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’g&r#sggﬁhﬁ%%%:}'ea;}&cﬂ'ﬁe. 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

oxj dat icORtalingsconductive glectrelgssly denosites, efelesiep layersqumdiin gomp dnstasicehaer f ur t her

oxf dati,on, and significant portions of the. copper may become oxidi zed.
Thi s i%ayﬁé%@?“gV‘P;PqEﬂf'dé% PP&"HII@?'L% 5 malﬂ%%esm&rwqwgnﬁwmm&o |

23/ 06/ 2006 _change, the elecirical an chani cal properties of the
i nt er cORFEAEd g‘f&ﬂ%fﬂ‘ﬁ@f"%ﬁh‘f Wg toriiodt RIS

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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di sadvant age of copper is that it is easily etched with nmany of the
poszrerdTy used dielectric etching chem stries. Accordingly, if th§399§p§? 6
surface is left exposed, and wunprotected, it can becone oxidi zed or par Py
removed during subsequent processing 10 5 operations. [0004] In order.to
reduce oxi dation and copper etching, protective dielectric etch stop or
hard mask | ayers are often formed on copper interconnect |ines. Nhterials

Si11 con 24781 U6 e a% Gheckypycal BiFEB iy Siompunest FHEIEh AARLST
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the interconnec ure an 0 re per ornmance
e R BbroRRRAT & Al éc%ﬁfé‘ S8 OF Gy Rl ALE Burind Dol Brblestthl | | N -
cracki ng, "~ or e protective ectric layers pr an additional
mat egi alopéafi@fsf ace or junction 15 blistering often occurs. These types of
nechanlcal failures may reduce production yields dielectric constant. |ess
than silicon dioxide, are used for the interconnect structure, since.

t hese npo08d] l eardar© rediceroxidaeioh aad toppdi Eckingnprofective diskcpicaitehCitoy or
dielectric layer materials: and nay decrease the effective lifetine of

manuf achmﬂadasiknlagg'saared)ﬂehrfnuhech on Kopperpintdrt@mectniiyesb e Matarigio thatiede when | ow
dielectric constant' materials :(lowk), which have a 20 [0006] The

pr ot ect ¢amemeily veest for chisguepase insludeysiligos mittide (SAYe silicore cabide diG)eandl el ectri ¢

&stant of the interconnect structure, particularly when the structure

t ai nslicenigxide)(SiPek t Althoughithgse giedec yers maybe sHectivs of peotestiag &ha r i ¢
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interconnect structure and lead to reduced performance,

[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 perfonnanc_:e of the mtegrated circuit.




23/ 06/ 2006 [0007] The invention may best be understood by referring to the
podobgpeirng description and acconpanying draw ngs that are used to, 06/2006
illustrate enbodi ments of the invention. In the draw ngs: [0008] ngre (?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 ?ur_e 5 shows a cross-sectional view of an
i nt egr ad smicpndugtor substsater afielestricdayey dommed Anfhe subsgaiguand 4/ kenopderned essl y
depositegd, | ayer over the inter connegt line of Fi gur.e 4, acgordi ngnto one
enbodi ot figlegiriss e 16\ AFRIEACals 9 SYTROTSFl e RRSREILE o Che
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
NV | B009; Fibudrd 2 Shbils 236K SB0hd AR lof and i rdted RNV QufiiARSaRGC! | onal
view of  an’infegrated circuit substrate after orm ng an opening to
accomgabifs & Mief liyer bhE sSRACARLHAN 6 ARt diblctki@)8fer Ghd Rt eheéSirenciCsor ding to
one enbodi nent of t'he present invention.

- 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

i At e L . L o P b Pt i o £ i it A5, "

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

ot T SRS

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




[ 0015] Figure 8 shows a cross-sectional view of an integrated circuit
gubggpCat e after 5 form ng an opening to accommodate a second i nt£fLOONESHs
line at the top of the via opening of Figure 7, according to one

enbodi ment of the present invention. [0016] Figure 9 shows a
cross-sectional view of an integrated circuit substrate after adding
conductive interconnect material to fill the opening of Figure 8, according

to one .ment,, of the present invention. .1 17] Eigure 10 .shows a
Cross- ségﬁﬁﬁ?‘é@r\‘i i %\R}‘%‘VS 3an1) © ﬁf"&f‘ga{‘e&"i Pgﬁptm'gﬁ%gﬁ%r 3‘%%“%%1%3&& i ng a
conduct i . t |y ited . I t i Lh .

ot er cordufe S drRbE 0 Mo RARACY VAT b el LHRERY TG .

accor di B d9ind WoARHITRAL ofthe bRSR ARG | Nvention. [0018] Figure 11
shows a‘ Crosscsectional View of an 1 nt egrated circuit substrate after 15
form ng an opening to accomobdate an unlanded via in dielectric |ayers such
as thos m{ﬁbrwgﬂr@ kI Ca Rros83&RodaingiehOo P BE iRDARHNERIitOsubbitgte RIfRE €Nt
invention. [0019] Figure 12 shows a cross-sectional' view of an integrated
Circsi t forhied bR lopenif®é AbdunitGodatd Tl Jetordeitfdrednitar lpnimethe top rofctheinga havi ng
an electrol essly deposited conductive |layer as an etch stop |layer for an
unl andedpenimp, ofdiguee @) azgortimgan encerbbatiimentof 2t pésehhiav@rtisaent i nventi on.

[ 0020] Figure 13 shows a cross-sectional view of an integrated circuit
substrate after formng an unl anded via by el ectrolessly depositing a

* conducl00¥€] Figure Pashovn aactess-sestipngdoviewoof af integratpd minegit wbetieliafier t o one
enbodi ment of the present invention. 4 P13278PCT _[0021] Figure 14 shows a
cross- stingoiprductiveinterconnect mategirkiodil! therepgning ofi igura SeaccoBivGIneify a
wfti-level interconnect struycture having a conductive electrolessly
deposi teé‘EPOdérFea“tﬁifﬁ’ﬁ,P@E@d’t‘YﬁnH%‘l'to one enbodi nent of the present invention.
[ 0022] Figure 15 shows a cross-sectional view of an integrated circuit

£, f.or i L | g2 o i ng,
S ANl B SR A s ABhat Lo FHBBIEH AL EARLAAE, 0P "0
Shows  g,6hiRs S RRahdRP RecttbBWIPliefdRitdd TG M & JF thE bldustRS ik&@bsnnect

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.




containing a nmulti-level interconnect structure having an el ectrol essly
Hepoepcied |iner layer as a barrier between interconnect naterial g$3a86/2006
dielectric, according to one enbodi nent of 10 the present invention.

[ 0024] Figure 17 shows a cross-sectional view of an integrated circuit
substrate after formng a recessed interconnect |line by renoving materi al
froma top exposed surface of an interconnect |ine such as the one shown

{005 it AR ok o AT Mo D] of, AR REERRE s b
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deposite r e recessed. 1 nterconhnec ne o ure
accor di %Oﬁlﬁ%g%rﬁggﬂ)ddn%‘%ﬂfboafm&%f@éﬁfe‘é&ﬁ iva&aL i on. . [0026] Figure 19
shows a conptlter syStem contalning a m croprocessor having an interconnect
structure, in accordance with an enbodi nrent of the present invention. 5
PL3278 P 2B FighERs DRSCRaPELNedh A8 R0 61 b Qaithralaseircuosibbese e &

i nt erconnect structures containing. conductive electrolessly deposited

et chs st Apmidyelifer 188 on BxppedEsiefibassfMRIvEning RErdREad Hno embodinfehtiefs, and

met hods for fabricating the interconnect structures. In the follow ng

descr i ptheprgsert imverBsrous speci fic details are set forth. However, it is
under stood t hat enbodi nents of the invention nmay be practiced w thout
these specific details. For exanple, well-known equivalent materials may
be subsi0P23itEguren 16| shoavsohr etossssectionadr Vigwd ofi aneiimegraied eirgnil gubsjrate

wel | - known _equi val ent techni ques may be substituted in place of the

pay ti cuAcRtainRg 2 gui-leyel interarpnest sisuctirs bpviag an clpsirddessbyydeppsited divgslayéiel | - known
cifcuits, structures_and techniques %ﬁﬁggve notrﬁeen shown.in detail to

avoi d 5SS §eteen ItTeqnapchipaterls pn SHEASPPINE IR Ong SMPRIEIER e ct

Egﬁ%$§ gpé%gﬁﬁﬁgaﬂ%-Cbnductlve El ectrol essly Deposited Etch Stop Landing

[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 - .

