21 March 2006 Surface Treatment of Metal Interconnect Lines TECHNICAL FIELD [09D3).[he Rygsent
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. BACKGRPENP 1804kASHE &emﬁwag)épa%ﬁﬁwiqﬁbghe 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 tranS'StPﬁSCﬁﬁ?%% tB 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, thé¥Histancdlof pnesémtarcennests lncregsesalFurthidr as iieamappiveg biydielertrenidydnss
increases, the capacitive coupling between lines on the same level and adjacent level increases.
[0003] In tHerpast bailamaomonzsetdestbentheamktad interdorwhaty lindsand silfoomiogide @b tHeyer
dielectric. However, newer manufacturing techniques now favor copper as the metal for interconnect
lines and veriopssehoKmestbfials (begaetid anadirsegadeppaiteddydhed snirec tigheatriss araterighaddt
surprisingly, these material changes have required changes in the

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



processing methods. In particular, because of the difficulty of etching copper without 3ls,1£24SIn8e
unacceptable damage to the dielectric material, the technique of forming the metal 1 21 March 2006
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 leayrandesinpckPatiesr Rt rlwwingmilinas: thadesmaional coppRhsIgrANRECt lines are
typically formed by a process now commonly referred to as a Damascene process. The Damascene

process is ai¥eshiRe seRIaseTsiehingy ARg-StM Hiated ARanRRHnCANBIRG (gis pubisishiad or

otherwise formed in the underlying dielectric and is then filled with metal (i.e., copper). [0004]

Unfortunateatyoglpmyghrecnpeinbas e @d\viReiadgs@iss biseshaboneliicke asilyo diffisa s inispgiglectric

material used in the manufacture of semiconductor devices, and it diffuses especially easily into
silicon dioxiglerdaiffiesiamed sRPRBIcH) ibamibielectisroraterialy ebmnsRiGendHeLes deich Sanseamse

serious reliability problems including electrical shorts. Therefore, it is typical to form a barrier layer

between thacaRpPeTHSEshiRisconslpriesssandlisadshansl the: dipkedinie matesialmf atsrmicasgegtor

device. Typical barrier layers may be formed of Ta (tantalum), TaN (tantalum nitride), Ti (titanium),

TiN (titaniuganaittig@laandiasietsd combirationso ahtlasavaialsrasivellasatbenmpteled Radpwigs
layer is typically formed on the bottom and sidewalls of the trenches and vias of the copper

interconnegtsti Erevespphe. copper from diffusing into the surrounding silicon dioxide as other
dielectric 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, .Gopggtor
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 21 March 2006

cover layei-g{&lielost it mateiiat e samempatimipiiaisa iRy Meisiuigsand santaminaniste diffuse
from outside into the copper so as to form porous copper oxide. [0006] Various ones of the

above-menfigedsabiemaibave Brer paldresasby g pris aBppREbRiae of the known prior art
provides a solution to all of the problems in the simple and elegant method provided by the present

invention. For example, U.S. Patent No. 5,380,546, entitled "Multilevel Metalljzation Process for
Floctrontc B lonentCai AR (AN HioGH RAPISS IR e DT b SREH B BT & blrier

I d a capping layer, but does not teach the upique method of forming an alloy as taught by the
orsent in B A LB B e b R 5 EGPATE A AR Ayer Over
Copper Inteyconnects” issued. to Liu, et al., teaches the use of sever etals as a baryi r and
A T R A o AT RS s e ol

:f%?g Ozrasllrgg%%ﬁﬁﬁﬁ@@:ﬂﬁ%%@%%ﬁﬂ% gff%yﬁrff methaod of the prese t.inverétioggru S. Patent

