TITLE METHOD FOR FABRI CATI NG COPPER | NTERCONNECTS BACKGROUND OF THE

| NVENTION Field of the Invention 5 The present invention relates to

sem conductor fabrication, and in particular to nethods for capping

copper interconnects in sem conductor devices. Description of the Related
Art Conventional sem conductor devices conprise 10 conductive

i nterconnects to establish electric contact wth conductive structures

i nsi de sem conductor substrates. |TIELBonnects conprise netal |ines and
metal plugs formed in dielectric layers for horizontal. and vertical
connections. 15 Hi gh performance sem conductor applications require rapid
speed i n sem conYEEHGP EPRCHABRYCATENGSPGRHERf INSBRCONNEOTSor circuitry
varies inversely with the resistance and capacitance of the

i nterconnection pattern. As integrated circuits becone nore conplex and 20
feature si-ze and space bBBEKERSHHP| €F, THReINVENPEGNed circuit speed
becones nore dependent upon the interconnect pattern, and thus, materials
utilized in _interconnect structures have become a major concern. One

appr oach ftelh@hddhe thvewmton| speed of 25 semiconductor circuitry is to

reduge t he resj.stance of _interconnects. and Cu alloys are utilized as a
bett8r materiate f oP*FEPFhEC NG VALY VL 13T cohfectSEMHECRYCERE on. Cu

exhi bits superigrs gl ectrom gﬁatggﬁﬂcular to methods for capping

copper interconnects in semiconductor devices.

Description of the Related Art
Conventional semiconductor devices comprise
10 conductive interconnects to establish electric contact
with conductive structures inside semiconductor
substrates. Interconnects comprise metal lines and metal
plugs formed in dielectric layers for horizontal. and
vertical connections.
15 High performance semiconductor applications require
rapid speed in semiconductor circuitry. The speed of
semiconductor circuitry varies inversely with the

resistance and <capacitance of the interconnection

pattern. As integrated circuits become more complex and
20 feature size and space become smaller, the integrated
circuit speed becomes more dependent upon the

interconnect pattern, and thus, materials utilized in
interconnect structures have become a major concerm.

One approach to increase the control speed of

25 semiconductor circuitry is to reduce the resistance of

interconnects. Cu and Cu alloys are utilized as a better

material for replacing Al in VLSI interconnect

metallization. Cu exhibits superior electromigration



properties and has a lower resistivity than Al. In addition, copper or
copper alloy interconnects can be forned by electroless plating and

el ectroplating, which is low cost, has high throughput, high quality, is
highly 5 efficient and has good filling capabilities. Al though Cu or Cu
all oy interconnects have superior properties for applications, there are
dr anbackspidpditt iddPl@ENhaki 08. RAfereX @Bk et i G cheaghhy dif f usegpi nt o
dielectric layers, particularly silicon dioxide, which 10 results in

el ectri cahddhordrs, Aoppledr kaowrsgatt | ad1by pieventofedt & f usironbes to
formdiffusion barrier |layers between Cu or Cu alloy interconnects and
di el ect ri&o¥egdr by @@mﬂﬂanﬂﬂﬂ Pﬂatiugl@mdxﬂle@ﬂr¢p®ansngncMhdehtantalum
(Ta)/tantalum 15 nitride ( h% titaniumnitride (TiN), titaniumtungsten
(TiW, tuhysteh ‘(Wt/t}aﬁ"‘i@s]ﬂé nFFFPH%hPW\I) hégh gHBAPSH) atbngiahly

I 1y d ted
bot £ 6o artt 5 ehal T4 o= oS féwé Ragb Al SRt er  ng before o
filling. The 20 sface-Qf & Q%}ﬁ?ﬁ%&éﬁéﬁgbﬁgtﬁ ggng%%ts .after
y cappe

10
pl anari zation are c vent| onal y silicon rrde. ‘Ieﬁe dr awback

of silic drd 1es | $oROUpsThest Ohd 0 tﬁ@EQerareThgrﬁ'&B%@ﬁ%erﬁn pEpcess
usual l'y g?ﬁ?%s silicon 25 nitride to peel away fromthe copper plugs. The

peel ed siimglomentat den cr ead®s axpaplef orcicoppadily difffisges ouhwar d and
for noisture or contamnates to diffuse inward and thus degrade
reliabilidieloctmic i dieaegsnnepestitnlerSy Patlidon 5144AB87, whiiehadhesi on

roblen1of
P results in electrical shorts.