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.




[ 0028] Figures 1-10 show cross-sectional views of substrates representing
gifhgognt stages of a nmethod for fabricating an interconnect Straekpé 82006
contai ning a conductive |layer formed 15 over an interconnect line In
accordance with one enbodi nent of the present invention. The conductive

| ayer serves as both an etch stop landing for a via forned over the

i nterconnect line and as a shunt for flow of current between the
interconnect line and the via. [0029] Figure 1 shows a cross-sectional view

g];macggglhi:?groguggtirgz ggaggﬂgﬁhﬁbﬁgﬁmﬁﬁ onggtgon)?iﬁgiﬂn?hgr ein, a
first dielectric layer 104 formed on the substrate, and a trench opening
on 1 he. S0l P i af Sierhesec Yk euiag S e R he
sem COQUEERL] BACES AL, n A AL Fen® @E1ofrl P P AL TR
Si'0r) R dn e Bhg o infrechfieh Micluss, ok B AORELES P OREST e

trench AQfiedByspesifit @eReladisbionh! PRWALE! R drderstav @hat Rihbd@inttets T ithe knOWN
maski ng, |ithography, and etching techni ques. For exanple, a radiation
sensi t i in@ehtimerhap beCpricticed Wistidut ithele Gpedif@dbialle PRt GReHIS tyelovee f or med
on the dielectric |ayer and exposed wth electromagnetic radiation to

cr eat e aulialet natevialsgnanbe xyiattuted ipaidce rof tioae despibad hergin, tad sikdlatly,ench.
Then, a portion of the radiation sensitive |ayer superjacent the trench may
be, r enowettknawrcequiwdgnd teghnigugsonay basubktituted inl plakce of theattpbar prasessingd by
et£hing, and then the remainder of the of the radiation sensjtive |ayer
may be temispss diselosqdooBn gther ipgtances, wakbhkgown eireits, steeqtirgh and (achyiquss a

portion of an integrated ¢ircuit substrate after formng a.liner |ayer 108
and 0s e BVFBpiherm thovpon getaite pyeid Pﬁs&‘%@@ﬁ upderstgpding gijihis descripiRE. |  ner | ayer

| ayer . - 2 AZN tA AR S e g 4 4 ¥ s . 3 - 3 - o~ -
sui t ably 1, &t over the surface of the 15 dielectric layer, including on
t he inrrefr'—S'L(?m&ﬁl i }?la of the trench 106. The |liner often has a : '

[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




t hi ckness between about 10-50 Angstrons (an Angstromis 1/10, 000, 000, 000 of
pi1ivetrerr, oOr one-tenth of a nanoneter). Suitable materials for th%%}égpﬁoos
i nclude barrier layer refractory netals and alloys, such as nol ybdenum

ni ckel, cobalt, cobalt-nickel (CoNi), titaniumtungston (TiW, tantalum
(Ta), tantalumnitride (TaN), tantalumsilicon-nitride 20 (TaSi N),
titaniumnitride (TiN), titaniumsilicon-nitride (TiSiN), tungsten (W,
tungsten- nitrjde kV\N) tungsten-silicon-nitride and concgl nati ons

( : cor ng SiN),
of such igeatistican (eg.goarbep dopgd silicpn dioxide; 8ilk) By P5/deragyicd by Chepy

wel | -kn 0oSj ti chni ques CVD, Atom c Layer Deposition (ALD), or
Physi ca%ﬁ%ﬁ?poﬂé‘ﬁﬁzﬁfbgn (PVD) may be used to deposit these various
materials. 25 [0032] A snall amount of the seed material 110 maybe forned

over thegd. Qsi,ti.0n process,su s PVD or CVD i rder to
ot ove TRRY 2l B¥ndhe HE°RER ol Bra S5 S 455lefbRc Ty B pSHE ORI Lo

I nterco : L el b nol 0 eri al
my” beaneanody ad SRBB ol iE?  FOP benliBTR oM enTHRE 058
MoNok ay &l o Of nd¥hive dFA¥aalive BhotBiRsiv§ Gy bPlrbintbd dnf tht BRIEERIayBR hid biosdd® Used
for %n g%ctrop atoﬁgg%gpgs??ﬁggﬁggylbgg&st a_dnrmno%yaer %S;r?g of t _r(l)sa

t hi cknegshRRCMGAERAO vidiatdn 30 SRaNUa ) dr WPinBiah| exPEsubS Piftern ARRIPSHARG t O Sone
enbodi ments of the present invention, the Seed naterial contains “copper
(Cu) ortoathe @thehy THeng® ppgion (of i sadiREeP Sénsitive 14fed Siperjacamp (R trénchimuy ( Cul n) ,
copper- magnesi um (CuMy), copper-al um num (CuAl)) to assist with a

s ubs equentembsedyatdomespphdiag potinparf tiodieketthicrigyaratmoved| byt diehiey and Tease
various materials may be deposited by PVD or by other well-known

t.ed hni dhermamder ofthevitheradidtion sesiti@dasy neydwremg@veshows a cross-secti onal
view of a portion of an integrated circuit substrate after formng a
conductive |layer 112 on the seed_ layer 110 of Figure 2. The cqonductive

| ayl®r  JPOH Figue Aishewna ressatecionahrieliol amortion elan tegtadsingpibspbsfratii | | be
used to,i nglude re nmetals, mxtures.or._allo of. | tiple tals, and
it ur @Gebfordine b b et: Fof and ek Haifal 418 e et A2 FEFRAR fot 2 of as
or non_’fﬁ%tlﬂnlels iayerAﬁl%g rb%' 1a &8 p%@gnteu%gﬁaﬁen}nté%facﬁons between material to 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 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

7
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15 the present invention, the |ayer contains a conductive copper material .

Examgplcary copper nmaterials include but are not limted to pure C°?§F§6/5606
an all oy such as copper-tin (CuSn), copper-indium (Culn), copper-antinony
(CuSb), copper-bisnuth (CuBi), copper-rhenium (CuRe). The material may be
deposited by an electrol ess, electroplating or other process. An

el ectrol ess deposition process differs froman electroplating process in

that there is no 20 externally supplied current fyoma vo]tage source.
Al t hougRORJUSHYS BHATCAMAECt Bralerids s > Eeniban pyaRekager 03@6%4 BEFRY| 1BYs
deposition be favoredq for a,deep, narrow, high aspect ratio,trench,

i hoe cORETIBLE S dredlsstasmyBin D sty HEaer Groge i ik es
deposition. Bo de itiaons wel,-kno in the sem copduct or essi ng
ortos [ B8R PoeP o Rg i ialtiy o Rl Por fr eGSR UBRSHEH o IoBHRT3,

