Diffusion Barrier For Damascene Structures [0001]
This application clainms the benefit of U S
Provi sional Application No. 60/575,761 filed on My
28, 2004, entitled Dion Barrier for Danascene

. Structures, which application is hereby incorporated
herein by reference. TECHNI CAL FI ELD [ 0002] The

present invention relates generally to sem conductors
sen conduct or structure

and, nore tdei cUl Xl Yy, . tQ,a
" having a d B%’r?é‘a%#mf Sri;‘ér Damssgenerurtoes]
Conpl enent ary net al - oxi de- sem conduct or ( CMOS)
chngj. i s..the doni nant . sem conduct or technol ogy
Lond e " Phie o o R B e T aPioab osishamgation o 60/575.761
i nt.egr ULS cilrcuits today. Size reduction of
filed, RO, Hod Bl iy BeaderarsDmesotnetrustiges, Whidhrpplication is
b %g&éoveneg% in the speed, performance, circuit
CTCRERESTPOraled hgredolY refi@encgni t function of  seni conduct or
chi ps over the past few decades. Significant

chal | enges, however, are faced as the sizes of CMOS

TECHRNCSEFIEONt i nue to decrease. [0004] One such
chal l enge is the fabrication of interconnect

structures. CMOS devices typically include
[000%eni s drsensrinentioe ralrtesgens udlh tasenticanadisisaha, more particularly, to a

capacitors, resistors, and the like, formed on a
semiepnudioratrectu@inving axbnesaneduediree | ayers fornmed of a

metal or netal alloy separated by |ayers of a

dielectric material are forned over the sem conduct or

BACE Qﬁ@&ﬁes to interconnect the sem conductor
striuctures and to provide external contacts to the

senm conductor structures. Trenches and vial are

{0003 or MEBmipfenicAtirfineteGk e Geth A EER ORI j i
el ectri cal connection_betmeen ne?aﬁkﬁéygggggﬁﬁfﬁ?e%anm“
semiddRdRkor k@RUESlo@Neked ST &M&L&roﬁstgaglca}’g% 'Eile integrated (ULSI)
circuits today. Size reduction of the semiconductor structures has provided significant
‘improvement in the speed, performance, circuit density, and cost per unit functioﬁ of

semiconductor chips over the past few decades. Significant challenges, however, are faced as

the sizes of CMOS devices continue to decrease.

[0004] One such challenge is the fabrication of interconnect structures. CMOS devices
typically include semiconductor structures, such as transistors, capacitors, resistors, and the like,
formed on a substrate. One or more conductive layers formed of a metal or metal alloy separated
by layers of a dielectric material are formed over the semiconductor structures to interconnect the
semiconductor structures and to provide external contacts to the semiconductor structures.
Trenches and vias are formed in the dielectric layers to provide an electrical connection between

metal layers and/or a metal layer and a semiconductor structure.



1 [0005] Generally, one or nore adhesion/barrier

| ayers are fornmed in the trench and via to prevent

el ectron diffusion fromthe conductive material,

e.g., copper; alumnum or the like, into the

surroundi ng dielectric material and to enhance the

adhesi ve properties of the conductive material to

the dielectric material. For exanple, it is conmon to
[0005) | | Z@&eRerbliy Sh e er _formed of tantal um _

vvh? ch preovri 8s %Q%Bfggﬁg%S%néﬁwg (a?"'r‘ré aredfgrme dn the trench and via to

Wo =Y | G- er. second . barrier layer is comonly
P or r?e%%h%#l ﬁfft\u%i{)g it ﬁ‘iﬁflﬂe g P?Cgléff‘vﬁ/ﬁ‘?*’é‘ﬁ‘ab e &wi CIRRET: Gainum, or the like, into
thed@hesi N, gualities t the first tantalum barrier

P2y er AHaUE PP maferigbangy i gnhargg dhe adbedvppepertieshdthenapductive

gg Fseg ap fill the trench and the via. [0006] Wen
MATERY 0487 figlerhis maigial. foramplepdiris camuhan toyutiliizé Mfisst BSier layer

| ess_than about 0.15 pm however, it has been found
forinpid, pf tapialunn ivdkehenyavidds gohd afhesivequaliasan itapdsibtetyer. A second
. algng the bottomof the via nay be dependent upon
argrdaysir ¢t ¢pnohortin fortned nflantalith sitelidé, WAl @NGEviHA dob& adhes; itj

t hi ckness of the barrier |ayers along tHe g%ttgnfgpnunnmsm
the fitwe tantAurmbyrriaf f96tant BEIRE ki AL AL biShd G5, O

the of via, such as the contact ?esiggg%gé? EH%&?fmdtOﬁHﬂw

trenE®WbnethaRil. e, Figure la illustrates a substrate 100
havi ng a conductive |ayer 110, an etch buffer |ayer

112, and an inter-netal dielectric (llvIiD) layer 114

1004661 me dVhamedcetsasingithwiside of vieeneintici2éyanith VibaledARarPifdut 0.15 ym
formed on the left side, and a narrow trench 124 and ’

howgyer, it B6s leee foundtive theahickigs b&ﬂ{&tbaﬁﬁ&%yeﬁkgoﬁfed "TRILE the bottom of
barrier layers, such as barrier layers 130, are

the fio Mg hbe A¥Sindedt oﬁﬂkﬁﬁgﬁ’of‘i‘g@'%&ﬁbﬁ. gihﬁsdi%éé"%qﬁe%ri&sﬁlﬁgl.{ness of the

trenches 120, 124 are fille con

barr%a?&?gﬂs aﬁﬁlgiﬂ!lé Nﬁt‘i}ﬁla&f?l‘ije 4/1% 8@3,?% eect {h%gletctgigiﬂ:c %ﬁ%@ggﬁﬁé\é\ﬁhe of via,

he barrier layers 1 ng
s e P AR T ckness W of the
.[0007.] For example, Figure 1a illustrates a substrate 100 having a conductive layer 110, an
etch buffer layer 112, and an inter-metal dielectric (IMD) layer |14 form;ad thereon. A wide
trench 120 and via 122 are formed on the left side, and a narrow trench 124 and via 126 are

formed on the right side. One or more barrier layers, such as barrier layers 130, are formed over

the surface, and the vias 122, 126 and trenches 120, 124 are filled with a conductive plug.

