SI NGLE METAL DAMASCENE STRUCTURE AND METHOD OF FORM NG THE SAME
5BACKGROUND OF THE | NVENTION Field of Invention [0001] The present
invention relates to a single netal damascene structure and a net hod
of formng the sane Description of Related Art 10[ 0002] A contact
process is i.ncluded between the front-end-of-Iine and back-end-o

line pr oé@%@L&Mﬁgéh AAMS GENE I e T BREqa PAEERHRR QEtFlQ%MH&@ HéEt 0

formcontacts electrically connecting the device on the substrate and
the nmetal lines. [0003]1n the contadANEocess, an interlayer
dielectric layer is formed on the substrate having the device
formed thereon, a contact opening is thereafter formed in 15t he
dielectric |ayer through photolithography and etchi ng processes, and
a tungsten plug is then forned in the contact opening. [0004]Wth

m nim zation of the device the resistance of the tungsten plug is

increased as the dinensig the front-end
perfo?nance degr adati on occurs @@él Fhe coppgy%g ﬁg is used to

repl ace sten pl ug, the 20contact resistance can be reduced
but the k&%b%gpg??Fﬁ3|on probl emis caused thereby.

[0001] The present invention relates to a single metal damascene structure and a
method of forming the same.
Description of Related Art
10 [0002] A contact process is included between the front-end-of-line and back-end-of
line process stages in the semiconductor device manufacture, so as to form contacts
electrically connecting the device on the substrate and the metal lines.
[0003] In the contact process, an interlayer dielectric layer is formed on the
substrate having the device formed thereon, a contact opening is thereafter formed in
15 the dielectric layer through photolithography and etching processes, and a tungsten plug
is then formed in the contact opening.
[0604] With minimization of the device, the resistance of the tungsten plug is
increased as the dimension thereof is reduced, and the front-end performance
degradation occurs. When the copper plug is used to replace the tungsten plug, the

20 contact resistance can be reduced but the copper diffusion problem is caused thereby.

SUMMARY OF THE INVENTION
[0005] The present invention provides a single metal damascene structure to reduce
the contact resistance, prevent the metal from diffusing and enhance the device

25  reliability.



SUMVARY OF THE | NVENTI ON [ 0005] The present invention provides a
single nmetal damascene structure to reduce t he cont act

resi stance, prevent the netal fromdiffusing and enhance the device
25reliability. [0006] The present invention further provides a nethod
of form’E sing) e netal, darrasc%e e structure, hlﬁa ich a barrier
layer cam'i8lf or HRUPEHR BYSHHPR Hythee dsavidssepgicthadod forning dstipgle daielbe
avoi ded, and the device reliability can be enhanced. [0007] The
present Hamaseenopirgntwvi deshigh gibagics layet ain bafased nathstimpla proeess steps,
including 5 an insulating layer, a netal filling layer and a barrier
| ayer. Thestalalsfliksadn ¢ag Heayerdethamd dlre deperiralgptiliigcen he ediidacedkt al filling
| ayer is |ocated in the opening. The barrier |layer is |ocated between

the nmetalodo7h | i Nohd posgint aRdniidiEproPiled A6iBR haXEdamatf@icRaNEEY intRYBE
i ncludes an alloy, and the alloy includes a copper elenent and at

| eastsong, %‘Elfaﬂﬁ% léyﬁi%lﬂé%&ﬁlmf? 3 &%radﬁaﬁg?#lg%&” ?HP%@E%EQ@ gl%r 3%

present 1 nventio eas e anot tal 1 nc
manganese %g%% el eme an ‘é m iunl(A%% I nt or an.all oy .
thereof . opUBBBIREGLr af iegris” T gt reGn T et e patien tavsis
t he opening includes a contact opening or a via opening. .
15[ 0010] k<atsd drsttyesro thenmetab dHling: fyeprnd fbe ppsubding laysrent he hartigseayer
metal filling layer includes a tungsten (W elenent, a copper elenent
or an al irpjudehenedioy] 00d thedckey dichgles @ enppenblodicnteatd of ldakieopr e
i nvention, the single netal

metal.

10 [0008] According to an embodiment of the present invention, the at least one
another metal includes a manganese (Mn) element, an aluminium (Al) element or an
alloy thereof.

[0009] According to an embodiment of the present invention, the opening includes
a contact opening or a via opening.

15  [0010] According to an embodiment of the present invention, the metal filling layer
includes a tungsten (W) element, a copper element or an alloy thereof,

[0011] According to an embodiment of the present invention, the single metal
damascene structure further includes a conductive region on a substrate, and the
conductive region electrically contacts the barrier layer.