A well-known solution to prevent Cu diffusion is to
form diffusion barrier layers between Cu or Cu alloy
interconnects and dielectric layers. Conventional

diffusion barrier layers include tantalum (Ta)/tantalum

15 nitride (TaN), titanium nitride (TiN), titanium-tungsten
(TiwW), tungsten (W) /tungsten nitride (W) for
encapsulating Cu interconnects. The diffusion barrier

layers are usually deposited on bottoms and sidewalls of
damascene openings by sputtering before Cu filling. The
20 surface of exposed Cu or Cu alloy interconnects after
planarization are conventionally capped by silicon
nitride.
The drawback of silicon nitride is poor adhesion to
copper. The subsequent process usually causes silicon
25 nitride to peel away from the copper plugs. The peeled
gilicon nitride creates a path for copper to diffuse
outward and for moisture or contaminates to diffuse
inward and thus degrade reliability of the intercomnnects.
In U.S. Pat. No. 5,447,887, the adhesion problem of

30 a silicon nitride capping layer to a copper interconnect



30 a silicon nitride capping layer to a copper interconnect 2 is addressed
by initially treating the exposed surface wth silane in the absence of a
plasma to forma thin layer of copper silicide, and depositing a silicon
nitride capping layer thereon. 5 U S Pat. No. 6,492,266 discloses
enhancing the adhesion of a diffusion barrier or capping |layer to a Cu or

Cu al l oy i@t ekeepReeh r@ﬁﬂﬁ@ﬁ;ﬂ&%ﬂ%ﬁh&ﬁ%ﬁ%eéﬁgse%(gféégé agﬁffﬁécéhe Qu or

Cu all oy interconnect n¥ ma_condi'tions w anmmoni a and
sil ane orwith dieghbaeosid aghe R S £O0RPY1 a¥nld CEEE Foayera t BgEGON;  or
(b) with an ammoni a plasma foll owed by reaction with silane or

di chl orosldyere ¢ foopparcoppiicsiéici dadl ajeposibengona Us$liBah. No.
6,339, 025 discl oses fabricating a 15 copper capping layer by formng a

si li con riER-¥ie reapingyayen Hiewegosed copper |ayer. The 3I|ICOH in the
siligon rich nitride |ayer easily reacts with the copper and a copper
silicide layerTs fttned ¥t wdert ¥he &oppérclargst henbrrcios (rjitbﬁ ni Lrhde
| ayer. 20 SLMmar THE . ILNVENTI The present_inventjon provides nethods
toyforn1 %opper]%i$fc?d§1§g¥5185p G IPAy &F SPREORFer-2Y it e RofinkBts. In

SUbst rat ol A opaA R Te SR heRROE B st Ty, ST AP eSRB G bent 1y
enbedded swoRpes 6F coRPetualdroycd 0afl 961 & HALRIFRRRRCt nShE ALt Urg)
under plasma conditions with ammonia and silane or
10 dichlorosilane to form a copper silicide layer thereon;
or (b) with an ammonia plasma followed by reaction with
silane or dichlorosilane to form a copper silicide layer
thereon.
U.S. Pat. No. 6,339,025 discloses fabricating a
15 copper capping layer by forming a silicon rich nitride
layer on an exposed copper layer. The silicon in the
silicon rich nitride layer easily reacts with the copper
and a copper silicide layer is formed between the copper

and the silicon rich nitride layer.

20 SUMMARY OF THE INVENTION

The present invention provides methods to form

Copper silicide as a capping layer of copper
interconnects.

In one embodiment, a dielectric layer is formed

25 overlaying a semiconductor substrate. An opening is

formed in the dielectric layer and subsequently embedded

copper or copper alloy to form a interconnect structure.