[0008] As illustrated in Figure 1a, the thickness ¥, of the barrier layers 130 along the
bottom of the via 122 associatgd with the wider trench 120 is greater than the thicknass W, of the
barrier layers 130 along the bottom of the via 126 associated with the narrow trench 124. Due to
the different thickness of the barrier layers 130, the efectrical characteristics of the via 1272 may

be different than the electrical characteristics, e.g., contact resistance, of the via 126.



barrier layers 130 along the bottom of the via 126
associated with the narrow trench 124. Due to the
di fferent thickness of the barrier layers 130, the
el ectrical characteristics of the via 122 may be
different than the electrical characteristics, e.g.,
contact resistance, of the via 126. 2 [0009] Another
probl em may occur during the danascene process when
[060% undebing REbiemIREVGILY Sud: r is_exposed, c|eaned, _
or et ched. I%}gpgrti%fgﬁ g‘glngﬁ SFTRasGERS RPOeSt Whefithe underlying
cofRIRRGY 1av&9H rd r _under, the via opening nmay be
Ay GBI ol RS or 1, 1o Rt e oanaamont of e copper

sputtered or partra
of.the via. Wile the recess created in

' |
cox%_c{%‘tgtog %asrgfé@'ldg% tr}%(a Viaapgping gwrbe sRateied agragiipdlyyemedced redeposited

resi stance, the redeposited |ayer of copper may
al"é@ glc‘i’ Sé%ﬁéh% %ﬁc ‘56 yes dhile the ecgepsedteahindlic @ppelisadueing layer
' dseed | ayer with the barrier |ayers and may al so
SHECRRUSY redhecs therasiince.ithe widepdsited ByerFfcbhRt Al lso bBersely affect
redeposi ted copper |ayer along the sidewalls of the
the\?‘fl%&waishmw“@m@d fayonwith ghieabdragt [aRek HRARRESS also decrease the
1_c{;m&fuslon into the dielectric layer, thereby causing
relighility of tlrel€l (Fuethé¢renckqithe reHQRILRAG & TR | QM )
Ib- | dillustrate a substrate 101 at vakﬁgggmg#§%§§°fmevm
mayindptede@s®h Rferafd@t 4r e, vent i onal .
barrier |ayer struct ucrraggt\a/vi t hi %ma]n\?? glg%feﬁecgfc Y- thergby causing the
strutldg syt rate 101 having a conductive |ayer 140, an
etch buffer layer 142, and an inter-netal dielectric
00 1MB) layer 144 formed thereon is shown. A via 146
[0030 f oFepexample RigutdyDbl alidiustizdda St irhtB G0 PACRrioRML RL of processing
f]ayer 142 by, for exanple, standard damascene or
perfouaid-td forasc @neeMoagEEEes - lae® dddtuk WifH: . a
cl eani ng process is perfoﬁhed to re&@ggyg%yhhggFVébﬁheSm”“mﬁ
H [ f he surf f
101 hiiifi€a cORRBBVe [ay2X 1 96 an WchRRLS, eg?ary{:hfe&y?rtgl a% d%t%?—ﬁg%a?di%lectric (IMD)

the conductive layer 140 wthin
of. the .conductive | ayer

i ld C p rti - y
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e
buffer layer 142 by, for example, standard damascene or dual-damascene processes.

[0011] In Figure Ic, a cleaning process is performed to remove any native oxide, copper
oxide, or polymer from the surface of the conductive layer 140 within the via 146. As discussed
above, a portion of the conductive layer 140 may be redeposited along the sidewalls of the via
146 as indicated by areas 128. A barrier tayer 150 is then formed over the surface, and the via
146 1s filled with copper 132 as illustrated in Figure 1d. As discussed above, the redeposited

copper in areas 128 may adversely affect the performance and reliability of the IC.

[0012] Therefore, there is a need for a damascene structure that prevents or reduces

variations of contact resistance between a plug in a via and an underlying conductive layer
'S

and/or that prevents or reduces the effects of a redeposited conductive layer that may occur

during processing.



146 as indicated by areas 128. A barrier layer 150 is
then fornmed over the surface, and the via 146 is
filled with copper 132 as illustrated in Figure Id.
As di scussed above, the redeposited copper in areas
128 may adversely affect the performance and
reliability of the IC. [0012] Therefore, there is a

need for a danascene structure that prevents or
SYNMARY OF/EHE N VERETTON cont act resi stance between a
plug in a via and an underlyi ng conductive | ayer

oesli or revents. or reduces the effects of a
L re eposTl31 ?Sg(%m% gﬁéﬁgﬁoﬁfgﬁ aéi/%?nefaﬁ]é(tsoh’ﬁ%?r @rcumventgd raind tpehnical
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ad%%‘ﬁfg%? S ﬁg?:ﬁ’%l%i 3&%8%@@%#@%@ ppbedimense odthe present invention which

ci.rcumvent ed, and technical advantages are generally
PSRN top Fienenienenbiotibmiant sn ol r@asint

i nvention which provides sem conductor structure

40 h ' I i . ing. [0014

[09u4]h apRRESHSce hANEL, éﬂb@ﬂ%ﬁﬁ%&%ﬁ%ﬂ' A g,é%tsemiclondumr

In accordance with an e
structure_ having.

i i seni canduct or a
strhéti@ %"/1945 bdtrige] er'Treofgrrfl if 2 dlamascene, BPEHEF REpVided. The semiconductor

barrier Tayer fo

i.ded. The sem.conductor _structure conprises a
S”g‘g‘%éﬁc‘%‘ﬁ’f\‘fss f 8?&“0%%12561‘&“%%’&1%%6 lazgre A fit frénchtand a first via is

trench and a first viais fornmed through the
f‘”?j‘ieg {t]‘BB‘f%%iﬂee qiglpetric lagise aad seesmnd tienenaid zaecord SR GHEhed through the

.via is formed through the dielectric [ayer, wherein
dieiqeicdwich nehereirete Ivedamdnencioimeirrt Rath e fidt Sen . €0 ﬁFﬂ barrier layer
A first barrier layer is formed along the sidewalls

is fofmadraong ithesgdetwattn ob thet e theh &8 ttha/fids vib hE
trench, and the second via. Thelfi?sT %%%?gg?mFgfgﬁﬂmsmmnd

viealTaa@rst ReriRkfce Nk tﬁé‘ﬁot{ol'nr@ftFé/ 'hPs% and g he P ”ga ;I‘éiﬁ&stamiany

is substantially renoved. A Tfirst reces

e . he (b fpne T
rﬁd@@d_cﬁlﬁﬁéﬂ%b%?ﬂ%@d‘%ﬁ ﬂ% (90@1 ucgrtg% é%ygst- %lg{%&@ bi%ﬁgpwg Ehsétﬁrst via is less

viais ess an a secon
' . . ' f the second vi a.
tha%g Q&HE& lleXE%S Ianer%& Ina %Q)%néullgveb ?atygroarirgmog the bot{om of the second via. A
second barrier layer may be formed along surfaces of the first trench, the first via, the second

trench, and the second via. Conductive plugs formed over the second barrier layer in the first

trench, the first via, the second trench, and the second via.

