P 13278PCT 23/ 06/ 2006 Use O Conductive El ectrol essly Deposited Etch Stop
Peg@PST Li ner Layers And Via Plugs In Interconnect Structures B

Field 5 [0001] Enbodi nents of the present invention relate to interconnect
structures and fabrication nethods. In particular, the enbodinents relate
to novel interconnect structures containing conductive electrolessly
deposited etch stop layers and in sone instances liner |ayers and via

pl ugs, to novel nethods for making the interconnect structures, and to

i ntegrat FCULtS. contai ni he .i nt.er cannect structures. 10 Background
{00091 N5k, OF EPli el E R AR Depiled e S Coveft LSt e Apa V8 P Connect
structures to provide el i i anal s..to.logic elenents such as
transistors |located on a g@ sggﬁhﬁaﬁ%&e‘ﬁ;}&qw&e?e. The i nt erconnect
structures often contain interconnect |lines which are spaced apart in a
nearly copl anar arrangenent wi tihpr&GrENPCtric material that insulates the
lines 15 from one another. Sel'ect connections between interconnect |ines.
on different levels: are nade by vias fornmed through the insulating

mat er i aFjeld 00031 The interconnect |ines are often made of highly conductive
nmetals or alloys. Copper has becone a widely used material due in part to
its low electrical resistance conpared to other netals. However, one of the
di sadvqftejdsmimidirnapped the plesintiihventiadi tejate 30 Dtdérchrmest. sthatmediandl y, if a
copper surface is | eft exposed for prolonged periods of tine, or subjected
to a vdrbregationmetipdhi Ingadrcular.dbmrembidimpntn (elasp by vaviebigercemmectstmétace nmay
becone oxidized. Unlike with other materials, such as al um num copper

ox| dat icSPtaéngscongductive glectrelgssly denositqsh efelesiop ayersoumdiin gomp anstasicechiuer f ur t her
oxrFdation, and significant portions of the. copper may becone oxidi zed.

Thi s i%ayﬁé%@?“gV‘P;PqEﬂf'dé% PP&"HII@?'L% s making, fhes R esingrustines; apd-fo |

23/ 06/ gngggtsrated circuits containing the interconnect structures.

10  Background

[0002] Many integrated circuits contain 'muIti—Iayer electrical interconnect structures to -
- provide electrical signals to logic eiements such as fransistors located on a semiconductor - . -
'substratc. The interconnect structures often contain interconnect lines which are spaced
' ajnart in a nearly coplanar arrangement within. a dielectric material that insulates the lines
15 ﬁ:pm one another. Select connections between interconnect lines on different levels.are

- ’3 - made by vias formed through the insulating material. | '

[0003] The interconnect lines are often made of highly condiictive metals or alloys. . .
- Copper has beéome 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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change the el ectrical and nmechani cal properties of the interconnect
Pi32a0ear e. Anot her di sadvantage of copper is that it is easily eﬁgpﬁg/ﬂbpg
many of the commonly used dielectric etching chemstries. Accordingly,

the copper surface is |left exposed, and unprotected, it can becone
oxi di zed or partly renoved during subsequent processing 10 5 operations.
[0004] In order to reduce oxidation and copper etching, protective

dielectri tch st h mask | .oft f
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di el ectry t ant,, .0 s MELLL ced
perfor maulﬁ1 %)@%ha’e?eéaﬁe%%cgﬁ?c% I&Etszgfpgirng’taﬁ %rﬁ%vﬁﬁqtdf%ﬁ%?%tg %égtﬁ %eﬁ IIQ%C;S/%{?% in the
formsof opéfatiéRQ; : cracking, or [0005] The protective dielectric |ayers
provi de an additional material interface or junction 15 blistering often
occurs. These types of nechanical failures may reduce production yields

di el ect [0004F hinatianio. redi@oxidugion ahd ceyper dichisp dgroteatiee disRdtricastctt siep or

i nterconnect structure, since. these materials are often chemcally

di f f er ehardf mash lalers parotofichi foemetl eh ewppércintayemectalingsi aMatermbd thahyaradecr ease
the effective lifetinme of manufactured integrated circuits. This problem
may be. cowmpay wdestifoxithia pugwse inslusietsilicon qitmide £5iN), siticen carbide :(Biwand) | whi ch
hayve a 20 [0006] The protective dielectric materials may al so increase. the
\-ﬁ ect i Siicen dipxde (3102). cHlhqughithese dickrstrionlagers mavbe eifeetive @t prafectipadhs cul arl y

when the strycture contains |owk .dielectric maferials. Sych.increases in
t helli efopREY from: B3SOkt &Yﬂﬁy" sentyitue f%@&?l@agc@f tswa%%eﬁabﬂeaah@
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[0005] The protective dielectric layers provide an additional material interface or junction
.. where mechanic’:al: separation from the protective layers in the formy of pilling;-eracking; or .
15 blistéring 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

speeds. This can lead to reduced performance of the integrated circuit.




5 10 23/06/ 2006 [0007] The invention may best be understood by referring to
pe7dpralrl owi ng descri ption and acconpanyi ng drawi ngs that are usefl?jé’s/zo 6
illustrate enbodi nents of the invention. In the draw ngs: [0008] Figure (?L
shows a cross-sectional view of an integrated circuit substrate containing
a sem conductor substrate, a dielectric |ayer formed on the substrate, and
a trench formed wthin the dielectric |layer to accommopdate an i nterconnect
| i ne, accor dBREEL DESARIPHAOAF ridH SBYERAE. BIEES AF THEERAWHENGP0009] Fi gure
2 shows a cross-sectional view of an integrated circuit substrate after
formng a liner layer and seed material on the dielectric layer and within
the tre vmmrfrfrhe friveatioh may BRGEBY dlidegktdod benefetiriad itiellioningtdeseription and
invention. [0010] Figure 3 shows a cross-sectjonal view of an integrated

ci rcui t 2eneppanying deings thatoareiusey @ llasieate embedimenis of theigverdiopy In thet al
Iayeg) 8{%‘“&@%'5660' | ayer and within the trench 15 of Figure 2, according to
one enbodi t. of the present invention. [0011] Figure 4 shows a
cross-sectional view of an integrated circuit substrate after renoving
portions of the conductive layer, liner, and seed material outside the
trench [0088) Figerelibkawsa erossserlienal wiewy, ofsndotegtiatey cirguic AebsERlS SENAME of t he
present inventjion: [0012] Fij ?ure 5 shows a cross-sectional view of an

i nt egr ad smicpndugtor substsater afielestricdayey dommed Anfhe subsgaiguand 4/ kenopderned essl y

deposited, | ayer over the interconnect line of Figure 4, acgording to one
enbodi rhinofhe; fislesfriss BEr 10 AFRITIBALAL} it SYISTETSFe L RESAETIRE to' Ohe
Cross-se tidonal gh}ew of Aan integrated circuit substrate after formng a
second WHWLBTE CL P REFItIRYPH  exi sting dielectric layer and the conductive
"e_lictrol.ess | ayer of Figure 5, according to one enbodi nent of the present

I nvgnt i[ﬁﬁb&)} %lmZZ%ﬁ%s 2338 &hbhal view of an integrated circuit substrate after

forming a liner layer and seed material on the 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  of Figure 2, according to one embodiment of the presént invention.

[0011] Figure 4 shows a cross-sectional view of an integrated circuit substrate after

removing poftibns 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] Figul‘é 5 shows a cross-sectional view of an integrated circuit substrate after
20 fbrming a condudtive 'el'eéi:'ro.les'sly depositedrlay'er 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 infegrated circuit substrate after

L . L o P b Pt i o £ i e i A, o a2 ST

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.