20 [6012] According to an embodiment of the present invention, the conductive region
includes a metal silicide layer or a doped region.

[0013] According to an embodiment of the present invention, the single metal

damascene structure further includes a seed layer disposed between the barrier layer and

the metal filling layer.



damascene structure further includes a conductive region on a
substrate, and the conductive region electrically contacts the
barrier layer. 20[0012] According to an enbodi nent of the present

i nvention, the conductive region includes a netal silicide |layer or a
doped regjon. [0013] According to an enbodi ment of the present

i nvent i of0lthe sifgirdingeloarn capkpdime o figc Prssents invenén i e | wad dayer
seed | ayer disposed between the barrier layer and the netal filling

| ayer. [BOxsh Aeelbestéandpiniogdv andind tasterme obiAlr Mg, Be.dse it, BaadenYilon U,
the seed layer includes an alloy containing Cu and at | east one of

A, M, BeNECam,3u, GdaTb 0y, Mo, lriaTmUYbPLy, IV, Bib, TEWT, Gtb, WhyIn[Re, Sto,
Er, Tm Yb, Lu, Hf, V, Nb, Ta, C, Mo, W M, Re, Si and Ce.

5[ 0015] Thgd geesent invention further provides a nethod of formng a
single metal damascene structure. An insulating layer is fornmed on a

bst at i ng.is: i 1 i | AN
SubSt 52! dyor8) PRI 0,0 LTS e 1 102 BING Rt AL G
I i ngl ud first t al d . A tal filli .
aver | nopudes, fyrlist el and e ceoond mel ol Amtal IR,

10ni trogen- cont ai ni ng gas at nosphere, so that the second netal of the
al | oy | ayeimeddn gieripsigiinedays. £ dnrallay daseals iermed o asilpenll 48d g bptiemicdr
| ayer. [0016] Accordi ng to an enbodi ment of the present invention, the
first netl opaingi f fldeearitoyf lapen tnhimdsee dindt metad | and[ D6k phAaoaaldi g ntetal an
enbodi mrent of the present invention, the first netal is the
filling layer is formed in the opening. An annealing is performed in a
10 nitrogen-containing gas atmosphere, so that the second metal of the alloy layer is
nitridated to form a metal nitride layer as a barrier layer,
[0016] According to an embodiment of the present invention, the first metal is
different from the second metal.
[0017] According to an embodiment of the present invention, the first metal is the
15  same as the metal filling layer.
[0018] According to an embodiment of the present invention, the first metal
includes a copper element or an alloy thereof.
[0019] According to an embodiment of the present invention, the second metal
includes a titanium (1) element or an alloy thereof.
20 [0020] According to an embodiment of the present invention, the
nitrogen-containing atmosphere includes nitrogen gas, ammonium gas or a combination
thereof.

[0021] According to an embodiment of the present invention, the metal filling layer

includes a copper element or an alloy thereof.



15sanme as the netal filling layer. [0018] According to an enbodi nent
of the present invention, the first netal includes a copper el enent
or an alloy thereof [0019] According to an enbodi nent of the present
i nvention, the second netal includes a titanium (Ti) elenment or an
al I oy thereaof ZOkQOZOJAccording to an_enbodi ment of the present

i nventi onYU4e niesBgBs-te sREHIRiRErAchsdheat ierire e rrerBganclyds
ammoni um gas or a conbi nation thereof [0021] According to an

enbodi neptcopfactdpsnmEes @rta penait i on, the netal filling | ayer includes
a copper elenent or an alloy thereof [0022] According to an

enbodi me®023f t hac@rémgntd dnnstebddiment dfhke gpeaningvemadny desmathodnushér
opening or a via opening. [0023] According to an enbodi nent of the

present ii@RG ifMink ResatBENOdIalal Bdh@den the shiElakedasl the i MBul8ing layer, and
sacrificial |ayer between the Substrate and the insulating lNayer, and

o he SoMIAIL TR TAONETRRIELE o Lover; [0024)pecording o
[0024] According to an embodiment of the present invention, the method further
includes forming a seed layer between the barrier layer and the metal filling layer.
[0025] According to an embodiment of the present invention, the seed layer
includes an alloy containing Cu and at least one of Al, Mg, Be, Ca, Sr, Ba, Sc, Y, La, U,