[0015] In accordance with another emBodiment, a semiconductor structure is provided. The
semiconductor structure comprises a substrate having a dielectric fayer overlying a conductive
layer. A via is formed through the dielectric layer to the underlying conductive layer. The
conductive layer is preferably recessed. A first barrier fayer is formed along the sidewalis of the
via with a portion of the first barrier tayer having redeposited material from the conductive layer

thereon. A second barrier layer is formed over the first barrier layer and the redeposited material



second barrier |layer may be formed al ong surfaces of

the first trench, the first via, the second trench

and the second via. Conductive plugs forned over the

second barrier layer in the first trench, the first

via, the second trench, and the second via. [0015] In

accordance with anot her enbodi nent, a sem conduct or

structure is provided. The sem conductor structure
‘heéwpﬁ’é@lﬁ%\%ﬂﬂbstdeamteh ateniG: Bettie®] @6 ik Baﬂri@ﬁ’lgﬁer and the second

overlying a conductive layer. Aviais forne

barriar leygh Thi eviaclis €illed Wwith @ coaiR%ivE fatdig under | yi ng
conductive layer. The conductive |layer is preferably

[mﬁﬁﬁess d. Afirst barrier layer is fornmed along the
st dewat’ a:?c%rfia]i‘oﬁév ith §tilf appther empestimergne sfnitdndudior siucture is provided.
Thbarr,ier | ayer having redeposited material fromthe
TR tRadRGer FEFBITe cothpnsepnsubstsedanidg habhiduefivd @%@ fortidd thereon: a
formed over the first barrier |ayer and the ’

dielﬂé@é é@‘ﬁ el yiret the !cexid,uctmeﬂi}@rgﬁw BhE ansdiat & B(gldhf}ﬁfe materia) formed
ﬂlreggggglted materi al between the first barrier layer

T3y els@dobayer Dalin cREtrk @%8fact iREa bRy 4 Sorkid with .
a conductive material. [0016] Inla%cor'aﬁ%é6%é¢ﬁ%(xmducnvehyen

the staitlabingRGoReH pRARAINAT ﬁ%wal@s;me‘ﬁ?ﬁg fat c%rgxpi%%%? fegsrgzm%‘barrier

is provided. The sem conductor structur

layss uldsk gt %ﬁaﬁvﬂ(ﬂﬂoﬁamﬁkﬁi&rﬁ eblag-geﬁ Eﬁ}{f@[% Iraip%g F%:;]%e?v%ﬁ% @gd wherein

dielectric | ayer overliying

the BotM .Lh a.conductive naterial formed
" thr ou &%%EQH%%%%gyp?gqp Fmghtherean diag g sidewelnt act
with at |east a portion of the conductive |ayer, the

[0037] & haw haegrdan LoD RRtRA6th b QRN M S| 1s: wherein . .
the via conmprises at |east one bgﬁgfﬁgh&%g§%wﬂéPgﬁﬁlsW““dmi
| ayers

Thetshiai ' 4t f b ]
e 1cbﬂcidcﬂﬁhﬁ@£th1‘e%gﬂﬂgers]% s §Ha§el B rig%ec%géc%%%aﬁ%rr orpgsl thereon; an

al ong the sidewalls, erein

tchadef BYE, [ I rs formed thereon than the
o Si dg\l\lg | SO.VQ‘?%% f%dulcﬁyeg%%%’radgﬁgéﬁw BT Qerlyingdkarieh buffer layer; and

i en a.sem.conductor structure is provided.

an o ' | i
0 o Rl R P EHE PP e Sohiop boer heobabg biies flied witr
. CPaViQ% a,%onductjve | ayer forned thereon; an

Onductive material in electric contact with at least a portion of the conductive layer, the opening
having a first dimension at the surface of the dielectric layer and a second dimension at the etch
stop layer; wherein the conductive layer has a recess under the opening, the recess being greater
than about 50 A when the ratio of the first dimension to the second dimension is less than about

10 and being less than about 50 A when the ratio of the first dimension to the second dimension

Is greater than about 10,

[0018] In accordance with another embodiment, a semiconductor structure 1s provided. The
semiconducior structure comprises a substrate having a conductive layer formed thereon: an etch
buffer layer over the conductive fayer; a dielectric fayer overlying the etch buffer iayer; an

opening through the dielectric layer and the etch buffer layer, the opening being filled with a



etch buffer |ayer over the conductive |ayer; a
dielectric |layer overlying the etch buffer |ayer; and
an opening through the dielectric |ayer and the etch
stop layer, the opening being filled with a
conductive material in electric contact wwth at | east
a portion of the conductive |ayer, the opening

having a first dinmension at the surface of the

CONBF GO aysectnchracs 090 ISR AN A LIBSLEer and «recen

stop layer; wherein the conductive Iaye? rec
inuthel eondubiévedPRNinE: tHeehiBE 68 1LE] reater.. than
about 50 A when the F%tei oot 1t eggfllgystgagfrﬁéjﬁ@f"wnt%ﬂ‘eemh stop

lalvbreana @Genld diriB e, QP | t han about 0.and being
[ ess than about 50 Aamdr??éﬁéherrggeﬁ% Se¢qpd dippngion being less than
A B3 .00 ond dinension is greater than
about fO.cF%%ggﬁﬁﬁh%accordance wi t h anot her
m$ggodinent, a sem conductor structure is provided.
sdhitooddaappreciatet b thtse sRORPL SESt -
havi ng a conductive |ayer formed thereoﬁ?égﬁ§%ﬁ%%gonandqmmﬁc

enfhufdireent kinyleged rbelrBRH; R : dielectric
| ayer overlyi %@t heer etlggﬁfggﬁ %Srae?zlas%g?{mg fy M erisigung other

striuBiuedd GP plob@ sl i r_and the etch buffer
the o f@&%@ rouk SRS O of e hegseat iy enien. Tt should

| ayer, the openi ng béing
| east a portion

ald¥HeGEdiBbd b knGlER hlch Gy GRUALL, W th at
of the c OB d lﬁlgéefs\%gfefjéiﬁléire;aﬁgﬁﬁt SHh gquawadent pepstrietions do not depart from
Qﬁ? i.ve | ayer under the_ opening, the recess having
th%. |%§?S%Pﬁ8ﬁ§F8H@HFm%ﬁ@wb 18 thyppptaigé claamgd a
second di mension at a bottom of the recess, the
second di nension being | ess than about 95% of the
BIIHFESERBASHHF TR A Winghou! d be appreci ated by
those skilled in the art that the conception and
speci fic enbodi nent disclosed may be readily
[00R011 | z & amor doapice dutersmdiihy bhe prescSivBMIRY aft e hdvantages
structures or processes for carrying out the same

thgrewfpesesncols tovempieas et fol BWeRE &Briptlohs BROYIHD -
realized by those skilled i nﬁ]gt he a};to t hat su(?Ip{jﬁnéﬁonb‘%‘hTthe

acEMimMing dfave@RSHIMGEI-ons do not depart from
10021} Figure la-1d illustrate conventional barrier layers in a damascene structure;

[0022] Figures 2a-2f illustrate steps that may be performed to fabricate barrier layers in

accordance with an embodiment of the present invention; and

[0023] Figures 3a-3f illustrate steps that may be periormed to fabricate barrier layers in

accordance with an embodiment of the present invention.



the spirit and scope of the invention as set forth in
t he appended cl ai ns. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0020] For a nore conpl ete understandi ng of
the present invention, and the advantages thereof,

reference is now nade to the follow ng descriptions
taken in conjunction with the acconpanyi ng draw ngs,
in which: [0021] Figure la- Id illustrate

DEGédUBRDESGRIPDEONICH TLIAYSTRA TIVI ENGS@SAERR TS r uct ur e;
[0022] Figures 2a-2f illustrate steps that may be
dto fabrlcate barrier layers in accordance

for
[00\%9]{ h a é%%%ﬁ g psngso ttﬁafeprgg;@g@meﬂambodnnemﬁe discussed in detail

bl% f L ures 3a-3f illustrate steps that may be
eliy%r fioherd ? BPIFeaRteG dowerr thiatthe peapentsnientioB@O0IddaMERy applicable