A silicon layer is formed on the copper or copper alloy

by sputtering or chemical vapor deposition. A copper



A silicon layer is fornmed on the copper or copper alloy by sputtering or
chem cal vapor deposition. A copper 3 silicide layer is forned by reacting
the silicon layer wth the underlying copper or copper alloy as a capping
| ayer. A detailed descriptionis giveninthe followwng 5 enbodinents with
reference to the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS

The presegiijay, te gaggggﬁsbef%sdf yJ vrgggggﬁ Pfqgler g%ﬁeif@gﬂnga%%

subsequent det al ption and “exanp rencés , “nade to the
acconpanyirfigh HedR@dieddS i nthedspr Fb8S copPelk0 G €1 &1 85 mRRHONS
illustrating fabrication of a copper silicide |ayer capping On a- copper

i nt er connkayer DETAI LED DESCRI PTION OF THE I NVENTION 15 In Fig. 1A a

sem conductor substrate 100 is provided with a conductive structure 102

t her eon, such As degagdiesl efegcradbion alsretdiveln ngén Al elfedflowdinigayer 110
i s deposited overlying, the sem conductor. substrate 100. _The preferred

di el ect ri%'%?% enlY Yt} orpfkreRterialthk accaopanying Gikawigsr gani ¢
lowk material, CVD lowk material, or a conbination thereof. The
dielectric |ayer can BRIBF DEBSCRIPTIONt oH STiHEi pRAWEIREs (FSG, SiC, Si CC,

Si OCN, carbon-containing silicon oxide or nitrogen-containing silicon
oxi de. 25 A danmascene opening 120 is subsequently formed wthin the

di el ectric | ayBre 1p@esenexposernthomnundan| piengrore fully understood

by reading the subsequent detailed description and
examples with references = made to the accompanying

10  drawings, wherein:
Figs. 1A to 1G are cross-sections illustrating
‘fabrication of a copper siiicide layer capping on a

copper intexconnect.

DETAILED DESCRIPTION OF THE INVENTION

15 In Fig. 1A, a semiconductor substrate 100 isg
provided with a conductive structure 102 thereon, such as
a gate electrode or a metal line. A dielectric layer 110
is deposited overlying the semiconductor substrate 100.
The preferred dielectric layer 110 is low-k material (k <

20 3.2), such as organic low-k material, CVD low-k material,
or a combination thereof. The dielectric layer can also
be fluorinated silica glass (FSG@), 8iC, SiOC, SiOCHN,
carbon-containing silicon oxide or nitrogen-containing
silicon oxide.

25 A damascene opening 120 is subsequently formed
within the dielectric layer 110 to expose the underlying
conductive structure 102 as shown in FIG. 1B. The

preferred width of the opening 120 is less than 900A.



conductive structure 102 as shown in FIG 1B. The preferred width of the
opening 120 is less than 900A. 4 Preferably, the opening 120 is defined by
a conventional dual danascene process to forma trench and a via opening.
The opening 120 is filled with copper or copper 5 alloy to forma copper
plug 130, as Fig. 1C shows. In one enbodinent, a diffusion barrier |ayer

not sho ir T Ti . Ti is fo 0 he_bottom pd i dewal
(()f t he o\gl)ﬁe%ﬁfn%f,ea%l%' g{'\/i’lespltj> £ g?lnﬁg\ﬁ{zg %%cc&é%ﬁbep&]ergyd?f f l%li—‘rgﬁl%llﬁ’flgit he

di el ectrigud By elamss SiPerprgassd awgy 1oty showmly s SSipsequently forned
on the opening 120, and then copper or copper alloy 1s enbedded into the

openi ng I&@eroyncel ectro-chem cal plating or electroless plating. In another
enbodi ment, the opening 120 is filled with copper or copper alloy by

cheni cal vaporThs @@sosinG oa20CVDy . fild eekt watboppepper coppeopaklroy over

t he diele%Fric | ayer 110 is renpved by planarization, such as by chenical
mechani cf1 1500 i SRi AGT™ & fSPRPRT EdpFerl 30 .u@a3Bigs RiCy.shwsshowdn The

f d._ thickness of the copper ,or copper allo lug 130 is less 20
Phan 4000k ASPREBR  ay et SOLOE PGy HAFIVRA | JPNGE: et FBEW™ of ¢ he

copper pldig, 13G.4nd e dbgl eqhyi ¢ | 8yero il as, shown %%é::i::{ogrh hpa 1 2

preferred enbodi nent, an “anorphbus™SilTcon yer is de he

surface ofidvdine stuibskd abgedifyby26pyit @gh@%ﬂﬂsrebnb&t}%kswaﬁb(e%t e 110
‘is attached to one electrode, arnd a target of silicon
diffusion into the dielectric layer. A copper seed layer
10 (not shown) is subsequently formed on the cpening 120,
and then copper or copper alloy is embedded into the
opening 120 by electro-chemical plating or electroless
plating. In another embodiment, the opening 120 is
filled with copper or copper alloy by chemicali vapor
15 deposition (CVD). The extra copper or copper alloy over
the dielectric layer 110 is removed by planarization,
such as by chemical mechanical polishing, to form a
copper plug 130 as Fig. 1C shows. The preferred
thickness of the copper or copper alloy plug 130 is less
20 than 4000A.

