrolessly deposited layer over the interconnect line of Figure 4,

according to one embodiment of the present invention.

[0013] Figure 6 shows a cross-sectional view of an integrated circuit substrate after
forming a second dielectric layer on the existing dielectric layer and the conductive

electroless layer of Figure 5, according to one embodiment of the present invention.



WO 03/ 094209 PCT/ US03/12967 [0014] Figure 7 shows a cross-sectional view
of an integrated circuit substrate after form ng an opening to accomodate
a via in woeosgeennd dielectric layer of Figure 6, accor dirtg/tse3omns7

enbodi ment of the present invention. [00151 Figure 8 shows a
cross-sectional view of an integrated circuit substrate after 5 formng an
opening to accombdate a second interconnect line at the top of the via
openi ng [f14FiFignre 7 shawsar diosgrsectionsleviewbotipnentegeted piscyt sukstratd afient i on.
[00161 Figure 9 shows a cross-sectional view of an inteqrated circuit

subst r af@ming &p opgaMiSNy esAMmRadateea Vg & dlah prsend rielestriallayes of) Figuieng

openi ng of FEigure 8, acgcordi to one, enbhodi nent of the present invention.
10 [ 001 feorsligs iongemabprsipment @%%%@@%f@émvsﬂ%?n-vi ew of an integrated circuit
substrate after formng a conductive electrol essly deposited | ayer on top

f th i j t mt eri.al he . d, i ' f

i gure SUISEEIR - pEvE Ao Rbor L By bha® iDFECA HULACIAT FOBLE]

Fi ) L . ‘. . _ . . trat

o fer© Toming R Ghealon Atchiniale | SU0F pH:LBhEOTAL BE e G bE BHIRLLY T
I J i ' : ' nmbodi f th
pr eaent SR8 B HRART, S ie o G R e of an
integrated circuit substrate containing a nmulti-Ilevel interconnect

struct ur[mﬂar\ﬁiig\&eam sBbR§ 1 BlBSSdcYiofAPRSHt 86 an GRREHEL YRR %ESstak afleret Ch
stop layer for an unlanded via, according to one enbodi nent 20 of the

pr esent aidivgrRbhduttivé @&Chnidcp iifateribB tes Fillwhe apenifsSf Bigatd & nadcondimymoosnean

integrated circuit substrate after form ng an unlanded via by

el ect r oembsdiynatephibie prasgntanvamtidoct i ve material o n a bottom portion of an

openi ng, according to one enbodi nent of the present invention. 4 WO

03/ 094209 PCT/ US03/ 12967 ) ) _ o

10 [0017] Figure 10 shows a cross-sectional view of an integrated circuit substrate after

forming a conductive electrolessly deposited layer on top of the conductive interconnect
material (the second interconnect line) of Figure 9, according to one embodiment of the

present invention.

[0018] Figure 11 shows a cross-sectional view of an integrated circuit substrate after
15 forming an o pening to accommodate an unlanded viain dielectric layers such as those

shown in Figure 6, according to one embodiment of the present invention.

[0019] Figure 12 shows a cross-sectional view of an integrated circuit substrate
containing a multi-level interconnect structure having an electrolessly deposited
conductive layer as an etch stop layer for an unlanded via, according to one embodiment

20  of the present invention.

[0020] Figure 13 shows a cross-sectional view of an integrated circuit substrate after
forming an unlanded via by electrolessly d epositing a ¢ onductive m aterial on a b ottom

portion of an opening, according to one embodiment of the present invention.



[ 0021] Figure 14 shows a cross-sectional view of an integrated circuit
substrate containing a nulti-Ilevel interconnect structure having a
conduct i veoeis@osel essly deposited via plug, accordi ng teanesosmpsdi ment
of the present invention. [00221 Figure 15 shows a cross-sectional view of
an integrated circuit substrate after 5 formng a liner |ayer on exposed
surfaces of an opening, according to one enbodi nent of the present

i nvent i dA021]d0gee Rigehevsl @ shepaseetionpbyievs ceft iaoniltegrpteds effcudh subgiwaly at ed
circuit substrate containing a nulti-Ilevel intercaonnect structure having
an el ectcesleEyag § mudiirdesel Bderconnset staiptire hagnga gepductive plectrrlessly denssiéeshnect
materials and dielectric, accqrdin &)2 one enbodi nent of 10 the present

i nvent i of PlRgpsagrdmedqoae em Qﬁ’é%'élt gf HESSUARYSIYAR] vi ew of an i ntegrated

circuit substrate after formng a recessed interconnect line by removing
one. snolfo A afis”Bs GRS Gopa i o hso HiPABY el "Bpaticofe 1

. ti ' , ) . LV .

R o e A R

el ectr olipsslYeriRRSdEd | ayer over the recessed interconnect |ine of

Figure 17,  according to one enbodi nent of the present invention. [0026]
Figure 19 shows a conputer system containing a m croprocessor having an

i Nt er coroez3] FpueC gl Showd) AGeasdactiRalVividy a6F eabadédrel ekcdih eupsteent
invention. 20 5 WD 03/ 094209 PCT/ US03/ 12967 DETAI LED DESCRI PTI ON [ 0027]

Descr i bedntagtigeg anmltdlével Ritercnmect stisictunchavirgsanceledtail¢ssiyglepositbddiney iyer
el ectrolessly deposited etch stop layers, and in sone enbodi nents |iner
| ayer s @ abiagriqpbetysen amercomedch ouiserfatsranfl aliel¢atiae, iancpriing to ohe embodiernt of
structures. In the follow ng description,
10  the present invention.
[0024] Figure 17 shows a cross-sectional view of an integrated circuit substrate after
forming a recessed interconnect line by removing material from a top exposed surface of

an interconnect line such as the one shown in Figure 4, according to one embodiment of

the present invention.

15  [0025] Figure 18 shows a cross-sectional view of an integrated circuit substrate after
forming an inlaid conductive electrolessly deposited layer over the recessed interconnect

line of Figure 17, according to one embodiment of the present invention.

[0026] Figure 19 shows a computer system containing a microprocessor having an
interconnect structure, in accordance with an embodiment of the present invention.
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5 nunerous specific details are set forth. However, it is understood that
enbodi nents of the invention may be practiced w thout these specific
detai |l s. Warozaampl e, well-known equivalent material s mypdrusshsirt ut ed
in place of those described herein, and simlarly, well-known equival ent
techni ques may be substituted in place of the particul ar processing
techni ques disclosed. In other instances, well-known circuits, structures
and techni ques 10 have not been shown in detail to avoid obscuring the
under st andi ng of this descri PETSALED DEMcREAIMNect Structure Containing
Conductive Electrol essly Deposited Etch Stop Landing For Via [00281
Figures 1-10 show cross-sect.ional views of substrates rg&res;nti

di f f er ed00%] Rpeeribegs hegeinedth JALeFQONN e HITIERTSSHRPIAHIINE CPEBTHYEC e@{qrf%él_tyur e
cocor dalb et Fgh oBnpatiEnant 1 reorroeprebiis! Tk oie RUgbyE ve
I both an etch . | and] ia f ]
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view of "a porti an integrated circuit substrate containing a

sem congpich0bn IS HE gyﬁx@cﬁ%@?@ WiuP Ghésk rsﬁb’éiﬁc REPRNEPLS ek ahpRd well&hsiv, 2

first dielectric’lay 104 fornmed on the substrate, and a trench opening
106 f or Eggivilchthhterialiensll B¢ astitted MYRice oftRosd EsQIId Herdiny /1d fmylatg f or med
on the substrate using deposition techniques that are well-known in the
sen conciditiaiowdr ubsddnd echhigies may bexabtfiteed @ plask-ofkhelpattiealar pocessingr | al
such as a fluorinated oxide of silicon (e.g., SiOF) or carbon doped 6 WO
03/ 0942 0&hRiquedIEBE0IR06Th other thstantess wlelldaowhecitpujts,cerisbmed apk ttcknitfieson

di oxi de, Si02) may be deposited by Chem cal Vapor Deposition (CVD). [00301
The 101 efeve n@deermshaven naletatldowiveid obsquiiag dheymsierstangdinggfdhistiesaripting.
wel | - known rmasking, |ithography, and etching techniques. For exanple, a

radi ati gn _sensitive_ | ayer . ) .
1. Interconnect Structure Containing Conductive FElectrolessly Deposited Etch Sto

Landing For Via

[0028] Figures 1-10 show cross-sectional views of substrates representing different stages
of a method for fabricating an interconnect structure containing a conductive layer formed
15  over aninterconnect line in accordance with one e mbodiment o f the p resent invention.
The conductive layer serves as both an etch stop landing for a via formed over the
interconnect line and as a shunt for flow of current between the interconnect line and the

via.

[0029] Figure 1 shows a cross-sectional view of a portion of an integrated circuit substrate
20  containing a semiconductor substrate 102 having circuit components formed therein, a
first dielectric layer 104 formed on the substrate, and a trench opening 106 formed within
the dielectric layer. The dielectric layer may be formed on the substrate using deposition
techniques that are well-known in the semiconductor processing arts. For example, a low-

k dielectric material such as a fluorinated oxide of silicon (e.g., SiOF) or carbon doped



5 (e.g., a positive or negative photoresist) nmay be fornmed on the
dielectric layer and exposed with el ectromagnetic radiation to create a

| ayer havivogodam4m@sposure pattern corresponding to the trewanwsoshew; a
portion of the radiation sensitive |ayer supejacent the trench may be
removed, a corresponding portion of the dielectric |ayer renoved by
etching, and then the remainder of the of the radiation sensitive |ayer
may be oeidevesilicdd(d.908dborrigpadesitconhbowide SiPosmay be tdeperied by dvhestica
portion of an integrated circuit substrate after formng a liner |ayer 108
and seeW¥apatRaposition (CVEY. di el ectric |ayer 104 of Figure 1. The liner |ayer
may b e used to prevent undesirable interactions between material t o b e