W th an enbodi nent of the present invention. 6
InVERETACQEEPDEBORINFTR oMb odied it b WGTRATHME o EMBERL MENESs. The specific
[ 00241 The making and using of the presently

emgdishenty disbusseld beiciteat snoael@ iltlistatieset Fe&m@%ﬁld@m @'af?é%se the
It should be appreciated, however, that the present

invantivenhi do npy it BRSCHROE RORhEGRR € i nventive
concepts that can be enbodied in a wide variety of
The specific enbodi nents

[0&%$e0|g§§ cont ext s.

scuSSEFIHAI 19 Hewe garasupsirate 380 isgtrovideddfavingeciohitive layer
ways to nake and use the invention, and do not |imt

210 metebdwfler leyert21a, indeariMId inyef DDREA] HRRERI{ RS ROWA e substrate 200
Fg%ure 2a, ? substrate 200 |sﬁzgov;de havi ng a

mayg @timﬂncme'y aay ether 2k turad) RIrG
an | MD | ayer 214. Although it ISHE&?£§“§§%£28%%my%g%ﬁbnnai

therepuhahsiabl, ABEcitohR Yestdhrh UHE t5d KIGYITh LY ex%ggcaaleﬂ;a)peﬁg{}%uctive layer

structures. For exanpl e, the substrate

210 fsQrm&sl Ia)IeP ﬁ{aﬁfg rin LSRRG rk%ﬁ{(})] d:rlec’tn %a"l-1 Hf?‘ﬁ(léets 2% ﬁ%{} er%ezatxlﬁé);eé r

and the i an e

[0026] The conductive layer 210 may be formed of any conductive material, but an
embodiment of the present invcntiog has been found to be particularly usefu] in applications in
which the conductive layer 210 is formed of copper. As discussed above, copper provides good
conductivity with low resistance. The etch buffer layer 212 provides an etch buffer thét may be
used 1o selectively etch the IMD layer 214 in a later processing step. In an embodiment, the etch
buffer layer 212 may be formed of a dielectric material such as a silicon-containing material,
nitrogen-containing material, or the like. The IMD layer 214 is preferably formed of 3 low-K
(less than about 3.0) dielectric material, such as fluorine doped dielectric, carbon doped dielectric,
or the like. In a preferred embodiment, the thickness of the etch buffer layer 212 is greater than

about 10% of the thickness of the underlying conductive layer 210.

[0027] It shouid be noted that the materials selected to form the conductive layer 210, the

etch buffer layer 212, and the IMD layer 214 should be selected such that 2 high etch selectivity



210 is a netal layer that is in contact with
el ectrical devices or another netal |ayer. [0026) The
conductive layer 210 may be formed of any conductive

material, but an enbodi ment of the present invention

has been found to be particularly useful in
applications in which the conductive layer 210 is
formed of copper. As discussed above, copper provides

expOdatwen Mﬂ)\l ey 2 Bk hOWF, %fiff%rt l%gq?r?lé? %B t\wﬁg}yetgébuffer layer

buffer | ayer 21 provi des an e
21059848tk Q ﬁﬁkﬁggi et the I MD | ayer 214 in a |later
proc essi ng st a\}&: é/nI 0ar%S (I{ehnsolgaT"?ﬁ’e’ ({amasgrpe siragiure ey be formed in the
i g%gﬁ BY 0 d,of a dielectric material such
a;Je e&h C on- %"gn Cﬁﬁ%iw an ?rgpodlment the IMD layer 214 comprises silicon
cont material, or the like. The I MD
"X{é‘siéfr i"‘?’éﬁdgﬂz‘/é*eé’gaﬁwyteﬁ@vm suth as OG- Kn this eesigsdirian silicon
..abo 3.0) dielectric material, such as fluorine
“‘tagﬁ‘p@&%‘i grerPrarsiliovarchhnn divpéd(SICRYES br(kCy) > Ofhat B@en found to be 2
like. In a preferred enbodi nent, the thickness of

suitgbletmateriaf for theogteh sidp 2ayes?2 @rlga,ﬂﬁgh Y L
the thickness of the underlying con gigg@%@ﬁ %%gﬁggTﬁbemng

fabfig®&71 1t should be noted that the materials sel ected

~to formthe conductive |ayer 210, the etch buffer

00@@ ﬁ% and the I MD | ayer 214 shoul d be sel ected
I ch rfipg APy Ho Etgre Yo lrendthiey 224, 237 ask iviat 37 QBEVﬁI%rformed in the

the I1MD | ayer 214 and the etch buffer |ayer 212 and
IMp gyt die frehetics @20) Zipeind v2d 2222 RS, 100 gpgggsyvaedu% damascenc

| ayer 210. In this manner, damascene structure

prodesy ytdinigrphbiodithdpasty Sedhsi deseiovhed
Accordingly, in an anbodi ment . the%P%enem}Ifl%’OtOIIthography

mvcﬂﬁmﬂl%}b(ﬁ&ﬁlg%l Phiof?Bsist Sty ?1&21 %E%%dial%ﬁrgrﬁ?ﬁpggmg) and developing the

deposition techni ques suc
or

, St d 0
phoﬁ?@@%ﬂi@ﬂﬁl in %é(}r& | 3 (agp eﬂé{f pa rn ig rgggéve;? p()g“ugl) ofthe photoresist

ilicon carbon ni

, to suitable material for the etch
matets.}tﬁg BTfFeg-g@gm q‘oﬁorﬁﬂftdwt%? Bysbets e Hedarkbying mateud tiorresubsequent
fabri cat ed.

LS. be
- processing s{epg such as etching. The etching process may be a wet or dry, anisotropic or

isotropic, etch process, but preferably is an anisotropic dry etch process. Afier the etching

process, the remaining photoresist material may be removed.

10029] In the embodiment illustrated in Figure 2c, the trench 220 is wider than the trench
230, cvenl though the vias 222, 232 may have substantially the same dimensions. For exampie,
n an embodiment the wider trench 220 may have a width of about 0.5 pum to about 10 pm, and
the narrower trench 230 may have a width of less than about 0.5 pm. More preferably, a ratio of
the wider trench 220 to the narrower trench 230 is greater than about 3. The vias 222, 232 may
both have a width of about 0.04 pm to about 0.15 pum, and more preferably, less than about 0.15

pm. Other dimensions may be used.



[0028) Referring now to Figure 2b, trenches 220, 230
and vial 222, 232 are forned in the IM |ayer 214.
The trenches 220, 230 and vias 222, 232 may be forned
by a dual -damascene process utilizing
photol i t hography techni ques known in the art.

