; e3eWrd: 6<r 6TBK4ACOPPER RECESS FORMATI ON USI NG CHEM CAL PROCESS FOR

FABRI CATI NG BARRI ER CAP FOR LI NES AND VI AS FI ELD OF THE | NVENTI ON The
present invention relates generally to fabrication of sem conduct or
devices, and nore specifically to nethods of fabricating a barrier cap

| ayer for lines and vias. 1 BACKGROUND CF THE | NVENTI ON The current
practice uses a copper (Cu)-chem cal nechanical polishing (CW) to

pl anari ze the copper surface after filling the line/via by copper

el ectrochem cal plating. The Cu-CMP stops on the oxide. A post-CMP silicon
nitride (SIN) overlying cap layer is a common integration approach as a
barrier layer for the next damascene structure. U S. Patent No. 6,114,243
to Gupta et al. describes: 1) formation of a copper interconnect; 2) a
copper-CWP; 3) etch-back of the copper interconnect; and 4) formation of a
conductive barrier layer. U S. Patent No. 6,291,332 Bl to Yu et al.

descri bes a reverse plating technique. U S. Patent No. 6,093,647 to Yu et
al . describes another reverse plating technique. U S. Patent No. 6,297, 158
Bl to Liu et al, describes a copper dual damascene process using

el ectrochem cal plating. U S Patent No. 6,274,499 Bl to Cupta et al.
describes a dielectric cap | ayer over a copper interconnect. U S. Patent
No. 5,744,376 to Chan et al. describes a copper interconnect with a top
barrier |ayer.

COFPER RECESS FORMATION USING CHEMICAL PROCESS FOR

FABRICATING BARRIER CAP FOR LINES AND VIAS

FIELD OF THE INVENTION

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to methods of fabricating a barrier

cap layer for lines and vias.



2 SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present

i nvention to provide an nethod of fabricating barrier cap | ayers over |ines
and vias. Qther objects will appear hereinafter. It has now been di scovered
that the above and other objects of the present invention may be
acconplished in the foll ow ng manner. Specifically, a substrate having an
opening forned therein is provided. The substrate having an upper surface.
A planari zed netal structure is fornmed within the opening. The planarized
metal structure being substantially planar with the upper surface of the
substrate. A portion of the planarized netal structure is renoved using a
reverseel ectrochem cal plBACKGROVNDOF THRINVENTEONet al structure from
t he upper surface of the substrate. A barrier cap layer is formed over the
substrate and the recessed netal structure. The excess of the barrier cap

| ayer is renoved frf[),g over the substrate by a pl an C%le on proc ss, to form
the planarized barri€f E‘érﬁe’i‘%yférrad&%rusteﬁearré:f’a eist i dbr al

Cnvent | on PR SN g kB BrE St A R R J@Mﬁ %S?ﬁe?? on
taken in eRREUAGHRAL Wﬂ}}gﬁ hﬁl@“dpmﬁﬂm& BhaHeNgRide" &Edm#& Orerence

nuneral s deS|gnate Sl or correspondi'ng el enents, redions an i ons

and in whinethideF{sgs) okedlpin g SRNBRRE |1§aldombhuﬁ%égaéeoﬂ ApHEQH- a%egtbaeﬁal
representation a pref erred enbodi nent of the present |nvent| on.

DETAI LED DESCRAhEGxOfarhbiiceREREFETERIED EMBODI MENTS I nitial Struct ure As
shown in Fig. 1, substrate 10 has opening 11 fornmed therein.

U.S. Patent No. 6,114,243 to Gupta et al. describes: 1) formation of a
copper interconnect; 2) a copper-CMP; 3) etch-back of the copper interconnect; and

4) formation of a conductive barrier layer.

U.S. Patent No. 6,291,332 B1 to Yu et al. describes a reverse plating

technique.

U.S. Patent No. 6,093,647 to Yu et al. describes another reverse plating
technique.

US. Patent No. 6,297,158 Bl to Liu et al. describes a copper dual

damascene process using electrochemical plating.

U.S. Patent No. 6,274,499 Bl to Gupta et al. describes a dielectric cap

layer over a copper interconnect.

U.S. Patent No. 5,744,376 to Chan et al. describes a copper

interconnect with a top barrier layer.



Substrate 10 is preferably a silicon substrate and is understood to

possi bly include a sem conductor wafer or substrate, active and passive
devices formed within the wafer, conductive |layers and dielectric |ayers
(e.g., inter-poly oxide (IPO), internmetal dielectric (IMD), etc.) forned
over the wafer surface. The term "sem conductor structure' is neant to

i ncl ude devices forned within a sem conductor wafer and the | ayers
overlying the wafer. Opening 11 may be, for exanple, a line opening or a
via opening. Aline/via barrier layer 12 is forned over substrate 10,
l'ining opening 11. Line/via barrier layer 12 has a thickness of preferably
from about 100 to 500A and SEHVIMARM OFAHE INVENEIONt 200 to 350A. Line/via
barrier layer 12 is preferably conprised of tantalum (Ta),
tantalumtantalumnitride (Ta/TaN), TaN, titaniumnitride (TiN), tungsten
nitride (W), Ti/Waqr i mre preferably Ta or Ta/ TaN and i s nopst
preferably Ta. 5 %ﬁf(gdu@ij"e}t 1 §’fbl‘98‘E Hééh%\%?sel“lt ARYSHtoL i previde Arer 12
| i ned sub Ll i i ening 11 pr.eferably by an