A silicon layer 140 is formed overlying the surface
of the copper plug 130 and the dielectric layer 110 as
shown in Fig. 1D. In a preferred embodiment, an
amorphous silicon layer is deposited on the surface of

25 the substrate 110 by sputtering, wherein the substrate
110 is attached to one electrode, and a target of sgilicon
is placed on a second electrode. These electrodes are
connected to a high voltage power supply and a gas which
is usually a mixture of argon, and hydrogen is introduced

30 between the electrodes to provide a medium in which a



is placed on a second el ectrode. These el ectrodes are connected to a high
vol tage power supply and a gas which is usually a mxture of argon, and
hydrogen is introduced 30 between the electrodes to provide a mediumin
which a 5 gl ow discharge or plasma can be initiated and nmaintained. The
gl ow di scharge provides ions that strike the silicon target, causing

h Lnly. | _t t._at whi ch
Cubsequerd TS Centanie S 26 B ERT Fop s HAETEEER, PhRt AEhaERERe A o

the gl owrie sghas 981 EBAGLEENS L6k Vdkg etV LoD €AUSING i bl tO react
with the silicon, and be incorporated into the deposited silicon film The

act i vat edcéygikstogercalsing camniwdl ebw rrfdriche ughan ghiang fAeends fof thie silicon
to 10 formnono, di, and trihydrides. In another preferred enmbodinent,
amor phousmainixoneutnger taggeis dtomeed Wyl dhesibatquapol ydepasictisen ( CVD) ,
such as pl asma- enhanced CVD (PECVD) with silane gas at 200 to 450 degrees
C. TRe praf efr ddithi EkhBsOHf thpe substaiageprelecttedeon &80, 14bei s about
50A to 50 éngle em conduct or substrate. 110 is thgn subj ected to an inert

gas- cont & N hg" Bnblenee. ‘En%tjt%?%e‘f%_tﬁfﬁi‘(ﬁ?teaﬁlaﬁt Y86°d8Gr £885¢N%t 0 about
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surface of 20 the copper plug 1 ‘he"dbove ano | ayer

110, 35 Sheurnaspofiha LEL ELERCERHLY. 1 AOELY AL M0 gonuibg o L1 2
for mat i oncoditi neta=caatietl Sthe cdangayely 146nds Hrenthemyedidéh to
10 form mono, di, and trihydrides.

In another preferred embodiment, amorphous silicon
layer 140 is formed by chemical vapor deposition (CvD) ,
such as plasma-enhanced CVD (PECVD) with silane gas at
200 to 450 degreegs C. The preferred thickness of the

15 amorphous silicon layer 140 is about 50A to 500A.

The semiconductor substrate 110 is then subjected to
an inert gas-containing ambience at a temperature of
about 150 degrees C. to about 450 degrees C. to form a
copper silicide layer (CuSiy) 142 between the surface of

20 the copper plug 130 and the above amorphous silicon layer
i40, as shown in Fig. 1E. Preferably, the substrate 110
is subjected in a furnace or a rapid thermal annealing
(RTA} chamber for copper silicide formation.

The un-reacted silicon layer 140 is then removed to

25 expose the dielectric layer 110, as Fig. 1F shows. The
copper silicide 142 serves as a capping layer of copper
interconnects, which improves the adhesion between the
copper or copper alloy plug 130 and above layers. Thus,

the capped copper silicide layer 142 will not peel in the



25 expose the dielectric layer 110, as Fig. 1F shows. The copper silicide
142 serves as a capping |ayer of copper interconnects, which inproves the
bet ween the copper or copper alloy plug 130 and above | ayers.
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-containing silicon oxide, or a 10 conbination thereof. An