General ly, photolithography involves depositing a
phot oresi st material and then irradiating (exposing)

_ devel opi pg the photoresist material in
W@@for d e empqdiment g wbich iter Bt fawsr 14 i oemsdg F8G, the cich buffer

portion of the photoresist material. The renaining

layghotZots demmsd ofaitieen witrider atdabe sofdetivndgsrbyd RO B per, the
from subsequent processing steps, such as etching.

trenghes 826 RBAgnpriec22S 25miyapbe aiched ulllizit ¥sohfdh SPERORE, or the fike
or isotropic, etch process, but preferably is afs ’

whemirstbt ewhibaffelrlyye LD ak ACASSich AifE! ThlCa@LCRLRY . i
process, the remaining photoresi st material ﬁg&r%%mngp““m“

A 2 t i i ustrated i
T Egur e et he S R e R Rl T e putrer laver 212

i ’ ias 222 32 y have
e T Py R b R S orovconibape ver 110
an enbodi nent the wi der trench 220 may have a wi dth

[0034] abdtishogldbegrtddahattaguid-c[kAn Broc8finayl feGeABIh MG erove impurities
trench 230 may have a width of |ess than about O.

alongithe Sidewalprofienadht todlcaf b Ourierly h Sodudle SN, 220
to the narrower trench 230 is gF%a er #%%ﬁ gﬁ%ugﬁ%P“’deml
out

- . h a width of a .
Proc'gssglzd}é %é? g&g&kl)\éeﬁ?% g&?lsfeaézpn% Eﬁ&afgr%nrpéo%epsé fig}lr 55 He,@gggctlve process

i - er di mensions nay be used. 8
maytlg%g%e]agﬁ %grg%p Ig:\jé 50 |lﬁg‘;‘1fh‘ yérﬁg%i:%rﬁa‘f"r’i’é Plaginay aggl@mopadactise process

f: d, of FSG the .etch buffer layer 212 is forned
mayéﬁﬁgﬁ i Igl S h Griofxfsa &AM e CeBRmiRg Bigea ayer 210 is
fornmed of copper, the trenches 220, 230 and vi as

00632p2, il bad . ut.i on. of CF4,
e, T s el eheutas Y 06k Bt O oo R haict baver 250 has

beeng‘?ﬁoﬁeedggl" HRTirgitaRid ligygtefﬁ{) n-‘{zﬂfe(rzoen%f)rgs%ra’ difﬂgcct)rtichgrrcogéfc?iivg garrier layer,
such as a nitrogen-containing layer, a carbon-containing layer, a hydrogen-containing layer, a
silicon-containing layer, 2 metal or metal-containing layer doped with an impurity (e. £., boron),
such as tantalum, tantalum nitride, titanium, titanium nitride, titanium zirconium, titanium
zirconium nitride, tungsten, tungsten nitride, cobalt boron, an alloy, combinations thereof, or the
like. The first barrier layer 250 may be formed, for example, by physical vapor deposition

(PVD), atomic layer deposition (ALD), spin-on deposition, or other suitable methods. The first

barrier fayer 250 may have a thickness between about 5A and about 3004.

[6033] Referring now to Figure 2d, a process is performed to remove the first barrier layer
250 along the bottom of the vias 222, 232 and to clean the surface of the conductive layer 210.

As illustrated in Figure 2¢ and discussed above, the first barrier layer 250 formed in the via 222



utilizing, for exanple, a solution of CF4 may be
perfornmed to renove the etch buffer layer 212 wthin
the vias 222, 232, thereby exposing the surface of
the conductive | ayer 210. [0031] It should be noted
that a pre-clean process nmay be perfornmed to renove
inpurities along the sidewalls of the via and to

cl ean the underlying conductive |ayer. The pre-clean

e.a reac ive or a non-reactive pre cl ean
maf b8 B ERr Tl G2 P layer 250 3760 B 6 GO39 rodvet e fiect of the

S process u3|ng a hydrogen-contai ni ng pl asm,
thlcgﬁqghza;t H%Heli’ laygr tzﬁg'é” iehormay §e arﬁaﬁgeqtrripcibande tayeplthes fimst barrier layer 250
process using an argon-containing plasm. [0032] _
ma}tp@ trneoved along thethottomof thvevisuB2, 232 by, 360exainpkl, guiog s%tﬂ‘tering process
after a first barrier layer 250 has been forned.
or pflasmet-captaining procesy e ThEpRsmBy oAl 56ceds RPbeFdrfdme®@in an argon-
conductive barrier layer, such as a

confriitingdgtropemiaitiihing, Helyal condaifiRb Qﬁﬁoé&%ﬁiaﬂ{ugkig rxjje?ﬂ—%gntaining, ora

a hydrogen-contai ning | ayer, a I i'con-cont
conlbaigion i rdBF Hlsm® EniRhAen € OHALR
an i n‘purlﬁb e.g. f’l bor S’H SUC ﬁgtgk ss ma&ﬁ)e perfg)rmed in a metal

or nbAUH 41 YN -Bbdidihidl EnJlf'o%ﬁ’{%hynA e"%‘”%@gp 6%4#{1&1??(@%9 may also be used

titanium zircon ani‘um
phyn Ltride, balt boron, an allo
suctt 3R B bAtRORAS 25D SR Prmavedmiensthy Beriasmp the via while
250 may be f rned for exanple, by physica
Ieavygéag © %/’] %fﬁhef((‘) \/‘Eﬁmera[f%‘?ﬁ%sol thegeytosi dfithtrench.
(ALD), spln on deposition, or other suitable nethods.

O 1 B 48 TR i oo

bet ween about 5A an
renove th

f
o LR 000 ST G R BRI L o

| rst barrl er

and an th surface of the conductive
the Sfa""é‘%‘ 31152 VToag. PRBH it PAviF i @50 e diccenmot
ove, the first barrier layer 250 fornmed in the via

condg%tzve lgystey 0 plong fiedtpms Rhpne erebotli ofithe bar2Rg132] dysdbuld be noted,

250 fornmed in the via 232. To reduce the effect of
howqvgg that the first barrier layer 250 is positioned between the redeposited conductive

material of the conductive layer 210 and the IMD layer 214. In this manner, the first barrier
layer 250 helps prevent or reduce electron migration and diffusion into the IMD layer 214, This

* process is described in greater detaii below with reference to Figures 3a-3f.

[0035] ‘Because the first barrier layer 250 is thinner in via 232 than the first barrier layer 250
in via 222, the etching process results in removing a portion of the conductive layer 210 under
via232. It has been found that the etching process may etch the conductive layer 210 at a much
faster rate than the first barrier rate, sometimes having an etch ratio of the conductive layef 210
to the first barrier layer 250 of 5.5 to 1. It is preferred, however, to adjust the etch parameters

such that substantially all of the first barrier layer 250 is removed along the bottom of vias 222,
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thicker first barrier layer 250, which nay be a
dielectric barrier layer, the first barrier layer 250
may be renoved al ong the bottom of the vias 222, 232
by, for exanple, an ion sputtering process or
pl asma- cont ai ni ng process. The pl asnma-cont ai ni ng
process may be perforned in an argon- containing,
hydr ogen- cont ai ni ng, hel i um contai ni ng,
29 t i ni net al - cont ai ning, or a
co nf’(oslo‘%g{h;ltgﬁlgt é) pgg% rﬁizegg ey ¥avi deammdarttuporf e traah and via dimensions.
: process be perfornmed in a netal or
Tt t-r&rfag%é’l i R begn fa g decoptaconspietance maysipiberier controlled,
et ch/ deposition process may al so be used such that