10 Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Si
and Ge.
[0026] The single metal damascene structure of the present invention can reduce the
contact resistance, prevent the metal from diffusing and enhance the device reliability.
[0027] In the present invention, according to the method of forming the said single
15 metal damascene structure, a barrier layer can be formed with simple process steps,
metal diffusion can be avoided, and the device reliability can be enhanced.
[0028] In order to make the aforementioned and other objects, features and
advantages of the present invention comprehensible, a preferred embodiment
accompanied with figures is described in detail below.
20
BRIEF DESCRIPTION OF THE DRAWINGS
[0029] The accompanying drawings are included to provide a further understanding
of the invention, and are incorporated in and constitute a part of this specification. The

drawings illustrate embodiments of the invention and, together with the description,

25  serve to explain the principles of the invention,
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includes formng a seed | ayer between the barrier layer and the netal
filling layer. [0025] According to an enbodi nent of the present

i nvention, the seed |ayer includes an alloy containing Cu and at

| east one of Al, My, Be, Ca, Sr, Ba, Sc, Y, La, U, 10 Pr, Nd, Sm Eu,
Gd, Tb, Ho, Er, Tm_Yb, Lu, H, V, Nb, Ta, C, Mo, Mi, Re, Si

and Ge. ] ThE'S h@?@%l@éh’y dRHEcE e COpT-BCHgRY ‘tS‘FWt‘\P/FVea ﬁf*%“eﬁtetﬁ

invention can reduce the contact resistance, prevent the nmetal from

di f f usi ngamngtcaniaivbee ptvording iccan erabadapentiaf yhe progayinvantidie pr esent

i nvention, according to the nethod of form ng the said single 15netal
damascen¢0@tijuct BiGs, 24 (b aDrdchembtiply ilbanateerdrsaettbns vibws bfiphethod of

process steps, netal diffusion can be avoi ded, and the device

reliabilifspmig@R ﬂ%l@ﬂi@dl%%as&&@%%hbtﬁhr@ﬁ&%f‘di&@ orRkSthtn@nbodiment of the
af orenenti oned and ot her objects, features and advantages of the

preseat | t:] .conprehensi ble, a preferred enbodi nent acconpani ed
Wi t h igS?éeég&i‘g‘%@te’grgri bed in detail below 20 BRI EF DESCRI PTI ON OF

THE DRAW NGS [ 0029] The acconpanyi ng drawi ngs are included to provide
a further understanding of the invention, and are incorporated in
and constitute a part of this specification. The drawings illustrate

enbodi ments of the inventi & ?Ti%é?]f‘lng’)a@pWEhgsdescri ption,

25serve to explain the principles of the invention. damascene
st ruct ur ¢0@32¢ or dRefgrence will epwdeti medet ingletailhte the psesent rirefvrrerd ewhodiments

of the invention, examples of which are illustrated in the accompanying drawings.
10 Wherever possible, the same reference numbers are used in the drawings and the
description to refer to the same or like parts.
[0033]} FIG. | schematically illustrates a cross-sectional view of a single metal
damascene structure according to an embodiment of the present invention.
[0034] The single metal damascene structure 30 of the present invention includes a
15 dielectric layer 16, a barrier layer 20, a seed layer 21 and a metal filling layer 22. The
dielectric layer 16 has an opening 18 therein, and the opening 18 exposes the conductive
region 12. The diclectric layer 16 includes a dielectric material, such as silicon oxide
or a low-dielectric-constant (low-k) material with a dielectric constant less than 4.  The
opening 18 can be a hole extending in a single direction. The single direction can be a
20 direction substantially perpendicular to the surface 10a of the substrate 10. The hole
extending in a single direction can be a contact opening or a via opening, for example.
In an embodiment, the opening 18 is a contact opening, and the exposed conductive
region 12 is a doped region, a metal silicide layer or a gate conductive layer on the
substrate 10. The substrate 10 can be a semiconductor substrate or a

25  silicon-on-insulator (SOI) substrate, for example. The doped region can be a source