[0014] Figure 7 shows a cross-sectional view of an integrated circuit
subggpCat e after form ng an opening to accommodate a via in the sgepddl/2006
dielectric layer of Figure 6, according to one enbodi nent of the present

i nvention. [0015] Figure 8 shows a cross-sectional view of an integrated
circuit substrate after 5 form ng an opening to accommodate a second
interconnect |line at the top of the via opening of Figure 7, according to

one enbqgi of th resent inveniion. [0016] Figur.e 9 sho a

croser odd0 At Ll B Riraitabarey ob ah ovtal Gt {IEMRe Jgr g
conduct i L nter ter] .| AR | gur ccordi ng
o one bk irRRg i JBmabdls bivis dh o $EeoRf B taset B TFmge 02 2
Cross-s ol i ; i L:eUit substrate after formng a
conduct ;agégng_ag&gﬂﬁ\g@@ﬁﬁ%ﬂ;@gg@g&ﬁg@@ﬁ%ﬁ top of the conductive
interconnect material (the second interconnect line) of Figure 9,

accor di ng15p Fififee FTBIRNE Rros@kediidBalPvROEHE ah NN Eate@ eirdu@Okdbtrdte Gifee 11
shows a cross-sectional view of an integrated circuit substrate after 15
f or n§ ngf@migP aniopenih® & GEMMEHRALE a dcotid Bifdeshnyétdinenatdibel toptofithe vyers such
as those shown in Figure 6, according to one enbodi ment of the present

i nvent i openifdgddfFRguré-7aecarding ts bmvambodimeniof sleqiresentinventioaw of an i ntegrat ed
circuit substrate containing a nulti-Ilevel interconnect structure having
an el ectrol essly deposited conductive |ayer as an etch stop |layer for an
unl andel®0¥6lFigure 9r showy a erosnecctotad tviewnef 20 igégratad qincel exybstrats @fiet on.

[ 0020] Figure 13 shows a cross-sectional view of an integrated circuit
,c,;gst r aadding eqpductivg inferegnnest wateaAUeLN the eppnise of Figire §saseoplinp g ey a
cobnductive material on g bottom  portion of an opening, according to one
enbodi rfERRodypeRt QEthS PESERIDYSRG® Rt i on. 4 P13278PCT [0021] Figure 14 shows a
cross-sectional view of an integrated circuit substrate containing a

mul t.i - | e r t.s havi C i I y

depl @%ﬂ]vlg‘lglsl% 1P a c%;gsg-%é ofial \Giél) O%IJ %@g@%@? C‘%{I‘%lelﬁ SabdtaP Sﬁélj

Sit pl ug, according to one e present 1nvention.
. 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 opening to- accommodate an unlanded via in dielectric layers such. as those

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

9 T

. [0019] Figure 12 shows a’ cross-sectional’ view of an integrated "circuit Substrate
‘containing a multi-level interconnect structure having an electrolessty 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 Vid by electrolessly deposititig & Coniduictive matetial on-a-bottomn e

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




[ 0022] Figure 15 shows a cross-sectional view of an integrated circuit

BUBRBPCAt e after 5 formng a liner |ayer on exposed surfaces of 3@39@63}"26‘6’6
according to one enbodi nent of the present invention. [0023] Figure

shows a cross-sectional view of an integrated circuit substrate ontalnlng
a multi-level interconnect structure having an el ectrol essly deposited
liner layer as a barrier between int erconnect materials and dielectric,

Shows. a 1001 0 CPERVS % -l oS i RS et el &7
for m ng o8 4 GEESR Ml N AABARGE 4&1{3@4%&@]@%@% 'k Blesdiy BRI ngur -

exposed “sur erconne 1 ne he one

accordi %%9 g%f‘ﬁ?%ng‘}“%ﬁ{‘”&ifﬂ?én%f‘% SE0 idvay ion. 15 [0025] Figure 18

shows a cr sect VI ew an in egrate circuit substrate after
23/ 06/ 2006 form ng an inlaid conductive electrol essly deposited |ayer over

the recfRRePFiguft 5 GRPRE Gt crods- Retictal RiGHbE ad intepGiedr didig §ds@ae aggbodi ment
of the present invention. [ 0026] Figure 19 shows a conputer system

contai nfoighing mmdr@@z@psﬁsmemﬁﬁfaa& & dpRhiap,CaRBREg t6 oht einbbdimentof
accordance wth an enbodi nent of the present invention. 5 P13278PCT

DETAI L Efhie ipkSéiRligvEntidh. 23/ 06/ 2006 [ 0027] Descri bed herein are interconnect
structures containing. conductive electrolessly deposited etch stop

| ayers, and in some enbodinments |iner |layers or via plugs, and nmethods for
f abr i col0P?¥ Kigere A6 eshossnaceross-sestionsl eElCWI af tane uit@grm@dn pigcile SBbSIBEEi on, 5
nunmerous specific details are set forth. er, i S under st ood that
dgom rroftaining a mylti-level iptercoppech siyugiare ﬂw&eg ﬁ%é‘ﬁcwlfﬁﬁly&ep‘é’ﬁ@éém%]@&?ff ic

ails. For.example, well-known, .e ent materials may, be substituted
in pl aceE a(}]ﬂn}qq ea%g{t’q.rpqyéaactﬁgqtgqiq{s gnadn%a]gi:tﬁﬂ ageor, mg to one e1¥1bo iment o

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 Flgurc 4, accordmg to one embodlment of

the present mventmn

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 - .

e ’

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

[0026] Figure 19 shows'a computer systém containing a microprocessor having an

interconnect structure, in accordance with an embodiment of the present invention.




wel | - known equi val ent techni ques may be substituted in place of the
paveecal ar processing techni ques disclosed. In other instances, ?@)66%@9@@
circuits, structures and techni ques 10 have not been shown in det ai
avoi d obscuring the understanding of this description. 1. Interconnect
Structure Contai ning Conductive Electrolessly Deposited Etch Stop 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 cond 15 over an interconnect |ine
in accordance with one enbogﬁ%g¥ﬁj%fﬁﬁﬁgkghg§ i nvention. The conductive
| ayer serves as both an etch stop landing for a via fornmed over the
interco LN d as a shunt for flow of curre wee
|t o coRZ) DechBedHireth af, i Songs gt on I@H%vssn%%?w@“ﬁfgh@%s yonal Vi ew
of a por I i t

) 8%%{3@?@ etc, gs[t ﬂ;?@gﬁ%zﬁﬁ ! §0?1Hi! Emﬁb'cﬂ ﬁt@ iﬁler %%{éf? ?} EUHP

Sem con avli ng Ci I’CUI er e| n, a

first d r Ofhe f éi‘@dﬁn st fﬁlmaufl t peni ng
106 for%ﬁ?ﬁﬁ%t ﬁﬁﬁhn% egﬁrlc ayer n%ﬁp dreﬁgztrlc %f%? Oﬁbe f or med
on te ﬁéﬁhéxbﬁs'ﬂ‘ép%mﬁé ldeﬁllﬂﬁﬂé%! fotB! nHoW%Gé’fnit ?dkﬁiile%sﬂy%ﬁ tﬁét%niﬂ%hﬁne'ﬁf&cbmhd n the
sem conductor processing arts. For exanple, dielectric materia
such asin¥eitlonOmby &k etacticed ewittious ithds€ GPedific @eta11§l Qﬁir Slanpid, beoll-Haped P
13278PCT 23/ 06/ 2006 oxi de of silicon Pe g., carbon doped silicon dioxide,

Si O2) negnivend aptesialsatayole Sitatiived in plap @f thoep dedckibed héreDand 5iGGIAfly, The
trench 106 nay be formed within the dielectric |ayer by using well-known
maski nqwellhdmgtmrﬂ@nt testinigneshinagbe sblstifutpd ds plabo pf thegapicslar gracessingt i on
Sensitive layer 5 (e.g., a positive or negative photoresist) may be fornmed

on t he tachaiques ri}selos%d,/ ekl ether Btenessgwelkiknowie Cisenitso ferieres and dghaiguesn t o

create a la i ng an exposyre pattern corresponding .to.the trench.
Theld), émHBP%/ﬁI?ﬁ“ %P“PHE%P it £YQith oleHERNg ﬂv@nﬂ%{%mﬁg&a%ﬁh}%émpmﬁe trench may
be renoved, a correspondl ng portion of the d| eI ectric layer renoved by

ﬁ;ghlbgq d.t he truc c oﬁtgllgn%rg %]Z)néuc%vc ec ol ésald)gl elmos'}tea eﬂ?’cilt S oep ! ayer.

Landing For Via

[0028] Figures 1-10 show cress-sectional views of substrates representing different stages
of a method for fabricating an interconnect structure containing a conductive layer formed
- 15 over an interconnect line in accordance with one embodiment of the present invention.