Rl e e A 54 5, gl
o Sl bl MR TERofled ot oo AR L o
bet bout 10-50 Angst A ' ; : ,
o RIS BT R e

b [ | t : I ickel
e o B Tl g 1 A

tantal ug f?l'ettfehglg ?‘#fﬁ%a pdrBiBh Jr B Siilaki6R Berlditivel lgﬁer(?s‘ﬁpéﬂ_ﬁ:ghﬂ\%e trench mazrw

titaniumnitri ,titaniumsilicon-nitride (TiSIN), tungsten

t ungst ez rdhdvelids cé¥dbondiHp Yottt Sthé GRlectid layelerefddl &l by ctohitd, emdriticnat i ons
of such materials (e.g., a multi-layer stack of Ta/TaN). Suitable

wel | - kngwiesieipasi ¢f the of tie hadigii@sschdiive Wyamay b seyerve@eposi tion (ALD), o r
Physi cal Vapor Deposition (PVD) may b e used t o d eposit these various
materials. 25 [0032] A snall amount of the seed material 110 maybe forned
ovet0 t h§0U3il hBiguby2 showep aviss-sartiopsl vtwve of 3 pottionof PViNtegra@dDircwt srbgiatet o
i mprove the subsequent deposition of 7 WO 03/094209 PCT/ US03/ 12967
conduct kfter formimgoolimmsdayard08rand|ssed matesiAbidf) on digdectriglpyar hfhel Bigare bf seed
material may be used for a subsequent el ectroless degosition.. gourse, a
nonol ay dhe beikayer may b ugsd to prevent undesirable interactions b etween materialto be
subsequently deposited in the trench and the dielectric material of the layer 104. The liner
may be formed by depositing a thin layer of a suitable material over the surface of the
15  dielectric layer, including on the inner surfaces of the trench 106. The liner often has a
thickness between about 10-50 Angstroms (an Angstrom is 1/10,000,000,000 of a meter,
or one-tenth of a nanometer). Suitable materials for the liner include barrier layer
refractory metals and alloys, such as molybdenum, nickel, cobalt, cobalt-nickel (CoNi),
titanium-tungston (TiW), tantalum (Ta), tantalum-nitride (TaN), tantalum-silicon-nitride
20  (TaSiN), titanium-nitride (TiN), titanium-silicon-nitride (TiSiN), tungsten (W), tungsten-
nitride (WN), tungsten-silicon-nitride (WiSiN), and combinations of such materials (e.g., a
multi-layer stack of Ta/TaN). Suitable well-known deposition techniques CVD, Atomic
Layer D eposition (ALD), or P hysical V apor D eposition (PVD) may be used to deposit

these various materials.

25 [0032] A small amount of the seed material 110 maybe formed over the liner by a

deposition process such as PVD or CVD in order to improve the subsequent deposition of
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be used. Oten, if the seed material is used for an electroplating
deposition at |least a nonolyaer and often a thickness between about

30- 3000 Awgsdsroosmowi | | be used. 5 According to some enbodirEamr®3atet he
present invention, the seed material contains copper (Cu) or an alloy of
copper (e.g., copper-tin (CuSn), copper-indium (Culn), copper- magnesium
(CuMy), copper-alumnum (CuAl)) to assist with a subsequent formation of a
copper @madidiveiinigrovahet nsmteridier Apshowih dese theard mosolaggratisa¢dmatgyialyaay
deposited by PVD or Dby other well-known techniques such as CvD or. ALD. 10
[ 00331 1 wpad dord sibsemient dedualessdepastingl Qf QUNISS; 2 MPGIAVEHA BPreIRaY #ERgr at ed
circuit substrate after form ng a conductive |ayer, 11(& on.the seed | ayer
110 of & ysede Oftemhid themeed malesial [saysed %¥@Brﬁlmgﬁtlﬁg PREfISH abfeaaﬁ foy.

o i, LT g b TESHEE ARERE A 3 L 57
B e G prBSLAAR LA GRS EC R M,
R R TN
corre L ST o SR (e it T

pr Ocesscoprpl)@in &kﬁf&%@%ﬁéﬁaﬂﬁ&@éﬂ.%@@e RERGRSBateliAlE 81ay Yo dposiftdelyeIbepl at i ng
process 1n that thére is no 20 externally supplied current froma voltage

sour ce. pAhhBONGILIAbRE SRRl @ngIRReCRISesARDe  commonly used, an el ectrol ess
depositi'on may be favored for a deep, narrow, high aspect ratio trench,
since continuous and thick seed |ayers are not needed for electroless
deppi t [0083] Bt 3 sl 4 trosssavtibhal kivowerf 4 portibe of emingegrdigd ceuipsubsialsi ng
arts. [0034] Figure 4 shows a cross-sectional view of a portion_of an

i nt egr abfa formingia condpstivealaer P2 af therscek layer ht0 pbFigusns. dfheroerdihivauct i ve
| ayer 112, liner 108, and seed material (not shovvnf,Hihat lje o‘ufsi de the
t r ench, layemefterheonsaibs ermetel or pllgy. gHewsafier, thectsempgnetal Wil bg used tq Ipsfudsg) |y

renoved b | anari zing the upper surface wth a chem cal - nechani cal
pol i shi pvg)e/: rgetals, mixtureg or alloyspgf multlp{e metals, and mixtures or afiloys of a meteﬁ and

one or more non-metals (e.g., metalloids or non-metals). According to one embodiment of
15  the present invention, the layer contains a conductive copper material. Exemplary copper
materials include but are not limited to pure copper, or an alloy such as copper-tin (CuSn),
copper-indium (Culn), copper-antimony (CuSb), copper-bismuth (CuBi), copper-rhenium
(CuRe). The material may be deposited by an electroless, electroplating or other process.
An electroless deposition process differs from an electroplating process in that there is no
20 externally supplied current from a voltage source. Although electroplaing processes are
commonly used, an electroless deposition may be favored for a deep, narrow, high aspect
ratio trench, since continuous and thick seed layers are not needed for electroless

deposition. Both depositions well-known in the semiconductor processing arts.

[0034] Figure 4 shows a cross-sectional view of a portion of an integrated circuit substrate
25  after removing portions of the conductive layer 112, liner 108, and seed material (not
shown), that lie outside the trench, from the substrate of Figure 3. T hese p ortions are

typically removed by planarizing the upper surface with a chemical-mechanical polishing
8



WD 03/ 094209 PCT/ US03/ 12967 (CWP) or nechani cal polishing, although this
is not required. Those skilled in the art and having the benefit of this
di scl osurwomslov4aecogni ze t hat dependi ng on the thickness rafT/wsee/12d6ayer and
t he degree of planarity with which they are forned, it may be possible to
elimnate this particular planarization operation. Renoval of these
portions creates a 5 patterned interconnect |ine 112 containing conductive
mat er i a{CMP) bi metimaidat polithing] Akhovigh tileis doretaequitadn T hospslaechinghe At apdt t er ned
conductive material suitable to provide a signaling nmediumto carry

el ect r i baiing thgrhensfit ofthisrdisclesuen will resegizaihabdependingondhe thigkngss it

f dt t . Wi ,. lines, int t .Si npl tal.. [00351
i gur & Byan o e deges. o slerein Ik B Bay J8F doERetr T T BGFIEdO oi roui ¢
bstrate . 10 aft f i ducti I 14 t ai ni
of et r P By Hi SaticBlST RIETEFZER, ORrasion. nRemtoyAin 8 ey Botiehs Gifhtes 8, ¢ 4.
Ho , i of. f i h 1d i . . \Whj - i j d
For Cher byt inteteqripob g 340 MinFRfi ShidiEsbe Hfterjal Nl ot biendlf AngCUSSE

remove | n%?créligl{[ﬁ%:tﬁzme %Bﬁe%{;rﬁ? &%‘lgi }?%tgmﬁ PSRRENe ik Osruﬁalsl@dﬂoc?}o%i&ehﬁt ,

aIthougHlt , I't may nevertheless assist in formng

qual i tysigg%{%gﬁ%@ﬁztf, gan Uiebi8l sichpld. aY Bis field0BRGLorhe¥Aline e RinefilRBNSEr S

may be a ng the substrate of Figure 4. One particular

cl eansef.l haf 1oNA%4rabEE ifeSUnMs lifteRBNHGE bAdindpdf meRIDVI Ng organi c inpurities
that can be formed on the surface during i ncl udes a hot dei oni zed

wat er solution containing effective anounts of a surfactant to hel p wet
t he sur {¢038] Fapures chowga agesnteclbna widw of pbrtivn of ko wtggreted lvireuit sybstrate
interconnect line to assist with renoving organic that is tightly bonded
to lbe efgpermingradcenduetiveciaper Hgawntainng euwisstrolessly depksited metal etver thef  t he
copper and help activate it for the subsequent el ectroless depositjon.
Sui t abl énteroerirect hme §12 pHBiguteed. bifowayes, préar tpifpiniag theocqudesiycAey #Ribich,
avai |l abl e from Rhone-Poul enc, and Triton X100, avajl atfl e from
Si gma- AwdHl ibendisonsses! father belown iamagheydesHable ye pleag, thop ?f?&ﬁ?CgB‘x}ffacﬁlteohol
ey al S(r)err?(gaveui?n%%riltigs.phgggﬁn?gntg }(,a thseuprr];sfie(r:l% glr\]f%htorssuiln %Q‘Eeechaetf glt&{or&%h %pegﬂltnsg

is not required, it may nevertheless assist in forming quality, homogeneous conductive

15 layers.

[0036] A variety of cleansers may be adapted for cleaning the substrate of Figure 4. One
particular cleanser that has been found to be useful for removing organic impurities that
can be formed on the surface during CMP includes a hot deionized water solution
containing effective amounts of a surfactant to help wet the surface, an etching agent
20 sufficient to slowly etch a copper interconnect line to assist with removing organic that is
tightly bonded to the copper, and a reducing agent to reduce the oxidation number of the
copper and help activate it for the subsequent electroless deposition. Suitable surfactants
include but are not limited to RHODAFAC #RE610, available from Rhone-Poulenc, and
Triton X100, available from Sigma-Aldrich. An alcohol such as ethyleneglycol or
25  isopropyl alcohol may also be used in place of the surfactant. Suitable etching agents
include an appropriately weak solution of an acid with <10 wt% in water (e.g., a strong

mineral acid like hydrofluoric acid, nitric acid, or sulfuric acid, or a weak organic or

