Surface Treatment of Metal Interconnect Lines TECHNICAL FIELD [0001] The present invention relates
generally to the use of a capping layer over conductors formed by a Damascene etch scheme, and more
particularly to the use of forming an alloy layer comprised of metal from the metal conductors deposited
by the Damascene process and a second metal formed over the conductors or leads. BACKGROUND

[0002] As is well known bySﬂ?fﬁ%Mé’iﬁiﬁﬁ%ﬂ\%@Hl‘ﬂﬁ‘ﬂ:ﬂ@@hﬁé@@ﬁ‘i%“ri”9 and production of

semiconductors is a reduction in size of components and circuits with the concurrent result of an increase
in the number of circuits and/or circuit elements such as transistors, capacitors, etc., on a single

semicon ﬁf@%ﬁt '{Eﬁielentless and successful reduction in size of the circuit elements has also
required reduction’in r11:e Size of the conductive lines connecting devices and circuits. However, as the
conducting lines are designed to be smaller and smaller, the resistance of the interconnects increases.
Further, $80hd numbege ofeslielectiiotiayerddrsreasesllihe dapavitive: copplivg hetweendinekignrthe same
level and adjacent level increases. [0003] In the past, aluminum was used as the metal interconnect lines
and silicdnroxidéns hedietectrichHoweve amewercmartgidetlringhechnigUEsmow favdiogopper as the
metal for interconnect lines and various low K materials (organic and inorganic) are favored as the
dielectricomateriall Nonstgrisinghy, tivesec matarialschaogesiHaveedduired oirapigessinatirea second

metal formed over the conductors or leads.

BACKGROUND

[0002] As is well known by those skilled in the art, a continuing goal in manufacturing and
production of semiconductors is a reduction in size of components and circuits with the
concurrent result of an increase in the number of circuits and/or circuit elements such as
transistors, capacitors, etc., on a single semiconductor device. This relentless and successful
reduction in size of the circuit elements has also required reduction in the size of the conductive
lines connecting devices and circuits. However, as the conducting lines are designed to be
smaller and smaller, the resistance of the interconnects increases. Further, as the number of
dielectric layers increases, the capacitive coupling between lines on the same level and adjacent

level increases.

[0003] In the past, aluminum was used as the metal interconnect lines and silicon oxide as
the dielectric. However, newer manufacturing techniques now favor copper as the metal for
interconnect lines and various low K materials (organic and inorganic) are favored as the
dielectric material. Not surprisingly, these material changes have required changes in the
processing methods. In particular, because of the difficulty of etching copper without also

causing unacceptable damage to the dielectric material, the technique of forming the metal
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processing methods. In particular, because of the difficulty of etching copper without also causing
unacceptable damage to the dielectric material, the technique of forming the metal 1 interconnect lines
has experienced significant changes. Namely, whereas aluminum interconnects could be formed by
depositing a layer of aluminum and then using photoresist, lithography, and etching to leave a desired

pattern of plwroinisat linesnhtRe formation ofcorRer Intereanneghinesabpicallydarmed by a process
now commonly referred to as a Damascene process. The Damascene process is almost the reverse of

etching, andrsimplystated adrensted sanrbetividis tYkratehrgren thawisefasmedidihesiderlying
dielectric and is then filled with metal (i.e., copper). [0004] Unfortunately, although copper has the

advantages slisgussed abewe dtibeaahly adifiisesynie distegtiisi matarialusedinihe smametagisre of

semiconductor devices, and it diffuses especially easily into silicon dioxide. Diffusion of copper into the

dielectricimatesialscofige Seicpndustes deie® can £adse warious fehiabilityeprablems dmuiudiag electrical
shorts. Therefore, it is typical to form a barrier layer between the copper used for conductors and leads

and the digleetric Thaterial Rt ensemicandustaiodenieees veyRical hairier, layessippyshectornmedaf Ta

(tantalum), TaN (tantalum nitride), Ti (titanium), TiN (titanium nitride) and various combinations of these

metals asanellas pthesumetaheling bakierndayeris dypicadlyfosmad omdhe drotiam andmsidawallsiof the
trenches and vias of the copper interconnects to prevent the copper from diffusing into the surrounding

silicon digxdde @s othepeiglectric material. A layer of silicon

[0004] Unfortunately, although copper has the advantages discussed above, it readily
diffuses into dielectric material used in the manufacture of semiconductor devices, and it diffuses
especially easily into silicon dioxide. Diffusion of copper into the dielectric materials of a
semiconductor deice can cause serious reliability problems including electrical shorts.