nodi ficatrons and simlar arrangenen

e
combination thereof. An etch-stop layer 160 is

optionally formed on the diffusion barrier layer 150 by
PECVD at 300 degrees C to 450 degrees C., which can be
SiN, 8iC, 8iOC, and SiOCN, silicon-rich oxide, carbon-
containing silicon oxide or nitrogen-containing silicon
oxide. The etch-stop layer 160 serves as a stop layer
for subsequent interconnect processes. |
While the invention has been described by way of
example and in terms of the preferred embodiments, it is
to be understood that the invention is not limited to the
disclosed embodiments. To the contrary, it is intended
o cover various modifications and similar arrangements
(as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be
accorded the broadest interpretation so as to encompass

all such modifications and similar arrangements.



accorded the broadest interpretation so as to enconpass 25 all such
nodi fications and simlar arrangenents. 7 What is clained is: 1 1. A nethod
for fabricating a sem conductor 2 device, conprising: 3 formng a
dielectric layer overlaying a 4 sem conductor substrate; 5 form ng an
opening in the dielectric layer; 6 enbedding copper or copper alloy into
the opening; 7 formng a silicon |layer on the copper or copper 8 alloy by
sputtering, 1ran& LiLagdd g f he silicon layer with the underlying 10 copper
or copper oy t orma copper 11 silicide |layer capping the surface of
the 12 copper or copper alloy. 1 2. The nethod as clainmed in claim1,
wherein the 2 dielgct Enie%hb@yerf&@rfprfia%%%cét'iﬁg'k émat etirdbohauingrk 3
value less than 3.2. 1 3. The nmethod as clainmed in claim1l, wherein the 2
di2l ectridevayer conprisesyorganic |owk material, CVD 3 lowk material, a
conmbi nation of organic lowk material 4 and CVD Iom#k mat eri al ,
ca?bon contmlﬁQKF%ﬂglco@-OX|déelegtﬁnﬂrogéhiﬂ@htalmvﬂ;kaﬁmngNIonge FSG
C, SiOCor 6 SICCN. ;1 4. The nethod as clained in claim1, wherein the
2 %ndth of the openPRGLFENAUEEOrhEHPEBHAECL 5. The nmethod as el ai med in
cI§|n11 mhergén the 2 thickness, of -the qum:ded %%gggg or copper alloy is

| e2s orming an opening in the di ric
6 embedding copper or copper alloy into the opening;
7 forming a silicon layer on the copper or copper
8 alloy by sputtering; and
9 reacting the silicon layer with the underlying
10 copper or copper alloy to form a copper
11 silicide layer capping the surface of the.
12 copper or copper alloy.
1 2. The method as claimed in claim 1, wherein the
2 ~ dielectric layer comprises a low-k material having k
3 value less than 3.2.
1 3. The method as claimed in claim 1, wherein the
2 dielectric layer comprises organic low-k material, CVD
3 low-k material, a combination of organic low-k material
4 and CVD low-k material, carbon-containing silicon oxide,
5 nitrogen-containing silicon oxide, ¥SG, 8iC, 8ioC or
6 Si0CN.
1 4, The method as claimed in claim 1, wherein the
2 width of the opening is less than 900A.
1 5. The method as claimed in claim 1, wherein the
2 thickness of the embedded copper or copper alloy is less

3 than 4000A.



3 than 4000A. 8 1 6. The nethod as clained in claim1, wherein the 2
silicon | ayer conprises anorphous silicon. 1 7. The nmethod as clained in
claim2, wherein the 2 thickness of the silicon layer is 50 to 500A. 1 8.
The nethod as clainmed in claim1, wherein the 2 copper or copper alloy is
formed by the steps of: 3 depositing a copper seed |layer in the opening;
and 4 electro-chemcal plating or electroless plating the 5 copper or

copper alloy qn thengoppernsgeds &ilanela in 91106 et hodoas: ¢! ahaed in
claim1, wherein the 2 copper or copper allToy s fornmed by ¢ enlcal vapor

3 zleposi td0Ni.cch Myekhadmi itk ASantdriHme i91 1Gliim 1, wherein the 2 copper
silicide layer is fornmed by subjecting the 3 senlconductor substrate to an
inert gas-containing 4 anbience at a tenperature of about 150 degrees C.
tol 5 about 450 dedfleesm€rhddlis Teimtdoihasleliai ied wheréinmche furt her
2 conpr|5|ng t he Sﬁﬁfs of: 3 renoving un-reacted portions of the silicon

| ader; ke s h idian i f¥ast dpvss rliserSq &per>Wer | ayi ng the 6 copper

silicide.