I ntegra LI CUl str Mol i PRL Ik e egqnductive
| ayer 1&%?10& r{egﬁdtlé)gtggaéngﬂ élglg%gz %ﬁ éetreﬁaéfboﬁﬂ%tb jsbﬁgvx‘%;'ésltrtg ﬂlgt‘%ll tggoﬂ g‘l de the
trengh, A%é&ﬂ?lng% S%H{Es&flﬁ(hﬁn%ts Rir e ?féent-rﬁ% ioAO ki S¥dg rﬁét@rialt SR | Y
removed by pldnarizing the upper surface with a chem cal-nmechani ca
pol i shi agpsr @437 S0 2005 L&MR-tRTCISHNasHpEAindRA] {cithy Goppekt hough
this is_&%)gt draélgui red.o}ﬁ'ﬁ)cggﬁs&g?l’e%%}utﬁrggﬁ%?f é,dzyrlljd nhavi(ng tﬁhee%pgnefit of
this dimagRsiure(CuMg), é?@@ﬂﬂhﬂlﬁmiﬁléﬂuﬁdﬁﬁs AgkifGvitia éubSequbhtcfistiestionalf af he

| ayer and the degree of planarity with which they are forned, it may be
possi bl@pper coatainingaberiththare@ar These varioys| matedialy mhy de depsitad bpAVDRanoval of
these portions creates a 5 patterned interconnect |ine 112 containing
cepducthyvheravadrkrawniechiniques sushas €¥&hor ABP. i nterconnect |ine represents

apy patterned conductive material suitable to provide a signaling nedium
to carry electrical signals. Inthis field, interconnect |ines are

sorh8t i 18€33] Fagure P showsA eressegiieng! vigprafs portionsef an iptegiated rirerit systratenp)| y
] T SIS TSI Sl L
o i P gRey Solht 50 gk 87 JiciPs R e el o PO P aEf BRI ' W e
Sur 1 acBgn iRy BE e B TR AL Wil G B FnRR e

i ndi capge b\abre MdhihQhe kb &) 8Ri158s or non-metals). According to one embodiment of

15  the prese;lt ihvenﬁon, the layer coﬁtains a conductive 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
_ _ .
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emaghecri ve 15 | ayers. [0036) A variety of cleansers may be adapt eg%

cl eani
f ound

the surface during CVWP includes a hot deionized water solution
effective anobunts of a surfactant to help wet the surface,

required, it may nevertheless assist in formng quality, honbgeneous

ng the substrate of Figure 4. One particular cleanser that
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a may also be used to etch a copper material. Suitable reducing
agent s sigelling enediven® c@irh elestrighlysbpnals. dndds feld] idR2cbhndddéined /avsREtimEy cont ai n
agents such as a base like TMAH (tetra nethyl amoni um hydroxi de) or
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ot her

pot assiraferted d axirates, aicts,dimes)ntdicpanect bksmplydnaglen per oxi de.
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af.le ogetlA@35] Kgure §showsacrossesesiiorahwisvot! a pstioneifandeirgiated diicpié spbstrate
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as been

to be useful for renoving organic inpurities that can be formed on
cont ai ni ng

an et chi ng agent

rately weak sol ution

or sulfuric acid, or a weak organic or 9 P

5 The base is

used in an aqueous concentration of | ess then about |OM% O course,

cl eaners may be repl aced by other cleaners, or cleaning avoi

sufficiently clean to allow el ectro| ess deposition of the cobal
aylr - et b

ticl, d j eani 10 [0038] Return .10 Fi 5,
" acal | PRRSPMRLIR AARTGRC &1 SIaPFeL 00 iR n oy et HAEh oo

qrmipg 3 cndBeivglaxss d L SPRgiiRg ahelegiolessly leppsifsd metal ver

e layer orns on t I ner ayer

al t houghyd\i impurifies. Experiments by the present inventors indicate that, although cleaning

15

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

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

g e

20

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

sufficient to slowly etch a copper interconnect line to assist with removing organic that is

for ed w0} s RRASRERNIRY. £:0RNBLeaHAG0h HISIALSLEAIARE Sl

of Figure

ded

al | oy
ge

i ne

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

112

25

“Triton X100, available Trom — Sigia-Aldiich. ™Al dléoliol "stich a8 ethyleneglycol or

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 _




depends upon the particular materials. The |ayer may have a range of
Pid2eknogsses, including a thickness between about 10-100 nanoneter§3;@6p@@06
i nstance. The | ayer 114 15 may passivate and protect the interconnect

112 and nmay serve as an etch stop layer during fabrication and as a
conductive shunt |ayer during device operation. [0039] The |ayer 114 may be
formed by chem cal deposition of a netal through a chem cal reaction

A di d t. of t t th

e, B BT RECLEE Bt R R e R B LY,
| ut £ t al I

and o oapE Gt e 3o N e N BB F e RPN SUP R ochem cal 1y

active surface of the substrate through an autocatalytic

oXi dat'?ﬁbﬂgﬁqﬂ%ie%’seﬁ g 1?8&1% 9 éﬂe 49 ' iSe ﬁ%&fﬂ%ﬁéﬂé@@&ﬂh@nﬁomound

and the cl ng agent sur e reaction tal ions

by i Vi BEnidAl h g&@ﬁﬁ& &spdtasrshﬁn h?rﬂ%xiﬁ@%ﬁ& ah oxRiidtr 188 HyRigen Peicaldel © state

on the surface. 40] The |l ayer 114 may contain netals such as cobalt,

ni ckel , TAE badel ;wﬁexpﬁseuh@%ﬂ affiidonb SonceMratRnSOfTRY e AR8t [GXIO VB coakseher pure
cobalt or nickel. For one thing, the alloy may be 10 P13278PCT 23/ 06/ 2006

subst anthiesd tiyanersonphbeifepiiced bRyther eRairs, dr tleghihg hvéided hleogether,dofléngsi on and
el ectrom gration than a crystalline |ayer of a pure netal. For exanple,
exper i menths suifavetiof sheeinterannect| lag ds sufficniiyclearc whalow elettadlessalpption
significant crystal regions that allow easy diffusion of copper and other
mat er i abisthaicobplf alloydayer. Fonicragitatiorier scoehbinghmre s uaed B endewolp dislgdge of
E)?alt tun sten phosphorous may provide a better barrier due to tungsten
fi Ilngmi“i*P%Sr?@ é@?‘é’f"ﬁp%‘ﬁﬂg}darl es to reduce diffusion through these
regions. Often, the alloy wll contain cobalt or nickel and between one

o G e R RS ,n.”%t el Y Eoiieiy Terdeb oﬁ%es‘lteg 0.,

ot or ) AP RP BB ekt ARRET RS ST B erb Ot tRer

embodi ri‘iﬁtoquig&rQQ. PAS SFSm, | BY ‘fa[}%f Bfen tns! @Y&E lﬁféf‘ﬁ&%f‘?ﬂ@ aﬁﬂ@%htthis
depends upon the particulaf materials.. The iéyer mﬁy have a range of thicknesses,
including a thickness between about 10-100 naﬁometers 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. Accofding 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

e et eSS 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




bor on- phosphorous (COBP) alloy having a concentration of boron that is

BeRWAEH about 1- 10 atomic percent (at%, a concentration of phosphps@rsoos
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 |ayer may be
formed by preparing a suitable el ectrol ess deposition solution, inmmersing
the substrate in the solution, allowing the reaction to proceed until a

| ayer | desir t hi gkness has forned,. angd t.hen re l:

subet r at Pl | ERLERR o 1685 e&at bl Bhteef bRl ool TRHPE b

el ectrol ﬂ&i’a‘? Lt 0 ; t gl e n ar nmbi ni ng
i n sol utelf‘egﬁoa saﬂl ﬂg éoﬁrgg?@gﬁ%ﬁ Ogoabgﬁ%é élﬁ 'atfg)? eé‘g{?g f ecﬁ?rg%{?ngsg), a 20
conpl exiRGcaROB s baferGCt I &ﬁﬁ%&agﬂ& b RighfiRAnd drydd] BHbMY MABIeR 9
EDTA, a carabpxyla% 09%1ci d,” ci S[:I‘I c acid, ngﬁ%onllgé acl d%r?(sucrcgni c acid,

et hyl enggliyaiififon Bf &iipePhid ShbOmaRASK forRCirfotal grfinfBouRdarleSWRBE Agent that
contains boron (e.g., dinethylam ne borane {DMAB) or . borohydride), and a
secofd slédulaidtdofagbalt-tingsten-pbophbidgs ﬂh?%ﬁbﬁﬂ@ Hheftér Barrier duep@POAGHAI t €) . The
al | oy conponents cone from~a conpl ex of the cobalt, which forns 25 when
t he sal filingdiis thelcrestad bdutdasies whradiceiddffissi@r raughphesx eckidng. Often,ahagdiogxi ng
agents, and fromthe reducing agents. Typically, the pH of the solution

wi || af wikeontdie cdgloer nicke! andriwtwess enecandttypictlly bleoudl deirr ethérematerialeld a base
such as TMAH, potassium hydroxide, 11 P13278PCT 23/06/ 2006 anmmoni um

hydr oxi sieh a meidhie. g otrivsistion glements; pebadt, niskelaand Aingstene myttplloddsd8&n about 7
and abqut 11. It may. also he desirable to include a_buffer agent, such as
%ni (RpromnPongry@e &) Phosp i GHh course dpere (i forsapaterials pgy tbeer