Therefore, it is typical to form a barrier layer between the copper used for conductors and leads
and the dielectric material of a semiconductor device. Typical barrier layers may be formed of
Ta (tantalum), TaN (tantalum nitride), Ti (titanium), TiN (titanium nitride) and various
combinations of these metals as well as other metal. The barrier layer is typically formed on the
bottom and sidewalls of the trenches and vias of the copper interconnects to prevent the copper
from diffusing into the surrounding silicon dioxide as other dielectric material. A layer of silicon
nitride is then typically deposited as a cover layer over the complete structure including the
conductor areas and the dielectric layer before another layer or level of dielectric structure is

deposited.

[0005] Unfortunately, silicon nitride adheres poorly to copper and may peel away thereby

creating poor interface properties including a path for copper to diffuse into the subsequent or



nitride is then typically deposited as a cover layer over the complete structure including the conductor
areas and the dielectric layer before another layer or level of dielectric structure is deposited. [0005]
Unfortunately, silicon nitride adheres poorly to copper and may peel away thereby creating poor interface
properties including a path for copper to diffuse into the subsequent or 2 cover layer of dielectric material.

The samegRath.Nayalselatiew maisturerand captaminanisito diffsisefrom uiside iitehatoRper so as to
form porous copper oxide. [0006] Various ones of the above-mentioned problems have been addressed

by the prigrrath fRih RERERfithe KIQWPHRFIS altPIoYIEes @ sokdHips: texalkof the problems in the simple
and elegant method provided by the present invention. For example, U.S. Patent No. 5, 380 546, entitled

"Multilev etallization Process f r Electronic Comp sued to Krishnan teaches the
sae o s o B A L R e By B e SAP T B Rl of
forming aIIo ast ht by the present invention. U.S. t No. 30,157, entitl ethod to Form
an EncapSliBRen T ADERESVEr it SRR gm?yst?eﬁf et bk W% covorn

kel e e EhPOICDAr e o MY (SOl rar 25 S it o ﬁ%fﬁ“o%ﬂé’ﬁ%%"ﬁéé‘é’ﬁf e
invention. U.S. P 61,950, tltled "Sel ned etal Caps for Interle | Connections”
ssued to: LR AT A PR D Lo ?Q%P%%ﬁkza% o bt mat
Selectlveg/l deep ﬁes tﬁe use of tungsten as both a barrier layer and a capping layer, but does not teach the
unique method of forming an alloy as taught by the present invention. U.S. Patent No.
6,130,157, entitled “Method to Form an Encapsulation Layer Over Copper Interconnects” issued
to Liu, et al., teaches the use of several metals as a barrier layer and “treats” a tungsten capping
layer with a nitrogen plasma, but does not teach nickel as the capping layer or simply heating to
form an alloy as taught by the method of the present invention. U.S. Patent No. 6,261,950,
entitled “Self-Aligned Metal Caps for Interlevel Metal Connections” issued to Tobben, et al.,
does not teach the use of a barrier layer and teaches a first embodiment that selectively deposits a
capping layer, but does not teach forming an alloy. The ‘950 patent also teaches a second
embodiment that does not selectively deposit a second metal but does include a heat treatment
although at a greater temperature than the present invention. A paper by T. Saito, ef al., in
proceedings of the IITC in 2001 at pages 15-17 teaches a self aligned metal capping process for
Copper damascene interconnect. A Tungsten capping layer is selectively formed on the Cu
interconnect using the preferential deposition phenomenon of W-CVD assisted by pre and post

treatment. This technology is applied to 0.2um bipolar-CMOS LSI with multilevel Cu

interconnects, and then yield, reliability and operation speed are evaluated.



capping layer, but does not teach forming an alloy. The "950 patent also teaches a second embodiment
that does not selectively deposit a second metal but does include a heat treatment although at a greater
temperature than the present invention. A paper by T. Saito, et al., in proceedings of the IITC in 2001 at
pages 15-17 teaches a self aligned metal capping process for Copper damascene interconnect. A
Tungsten capping layer is selectively formed on the Cu interconnect using the preferential deposition
phenomeS oMM AR-COD asHisIsd BWpi©)Bnd post treatment. This technology is applied to 0.2m
bipolar-CMOS LSI with multilevel Cu interconnects, and then yield, reliability and operation speed are
evaluate oa)%UMMﬁBY OF TIﬂE IN\({ENTION 0007 Th%ff]\?eg%d other %%?é ms (ﬂgcge.ngfally solved or