1 8. The method as claimed in claim 1, wherein the
2 copper or copper alloy is formed by the steps of:

3 depositing a copper seed layer in the opening; and

4 electro-chemical plating or electroless plating the
5 copper or copper alloy on the copper seed
6 layer.

1 9. The method as claimed in c¢laim 1, wherein the
2 copper or copper alloy is formed by chemical vapor
3 deposition,

1 10. The method as claimed in claim 1, wherein the
2 copper silicide layer is formed by subjecting the
3 _ semiconductor substrate to an inert gag-containing
4 ambience at a temperature of about 150 degrees C. to
5 about 450 degrees C.

1 11. The method as claimed in <¢laim 1, further
2 comprising the steps of:

3 removing un-reacted portions of the silicon layer;
4 and

5 forming a diffusion barrier layer overlaying the
6 copper gilicide.

1 12. The method as claimed in claim 11, wherein the

2 diffusion barrier layer comprises silicon-rich oxide,



1 12. The nmethod as clained in claim1l, wherein the 2 diffusion barrier

| ayer conprises silicon-rich oxide, 9 3 SIN, SIC, SiOC , Si OCN
carbon-containing silicon oxide or 4 nitrogen-containing silicon oxide. 1
13. The method as clainmed in claim111l, further 2 conprising a step of:
form ng an etch-stop layer 3 overlaying the diffusion barrier layer. 1 14.
The nethaghigs $l@i ethdn §i@¢lﬁn 1§ar%§r§bﬂtéﬂ?1n§ £1 £025h OBk YL .compri ses
silicon-rich oxide, SiC S OC , carbon- contalnlng silicon
ox4 de - or rmttmmn—coﬁmﬂmgwmglsjdn Qmw.l de. 1 15. A nethod for
fabricating a sem conductor 2 device, conprising: 3 formng a dielectric

| ayer overlaying a 4 sem conductor substrate; 5 formng an opening in the
di®lectric | ayer, Ghembegdiwg cepperlaimedppier allladyn i ntlo t ierohewi ng; 7
formng a silicon layer on the copper or copper 8 alloy by chem cal vapor
deposi t i SIPTEHHF T eaRt i #FSPhe 1| cBATMADEr Wit h eh@h kil | ylageT0 copper
or, copper II L0 f 11 silicide |ayer capping the surface of
the 12 co‘%per or 900%})6 Cﬁacho‘%gwri% *ite fetfod as claimed in claim 15,
wherein the 2 dielectric |ayer conprises a lowk nmaterial having k 3

yabue less than 5. anl ddenddi®afebhadngy QAT M £ ALd2sn WogLel N the

2 dielectric l'ayer conprises an organic

2 etch-stop layer comprises silicon-rich ox1de, SiC, 8ioC,
3 SiON, SiOCN, carbon-containing silicon oxide or nitrogen-
4 containing silicon oxide.
1 15. A method for fabricating a semiconductor
2 device, comprising:
3 forming a dielectric layer overlaying a
4 semiconductor substrate;
5 forming an opening in the dielectric layer;
6 embedding copper or copper alloy into the opening;
7 forming a silicon layer on the copper or copper
8 alloy by chemical vapor deposition; and
9 reacting the silicon layer with the underlying
10 copper or copper alloy to form a copper
11 silicide layer capping the surface of the
12 copper or copper alloy.
1 16. The method as claimed in claim 15, wherein the
2 dielectric layer comprises a low-k material having k
3 value less than 3.2.
1 17. The method as claimed in claim 15, wherein the
2 dielectric layer comprises an organic low-k material, a
3 CVD low-k material, a combination of organic low-k