1 iIi.zei %ﬁ‘e ) Iu%iaon pH. For exanple, in one particular instance, the
sol Ut i SACEEH & WS Bet ween 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, about 26-40
bout 401 A A plnn i O pfoHEipvBich. HRlade ol B Bty et veer
depos! o ARHISUTCAND RPN st AT OB bbbl o oy b
10 atomic percent (at%), a concentration of phosphorous that is between about 1-20 at%,
_ and the remainder of the conéenttation (i.e., between about 70-98 at%) made up by cobalt.
: 15 This layer may be fonned- By :preparing a suitable eléctroless 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 '




pl ace of, or in addition to, the cobalt salt described above. As yet
anea7BIT exanpl e, tungsten may be introduced by adding (NH4)2WH b9,5B22006
solution. desired |ayer thickness. [0044] After preparing the solution ang
i mersing the substrate, it is conmon to heat the solution, the substrate,
or both in order to increase the deposition rate. Mst commnly, t he
reactions are carried out at tenperatures between about 25C (room

t enperat ure .an abo t 100C to avoid the solutjon boili Oten, the

desi red P-?Xi . BT ombRstion of dhesa fmaistiih g pi b wesnAbent, 7
d h th t t d
chor cal* oy eﬁhs“f“' PY 8o gt Rl b TG & PoHEORE AR BB LRSI The
subst rat, Eg@g gn Jus lrsed '#t Qﬁﬁ;ﬁk& [ OM“ | .t.he epols'.t i op process
hi ABHROm, faye AAPYHE BT SPTUpL e
AL SR M O
ef fecti vefy ac su ace s d g'{lo rcecep ive 1o %%ﬁ au? alytic
grovsh elock e ). eebicl €6 b, BRERS! st ff‘%%%&l????éf dbﬁutaﬁ-hé'% bt t e

present cobal t-Boron-phosphorous a 'S conte that in
anot her a@abadiuea40 oft, NECHLBs# stmmy %HP/L%Y 2990 eheATd saluﬂsmt@g% yepretal is

desired for the 25 rnterconnect |ine, an active metal such as co per,

cobal t, betivedtedboup&Blorli um platinum or gold be deposited on the
non-active nmetal prior to electroless deposition. 12 P13278PCT 23/ 06/ 2006

[0046] Optionally, the substrate nmay be cleaned after formng the | ayer 114
of Fi gul0843 It is appretéated that etirervdedtropess idbpasi;timmdmioas et cointempidial. eFexct r ol ess
s$Ut ion. A suitable cleanser % contain an ueous solution of a

f actiastencsy 2 aickehaloytmahbs eresied Yhédlgarafladala tisuch asaidkd! chlomdd Wi zer to
mldly etch the aII material in order to_ inprove the cleaning. 5 [0047]
Thewde gqetq QT PR ign da.sthe;oebalt s¥bdesaribed fabaye. al¥seyet Gnedgt sxampley er s

havi ng Iectrl o es ti |l ess th n about 70 m cro Chns per
centi §ﬁ’&as {i‘&‘é’ #&@ﬁ%mwoéfoﬁhéé Ul about 5 nanometers (for
| ayers having thickness up to about 200 nanoneters). These |ayer

attri bl[f)(ﬁﬁl] "Wer B?epﬁﬂit]é {h%'sgﬁrtloﬂ Ma mgrsﬂﬂ%%é g& Otréslt is common to heat the

solution, the substrate, or both in order to increase the deposition rate. Most commonly,

e d

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




However, both the surface roughness and el ectrical resistance may be
Pimrdrer reduced by an annealing process, which nodifies the struggugal é’tﬁlg]
material properties of the layer. A suitable annealing process nay mc?
heating the layer in either an inert atnosphere (e.g., a noble gas,
nitrogen) or reduci ng atnosphere (e.g., hydrogen) to a tenperature of about
450C. Thi s may include rarrped heating for sever'al mnutes to an hour in a

fTE.r s 1 oltfis E’%Loﬂﬁ@;gﬁgﬁ?r b g 2P ; ihegl'ail%ﬁéefﬁlegé?e' %%r: ogen
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anneal i ng; noun gen nmay

oxi di Zea&@%rb’ﬂ@fzértﬁ('ﬁ d?)ﬁgc?ﬁletan%hﬁ%%al in 0t 16 B 1oY th@¥le. On may make the

contact portion 20 ayer re conpati bl e a su quent |y
deposited dielectric layer, so that the |ayer and the dielectric layer

haves goma4ZPThe dépoditidn 3#HREE ABacribld SbETRY is" SREAC Sble rfecziag@y;tcﬁ erfsAdvitiges | 1 ke

blistering and may i nprove production yields. [0049] Figure 6 shows a

Cr 0Ss- seledtricub adesistivitiesodf Resp Aiani aowdf70amidrot Ggnhatpet centirgetert asdiBatfacet e af ter

formng a second dielectric layer 116 on the first dielectric |layer 104 and

the 25oughmsc(ia) ef laay dranabdutof nitiometers for Tayersdhasingathicknesk apdo abagt be

formed by using deposition 13 P13278PCT techni ques that are wel|-known in

t he serdG8onanemetars)pr ddwesssilaygr attributesanaesbenpifficienthéor wiany epphi¢ationny

£ rise fluorinated silicon oxide deposited by known CVD net hods [ 00501
shoWfewevse h?ﬂb‘héétlﬁf@“@ rpaglwﬁss_@é qhepirignd qudﬁ%%inﬁyrbémfdﬁﬂ‘%cﬁ@ ¥i el ectric

ﬂ el ectroless |la er , gout a dielectric hard mask o chsoplayer

Dai APAYDIAHDE PIOSFS: SHN 1l agd mafess! properhies Bl t he

Iayers 1 and 116. These dlel e are. |caII or d over the
| ayer - TR ARt prodf pdy e dt? aﬂ%s Sl%g?z it o o) gRDEE o ar e ot
needed K C d t
subj acgrig' ?rqﬁ%]ejfrerc%ﬁ nlgggélﬁ%? Oyged? | m na %s’dwé @eﬁgaéy%r %g%@ :%rf;pr ove
cont actp@af dsoadheio mpehuiad df héating %{i sé&?ﬂr&ﬁm@te@'ﬁ% héud BYS'S.
particularly when thesée layers 1 contaln simlar dielectric rraterlals
‘Thi's ”ﬁﬂnadépbp}éﬁfcﬂﬂﬁ@ﬁtraﬂﬂ' ther@lbO8nnedlghat Mas@ 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. -

i

{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

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

13




reduction in the nunber of failing devices, and nmay inprove the reliability
aret7gpogrational lifetine of integrated circuits. [0051] In additjenges Weds
the first dielectric |ayer and/or the second dielectric |ayer contain a
low-k dielectric material, the elimnation of the dielectric hard mask or
etch stop layers 15 nmay avoid an increase in the effective dielectric
constant of the dielectric layers 104 and 116. As an exanple, when SiN,

SiC, or Si2 hard mask etch stop | ayers are present, .~ the i ncr ease
the. ef f dSePimeR ihal & cvelEknosyrin e SEpicPRdiclr draveryine, ans.  Fan SRRPEIGHC of