Vel ong the-bott om ot re e 8Tl lskpe e om ot
“ottom or 1 ne AP RO Bl A oo st e inthe cmbodimen
R T G & X St FORE T rermzoed oty sranret the DD
o S LRI P B S oo, suaGromitnabe D faver 214,

ong si
first barrier layer 250, creating recesses in the
bot h

(0083 d ucihiavpecfbraateémBIBmahO f one o
of the via 222, nzlsz.mlt’glﬁgtﬁptg%g{etﬁg e\ MrgHESAetrom the surface of
the cbtuctiRGaser D $6) | 50.4s pasitioned

betvl\lléen ?}Ifﬁe re)dlgg%%lte?ghc?k%éﬁ&u t‘%)déﬁe‘%B?@Wlﬁlw@ﬁm@cﬁ@twnchtothe

idROHHC ! r2l10.and the | MD | ayer 214, In this
s manner , t E/Sﬁeeésﬁ 1?{ar%s bokl)lgll’(i}iag‘i1 Isr]Fsci}'ézF‘ B Web psthp rasioeri theovidth of the

trenb £ AL ectron. nigration and diffusion into the I MD
N ag/) g ﬁgyidih Oélih? $1a 15 B dhap gbawe Jr itheelse pregeremittrat the recess formed
.beJow with reference to Figures 3a-3f. [00351

; det ai |
n tisSondielve lawer3 10 diave runtlest comagre and@68 thewidih BP@E rdcBss\h g the
e

b0ﬁ23§ﬁhgan theé;irst barrier layer 250 in via 222, th
B Oh e gegsr0E s thapsibbatsy 5Pao fHREONGR BF @e BREL
conductive |ayer 210 under via 232. Itﬁhésggggﬁj&nﬁzdnhﬁnp

layef 3lind that the etching process may etch the
conductive layer 210 at a nuch faster rate than the
soneti mes having an etch ratio of

ﬂm3PLrst %arrier rag,, \

o COETIRE Ngw YBIC 29.0- seeapdtbhmriet laver 2966 foréfed| AEEecond barrier
l 50 of 5.5 to 1. It is preferred, however, to adjust

ayer; péqf@ﬁblpjgpxggggegmg:onductive material, such as a silicon-containing layer, carbon-
containing layer, nitrogen-containing layer, hydrogen~containing layer, or a metal or a metal
compound containing layer doped with an mpurity (e.g., boron), such as tantalum, tantalum
nitride, titanium, titanium nitride, titanium zirconium, titanium zirconium nitride, tungsten
tungsten nitride, cobalt, nickel, ruthenium, palladium, alloys, or combinations thereof. but more
preferably, relatively pure titanium, tantalum, éobalt, nickel, palladium, or the like. The second

barrier layer 260 may be formed by a process such as physical vapor deposition (PVD) chemicai

vapor deposition (CVD), plasma-enhanced CVD (PECVD), low-pressure CVD (LPCVD)
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such that substantially all of the first barrier

| ayer 250 is renpved al ong the bottom of vias 222,

10 232. As a result, the ampbunt of recess may vary
dependent upon the trench and via dinensions. 1In
this manner, it has been found that the contact

resi stance may be better controlled. [0036] It should
be noted that the first barrier layer 250 nay al so be

atom@Teye deffosRigh @Aﬂ@t) spalbd AGRSitRH R LA E\?l{aka}é methods. The second

perpendicular to the ion sputter direction
b [lustrated in Figure 2d,
ar?%‘v’élﬂ%k ?%qmg%%}ﬁ%?mﬂ@g\gﬁ%ygr% s renoved fromthe top

surface of the IMD Ilayer 214 and the horizontal
[0039r f adieuos 21 iHastrtesl the subasate A00 aficruchthes 290 B0 And 0@s 222 232 are

I MD | ayer 214. [0037] In a preferred embodi nent, the
filldepitticoodluctine plugs 236 afdithe BRBEN PG afiF @M} E}?exﬁ%cfnﬂ&ﬁbﬁg conductive
the conductive |ayer 210) is greater than about

plug 17(Ida;ﬁlph§dslaQ:09{> ertihfteMd] $rhea o td&goglﬁr%&c&gb%e ltaﬁvyland I?ormmg a

of the via is less than abou

f t t he
cpeadt Euf o D2 LSl 8 P
the recess forned in the

cherhiZai3h S ALAY §§%§9 §3ahévgfﬁgunded coners and that the

conductive
wi dth of the recess along the bottom of the recess

[00405 | eBshdulibe adtedithad bOhOpretded Wiibbinttht. LRE o ORERIHAL;
formed in the etch stop ﬁlayer 212, 0038]0Re§£tﬁgﬁ6kwmsam

placBDMbAOhEDGLRE oL vih BLGAAG DA ; :
formed. The secoﬁd barrier aye§h§é®¥%27§era@F“mkﬂymg

conrﬁ@mrlb)%?ﬂ # @9@&&9&1' BEnTRE Gl ail:l gﬁmetg[ Ef}gl viash dt l‘llaé)i;léli:n found that at

i con-contalnin ayer, car
ameBL SRR T 2 e&mﬁ%raé’r%?;?ﬁ\%f’%q%‘é% phentcases,

. n |npur|t (e.g., boron), such as
P"“lf’%ﬁf‘* Fuﬁlmﬁtﬁﬁpé’ﬁﬁme%?w ﬁé@lecmq mafetish Toipreventonreduce electron
nitride, titanium zirconi um titani um zi rconi um
diffugipp fipadhe eapdyeiverplugstATAdato dre wiidertyide dictrobl rhiatenil Gk 8l proferred

ruthenium palladium alloys, or conbinations
that qnger Bofe, bair laymre such as the second barrier layer 260, be Jocated along the bottom

of the vias 222, 232. It is also preferred that barrier layers formed along the bottom of the vias

be formed of a conductive material.

[06041}] Thereafier, standard processes may be used to complete fabrication and packaging of

the semiconductor device.

[0042] It should be noted that in embodim‘ents in which the underlying conductive layer is

exposed or recessed, that portions of the underlying conductive layer may be redeposited along

the sidewalls of the via. Because this redeposited layer along the sidewalls may induce electron
migration and copper diffusion into the dielectric layer, as well as possibly causing adhesion

problems, it has been found to be beneficial to deposit a first barrier layer, remove the first
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preferably, relatively pure titanium tantalum
cobalt, nickel, palladium or the |ike. The second
barrier layer 260 nmay be formed by a process such as
physi cal vapor deposition (PVD), chem cal vapor
deposition (CVD), plasma-enhanced CVD ( PECVD),
| ow pressure CVD (LPCVD), 11 atom c |ayer deposition
(ALD), spin-on deposition, or other suitable nethods.
b Th secpnd S%rrier | ayer 260 may conprise nultiple
anilfgsyfeg a 0[‘%)&? e g the V34, crdating ereteesinttivennslelbyitg edriuctive layer, and
%?O after trenches 220, 230 and vias 222, 232 are
thery deppgiting\: s950ad hattiet laves. phisgso@Eisalestribb®inSarédi@@Rtail with reference
pl anari zed. In an enbodi nent, the conductive plug
to Fepees@erddr i ses a copper material formed by depositing
a copper seed layer and formng a copper |ayer via
el -plati rgcess, The_step may be
A IOO%I'P an a?{%{{e %érs% ﬁog?g LE?( g‘ﬁﬁ substgate 2¢Lisipeoytidedbetianh canductive fayer
ol i shin process. [0040] It should be noted
21 O’Fﬁﬁ‘ae 5?,] Sﬁoﬂg‘ﬁée%éﬁ’éﬂ e PMENBIRY Heéhwhersindikorefaene haarile Fefer to fike
l | ayers are placed al ong the bottomof the via
CeMGBT R ST 2éndiibeushét iphagshosTOthendbdae 300@e# iydlig: circuitry and
conductive layer 210. One reason for this is
othertaigiuregn hentxapiple, e subsimte 300 hag hbeeBrik@Undedh®nsitors capacitors
times the via may not be directly placed above the ’
resisondud thevikel ayer 210. In these cases, a portion of
the via may be positioned over a dielectric material.