el ectroch?trﬁtggﬁoé%grieﬁgh pg%r%ésrs%%&%)rggmﬁlggml 14 is preferably
conprised of copper or copper alloy such as Cu(Sn) or Cu(My) and is nore
preferably copper (Cu) as will be used for illustrative purposes hereafter.
The edge bead renovakthé&tdhjectd BRI spdak hatdiraftdhe ECP process is skipped in
order to preserve the Cu seed for the subsequent reverseplating step.

Pl anari zati on of Copper Layer 14 As shown in Fig. 2, the excess of copper
| ayer 14 and line/via barrier layer 12 are renoved fromover substrate 20
by a pl anari zati on Brisesewtkeenotisayepechtlati thechbowppad bthee/oljextsldf theavi ng
a patterned

pr ef er abl ?reaf‘leii?ﬂzlﬁ%%ob“n’éar @r %far léa Ow%ﬁi%gﬁtedﬂﬂ?pl an%ggt@i@ggergégggigms e

P { i zed. inelVia 14" hown in Fig.. 3,

Fever se- ePURAE habh AL opERnaIRPRRl AR el it R BibsBrobEg S ¢ hen
enpl oyed, gg@% stiffabd1A EFRn S d L lethISstEMETS B forhfed W t?(g o}g:g%g}; fo the

exposed copper within the planarized copper |1 ne/vi Te
copper | i pefmariaed 4netal sfedirakd b’eiﬁ% QUbaRAHAlY BRnkP walPh FRfaPE 8¥ 20l y
from about 200 to 350A fromthe top surface 15 of substrate 10 to forma 6
recessed ecuolpgimte.| Apeftiba of4tie pHrerized ensrt ficRtpreoBastoved Uisies aGeldrse
copper sulfide bath - no organic additives are necessary. The reverse-ECP
process aPlestigchaneicolplating progess heresassdbe anetal $teuduresfromsthe mipper seifaet i vel y
renoved fr gﬁghlﬁjtrench%s (opening 11). 7 Formati on of Barrier Cap Layer
1616 As sﬂg FHpskrale- /4 bagrierap; Jayercigformpd oves the sybstiage) and dhe repgssed

substrate and_qver t.he recessed c er ling/via 14". Barrier cap_layer
16 is for%gee t%h%&%%'cﬁheegécegf %r@?eﬁ%&e PPo S’bé%fe%@egoé%oﬁveégwen%re
r ef er abl i A .. S preferabl

P oy | sod iR Bo0kblablfiod ford Biees DRl il nRABIAnANEy BRcic tafbaRyder,

W Ti /W othéMeta$ stiar@r@r eferably Ta or Ta/ TaN and is nost preferably Ta.
Optionally, a top layer 18 nmay be forned over the barrier cap layer 16 to

i nprove the subsequent planarization/renoval of the excess barrier cap

| ayer 16 from over the substrate 10. Optional layer 18 is preferably
conprised of Cu, Cu(Sn), Cu(My) or a copper alloy and is nore preferably
Cu. Optional top layer 18 is preferably forned to a thickness of from about
1000 to 6000A and nore preferably from about 2000 to 3000A. Pl anari zation
of Barrier Cap Layer 16 As shown in Fig. 5, the excess of the barrier cap

| ayer 16 (and the




optional top layer 18 if used) is renoved fromover the substrate 10 to
forma planarized barrier cap |layer 16' essentially planar with the top
surface 15 of 8 substrate 10 and over the recessed copper line/via 14".
This planarization nay be a standard copper chem cal nechani cal polish
(CVMP) wth no special processing required. Further processing nmay then
proceed. Formation of Dielectric Layer Stack 17 As shown in Fig. 6, a
dielectric layer stack 17 may then be formed over the substrate 10 and the
pl anari zed barrier cap |layer 16'/recessed copper line/via 14". Dielectric
| ayer stack 17 may conprise a lower first dielectric |ayer 18 and an upper
second di el ectric | ayerBRIEEDESCRIPTION @FAIHEMRAWINGSGr i er | ayer 20.
First and second dielectric layers 18, 22 may be internetal dielectric
(IMD) layers. Dielectric barrier layer 20 is preferably conprised of SiN,
SiCor SICOand is iﬁr ¥refera ly SiC. Dielectric barrier layer 20 has a
t hi ckness of prefer ??e HEeh Gvapeges of dap Rreseat mvreationewal B8Iwore om