- The conductive layer serves as both an etch stop landing for a via formed over the

-
é -

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




10 [0031] Figure 2 shows a cross-sectional view of a portion of an
piegpat ed circuit substrate after formng a liner |ayer 108 and §p@9/ 006
material 110 on dielectric layer 104 of Figure 1. The |iner Iayer may %e
used to prevent undesirable interactions between naterial to be
subsequent|ly deposited in the trench and the dielectric material of the

| ayer 104. The liner nay be formed by depositing a thin layer of a
suitable paterial over the surface of the 15 dielectric_|ayer “ﬁLudlng on
the | nn@rideatstican (et easton dened Kiligom dicxids. Fihmaybedaptritsd By Chewy
betmeen\p 10-50 Agﬁétrons (an Angstromis 1/10, 000, 000, 000 of a neter,
or one- tY@RPRDEROSUIOR LGPt er). Suitable materials for the Iiner include
barrier Iayer refractory nmetal s and al |l oys, such as nol ybdenum ni ckel,

Cane al ARBE rhéBepiClod 20 f;r)ﬂmiw%?ﬁt b RaRAE I%Efr syl raram
t Iurtggt gn-aglh}l% r ﬂgeéf%m am! e{csmt%%gahzu# | %gr@ff ﬁ: % %%‘%ﬁ%‘,%ﬁa conD nat i ons

of suc hgé@} stve o ﬁegxtwe ota}éls Etﬁ crr{??b@ Xoﬁﬁﬁ%% tﬁé ditRctRNMyer 2t H@RL&

wel | -kn eposi tion tec ni ques tomc Layer Deposr tion (ALD), or

Physi calvithaRefr fit tAddRdtioh Ry bleallBYiaR HaPRE ahxfeReShdttetrlEoT R spoHdi
materials. 25 ([)00 2] A srrltgl I am%unt age]? thegsee(}j( mat efr?l gl 1108%&yblfeguforrred

over thg thé ﬂeﬂichbyr}&n sl ppaidhlof Gt REREES Sersiti/e lafer BMRratenCille trahchmegr to

i nprove the subsequent deposition of 7 P13278PCT 23/06/ 2006 conducti ve

i nt er coreneactoved haorasondifg pehimmuf thedislettniziayer remotedytgretcfing @ad theat er i al
) be used for a subsequent electrol ess deposition. O course, a

gaol aythe remaindsr of the pf the saliative seusitiive 1a¥er amy tiefremheedseed material is used
for an electroplating deposition at |east a nDnonaer and often a

t hi ckness bet ween about 30-300Q0 Angstroms w Il be used. _Accordi ng to sone
entdddi 03 Fagure 4 showea eress-segtiesl visw, o tarwr%%%f godieeratad st spbsEatec opper

e s i i s B A IR BT (17

subseq lﬁ]@t]{mﬂo Eag ! }nﬁg K2 usdd 169 Fnt d]rb Lﬁll?% e AREGRE Ib%éweteH i «J RESe

various materi y be "deposi
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' -

refractot'y metals and alloys, such as melybdenum, 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-
nifride (WN), tungsten-silicon-nitride (WiSiN), and combinations of such materials (e.g., a
multi-layer stack of Ta/TaN). Suitable well-known deiaosition techniques CVD, Atomic
Layer Deposition (ALD), or Physical Vapor Depesition (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

S o T Y R S, s NS et T S TN B S e AR e A e, BT R




by ot her well-known techni ques such as CVD or ALD. 10 [0033] Figure 3 shows
a1nygpes- sectional view of a portion of an integrated circuit subsﬁg%g/z 6
after formng a conductive |ayer 112 on the seed |ayer 110 of Figure 2. 0I'%e
conductive |ayer often contains a netal or alloy. Hereafter, the term
metal wll be used to include pure netals, mxtures or alloys of nmultiple
netals, and m xtures or alloys of a netal and one or nore non-netals

br oSeht CoMPEHES TR Ia o ARG, 155 AR B KD BYBOgEr TRERRI R
an- al | of aieHPER suBpisRt ol ppston, DS GPURn AHCISE ) STRCHEant | mony
(epost | Bt By ol it b Pecmerid B g A0+ A T e Yepoiful® Ry ™ °°
That  t naRoyReasd g, £IRERRS: Bciceh Corohf o2of REha: ST o haRres '

Al t hou r ' u t
ho! gﬂcé’dr&ﬁg tgg%?den&nwéﬁﬁgrr?é gﬁ‘ c}gée g)reseﬁnim&k%ﬁi glﬂedseeﬂr}nﬁlaﬁéi EkAES

deposition nma avore , harrow, aspect ratio trench,
since cQippt or andiidydfpsR s YR iR (EuSOl cdppeoRdivhPICEhE cbpRELSS
deposi ti on. Both depositions we [-Known in tHe sem conductor processing
arts. [fegkiui @uMg)icopperdunties@uedaptd asad witeysubbequetfoihation offa an
integrated circuit substrate 25 after renoving portions of the conductive
| ayer Icbpper don@ainiddfhatesiaidthaead Tidse varddus(mattrialinomnm be deguaited beP¥ik i de t he
trench, fromthe substrate of Figure 3. These portions are typically

r-epov e dywthgrveahlakionintgchniypesipobas €YY ecALi t h a chemi cal - mechani cal

pef i shing 8 P1327SPCT 23/ 06/£2006 (CWP) or nechanical polishing, although
this is not required. Those skilled in the art and having the benefit of

t hild qilee33 fiiguge dishowy aergmiestionah wiewrd Fanpationyoism ipisgratod cierit §ebsgate; he
| d the.d f pl ity with whi hey.. f d, it. b
ooet il b SRR SRS hal DGR 2 b, oF o
these ﬁ%{«;@ 'oﬁg(f gﬁﬁﬁg %sr{l%’flﬁorp- 8§rte [Igtﬁg _e?}r:ﬁrg‘ié’é‘n”%%&l Wit %o ibda & HAl4A N9

conduc n-t
purc metals, mixtures or alloys of multiple metals, and mixtures or alloys of a metal and

one or more non-metals (e.g., metalloids or non-metals). According to one embodiment of

15  the prese;lt ihvenﬁon, the layer coﬁtains a conducﬁve‘copper material. Exemplary-‘coppér
materials include but are not limited to pure copper, or an alloy such as copper-tin (CuSn),
copper-indium (Culn), copper—aﬁt:imbny (CuSb), copper-bismuth (CuBi), copper-thenium

| (CﬁRe). The rﬁateﬁal mayl be'd'epo-s‘ited by an electroless, eleétroplating or other pr'obess.- |

An electroless deposition process differs from an electroplating proceés in that there is no

20 externally supplied current from a voltage source. Althougﬁ eiectroplaing-processes are
- commonly uéed, an electroless deposition may be fa‘vored for a deep, narrow,. hlgh 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] Figiire 4 shows HETOSsSECtiGRAT View 6T & portion of af iitegrated cireuit substrate™
25 after removing portions of the conductive layer 112, liner 108, and seed material (not
shown), that lic outside the trench, from the substrate of Figure 3. These portions are

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




I nterconnect |ine represents any patterned conductive material suitable to
prayspde a signaling mediumto carry electrical signals. In this $3edé/2006
i nterconnect lines are sonetinmes referred to as traces, wres, |Ines,

i nterconnect or sinply netal. [00351 Figure 5 shows a cross- sectlonal Vi ew
of a portion of an integrated circuit substrate 10 after formng a
conductive layer 114 containing an electrol essly deposited nmetal over the

[ I 112 of . Fi 4. Ho fo h d [
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surfactant to help wet the surface, an etching agent 20 sufficient to
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iIs tightly bonded to the copper, and a reduci ng agent to reduce the
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el ectrol ess deposition. Suitable surfactants include but are not limted
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remove impurities. Experiments by the present inventors indicate that, although cleaning

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

15 layers.