5



[0031]FIGs. 2A to 2D schematically illustrate cross-sectional views
of a nethod of formng a single netal damascene structure
accordi ng to anot her enbodi nent of the 5present invention.
DESCRI PTI ON OF EMBODI MENTS [ 0032] Ref erence wi Il now be nade in detai
to the present preferred enbodi nents of, the invention, a I%s
of whi ch e 4 AR redialy of AnpieT A hBamFFiTy taﬁﬁwag@sﬁ Heinehe e
possi bl e, the same reference nunbers are used in the draw ngs and the
descri pt sdwideolayef ean bothichenesdigposgel dnj e sparcesegipo08R] RE, region or the
schematically illustrates a cross-sectional view of a single netal
damascengobskiiiwct gate. adhomdital gilicddaryeninobiidoe ninggién siieidor(@8®iR], titanium
I nvention. [0034] The single netal danascene structure 30 of the

present isp¢gRt (DSL) NGl wewat dal&dé eq@stzgi& hayer siRided (N®i))] erTHeayele
20, a seed layer 21 and a netal filling |ayer 22. The dielectric

| ayer s 16 Hag,cale %?r%bﬁ%%@ cﬁo@?&é ?%)1” Isiéi@ ¥ g/a;ygleﬁpﬁ)%t{lgs’ ﬁd@ﬁgf)ﬁ ﬁtsatntfb‘%ai

conductive regl on 6 1 nc es a electric

rat or | 2l EARORE o eration e nd i Cru Bl e SR By Peinil
be a hole extending in_a single direction. The single direction can
be a 20diﬂ#eeé‘%hsﬁ’ﬁtesﬂ)ostTatﬁt sagrifigiap &g di aelides $icqm Bitddg, randethe ofarping
the substrate 10. The hole
method thereof includes performing a chemical vapor deposition (CVD) process. In
another embodiment, the opening 18 is a via opening, and the exposed conductive
10 region 12 can be a metal line, a wire or a metal layer.
[0035] The barrier layer 20 is located on the sidewall 18a and the bottom 18b of the
opening 18, between the metal filling layer 22 and the dielectric layer 16, and between
the metal filling layer 22 and the conductive region 12. In an embodiment, the barrier
layer 20 includes a alloy, and the alloy includes a copper (Cu) element and at least one
15  another metal. The at least one another metal includes a manganese (Mn) element, an
aluminium (Al) element or an alloy thereof. The method of forming the barrier layer
20 includes performing a CVD process or a physical vapour deposition (PVD) process.
{0036} The seed layer 21 is disposed between the barrier layer 20 and the metal
filling layer 22, The seed layer 21 can have the same material as the metal filling layer
20 22, or can have an alloy containing the material of the metal filling layer 22 and another
metal. The seed layer 21 includes an alloy containing Cu and at least one of Al, Mg,
Be, Ca, Sr, Ba, Sc, Y, La, U, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, V,
Nb, Ta, Cr, Mo, W, Mn, Re, Si and Ge. The method of forming the seed layer 21

includes performing a CVD process, an electrochemical plating (ECP) process or a

25 PVD process. The seed layer 21 can provide excellent electromigration resistance.
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extending in a single direction can be a contact opening or a via
opening, for exanple. In an enbodi nent, the opening 18 is a contact
openi ng, and the exposed conductive region 12 is a doped region, a
netal silicide |ayer or a gate conductive |ayer on the substrate

10. The suybstrate_10 can a sem conduct bstrate or a

25si | i comd®li nshamsial %ee) lagefhsd tsalo eatecf bt ﬁeﬂmng I8ioecarsp it Hagisron
can be a source 5 region, a drain region or another region connected
to the cdayengd. pTln.ﬁgmetahﬁlhneﬂmel gyinslwies b dyrgsteod WV )ixéderndrd, aemwpel dpoewd
on the source region, the drain region or the polysilicon gate. The
met al si br cndelldsayietredfnc Tue ascthidhgst nmaig tiel deta] WHig , laydrt 2Diinetudes
silicide (TiSi2) or cobalt salicide (CoSi2) or nickel silicide

(Ni Si2). p&h@rnﬂﬁ%ﬁ CVD 9%@%0511 MePIRYREs &P YD Rogeped pol ysilicon

| ayer or a netal silicide ayer or a netal gate Iayer A sacrificial

| ayers g‘}d?g “”fi'me'ém'e‘]].?dfoﬂﬁﬁ tP e""Bz‘?r?ii g1 ) GELE %még?ey ‘ﬁ{eta]@dag%gcén'ée

substrat The sacrificia ayer 1I"'ncl udes ‘si i tri

depost 11 O TS 5 Lea M S P C SR HERIA =T Ag o fefs A Jesens

via opening, and the exposed conductive 10region 12 can be a netal
line, a ®ichenper ap gy gpntabNag tungeB5] The barrier | ayer 20 is |ocated
on the S|demall 18a and the bottom 18b of the opening 18, between the
met al fi[0039¢ | alpeanoBer amdbodineendi thé batriei ayene of 16 siagld rxeit hbemstene
metal filling layer 22 and the conductive region 12. In an

enbodi megfucttulRels Baddel @ra Cawner ally.i Mhauaiet dillald Ryer 206k tage af hQ:)?SFper
i ncl udes a copper (Cu) elenment and at | east one 15 another netal.