VS NABIRP RSN SHitb R ISL Qe R 8 bisen,

et al., does not teach the use_.of a barrier Iaﬁ]er %nd.tezilches a first embogimentt)thgt selectivel
deposits aal., teaches the 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 segpRg.h 2006
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
interconneSUMINMIARE e fEFERINNIEPYDsdN phenomenon of W-CVD assisted by pre and post
treatment. This technology is applied to 0.2m bipolar-CMOS LSI with multilevel Cu interconnects, and
then yield, reliability operation speed are evaluated, 3 21 March.2006 SUMMARY OF THE
INvENTION 0D Tt S R S g e R S A el
advantages re, generally achianed. by, he presentinvention which disclpses mathods,and apparatus
for forming a semfconductor's ructure conﬁpﬁ[sm a first fayer comprise of conductive regions such as
copper or ofier Etal ieroannect lines andnopcanducive fegions, auch 85 8,5lic0n e cive
dielectric or other non-conductive matenals. ,&?ayer of & second metal that is_ different from e metal
of the conductive gegf']ons is formed bl de gﬁited on the nductia/e region s%ch as k%gna

re%ops U 18 copper or other, 1nfer onnect Ines an on- (ind C }Ve e S such asba
electrochemital deposition process including electroless plating. The electroless plating may be

carried out i plasiig e, aybstials Wi the. conduete And.Ral: condlictve, egign inia g gigctroless
t o) [ e'nlc e

plating chemlca'rba comprise a metal ion chelate (such as a ion che ate?, a reduction
agent Sucr‘d%e%@tﬂ'!ﬁ@nbﬁ%ogg%sl%l?lgﬁe%roﬁé'lggf%\;énr%gqggs {g 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, etcafhen 2006
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 21 March 2006 BRIEF DESCRIPTION OF THE DRAWINGS [0008]
For a moreBRIBP IBeSCRIETianN 0F 0HRORASEINGS/ention, and the advantages thereof, reference is
now made to the following descriptions taken in conjunction with the accompanying drawing, in which:
[0009] FIG, Lisa prioy. art illustration of a semiconductoy structure comprising a . substrate covered by
oAV R A A s SR S R
regions of EIG. 1; [0011] FIG. 2B illustrates t iew of FIG. 1.after a second metal has n formed
over the. U R LK LBs S e T e L T ST v he
structure og (!:Clgm 23% e}}‘lter pa%vaitlilngith\()avhsleﬂjiconductive structure so as to cause the metal of the
conductive regloﬁs gndgt?'ne etond mefal 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 thald¥8ldeptrtf tHascopper iohithigiration SLeckethimotilieids sirncture 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 21 March 2006 DETAILED DESCRIPT@N-006
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
semicondubieT d8vite D ERIIRIPFIDN OB TLeISTDRAGEN EaEMBIOPEMENTSS, the term substrate is
intended to be broadly interpreted. For example, typically the substrate 10 may be comprised of a

dielectric | imilay,tg the non-con tive regions,12 of FIG, 1.[0015 is well known 3[qose
o i T R R R it PSR S 0

layers has e‘%?rs%%ts‘?r%t”% PJ%'g%“ﬁr‘é‘{'lﬂee‘f“o?‘ﬁoﬁ?c@e ﬂrc'%levesr%"’{%ﬁ‘r% ?@%ﬁ&é%%lﬁﬁvf&r ie%‘ea{é“oﬂ'r%c‘{me”
the conducting or interconnetting lineés are made of copper,the copper may diffuse into the

surrounding non- ductive .qr. substrate areas.if,steps are not t nto vent such diffusion. Thus,
e o e R R L 0 SRR MBI R S S BT
copper iong o {he.-copnsrinieReRneating in A4 nio e surroynding nonsconductive partions or
regions 12 ancﬂhe substrate % éum%]iep arrier layers are wgﬁ I§<nown N tsne art and include, for
example onl| 1T tantal m)] .%Nrg ntal mn'i rid?,?'htit iu 1) nd TiN %i anium, nitrid nd various
postidaly SRS ol TR S S R T N R

the Copperinterpreted. 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.