[0036]. A variéty 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 étching 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, availabie from Rhone-Poulenc, and

ST Trton. X100, available from Sigraa-Aldiich. Al aleolo] ™ such a8 ethyléneply ol 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
o _




amoni um hydr oxi de) or potassi um hydroxi de and an oxi di zer |ike hydrogen
pe3esicde. 5 The base is often used in an aqueous concentration ofz?péé/ﬁ@@@
about 1OM % O course, these cleaners nmay be replaced by other cleaners,
or cleaning avoided altogether, so long as the surface of the interconnect
line is sufficiently clean to allow el ectrol ess deposition of the cobalt
alloy layer. Sonic agitation or scrubbing may be used in order to dislodge
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reaction. According to one enbodi nent of the present invention, the |ayer
may bethess ceshelymaynbetepliced b sthefl eleasars, iod Blendiag avoided altdyethentse 1o pl aced
in a solution, 20 containing a netal containing conpound (e.g., a netal
conpl exds tadudaccaduln intpregpeadt,linansl sufficiertiatlears toddhos eleettblets daposition

el ectrochem cally active surface of the substrate through an autocatalytic
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gﬁj the reducing agent_ at, the surface. The reaction reduces the netal ions

gi vil??gﬁ‘fl?ﬁeﬁﬁh@l)@é’??]@%n&nti | they deposit-in a non-ionic netallic state
on the surface. 25 [0040] The layer 114 may contain netals such as cobalt,
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112 of Figure 4. As shown, the layer often foﬁns on the liner layer 108 although this
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depends upon the particulaf 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. Accbfding to one embodiment of the present invention, the layer m-ay-
be formed by an electroless deposition wherein a substrate is placed in a solution,
.20 containing a metal containing compound (e.g., 2 metal complex) and a reduciﬁg 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

s e e e S

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 allby may be
| 0




el ectrom gration than a crystalline |ayer of a pure netal. For exanple,
BX@ACitent s indicate that a | ayer of a pure cobalt nmetal may haves/pe/2006
significant crystal regions that allow easy diffusion of copper and other
materials along crystal grain boundaries, whereas an 5 alloy |ayer of

cobal t -t ungst en- phosphorous may provide a better barrier due to tungsten
filling in the crystal boundaries to reduce diffusion through these

regi ons. t t | i1l contain cobalt of nickel (ﬁ&g t n one
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bet ween about 1- 10 atom c percent (at%, a concentration of phosphorous
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(i.e., between about 70-98 at% made up by cobalt. 15 This |ayer may be

f or med Hilinp e therciystal dosadariadtoeredioe alififdi@sibrabgh dlsdse repiorsoOften, ahe alidynmer si ng
the substrate in the solution, allow ng the reaction to proceed until a

| ayer Wil tongpim cdeadi preuickéli andrhsbrechamerf amdrtppicalipn abauib dourr gthennaigrialhe
substrate fromthe solution. [0042] Solutions that are suitable for

el ect r oiuel 8 gepds (8- oransistign nige coball, aigkel, andh tungstepk apptalioidsHig-2sonbi ni ng
I'n sol :j;ftion a salt of cobalt (e.g., cobalt sulfate, cobalt chloride), a 20

coqpl XM alfePAn-Tgtals§s-chhosPhortus)- o M 9ouTss mersdhan fqup maserials By b g |

I—@ a %a%ﬁ‘o%)eq i.c?ﬁci d, citric acid, malonic acid, succinic acid,

et hyl edBUP& H %t %pi oni ¢ acid, acetic acid), a first reducing agent that
contains boron (e.g., dinethylam ne borane (DMAB) or borohydride), and a
second i : ' ) hite). The
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wi Il afibeedmit Perca@Nass), k@BnceRirRERSS FHoSpHokoud thit i BelWlReh bBdta-200atpg)d a base
such as TMAH, pot assi um hydroxi de, 11 P13278PCT ‘

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 reduéing agent that contains boron (e.g., dimethylamine borane (DMAB) of
, borohydride), and a second reducing agent that contains phosphorous (e.g.,
T Ry pophosphite).  ThHE dlioy coniponets é‘oﬁ‘éﬁ“ﬁﬁﬁﬁb‘ﬁﬁ‘pﬁ’)ﬁ“ﬁf’fh@é‘bﬁaﬁlﬁWh‘l‘ch"”ffi’ffﬁ“"“
| 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 solutic;n will affect the deposition

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




23/ 06/ 2006 amoni um hydroxi de, or sone conbination of these to maintain the
ptlercreen about 7 and about 11. It may also be desirable to inchydgsaogog
buf fer agent, such as amonium chloride (NH4Cl) or anmoni um sul fate

(NH4) 2SM4, to further stabilize the solution pH  For exanple, in one
particul ar instance, the solution contains between about 16-24 g/L 5

CoCl2- 6H20, about 10-16 g/L DvAB, about 1.8-2.2 g/L H2PQ2, about 30-46 g/L
citric acid,. agio t %{5 40 g/ L NH4C atizout 266-400 cnB/L of 25% TMAH
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Mbst conmon the rea are carrie nperat ure ween about
25C (r opdTil AOREIRIY BA) NBNOL, abdR2b6-400 enf R, VB ThIEH S6ktbh RNeibE h'gﬂ‘g-

Oten, the desired tenperature is between about 35C and abo%t 85C.

Exenpl abstweapsteint §.619.3.at es, whi ch depend upon the particular tenperature
and chem cal reactions, often are between about 10-200 nanoneters/mn. The
substrate may remain imersed in the solution until the deposition process
achi evel043dt 20arfpd@dBed that dhenvdédtrokese dapasitidnnheieont eenduthplatat. oOE@ssi ng
@s that active surfaces are needed for electroless deposition to occur

ef # ect ipgtpgce, FRickekcalloyanayubg ercated hypaddingea nickst eyt sueh as widkebcldotidecint al ytic
growt h of the electrol essly deposited netal. Copper is active for the

pr eédentPlessn2h or B additign depthsrcebalt salf dgscribeduabaye. s Yot apethermamapled that in
anot her,_enbodi nent. of . th resent _in tion, erein a non-active netal is

~desi red@%&nﬁé‘%}éﬂ?ﬁ@w&}ﬁ g@ﬁ‘%@@m%@ﬁ%t%t al such as copper,
cobalt, nickel, palladium platinum or gold be deposited on the

noh- act[b(_y‘ﬁ] 2 &)réf)%ﬂé thte%oﬁllhgﬁ b P ln?l%grsg]%pnﬁg isﬁbisg'gte, 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 des=ired temperature is between about
| 35°C and about 85°C. Exémplary deposition rates, which depend ﬁpon 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

~ destred 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

NS TR NP L e 5 B e e

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.

12




12 P13278PCT 23/06/ 2006 [0046] Optionally, the substrate may be cl eaned
nfsespCform ng the layer 114 of Figure 5 in order to remove inmpurbsigg§/2006
associated with the electroless solution. A suitable cleanser nmay contaln
an aqueous solution of a surfactant or alcohol to help wet the surface and
an acid or oxidizer to mldly etch the alloy material in order to inprove
the cleaning. 5 [0047] The deposition process described above is often able
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an anneal rng proce e structura erial properties
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in either an 1nert at phere a no nitrogen reduci ng
at mosphere (e.g., hydrogen) to a tenperature of about 450C. ThIS may
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performng a rapid thermal anneal that |asts several mnutes. This form of
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i ncorporated during the electroless deposition process. This may decrease
the r esiosglawse(Ru) of kes kmpaboutTh aarvaztdrs gfor taygrsdiavingsthickaess ipdo labgedr and
cause a general reduction in the roughness. [0048] During annealing, a
trace unanogietesyly g dihesenjayioe atitiliuigs troay the. s@mstpﬁz;r mamo appli¢ation® t he
upper surface of the layer. This sort of oxidation make t he_contact

nof t i oflovevsk, bofhethe é?@?ccﬁﬁﬂ@ﬂéﬁrﬁétqlwwﬁtsﬁtﬁc% mévamqryeféi@séwt ed
| ectric | ayer, so t ayer and the die|lectri.c | ayer have good

Cotbac e llRBicEs, W f%?flgwﬁaiﬁsﬂé%ﬁm clabl el Poasticy ?Fazfsr i Stering
and ma%/gma rove ﬁﬁoduct | on %‘9 ﬁ% f %ure shows os sect i onal
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about 450°C. This may include ramped heating for several minutes to an hour in a

furnace, or performmg a rapid thermal anneal that lasts several minutes. This form of

15  treatment may be useful 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. -

%:3 [0048] During annealing, a trace amownt 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 éontact and adhesion. This may reduce

mechanical failures like blistering and may improve production yields.

~_[0049] Fi 1gure 6 shows a cross-sectlonal wew of a portlon of an 1ntegrated cn'cu1t substrate N

after forming a second dielectric layer 116 on the first dielectric layer 104 and the

25  conductive layer 114 of Figure 5. The dieleciric layer may be formed by using deposition
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25 conductive | ayer 114 of Figure 5. The dielectric layer may be formed by
asi2mpciieposi tion 13 P13278PCT techni ques that are well-known in t$¢/06/2006
sem conductor processing arts. For exanple, the dielectric nay conprise
fluorinated silicon oxide deposited by known CVD net hods. [00501 As shown,
the dielectric layer 116 may be fornmed directly on the dielectric and

el ectroless layers, without a dielectric hard mask or etch stop |ayer

i ni ials 5 h iN_SiC Si @, di d bet h
ayers TOTPRME PHbeSrRRIEkR IO Bt PO Ryt oot B o by Y BB abbuer t he
| 1 . he, | -The hard K

ayer %ﬁeléc%coélﬁ)é gogntlophri e “|°@%‘E‘Fdai}lé‘%&l"i‘i‘{epdr%@sﬁtﬁd BdnSis Evﬁﬁlg@gh{a}%gr s are not

needed, "since uc es’ protection
subj acent interconnect line. The elimnation of such |ayers can inprove

cont act ['gjr?’m A33RERH Ofte Qi%{lélxﬁ?d“la&é}el fd 3} 8 &i&%ﬂ? g)‘l?.' fRE didiGti QR >

parti cul when t'hese |l ayers”10 contain simlar ectric materials.