The ag I@@ﬁ{enp@pa@djgghgﬁtamgago P&cl udes a manganese (M) elenent, an
alunlnlun1(Al) el erent or an oy thereof The method of fnning t he

barrier 20 |n p SARI h

vapour dep03| ti on %VB &ﬁ?logélggdﬁ%%gsg‘] qi{% il%see & %Re?taﬁl% }éﬁlg éne(t)eg d
bet ween the barrler | ayer t lin yer 22. The seed
| ayer 2198EASRAS Bryofge ésa%g%f %&P&\qnﬁ’ge aﬁ ll%me?fil rﬁile layetyidris mpge
22, or can have an alloy containing the naterlal of the metal filling
| ayer 220Aadopnsoekeamentesiaalalloykentgiaeng doapess 21 i ncl udes an al | oy
containing Cu and at |east one of Al, My, Be, Ca, Sr, Ba, Sc, Y, La,

U, Pr, Nj004%in Ein, st@d andtbher ByxboMenErm ddditiorb to lthe Shifgle }ﬁetdﬂbjaniﬁaqené?r,
Mo, W M, Re, Si and Ge. The nethod of formng the seed | ayer 21

i ncl ysles spedthRs MRALA! 5P¥be PhOBATSY la9ft B RGtUeasRIf@dhetBll Biride Gohdeold)y,
process or a
such as titanium nitride. The metal filling layer 22 can be made of a copper element or
an alloy containing copper.
[0042] FIGs. 2A to 2D schematically illustrate cross-sectional views of a method of
forming a single metal damascene structure according to another embodiment of the
20 present invention. As shown in FIG. 2D, in this embodiment, the barrier layer 20 of
the single metal damascene structure can be made of a metal nitride conductor, such as
titanium nitride. The metal filling layer 22 can be made of a copper element or an
alloy containing copper.

[0043] Referring to FIG. 2A, in the method of forming a single metal damascene

25  structure, a substrate 10 having a sacrificial layer 14 and a dielectric layer 16 thereon is
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25PVD process. The seed | ayer 21 can provi de excellent

el ectrom gration resistance. [0037] The netal filling layer 22 is
| ocated in the opening 18 to cover the barrier |ayer 20. The netal
filling layer 22 includes a tungsten (W elenent, a copper elenent or

an alloy thereof. The nethod of formng the netal filling |ayer 22

i ncl udes PERIdesr MR epeeing 15 is desaed faﬁh%@'lﬁ?ig@ég@' lgrang tﬁwef#%égw
5[0038] I n an enbodi nent, the barrier layer 20 of the single netal
damascenébst Fucopameng B8 eredecsof cend@otiwhlapgr] Igyon thheubrstatd 14.i | THerpehiager
22 is made of a tungsten elenent or an alloy containing tungsten.

[ 0039] | n1&nahhier femizadihmeuth, lithography rdndr ettlaiyig rpr@@safs. t Mee shaghas ratia
damascene structure is made of a Cu-Wh alloy. The netal filling

| ayer 22 fiiminpafiafds bIeapRehdkBE 88EBE 101 tiRNsaalifioMl &9t alhiRalicleaper -
[ 0040] I n yet anot her enbodi nent, the barrier layer 20 of the single

et a! 5 dap&gélc ?fpgrkf %h'fg %ﬁr%%%?eoi‘(§ hmq)%er? Ees%f'ig%lf Mb’v’éﬂr anﬂI th@ %f?taﬂ-gqﬁe Bt ﬁ‘érated

filling yer a copper el enent an alloy contal ning
copper. [0041]1In still another enbodinment, in addition to the single
metal daf#§tene 15 structures described above, the barrier |ayer 20
can be made of a netal nitride conductor, such as titaniumnitride.
The met alO0# | | nbhareafisr. amalloyray Jeigdogredon Bispidevailelfand ghe hpttom
al l oy containing copper. [0042]FIGs. 2A to 2D schematically

i |1 ustrafl8bof deserssgi BnalTheiadwg lofer 24netihdad aofirsf oretdl ngd a sstomgll metal.
met al damascene structure according to anot her enbodi nent of the 20

present Thy @Rt inetal 1A8ifERaMohnthEkézondBetaln Tihiserebhbichen® te, firkthgetal is
barrier layer 20 of the single netal damascene structure can be nade