about 300 0] r i.on .of al. Dapascene St.ructure .30 9 : hown in
Fig. 7, ac&%g§d%@%F§gmg%ﬁ?§l#ﬁ%%ﬁk%?ﬂg THD ﬂ%§?ﬁ%‘Hbﬁ@ﬂuggﬁﬁhaﬁﬁ}anctric
| ayer 22, di ! 1 . 2 roti el ri.c.ay 18
to exposegggﬁhfggé?géhggé?giﬁﬁggﬁ%? ?ﬁiqpe§%§§ﬂ§%géﬁgi?%@%ﬁgﬁbg af§r8ﬁ6'
overlying cbh@spicﬁftﬁﬁ%@lénﬁ@ﬁ@@égibh@%&b@r%&arMiﬁv@HﬁHi ng 24 is preferably
from about 1500 to 2500A wi de and nore preferably from about 1600 to 1800A
wi de. As shown in Fig. 8, the upper second dielectric |layer 22' and
dielectric barrier layer 20" are patterned to forma trench opening 26 over
the renaining via oPisi hdo Bacheinatically Hlestretedin drpssssectipedlaeprasentatipera 18" .
Trench openi 6 has,,.a widih of preferably from about 1500 to 3000A and
mor e pref @F%%?rfafelng?ﬁd&m?ﬂfo Berresen HSALON: ench openi ng 26 and t he
remai ni ng via opening 24" form dual damascene opening 29. A dual danascene
barrier layer 28 is fornmed over the patterned upper second dielectric |ayer
22", lining the dual damascene opening 29 and the exposed portion 25 of the
pl anari zed barrier cap |layer 16' Dual danmascene barrier layer 28 is
preferably conprised of tantalum (Ta), tantalunitantalumnitride (Ta/ TaN)
TaN, TiN, W Ti/Wor WNis nore preferably Ta or Ta/TaN and i s nost
preferably Ta. Dual damascene barrier |ayer 28 has a thickness of
preferably from about 100 to 500A and nore preferably from about 200 to
350A.




10 A netal layer is then forned over the dual damascene barrier |ayer 28

covered patterned upper second dielectric layer 22", filling the dual
damascene opening 29. 'The excess of the netal |ayer and the excess of the
dual damascene overlying the patterned upper second dielectric | ayer 22"
are renoved by a planarization process to forma planarized dual danmascene
metal structure 30 within the dual damascene opening 29. The netal |ayer is
preferably planarized using a chem cal mechanical polishing (CWP) process.
The netal |ayer is preferably conprised of copper, Cu(Sn), Cu(My) or a
copper alloy and is nore preferably copper. Advantages of the Invention The
advant ages of DETAJLEWDESSRIFITION OF THEHREFERREDIEMBODIMENTS ICl ude: 1)
better EMreliability (electromigration and stress migration); 2)
prevention agai nst Cu corrosion (either by gal vanic or photo-assisted); and
3) prevenﬁipn ggainst Cu voids due to thermal |oading of filmdepositions.
Wi | e par L diments of the present invention have been illustrated
and described, it is not intended to limt the invention, except as defined
by the following clainms. 11 CLAIMS W claim 1. A method of fabricating a

planarized barrier aapnb@¥sh rRYq! sfbdiBt 0 fitd YGddhE 11 formed therein.

Substrate 10 is preferably a silicon substrate and is understood to
possibly include a semiconductor wafer or substrate, active and passive devices
formed within the wafer, conductive layers and dielectric layers (e.g., inter-poly
oxide (IPO), intermetal dielectric (IMD), etc.) formed over the wafer surface. The
term “semiconductor structure” is meant to include devices formed within a

semiconductor wafer and the layers overlying the wafer.

Opening 11 may be, for example, a line opening or a via opening.

A line/via barrier layer 12 is formed over substrate 10, lining opening
11. Line/via barrier layer 12 has a thickness of preferably from about 100 to 500A
and more preferably from about 200 to 350A. Line/ via barrier layer 12 is preferably
comprised of tantalum (Ta), tantalum/tantalum nitride (Ta/TaN), TaN, titanium
nitride (TiN), tungsten nitride (WN), Ti/W or W, is more preferably Ta or Ta/TaN

and is most preferably Ta.



therein; the substrate having an upper surface; 5 formng a planarized
nmetal structure within the opening; the planarized netal structure being
substantially planar with the upper surface of the substrate; renoving a
portion of the planarized nmetal structure using a reverseel ectrochem cal

pl ati ng process to recess the netal structure fromthe upper surface of the
substrate; 10 form ng a barrier cap |ayer over the substrate and the
recessed netal structure; and renoving the excess of the barrier cap |ayer
fromover the substrate by a planarization process to formthe planarized

barrier cap |ayer ompstalllagerBl BlfofhédIoy ey Bue Aria DRAAFAAAGN Dfindd Aibstrh
wherein substrate is a silicon substrate. 3./&The mlet hod of clég m 1, vﬁnerei n

t he subst rgt e Jc%gg- f r sem.conductor. substrate. 4. The
met hod of 1?1 al mgl;ﬁn%el n ?&ﬁ%quﬁfﬁf%bﬁsbg i %Cg'BngWﬁa]onag"\ﬁ B'%H&hi ng.
12 CS 01175 5. The nethod of cJaim1l, wherein the planarized netal
struct ur S@éﬁ:dﬁﬁ'}ah@’&r# @oﬁfﬁéﬁr?ﬁa csppasedapf 69pPaLeISEyPRAr dleyMpich & The
met hod of claim1, wherein the planarized netal structure is conprised of
copper. 7Culte) wetGuMgf apldaismmiorewpeefeiably doppet iCa) bas writir b ayed ifr

i nter posed between the planarized netal structure and the opening. 8. The

met hod of iitdstiative, pu¥pRE& RerdaftbFHE SdRABEAEhehBYAY stk (EBRESBES SHLAlMEEN

ECP process is skipped in order to preserve the Cu seed for the subsequent reverse-
plating step.