Thi' s mayebHREQMSydrs, Qftitolt 2 AietdchiciRard IRL R efth GFNGE Qhtdifink hoateipmper of
failing devices,” and nay inprove the reliability and operational Ilifetine

of 9t eqicht RASIN, ST ¢rSSiCL @5 dsed Betddeh iheORyerd1on dnbel 16i r'Bleséliddiieis i ¢ | ayer
and/or the second dielectric layer contain a lowk dielectric material,

t he el i hiyergieappiodllyt foémeld evee dierlayerl1dd do prosdct the 18kt Thethap! maskearsl eidh may
avoid an increase in the effective dielectric constant of the dielectric

| ayers stopt layers are 1t nesdesin sicanisd eondutive Biybt 18! @Grovides JpreRction b sk or
etch st o%_ | ayers are present, they may increase the effective dielectric
const arfubjseent Hatertjoahest thinec Tl elimingfion @f,sugh lpersocrm dggons centaghvaiddi ng t hi s
! &rease in the effective dielectric constant can |ead to iarease in

t.

bt capsbrsiomhbevween tﬂF?eﬁEfF apeseqond 4@@&% lesgm r?afﬁcp}?éwdwb% 5 B9EBnet ant)
pavii g8 Syl e, iiEpdc olinamapadost Profichar Brobedi o8 thr ough
| nteqr A0 e Rbbe ot LSt AR o RS T bR PR Blienly G o

sinplif : ket process and hel p reduce fabrication costs. [0052]
Al t houéﬁetlw?g?fs&%%agspellg?ﬂsc')f one enbodi nent of the present invention that a

har d

-[0051] In addition, when the first dielectric layer and/or the secdnd dielectric layer contéin '
a low-k dielectric material, the elimination of the dielectric hard mask or etch stop layers
15 may avoid an incfease 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
' Q  more. Avoiding this increase in the effective dielectric constant can lead to a decrease in
the capaéitance of the dielectric region (due to the dielectric bonstant) without impacting
| 20 the resistance through the interconnects. Advantageously, this can increase the speed of
signal propagation through the interconneet structure and ultimately hlcrea§e the speed of
the integrated circuit. Of course, the climination of these layers may also simplify the

fabrication process and help reduce fabrication costs.

[0052] Alihough 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 opcraﬁons that proceed forming the conductive layer 114 as

14
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25 mask not be forned above the interconnect |line 112, any existing, hard
resRepoay be renmoved during the cleaning operations that proceed fosphggabbe
conductive layer 114 as 14 P13278PCT 23/ 06/ 2006 desired. For exanple, In
the event of a Si2 hard mask, a solution containing diluted hydrofluoric
acid or simlar agent may be used to dissolve and renove the hard mask. As
di scussed above, renoval of this layer may |l ead to i nproved performance and
reliabiljty . for the [ntegrated cjrcyit. 5 [00531 Figure 7. sho a
cr o0ss- s deiifgnakon sxaip na%ﬁo?‘t%ﬂ* BS1Gn hprdy B a?é&E@PP&?P@%é\ﬁ‘FS‘%e af ter
118 i.n the dielectric la

f i Al , 116 of Fi 6 th
oo "9 R aPRGRC s O S gt S he Riedas diedoive ancimmove ek medd & | he

layer d ut not uhstantially . into .the conductive |ayer. 114 The
opont ng HRysRL 3 Bimev LR Wl mlal 1t 0 bR GO HeH St oY Eighily (g

whi ch w rower than the width of the 10 interconnect |ine 112.
The tem{qﬁea [ a*s&g(;drr‘ig%[hrtnes used in the art to describe both an opening in
the dielectric in which the structure will be conpleted, and the conpl eted

strugtu [@53{ Piglife 7 4HOwk AQrdAE 88&RhalViSF bPS Pofion WPk AfePitBPERGubRRE T1 ed,

via refers tothe conpleted structure including a via plug wthin the
openi ngafidr ORRAhg The opétthy NS MR YhE alidledtTe dayy HEl € Figted b HRIFOME Nitst
dielectric material relative to 15 nmaterial of the conductive layer. In
one i nsinten@@nedt HineO PR di@ning)sphies theremkick hyckusdsng (B layes Kowg tabdt hott hogr aphy
met hods; such as those used to pattern the trench 106 of Figure 1,

f ol | owesibifyntally eiptoh theocordnetive kived &bd.r i Thenegepirigainaf rimwe tehevidthethang 118

wi-{ hout renoving (or significantly renoving) material.fromthe conductive
layer Befficientdo asatmodpiga Viaphy, whith widih they benastayter shapphe wydih of the
formation of the via opening. One exenplary etch that 1is suitable to

r erfidv e 1BfeEORRACE fige Fdfer The temg g i sometimesobser 4b dbe aiti taedeseribsi batk G or

Conduc ePanE 4y 35 ARleShicin wERR e sivetig FUEE: ioBPReal s BB FRRPEER gas of

Oxygen/sﬂ‘hétﬁx%gi?sglfp rInf {hléol{rciasrégt' disclosure, unless otherwise specified, via refers to the

completed structure including a via plug within the opening.

[0054] The opening may be formed by selectively removing dielectric material relative to

15 materiél of the conductive lafer. In one instance, the opf:nin‘;aJ may bé formed by using
masking and lithography methods; such as those used to pattern the trench 106 of Figure 1,

. foliowed by an etch to remove dielectric material from the opening 118 without removing

(or significantly removing) material.ﬁ'om 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,

15




[ 0055] Figure 8 shows a cross-sectional view of a portion of an integrated
RIB?EEEY substrate after rempving dielectric material from around $Hegg2poeE
the opening 118 of Figure 7 to 25 form opening region 118A having a width
that is sufficient to accommbpdate an interconnect line. The dielectric
material may be renoved by using mask, |ithography, 15 P13278PCT 23/ 06/ 2006
and sel ective etch operations such as those used to formthe opening 118 of

Figure 7.4 %’cijbcti@é Lich Bﬁérﬁti(ﬁﬁgﬁm 55h ng.{&e& Q;’fogié @l?egdrﬂ%%@vlqmorg kS7.alag0

cont enpl at wherern the region ma i nc ing by an etch

chem st giyerh @ mBEGFhRObS B2 ﬁ%e%ﬂv)!&i&n%%’s% cdrfrfflatdd AHRRIP IR fe@lol Ng t he

opening 118B by selectively etching down to but not 5 significantly into
the | ayprgal hthy HeORBRAID, MdISdin@ BY ad it SbniltPAHah deddf n@XRORRALISEIES Bees Wi th
cl eansers thaiy are conpatible "with the conductive |ayer 114, liner |ayer
122 maylape D) befdrd Gipeed ihecbpenitip 1 18B ibynsdlectiselyf addsg downhe bgtenstng 118 of
Figure 8. Typically, these |ayers are fornmed by CvD, PVD, or ALD of a
mat & i adigmficdntlasatd Hedayandédl for | ayer 108 of Figure 2, although this is 10
not required. [0057] Figure 9 shows a cross-sectional view of a portion of
an int egrat ed circuit substrate after adding conductive material 124 to
fill tHE0]eAiargny desivefl diagingef 8xposdd iswdaceh sithodennisars that areeogmiatible ray
-include formng a | ayer of conductive material, such as that of 112, on
the di evigtthejcongdugjive layes [xhdingr fayen 125 aaydisciormes zespeckiyely oy the dpes

%?2°2L§sé&8c§%ﬁ3§%mmsgh°d” a?ﬁslltsf‘%?%?%%?@ﬁ%@ﬁ%‘fw%a%ﬁ@?qrfa%é%%dgiﬁ%er e
.S . Ld will b
i cus 3P RErE 1 psyat ustras e SREL BTG L00BL EigBC AREORBESS Dor i on

of 18N hpfr%glﬁx £d circuit substrate after formng a conductive
el ectrolessly deposited layer 126 on top of the 20 conductive interconnect
material 124 of Figure 9. The |ayer may be formed by pre- cleaning,
g! eclt r ﬂicﬁs}? FERROP iR crfQShetfdnSIPNER &£ a BHioR DT A liktBitated UREUASUbRIAY | OUS| Y
I scl ose : ‘ ‘
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 thé 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 integfated 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 deposiﬁon, post-cleaning, and annealing, such as previously disclosed

in regards to the layer 114 of Fi:gure 5, although this is not required.