9



i nclude an appropriately weak solution of an acid with <10 wt% in water
(e.g., astrong mneral acid |like hydrofluoric acid, nitric acid, or

sul ftiricwacih94m9 a weak organic or 9 WO 03/094209 PCT/ Q3 sh29867
carboxylic acid like citric acid or malonic a cid). A mmonia in ay also b e
usodt oetcha copper material. Suitable reducing agents include anong
others glyoxylic acid. [0037] The cl eanser nmay contain other agents such as

a base karkexylidi¢id 1 kercatrivstcid/¢ 1 m alomoeadidinAmgronid wey abso pou sesklioatrihgdr oxi de
and an oxidizer |ike hydrogen peroxide. 5 The base is often used in an
aqueous cernee areterial.i Switable redueing pgantsipelyde poprgmthers gyryde acidhese cl eaners
may be replaced by other cleaners, or cleaning avoi ded altogether, so |ong
as the surf of the interconnect line is suffjcientl . ean to |.ow

of ect r ol 57T 85 Glsanpesmay CoFiRE QBB -A%enL 46} A 4y base Tk IMAL (s sty
scrubbing may be used.in order. to djsl.gdge, parti.cl nd, i nprove .cl eani ng.
10 [oosgﬁq‘“ﬁéﬁlﬁ}iﬁ\y XIdR) 9 d"’g‘isﬁﬂ?’ghgim’ﬁge ABd 2R Oxigize el YBReH e de-

el ectrolessl e i . 4 n p ften
clea%ed?% %?%%%éﬂgil%%gn?%?é 5%%%%%?’ ?ﬁgg_ f%&gﬁgkggﬁégﬁﬁs%ﬁgﬁgﬁg%ﬁ, t he

| ayer OHIGER cleRhet® v SdipliBPEy baYPLIcHAR: A\l 1Bicha ABRARGS seRAR Lhe

parti cular materi ave a range o esses,

i ncl udi pgyR dubfackBEaR MRIURRBARRYS sdficitdfly RRAATBLALY dldtnONes dasdsalme. The
| ayer 114 15 nmy passivate and protect the interconnect |ine 112 and nay

serve asf @i @baht a3b9Hayery Sonictipitaién babdirubkiht eiyeblugd i cederdy Aidlydzes hunt
| ayer during device operation. [00391 The | ayer 114 may be fon-ned by

cheni cabadiereahd iraproet ckamiggal t hrough a chemcal reaction. According to
one enbodi ment of the present invention, the layer may be forned by an
el ectrol ess deposition wherein a substrate is placed in a solution, 20
confl@i nil0N38h Rebtraingawvt & Higuge Sowpoesadl thet the, condneltval cleatropdssly) depnsited
reduci ng agent, and a netal is deposited at an el ectrochem cally active

sur f ace layer { bhaybeenrfamaed on hggrpesed (afiemelsanedy syréace of dha nbrcqrageidincon

redox) reaction between the netal containin onpound )
( ) 112 of Figure 4. As shown, the layer often forms 091 tﬁe iner Payer 108 although this

depends upon the particular materials. The layer may have a range of thicknesses,
including a thickness between about 10-100 nanometers in one instance. The layer 114
15 may passivate and protect the interconnect line 112 and may serve as an etch stop layer

during fabrication and as a conductive shunt layer during device operation.

[0039] The layer 114 may be formed by chemical deposition of a metal through a
chemical reaction. According to one embodiment of the present invention, the layer may
be formed by an electroless deposition wherein a substrate is placed in a solution,
20 containing a metal containing compound (e.g., a metal complex) and a reducing agent, and
a metal is deposited at an electrochemically active surface of the substrate through an
autocatalytic oxidation-reduction (redox) reaction between the metal containing compound
and the reducing agent at the surface. The reaction reduces the metal ions by giving them

electrons until they deposit in a non-ionic metallic state on the surface.

25  [0040] The layer 114 may contain metals such as cobalt, nickel, or alloys of these metals.

Alloys may be desired over either pure cobalt or nickel. For one thing, the alloy may be
‘ 10



and the reducing agent at the surface. The reaction reduces the netal ions
by giving them electrons until they deposit in a non-ionic netallic state
on the suwioams®942% 100401 The | ayer 114 nmay contai n net al @uesesamezobal t,
ni ckel, or alloys of these netals. Alloys may be desired over either pure
cobalt or nickel. For one thing, the alloy may be 10 WO 03/094209

PCT/ US03/ 12967 substantially anorphous and may present a tighter barrier
to dif faubstentizlhyd amebmpbousoningr angpnpreiett £ chghienl barrer |@ye¢1f1%$101a god e
metal . For exanple, experiments indicate that a |ayer of a pure caobalt

met al  nelgctianigration rthen o prystelipst layerr elyp opige tHgtel alHog\ xRl CPFFRIER SN of
copper and other materjals along cr rai n, boundari.es,. an 5

al | oy Iléi&l@ﬁte&h?t@obﬁﬁ ?f'tacjﬁﬁg ce -1tp‘1‘?8t§‘t;ﬁ%§h‘€r © ey ﬁ%fxﬁrﬁﬁalée%@%ﬁ{a?g@? i er due
E)Egtsg:ié%? : C;siif:é %Eﬁ?ﬁ%'eﬁ:éﬂifﬁ% %%?%YH?SO ?@’ﬁ% i oBaby dOEI%%&%ﬁiegSLf&f‘g%'ﬁﬁg%teP ween
E (r)?or?% i &ﬁﬁéﬁ;ﬁ?{&%ﬁ%&ﬁ% i ot Sl 3’_ Hide Bl SertEL ﬁg}m a3

fill gl %eé@&%hﬁbc‘uﬁfi%}% é@ p&ﬁlgg'g{fﬁﬂ?él. th%l&ﬁcﬂfés%%gi@ﬂs? Jamntauby

materia I nc as desir 11 According to one

enbodi i | BNEBLIRRN 0B R iy BlcalP Bb@itTOuR 0Pl dterials,
bor on- Bﬁ’gﬁ%ﬁ%ﬁ‘%{}?" fé%?%%kegl | oy hav?r?g anco%,gecﬁt?ati on gf 0borona ?tnk?ast is

bet weenggholdtmdials @.cat tedisktiore eleaithts( 3684, nickehn@aniigtindnmefallpidegplor ous
that is between about 1-20 at% and the remai nder of the concentration

(i.e., babipen mhatttalfQe pbSphormdy OFf duynrsoinatd thad Soditinatekialsenayrby be
formed by preparing a suitable el ectrol ess deposition solution, imersing
t helGsubsichudte asdesited. sol ution, allow ng the reaction to proceed until a
| ayer having a desired thickness has formed, and then renoving the
substrate fromthe solution. [00421 Sol utions that are suitable lf@gr‘

irbi ni ng

el ect r ol0848] Aepurdingite ene pmbodigBRt ¢fethe praseRfdpveaiianybe 1yeeeREns B(o
in solution a salt of cobalt (e.g., cobalt sulfate, ﬁoba t chloghgq), a 20
conpl exbagnageRhorSdS B lloy dBiNE horETasoR S Roren (i 16 GPEPBALY g
EDTA, al((): gtrotr)lﬁé %lerlc(e:nt (at%), a concentration of phosphorous that is between about 1-20 at%,
and the remainder of the concentration (i.e., between about 70-98 at%) made up by cobalt.
15 This layer may be formed by preparing a suitable electroless deposition solution,
immersing the substrate in the solution, allowing the reaction to proceed until a layer

having a desired thickness has formed, and then removing the substrate from the solution.

[0042] Solutions that are suitable for electroless deposition of a CoBP metal layer can be
prepared by combining in solution a salt of cobalt (e.g., cobalt sulfate, cobalt chloride), a
20 complexing agent to complex cobalt and help keep it in solution (e.g., EDTA, a carboxylic
acid, citric acid, malonic acid, succinic acid, ethylenediamine, propionic acid, acetic acid),
a first reducing agent that contains boron (e.g., dimethylamine borane (DMAB) or
borohydride), and a second reducing agent that contains phosphorous (e.g.,
hypophosphite). The alloy components come from a complex of the cobalt, which forms
25  when the salts dissolve and the cobalt ions are complexed by the complexing agents, and
from the reducing agents. Typically, the pH of the solution will affect the deposition

process and it will be desirable to add a base such as TMAH, potassium hydroxide,
11



acid, citric acid, malonic acid, succinic acid, ethylenediam ne, propionic
acid, acetic acid), a first reducing agent that contains boron (e.g.,

di met hyl awions/doeoane (DVAB) or borohydride), and a secondarekesiizeg7 agent

t hat contai ns phosphorous (e.g., hypophosphite). The all oy conponents cone
froma conplex of the cobalt, which forms 25 when the salts dissolve and
the cobalt ions are conpl exed by the conplexing agents, and fromthe

r educi rgnragenishydfgyide air lsgme tchmbpiation of Hiese & weingn fikg pH betvesen abpgt 7
deposition process and it will be desirable tqg. add a base such as TMAH,
pot assiamh dbptt dki dlé may) alsq\beodssigahio 4o 1?‘@‘)%86@‘/%?996@@ ﬂ'?‘?i‘n‘i‘ﬁ TR S de,

or some conbi nati on of these to nhai inth bet ween out. 7 a about
71, T atigpdn QUL ab s Bl NSO Finet yaREe 35 Himton, Bion o
chl ori ( NH4 .or ammoni um.syl fate (NH4) 2SO4, .t o f.ur t,a0h ) | t he
sol uti gﬁ%l’mamgi—%ﬂne f%?aﬁﬁ}cé‘,yaf i nﬁ”&?eng‘eps Y Wﬁ%%rr%%mﬁob W teélggé?‘ﬁtlaﬁgi ghgl uti on
c ontaigs e 6+ / , 2 60Cl2- , AO-H6 gL DVAD,
apodt - 1cac o5t EReBoRBt ghonfal. st o2 VR ARG, SPOR O g stic, |
NHACH, aboy 409¢ labo@f 262800TMRYE 2L Y4 POLATP sOlubn & PiHle sl Ween
about 8?%‘?’9'1%%‘%6%%%@1%/% thlélé ag;%‘%rze% Ea/qoe t hat ot/her el gctrol esg1 degg{si tion
sol uti ofgw nptated. For instance, a nickel alloy nmay be created by
addi ng a n?%:rﬁaquggg'?{g)such as nickel chloride in 10 place of, or in
addition to, the cobalt salt described above. As yet another exanpl e,

t ungst efoaByIt BE appresiod ¢ oher atkdiolbsd MpbsRidsoluwiohd eresaintdmpiated | (0441
After preparing the solution and inmrersing the substrate, it is comon to
heat t higstafi€d, utdieltel atlbe nsihstoredied bprddiog fa nickedsalesudhoas micked abloridadn
deposition rate. Mbst commonly, the reactions are carried out at

t enjer aplacesf, et ineedditdrotd, tR6'cobylt salindesarived sbave) Asntet1#ncdss FXamPER. C t o
avoid the solution boiling. Oten, the desired tenperature is between about
35' C antingfioumagbe mtr@e%bsaﬁi@dlmﬁﬂii)z\iv@a 19 thesglutighi ch depend upon t he
particular tenperature and chem cal reactions, often are between about

10-2 nan rs/mn. Th o\
0-200 [0%42{%& Sr/eparing the %olution and immersing the substrate, it is common to heat the

solution, the substrate, or both in order to increase the deposition rate. Most commonly,
the reactions are carried out at temperatures between about 25°C (room temperature) and
15  about 100°C to avoid the solution boiling. Often, the desired temperature is between about
35°C and about 85°C. Exemplary deposition rates, which depend upon the particular
temperature and chemical reactions, often are between about 10-200 nanometers/min. The
substrate may remain immersed in the solution until the deposition process achieves the

desired layer thickness.