Planarization of Copper Laver 14

As shown in Fig, 2, the excess of copper layer 14 and line/via barrier
layer 12 are removed from over substrate 20 by a planarization process to form a
planarized copper line/via 14' having a patterned line/via barrier layer 12'. The

planarization process is preferably a chemical mechanical polishing (CMP) process.

Reverse-ECP Process to Recess Planarized Copper Line/Via 14!

As shown in Fig. 3, a reverse-electrochemical plating (ECP) process
(reverse-ECP process) is then employed, that is the ECP current is reversed, to
remove an amount of the exposed copper within the planarized copper line/via 14'
to recess the copper line/via 14' preferably from about 100 to 500A and more

preferably from about 200 to 350A from the top surface 15 of substrate 10 to form a



pl anari zed nmetal structure and the opening; the line/via barrier |ayer
being conprised of Ta, Ta/TaN, TaN, TiN, Ti/ W Wor WN. 9. The nethod of
claiml1l, wherein a line/via barrier layer is interposed between the

pl anari zed nmetal structure and the opening; the line/via barrier |ayer
bei ng conprised of Ta or Ta/TaN. 10. The nethod of claim11, wherein a
line/via barrier layer is interposed between the planarized netal structure
and the opening; the line/via barrier |ayer being conprised of Ta. 11. The
met hod of claim11, wherein the planarized netal structure is formed by:
formng a netal |ayer over the substrate, filling the opening, using an

el ectrochesiessdd RbppéMUne/\ACES; TRRUreARFBCR | fidcéRereddidl ddy e chbppéor m
t he planari zed netg# strdéture. 1 CS 01-17§ﬁ%2. The nethodyof c?gin11,

3
wherein t i i | anay |z { hen,cal
mechani calrgﬁgg#ei shi né&g?) @@s ?&%f&%gl’%éeeﬁgeﬁ%ﬁbﬁ% Irg‘?eﬁg‘%i,a&\?ﬁﬁrro g?sﬁ%grsrret al
structureé&g r cessgd romthe aqggr surface of the substrate bé f rom about
100 to 5047 Waler tege the paaderend) ey atepeteibe selpstinalyareragyadcfrgpethes
recessed fromthe upper surface of the substrate by from about 200 to 350A
15. The miétengblesofopethimigrihl)., wherein the planarized barrier cap layer is
substantially planar with the upper surface of the netal structure. 16. The
met hod of claim 1, wherein the barrier cap |layer is conprised of Ta,
Ta/ TaN, TaN, TiN, Ti/W Wor WN. 17. The nethod of claiml|, wherein the
barrier cap layer is conprised of Ta or Ta/ TaN



18. The method of claim1l, wherein the barrier cap layer is conprised of
Ta. 19. The nethod of claim1l, wherein a top layer is fornmed over the
barrier cap |l ayer before planarization of the barrier cap |ayer. 14 CS
Ol-175 20. The method of claim1l, wherein a top layer is forned over the
barrier cap |l ayer before planarization of the barrier cap |ayer to inprove
t he subsequent planarization of the barrier cap layer. 21. The nethod of
claim1l1l, wherein a top layer is formed over the barrier cap |ayer before
pl anari zation of the barrier cap layer; the top |ayer being conprised of
Cu, Cu(Sn), CQu(My) or a copper alloy. 22. The nmethod of claim1l, wherein a
top | ayer Hosmhficied Baneir QdpeLBarnber cap |ayer before planarization of the
barrier cap layer; the top | ayer being conprised of copper. 23. The et hod
of claim1, including the subsequent step of form ng a dual damascene
structure over, and in contact with, the pl anari zed barrier cap layer. 24.
A net hod of fabrlcatln a pl anar dbarrle over a netal
structure, conprisifig® ?‘ﬂ 33& ‘Joﬁebaﬁ?l%w%ﬂ }félfbféfmﬁ@é’vﬁhﬂier@béﬁa@pem ng
formed therein; the substrate having an upper surface; 5 formng a

pl anar i 2 edOrpedapvest theaecessediicopper T o dAT. Byrrieh eapp layeariczie dormedito a
structure being substantially planar with the upper surface of the

subst r at e thichResglodp @éfbiaﬁbg]f‘fﬁhﬁébcﬁitrmg%l5@0&%&%&&%&?@9 FHork ABREE 1 d0
copper alloy, Cu(Sn) or (My); renoving a portion of the pl anari zed net al

Structure JShEwr a geMeS Sceap layer 16 is preferably comprised of tantalum (Ta),

tantalum/tantalum nitride (Ta/TaN), TaN, TiN, W, Ti/W or WN is more

preferably Ta or Ta/TaN and is most preferably Ta.