. S€ al ¢} I pr ems are generg]ly s IC 1C .
circumvented, and tecﬁnlcéjlda var]i)tages are genera yyac |eve(§,cﬁ>y he presénPlnvenﬂon which

discloses, v%l g%jfgs and, appafats, for dg BV RSN %Q%Hﬁt?olﬁ FUHErE £ Pngthod it layer
comprised of conductive regions suchas Opper or o her metal interconnect lines and non-conductive

regions such af a .silicon dioxide dielegtrig ort%g{ar non-conducti\ée rp?teéira(!smArlggﬁ]ro?f a 98999 metal

thatis differen lﬁof%r he metal of the conductive rlérgelgﬁgnpsnfgclﬁl ed or c?gposﬁe on the conductive region

such as k%g a elecl}r chemical de%ﬂ%g?ﬂ]eﬁf%?ss inC'UQin% ele%troless (ﬁatiggé The electrgh%sg plating

10AS”SUCh as COpPEr O erconnec s_and non-conduc regions SUG
may be cafgrlertljsout Yy p(faBPng tﬁe substrate Wlﬁ‘l the conductive and non- conductive region into a

electroless plating ghemical bath comprized of & Mefal op.ghglate \‘?S“e%f%ss dnigks! ion ghelate). a
reduction agent suc]h as soalumoﬁypophospﬁlte or Hydrazine and, | Y

different from the metal of the conductive regions is formed or deposited on the conductive

region such as by a electrochemical deposition process including electroless plating. The

electroless plating may be carried out by placing the substrate with the conductive and non-

conductive region into a electroless plating chemical bath comprised of a metal ion chelate (such

as a Ni (nickel ion chelate), a reduction agent such as sodium hypophosphite or Hydrazine and, if

necessary, one or more agents or additives such as the accelerator sodium adipate, etc. The

substrate including the layer of a first metal formed as the conductive region and the second

metal of the cover layer interact to form an alloy such as for example, a copper/nickel (Cu/Ni)

alloy. The surface of the second Cu/Ni layer is then cleaned by one or more various cleaning

processes well known by those skilled in the art.



necessary, one or more agents or additives such as the accelerator sodium adipate, etc. The substrate
including the layer of a first metal formed as the conductive region and the second metal of the cover
layer interact to form an alloy such as for example, a copper/nickel (Cu/Ni) alloy. The surface of the
second Cu/Ni layer is then cleaned by one or more various cleaning processes well known by those
skilled in the art. 4 BRIEF DESCRIPTION OF THE DRAWINGS [0008] For a more complete
understaBdi Nigrob tFeRESEIqGNOQENTioil, BRAWENCBantages thereof, reference is now made to the
following descriptions taken in conjunction with the accompanying drawing, in which: [0009] FIG. 1 is a

prior art i tion of a semiconductor structure comprising a supstrate. covered by conductive regions
g non e e DT R e A e T BB B SO ™, oy
FIG. 2B ilwesrg e%fter}en\éig\{g of FII%l e%f)t%eafsgcond m%tcal. asnls?%ﬁ{é ﬁomc‘:%d‘l?ﬁ’&ﬁ otrr?%v .CO %uctive regions
according to t%érteac%lngs of this mventlon;‘f 8&?%9@. o2& flustrates the structure of FIG. 2B after
heating tggcggnmicoprgu ;[iavvg.nstrluncttﬁg% $0 as to cause the metal of the conductive regions and the second
metal to react With' each othet to form an alloy; and [0013] FIG. 2D illustrates an alternate embodiment of

FIG. 2C wherein the thickness of the second metal layer was greater than the depth of the copper ion
migratiorl $U¥H that tHereligsarprior art illustration of a semiconductor structure comprising a substrate

covered by conductive regions and non-conductive regions;
[0010] FIG. 2A is an enlarged view of conductive regions of FIG. 1;

[0011] FIG. 2B illustrates the view of FIG. 1 after a second metal has been formed over the

conductive regions according to the teachings of this invention;