23/ 06/ 2 re.. Avoj dj .hi.s, i-ncre in th fecti ielectric

G oot an el Bay SShile Mlolith S SRR RE deBoli@R pTKAGR LV BefibBEL L ©
region (due to the dielectric constant) w thout inpacting 20 the resistance

thromh{gﬂd&@gh@%ﬁ&&ﬂ Q%ﬁéﬁuﬁﬁw P Ib\é1foﬁ1tfl=jdsdif&ﬂ¥idﬁ%§ edifieaPeed of

si gnal propagation 't hr oug eI ntercohnect structure and ultinmately

I ncr eas giebislessASRE, ithobs didchit Bdr8 Indsk 'd? hch: stéff 1a5QUERRainin B SnAérial nNat i on
of these layers nay also sinplify the fabrication process and hel p reduce
f abrs cakichnasCSIBE SiC,[ 810812}, dikpdied Gbrwickn idfe Riferd 108 Ghd Ofl 60 MEhes e ldRticnt of the
present invention that a hard 25 mask not be forned above the interconnect
| i ne 1lRyersRy tgpically fogmedaved theeaker Ta¥ tdproteetiibe debefl Mhelgrd meskcandaanibng
operations that proceed form ng the conductive |ayer 114 as 14 P13278PCT
23/ 06/ 2866 lajess arechot Feededy aimpé ¢he condubtveelayet 104 provdileSprhridomtns ke a
solution containing diluted hydrofluoric acid or simlar agent may be used
to di sswbisceniridteraonnsce linge Fhe dlimingiion A sueh davgrssean wbproke ceetaghvald of this
| ayer may l.ead to inprqved Eerform&mce .and reliability for the integrated

cid cui tadhesiom bepweerrithy figst ang jsepgad Mielegiais layees, ingrhignlaghyewhest these, f¥efSon of an
i nt ted. ci it.substrate. after. f . I, 1 [ th
i 0o conEn s digtaRe pryEidSe. s mbhaProre PTOSIEH Bffiecd fha The
[ .t ' t.hi f I d L. .
ohbot aded RRR i1 F iRkt AIEINGES, b SrrEme BRI Bt eMRitona i g

that isg; b t ommodate a via plug, which width may be narrower
t han t?}lefetvﬁ\#%{)fﬁlﬁ{gg& hﬁiec(?mﬁﬁg

-[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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10 interconnect line 112. The termvia is sonetines used in the art to
gexosidre both an opening in the dielectric in which the structurgswklobee
conpl eted, and the conpleted structure itself. In the present disclosure,
unl ess otherw se specified, via refers to the conpleted structure
including a via plug wthin the opening. [00541 The opening may be fornmed
by selectively renoving dielectric material relative to 15 material of the
conductive layer. In one instance, th peni ng may. be fornmed by. using 20
ki ng JSHERS | KoTospampley i @igat of aHOa Baat: ASellion LRI BIHE  { ench

106 of Ei 1, .foll. db h i el ' ial f

the opetygiiase agid AntitiRCaels Ry B¢ frdef ghiebe ddiefore surabRoafia S i al from
th ' I 114. T duct,i l. 11 b h st

| ayer 1 OFEHHE A Fenbbior W S5R0 T A B Bbver e et nd Rt °' °F

sui t abl ?05&9%%%%& %}c%hect ric material, such as a fluorinated oxide of

silicon oped oxide of silicon, without significantly renoving
the conductive layer, is a dry etch wth a reactive plasma or ionized gas
of OxYORASS] FipBRE sHOWs fal HREIsBRionkIAR&P bt EpGHLR oBard HEFated SrRSubfatd Onal
view of a portion of an integrated circuit substrate after renoving

di el ectifier fophigl & opérdng a18undkhé Belt@ic Qhydr "B 60PEPigiee K1loverfthEifasre 7 to
25 form opening region 118A having a width that is sufficient to
accommuoitr@nacct ilineer Thensieaing| spass theheatith tlickatdssi of thalaer dbwnay boenstenoved by
usi ng mask, |ithography, 15 P13278PCT 23/06/ 2006 and sel ective etch

oper at i whstafiallly iat theosmdustas laperd bt4n tHe ogpanignmat lBvefa Ridfhrtbat7is An
@_&ernate enbodi nent of the present invention is also contenplated wherein
thé r egufirient igaccamynadatefagriaplig, Whish rdilthgnisybenarevs thanghe m% of thet need
not. be selective to the |layer 114 before form ng the opening 118B by
sellct iperepnract Hing d 1dowkhe s gtia Fﬁ)?om@fl@?sg‘ﬂﬁeflilééﬁ? psf tordesceribsebathydr 114,

L90SS) 5,5 R oL B G030 SR RESE e Sh5BR 5,

f or med ctiyel n the inpner surfaces, of .the opening 118 of ,Figure 8.
Typi carTioeret” B 8P rafal ifhun® o ETnise GodiES A8 seters @ e

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




PVD, or ALD of a material such as those used for |ayer 108 of Figure 2,
RIPEHBEEh this is 10 not required. [0057] Figure 9 shows a cross-sgchéPogbe
view of a portion of an integrated circuit substrate after adding
conductive material 124 to fill the opening 118 of Figure 8. Adding the
conductive material may include formng a | ayer of conductive materi al

such as that of 112, on the dielectric layer 116 and within the. opening
118 by j B LEEY 8 R FRREL ¥ ong of the
For mod [kt BoliBRATHd: et (IR 1R POy AR RS BILBRIC LMD ' o
(€.9., DerfudRMBSERRA Bf B Siesent BRURAIGR isQlREEoRRBINBE RARril We reiod

contenplated wll be discussed below [0058] Figure 10 shows a

cross- serdA 8@l beVfoed® findudifg bl @R éh SnlifthefHathed fdieldelectiséisthieat e af ter
form ng a conductive electrolessly deposited |ayer 126 on top of the 20
conductlay& 11t BefofN f@GlingTiHee bpening]l 218 foyFseistieel§ . etdHisg Idayar tonbyt he f or med
by pre- cleaning, electroless deposition, post-cleaning, and anneali ng,
suclhh assignifivindy sty tidilsprd$e€d in regards to the |layer 114 of Figure 5,

al though this is not required. [0059], Accordingly Figures 1-10 show a
met hod for formng an interconnect structure containing a conductive

| ayer f[805fddAitar any desiedtaleapingrof cxposed surfades witbralkansers that aperommpstibler vi ng as
-an etch stop landing for fabrication of a via over the interconnect |ine,

and t hevit theeadyaiine laxped 14 dimgr fayend 22 map het fored Frapechiyelygm BEdBES| cal
current hetween the conductor 16 23/06/2006 124 and the interc ect 112
during SHEWCEQ?G%PW%?W P?FW%gbe]O ¥cihgiceldyems gre ?%’(Tfit yoﬁ 'l evel s

be ne el the interconnect structur f~Ei qur . htois also to
o appPALAF AL fhe el i ghecocd fnaives Sogpr Bl 2 Sional tlsia0nnect oo
Wi tlpl nnﬁ“eﬁlg;)etd conponent in the substrate 102. 5 Il Interconnect Structure
Cont ai nI ng nductive El ectrol essly Deposited Etch Stop For Unlanded Via

[ 0060] Figures 11-12 show cross-sectional views of substrates representing
di f fer qis7) PlABESsHfwse: dBREMioheI viEw I b pBition Bf 3R itBdreled ORAREubSEAEICt Ur €
contai ning a conductive electrolessly deposited etch stop |ayer and an

unl andgflerviddidgoédidactive mawiisinR4bet fill ke bpening 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.