Optionally, a top layer 18 may be formed over the barrier cap layer 16
to improve the subsequent planarization/removal of the excess barrier cap layer 16
from over the substrate 10. Optional layer 18 is preferably comprised of Cu, Cu(Sn),
Cu(Mg) or a copper alloy and is more preferably Cu. Optional top layer 18 is
preferably formed to a thickness of from about 1000 to 6000A and more preferably

from about 2000 to 3000A.,

Planarization of Barrier Cap Layer 16

As shown in Fig. 5, the excess of the barrier cap layer 16 (and the
optional top layer 18 if used) is removed from over the substrate 10 to form a

planarized barrier cap layer 16' essentially planar with the top surface 15 of



10 el ectrochemi cal plating process to recess the netal structure fromthe
upper surface of the substrate; 15 formng a barrier cap | ayer over the
substrate and the recessed netal structure; the barrier cap |ayer being
conprised of Ta, Ta/TaN, TaN, TiN, Ti/W Wor W\, and 15 renoving the
excess of the barrier cap layer fromover the substrate by a planarization
process to formthe planarized barrier cap | ayer over the netal structure.
25. The nmethod of claim 24, wherein substrate is a silicon substrate. 26.
The met hod of claim 24, wherein the substrate is a sem conductor wafer or a
sem conduct or substrate. 27. The nethod of claim 24, wherein the opening is
a |ine openbsthto10 andliovep Heebessed Bopphiding ot 0The planaizatioshasaebs at he

pl anari zed netal structure is conprised of copper. 29. The nmethod of claim
24, wher ej i i LEer I S\l ed.:be i zed
ot al st r ORrark! ARR SRERaF mecyical pokill ALRARS P IR ok 8RR,
line/via barrier layer is interposed between the planarized netal structure
and the op¥HG: the line/via barrier |ayer being conprised of Ta, Tal/TaN,
TaN, TiN, Ti/W Wor WN. 16

Further processing may then proceed.

Formation of Dielectric Laver Stack 17

As shown in Fig. 6, a dielectric layer stack 17 may then be formed
over the substrate 10 and the planarized barrier cap layer 16'/recessed copper
line/via 14". Dielectric layer stack 17 may comprise a lower first dielectric layer 18
and an upper second dielectric layer 22 separated by a dielectric barrier layer 20.

First and second dielectric layers 18, 22 may be intermetal dielectric (IMD) layers.
Dielectric barrier layer 20 is preferably comprised of SiN, SiC or SiCO
and is more preferably 5iC. Dielectric barrier layer 20 has a thickness of preferably

from about 200 to 1000A and more preferably from about 300 to 600A.

Formation of Dual Damascene Structure 30




31. The nethod of claim24, wherein a line/via barrier layer is interposed
bet ween the planarized netal structure and the opening; the line/via
barrier layer being conprised of Ta or Ta/ TaN. 32. The nethod of claim 24,
wherein a line/via barrier layer is interposed between the planarized netal
structure and the opening; the line/via barrier |ayer being conprised of

Ta. 33. The nethod of claim 24, wherein the planarized nmetal structure is
formed by: formng a netal |ayer over the substrate, filling the opening,
using an el ectrochem cal plating process; and planarizing the netal |ayer
to formthe planarized netal structure. 34. The nethod of claim 24, wherein

the planarized netaAsshowatit .iﬁaﬁﬁéﬁ?éﬂiﬁgﬂ'ﬂﬁﬂ@ﬁf@nﬁéwfﬂxﬁﬁgh@ﬁ& percal
pol i shing process. 35. The nethod of claim 24, wherein the netal structure

IS recess C : . : . I fram. 100 to
500 36, REnDElaRiCPRES 22 MioRERarkiof 1y 3 Wt toby 1 ﬁléf%?%}crlsz%rsseﬁ
fromthe er surface of the substrate from about 200 to 350A. 37. The
met hod of Ligﬁ‘éieﬁ?%fi S?Séiarpqrﬁen%%aﬂfﬁlﬁ ?%HBI&P ibaFrigreap layes 16 everlying
substantially planar with the upper surface of the netal structure. 17

38. The mihéeressedodapiper dise/ whackidi Wia bperiing 2dds preferdtdy érom sboohpsi0sed of
Ta or Ta/TaN. 39. The nethod of claim?24, wherein the barrier cap |layer is

conpri sed 2600 X avidéBnd Hisrepabfepshblp froeh abski21b00 W e8GAmAdd op | ayer is formed
over the barrier cap |ayer
As shown in Fig. 8, the upper second dielectric layer 22' and dielectric
barrier layer 20" are patterned to form a trench opening 26 over the remaining via
opening 24' within the lower first dielectric layer 18'. Trench opening 26 has a width
of preferably from about 1500 to 3000A and more preferably from about 1000 to
2500A. Trench opening 26 and the remaining via opening 24' form dual damascene

opening 29.

A dual damascene barrier layer 28 is formed over the patterned upper
second dielectric layer 22", lining the dual damascene opening 29 and the exposed
portion 25 of the planarized barrier cap layer 16' Dual damascene barrier layer 28 is
preferably comprised of tantalum (Ta), tantalum/tantalum nitride (Ta/TaN), TaN,
TiN, W, Ti/W or WN is more preferably Ta or Ta/TaN and is most preferably Ta.
Dual damascene barrier layer 28 has a thickness of preferably from about 100 to

500A and more preferably from about 200 to 350A.