-Hm4I° pag%enl or reduce electron diffusion fromthe
o nduSeiag FPYde Figres 3me yia F0 iadetmetly ftshowdd bt eettd tert the via 320

. ..material, it is preferred that one or nore barrier

1s illysipted g5 a uattiamgscenestaietionthr blustiative puayees &89 andRay be formed by
| ocated along the bottom of the vias 222, 232. It is

one Gajnye proeése stepsl(dtdat sitde ddrbdscbidygbéesh)0 B Yiah0 Bty S attemed and
bottom of the vias be fornmed of a conductive

etcheriat descaibed 4304 -hjth TdTees@fh ¢%sursbgndard processes may
be used to conplete fabrication and packagi ng of

[0045] k should be noted that this embodiment is being illustrated with reference to a single
trench and via. Embodiments of the present invention may be equally applicable to multiple

trenches and vias, such as the embodiment illustrated in Figures 2a-2f.

j0046) Figure 3¢ illustrates the substrate 300 of Figure 3b after a first barrier layer 330 has
been formed. The first barrier layer 330 may be formed of the same materials and in the same

manner as the first barrier layer 250 of Figure 2c.

[0047] It should be noted that in an alternative embodiment, the first barrier layer 330 may
be deposited prior to removing the etch buffer layer 212. In this embodiment, the first barrier

layer 330 is deposited after the via 320 has been formed, but before removing the etch buffer
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the sem conductor device. [0042] It should be noted
that in enbodinents in which the underlying
conductive layer is exposed or recessed, that
portions of the underlying conductive |ayer nmay be
redeposited along the sidewalls of the via. Because
this redeposited | ayer along the sidewalls may induce
el ectron mgration and copper diffusion into the
dielectric |ayer, as well as possibly causing

Iay&@h@ ?logg tk}eﬁfoﬁ e Jid BWSA?[SF oﬁﬁﬁgthfz ‘ersk? %amer hger 330, the first

bene eposit a first rr|e ayer,
r e bot m of t
ban{l/%}gz’iyteé ?’2 (E‘:l ?I}]dﬁlé? AL f)ugf{"egsl’%%?g%% a ong (t]le p:i e Vi are; :%og removed.
| ayer, and then depositing a second barrler | ayer.
[0048]i s Hadaassndvstoddigarciddes piategyie perdirmee toachowt tHe first barrier layer
reference to Figures 3a-3f. [0043] Referring first
330tafonp theIb&toRPef tik Sk B30, [tAdeb Bk dshgREOMdeieHn é&id@&n&: layer and
conductive | ayer 210, an etch stop | ayer and .
af 6i i?e'inoved along

crealtlwga r@éé?sr m%l;]e%onc\lmt(!@l e} 21@ 'f"l?efﬁrrs n%ép?] I?l §

like elenents in Figures 2a-2f 1S not

the l§ ‘eﬂ?c:f t%xp%a%%’ §§§rt811':&a§12)96 %Xoﬂ Q}%Ltlégx"? e%%' Ifute}gléﬂﬁa gontammg

ructur
ornmed t hereon tranS|stors Ci to
Pmﬁf‘éss X e BRI PAE Brp i8S Heg PR REREL T (b G ehwPRigining, hydrogen-
gure 3b, a via 320 is forned. It should be noted
contewgt& belamy peptanine, Ngog9rRBIARING (SR -QniIRS, @B ARIBBIAtion thereof
structure-for illustrative purposes only and may be
plasmgreprigoryent. obis ior Spwieepioress ey ket repformie iy a, matalsir mgh-enctal ion-
damascene process). The via 320 may be patterned and
conteindrtpeshvasnmkes.cini dgeefeabd embudinient, af @hen Gatalan fongukeused in the
2b. [0045] It should be noted that this enbodinent is

ctchBfy Jﬁ@cdsi | Alshuitiat @eh/dédoRitio8 P RBERat Ms@bShR@kech thi@RENrst barrier
vi a. Enbodi nents of the present invention may be
Iaye?%’(f"ﬂs s¥osBRRAiS2RbSd QofBHte B SBm of the via 320 while leaving at least 2

portion of the first barrier layer 330 along the bottom of the trench.

[0049] As iedicated by the areas 332 in-Figure 3d, the ton sputter or plasma process may
result in a redeposited conductive material along the sidewalls of the via 320 on the first barrier
layer 330. It should be noted, however, that the first barrier layer 330 is positioned between the
redeposited conductive material of the conductive layer 210 and the IMD layer 214. The recess
process In the conductive layer controls the redeposited conductive material of the conductive
layer 210 such that a uniform contact resistance may be maintained. Also, the redeposited
conductive material would gain the contact area of via to the conductive layer 210, therefore a
lower contact resistance is achieved. The first barrier layer 330 prevents or reduces the

interdiffusion between the conductive layer 210 and the dielectric layer, which is not taught in
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trenches and vias, such as the enbodi nent illustrated
in Figures 2a-2f. [0046] Figure 3c illustrates the
substrate 300 of Figure 3b after a first barrier

| ayer 330 has been forned. The first barrier |ayer
330 may be forned of the sane materials and in the
sane manner as the first barrier layer 250 of Figure
2c. [0047] It should be noted that in an alternative

. b - first. barrier |ayer 330 may be =
pricf 004K ed b0fe ik Feruiierg T L Pium e, iy st barrer Tayer 330
hel%léseun this §nbodinent, the first barrier layer 330
P STYEP 5 8T APSE PieEatipnAng sl fyrien igieche INPredr 2but
before renoving the etch buffer 13 layer 212 al ong

[0030he butshaum Blko bBBoM A AR subfabEsr tg@m}lg;%?a)%ggl (g %rx]lé? be recessed

barrier |layer 330, the first barrier

in 25 I tt f th L.
ok Pl L e QAR ISR O, B e

are both renoved.
J S d re he first harrier .
o g PSS o T RERound 7 ot B b emetsho, Tieed@pyed laver mey
osing.the underl ying conductive | ayer and
also £l ia%gdfgg%% Aning, ?’%’é%j&ﬂ%ﬂqg@rb%w@nt@mg, orfikgorine-

first barrier layer 330 may be renoved along the

contype FifEel t he via 320 by, for exanple, an
ion-sputtering process or plasma-containing process.

[0057he Dk SRR M ﬂhﬁ;}g? REL B3 @éﬁ 3?&'% r?ge’leyrgls(%)rbncprgmiogedafpom other

ar gon- cont ai ni ng, ogen- coO

S g M Bl ek P red et the it barir

-cont al ni ng,
i_fon t, The jon tter process may be perforned
layer 3 ngHg 5%&06{?“‘:{3 ﬁ“%‘éﬁgu 6P eX@BwRteainrnrrbodiment gmwhich the etching
In . a preferred enbodi nent, argon or tantalumions are
procggs isduied spefethatghe Hireiloprod eebing, Ags thetieresputtering direction, is
et ch/ deposi tion process may al so be used such that
substanfelly perpendaariaiterthe duafpers B30 batontrzhanhizab) tfe FRIBMAS layer 330
al ong the bott.omof the via 320 while | eaving at
may dlgalst removauioitdri dp Qirfdcher fhk TMD RETI12hnd ARorisGRa LA of the
the bottom of the trench

dual-damascene structure within the IMD layer 214.