into the surrounding materials is slowed if not substantially eliminated. Further, it is typicaiia.HA¢Jugle 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

interconneg{, iR inie BonilLiBrRicalye havenbeansubisctegier aMPintiddeMareh 2086wt hedkdhe

conductive layer such as a layer of copper may include rough areas with pockets such as pocket 18

and/or dish,@iras seale@ssdinl/raairrehbuscPecalsnrithe. PPRiadbariQnofitRlises: hehvasn the
copper and the protective layer of silicon nitride, it is not uncommon for serious reliability problems to

occur. For gxampierdhetaviae ebppiaomaithid prinQi RRawye: BRY1iBSEhanady, leaviidg iRk Hames ketween
the copper and the subsequent dielectric layer. Of course as will be appreciated by those skilled in the

art, when thabasrienisisiicon hittidadoabse ot aaneanionsydrancily sifflda iviaHaa spueiylayer

of a dielectric thereby often causing electrical shorts. [0016] Referring now to FIG. 2A, there is

illustrated peealaigachviaw f B eeBELEEME HEBIPPRBARREFUBIRIRRANBRIBALIA thRHOTDP dbErse
processes of the present invention. Therefore, according to the invention a second metal or layer of

metal matefialig depppiach@deshrodeaikildatarcRnarchefORPBIHRE dAsBuch agtyealeaiteahenaical
depositing a metal capping layer which will adhere only to the conductive regions or copper

interconneebppasioh® famackiel geieanst layemefdnetialydrch adhasesitakbebpoddatid@diagions or
copper interconnect lines, an

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,O or NiSO4, GH,0. 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 useghwhichooe
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 gepbiGtiag, aderssuakAs ICRXamRle SeriyMe Hyrarhosiite MNa(IHEPL3Ane20hey 14, a

Hydrazine, and one or more additives. It may be desirable to use several additives for different

purposes. kQoLEIANBIE SOHIHADRRIAMRY I6rHRAD S A SsHRiLIAtaIhiRH eas| . statilizer,
sodium carbonate or ammonia as a pH adjustor and ABS-Na as a brightener. Thus, by using the ECD

process or @melacty abiscsaliion farRriectrofass duBdiarai 20026 depasitngiRsecAGLAAl, such as

nickel, onto the surface of the copper interconnect lines 14, a second layer 22 of the second metal is

formed overidheerpagd tisdaenneetdioas téppiiantorohined se)icantitetasshucisialehpensubstrate,
the layer of non-conductive region (or dielectric) and conductive regions (copper interconnect lines),

and the seggrd meataheappindotayemndafaimaedpirnethgppoictatiferent fiaiplearpel, suskmas for
example nickel, is then subjected to a heat treatment such as a sintering temperature of between 300

and 400 Csibjietbea irpatmenimehcalisaan inerfeaadiapeRetnesnbhe a0 3netalsdstodr & fohis
example the copper and interconnect lines 14 and the deposited nickel 22 to form an alloy layer 22a

of the two lpgtalsaah&auill Thecesultieg REoNJAYRIwR \tHE Rayenipy ouel adbesiampithiespect to
a subsequent dielectric layer and excellent adhering qualities 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 jyrifjgf.feddging
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,ceRRAPION DI BHRINY thRGeEIIbNgisldaxaredsHehas kel niniayonetirprRethe top
portions of the layer so that the top portion is comprised substantially of nickel alone without copper

ions. In thighsiuatio MihScominQch B HGtHA W hRIMPIRe B COPPRpIBIBREANRAELINes 14, an alloy
layer 22a and a second metal layer 22 such as shown in FIG. 2D. [0018] Although the present

invention its advantages have been descrjbed in detail, it should be understood that various
e, ST st A PR B HAUE 3 M G St BB et scope
of the inventign as defined by the appended claims. 8 21 March.2006 For.example,, it will be readily
lorstoo BB LR P S AP EHLIGHES ARl B A OB e
remaining within th ope of the prese tinvention. g{loreover.t escop?r%the%gresent application is
ot intenddt4BH NI B o BALEO ARECHIRARE P 5 B RE T S REE N R S escribed

in the specification. As %‘ne of ordinaggskillg’l? the art will. readily appreciate, from the.disclosure of the

present inVERAGH CSh PEE LSS OSSR REC P Lep S UPE AP Bt CS P IRRET D BEPGEIER ped, that

erform substanti the same function or achieve sub tially the same resylt as the corre ndin
P %ugstantfaaq%/ the ge?me funcgon OIQ ac%cfeve s%bstanstsgﬂyat‘f'ng sameS reSIﬁt gs Hle cgrregpon 1n§po 9