10



bef ore planarization of the barrier cap layer. 41. The nethod of claim 24,
wherein a top layer is formed over the barrier cap | ayer before

pl anari zation of the barrier cap |layer to inprove the subsequent

pl anari zation of the barrier cap layer. 42. The nmethod of claim 24, wherein
a top layer is fornmed over the barrier cap | ayer before planarization of
the barrier cap layer; the top | ayer being conprised of Cu, Cu(Sn), Cu(M)
or a copper alloy. 43. The nethod of claim 24, wherein a top layer is
formed over the barrier cap | ayer before planarization of the barrier cap

| ayer; the top layer being conprised of copper. 44. The nethod of claim 24,
i ncludi ng the subsefusstal kiyepistheh domhaloverdthaldudbirsasRae DhftiGilay& Bver
and in contact with, the planarized barrier cap layer. 45. A nethod of
encapsul aty t S t g stﬁ? : i di a
substr at erc?lg%ieﬁgt an g%%ﬁ%ﬁ%?f%éﬁe%g?ﬂg&e@& rh%?éu S gatﬁée dhu%\[/i(a\ré\‘g%gﬁ&t?pper
surface; 18 . form a planar.i zed pper structure wi thin the opening; the
pl anari zegpgmélgp%grﬂ%t ?’EF@%%P@%P}?@@&@%% itg? EFCe5P éﬁ#a{:{{e\ﬂ‘{aﬁ damaseiser
surface of the substrate; renoving a portion of the planarized copper

st r uct ur e ousilyigga the \pattemesi appencieeond aliclekiid tayepries rempeedssy tshe
copper structure fromthe upper surface of the substrate; and formng a

barrier cpardaizationViiocéssetos kst raaptinafided NBudl C4BRSRENE RAAT stBchirs Ut Ur e
to encapsul ate the copper structure.

within the dual damascene opening 29. The metal layer is preferably planarized

using a chemical mechanical polishing (CMP) process. The metal layer is preferably
comprised of copper, Cu(Sn), Cu(Mg) or a copper alloy and is more preferably

copper.

Advantages of the Invention

The advantages of one or more embodiments of the present invention
include:
1) better EM reliability (electromigration and stress migration);
2) prevention against Cu corrosion (either by galvanic or photo-assisted);

and

3) prevention against Cu voids due to thermal loading of film depositions.
While particular embodiments of the present invention have been

illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

11



46. The nethod of claim45, wherein substrate is a silicon substrate. 47.
The net hod of cl aim45, wherein the substrate is a sem conductor wafer or a
sem conductor substrate. 48. The nmethod of claim45, wherein the opening is
a line opening or a via opening. 49. The nethod of claim45, wherein the

pl anari zed copper structure is conprised of copper, a copper alloy, Cu(Sn)
or Cu(My). 50. The nethod of claim45, wherein a |ine/via barrier layer is
i nt erposed between the planarized copper structure and the opening. 51. The
met hod of claim45, wherein a line/via barrier layer is interposed between
t he pl anarized copper structure and the opening; the line/via barrier |ayer
being conprised of Ta, Ta/TaN, TaN, TiN, Ti/W Wor WN. 19 52. The net hod
of claim45, wherein a line/via barrier layer is interposed between the

pl anari zed copper structure and the Eﬁéﬁhﬁé; the line/via barrier |ayer
bei ng conprised of Ta or Ta/TaN. 53. The nethod of claim45, wherein a
line/via barrier layer is interposed between the planarized copper
structurevggghhﬂg opening; the line/via barrier |ayer being conprised of

Ta. 54. The nethod of claim45, wherein the planarized copper structure is
formed by: formng a copper |ayer over the substrate, filling the opening,
using an el ectrochem cal plating process; and planarizing the copper |ayer

to form tHe Aphashcd of daligpieny & plaitkize@ bavHer 38 143RE MR Qf metAistitAre,
wherein the planarized copper structure is planari‘zed
comprising the steps of:

providing a substrate having an opening formed therein; the substrate
having an upper surface;
5 forming a planarized metal structure within the opening; the planarized
metal structure being substantially planar with the upper surface of the substrate;
removing a portion of the planarized metal structure using a reverse-

electrochemical plating process to recess the metal structure from the upper surface

of the substrate;

10 forming a barrier cap layer over the substrate and the recessed metal

structure; and
removing the excess of the barrier cap layer from over the substrate by a

planarization process to form the planarized barrier cap layer over the metal

structure,
2. The method of claim 1, wherein substrate is a silicon substrate.

3. The method of claim 1, wherein the substrate is a semiconductor wafer or a

semiconductor substrate.