20 [0045] It is well known in the semiconductor processing arts that active surfaces are
needed for electroless deposition to occur effectively. The active surface should be
receptive to the autocatalytic growth of the electrolessly deposited metal. Copper is active
for the present cobalt-boron-phosphorous alloy. However, it is contemplated that in
another embodiment of the present invention, wherein a non-active metal is desired for the

25  interconnect line, an active metal such as copper, cobalt, nickel, palladium, platinum, or

gold be deposited on the non-active metal prior to electroless deposition.
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substrate may remain imersed in the solution until the deposition process
achieves the desired |ayer thickness. 20 [00451 It is well known in the
sem conduwtoon3/opsmgessi ng arts that active surfaces are naeEdA®sBOLI6T

el ectrol ess deposition to occur effectively. The active surface should be
receptive to the autocatalytic growth of the electrol essly deposited netal.
Copper is active for the present cobalt-boron-phosphorous al] oy._ However,
it is doPdamppticmelythesulisirateanat brepleaned edienonming the fayepd b4 ehFighFR2 M i on,
wherein a non-active netal is desired for the 25 interconngﬁi |.ine, an

act i ve argerald remoNe AWPREiRseassOcBhMth the c?k&tr,o?eﬁ%lﬁ?laﬁ?lhmf* PHEOISRISEE  gol d
V0 03/ GompeuH AT A IS saBHon pee BT AR ol P Wb iR Eta $2 1
I d t 1. i h 114 of ,Ei 5 .

Crpar desboredd oo atidy fiet Rediioh dd i & BB oot B eyl oo canser

may contain an aqueous solution of a surfactant or alcohol to help wet the

Sur fsacﬁggi}ﬂt X g oisﬂioﬁgprﬁgéésgid%g%ﬁe hmohrglix dHefilati g0 AchOvit TRER! hatling N OF der

to i'np eanl ng-. e deposition process described above is

of ten %éc‘%riéa@ 1@%&8\?}1&@5 bAY&SShBR\YLBE: 76! Bfds | Oiths RS icehtiMbter @d Burfaess than

about m cro s per centineter and surface roughness (Ra) of |ess

than ahgyfnmsd Emrm‘fl@gs&héﬂ Fout ByRmdridad (for ld)eaknntsy thirknessalpotst abof0
nanonetersS). These |layer attributes may be sufficient for many

appl i cat(jooRgnométeyV eThesBolafert Agributes an®y reugliffieisat dod nedngc tpplications.

resi stance may be further reduced by 10 an anneal i ng process, which

modi f i éowbersboth cheinafaca nohghmessrandl elgutrqeé resistanco mayhlee flather redacedsby t abl e
anneal i ng process may include heating the layer in either an inert

at ris p her mneglengprocess,muitlemgdifies tha stogbwal and maseripd prapesiones tredarer( é g. |
hydrogen) to a tenperature of = about 450" C. This may include ranped heating
for sewitablerdnmgaling process @ inclydeaheating fbg dayep 1t eﬁ%?ff%} HSHg OB

thermal a nneal that |asts several m nutes. Thiﬁgﬁorqag f 15 tr atnfnt may
be usef(@lg-tbNPRAEIE NjESED) 1 EHUGMSAIPERIEHE (it RYrR8SA dQ AJEMRE B YSF i ng t he

about 450°C. This may include ramped heating for several minutes to an hour in a
furnace, or p erforming a rapid thermal anneal that 1 asts several minutes. T his formof
15  treatment may be usefiil to remove gases such as hydrogen that are incorporated during the
electroless deposition process. This may decrease the resistance of the layer. The heating

may also soften the layer and cause a general reduction in the roughness.

[0048] During annealing, a trace amount of oxygen may be added to the atmosphere to
oxidize the upper surface of the layer. This sort of oxidation may make the contact portion
20  of the layer more compatible with a subsequently deposited dielectric layer, so that the
layer and the dielectric layer have good contact and adhesion. This may reduce

mechanical failures like blistering and may improve production yields.

[0049] Figure 6 shows a cross-sectional view of a portion of an integrated circuit substrate
after forming a second dielectric layer 116 on the first dielectric layer 104 and the

25  conductive layer 114 of Figure 5. The dielectric layer may be formed by using deposition
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el ectrol ess deposition process. This nmay decrease the resistance of the

| ayer. The heating may also soften the |layer and cause a general reduction

in the rowghosess209[ 00481 During annealing, a trace anount MT/ES03Q2NG7 MRY be

added to the atnosphere to oxidize the upper surface of the layer. This

sort of oxidation may nmake the contact portion 20 of the l|ayer nore

conpatible with a subsequently deposited dielectric layer, so that the

| ayer ardeFhpigueythat era Welk-knayarin Hhs sengisondustortraotessing astsh d&ir emample, shenay

reduce gpechanical failures |ike blistering and may inprove production

yi el ds. dfr%%ﬁ@&nwgam@ﬂﬁ dynsinsted silicegoxidedeposiistl byikaawoiC D pesthedsn of an

integrated circuit substrate after formng a second dielectric |ayer 116
i nductive | ayer 114 of

he f . diel i d
o e 5005 AcHHEREE e GioloBVE! a1 el B i Baraty o BrssdEIeGiie A o
03/ 0942 i h [1-k in.th )
seni con g%g F(S)i-rgé %@g%’i ﬁﬁ%uta% ?%E%J&%?E%Q gﬂ%%eo? reﬁﬂ’e\,\ﬁoﬁ ilﬂrég \(en{;?‘{agllrﬁ%&amr ihs e
fl i & N ! i { . 00501 ) ,
{he % ofudth o8 IN. 390, BESR6, A9R03E S ein KON (RTRA LM, ThatPitiecicd ™"
el ect r ol8ess drd¥ipicuily WrinttUved i1 Igfé[%lcltlfé:t%pﬂgércg g‘{%ﬂgﬁerg'lf 2%59& éﬁ%SR%nh AH'

containing materials 5 such as ose etween 't he

| ayers 08 lapets Bi6 noflhesRd] 6nBEthd CohdNAYS 1R 11X RireRdby E&Eaﬁﬁ& Vel the
| ayer 114 to protect the layer. The hard rra?lie andl%etch gt op ay%rg{eare not

needed, sehjamet tdtercommdt tihe.v eTheayhimiralién psfosticHa8ydRs @h Glripadve! orftt® and

subj acent interconnect |line. The elimnation of such |ayers can inprove
cont act adigiongbfitesinothebitstvand setmmdf dicktirankdyascpatcwdidy edichi thedAYgES,
particularly when these layers 10 contain simlar dielectric materials.

Thi 50 magontaipr gitnelap digleniti¢ gnatgtials.ds Thidumay dnprovee procinction iyrelddhedueutdar of
failing devices, and may inprove the reliability and operational Ilifetine
of i nt eFRAHEERN W;the parmker O[fé@ngr_zadﬁﬁce@dmd may impyees thehrelighilitytandiopbmiiondlc | ayer
and/ or maﬁaisec nd dj ﬁl ectric layer contain a lowk dielectric material,
the el i HHHS YrinGE ARSI ect ri c hard mask or etch stop |ayers

[0051] In addition, when the first dielectric layer and/or the second dielectric layer contain
a low-k dielectric material, the elimination of the dielectric hard mask or etéh stop layers
15 may avoid an increase in the effective dielectric constant of the dielectric layers 104 and
116." As an example, when SiN, SiC, or SiO;, hard mask or etch stop layers are present,
they may increase the effective dielectric constant of the dielectric region by 10%, or
more. Avoiding this increase in the effective dielectric constant can lead to a decrease in
the capacitance of the dielectric region (due to the dielectric constant) without impacting
20  the resistance through the interconnects. Advantageously, this can increase the speed of
signal propagation through the interconnect structure and ultimately increase the speed of
the integrated circuit. Of course, the elimination of these layers may also simplify the

fabrication process and help reduce fabrication costs.

[0052] Although it is an aspect of one embodiment of the present invention that a hard
25 mask not be formed above the interconnect line 112, any existing hard mask may be

removed during the cleaning operations that proceed forming the conductive layer 114 as

14



15 may avoid an increase in the effective dielectric constant of the
dielectric layers 104 and 116. As an exanple, when SIN, SiC, or Si02 hard
mask or ewadho3abep9l ayers are present, they may increase tH@E/€SoBazIsrve
dielectric constant of the dielectric region by 10% or nore. Avoiding
this increase in the effective dielectric constant can |l ead to a decrease
in the capacitance of the dielectric region (due to the dielectric

const andesirgd.t Houeximplacin the @@nt bé ar$Heh druhoesk,ha solgtion ventaitieg dimréct s.
Advant ageously, this can increase the speed of signal propagation through
t he i ntlsrdeefisictackt orimilpeagenbmay be maekloydissabiecad sempee thedwed vfask.t As
integrated circuit. OF course, the elimnation of these |ayers my. al so

si npl i 19isquseed 30986 OV elretfhisdaver g load to) mpgyed perapmange ok relisbdy [ 00521
Althou%% [ Sﬁ%? dg;ilpect of one enbodi nent of the present invention that a
har d T fRedRicERic i PEr med above the interconnect |ine 112, any existing
hard mask may be renoved during the cleaning operations that proceed

f i - i I . WO 03/ 094209 P Us03/ 12967
sy o00RS) FRORLCONR o BRLcelddhal iy o iRl QPP RTkers 4 ottt 1o
ed. _ f \ ol 2 S De
i Ssol i Shideoth opging 110l R tlctechlc W 135 8O8METH obE: HRCE Y,
layer nmyerddmdcttithel @ﬁ@&ﬁ&ix@% G b TRO CRtiRNEickRbsk AP th t1¥er hf%nt 38t Hopar at ed

circuit. 5 [00531 Figure 7 OWs a cross-sectional viéw of a portion of an

i nt egr aduBstastidlBUinto Sk TbAdicEve abyer! 11401 MhBGoRAINEP Ry NBavE1S Widid bRt is
dielectric layer 116 of Figure 6 over the first ~infterconnect |line. The

openi ngsusficiag tb becommhodate b RiacagsSshioh widté rhayes ndowerttRarbite widih of the
substantially into the conductive |ayer 114. The opening may have a width

t haltd i sintesedinhedtilonet 1120 Thedemmdat & sométangs| usgd intthe hirtmodtibscriby both mar r ower
than the wwdth of the 10 interconnect line 112. The termvia is sonetines
used i rPpeR@gaint the gliglegftie iipevibioh Hhestrugpsnwvily be wonipéetel, eindcthei enipletedhi ch t he
structure will be conpleted, and the conpleted, structure itself In the

pr esentSUECaES #8slf o In ({he pescrft disslpfse wpess; gthewiseyspecifisevip refers e the

completed structure including a via plug within the opening.