[0012] FIG. 2C illustrates the structure of FIG. 2B after heating the semiconductive
structure so as to cause the metal of the conductive regions and the second metal to react with

each other to form an alloy; and

[0013] FIG. 2D illustrates an alternate embodiment of FIG. 2C wherein the thickness of the
second metal layer was greater than the depth of the copper ion migration such that there is an

alloy layer and a top layer of the second metal.



alloy layer and a top layer of the second metal. 5 DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS [0014] Referring now to FIG. 1, there is shown a typical semiconductor structure
including a substrate 10 having a first layer of non-conductive regions 12 and conductive or interconnect
regions 14. It should be appreciated that the term substrate 10 as used herein may simply be a silicon
wafer or alternately may represent one or more layers of various semiconductor devices including
interconneEling nidta ERORIRYEIS! DiFUs,[the TRATEIVISESMS SDméRtad to be broadly interpreted. For
example, typically the substrate 10 may be comprised of a dielectric layer similar to the non-conductive
regions ﬁ(glf‘{:IG. 1R 90&15111 As is w iép?wﬂep i’gh%se skil%ed.in the art, the use of the Damascene

n

now to own a cal semiconductor structure includin
process euseo copg'per as the intérconnecting I%yePg) ]has created new prélbfems while §t the same
time 50""291)%%&!;?6(’1%‘9’“5' For éag?%lﬁ,lwhent e conductlnsg

qr in&ercodmctactinoc% lines are m[ade of
\Y% I%ﬁja flrStt Oon-co uctive re 1(():}1 % and co uctive 1n GIZ?OI%HGC
copper, tﬁe copper may dl se Into the surrounding non-conductive or substrate areas if steps are not

taken to prevent,su (%iff ion. Thus.. as sho in FIG. 1 there .is also included a barrier, layer 16, which
ors o LB ST AR R0 LBHE AE MM b IIRIE 18 AR IIGEE ARG

surroundinﬁ) non-c nducli've %Prtions orre ionts 12 and the substr:f\te 10. Suitableéjba[rier Ia}/ers are well
S1IYco 1 ec eViCes

known inthe art and incilide. for exampla oRly. Ta (tantalim) - TaN (tantalim nitndey. Ti (itaniim) and

TiN (titanli ) f rid g(gn | us comt ia i 1S of t rqle Jn I Issi.n 1 0 p rrier layer
16 is provl?‘ég d.!‘ Fa% %% . 0}?’%{3 gorgggt%ﬂ?éﬁF%QJ {H8RE 39 QIRELAISHAS IR R0 SRR A9
interpreted. For example, typically the substrate 10 may be comprised of a dielectric layer

similar to the non-conductive regions 12 of FIG. 1.

[0015] As is well known by those skilled in the art, the use of the Damascene process and
the use of copper as the interconnecting layers has created new problems while at the same time
solving other problems. For example, when the conducting or interconnecting lines are made of
copper, the copper may diffuse into the surrounding non-conductive or substrate areas if steps
are not taken to prevent such diffusion. Thus, as shown in FIG. 1 there is also included a barrier
layer 16, which stops or hinders the diffusion of the copper ions from the copper interconnecting
strip 14 into the surrounding non-conductive portions or regions 12 and the substrate 10.
Suitable barrier layers are well known in the art and include, for example only, Ta (tantalum),
TaN (tantalum nitride), Ti (titanium) and TiN (titanium nitride) and various combinations of
these and other materials. Thus, when this barrier layer 16 is provided, diffusion of the copper
into the surrounding materials is slowed if not substantially eliminated. Further, it is typical to
include a cover layer over the non-conductive regions 12 and the conductive regions 14 of a
material such as silicon nitride if still another layer of semiconductor devices is to be formed
over the first layer 12 and 14. Unfortunately, as was discussed above, the silicon nitride does not

adhere well to the copper interconnect line which will typically have been subjected to CMP.
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into the surrounding materials is slowed if not substantially eliminated. Further, it is typical to include a
cover layer over the non-conductive regions 12 and the conductive regions 14 of a material such as
silicon nitride if still another layer of semiconductor devices is to be formed over the first layer 12 and 14.
Unfortunately, as was discussed above, the silicon nitride does not adhere well to the copper

interconnagiiinie whichniltypically hiae been subjectigst toreMRe B suther theconduslivedayer such as

a layer of copper may include rough areas with pockets such as pocket 18 and/or dish areas such as