4. The method of claim 1, wherein the opening is a line opening or a via opening,

12



using a chem cal nechani cal polishing process. 56. The nethod of claim 45,

wherein the copper structure is recessed fromthe upper surface of the

substrate by from about 100 to 500A. 57. The nethod of claim45, wherein

the copper structure is recessed fromthe upper surface of the substrate by

from about 200 to 350A. 58. The nethod of claim45, wherein the barrier cap

| ayer is substantially planar with the upper surface of the netal

structure. B -17%9. The nethod of clai m45, wherein the barrier cap |ayer

is conprised of Ta, Ta/TaN, TaN, TiN, Ti/W Wor WN. 60. The mnethod of

claim45, wherein the barrier cap layer is conprised of Ta or Ta/TaN. 61.

The nmet hod of claim45, wherein the barrier cap layer is conprised of Ta.

62. The nmethod of claim45, including the steps of: formng a top | ayer

over the Barlheapetbad ofaglaim lawherdie ihgplmarized ngethhetrbeturé &r carapribeyef to

remove the excess of t barrier cap |layer. 63. The nethod of clai m 45,

i ncl udi ng PRE% AEREPY allayp -3y o8 GwMd)ayer over the barrier cap |ayer to

i nprove the subsequent planarization of the barrier cap layer; and then

pl anari zing the barrier cap |layer to renove the excess of the barrier cap

| ayer. 64. M8k ..l ai . lcl udi he steps of:.formn op

| ayer over6' tiﬁg bar p?ébrqué%%l ’a%?%‘? #e?gp (})%"g1 a?%?érne'%tg# ﬁ'gu%t@rﬁ)ﬁ? fisbof
copper.

7. The method of claim 1, wherein a line/via barrier layer is interposed between the

planarized metal structure and the opening.

8. The method of claim 1, wherein a line/via barrier layer is interposed between the
planarized metal structure and the opening; the line/via barrier layer being

comprised of Ta, Ta/ TaN, TaN, TiN, Ti/W, W or WN,

9. The method of claim 1, wherein a line/via barrier layer is interposed between the
planarized metal structure and the opening; the line/via barrier layer being

comprised of Ta or Ta/TaN.

10. The method of claim 1, wherein a line/via barrier layer is interposed between
the planarized metal structure and the opening; the line/via barrier layer being

comprised of Ta.

11. The method of claim 1, wherein the planarized metal structure is formed by:
forming a metal layer over the substrate, filling the opening, using an

electrochemical plating process; and

planarizing the metal layer to form the planarized metal structure.

13



of Cu, Cu(Sn); Cu(My) or a copper alloy; and then planarizing the barrier
cap layer to renove the excess of the barrier cap |layer. 65. The nethod of
claim45, including the steps of: 21 formng a top copper |ayer over the
barrier cap layer; and then planarizing the barrier cap layer to remove the
excess of the barrier cap layer. 66. The method of claim45, including the
subsequent step of form ng a dual damascene structure over, and in contact
with, the B¥rilé¥ cap layer. 22 .Al.A.A.A.A.A A3 .A .A .A .A
A% AQ.AAA A

12. The method of claim 1, wherein the planarized metal structure is planarized

using a chemical mechanical polishing process.

13. The method of claim 1, wherein the metal structure is recessed from the upper

surface of the substrate by from about 100 to 500A.,

14. The method of claim 1, wherein the metal structure is recessed from the upper

surface of the substrate by from about 200 to 350A.

15. The method of claim 1, wherein the planarized barrier cap layer is substantially

planar with the upper surface of the metal structure.

16. The method of claim 1, wherein the barrier cap layer is comprised of Ta,

Ta/TaN, TaN, TiN, Ti/W, W or WN.

17. The method of claim 1, wherein the batrier cap layer is comprised of Ta or

Ta/TaN.
18. The method of claim 1, wherein the barrier cap layer is comprised of Ta.

19. The method of claim 1, wherein a top layer is formed over the barrier cap layer

before planarization of the barrier cap layer.

14
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23. The method of claim 1, including the subsequent step of forming a dual

damascene structure over, and in contact with, the planarized barrier cap layer.

24. A method of fabricating a planarized barrier cap layer over a metal structure,
comprising the steps of:

providing a substrate having an opening formed therein; the substrate
having an upper surface;

5 forming a planarized metal structure within the opening; the planarized
metal structure being substantially planar with the upper surface of the substrate;
the planarized metal structure being comprised of copper, a copper alloy, Cu(Sn) or
Cu(Mg);
removing a portion of the planarized metal structure using a reverse-

10 electrochemical plating process to recess the metal structure from the upper surface

of the substrate;
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forming a barrier cap layer over the substrate and the recessed metal
structure; the barrier cap layer being comprised of Ta, Ta/TalN, TaN, TiN, Ti/W, W
or WN; and

removing the excess of the barrier cap layer from over the substrate by a
planarization process to form the planarized barrier cap layer over the metal

structure.

25. The method of claim 24, wherein substrate is a silicon substrate.

26. The method of claim 24, wherein the substrate is a semiconductor wafer or a

semiconductor substrate.

27. The method of claim 24, wherein the opening is a line opening or a via opening,

28. The method of claim 24, wherein the planarized metal structure is comprised of

copper.