[0054] The opening may be formed by selectively removing dielectric material relative to
15 material of the conductive layer. In one instance, the opening may be formed by using
masking and lithography methods, such as those used to pattern the trench 106 of Figure 1,
followed by an etch to remove dielectric material from the opening 118 without removing
(or significantly removing) material from the conductive layer 114. The conductive layer
114 may be an etch stop layer for formation of the via opening. One exemplary etch that
20  is suitable to remove dielectric material, such as a fluorinated oxide of silicon or carbon
doped oxide of silicon, without significantly removing the conductive layer, is a dry etch

with a reactive plasma or ionized gas of oxygen/nitrogen or fluorine.

[0055] Figure 8 shows a cross-sectional view of a portion of an integrated circuit substrate
after removing dielectric material from around the top of the opening 118 of Figure 7 to
25 form opening region 118A having a width that is sufficient to accommodate an

interconnect line. The dielectric material may be removed by using mask, lithography,
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conpl eted structure including a via plug within the opening. [00541 The
opening may be fornmed by selectively renoving dielectric material relative
to 15 nmawerizab4d t he conductive layer. In one instance, RARUSHpATIGNG NMaY
be fornmed by using nasking and |ithography nmethods, such as those used to
pattern the trench 106 of Figure 1, followed by an etch to renove
dielectric material fromthe opening 118 w t hout renoving 1g_or
si gni f | amihteleptiveeatol iopgptioms sichals thasewsediie form ducenening bifeef Higure 7rAn
conductive layer 114 may be an etch stop | ayer for formation of the via
openi ngaltadmase exbaginzeny oftthe prasant Myentionsisj alseheentersplatedoiyacrgingthe pgiPR
material, such as_ a fluorinated oxide of silicgon or,carbon dto‘p d ?lxi de of
geC |e§°§

si | i conli&%) aryire Eormsfsinclding by srsiehhernsre tibneed pat pas Bry etch
with a reactiv | as or jonized f. _ox n/nit en,or fl ine.
[00551 Pygulét g’egﬁﬁvsggﬁln@r @?s‘-’%eélgﬁg gﬁ&ﬁ B/ &%1}9’% Veg' Bt{gﬁ%gogoxg? tghbqlﬁ: nl{bggr at ed
circuit .substrat.e fter ving dielectric material from around the top
of the 85@%1°ﬁﬁf§’llnﬁ°§ﬁ‘8iayﬁf Zjﬁéple) 7 to 25 form opening region 118A having a
width that is sufficient to accommbdate an interconnect line. The
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tive etch operations such as those used

to formithe,opgniavd 18P 14 BirQayer 182 ma} beTRAA REfRMVED N 1k ilie

present invention Is al’'so contenplated wherein the region 11 8A may be

for med, girRbdiof B Spendil 21801 Ehairt B, r Typibdly, need lagirs hre fanelddot CVD,t o t
he |ayer 114 before form ng the opening 118B by sel ectively etching down

to but RYD, ob ASiWOf & neAaidl yucinhothokeudedyfor layart10g G0BGreA?,tadthoughythiteisi r ed

cl eani ng of exposed surfaces with cleansers that are conpatible wth the
contuct nytaretpayedr 114, |iner layer 122 may be formed respectively on the
inner surfaces of the opening 118 of Figure 8. Typically, these |layers are
formed by CVD, PVD, or ALD of a material such as those Hsed for Iatyer 108
of Fi gui®57) Figurendslasivs hiross-gectionalviaw pEepertign of an integrated circuit substrate

after adding conductive material 124 to fill the opening 118 of Figure 8. Adding the
conductive material may include forming a layer of conductive material, such as that of
112, on the dielectric layer 116 and within the opening 118 by a suitable deposition
15  method, and then removing portions of the formed layer that are outside the opening 118
by planarization with CMP (e.g., by a damascene process). Several other approaches that

are contemplated will be discussed below.

[0058] Figure 10 shows a cross-sectional view of a portion of an integrated circuit
substrate after forming a conductive electrolessly deposited layer 126 on top of the
20 conductive interconnect material 124 of Figure 9. The layer may be formed by pre-
cleaning, electroless deposition, post-cleaning, and annealing, such as previously disclosed

in regards to the layer 114 of Figure 5, although this is not required.

[0059] Accordingly, Figures 1-10 show a method for forming an interconnect structure
containing a conductive layer formed over an interconnect line, the conductive layer
25  serving as an etch stop landing for fabrication of a via over the interconnect line, and the

conductive layer serving as a shunt for passage of electrical current between the conductor
16



[ 00571 Figure 9 shows a cross-sectional view of a portion of an integrated
circuit substrate after adding conductive material 124 to fill the opening
118 of Figwras/84208ddi ng the conductive material may incl wda/fsmsmwsg a

| ayer of conductive material, such as that of 112, on the dielectric |ayer
116 and within the opening 118 by a suitable deposition 15 method, and then
r enovi ng forti ons of the fonned |ayer that are outside the opening 118 by
pl anari 23t i%88 the tintegpenneet. §12 duying dgsiieasensrasiopr odeds fo bBesmratiated st
approaches .that are contenpl ated wi ||l be discussed bel ow. [00581 Figure 10
shows a2€4iBel &velsiaw be fragdsrvenths dnterconnest stayetingtaddiigured Oc il is wilso to

substrate after, form ng.a conductive el ectrol essly deposited, | ayer 126 on

top of ﬁéppr%at%%&%&ﬂ?%er?%%é%ggo LRI ‘hmaﬁ@ copnegted wehin cirprd | ayer

may be fornmed by .pre.cleaning, electroless deposition, post-cleaning, and
SRR

anneal i K PE © Brosle y disclosed in regards to the layer 114 of
Figure 5 although this is not required. [00591 Accordingly, Figures 1 - 10

s hoyv aynphik ech M BOnfidind BLELERDE§GLctRidsHe! 1SS A Sk
conduct I'v Y, OVE : s

ady e [T O ) 5. - V
ser Vi NgUasnddy ¢lch stop landing for fabrication of a via over the
i nterconnect Tine, and the conductive |layer serving as a shunt for passage
of electrical current between the conductor 16 WD 03/094209 PCT/ US03/ 12967
124 and[¢0de] Figtiesks CONIECéhokl rdbisbdlidnlevietR OPShkkkaRR - repfesktinkOdRferent
appreciated that additional |evels nmay be fornmed over the interconnect
st r uct ustegesf ofFa guethod Ofor | fubrichtial S frfercditeatp pigdirat eshtiifil 4 Rendudtios connect
line 112 of Figure 4 may be connected within circuit conponent in the
subst r atlectiodsslysdepositddeteh stapniagér @ilrancinlamleConia dormadginGepidus botheover
El ectrol essl %gosi ted Etch Stop Fo Unlanded Via [00601 Figures 11-12
sholf cr@ﬁﬂs%‘iﬂst neandyeiings laykr, sinbaacerianee mathr ese reniboginértf ef thet presanhges of

a method for fabricating an interconnect structure containing a conductive
mvention.

[0061] Figure 11 shows a cross-sectional view of a portion of an integrated circuit
substrate after forming an opening 128 in the dielectric layer 116, the dielectric layer 104,
the layer 108, and potentially a portion of the copper 112 of a substrate similar to that
15 shown in Figure 6. The opening may be patterned by well-known mask and lithography
operations, with a portion of the pattern for the opening overlying the layer 114 and
another portion of the pattern overlying dielectric at a left-hand side of the layer 114,
followed by an etch that is selective to etch the dielectric materials without significantly
etching the layer 114. That is, the layer 114 may be used as an etch stop layer. The etch
20 may form a first opening portion above the layer 114 and a second overetch opening
portion 130 in the dielectric layer 104 alongside the interconnect line 112 and below the
layer 114. As desired, a longer or harsher etch may be used to remove a portion of the

liner layer 108 and the interconnect line 112.

[0062] Figure 12 shows a cross-sectional view of a portion of an integrated circuit
25  substrate containing a multiple level interconnect structure, in accordance with one

embodiment of the present invention. The interconnect structure may be created by
17



el ectrol essly deposited etch stop |ayer and an unlanded via forned in

regi ons both over 10 and under the conductive |ayer, in accordance with one

enbodi nenwoois/oke9 present invention. [00611 Figure 11 shaeI/es03/12967

cross-sectional view of a portion of an integrated circuit substrate after

formng an opening 128 in the dielectric layer 116, the dielectric |ayer

104, the layer 108, and potentially a portion of the copper 112 of a

subst r aremaying (diglectiic mpaterial satstheviap iof the gureing. 12& ctooplday ribe wrgnipg to
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circuit 25 substrate containing a multiple | evel 1nterconnect structure,
i N accopgRivuslyWidsbrissie mBnbo distadtmade PVID Ieesestt cominanis na higheaspect

i nterconnect structure may be created by 17 WO 03/094209 PCT/ US03/ 12967
renovi neptdiseduettie.i ¢ material at the top of the opening 128, to allow the
opening to acconmodate an interconnect line, formng a |liner and seed

| ayer 132 within the nodified peni ng, form ng conductive material 134
r epi@s e bili In¢erepnnicett Birgatinge ining g ¢ Blgetrolesshe Dieposited diieh StopdEarayer

and t hen foh‘igg a cohducti ve |l.ayer 136 on the interconnect line 5 of 134.
Each of Unipaded ¥ia e : 2 Plug

nginieg Gendustivg Blepigelessly Depasited V13, Plgscr i bed, or by ot her
techni ques that are well known in the sem conductor processing arts. If PVD

process

A

[60563] Figures 13-14 show cross-sectional views of substrates representing different
stages of a method for fabricating an interconnect structure containing a conductive
electrolessly deposited via plug 138, in accordance with one embodiment of the present

15 invention.