dish areagéh dhwssiRecause/of thenpeersadbrsionsauatilies behweean thescoppes it thddietective layer
of silicon nitride, it is not uncommon for serious reliability problems to occur. For example, the layer of

silicon nifide (eobshAWA XY ppechanay jeanngyBe.Rariesriwmaanithe €epperandthecsubsequent
dielectric layer. Of course as will be appreciated by those skilled in the art, when the barrier of silicon

nitride is abseRtrdhghicepprIbeAs Wilbteadily slifuse ntoithe seyer layesohardielecictheighapften

causing electrical shorts. [0016] Referring now to FIG. 2A, there is illustrated an enlarged view of the

conductiveeregion les\capperintareornectling tdipionia the piocgssesmitherpresent DVestian.
Therefore, according to the invention a second metal or layer of metal material is deposited over the

metal intgreanneciicappeningds skickamblcelectrochemical depssiting a metal capping, layer which
will adhere only to the conductive regions or copper interconnect lines. To form the second layer of metal
which adbgsgs: tothey 00 RddCvE fRgionsoaheepper lnterepaneeklin@sifeby often causing

electrical shorts.

[0016] Referring now to FIG. 2A, there is illustrated an enlarged view of the conductive
region or copper interconnect line 14 prior to the processes of the present invention. Therefore,
according to the invention a second metal or layer of metal material is deposited over the metal
interconnect or copper line 14 such as by electrochemical depositing a metal capping layer which
will adhere only to the conductive regions or copper interconnect lines. To form the second
layer of metal which adheres to the conductive regions or copper interconnect lines, an
electroless plating process, such as ECD (Electroless Chemical Deposition) may be used which
includes providing a solution of NiCH,, GH,0 or NiSO,4, GH,O. According to another
embodiment, an electrolyte solution or chemical bath may be used which includes a metal ion
chelate such as for example a nickel ion chelate in the form of EDTA (elhylenediamine tetra-
acetic acid) or a citric acid solution, a reduction agent such as for example Sodium
Hypophosphite (Na(H,PO,) H,0) or Hydrazine, and one or more additives. It may be desirable
to use several additives for different purposes. For example, sodium adipate may be used as an
accelerator, thiourea as a stabilizer, sodium carbonate or ammonia as a pH adjustor and ABS-Na

as a brightener. Thus, by using the ECD process or an electrolyte solution for electroless



electroless plating process, such as ECD (Electroless Chemical Deposition) may be used which includes
providing a solution of NiCH2, GH20 or NiSO4, GH20. According to another embodiment, an electrolyte
solution or chemical bath may be used which includes a metal ion chelate such as for example a nickel
ion chelate in the form of EDTA (elhylenediamine tetra- acetic acid) or a citric acid solution, a reduction

agent sughasifarexampieiSediumubypopbesphiie, (Na(1aRQ2Y HRQPhEHYEIazNm_NHRIg Hramore

additives. It may be desirable to use several additives for different purposes. For example, sodium

adipate @y he dsehas,dhacceieraier thiaurer @s e stabiizglc sediwpreategnate or amymonia as a pH
adjustor and ABS-Na as a brightener. Thus, by using the ECD process or an electrolyte solution for

electroless Mulgposiingoddisecand-meatal SUeh as dickelientg therswiacsnal tie cappst ipterconnect lines
14, a second layer 22 of the second metal is formed over the copper interconnect lines 14. The

combinedisemicongurtonstiticivie @b the sppstraterdbelayernet nandcordyctive fegiva(ssindielectric) and
conductive regions (copper interconnect lines), and the second metal capping layer 22 formed of another

metal diffigsenbiranmseppennsuch asfarexarplerpickelyisithenh sybjecieshipla iertitreatment such as a
sintering temperature of between 300 and 400 C. This heat treatment will cause an inter reaction

between ihigjéwedeetals sueh asclarsexample therigoppapand ivtercennest ines:ld aod-tbe deposited
nickel 22 to form an alloy layer 22a of the two metals or Cu/Ni. The resulting alloy layer 22a will have

improvechagthesionewithirespaet 40 iasubseasient dieleatiiclayefand axceleniradheringgealities with
respect to the copper
copper and interconnect lines 14 and the deposited nickel 22 to form an alloy layer 22a of the
two metals or Cu/Ni. The resulting alloy layer 22a will have improved adhesion with respect to
a subsequent dielectric layer and excellent adhering qualities with respect to the copper
interconnect line 14 thereby eliminating the tendency of the silicon nitride to peel and further
reducing the reliability problems. Other metals suitable for use as the metal capping layer

include Co (cobalt) and Pd (palladium). The structure is then preferably cleaned by a standard

post CMP cleaning process.