T S TR SRS Sage s o

e IGUSY]Accordingly, Figires T-107show a method foi Tormiig an

containing a conductive layer formed over an interconnect line, the conductive layer
25  serving as an efch 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 '




in regards to the layer 114 of Figure 5, although this is not required.
H16O8BBLT Accordingly Figures 1-10 show a nethod for form ng an in§§y@@PQ§§g
structure’ containing a conductive |ayer forned over an interconnect |Ine,
t he conductive |ayer 25 serving as an etch stop landing for fabrication of
a via over the interconnect line, and the conductive |ayer serving as a
shunt for passage of electrical current between the conductor 16 23/ 06/ 2006

124 and e_knierconnect ur Vi operatian. L.S.;

appr oc: bband e AR, 7 Qllbk MGG IrERBET (8 5 bl bpirBcib@d
struct uy e ' ' : ARRIRE Fﬁ%dé t gy er connect
line 11 gﬁf |%ﬁ%éﬁ?}%g§&%g£§gﬁﬁégﬁg§BW?gﬁln gﬁgiﬁft cgﬁkéﬁgﬁ?ﬁﬁﬁ t he
substr iate i ine St 1" b& ditaln Mfeuit

El oot o ST T e R s o 11- 12
show crQgssongstih fRalibilaR20f substrates representing different stages of
a nethod for fabricating an interconnect structure containing a conductive
el ectrol essly deposited etch stop | ayer and an unlanded via forned in

r egisonsiLbRidicopmedt Sthcaung Copdining Gendintick Eldcitelesshy Eleposited ditdobwarke wi t h one
enbodi mrent of the present invention. [0061] Figure 11 shows a

cr oss- dédandedMia vi ew of a portion of an integrated circuit substrate after
form ng an opening 128 in the dielectric |ayer 116, the dielectric |ayer
104, the layer 108, and potentially a portion of the copper 112 of a

subst r 40603 Faguresr 1102t shaw esshrstipnal nviews of esubsiratere reppesanting AHIFroR
patterned by well-known mask and I|.ithography operations, mﬁthﬂa Qortion of

the patstashof grmethed de dpbitrating an nicEronpeet | SEPeture fONTARNE & FERHT VBor ti on of
- t | yi diel ectri | ef t,- i de. of the,l 114,
o 1 Dnelrchgiesly Sentpitg i 65 Jee ofd o8 waloied R Tnen T i ieeiont pofbiler 21 s

i t _signifij tly .. etchi t.he | : T i t 14 b
ts 4fl” aend, in e e e ' Bori S vl s ifodiiens S tleTiRtent 12, TN D€

above %ﬂ%nﬁﬁyer 114 and a second overetch opening portion 130 in the
di el ectric T'ayer 104 al ongside the interconnect line 112 and bel ow t he

[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 Iayér 108, and potenti;tliy a poftion of thé copper .1 12 of a substrate similar to that ‘.
15 shownin Figure 6. The 'opening may bé 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 paﬁern 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
eiching 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 barsher etch may be used to remove a portion of the

liner layer 108 and the interconnect line 112.

e E e AR AR

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

embodiment of the present invention. The interconnect structure may be created by
17
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| ayer 114. As desired, a longer or harsher etch nay be used to renove a
pieewPCh of the liner layer 108 and the interconnect line 112. [0082)o&) 946€
12 shows a cross-sectional view of a portion of an integrated circuit 25
substrate containing a nultiple | evel interconnect structure, in accordance
w th one enbodi rent of the present invention. The interconnect structure
may be created by 17 P13278PCT 23/06/ 2006 renoving dielectric material at

the t f th i 28, t I h ' t dat

| nter oofriin AR HaeRat af fheiop oh BeSuBRTE. I 'C 208 BT WARRE B4 ¢ e
openi n form,n ' .nmateri.al . 34 r [ . ect |ine
b Sacsh R RGNS E ISR PR RARESEERG I A AL SHGERRECL |02
136 o R i . f : 3 . q b
formeq el FEREANAGhabciuidt 134 #orefchibl & ihliEaotl Bt 62 o0BY Pe,
in the $eEneORUREPlayY, AfPhieh g 2 colduch¥NaP&OBeTh thé intéteGithetdidePOSI t

liner and seed | ayer “132, an el ecttol ess depoSition process, such as

prev oustl y340eBgH BE thesdTBiYuddRed §RY BeOfoRRKE ab YhevidulBY d&EEBEdS @Rtbiyndthers in a
hi gh aspect ratio structure. 10 Ill. Interconnect Structure Containing
Conducttestmidaee diat atecwell ¥ndieip @5 tHea@midoniudboprobasing Wdnds aIfAVD Wiracessomst ai ni ng
Conductive Electrol essly Deposited Via Plug [0063] Figures 13-14 show

cr oss- ssed itordeposit Ener afd seddsiayat £32, rapeleseoiessndepositibe rpeodess, sjuayes of a

met hod for fabricating an interconnect structure containing a conductive 15
el ect r gprevdaisly despabids ouylieauspd gy meRe PVID liacwissed sontinvgins in @ edi ment :  of
the present invention. [0064] Figure 13 shows a cross-sectional view of a
poy t i oftYSIAtUIGit egrated circuit substrate after forming a via 138 by
elsectrol essly depositing a cobalt or nickel nmaterial on a bottom portion
la and an.interco ct Iline.

of _an i ng 140
Thd0 et inietcnsect Stmcfure Sontaming conduative Blectralessly Depodie RO | e

layer iﬂ%f'ahdémia Containing Conductive Electroigssl Deposited Via Plu,

[0063] Figures 13-14 show cross-scctional 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 exposéd 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 hay_ipg 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.

18




20 liner 108, and any exposed portions of the interconnect line 112. The
®i3278R@Y be grown from these active surfaces to fill the opening. £?P@§*50@@
may be stopped when the desired via plug size has been obtained. The use
of such el ectrolessly deposited via plugs may be desired for narrow, high
aspect ratio openings, such as those having a wdth that is between about

0. 05-0. 075 nicroneters (a mcroneter is 1/1,000, 000 of a neter) since the

i i LAY ERuECER 20 B8Rl o G pURE, o B R, ™
Cr oss- ss&%&aeaé ymrﬁyy% fnﬂmgp% Y Bl AR SRS Lofbinitd " calunaweat e

contalnlng eve erconnec struc ure con ning a conductive

el ect roél‘é&?dlééslﬁ%gn élreg ‘(;;g&%e rh'ﬂm?xg AtBbatt Donitkd ARAdral Gh a&o?tﬁcﬁl:e Wakerial, in

accordance wt t he present i nvent’i on e |nterconnect
Struct UsR &mbbdRRed 0P MeEpreit mvERIIH nmeasn{ek&%hedt ABéurkARayObe BreRRE®Y portions

of the remai ning opening 140 of Figure 13, formng an interconnect |ine
144 sn fohﬁm@arlﬁ;rerl ¥E142 @\¢kpadsddPorfidhe ofl theGemdiniig ofRningl 160 of Pigess1y,
deposited | ayer on the interconnect line. Each of these structures may

be forfoﬂﬂmgsmrﬁmonmby lideskidi bedhe dinebYayet,haid aefthmirgpuas dondictaee wel |
known in the sem conductor processing arts. 10 [0066] It is an aspect of
~ one enizbatinotesdly déposital layaride on ¢hesinteyevniert HnguEachlof thésastractureomapdet i on of
the plug 138 be different than a conposition of the liner 142. For exanple,
i n t he ferard ef praviawslyogeserbadaioni by other derhaigyesd ant pive roddk knewie ipothen and
phosphorous ma enhance the diffusion barrier of a material, which may be
ful semicondyciosProcessingrartsuhi | e at the sane time increasing slightly the
ctrlcal resi stance, which may not be desired for a 15 via. Accordingly,