of ajgret gle Hintd hdehC ARUICERLy 1f§§»l&h22’5}3 Ihién%IfHeWéhmoHﬁﬁéiﬁ?,- thFPﬁrsF%e@Al is

filling layer 22 can be made of” a copper elenent or an alloy

I ni teret froni t etal fiiing | -e 2.°T st ai-i cl a r element or
cont ai ni g, £OpREL lORAR FREE1LING! OTFl Fise Hval i b8 SEHBA%MIGH

form ng a single neta

an alloy thereof, The second metal includes a titanium (T1) element or an alloy thereof.
The method of forming the alloy layer 24 includes performing a CVD process. In an
embodiment, the first metal includes a copper element, and the second metal includes a
15  titanium element,
[0045] Referring to FIG. 2B, a seed layer 21 and a metal filling layer 22 are formed
in the opening 18. The seed layer 21 can have the same material as the metal filling
layer 22, or can have an alloy containing the material of the metal filling layer 22 and
another metal. The seed layer 21 includes an alloy containing Cu and at least one of
20 Al, Mg, Be, Ca, Sr, Ba, Sc, Y, La, U, Pr, Nd, Sm, Eu, Gd, Tbh, Dy, Ho, Er, Tm, Yb, Lu,
Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Si and Ge. The method of forming the seed layer
21 includes performing a CVD process, an ECP process or a PVD process. The metal
filling layer 22 includes a copper element or an alloy containing copper. The method
of forming the metal filling layer includes performing a CVD process, an ECP process,

25 oraPVD process.



25structure, a substrate 10 having a sacrificial layer 14 and a
dielectric layer 16 thereon is provided, and an opening 18 is forned
in the sacrificial layer 14 and the dielectric |layer 16. The opening
18 exposes a conductive |ayer 12 on the substrate 10. The opening 18
can be fornmed thyrough I|thography and, et ching processes. The .

mat er i al 90480 f oRFeHEERIHEd4C o dHEal %@tﬂevgrm%i%nlﬂﬁgelt-ﬁ@taiﬂfng
sacrificial layer 14, the dielectric 5layer 16 and the substrate 10
have beentepbeibedthabe sccond dnatileofdbe ailoxsleaee2ditnitidetedtte dotren siatel

[ 0044] Thereafter, an alloy layer 24 is forned on the sidewall 18a and
t he bott aimid8dagd dshe pden hgeld80. THhe ahitroyed-eyediniad atnobpldes iacliidasst
metal and a second metal. The first metal is different fromthe

second n%ﬁﬁJ%e dhs ABmBITAREH TRObr o BSmbinkiddn MREAE. | Afied Chd REnRARE 28sis

t he net al I|ng | ayer 22.” In another enbodinent, the first netal is

01125 e AL DR TR e LF DR UG 22 NS 1L
tltanlun1(T| nt__or an al I her eof The nmet hod of form ng the
al | oy Iaﬁ%?méﬂ W% Vﬂ&g§“ﬁ@?$ﬁ?kﬂ% ig CVD process. In an enbodi nent,
the first netal includes a copper elenent, and _the second netal

i ncl udes [@047%t i t RefetringeioditentD. froongpRaliag daysy 22 onphedichpiriclagereld is
| ayer 21 and a netal filling layer 22 are fornmed in the opening 18.
The seedrdmyed, 24d ¢ bhmve ldyee 20athe semt dnyeal 21agnd e metadlfilfing ldayeg 22
| ayer 22, or can have an alloy containing the material of the netal

filling Ir@mﬁﬁmgan Ao ARSIl seiRtasla. sifdle neef damayehe gitudhire] UTRS mathod
all oy containing Cu and at | east one of 20 Al, My, Be, Ca, Sr, Ba,

SC Y@ L%f rdthoi ﬁ%l@qneémﬂlﬁ%la}@ 22 W th%ielé@lﬁlc et T8nclRes gb’i’foﬂﬁqmg Y,

and . The netho of formng the seed
Iayer 21 ncl erf r.ocess, an ECP process or a PVD
process. #@?ﬁf Fc?ﬁfﬁﬁpﬁ%ﬁg§¥g§ 9CHEl udes a copper el enent or an
al | oy contai ni ng copper. The tgod of f%rnln t he net al fllb%n
layer inédiidés poFsBTiREdg he Hoee <, thy rpresept MpvsEHey, the siedrformipgp

pr ocess. _ . o
barrier copper process in the back-end-of-line (BEOL) is introduced to the contact

process in the front-end-of-line, and thus, the contact resistance is reduced, metal
15  diffusion is avoided and the device reliability is enhanced.