10



3 CD lowk material, a conbination of organic lowk 10 4 material and CVD
| ow-k material, carbon-containing 5 silicon oxide, nitrogen-containing
silicon oxide, FSG 6 SIC, SIOC or SIOCCN. 1 18. The method as clainmed in
claim 15, wherein the 2 width of the opening is I ess than 900k. 1 19. The
method as clained in claim15, wherein the 2 thickness of the-enbedded
copper or al | I S4€SS tha 1 2Q. The nethaod_as cl ai ned
in@claimr{%\,%)P %%eiﬁ t he c chéﬁﬁ%%r 33%%%9 é%bsi%thop§cﬁpgg%gggﬁhanced
cheni cal s31vePer HepRsi t aRrobedl coffgiA®hROMs a5 ChARI NBL 4 Clpajgm 15,
wherein the 2 silicon |ayer conprises anorphous silicon. 1°22. The nethod
asécl ai mregitn gl miassioterein the 2 thickness of the silicon layer is
about 50 to 500A. 1 23. The method as clainmed in claim15, wherein the 2
copper or copper alloy is forned by the steps of: 3 depositing a copper
segd | ayer in the opehi Bgthafddas esladmed -ehertiaian b at whgrerineltdet r ol ess
plating the. 5 copper or copper allo n the gopper seed 6 layer. 7 24.
Thg met hot Q&M ¢ gitﬂ%‘?ﬁl PEERY rﬁﬁa%e#etﬁlﬂ% 14 8 copper or copper alloy is
formed by chem cal vapor 9 deposition. 1 25. The nethod as clainmed in

¢l 8im 15, wherghn tige 2nEeRBET a8 chalidBd DL el fid O §PYRY2YR €EL N0 the

2 thickness of the embedded copper or copper alloy is less
3 than 4000A.

1 20. The methoed as claimed in claim 15, wherein the
2 chemical vapor deposition is plasma-enhanced chemical
3 vapor deposgition,

1 21. The method as claimed in claim 15, wherein the
2 silicon layer comprises amorphous silicon.

1 22. The method as claimed in claim 15, wherein the
2 thickness of the silicon layer is about 50 to GSOOA.
1 23. The method as claimed in claim 15, wherein the
2 coppex or copper alloy is formed by the steps of:

3 depositing a copper seed layer in the opening; and

4 electro-chemical plating or electroless plating the
5 copper or copper alloy on the copper seed
6 layer.

7 24. The method as claimed in claim 15, wherein the
8 copper or copper alloy is formed by chemical wvapor
9 deposition.

1 25. The method as claimed in claim i5, wherein the
2 copper gilicide layer is formed by subjecting the

11



3 sem conductor substrate to an inert gas-containing 4 anbience at a
tenperature of about 150 degrees C. to 5 about 450 degrees C. 1 26. The
nmethod as claimed in claim15, further 2 conprising the steps of: 3
removing un-reacted portions of the silicon layer; 4 and 5 forming a

di ffusion barrier layer overlaying the 6 copper silici dg -1 27|. The

meg hod as hpes], d | ai erein t . diffusion barrier.layer
co%rpri sessglillﬁ con-#ﬁrﬁ o%i(‘%%?ra Si ﬁl@ Slgg, é%é Si CCRFBSRIEENt ai ni ng
sidicon oxhsPenced @t Nit MQGRNEGHURI NERY Sbbi€ OA 50Xi @8grde28.c The Met hod as
claimed in claim26, further 2 conprising a step of: ?orm ng an etch-stop
| ayer 3 alveut adfhgiddweeak fd Uusi on barrier layer. 1 29. The net hod as .
claimed in claim28, wherein the 2 etch-stop |layer conprises silicon-rich
oxide, SIC, SIOC 3 SiON SiOCN carbon-containing silicon oxide or
nitrogen- 4 cotftai iR $9Ghash egi delaiped in claim 15, further

2 comprising the steps of:

3 _ removing un-reacted portions of the silicon layer;
4 and

5 : forming a diffusion barrier layer overlaying the
6 copper silicide.

1 27. The method as claimed in claim 36, wherein the
2 diffusion barrier layer comprises silicon-rich oxide,
3 SiN, 8SiC, §8iOC, 8iOCN, carbon-containing silicon oxide,
4 Or nitrogen-containing silicon oxide.

1 28. The method as claimed in claim 26, further
2 comprising a step of: forming an etch-stop layer
3 overlaying the diffusion barrier layer.

1 29. The method as claimed in c¢laim 28, wherein the
2 etch-stop layer comprises silicon-rich oxide, 8iC, 8i0C,
3 SiON, SiOCN, carbon-containing silicon oxide or nitrogen-
4 containing silicon oxide.
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