”‘? E@ﬁ?ﬁﬁﬁiﬂﬁeﬁ%s%fesa%éc’ Rl el yei Prrthe B a7 RAE 150 mmy

228233 oIS RRS B TP B GE Pt BE bl B E%tyeﬁ‘%éﬂ’%%n?iiynf‘ﬁée

Conduct t‘fl@ ke ®Fhh Qh@‘_FcQtJni’a.uQﬁg BStoh&tld Eﬂ&éﬂhcﬁrogg thboron 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 ‘}ia. Accordingly, the plug ;nay have a lesser total concentration of boron and

- phosphorous relative to the liner layer. In one particular instance, the plug 138 may
oontain <10at% phosphorous and <5at% boron and the liner Iayer 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
19




20 Unl anded Vi a Contai ning Conductive El ectrol essly Deposited Liners [0067]
HBYHEPES 15- 16 show cross-sectional views of substrates representifg/og/2006
different stages of a method for form ng a conductive el ectrol essly
deposited liner |ayer 150 between conductive interconnect materials 152 and
dielectric materials 104, 116 in accordance with one enbodi nent of the
present invention. 25 [0068] Figure 15 shows a cross-sectional view of a

portio na&gmﬁ{bd%t@ LA BN Fih ahd itercSiMRSl iRl Privk &@forﬁnﬁf&%@ Ginér lay¢tgthel ayer 150
on exposed surfaces of an opening 148 to 19 23/ 06/ 2006 accomrpdate an _

unl andegpbiell @Rfcésnbeihe AIedEc iyess 103 u@d 11®nfagrvs agivated for slectrdlesger , t he
exposed surfaces of the dielectric |ayers 104 and 116 may be activated for

el ect r odepositios] EPHIS infaly dicludBhistngFASD inddposiea tish tayeMDint axtide petil such ashi n | ayer
of an active netal such as copper, cobalt, or nickel. This nay be foll owed
by el ecioppéressbaite posickéloThiy may beHalldwedrbybelnitokass depdsitionoef & eebali@ri vat ed
surfaces. In one particular enbodi nent of the present invention, about a
nondl aysckebfallopheal thei actisated tserfags.orInt oresr particylar embodiment obtho Pias@tent i r e

i nner surface of the opening and then a cobalt-boron-phgsphorous.alloy is
el ect r ghesntipy, abduirospradayes Al eqbelt dpwpuitered opthsamally qvapesricd ontgrthe BBIIE| of

| ayers formed by PVD and |i ke deposition nethods, t el ectrol essly
deposi tieeer|sprfase ofhe opraye Fad gt é"t@ﬁfrhoé‘i’”ﬁﬁli‘osﬁl?‘ﬂfmﬁ)% 'ﬁo‘“‘ﬁ?ﬁ%’bﬁ@y age of

h d f . Thij, i cul i n, hi . i
openi nepanial iy hevaRtalt HEoTERGLo BRELT G5t eobrer b ol MEEEE o Cuch
t t ... Th t i t . t ' ' | f
cobal t dparuien b BP e RO SR R AR ale P BT ©)
%8?3%?%&6&[ QVirqee @)Ebﬁg&i %lﬁfa%s\./e'[ﬁ@rxﬁdyeﬁe b QL8R HROLOhRh fpecef copper

A
du | NSt'ance curr ow. However, 15 thin l["ayers are not required.

20 [ 0084, & Q1 $hEhaRe GhO Sie SEIC blebtidibssY HEsTibn addeRble Ofor Gfuckn
[ ntegrga?ed g%%it ?ﬁ%’strate after filling th?gopeni ng 148 of Figure 15

Wi th comghegred. v eTHeNjresend iRaforsThaY foah8 that52 thih diriep d&yer i afgcobaltibarcand an

interconnect line, on the liner layer 150, and after formng a
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
: ") conductivé 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 matériﬂ 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 ﬁxaterials, 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 layér 150 in addition

 to on the conductive interconnect material 152.

20
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conductive el ectrol essly deposited netal |ayer 154 over the top surface of
RIAZ7SEGNhductive interconnect materials 152. According to one enbog%p@@yzgée
the present invention, a copper material may be deposited on the |iner

| ayer by using an electroless or electroplating process. As desired, the
surface of the liner |ayer may be cleaned or pre- wet, prior to depositing
conductive interconnect materials, with an aqueous sol ution containing a

suitabl ¢ sHEEA6LAN ol DECHARING MG AYRLOCIRGRE HOTRM 188 BBV 0us! ¥

25 descriped, pe-rfoted tnat tne rayer ney rormon the |iner

| ayer 1pQ.+ iddi t:;on to on the conductive interconnect material 152. 20
P13278 %@7@%@%}% V. Interconnect Structure Containing Inlaid Conductive
El ectrol essly Deposited Etch Stop For Via Fabrication [0070] Figures 17-18
show crmsomg&h@rtalmvgm AbsssediphilatRis ' SPEREEMEE BeproichfiQy Qifferet ages of
a nmethod for fabricating an interconnect structure containing an inlaid 5
conductdiyes edfegt methedstor fhdbHeRinkedn | ideeionhért n@eiciter coatrining eanc iuiaidct | i ne,
in accordance w th one enbodi nent of the present invention. [0071] Figure
17 showsndudive ekcseleisiydejositédelayaf foran@botdr an infercannéan fingr iatagdordanceui t
substrate containing a recessed interconnect |line 156 fornmed by renoving
mat er i avitlf orerangbodinpgnt ekihe padergunveatien.of an i nterconnect line sinmlar to
line 112 of Figure 4. In one 10 enbodi nent of the present invention. The

material may be a copper material that is_ remved by using ¢chem cal etch
with a [0RHI Figwetl7ovhons & wresssedtionali yewheaf appartien &t fafntgerated Qiguitt he

P R i STk SR TR e

t 1] | i t t he,.di el ectr,ic.| e bk i I
ok e A SnsS U, S P ELpr e 21 50 one

P01 PLABRHAR LEech 8501 R 2he Bl Dbyl e it argnt s ©

" ecesSidihnliy g LCABARE] ctbh Vit 4PReR Voluddf O siiric S5 hidbprereRlniliilpg agent s

i ncl ude aci ds”suc uric acid, anmmonium
etches the copper material over dielectric materials such 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—planarizaﬁoﬁ cleaning operation by including sufficient amounts of copper etching
agents in the cleanser {(more than wou}d"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
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hydr oxi de, and others. [00721 Figure 18 shows a cross-sectional view of a
PoeI8POR of an integrated circuit 20 substrate after form ng an igggqg/zo 6
conductive el ectrol essly deposited |ayer over the interconnect |ine 6 o?
Figure 17. A planar surface may be created by selective electroless
deposition until the planar surface is achieved, or a CVP planarization may
be performed after the deposition. VI. Use in Conputer Systens 21 P13278PCT
23/ 06/ 2 73] _Interconnect,stryctures su as_ thos 4] herein
may b N0 PReamed’ ShERRRS ey Hohe (BB R el A58 W shfsonauct or

devi ces; i Lect 1ok ¢ dev] _ ot
the 11 ol ILEERE OIS Cehif@nalor dieel g Aot dE RS 20T 11

t hat ar I ‘ it her 1.0t ' st : eceive 5
o) P BRSO A1) D LR SRACE BB i

e exenplary I'ntegrated circuit

! S a ”Ecﬁﬁﬂi%% Q8 StHAt- arE'Qﬂ,@Jcﬁlcall?tc%ﬁ{)]l@& e«ﬁﬂ:@ itHeC Hﬁér&xﬁ@&t ghibrd té E‘_&:eivc _
I nt erconnect structures disclosed herein may be incorporated in various

forns eligedly iffodh S uRéFBorind&r WeHiEreC ONDHE Eéxefiptdry MhitdgPatel | circpidr isalal e,

| apt op, desktop, server, mainframe, etc.). Figure 19 shows an exenplary 10
conput emiceyBde@emot.70 that includes a mcroprocessor 172 containing a

sem conduct or substrate 174 having m croprocessor |ogic conponents forned
therein and an interconnect structure 173, in accordance with an

enbodi ri@14] dhtegiatedprivegitn cornitaivipg tthomtercamnpetotiuduresalisstosed dateismgndes to t he
conponents. The | ogic conponents executes instructions based on signals
recei véacorparaiad Hnt Meriquat rme ralestrical t ystemgr welnting  eompiiee sYL5ms dfgmay

ceptain 15 ot her conventional copponents electrically connected with one
aoht helpoftﬂ@%ugpﬁ’@ SGEKIPRy STV PRIy ol surﬁo@céﬁ?&iﬁiaea?@nwéﬁr&, a main

TR b e LR AR B A SRR o
a CUrsQinf2fl79 Iha%ﬁg .&xﬁgroﬁl%gestsgr IS&E %Bmg&rle%ts ﬁﬂge&hg&m zﬁﬁ“e?&nnect
structure 173, in accordance with an embodiment of the present invention, to provide
electrical signals to the compenents. The logic components executes instructions based on
signalé received through the interconnect structure. The comﬁuter system may contain
15  other coﬁventional components electrically connected with one another including but not
limited tb a bus 176 to communicate daté, 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
: ‘D 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 componerits in the semiconductor substrate through the interconnect structure.