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. Acsprdingly»dhe
appended claims are intended to include within their scope such processes, methods, or steps. 9 21
March 2006 WHAT IS CLAIMED: 1. A method of forming a semiconductor structure comprising the
steps of: forming a first layer over a substrate, said first layer having conductive regions of a first metal
and non-conguctivig Eegmgeglectrochemically 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 a temperature of between about 300 C and 400 C to
form an alloy of sadhfidothefdbanthgaideseicondumetakractiiteecomphicthgtiadairpd dirther comprising the
step of cleaning the exposed surface of said second layer of said structure prior to said heating step.
3. The method of f©laiting duithelgonoptisingnthe stepad forvniagalkairigr dayeudbivvegivasicf a first
conductive regions and said non-conductive regions. 4. The method of claim 1 wherein one of the
solutions Nifa? aadadh2cdmhdtiNSOdioand H20 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 cosisistindahidiliniddel}ithg (EaiAIt) seveiil{pallankaid)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 a temperature of between about 300° C

and 400° C 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,, and H,0 and NiSQO,4, and H,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. 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 plating a second layer on said conductive regions of said first layer, said

10



7. The method of claim 1 wherein said second metal is nickel. 8. A method of forming sgipigonshactor
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 plating a second layer on
said conductive regions of said first layer, said 10 21 March 2006 second layer being a second metal

different thansaid st vapiak srdneaibng aaid timtdayenandsaidsscand layer to a temperature of
between about 300 C and 400 C to form an alloy of said first metal and said second metal. 9. The

method of claim &upreinigaigsfitgienatal iaigapasid 18 cF e Mmeatreaalclaimowibgraiusaidosecond
metal is selected from the group consisting of Ni (nickel), Co (cobalt) and Pd (palladium). It. The

method of gl vehes ebrfaisl SEPHEsME Rt sisriekalnd 2ailihednathaetaf claim 8 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. 13. The method of claim 12
wherein said metdliemetieldtef cttitpBsebeaciickead ifirschetates ddppne method of claim 12 wherein
said reduction agent is selected from the group consisting of sodium hypophosphite (Na(H2PO2) H20)

and hydrazine. 15. The method of claim 12 further comprising at least one additive selected from the
group 10. The method of claim 9 wherein said second metal is selected from the group consisting of

Ni (nickel), Co (cobalt) and Pd (palladium).
11. The method of claim 8 wherein said second metal is nickel.

12. The method of claim 8 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.
13. The method of claim 12 wherein said metal ion chelate comprises a nickel ion chelate.

14. The method of claim 12 wherein said reduction agent is selected from the group

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

15. The method of claim 12 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).

16. The method of claim 8 further comprising the step of forming a barrier layer between

said conductive regions and said non-conductive regions.

17. A method of forming a semiconductor structure comprising the steps of:
forming a first layer over a substrate, said first layer comprising conductive regions

containing copper and non-conductive regions.

11



consisting of an accelerator (sodium adipate), a stabilizer (thiourea), a pH adjuster (soqiym gaspggate
and ammonia), and a brightener (ABS-Na). 16. The method of claim 8 further comprising the step of
forming a barrier layer between said conductive regions and said non-conductive regions. 17. A
method of forming a semiconductor structure comprising the steps of: forming a first layer over a

substrate, said firg /aygs GaMBFisindkeNdVstivad esipnsticentiiRg copper and non-conductive
regions. 11 21 March 2006 forming a layer of nickel over said conductive regions; heating said copper

layer and said nickeldayente & ipemneaiumRiahReieen aReub 3005 eandrdQP Kedodarman oy @yer

of copper and nickel. 18. The method of claim 17 wherein said step of forming said nickel layer on said

copper laygidcanpusesiinm siepokyusieg dt5Sper RrRCAskIPr electrochemically depositing said nickel
layer over said copper layer. 19. The method of claim 18 wherein one of the solutions NiC12 and H20

and NiSO4 and H20 is used for said ECD process. 20. The method of claim 17 wherein said step of
forming saitBlaye Tk nickied dofigsise s Thelsien chrlasctipodd Ssrplainghitickek drissaidoaaaitlictipperegions.
21. The method of claim 20 wherein said step of an electroless plating process comprising the step of
providing daxherveghtirxethtivd stepickfaldmg ahdl@ie arataydotictionapentically depositing said nickel

layer over said copper layer.