S TGS 9] "Accordingly, Figures 1-107show 3 method for Iofi“ﬁ’i“ﬁ"g““an“mteﬁ“é“ﬁﬁ”éé“t“é“fi*u&u:mé”"
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 '




10 and under the conductive layer, in accordance with one enbodi nent of the
RBEBECT i nvention. [0061] Figure 11 shows a cross-sectional view8fp@/2006
portion of an integrated circuit substrate after form ng 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 substrate simlar to that 15
shown in Figure 6. The opening nmay be patterned by well-known nmask and

show The ‘openi ng my be patterned b |
over Uy i B ik kel P del 2 Rerei PR o e Bpprk B FRL 1O

di el < ' . h th
s o il Bvif by MR Rehe R REEL bl pf MUETRE PE AR B0 10

et chi nglﬁ]%ﬁ,é tczaﬁé%fz tg}tﬁg n%'f&%nﬂeﬁt i A1 2! P8 Eurd YAnEPYe BGmesed wadirAdireaitch st op

| ayer. orma first opening portion above the |ayer 114 and
a seconghneaERlf theQBBdMaiRoI02pOr tion 130 in the dielectric |layer 104
al ongsi de the interconnect line 112 and below the layer 114. As desired, a
| onger or harsher etch may be used to renove a portion of the liner |ayer
108 sandlL! fieréonedt Siuoaed Cohmmirigl CondudfieP Eldeirglessty Dpsdiiedditch Bopsorsect i onal
view of a portion of an integrated circuit 25 substrate containing a
mul ti plldnlkededVia nt er connect structure, in accordance with one enbodi nent of
the present invention. The interconnect structure nay be created by 17
P13278PCT 23/ 06/ 2006 renoving dielectric material at the top of the opening
128, t d0060] digurese I bpdrshey cross-sectionptoriave odnsubpiratesc seprserting ABISSr ni ng a
| i ner and seed | aégr 132 within the nodified opening,.form n&w onductive
@eri alagaaf aemetbed Hor debriating, e rRGHIPBREC! | STHEME JORHIRNG, B CONMYEVE | ner and
seed | ayer,. and.then formng.a conductive. ayer. 136, on the inke nnect
e 5 elspiralssHy deponiies S SO8 1EF ded i sotandy VB Papbh e LGSR
deggri bed, or ot her.. techni.q I i e i conduct or
pr i@es ‘ﬁdmg?rtg% (fqng epl(r"al %rés%%gorﬁ%%éd@{t@ Oglgp%gl I r?eér;!f g%dp%ee | ayer _
132, agn%hﬁﬁiroless deposition process, such as previously described, may
be used to nake PVD liner/seed continuous in a high aspect ratio
structure. _

[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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10 I'1'l. Interconnect Structure Containing Conductive El ectrol essly
DepB8CTed Etch Stop For Unlanded Via Containing Conductive Elect§9}§§ﬁiyo5
Deposited Via Plug [0063] Figures 13-14 show cross-sectional views o
substrates representing different stages of a nethod for fabricating an

I nt erconnect structure containing a conductive 15 electrol essly deposited
via plug 138, in accordance-wi th one enbodi nent: of the present invention.

0064] Fi qur 3 . - ' | vi ' f ' d
ci oul t <ol PR Bt A gBh o B iotRy BedoPhLBR sl R0 S
cobal t_guopf ekl Al AhecPlne Sl 2THBILN O 18fc: 3% QREH AY plitideo
accomodat e an unl an 68 Vi a aI’IC]0 an T nterconnec ﬁlne. e matertal 1S

sel ect i gggﬂgﬁ&ft E&dﬁ&i‘ﬁﬁﬂﬁéﬁﬂ lgﬁfr%q&@stea{eiﬁé %?ﬁﬁeﬁ&nﬂe@ﬁir}e@é{ﬁrvi& bfer_the 20

liner 1 exposed portions nterconnect line 112. The via
may be Gt gy dddQRkd RGSES 2R i) ?qrﬁﬂﬁ% £66R4ukBvd laydr 136%nARE MtGBonneBNGR! L1 ON mMRY

be stopped when the “desired via plug size haS been obtained. The use of

suchy el grcty40! asl wf ﬂﬁ@@%&ﬁeyhﬁ% HeURSmB® Ys RrevilRiiy astcfiidd, BRMbytherhi gh

aspect rati o openings, such as those having a width that 1s between about

0. 05- 0.tectmidiies duiaieccwsll kaowh @i thsefiicondudiorl pilooéksing Qurtef IfaP ViR tpedcess i nce t he

25 el ectrol ess deposition process is able to deposit material uniformy

Wi t hi n wset o slepasits lindr8adl 3&d8REGT PRY, 06/ 2ROGolpB0dposiEpy (precess) shbws a

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

cont ai previoushnddsciibrde mag\hel used te mebe PP liver/'seed gontinsons & aihigh aspednduct i ve

el ectrol essly deposited via plug containing a cobalt or nickel material, in

ngordaﬁwww- one enbodi nent of the present invention. The interconnect
Aucture may be created by 5 formng a liner layer 142 on exposed portions

of bhe emmi ni Ng_qQpeni ng 40. of Figure formng an intergonnect |ine

1440 o 1L Intercannget, Strnc ur Contaming ¢ onductive. ralessly Leposited Lich otop hos

deposi &ﬁgghé‘é’ﬁ% één@ai e Dpab e FENBREY DeBSuitek 3 pfls these structures may

be fo ,
known in the sem conductor processing arts.

[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




10 [0066] It is an aspect of one enbodi ment of the structure shown in
JH3gBPeT 14 that a conposition of the plug 138 be different than az3,06/2006
conposition of the liner 142. For exanple, in the case of an alloy
cont ai ni ng boron and phosphorous, the boron and phosphorous nay enhance
the diffusion barrier of a material, which may be useful for a |iner |ayer,
while at the sanme tine increasing slightly the electrical resistance,

whi ch . he sired for a 15 via. Accordingly,.the pl ave a
escer TR Figdft 25 RRAFS o SlorSisbPant Hia® ok ShBRet bl aBeRe Tl T e
| ayer. L .cul ar bk v: [ %
phospho%%ﬁgﬁgH%%%@gﬁgébg?%@ﬁ%agﬁgHg&ﬁﬁﬁg%gﬁgégﬁmggénnay gvé“@%%g%%)
phosphogiolg, dRp&Yited R YaindyB b&ob AP PERbLePRidiat Nif aCRIALE Wik
Conduct%ve é%ggtF@ﬁ%ss?%lg@%g%1?%@gétgﬁ gtop %%r 26 "Unlanded Wi a

Cont ai NhfRlertiaEHH&: I0f TheEhrBSehnt SvESRInY BROARkdcAMed: ishRétare(RBOBd cleh@@mgs 15-16

show cross-sectional views of substrates representing different stages of a
et od foahingQrifen thyer FRNGHGIpbR sk 08 HRSSIYinileNgRhingd 40 o Bigutayxr 150
bet ween conductive interconnect materials 152 and dielectric materials 104,
116 i n foanmedan dsersbiideco lige elfdoo nhatlinef 1ike pid wefirminyy entdonductd® [ 0068]
Figure 15 shows a cross-sectional view of a portion of an integrated

© ci rcui telectrolgsdly de¢@sidd leyerfld6 o titg iatekdonaect ling.e Eachodf these spabaresimgpbtaces of
an opening 148 to 19 23/06/2006 accommpdat e an unl anded via and
i nt er cdomeask a3 prayvioustyi described; @r nhyh gthen dedbinigues Ithaf care welk knewposethiesur f aces
of the dielectric layers 104 and 116 nay be activated for el ectroless
(Qosi semicondyctos PrREgSSINECATtSde using PVD to deposit a thin layer of an active
mefal such as copper, cobalt, or nickel. This nmay be foll owed by

electr deposition of a cpbalt or.5 nickel | oy.on.the activated
su acﬁ@?’%f i ’5?@ BRPE u?’%?relﬂﬁ%ﬁﬁF%?ﬁ fsq“ﬁﬁlr%?ﬂé%"gﬁfn %f%%Afii # 2about a
nonol a L. CO ' : fels ] t entire
ner - EappIS e phd |6 Rl o b UGBl SYAP SR 123, EOF Rebible, P10
el ectr L Led: ' I er
ayer st oag OSSR AR SeRipififls bOn G0 BhosphbRIE I SbR o PR REbUPER | |
deposi &ffAntd M8 HifhiAIGR babtief o @ \8atérR] Swkieh iy HRluseiifol @ LiHef fa98rwhire @t age of
t he exposed surfaces. This may be particularly true in high aspect