[0049] In summary, the single metal damascene structure of the present invention

caﬁ reduce the contact resistance, prevent the metal from diffusing and enhance the

device reliability.

[0050] In the present invention, according to the method of forming the said single
20 metal damascene structure, a barrier layer can be formed with simple process steps and

metal diffusion can be avoided.

[0051] The present invention has been disclosed above in the preferred

embodiments, but is not limited to those. It is known to persons skilled in the art that

some modifications and innovations may be made without departing from the spirit and



[ 0046] Referring to FIG 2C, an annealing 26 is perforned in a

ni trogen-cont ai ni ng atnosphere, so that the second netal of the alloy
|l ayer 24 is nitridated to forma netal nitride |ayer as a barrier

| ayer 20. The nitrogen-containing at nosphere includes nitrogen gas,
anmoni um gas qr, a conbj nat | on ther?of. Af ter tqg anneaJiQ%,ZG IS
Sper f or mecPPeLhderresept ipgentionor ThakeToqe) thy spopgf thepresenhigyerjonyshawlddg
and is fused with the netal filling layer 22 or the seed |ayer 21.

[ 0047] Reflefinedry thefatlo@in@glaimste netal filling |ayer 22 on the
dielectric layer 16 is renoved, and the barrier |ayer 20, the seed

| ayer 21 and the netal filling layer 22 remaining in the opening 18
serve as a single netal damascene structure. The nmethod 10of renoving
the netal filling layer 22 on the dielectric |ayer 16 includes

perform ng a chem cal mechani cal polishing (CW) process.

[ 0048] According to the enbodi nent of the present invention, the

sel f-form ng barrier copper process in the back-end-of-Iine (BEQ.)
is introduced to the contact process in the front-end-of-line, and
thus, the contact resistance is reduced, netal 15diffusion is avoi ded
and the device reliability is enhanced. [0049] I n summary, the single
nmet al damascene structure of the present invention can reduce the
contact resistance, prevent the netal fromdiffusing and enhance the
device reliability. [0050]In the present invention, according to the
met hod of formng the said single



20met al damascene structure, a barrier layer can be fornmed with
sinpl e process steps and netal diffusion can be avoided [0051] The
present invention has been di scl osed above in the preferred
enbodi ments, but is not limted to those. It is known to persons

skilled i one nodifications and i nnovati ons nay be
made wit %H§§8§;%ha€bﬂ3bn1the spirit and scope of the present
invention. Therefore, the scope of the present invention should be
defined by the flomsml%gwtﬂld@lﬁ%scenwwunfscwmlm | S: 1. A
single nmetal damascene structure, conprising: an insulating |ayer,
havi ng an openimgimmhﬂmgmgmahadMghnbpMﬁh@gwkmyer, | ocated in the
openi ng; and 5a bather layer, |ocated between the metal filling layer

and the InSU|athmgﬂﬂayﬁﬁgk@@ﬁkﬁhﬁd&hﬂmhﬁémhghmhayer conprises an
all oy, and the alloy conprises a copper elenent and at |east one

another netal. ,paier layer Jocaldioethvdl e Hﬁ%a@hll%%%ﬁ& tiRt ih AL, aﬁ% o

claim1, wherein the at” |'east one anot her conprises a ma
(M) el ement L &ln atLéJ rlT)]arrHellJ %)ge'?‘lc)om%lrlgergeﬁ{ aﬁoy, an[he allio¥ Ctom%n%es a copper

element and at least one another metal.
2. The single metal damascene structure of claim 1, wherein the at least one
another metal comprises a manganese (Mn) element, an aluminium (Al) element or

10 an alloy thereof.

3. The single metal damascene structure of claim 1, wherein the opening
comprises a contact opening or a via opening.

4. The single metal damascene structure of claim 1, wherein the metal filling
layer comprises a tungsten (W) element, a copper element or an alloy thereof.

I5 5. The single metal damascene structure of claim 1, further comprising a
conductive region on a substrate, the conductive region electrically contacting the
barrier layer.

6. The single metal damascene structure of claim 5, wherein the conductive
region comprises a metal silicide layer or a doped region.

20 7. The single metal damascene structure of claim 1, further comprising a seed
layer disposed between the barrier layer and the metal filling layer.