[0075] Thus, novel interconnect structures and methods for fabricating the interconnect

structures have been disclosed. While the invention has been described in terms of several

“egmbodiments, those skilied in the art will recognize that the invention 1§ not lirited 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.
22
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device 190 to link to other electrical systens. In one instance the

m cr oprocessor receives 20 data fron|§ menory through the bus and

comuni cates a representation of the Ata to | ogi c conp%gg&%ﬁ%bg t he

sem conductor substrate through the interconnect structure ] Thus,
novel interconnect structures and nethods for fabricating the interconnect
structures have been disclosed. Wile the invention has been described in

t er newoikt is edigedls: enbodi nent s, ose skilled in the art will recognize that the
invention is not limted to the 25 enbodi nents described, but can be

pr act i.ceerlethpd tonmnising fecextsing an iitlccdhéc lirgd relativewd & BieRctFidRys H whidh tAe RtefdoamRt Of

t he alfsendendsed by seectivilyeerdeggmigheriabef thesinteleaimetiding eslatiesy@meestiabsf the dielectric

i |1 usByait 9ieairolessly ¢epasits a donductivegnaterzl O@r A atcessed dritercameekt lirss; aBanbealieg 2806 1.
A net HBdroEsHHAgRopisg crrtelivsimeipriahbyheetingdoamatmpsiheisdnduging eitvaee anoouat ofi el ectri ¢
IayermWﬁmhhlch t he |nterconnect line is dlsposed by selectlvely renDV|ng
rrateréq\ e;econn

h I an in erco n 5‘1‘@ |v t I h;’lﬁ A r| ¢
e sn e Lffnz Peiplonii B8 E

i nt erlﬁ%%rol ep@sﬂ g%r&B Magn fal ove s% oﬂeﬁﬁc‘?ﬁﬂ Qgi (g

mat er dupfacddf thteddctriigssy Hepssited BAMaMI0E MatehQ bV 6rﬁ‘&tlﬁg 5@19%0 ser OXYygen
2. A inetdvacencadingisgemtg recessing an interconnect” l'ine rel atlve to a
dielectric layer in which the interconnect Iline is disposed by selectively
r enovd-fige methed pedlain 2, wineein saidreconingthe naterial of deditercenned linBtavprieds exdhirighte:
d|eIe@@¢”%°“$%vﬁ$mn@%éhﬁrolessly dep05|t|ng a conductive material over the
reces ?g erconnect line, and cleaning a surface of the electrolessly
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7. The method of claim 2, wherein said cleaning the surface comprises contacting the surface with an
aqueous solution including one or more selected from surfactants and alcohols to help wet the surface and
one or more etching agents selected from acids and oxidizers.

8. A method comprising electrolessly depositing a conductive material over an interconnect structure that is
-disposed within a dielectric layer; cleaning a surface of the conductive material by contacting the surface
with a cleanser including an etching agent to etch the electrolessly deposited conductive material; and after
said cleaning, annealing the electrolessly deposited conductive material by heating the electrolessly
deposited conductive material in an atmosphere including a trace amount of oxygen.

9. A method comprising: electrolessly depositing a conductive material over an interconnect structure that is
disposed within a dielectric layer; and annealing the electrolessly deposited conductive material by heating
the electrolessly deposited conductive materfal in an atmosphere including a trace amount of oxygen.

10. The method of claim 9, wherein said annealing comprises heating the electrolessly deposited
conductive material to a temperature of about 450.degree. C.

11. The method of claim 9, wherein said annealing comprises heating the electrolessly deposited
conductive material in an inert atmosphere.

12. The method of claim 9, wherein said annealing comprises heating the electrolessly deposited
conductive material in a reducing atmosphere.

13. The method of claim 9, further comprising, prior to said annealing, cleaning a surface of the
electrolessly deposited conductive material by contacting the surface with a cleanser including an etching
agent to efch the electrolessly deposited conductive material.




cl eanser including one or nore etching agents selected from acids and

oxi di zers. 6. The nethod of claim 2, erein said cleaning the surface
conprises contacting the surface with“a cl eanser conprliﬁq&m nor e of
a surfactant and an al cohol to help wet the surface nme od of claim

2, wherein said cleaning the surface conprises contacting the surface with
an aqueous solution including one or nore selected fromsurfactants and

al cohols to help wet the surface and one or nore etching agents sel ected
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conduend aver thratwreaiat elovteressip depusitgcconmente edteriact ure that is di sposed within
a dlelectrlc | ayer; cleaning a surface of the conductive material by
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wher ei n sai d annealing conprises heating the el ectrolessly deposited
conductive material to a tenperature of about 450.degree. C. 11. The net hod
of claim9, wherein said annealing conprises heating the electrol essly
deposited conductive material in an inert atnosphere. 12. The nethod of
claim9, wherein said annealing conprises heating the el ectrolessly
deposited conductive material in a reducing atnosphere. 13. The net hod of
claim9, further conprising, prior to said annealing, cleaning a surface of
the electrolessly deposited conductive material by contacting the surface
with a cleanser including an etching agent to etch the electrolessly
deposited conductive material. 24 23 June 2006 14. The method of claim?9,
further conprising depositing a second dielectric |ayer over the dielectric
| ayer. and over the anneal ed el ectrol essly deposited conductive naterial .
15. A nmethod conprising: electrolessly depositing a via plug in an opening
formed in a dielectric |ayer,




wherein the opening is at |east partially over a first interconnect |ine,
WhEFHCGE t he via plug includes one or nore of boron and phosphor 04806 /2006
el ectrol essly depositing a liner layer on the el ectrol essly deposited via
pl ug, wherein the liner layer includes a greater total concentration of
boron and phosphorous than the via plug; and form ng a second interconnect
line on the electrolessly deposited liner |layer. 16. The nethod of claim
15, wherein said el ectrol -y ia. plug conprises

el ectrol essly depositindﬁg§g%%§igﬁftgﬁqﬁﬁ@?§§¥ﬁ§3Iess than 10 atom c
percent phosphorous and |l ess than 5 atom c percent boron; and wherein said
el ectrol@pmh v iellbtid; | i I r1S§ -égﬁ ssly depositing
a conp53|t_onq?ﬁgﬁfdknguﬁgﬁghkﬁan %g%gﬁgﬁﬁgﬁﬁgfﬁgﬁﬁkﬁﬁ%{ grous and nore
than 5 alQebmePiiraeiiies BT Aftlodtd 37HSHRtelo MRt Sitich u@EmEg‘%oRhiﬁ OSURE

23/ 06/ 2006 [0076] Multiple level interconnect structlres and nethods for

fabri cairtéi@oringet line Uredl SRSy depdsited MERPlaPérSotheicd ves 88 intdfeBnricdi Ilec ONNect
structures may contain an interconnect l1ne, an electrol essly deposited
met &8 | ayarfofnsdnedr e efetd] idyet, ahe b eeudAS BritertdridRet Imedorthed dver edizover the

nmetal |ayer, and a second interconnect line fornmed over the via. Oten the
met al | @ften theamdtalilaysr eomtaibad tobalt onnickelallay kind/premidep movtch eop dayeefoch st op

| ayer for formation of an opening corresponding to the via. The netal

| ayer nigymgiongfdn opendngeariasponding totthe imd€hd mitablayenraaxmomide pratéctienand may
replace a traditjional protective dielectric |ayer. The netal |ayer is
conducttp ke undgtlyiag intersenngridinsand imay replepesteaditinns! protestive dieleptripdaysnge of 10

electrigal current between the yia_apnd the jnterconnect line. Simlar netal
i.g;er S %ﬁﬁ#éﬁm IS ONGUH v, e b el cririer A ETACR FHEt {9F BSage off & | | ner
| apng' s eﬁe%g'ic\a{d gun%lnpge%\hreen the via and the interconnect line. Similar metal layers may also

be used within the interconnect structures as via liner layers and via plugs.
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