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
19




rati o openi ngs and may nake the use of el ectrol ess deposition desirable for
RJEEMPCEt ruct ures. The present inventors have found that a thin liggroéayese
of cobalt-boron- phosphorous all oy having a thickness of |ess than about
nanoneters nmay provide an effective barrier to electrom gration of copper
due to for instance current flow However, 15 thin [ayers are not required.
20 [0069] Figure 16 shows a cross-sectional view of a portion of an

| nt egr aécﬁgmﬁiord&u Iah unBHBSE Vidtad id8bnnkéd lideD Pridheo RRRRIGe 14 laferfihgur e 15

wi th conductive interconnect materials 152, representing a via and an

i Nt er connREdd SurfBes SMNihkBelbdthe layerY B4 ARD116 Ay Het stivhted fongleatrolessnduct i ve
el ectrol essly deposited netal |ayer 154 over the top surface of the

conduct dep@sitibt ‘Eliie aaR edudeaisiig FITS tdl&posifa duin tiyagofian mmtive ewbeidest of the
present invention, a copper naterial nay be deposited on the liner |ayer
by usi n@ppér, ebteiif vohieka. dhis mhp bt falfived bygelprtmdess sepositicnesf 4 eebalttdie sur f ace
of the Iiner layer may be cleaned or pre- wet, prior to depositin%
conductridkel ialipg ronotha eactivated enifades, Ini otre partiow]arc embodivient pbibe FF8%Htni ng a
suitabl e surfactant. The conductive |ayer 154 nmay be forned as pteviously
25 desdnyenéian, abaut 4 mortiayer af enbalidy wyttensd er theamallypperaipd PBYOn‘ﬁ% ﬁl%i‘lﬁe li ner

| ayer 150 in addition to on the conductive interconnect material ,152. 20
P13278mer 2yfats) offhe openipg aad é@ﬁrﬁe&ﬂ&%‘é‘{-ﬂ‘?@@fﬂ% Yl qtl?ﬂtrgﬁeas%onduct i ve

El I | y Deposited Etch S For Via Fabri ' 0 e 17-18
show cAsBsTielotiibhapial e fetvout b sBer Y ot e e o

thad f f ' ' | ot Lo\ ynlaid 5
conaucarysmnaebofelis -y Pog gty ibf AU bRl C, °1 o
18CCRRAARE Sovell b brARS BRRAALIRELS. Ofhis it butkelly 8¢ i RighlBPccd] Fi gur e

[ .
hows "a cross-secti on view of a portron of an i'ntegrated circuit

subst r?zftﬁ) b é}fiﬁésniuﬂg néhy §2R6 SRE BTG CROISIESs Hépdsitibh bddsiable dfobysutkmovi ng
material froma top exposed surface of an interconnect line simlar to

line 132ucbhres; Oheeprdsent hveRrs have found that a thin liner layer of 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

: ") 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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10 enbodinent of the present invention. The material nay be a copper
mae®8PECRl that is renoved by using a chemcal etch with a weak sobuyhon>0h6
sulfuric acid-that preferentially 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 |ine relative
to the dielectric layer. It is also contenplated that the etching could be

per for ”%‘.jIrﬂéf(:&ﬁn%t%ﬁ%ﬁtu?eog%%t%&@%ﬂa@&&ﬁﬁc@eeﬁ&ﬂﬂe&ﬂ%&}&% R siapl udi ng

suf ficient anounts Of CO etcrT g agents rm the cleanser (nore than
woul d bp, & ¢l featifC€SSI Ng the interconnect Iine was not desired).

Sui tabl® etchirng agents include acids such as sulfuric acid, amonium

hydr oxi de, and others. [00721 Figure 18 shows a cross-sectional view of a
por t i onpeRfoAgirtd QgL Sibve ickSdisbetiod RSt dRbsRhee refredeiing daferbml ai d
conductive ‘el ectrol essly deposited | ayer over the interconnect |ine 156 of
Fi gur e ddges Aofd b am@thod Ufdr afubribRingben GihedoadeddystARhee t dovitrining et irdhidss
deposition until the planar surfgace is achieved, or a CVP planarization nmay
be per f@ndudivatleetrolesity dgporéd lager. fokthed bize anrinEmopntot linSyiatasned@ice P13278PCT
23/ 06/ 2006 [0073] Interconnect structures such as those described herein
may be witteohd amtodingsit of thapegenttimenton.cui t s nonol i th devi ces, sem conduct or
devi ces, and mcroel ectronic devices as they are generally understood in
the field. These integrated circuits may contain circuit conponents to
that arl@0H] Figure 3| shpws o srese-segtional Kew pt ar ewHip @f & infegraled QUitecej ve 5
signals fromthe_ interconnect structure. e enplary integrated circuit
is,a AR5 R a rqceﬁﬁ}nt?rﬁ?r@g?talv’é& 56 %@%ﬁ%@&%ﬁﬁg@%‘gﬁ’ o 2

ol Sl UL o oG55, AL SN A, LSRG g o
'Cgﬁ%"p gxgigggl‘ié}tegﬁ]oﬁ%r ﬁ% nt W%ﬁ&g@”?he Sdaerial nﬁggﬂé @ é@gﬁﬁi%erﬂl‘ aexqepl ary 10

ut I nc S a m Croprocessor contalning a

sem CPP&M»&Q%K u§mg Slch@thfall & DA \Gedl ol BBh OF 8RB c dcpitat frefRameny s for med
t herein and an 1 nterconnect
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-planarization cleaning operation by including sufficient amounts of copper etching
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
e.lectroless deposition until the planar surface is achieved, br a CMP planarization may be

 performed after the deposition.

VI. Use in Computer Systems
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structure 173, in accordance with an enbodi nent of the present invention,
PO2T8POVIi de el ectrical signals to the conponents. The | ogic CONMPORLNEE /2006
executes instructions based on signals received through the |nterconnec?
structure. The conputer system may contain 15 ot her conventional conponents
electrically connected with one another including but not limted to a bus
176 to conmuni cate data, a nmain nenory 178 a read only nenory 180, and a

ot o a 03 O HEsrs aghiey bR Gay TR, RrPBd it Al "B IS M sBBE 2 o
dat a, aﬂﬁ’e ated Hmf'lﬂt]s%noﬂﬂl deq'?c\ég Cs%m:fc%gldﬁc(t)mJ de@%&g ganatﬁ?foefécﬁgﬁlﬁ 'd‘éﬁl:essySt ens.

In one: ance rocessor receilve roma nenory through

the bUS rsfoddSR SR "Ehé%ﬁ uﬁé 508 cAlR the) conb@l GrGRTPONENt S

in the senlcon uct or’ su strate throug terconnect “structure. [0075]