29. The method of claim 24, wherein a line/via barrier layer is interposed between

the planarized metal structure and the opening,
30. The method of claim 24, wherein a line/via barrier layer is interposed between

the planarized metal structure and the opening; the line/via barrier layer being
comprised of Ta, Ta/TaN, TaN, TiN, Ti/W, W or WN.
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1092& ()-"110%& ()-QS T UV IWHBAY: k™ A

1098 ()-!1C 110%00& ()-!|!110%0C& ()-Cl 110%00& ()- 102 102 102;

1092& ()-988886 V' ' ' bCk™ AL 10908 () - !10%& ()- Cl10%& ()- C10%% () -

=10%0&' () 31. TROmbE@d of claim 24, wherein a line/via barrier layer is interposed between
the planarized metal structure and the opening; the line/via barrier layer being

comprised of Ta or Ta/TaN.

32. The method of claim 24, wherein a line/via barrier layer is interposed between
the planarized metal structure and the opening; the line/via barrier layer being

comprised of Ta.

33. The method of claim 24, wherein the planarized metal structure is formed by:
forming a metal layer over the substrate, filling the opening, using an
electrochemical plating process; and

planarizing the metal layer to form the planarized metal structure.

34. The method of claim 24, wherein the planarized metal structure is planarized

using a chemical mechanical polishing process.

35. The method of claim 24, wherein the metal structure is recessed from the upper
surface of the substrate by from about 100 to 500A.

36. The method of claim 24, wherein the metal structure is recessed from the upper

surface of the substrate by from about 200 to 350A.

37. The method of claim 24, wherein the planarized barrier cap layer is substantially

planar with the upper surface of the metal structure.
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39. The method of claim 24, wherein the barrier cap layer is comprised of Ta.

40. The method of claim 24, wherein a top layer is formed over the barrier cap layer

before planarization of the barrier cap layer.

41. The method of claim 24, wherein a top layer is formed over the barrier cap layer
before planarization of the barrier cap layer to improve the subsequent

planarization of the barrier cap layer.

42. The method of claim 24, wherein a top layer is formed over the barrier cap layer
before planarization of the barrier cap layer; the top layer being comprised of Cu,

Cu(Sn), Cu(Mg) or a copper alloy.

43. The method of claim 24, wherein a top layer is formed over the barrier cap layer
before planarization of the barrier cap layer; the top layer being éomprised of

copper.

44. The method of claim 24, including the subsequent step of forming a dual

damascene structure over, and in contact with, the planarized barrier cap layer.

45. A method of encapsulating a copper structure, comprising the steps of:

providing a substrate having an opening formed therein; the substrate

having an upper surface;
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removing a portion of the planarized copper structure using a reverse-
electrochemical plating process to recess the copper structure from the upper
surface of the substrate; and
forming a barrier cap layer over the substrate and the recessed copper

10 structure to encapsulate the copper structure.
46. The method of claim 45, wherein substrate is a silicon substrate.

47. The method of claim 45, wherein the substrate is a semiconductor wafer or a

semiconductor substrate.
48. The method of claim 45, wherein the opening is a line opening or a via opening.

49. The method of claim 45, wherein the planarized copper structure is comprised

of copper, a copper alloy, Cu(Sn) or Cu(Mg).

50. The method of claim 45, wherein a line/via barrier layer is interposed between

the planarized copper structure and the opening.
51. The method of claim 45, wherein a line/via barrier layer is interposed between

the planarized copper structure and the opening; the line/via barrier layer being

comprised of Ta, Ta/TaN, TaN, TiN, Ti/W, W or WN.
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the planarized copper structure and the opening; the line/via barrier layer being

comprised of Ta or Ta/TaN.

53. The method of claim 45, wherein a line/via barrier layer is interposed between
the planarized copper structure and the opening; the line/via barrier layer being

comprised of Ta.

54. The method of claim 45, wherein the planarized copper structure is formed by:
forming a copper layer over the substrate, filling the opening, using an
electrochemical plating process; and

planarizing the copper layer to form the planarized copper structure.

55. The method of claim 45, wherein the planarized copper structure is planarized

using a chemical mechanical polishing process.

56. The method of claim 45, wherein the copper structure is recessed from the

upper surface of the substrate by from about 100 to 500A.

57. The method of claim 45, wherein the copper structure is recessed from the

upper surface of the substrate by from about 200 to 350A.

58. The method of claim 45, wherein the barrier cap layer is substantially planar

with the upper surface of the metal structure.
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61. The method of claim 45, wherein the barrier cap layer is comprised of Ta.

62. The method of claim 45, including the steps of:
forming a top layer over the barrier cap layer; and then
planarizing the barrier cap layer to remove the excess of the barrier cap

layer.

63. The method of claim 45, including the steps of:

forming a top layer over the barrier cap layer to improve the subsequent
planarization of the barrier cap layer; and then

planarizing the barrier cap layer to remove the excess of the barrier cap

layer.

64. The method of claim 45, including the steps of:
forming a top layer over the barrier cap layer; the top layer being comprised
of Cu, Cu(Sn), Cu(Mg) or a copper alloy; and then

planarizing the barrier cap layer to remove the excess of the barrier cap

layer,

65. The method of claim 45, including the steps of:
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66. The method of claim 45, including the subsequent step of forming a dual

damascene structure over, and in contact with, the barrier cap layer.
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