8. The single metal damascene structure of claim 7, wherein the seed layer
comprises an alloy comprising Cu and at least one of Al, Mg, Be, Ca, Sr, Ba, Sc, Y,
La, U, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, V, Nb, Ta, Cr, Mo, W,

25 Mn, Re, Si and Ge.



3. The single nmetal damascene structure of claim1, wherein the
openi ng conprises a contact opening or a via opening. 4. The
single netal damascene structure of claim1, wherein the netal
filling | ayer conprises a tungsten (W elenent, a copper elenment or

an alloy thereof ,15 5. The single nmetal damascene structure .of claim
o urther compiATRYRE dfatiol Aoieloy R S RG BuE i compRate:
conductive region electrically contacting the barrier |ayer. 6.
The singl e net aforgieaciasidatyglarerona sybstidigii m 5, wherein t he
conductive region conprises a netal silicide |ayer or a doped region.
207. The si ngl efomsing ardpeninganehesnsuiatingrleyesf claim 1, further
conprising a seed | ayer disposed between the barrier |ayer and the

metal filling | Ay&ing an allo§.layEhen aishighall il albodamas tengeiingUwheer (Bé
claim7, wherein the seed |ayer conprises an alloy conprising Cu and

at | epst ong|gf lagépcowq:ris&ea fifsBmedl] anPRsecefid mbtaltd, U Pr, Nd, Sm Eu,
&d, Th, Dy, Ho, Er, Tm Yb, Lu, Hf, V, Nb, Ta, C, M, W 25MW1, Re,

Si and GCe. 9.1%&3%rgmkﬁﬁﬁﬂﬁqqéggkﬁhgbgghg,Qﬁgal damascene .
structure, conprisiig: ornlné n i nsul |n% yer on a substrate;
form ng an opening in the insulating |ayer, . . form n
all oy layer on %er&r@é%'a"l‘r} angcgling M%‘Hﬁg CHRUNGE AP ﬁ@?osﬁmﬁeﬁoﬁﬂ%gtﬁge
S5alloy layer conprises a first metal and a second netal; formng a
nmetal filliaepondyestali of theeallpyelavergis milglated to ems »mivital ritaigle dayreadsi mg
in a nitrogen-containing gas atnosphere, so that the second netal of
the all oy | dyeier lagemitridated to forma netal nitride |ayer as a
barrier layer. 1010. The nethod of claim9, wherein the first netal
is dif ferent from Thenzaeanst BIA!9, wherein the first metal is different from the
second metal.
11, The method of claim 10, wherein the first metal is the same as the metal
filling layer.
12. The method of claim 10, wherein the first metal comprises a copper
15 element or an alloy thereof.,
13. The method of claim 10, wherein the second metal comprises a titanium
(T1) element or an alloy thereof,
14. The method of claim 9, wherein the nitrogen-containing atmosphere
comprises nitrogen gas, ammonium gas or a combination thereof,
20 15. The method of claim 9, wherein the metal filling layer comprises a
copper element or an alloy thereof.
16. The method of claim 9, wherein the opening comprises a contact opening
or & via opening,.

17. The method of claim 9, further comprising forming a sacrificial layer

25 between the substrate and the insulating layer, the opening extending into the

12




11. The method of claim 10, wherein the first netal is the same as
the netal filling |ayer. 12. The method of claim 10,
wherein the first netal conprises a copper 15elenent or an alloy

t her eof 13. The met hod of claim 10, wherein the second netal
conprises a tl%ﬁni m(Ti) elenment or an alloy thereof 14. The
met hod of cl%f fein the nitrogen-containing atnosphere

conpri ses nltroqenwg anmoni um gas or a caonbi nati.on thereof 2015.
The nethod of cildi Ahomeghnsdrodichimyd fithes compriping doimipep segshigyFickesween
copper elenent or an alloy thereof 16. The method of claim?9,
wherei n t he tbpbaiinglayengndithemetal E8imgdeteropeni ng or a via openi ng.

17. The nmethod of claim9, further conprising formng a sacrificial
| ayer 25between I9h&hsubsthodte enich t1Bewhaeil dd ggdl Ayar corhfeseo paNAlNY

extending into the sacrificial |ayer. 18. The method of claim
9, fusther %ﬂ?ﬁisﬁi r@gﬁ&fﬁf‘lé&t @n&cﬁ‘%@l Bk, OLI%eEBR Sch‘?' Parwi Br Ndaggr
and the netal filling |ayer. e nmethod of claim18, 'wherein

e saca T, g Ghehugh. bhons? oI S 0 8 Lgahs 9

Er, Tm Yb, (gy Hf, V. Nb, Ta, C, M, W M, Re, Sl and Ce.
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