[0017] If the second metal layer is thick enough, or the heat treatment is of too short a
duration, the copper ion migration into the second metal layer, (such as nickel), may not reach
the top portions of the layer so that the top portion is comprised substantially of nickel alone
without copper ions. In this situation, the combined structure will comprise the copper

interconnect lines 14, an alloy layer 22a and a second metal layer 22 such as shown in FIG. 2D.

[0018] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein

without departing from the spirit and scope of the invention as defined by the appended claims.



interconnect line 14 thereby eliminating the tendency of the silicon nitride to peel and further reducing the
reliability problems. Other metals suitable for use as the metal capping layer include Co (cobalt) and Pd
(palladium). The structure is then preferably cleaned by a standard post CMP cleaning process. [0017] If
the second metal layer is thick enough, or the heat treatment is of too short a duration, the copper ion

migrationrdstethesecrrd Imetablayera (auaodd pickel)e Maydiohrercht the tampetivrsef thelayer so that
the top portion is comprised substantially of nickel alone without copper ions. In this situation, the

combineghstruetidre wilbeompiiseithe conpem dntencannect ipesikfic preadiayihayeridda and a second metal
layer 22 such as shown in FIG. 2D. [0018] Although the present invention and its advantages have been
describef [ g tail, it should be understtlpod that various changes, substitutions and alterations can be
made heFaH Mithod GESARnE o A& B P 51T SEBP Bhtie TAVRAHEA S HeRRUEBSHe Bpended
claims. 8 For example, it will be readily understood by those s iIIed.inéﬁF rt that.gimensio s and layer
thicknes®M§H 58 9&?8@908‘11&*? i @Wtﬂﬁ%‘@%%gétﬁ% S SFESEHEi Ve RiSH (8019] MbfESver, the
scope of%ﬁe resent application is.not i t?nded to. be Jimited to the parti uA%r embodiments of the
process, POt biBPRCL A bder I BEREANER U< SHA” B o AR SRATIHHE Wil readily
appreciate from the disclosure of the present invention1 processes, eth cgﬁ or sie S, presently existing
or later tOBE SEEIBSLE Al SEHOr CEIbBAACIRE R AEHIE Fir a8 L S0B tantally the same

result as the correspondin . . . .
sgbstantlaﬁ{/) the saﬁie function or achieve substantially the same result as the corresponding

embodiments described herein may be utilized according to the present invention. Accordingly,

the appended claims are intended to include within their scope such processes, methods, or steps.



embodiments described herein may be utilized according to the present invention. Accordingly, the
appended claims are intended to include within their scope such processes, methods, or steps. 9 WHAT
IS CLAIMED IS: 1. A method of forming a semiconductor structure comprising the steps of: forming a first
layer over a substrate, said first layer having non-conductive regions and conductive regions of a first
metal; electrochemically depositing (ECD) a second layer on said conductive regions of said first layer,
said secondilayds wdingsiBectnd metal different than said first metal; and heating said first layer and said
second layer to form an alloy of said first metal and said second metal. 2. The method of claim 1 further
comprising the tergecﬂfl (():%ﬁ(%i}i&?nthe exgosed ur[ace of §aid second Ia)ﬁ% of saidf:structure prior to said

heating stép. 3. The me of Clam 1 %lr(fﬂrérucco(r)ﬁBﬁlsllcnar&(:emsrf%s(l) %ormlsr%)%\%arrier layer between said

conductive regiggs and said non-conductive regions..4. The mgﬁg%% of claim ]dr\i]gg%erin one of the
solutions NiC12, and KiSO4, cH2d'is uée%l“?or said’El 5. The mettiod of claim 1

process.
wherein %%irgd{li(r:%tv %ngetalois COPpE rr.t6. érth]e method of claim 5 wherein said second metal is selected from
the group consisting ot Ni (anc ef), 0 (cobalt) and Pd (palladium).

electrochemically depositing (ECD) a second layer on said conductive regions of said
first layer, said second layer being a second metal different than said first metal; and
heating said first layer and said second layer to form an alloy of said first metal and said

second metal.