Thus, ngyBhonkAts &b GRANKE tel&Hddﬁ% Wotpled nﬁt}f’ﬁ{eh Rﬁe?célﬁéctf SRichiratd Reehiae
i nt erconnect structures have been di scl osed. VM| e the invention has been

descy i bgghdld fih MheOlntGReal seiidiad NEOhS , O&M Ii ited tdheuidris il |
recogni ze that the invention is not limted to 5 enbodi nent s

descri heitroppodesan be practiced with nDdlflcatlon and alteration within the
spirit and scope of the appended clains. The description is thus to be

regarded as illustrative instead of limting. 22 23 Wat is clainmed is: 23
June 2(0674] Integatedraintuitooqtiising dhe intereminag stmciuresetissdesad derein mway bel at i ve to
a dielectric layer in which the interconnect . line is disposed by

sel ect IIWW@WI veiovat Brma | elestricah csystams r wekwdiagt comprater ém@ms/e(e €0 materi al
of, the dielec yer; electrol essly depqsiting a,conductive_nateri al
ovbr t pertallgels Bm SRy GRS maf%mear?épd)a 89 shews @pegiemplary s v

amdfint carPSgh s F0 e ﬁgasb%olﬂfv?%pgﬁ?%asore@és ERA 1 rabdiiel? ' ne™®
o1 2L G B L BE G LBEE: bl LERERNNGHL an hicfGphe O SPOSSC

by sel I'VEl'y reno |nterconnec ne re ve to

mat er| gt:ru etlr’ﬂ i %c%‘?&a!’nbe? with?%f Ezlmb&hﬁ‘rﬁ?:hlr of ﬁﬁsélrlé ?F?Rv?enhbﬁ‘gtoaprﬁﬁBQUCt lve

mat er i over the recessed I nterconnect I ne; cl eani ng a surface of

\tM h tehege%f;%gé‘lg?m 16 eRADhpBAert® nﬂk&hgﬁ‘,%oﬁﬁ&ﬁnt@éxe&l&e@ﬂ@&@ﬁ%h@&s&@Sn surface
signals received through the interconnect structure. The computer system may contain
15  other coﬁventional components electrically connected with one another including but not
limited to 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
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

B AT e ey e id i

~embodiments, those skilied 1h the art will recognize that the Thvention is not linited o thHe ™
- 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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i ncluding an etching agent. 3. The nethod of claim2, wherein said renoving
the material of the interconnect i ne(%cgorrpri ses etching the material of
the interconnect line. 4. The nethod claim 3, wherei nﬁah% h h| ng the
material conprises etching the material with an etching agen uring a
post - pl anari zati on cl eaning operation. 5. The nmethod of claim2, wherein
said cleaning the surface conprises contacting the surface with a cleanser
i ncl udinags eBitedlis: "Or e et chi ng agents sel ected from aci ds and oxi di zers. 6.
The nethod of claim 2, wherein said cleaning the surface conprises

cont attA mgthom&mmnsm@meesslng lan interain@dun Bre rela s & SieREtriOBFer @Y wIEN the Bierddnnect

sur f anedndisppaed bysekectivelyobmevinginedteialwitthet ibtercenretidioe relafive fhineaterat diarek diflecelcai m
2, Whéyai Qie%rareeﬁlscfraﬁaﬁtrn@@ copductivgrraierial exenibe revessed oreramnéai ine; hied suedliag thewi t h
an  afled6lrsss egngsites sondvelva matrsaddieaingribereatmesnbetedet!uding mirgos fraesnbeft s and

al coh Y% 0o help wet the surface and one or rmre et chi ng agents sel ected

fromgg\rq‘gt 3% els; Iectro de ositing a
R b s e e (hin
di el@eididctrol oSingath ﬁ‘:ﬂrc e%g r%F ep hee rﬁz@%@ Fh?ﬁ#&)ﬁ] n

cont agifaborthtesisctbl ahRdepWditbdcohdGdtOaMaRFiallh ﬁ@th@@urﬁ:\ Q ltl‘pgcl Q to etch
t he eheadingdredaiing sgefosi t ed conductive materi al after cl eani ng,

annealing the electrol essly deposited conducti ve nat erial by heatr ng the
el ect3dheswihpd otligin &i wieeit saidieotoiing thematarialdf therintemoraibctispimieisésutdhinditng a
t r acem@iRtAlAtthontesrprshined. A nmet hod conprising: el ectrol essly depositing a
conducé_hve na e aI over an interconnect structure that is disposed within
a di el Jg Wr%i%f?é‘a?tﬂ?@ tha@aierdopreises sEynebp svieradvitt GRatsting ve
mat eri%&i" {}”gn%% H@"anﬁe’"&e@mgﬂﬂ Bty deposi ted conductrve material in an

al MOSPHEL fre B&B%?’alﬁfﬁ heldifSs @Ak, effrfg r%?hpn o Soncliifa BE SR Rn £ L5 ™ ¥

er [
condﬁdclz%rniégl n%f?@grga 6r?%rggt?ﬂglﬁrdpa}%§ttsurglg t%#]go'{g gidsefgé gggrrgee C. 11. The met hod

of cleaiTne Methodeeriin 2 SatetbirdsHtEdddnihg tHefiRbdeSRMphaabbistihdBe 8lieeh Wah §SSI Y

deposidaegkr caopriingtone er mat ef 4 @lrfattintand M aitdhobto WBIS PREhE surfade. The net hod of

claim9, wherein said annealing conprises heating the electrolessly

deposi Teametbeshefistain 2evherginsaiddieaning shersedfacsi coypeteroetmingthe $@Tacd vith aet hod of

cl ai A99eoUp a?'t'tr?erm%ﬁ*ﬁronewrrg)re peieatrd fram yufieelazinarsed|songs tadielrawst thy sariengrahdice of

t he °§?8E:‘E‘Prﬁle§’§§‘9>99ﬂ?p§?§ dopskidaerd ¥&iF9Et eri al by contacting the surface
.\Met 2 8a Séi @% rlngbﬁsrrlnCI rﬁéﬂ%ﬁin S&s rﬂ{:}g%onda gt%gtma e(?lalec;[v(e:rhantln grcgnn%gttslirgctt?re?hg is

p %’is}) d ot idletitic ing 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.




24 23 June 2006 14. The method of claim9, further conprising depositing a
second dielectric |layer over the dielegtric |ayer and over the anneal ed

el ectrol essly deposited conductive material. 15. A nethoqwggmyéjging:

el ectrol essly depositing a via plug in an opening formed 1n a dielectric

| ayer, wherein the opening is at |least partially over a first interconnect
line, wherein the via plug includes one or nore of boron and phosphorous;
el ectrol essly depositing a liner layer on the el ectrol essly deposited via
pl ug, 14WTee eiethoti bitcidith 9efurthed ¥eriprising ldustR fingla 86RAd SBledtAd 1B)er 6QN GRMidiRtric @YerOf

bor onardwlepthe spleeied alecttdiessly titi@siddecon@lctvg; maadh. f or mi ng a second i nt er connect
line on the electrolessly deposited |iner |ayer. 16. The nethod of claim
15, wiereneihedompasing: elegiotessly geneitinms via plgg inee openingiburgddoapieiesdsiayer,

el ect /By Peripgis &t lpash gartially Qvas 69Tt intsrconnest lingi weereie the viatpig ind.das ol @

per cefff SHBYBABIY ;@@Eﬁ’”%&w?@iw ?GP“Q%WB&?&“?’ picvibe feptiglesshndrposiiséviai n sai d
el ect B et I ROETT M e TR SREgeretitcl Seen pigtenbpatsts depsi i ng
a conpBsition ?AcTual ng mares SR Mo e it YER I R¥¥phor ous and nore

than b dhoFeho@6r il b 5, ARk saRlehef 8BS LBIREGHE Vidbide Li&%@%ﬂ
23/ 06depabifind Dédhfpbsitdalitidiurlng 1ds€ Wh 10 @fo%f?&&gd%ﬁ ho%hﬁf‘é?ﬁ&d;foq ssAsh SR @ds for

f abr i watdnbigorér @nd Whdréin 65N BIBEtoles 1y UEdobitiPth@lirr By&rebABRds elbbtRldsB BEfeanest

st r uctampesitioreyciupingtrairatham 10 atnhepeaenetibspghbrogs argimet eah BetoatSheyccieesi. t ed
netal |ayer fornmed over the interconnect line, 5 a via fornmed over the
metal |ayer, and a second interconnect line forned over the via. Oten the
netal |ayer contains a cobalt or nickel alloy and provides an etch stop

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

| ayer may provide protection to the underlying interconnect |ine and may
replace a traditional protective dielectric layer. The netal |ayer is
conductive, rather than dielectric, and provides a shunt for passage of 10
electrical current between the via and the interconnect line. Simlar netal
| ayers may al so be used within the interconnect structures as via liner

| ayers and via plugs.