[0064] Figure 13 shows a cross-sectional view of a portion of an integrated circuit
substrate after forming a via 138 by electrolessly depositing a cobalt or nickel material on
a bottom portion of an opening 140 to accommodate an unlanded via and an interconnect
line. The material is selectively deposited on exposed active surfaces of the layer 114, the
20 liner 108, and any exposed portions of the interconnect line 112. The via may be grown -
from these active surfaces to fill the opening. Deposition may be stopped when the
desired via plug size has been obtained. The use of such electrolessly deposited via plugs
may be desired for narrow, high aspect ratio openings, such as those having a width that is
between about 0.05-0.075 micrometers (a micrometer is 1/1,000,000 of a meter), since the

25  electroless deposition process is able to deposit material uniformly within such spaces.
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used to deposit liner and seed |ayer 132, an el ectrol ess deposition
process, such as previously described, nmay be used to nake PVD |iner/seed
cont i nuouwa o3/0a4d09p gh aspect ratio structure. 10 111. | nt @CaowsBaAL967
Structure Contai ning Conductive Electrolessly DgPosited Etch Stop Fo

Unl anded Vi a Contai ni ng Conductive El ectrol essly Dgposited Via Plug [00631
Fi gures 13-14 show cross-sectional views of substrates representing.
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when t he sired via plug size has been obtal ned. The use of such

el ect r odjgsslsssHaRPséiteddaydra 48 o dige inflyonBectdi®i Badh bothepastwredingp baspect
rati o openi ngs, such as those having a width that is between about

0. 05- 0. RFhedriRr pievioasly {escribal, areberthes tlniQRe, HAO aof wallnknawy) insthace t he
25 el ectrol ess deposition process is able to deposit material uniformy
wi t hi n sudéorgipatoe procedstg/ts03/ 094209 PCT/ US03/ 12967 [0065] Figure 14 shows
a cross-sectional view of a portion of an integrated circuit substrate
containing a nultiple level interconnect structure containing a conductive
el etd r ol086€l ki igeppoaipeeidof; pae smbgdisesnt &f thegiractuspshawioin Figke14n@eeri al , in
accordance with one enbadi nent of the present in ﬁn don, Tge i nt eliconnect
struct u?%ﬂﬁﬁéiﬁ}oﬁé)féheeﬁl_ﬂ]éd3§)b65hf\f?§?r_iﬁﬂr¥ﬁl %C?mﬁ%ﬁ‘thna‘gfé e figer 13- £ 3EBWI%or t i ons
of the 1rnet e Icgsle% aﬁ%ﬁf)'{z ggnt%idfl?ngogorgrll %}Jdr ﬁlo%ghorous, the boron and phosphorous may

enhance the diffusion barrier of a material, which may be useful for a liner layer, while at

the same time increasing slightly the electrical resistance, which may not be desired for a

15 via. Accordingly, the plug may have a lesser total concentration of boron and
phosphorous relative to the liner layer. In one particular instance, the plug 138 may
contain <10at% phosphorous and <5at% boron and the liner layer 142 may have >10at%

phosphorous and >5at% boron.

IV. Interconnect Structure Containing Conductive Electrolessly Deposited Etch Stop For

20 Unlanded Via Containing Conductive Electrolessly Deposited Liners

[0067] Figures 15-16 show cross-sectional views of substrates representing different
stages of a method for forming a conductive electrolessly deposited liner layer 150
between conductive interconnect materials 152 and dielectric materials 104, 116 in

accordance with one embodiment of the present invention.

25  [0068] Figure 15 shows a cross-sectional view of a portion of an integrated circuit

substrate after forming a liner layer 150 on exposed surfaces of an opening 148 to
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formng an interconnect line 144 on the liner layer, and a formng an
conductive electrolessly deposited |ayer 146 on the interconnect |ine.
Each of tWweses/miznactures may be formed as previously des@dtmesd3/ o7 by

ot her techniques that are well known in the sem conductor processing arts.
10 [0066] It is an aspect of one enbodi ment of the structure shown in
Figure 14 that a conposition of the plug 138 be different than a

conposi ddcommuidatetea wrilarsted virpandriptereonaass lane. Bripritp dorning they lings layer.dpe

cont ai ni ng boron and phosphorous, the boron. and phosphoro nhance
the di féxpobashsusfaces of tos d@ﬂ?ﬁ'tce]fab’ﬁlls,1%?@11@;}“3&@&?@&!‘@““# g‘%’rt“gg‘i“ioﬁéf | ayer,
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Conductrve roles posited Liners [00671 Figures 15-16 show
Cross- S@ﬁ&f %’lﬂ’ﬂc,e bIreHe ogéniﬁg bad ERLES BEQf-B&%ﬁIphBQ)I@HJs%ﬂE)P_H s e3dom0RSsIof a
or for i ner

met hod m ng a conductive el ectrol essly deposited | ayer 150

bet weenqGRERME bh e boldl. COBRPakd B peiot attshather hpeks dosharby Py Dratédikal s 104,
116 in accordance with one enbodi nent of the present invention. 25 [0068]

Fi gure d&ositionsmétheds) it cletiolssigl deposdivddinenlgyer tiaghawvé neme cortfergnal tand
circuit substrate after formng a liner layer 150 on exposed surfaces of
an ppenimigorid Bovterageldr WO e8Bdsod saiecePCTHISORY RGBT icarbo i daheghaasredt| anded
via and interconnect line. Prior to formng the liner layer, the eﬁposed
sur f acemtiof opéranghi ehécmay agnikey thes usQ Hf aglectiol€ss negpopiEion cdgsyrable gfor ofuc
el ectrol ess deposition. This may include usi ri% PVD t.o decpfosi t 3 thin | ayer
of an agricferesetHie pigsentggventors have found that a thin liner layer cobalt-boron-
phosphorous alloy having a thickness of less than about 10 nanometers may provide an
effective barrier to electromigration of copper due to for instance current flow. However,

15  thin layers are not required.

[0069] Figure 16 shows a cross-sectional view of a portion of an integrated circuit
substrate after filling the opening 148 of Figure 15 with conductive interconnect materials
152, representing a via and an interconnect line, on the liner layer 150, and after forming a
conductive electrolessly deposited metal layer 154 over the top surface of the conductive
20 interconnect materials 152. According to one embodiment of the present invention, a
copper material may be deposited on the liner layer by using an electroless or
electroplating process. As desired, the surface of the liner layer may be cleaned or pre-
wet, prior to depositing conductive interconnect materials, with an aqueous solution
containing a suitable surfactant. The conductive layer 154 may be formed as previously
25  described, and it should be noted that the layer may form on the liner layer 150 in addition

to on the conductive interconnect material 152.
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copper, cobalt, or nickel. This may be foll owed by el ectrol ess deposition

of a cobalt or 5 nickel alloy on the activated surfaces. In one particul ar

enbodi nenwooi3/ok®9 present i nvention, about a nonol ayer ofPcauisaBi2963

sputtered or thermally evaporated onto the entire inner surface o f the

opening and then a c obalt-boron-phosphorous alloy i s electrolessly

dep05|ted on the cobal t. Cbnparedlﬁo pri or .art barrler.Iayers f o%ned by P
a7 * b 1A Y \ 1

may have nnre confornal and 10 unlforn1coverage of the exposed surf aces.

Thi s neljoméiadiapricationar|y true in high aspect ratio openings and may make

the use of electroless deposition desirable for such structures. The
ound that .a thin of co

present entors
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Conductwﬁohekﬁ%s&amﬁf:&ftﬁePerse&Ilevenaé@ representing a via and an .
interconnect line, on the liner layer 150, and after formng a conductive
el ectrol essly deposited netal |ayer 154 over the top surface of the
conduct [0071RPigufd @7 CHRECs ciddsaettiingl Yidv ofice pottiong of @nonecgeatbd diimeeitt  of
the present invention, a copper material may be deposited on the |iner

| ayer byubsﬁ'aﬂe@oﬁﬂanmhgmwceised $ntercomsdceline dHd firinad) by remeviag nwertd fioned, t he
surface of the liner |ayer nay be cl eaned or pre- rior to dep03|t|ng
conduct topeexposed sunfavece! amtinteicahssct mnbmlmﬂalatpjdmmllﬁoﬂlgl@me deofn MAi ng a
suitabl e surfactant. The conductive layer 154 may be formed as previjously
25 Hescembedimenhdf ithe presentdinyentios: élaletm&enalhmayakxﬁea GPRpeT BrafArigh ﬂtléﬁem i ner

| ayer 150 in _addition. to on the conductiyve |g{ nnecdzﬁﬁnat efﬁr 52. 20
WO 03/ 0Tamysd by msiugaashepdest otoh with g tealp spluten tRierenial¥I ai d

Conduct Iet\clzﬁesEt g %(t)gpoelr %;sa%er}el D9§°£é1te<‘?t%c I%rtla&ena?s Sfth as fluorinated oxide of silicon or

carbon doped oxide of silicon. This may allow recessing the interconnect line relative to
the dielectric layer. It is also contemplated that the etching could be performed during a
15  post-planarization cleaning o peration by including s ufficient amounts o f c opper e tching
agents in the cleanser (more than would be used if recessing the interconnect line was not
desired). Suitable etching agents include acids such as sulfuric acid, ammonium

hydroxide, and others.

[0072] Figure 18 shows a cross-sectional view of a portion of an integrated circuit
20 substrate after forming an inlaid conductive electrolessly deposited layer over the
interconnect line 156 of Figure 17. A planar surface may be created by selective
electroless deposition until the planar surface is achieved, or a CMP planarization may be

performed after the deposition.

VI. Use in Computer Systems

21



For Via Fabrication [0070] Figures 17-18 show cross-sectional views of
substrates representing different stages of a nethod for fabricating an -
I nt er conna@io3ale0et ure containing an inlaid 5 conductive rTeES0BOLBIS] Y
deposited | ayer forned over an interconnect line, in accordance wth one
enbodi nent of the present invention. [0071] Figure 17 shows a
cross-sectional view of a portion of an integrated circuit substrate

cont ai n[08§3hIntecarweld situttetcs shpleds thpsre desebed hetan Byay doNseAgineliRyi al
froma top exposed surface of an interconnect line simlar to |ine 112 of
Fi gure integrafedgicuity mmenlih deyices Semirandircba edavigep, At iRoclotonifd®iseal nay
be a copper material that is . renmo using a.chemcal etch. wi.th. a weak
sol ut i ofs Bey 8tp gepetally Apderstopd in gﬁeé{ei‘geﬂﬁqsﬁllm? ated GTeUlts May COPA Il er i al

over dielectric materials, such .as fluori.nat.ed.oxide o I 1.0co [...carbon
doped oXFHRONSGPISSO) ?Lhé{) e ?’lr‘?f’tamtﬁ]]t% cQppIgd, v il%es f‘ﬁegrc?li‘féec{ ﬁf ?tglgen{r%’egetce V:éne
relative t he diel.ectric lLa toi I en .+ the et ching
coul Y p%lgﬁaceiﬁf %?%_e eddeeﬁ%onéle‘jﬁg‘%%%t “hl On, %%prggryy c {@%%%%8 ISEZ‘?I&’?O% by

i ncl udi m%a%%%%&gnt anounts o f copper etching agents in the cleanser

(rmore than be used if recessing the interconnect |ine was not
desired). Suitable etching agents include acids such as sulfuric acid,

ammoni upgo7ly HiRrhae cirdiits dihimhe thd Yekolmedtisituckres ARoRsed BEreESmMagoei onal
view of a portion of an |ntegrafged circuit 20 substrate after form ng an

inl ai d gRBFEAEY 8n SVRJuk Ofcems | dlecttipals bysetnd dydudioy efomger isydtencdagect |ine
156 of Figure 17. A planar surface may be created by selective electroless
deposi t portabilat laptophelesittamasersets fraainframe,aetai) ev Eigurorla sksis phaereniplayi on may
be perforned after the deposition. V1. Use in CoMputer Systens 21 WO
03/ DD4268mPEE iB0SH 1706that [OFRE 4 mictopraeesser 192 rapstaining & serhicaBduckyse

descri bed herein may be used in chips, . ]
substrate 174 having microprocessor logic components formed therein and an interconnect

structure 173, in accordance with an embodiment of the present invention, to ‘provide
electrical signals to the components. The logic components executes instructions based on
signals received through the interconnect structure. The computer system may contain
15  other conventional components electrically connected with one another including but not
limited to a bus 176 to communicate data, a main memory 178, a read only memory 180,
and a mass storage device 182 to store data, a display device 184 to display data, a
keyboard 186 to enter data, a cursor control device 188 to enter data, and a communication
device 190 to link to other electrical systems. In one instance the microprocessor receives
20 data from a memory through the bus and communicates a representation of the data to

logic components in the semiconductor substrate through the interconnect structure.