2. The method of claim 1 further comprising the step of cleaning the exposed surface of said

second layer of said structure prior to said heating step.

3. The method of claim 1 further comprising the step of forming a barrier layer between

said conductive regions and said non-conductive regions.

4. The method of claim 1 wherein one of the solutions NiCl,, GH,0 and NiSO,4, GH,0 is

used for said ECD process.
5. The method of claim 1 wherein said first metal is copper.

6. The method of claim 5 wherein said second metal is selected from the group consisting of

Ni (nickel),Co (cobalt) and Pd (palladium).
7. The method of claim 1 wherein said second metal is nickel.

8. The method of claim 1 wherein said step of heating comprises the step of heating to a

temperature of between about 300°C and 400°C.
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7. The method of claim 1 wherein said second metal is nickel. 8. The method of claim 1 wherein said step
of heating comprises the step of heating to a temperature of between about 300C and 400C. 10 9. A
method of forming a semiconductor structure comprising the steps of: forming a first layer over a
substrate, said first layer having non-conductive regions and conductive regions of a first metal,

electroless platingna-geePhdilanenon said conduciveiegiensoafsaim fitstlavps sfaid second layer being a
second metal different than said first metal; and heating said first layer and said second layer to form an

alloy of said firstgnetabane-said csecend meiahid Galhameihedhal slainy @ wharetiveaid fiist metal is
copper. It. The method of claim 10 wherein said second metal is selected from the group consisting of Ni

(nickel), Godeabalt @pthRdofpatiadiumal12. The method of claim 9 wherein said second metal is nickel.
13. The method of claim 9 wherein said step of electroless plating said second layer on said conductive

regions of said fistlayessgomprsesthasieps of Riavichngir whemicah bath 0f @metgleiomiehelate and a
reduction agent. 14. The method of claim 13 wherein said metal ion chelate comprises a nickel ion

chelate. 1&cohlgnatbeih of clainhd shwhedgin saidiaduation-ageatisselected from the group
heating said first layer and said second layer to form an alloy of said first metal and said

second metal.
10. The method of claim 9 wherein said first metal is copper.

11. The method of claim 10 wherein said second metal is selected from the group consisting

of Ni (nickel),Co (cobalt) and Pd (palladium).
12. The method of claim 9 wherein said second metal is nickel.

13. The method of claim 9 wherein said step of electroless plating said second layer on said
conductive regions of said first layer comprises the steps of providing a chemical bath of a metal

ion chelate and a reduction agent.
14. The method of claim 13 wherein said metal ion chelate comprises a nickel ion chelate.

15. The method of claim 13 wherein said reduction agent is selected from the group

consisting of sodium hypophosphite (Na(H,PO,) H,O) and hydrazine.

16. The method of claim 13 further comprising at least one additive selected from the group
consisting of an accelerator (sodium adipate), a stabilizer (thiourea), a pH adjuster (sodium

carbonate and ammonia), and a brightener (ABS-Na).
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consisting of sodium hypophosphite (Na(H2PO2) H20) and hydrazine. 16. The method of claim 13 further
comprising at least one additive selected from the group consisting of an accelerator (sodium adipate), a
stabilizer (thiourea), a pH adjuster (sodium carbonate and ammonia), and a brightener (ABS-Na). 11 17.

The method of claim 9 further comprising the step of forming a barrier layer between said conductive

regions and said-RORrGABH WSS FegiRntht8okheimethedsefciairhivbersinsaithstepalieating
comprises the step of heating to a temperature of between about 300C and 400C. 19. A method of

forming a.semigEntctatstoucte compsising thetstepsafnforming a first layer having copper conductive
regions and non-conductive regions over a substrate; forming a layer of nickel over said conductive

regions; heating said copper layer and said nickel layer to form an alloy layer of copper and nickel; and
cleaning tlie expjosadshsihoe dlisal skeenddayere20f Thaimetoatofelaim tSwheeaimsgaidastep of
forming said nickel layer on said copper layer comprises the step of using an ECD process for
electrochemijealy depdsitimgesaitonickel (ayed 606t Said copper layer. 21. The method of claim 20 wherein
one of the solutions NiC12 GH20 and NiSO4 GH20 is

19. A method of forming a semiconductor structure comprising the steps of:

forming a first layer having copper conductive regions and non-conductive regions over a
substrate;

forming a layer of nickel over said conductive regions;

heating said copper layer and said nickel layer to form an alloy layer of copper and
nickel; and

cleaning the exposed surface of said second layer.