19. The method of claim 18 wherein one of the solutions NiCl, and H,0 and NiSO,4 and H,0

is used for said ECD process.

20.  The method of claim 17 wherein said step of forming said layer of nickel comprises the

step of electroless plating nickel on said conductive regions.

21.  The method of claim 20 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.

22. The method of claim 21 wherein said reduction agent is selected from the group

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

23. The method of claim 21 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).

12



22. The method of claim 21 wherein said reduction agent is selected from the group conRiSHRY Rfoe
sodium hypophosphite (Na (H2PO2) H20) and hydrazine 23. The method of claim 21 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). 42 21 Maretha@08 2hpmimatbed af-canRingdHersQnest ings Ho ferse Mmetakaifiusien

from said interconnect lines into surrounding material comprising the steps of: depositing a layer of

non-condugti¥e imatariab Kieh@ ShRsiiatenipHEiNg dierepnsect lines in said layer of non-conductive
material by a damascene process, said interconnect lines comprising a first metal; forming a second

metal over said interconnect lines, said second metal different than said first metal; and heating said
first layer and saidgesitn layeyciood tempendiiste o hietnelbsyabouilBHAE; and 400C to form a layer of
an alloy comprising said first metal and said second metal over said interconnect lines. 25. The
method of claim 24 further comprising forming a layer of semiconductor devices over said capped
interconnect linesfarmisaidtaueowset liotivenrnatt Hak 28, hinecaetindty o hisldrma Py fadher esmiprising a

layer of silicon nitride formed between said capped interconnect lines and said layer of semiconductor
devices. process, said interconnect lines comprising a first metal;

forming a second metal over said interconnect lines, said second metal different than said

first metal; and

heating said first layer and said second layer to a temperature of between about 300°C
and 400°C to form a layer of an alloy comprising said first metal and said second metal over said

interconnect lines.

25. The method of claim 24 further comprising forming a layer of semiconductor devices

over said capped interconnect lines and said non-conductive material.

26. The method of claim 25 further comprising a layer of silicon nitride formed between said

capped interconnect lines and said layer of semiconductor devices.

217. The method of claim 24 wherein the process of forming a capping layer of a second

metal is a process selected from electrochemical deposition and electroless plating.

28. The method of claim 24 wherein said first metal is copper.

29.  The method of claim 24 wherein said second metal is selected from the group consisting

of Ni (nickel), Co (cobalt), and Pd (palladium).
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27. The method of claim 24 wherein the process of forming a capping layer of a second getal iside
process selected from electrochemical deposition and electroless plating. 28. The method of claim 24
wherein said first metal is copper. 29. The method of claim 24 wherein said second metal is selected
from the group consisting of Ni (nickel), Co (cobalt), and Pd (palladium). 13 21 March 2006 30. The
method of claim 24 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 reductiorsggenty8d nklagomethedahalaime 30nWhrr sispsaidisaiak 9 HiplateampiiagsyR Migkelion

chelate. 32. The method of claim 30 wherein said reduction agent is selected from the group

consisting e :sAdiwR fEeResRiFitNAULEZROR)HEOhIREHYEreinedid3-alde meinestiobelaim 30

further comprising at least one additive selected from the group consisting of an accelerator (sodium

adipate), ajstpkibrge dhdodredlc@oRHggiuster (sodium carbonate and ammonia), and a brightener
(ABS-Na). 34. The method of claim 24 further comprising the step of forming a barrier layer between

said interconnect lines and said non-conductive material. 14

31. The method of claim 30 wherein said metal ion chelate comprises a nickel ion chelate.

32. The method of claim 30 wherein said reduction agent is selected from the group

consisting of sodium hypophosphite (Na(H,PO,) H,O) and hydrazine.
33. The method of claim 30 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).

34.  The method of claim 24 further comprising the step of forming a barrier layer between

said interconnect lines and said non-conductive material.
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