[0075] Thus, novel interconnect s tructures and m ethods for fabricating the interconnect
structures have been disclosed. While the invention has been described in terms of several
embodiments, those skilled in the art will recognize that the invention is not limited to the
25  embodiments described, but can be practiced with modification and alteration within the
spirit and scope of the appended claims. The description is thus to be regarded as

illustrative instead of limiting.
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integrated circuits nonolith devices, sem conductor devices, and

m croel ectronic devices as they are generally understood in the field.
These i ntegr@tomakogi rcuits may contain circuit conmponent s RQI/USVat2%@0 e
electrically coupled with the interconnect structure to receive 5 signals
fromthe interconnect structure. One exenplary integrated circuit is a

m croprocessor. [00741 Integrated circuits containing the interconnect
structures disclosed herein may be CLA&dSporated in various forns

el ectrical systens including conmputer systens (e.g., portable, |aptop,
deskt op,,Ser.ver, inframe, etc.). Figure 19 shows an exenplary 10 conputer
system 1 a&%ﬁ%”?%ﬁ%hdes a mcroprocessor 172 containing a sem conduct or
substrate 174 having m croprocessor |ogic conponents forned therein and an
i nt er connect ﬁkﬁﬁ%ﬂFBE 173, in accordance with an enbodi nent of the

pr esent rnveﬁ%lon, t8,§wggﬁﬂe el ectrical signals to the conponents. The
| ogi ¢ conponents executes instructions based on signals received through

the int : . t . t ai 5 ot
convent | onal Saung nedfiti e 13186 GRTRHEE m A ELETL TR 1SR B ok SR wai ng
but pot | i matfaet difle@ribWsyel 69 d@ﬁbsﬁﬁitgoﬂir ] Svgﬁlﬂé‘jfgsg i@cg?%?gﬁn% ‘ 178, a

read only nmenory 180, and a nmass s age devi ce a, a

di splay devi eol@fa telodichBhayl #aén;a keyboard 186 to enter data, a cursor
control device 188 to enter data, and 'a conmunication device 190 to link
to other electrical systens. In one instance the m croprocessor receives 20
data from a femungasénondglieléduée biysr ared tie fsrdisiesic e5yer ah€BT@IRNt ati on of
the data to |ogic conponents in the sem conductor substrate through the

i nt er connect cerdugtiveitager;[ 00751 Thus, novel interconnect structures and

met hods for fabricating the interconnect structures have been di scl osed.
Wi [ e the inyention has been described in terns of several enbodinents,

t hose skill e@ﬁ%ﬂ& preopgoingyn the pecend dickestricHayertover thefiesitinterconsechtine by i t ed
to L&e 25 enbodi nents de ﬁribﬁd, but can be practiced with nodification and
al t &f ati on wWEhIng W@te“@}s) pthe sepoud distechic laywr salsplévriv teletive trsematad

descri ption 'ofm%%ijﬁ'o}nothg%oﬂfu%%{rg?agrer?gnd' | lustrative instead of Ii mvtl ng.

”

forming a via over the conductive layer by adding a conductive material into the

opening.

2. The method of claim 1, wherein removing material from the second dielectric layer
15 selectively relative to removal of metal from the conductive layer comprises using

the conductive layer as an etch stop layer for etching dielectric material over the

first interconnect line.

3. The method of claim 1, wherein forming the second dielectric layer comprises
depositing dielectric material directly on the first dielectric layer and directly on

20 the conductive layer.

4, The method of claim 1, wherein forming the conductive layer by depositing the
metal over the first interconnect line through the reaction comprises electrolessly

depositing the metal through a reaction between a compound containing a metal
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22 WD 03/ 094209 PCT/US03/12967 CLAIMS What is clained is: 1 A nethod
conprising: formng a conductive |layer containing a netal over a first
i nt erconne@tosioosmeowi thin 5 a first dielectric |ayer by dejazusosngpet he
nmetal over the first interconnect line through a redox chem cal reaction;
formng a second dielectric |ayer over the first dielectric |layer and over

the conductive layer; formng an opening in the second dielectric |ayer
over the fi rébatilmei@w@@tther ghe8p lsgnsisting o€ meobaiycantiving abmppund atder second
dielectric layer_selectively relative . to renoval of metal fromthe
conductive | I contaning copipRyRg) agedycingngsnt, arda copnpustomvef thafisst by addi ng
a conductive .nt%teri al ..into the opening. 2. The nethod of claim1, wherein
renovi ng nmat &P %‘me?CrCZ)HP?'he second dielectric layer 15 selectively relative
to renoval of netal fromthe conductive |ayer conprises using the

conductisve | r .ch,stop layer for etching dielectric material over
the first imﬁgﬁ:ﬁoﬁgﬁﬁéﬁﬂ%. 3. The nethod of claim1l1, wherein formng the

second dielectric layer conprises depositing dielectric material directly

on the first V&Heﬁ‘éi@ﬂ{erdoﬁlﬂoﬁﬂ@fsoﬁ?lg%r% tfl%gﬁﬁ?ffc %gze@ a.tc%ﬁlp;saﬂ%%gysvs g(lﬁ)t% er. 4.

The met hod of claim 1, wherein e conductive~layer 0Siting
the netal oveim tHagrbig &Insisﬁﬁﬁé?@éﬁ}ﬁfg’lﬁx bf &baltaha 'al%n%t@(bcfﬁﬁ‘&&i- Qfig conpr i ses
el ectrolessly depositing the netal through a reaction betweerd a conpound
contai ning a netal

wherein the reducing agent comprises a reducing agent that is selected from the

group consisting of a reducing agent containing boron and a reducing agent

containing phosphorous.

10 6. The method of claim 1, further comprising cleaning an exposed surface of the first
interconnect line prior to forming the conductive layer with a cleaner that contains
an etching agent to etch the conductive interconnect material and that contains a

reducing agent to reduce the conductive interconnect material.

7. The method of claim 1, wherein forming the via comprises electrolessly depositing
15 ametal containing an atom that is selected from the group consisting of a cobalt

atom and a nickel atom into the opening.
8. The method of claim 1:

wherein forming the opening comprises forming a first opening portion that is over
the conductive layer and a second opening portion that is adjacent the first

20 interconnect line below the conductive layer; and

wherein forming the via comprises adding the conductive material into the first

opening portion and into the second opening portion.
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23 WD 03/094209 PCT/US03/12967 that is selected fromthe group consisting
of a cobalt containing conpound and a nickel containing conpound, a

reduci ng awensiog4zmnd a copper atomof the first interconnadr/isosa296s. The
met hod of claim4: 5 wherein the conpound containing the netal conprises a
conpound that is selected fromthe group consisting of a conplex of cobalt
and a conplex of nickel; and wherein the reducing agent conprises a

reduci ng agent that is selected fromthe group consi.sting .of a reducing
agent c®nt aiTiengethot ofclainy.avhaein aldigs AfsmnduetsrmasaidGoOPREEhor ous. 10 6.

The nethod of claim1, further c risj ¢] eani ng an expaqsed r.face of
the first iocliolessindgpositinga ﬁlﬁtagggf?%edf@ﬁ%ﬁitﬁﬁggfpﬁlé%8‘6%%{?&03\%0\’%5%40% th a
cl eaner that contains_, an etchi agent to etch the ¢ i i nt er connect
materi al anddRduckelalloy o %‘e%gg’%}@gﬂép%@ﬁ@nﬁbﬂt?Elaeusteg&?%@e@é duct i ve
interconnect material. 7. The nethod of claim 1, wherein formng the via

conpri ses e ROEEGTY| ess| y depositing 15 a netal containing an atomthat is
selected fromthe group consisting of a cobalt atomand a nickel atominto

t hewgopefﬂ. Ng. 1l JilGa BELIRRS 1 CfhG LAl fBinting YREYiS cBmp AL BnihE & lBERY DN

conprises formng a tirst opening portfon that Is over the conductive

layer and a éﬁ&&%{)&@ﬁ@ 'b?&ﬁﬂgﬁ& E&dstiigta rhétaladlitds eslectéd frofni the Erodf
el ow

i nterconnect T1ne he conductive |layer; and wherein formng the via

conpri ses adging@tiAd6f £esauciioy endmhikéladlloyha ditlecttic nstteriabptlieng porti on
and into the second opening portion. 24 WO 03/094209 PCT/ US03/ 12967
sidewall and filling the lined opening with a conductive material containing

copper.

10 11.  The method of claim 1, wherein forming the conductive layer comprises forming
an inlaid conductive layer by removing material from a top of the first interconnect

line and depositing the metal where the interconnect line material was removed.
12. A method comprising:
forming a first dielectric layer over a substrate;

15 forming a first interconnect line within the layer by forming a first opening in the

layer and adding a conductive material to fill the opening;

forming a conductive layer by depositing a metal on the first interconnect line

through a redox chemical reaction;

forming a second dielectric layer on the first dielectric layer and on the conductive

20 layer;

forming a second opening in the second dielectric layer over the first interconnect
line by etching second dielectric layer material over the first interconnect line and

by using the conductive layer as an etch stop layer;
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9. The nethod of claim9, wherein adding the conductive material conprises
el ectrolessly depositing a netal selected fromthe group consisting of a
cobal t al Woyos/oasdoa ni ckel alloy into the first openi ng padi/usesazd7i nt o

t he second opening portion. 5 10. The nethod of claim11, wherein formng
the via conprises formng a liner layer on a sidewall of the opening by
depositing a netal that is selected fromthe group consisting of a cobalt
al l oy and a formiag a girloygr e candlicBvelayer by adding 4 edndyttivehpategaldevld | and
filling the lined opening with a conductive material containing copper. 10
11. The met h#sgord opgnipgnald wherein forming the conductive |ayer conprises
formng an inlaid conductive |ayer by renoving material froma top of the

i ne. ot er | aIOTIBE % SFBOL R eb A ORI R o oepbd PRSI Brrat
dielectric | . bstrat.e: f | fi i nt t li
wihin the 1 5By E pafRHyS iRl el Shhe ovef gl 2 00" ng &

conductive material to fill the opening; form ng a conductive |ayer by

deposgi tifg aTH?En%{hoﬁ%fEﬁﬁgflgrSt i nterconnect line through a redox chem cal
reaction; formng a secon ielectric layer on the first dielectric |ayer

and on the conductive 20 |layer; formng a second opening in the second

dielectric | auekimmahidgiRe fitst fiterboMRECIM R priskd a@obmngksﬁﬁe?panaecond _
dielectric layer material over the first interconnect line and by using

the conductive | ayer as an etch stop layer; 25 WO 03/094209 PCT/ US03/ 12967
form ng a viwheredrfotthingathe darcinctive hper @ompyisatdédn®laaslyaaporiting/ihe medtdr i al to
t he

through a redox chemical reaction between a compound containing a metal that is

selected from the group consisting of cobalt and nickel, a reducing agent, and an

10 active copper atom of the first interconnect line.