20. The method of claim 19 wherein said step of forming said nickel layer on said copper
layer comprises the step of using an ECD process for electrochemically depositing said nickel

layer over said copper layer.

21. The method of claim 20 wherein one of the solutions NiCl, GH,O and NiSO4 GH,O is

used for said ECD process.

22. The method of claim 19 wherein said step of forming said layer of nickel comprises the

step of electroless plating nickel on said conductive regions.

23. The method of claim 22 wherein said step of an electroless plating process comprising

the step of providing a chemical bath of a nickel ion chelate and a reduction agent.

12



used for said ECD process. 22. The method of claim 19 wherein said step of forming said layer of nickel
comprises the step of electroless plating nickel on said conductive regions. 23. The method of claim 22

wherein said step of an electroless plating process comprising the step of providing a chemical bath of a
nickel ion chelate and a reduction agent. 12 24. The method of claim 23 wherein said reduction agent is

selected fiom thengremeowsisting of seditm bypophesphitedMiai(HZRAR) HaR)rnddrazine. 25. The

method of claim 23 further comprising at least one additive selected from the group consisting of an

accelerat@yn(sadidroradinateh p shabiljzat(thioure®n 8 pEadinsterdsedivm carbonate and ammonia), and

a brightener (ABS-Na). 26. A semiconductor structure comprising: a substrate; a first layer formed on
said substrate, said first layer defining at least one conductive region formed of a first metal and at least
one non-génduclivemedion cdinthatdp fayérovemnsaidiat deastone codductivdaagibito saibetgmlayer
comprising an alloy layer formed from a layer of a second metal covering said conductive region and ions
of said ficshsetad whichibaxermig@teidufrondipaic) condbdiive (dgiame®/a PHeadgmiconddctor structure of
claim 26 wherein said top layer further comprises a surface position of said second metal beyond the
reach of saiblomigratidgnonsnia), and a brightener (ABS-Na).

26. A semiconductor structure comprising:

a substrate;

a first layer formed on said substrate, said first layer defining at least one conductive
region formed of a first metal and at least one non-conductive region; and

a top layer over said at least one conductive region, said top layer comprising an alloy
layer formed from a layer of a second metal covering said conductive region and ions of said

first metal which have migrated from said conductive region.

27. The semiconductor structure of claim 26 wherein said top layer further comprises a

surface position of said second metal beyond the reach of said migrating ions.

28. The semiconductor structures of claim 26 wherein said layer of said second metal is a

layer of ECD (electrochemically deposited) metal.

29. The semiconductor structures of claim 26 wherein said layer of said second metal is a

layer of electroless plated metal.
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28. The semiconductor structures of claim 26 wherein said layer of said second metal is a layer of ECD
(electrochemically deposited) metal. 29. The semiconductor structures of claim 26 wherein said layer of
said second metal is a layer of electroless plated metal. 13 30. The semiconductor structures of claim 26
wherein said substrate comprises at least one layer of semiconductor devices. 31. The semiconductor
structure 3of, claimn@& suhesain prigratienetdons af said firsieetaliniebsait seagiddatabofi said top layer
occurs when said structure is heated to a temperature of less than 400C. 32. The semiconductor
structure|g§&laime26 wheretosaidfisst metal is copper. 33. The semiconductor structure of claim 32
wherein said second metal is selected from the group consisting of Co (cobalt), Pd (palladium) and Ni
(nickel). 34. The semiconductor structure of claim 26 wherein said second metal is selected from the
group coasisting' b €onfcohdlt);dP dt{paliadifralhan@ Niv{rickenidbatidneos emicondud thrsstreciliietof claim
26 further comprising a barrier layer formed between said conductive regions and said non-conductive
regions. i4id second metal of said top layer occurs when said structure is heated to a temperature of less

than 400°C.
32.  The semiconductor structure of claim 26 wherein said first metal is copper.
33. The semiconductor structure of claim 32 wherein said second metal is selected from the

group consisting of Co (cobalt), Pd (palladium) and Ni (nickel).

34. The semiconductor structure of claim 26 wherein said second metal is selected from the

group consisting of Co (cobalt), Pd (palladium) and Ni (nickel).

35. The semiconductor structure of claim 26 further comprising a barrier layer formed

between said conductive regions and said non-conductive regions.
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