14.  The method of claim 12, further comprising cleaning an exposed surface of the
first interconnect line, prior to forming the conductive layer, with a cleanser that
contains an etching agent to etch the first interconnect line and a reducing agent to

reduce the conductive material of the first interconnect line.

15 15.  The method of claim 12, wherein forming the via comprises electrolessly
depositing a metal selected from the group consisting of a cobalt alloy and a nickel

alloy into the second opening.
16. The method of claim 12,

wherein forming the second opening comprises forming an over etch region in the
20 first dielectric layer adjacent the first interconnect line and under the conductive

layer; and

wherein forming the via comprises depositing conductive material into the over

etch region of the second opening.
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second opening; and form ng a second interconnect |line over the via within
the second dielectric layer by adding a conductive material to the second
openi ng owerostokeovi a. 5 13. The nethod of claim 12: wher eircTiesosiizg7t he
first interconnect |ine conprises depositing copper; and wherein forining
t he conductive | ayer conprises electrolessly depositing the nmetal through
a redox chem cal reaction between a conpound containing a netal that is
sel ected fromthe group consisting of cobalt and nicgel,.a reduci.ng agent,
and an 1710 ddeimehedpherinnt®vhsrein funing the Vis eURRETH dEROSIISLOPRA NPhe

met hod of claim 12, further conprising cleaning an exposed surface of the
first interdbmeesetdiigglongrior to formng the conductive layer, with a

cl eanser that contains an etching agent to etch the first interconnect

i d duci I d n d ' ' f the fi

| nt or cOfnao T Hpod 598 b6 o iERHaRmGFE MR Kb G BREERIR T " Ui
[ | ect r.pl I kb t .

Conbi sting depan b anta sPETEE phi- e Bl ha RS EREM Y AR SRRUR g

16. .The met i ghein formng the second opening conprises
forging an g@%y?é?g @ég%%éﬁrgﬁ the 20 first dielectric |ayer adjacent the

first interconnect line and under the conductive |ayer; and wherein

f or mi ng ¢ he WieAnE@BRLF s88n T2 RAréinTermsiag dhecdondectivetigfer abmptites foimengver
etch region of the second opening. 26 WO 03/094209 PCT/ US03/ 12967 17. The
met hod of cl i iRlaidconthei®) [ydrdyTeimgvingénteicantehiing setridbfiosia fopgf 8wpper
into the over etch region. )

first interconnect line and depositing the metal where the interconnect material was

removed.

10 20. The method of claim 12, wherein forming the via comprises depositing a liner
layer containing a metal selected from the group consisting of a cobalt alloy and a
nickel alloy on a wall of the second opening and depositing a conductive material

containing copper on the liner layer.
21. A structure comprising:
15 a first interconnect line;

a conductive layer formed over the first interconnect line, the conductive layer

containing a metal that is selected from the group consisting of cobalt and nickel;
a via formed over the conductive layer; and
a second interconnect line formed over the via.

20 22.  The structure of claim 21, wherein the conductive layer comprises an electrolessly

deposited metal formed on the first interconnect line.
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18. The method of claim 16, wherein formng the via conprises el ectrolessly
depositing a netal selected fromthe group consisting of a cobalt alloy and
a nickel wWo @ld@poi nto the over etch region. 19. The net hatTafsoshziem 12,
wherein form ng the conductive |ayer conprises formng an inlaid
conductive layer by renoving interconnect line material froma top of the
first interconnect line and depositing the netal where the interconnect

mat eri al s .yenoved. 10 20, The nethod of claim 12, wherein formng the
via conpti'ses! %IE)}E?F‘F? Rclaim 2 hevherpig s congetiiedayey camprises| ansasthesiored T r om

t he group congsi st.i ng of cobalt .alloy and a nickel alloy on a wall of the
second openi nr%ygﬁasg)g&&e?c[hitﬁbﬁgn% Y8 thaeeanpmpdate Bigtvad-ni ng copper on

the liner layer. 21. A structure conprising: 15 a first interconnect line;

a conducj4 ve Tﬁ@@ﬂ%cﬁ&égﬁﬂd@ﬁf{-the first interconnect line, the conductive
| ayer containing a neta at’ is selected fromthe group consisting of

cobalt and nickel; a via forned over the conductive |ayer; and a second

|t er connect hgeinRS FRRYSnrellind hmpledbppdlgn Bl T UCt Ur e Of claim 2L
e

wherein the conductive layer conprises an rolessly deposited netal
formed on the first interconnect line. 27 WO 03/094209 PCT/US03/12967 23.

The St ruct ur ewlndreialtihé el contbreiee b all EhEPRABIE Y BrohPHE or Li§§1§% 8 etch
stop layer to stop an etch for form ng an opening to acco ate e via.

24. The strucwobalealddy arided micled alleder ei n the first interconnect |ine
conprises copper; and 1
25.  The structure of claim 24, wherein the alloy comprises at least 1 atom of boron and

at least 1 atom of phosphorous per 100 atoms of the alloy.

26.  The structure of claim 21, wherein the via contains an electrolessly deposited metal

10 below the conductive layer and adjacent the first interconnect line.

27.  The structure of claim 21, wherein the via comprises a via plug that contains a

metal that is selected from the group consisting of a cobalt alloy and a nickel alloy.

28. The structure of claim 21:

wherein the via comprises a liner layer formed on a wall of a dielectric material

15 that surrounds the via; and

wherein the liner layer contains a metal that is selected from the group consisting

of a cobalt alloy and a nickel alloy.

29.  The structure of claim 21, wherein the conductive layer is inlaid in the first

interconnect line.

20 30.  The structure of claim 21, further comprising an integrated circuit containing the

structure and containing a semiconductor substrate that has circuit components

28



5 wherein the netal conprises an alloy that is selected fromthe group
consisting of a cobalt alloy and a nickel alloy. 25. The structure of

cl ai m 24, wahesre¥a9t he all oy conprises at |east | atom of |raTawsoanzbe7 at

| east 1 atom of phosphorous per 100 atons of the alloy. 26. The structure
of claim2l, wherein the via contains an electrolessly deposited netal 10
bel ow the conductive |ayer and adjacent the first interconnect |ine. 27.
The st ruct urferméd theeimtize dompaventsietectritelly cennesteg Fridethe intgicgniictiy t hat
contains a netal that is selected fromthe group copsisting of a cobalt

al l oy and a siuchues toaereiye elegtgcal srmalsifrqrp theriBCERONEPC,SHPSUE- wherein the via
conprises a liner layer fornmed on a wall of a dielectric material 15 that

surrounds the vjia; and wherejn.t i per | ayer contains al that is

sel ect edl-f r obhG s gﬂgr%@c&m%@, lﬁ%&‘eﬁc%g%%nfg 4PBH Slh%s{agﬁ{ni ckel all oy.
29. The structur.e of. claim?21,. erein i i Stolgnl aid in
the first :J?Pf“gﬂ”&lﬁﬁ m?c]fl%:gfaﬁ%d.lél%l 368{1 lécqgfzgl&&%ﬁﬁfgh\éﬁtﬂcﬁéﬁﬁn%e%&f? fulrt hiar

co ising an_inteora i s el ntai ning a
comonduct aftrthy &Y SEfhofy, Db RAtBlc vt O Bus Riiegh b AfGaD o1 N1 N9
PCT/ US03/ 1298 son{ RIGBEDING ElelVe daiPEATRORERAbE Mldfhimhafbiny teanneot ed wi th

the intercon ture to receive electri'cal signals fromthe

i nt er connect ystideh Rt stddkturd Aol @8has.ed circuit of claim 30, further
conprising a conputer system containing the integrated circuit, a bus

electrically coupled with the integrated 5 circuit, and a nenory

el ectrigal | y Aaqmpbratdwirtchit thaptisisg: wherei n the conputer systemis operable
to receive data fromthe nmenory and communicate the data to the
i nt erconnect structure through the bus.

a semiconductor substrate; and

10 a multi-level interconmect structure formed over the semiconductor substrate, the

multi-level interconnect structure comprising:
a first interconnect line comprising copper;

a conductive layer formed on the first interconnect line, the conductive
layer containing an electrolessly deposited metal that is selected from the

15 group consisting of a cobalt alloy and a nickel alloy;
a via formed over the conductive layer; and
a second interconnect line formed over the via.

33,  The integrated circuit of claim 32, wherein the via comprises an electrolessly

deposited metal that is selected from the group consisting of a cobalt alloy and a

20 nickel alloy.

34.  The integrated circuit of claim 33, further comprising a computer system

containing the integrated circuit to receive data from a memory of the computer
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32. An integrated circuit conprising: a sem conductor substrate; and 10 a
mul ti-level interconnect structure fornmed over the sem conductor substrate,
t he mul t wd @wek20b nt er connect structure conprising: a firsACT/vdosnzwnnect

| i ne conprising copper; a conductive |layer formed on the first interconnect
line, the conductive |ayer containing an el ectrol essly deposited netal
that is selected fromthe 15 group consisting of a cobalt alloy and a

ni ckel al | oysysienypad eornmuticeiedhe daie tatba daferchonmect stywtyre affi theansgratetd
interconnect |ine formed over. the via. 33. The integrated circuit of claim
32, wherein EHSUEURE RIS 98 thegomuuiss sydetessl y  deposited metal that is

sel ected fromthe group consisting of a cobalt alloy and a 20 ni ckel
alloy. 34. The integrated circuit of claim33, farther conprising a
conput er system containing the integrated circuit to receive data froma
menory of the conputer 29 WO 03/094209 PCT/US03/12967 system and

communi cate the data to the interconnect structure of the integrated
circuit through a bus of the computer system 30
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