[0052] Referring now to Figure 3e, a second barrier layer 340 is formed. The second barrier
layer 340 preferably comprises a conductive material, such as a silicon-containing layer, carbon-
containing layer, nitrogen-containing layer, hydrogen-containing layer, or a metal or a metal
compound containing layer, such as tantalum, tantalum nitride, titaniurm, titanium nitride,
titanium zirconium, titanium zirconium nitride, tungsten, tungsten nitride, cobalt, nickel,
ruthenium, palladium, or alloys, or combinations thereof, but more preferably, relatively pure
titanium, tantalum, cobalt, nickel, palladium, or the like. The second barrier layer 340 may be
formed by a process such as physical vapor deposition (PVD), chemical vapor deposition (CVD),

plasma-enhanced CVD (PECVD), low-pressure CVD (LPCVD), atomic layer deposition (ALD),
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[0049] As indicated by the areas 332 in Figure 3d,
the ion sputter or plasnma process may result in a
redeposi ted conductive material along the sidewalls
of the via 320 on the first barrier layer 330. It
shoul d be noted, however, that the first barrier
| ayer 330 is positioned between the redeposited
conductive material of the conductive |ayer 210 and
the IM,| ayer é14.,The recess_ process in the
SPIROR JERISTHPE: PraRfhsT suiahls Bethodh eTheewepnsdiamsd layoniomay eomprise
Hpﬁerial of the conductive |ayer 210 such that a
muifiplG 8¥t-cont act resi stance may be naintained. Al so
the redeposited conductive material would gain the _
nt ac M 0 conducti ve, |l ayer 210, .
wﬂtgﬁjer ef%or gghg&e%g\%{e{%ra% nctoggr & (g% ?'ée tsg:fﬁ\éagll F‘%C}/Té’caﬁﬁ‘gvee%‘?‘)d resistrvity
r reduces the

' ier.l,ayer..330 prevents
prof i it e BERI T of UBXE s70n bty 6 ¢ s57@nd bargierdayer 340 along the
: the djele ic lLayer, whjich is not taught in 14 prior
botlBFofdhE YR S0 B Y50 Pan b el Sriencel o gies iver §70 and the
this manner, the first barrier |layer 330 helps
secofjdchpBier layer $4brlens tiesderalhofihgrviasi3ah. Qe tiaf e Sicwbarrier layer does
into the IMD [ ayer 214. [0050] It should al so be
not gt dengthebottdre obiefvargle of t he conductive |ayer 210

may be recessed in the via 320 opening as a result
cess. In an

the,i Sputter L as r
[Oqg%odﬁ#% ﬁg” ‘CF??@”S 883{‘%'5% W"ﬂarf@g% %Eﬁé‘%@e GEfarss thigngssseto achieve step
about_.1to abo k%go nanoneters. The redeposited | ayer
COVEASF- T&F@{Ff%ﬁf 1RSSR gl bisbbrraemiayry 330 to the second barrier layer
oxygen- cont ai ni ng, carbon-containing, or fluorine-
340 Al9RE Hherrideyyathed dre e 324 BEBAYE 1 10 tohboktd Oble Inab esbbdisient, the first
the first barrier |layer 330 may al so be renoved from
barrist lger 339Unaf adeskiescaiimbeoutcf tot306 Aliane Geisotal Haske Glyei0f40 has a
the etching processes used to renove the first

thiclesy dfeboutl Sagebo@30oad ong t he bottom of the via 320.
For exanple, in an enbodi nent in which the etching

m}gfocess is tuned such that the direction of etching,
[0058] o, Fignre 3fakuseptes thersuhgrag 3Wctfienthe viss320 is filled with a conductive

plug_342 and the surface plaharized. In an embodiment, the conductive plug 342 comprises a
copper material formed by an electrochemical deposition (ECD) process. Generally, ECD
processes first deposit a seed layer by, for example, a PVD or CVD deposition process.
Thereafter, the copper layer is formed via an electro-plating process wherein the substrate 300 is
placed in a plating solution and a current is appliéd_ The substrate 300 may be planarized by, for

example, a chemical-mechanical polishing (CMP) process.

[0056] Thereafier, standard processes may be used to complete fabrication and packaging of

the semiconductor device.
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substantially perpendicular to the surfaces of the
bottom of the via 320, the first barrier layer 330
may al so be renoved fromtop surface of the IMD | ayer
214 and the horizontal surface of the dual-damascene
structure within the I VMD | ayer 214. [0052] Referring
now to Figure 3e, a second barrier layer 340 is
formed. The second barrier |ayer 340 preferably
npr i S8 i erial, such as a .
[GO%? l'i con-c élﬁ%eg“?ﬁ‘%%%{eﬁé? 8 ?1?%161;1? @l:yh the aEmmLIHiodimens gEthe present
. k: -cont ai ni L ayer, dr ogen-.cont ai ni ng | ayer,
b B PO bRt b s Py esne opering. The re.
degyd]ﬁstaEtLum tantalumnitride, titanium
P SR PieCondpstiv Mvghihat pmesecernduting procesming, such as a
zirconiumnitride, tungsten, tungsten nitride,
cle-:ae)&g &F g etghing E1Ep, 1s POt bajwasaltivadidewsll barrial lapyrs, Jhebling to resolve
conbi nations thereof, but nore preferably, relatively
or nigllgqaféthe ailesmingnd relahiligt probleoshlthe redeised capahdteilay®. Furthermore
or the |like. The second barrier layer 340 may be ’
the doptimety dfyhesigrvatidssic ue climiphy st fedbicd/@Ron HEPRSHA bl eopper
(PVD), chem cal vapor deposition (CVD),
diffiploasma- enhanced CVD (PECVD), | ow pressure CVD
, (LPCVD), atom c |ayer deposition (ALD), 15 spin-on
g position, or other suitable nethods. The second
[065 ﬁr r i Epbpdifnents 9i thepegpent dmysnition alsmallow pheretay ar e underlying
[ 00531 To achieve a better step coverage on the
condyptgeifeie] copmelladovitichisefectgmantinksisityStdcytist Yhe rBE&QREid BBductive layer
al ong the bottom of the via 320, the thickness of the
was porord byalia icesnd tayied 1340 BAORGdn Barr j ;
320 may be |l ess than ?ﬁe t ot al thiéﬁ%@%@ﬁgﬁﬂ%ﬁ%ﬂﬁg¥g%xmmng

has daBickhe8s anBeer B38s aid sidb&al _%%Crf%g gaggx% Epk%\ﬁcﬁem% ﬂ%l{eerr tr%gs%vity.

al ong the sidewall of the vias
Genbiali$ thd sl L g% nat . al ong..t he bott om of
(Gen DR Bl UGE 90851 he LB AL ORI NEGDOLLO 1
be no'fr(%ythﬁltﬁg thli]c%gssgsl (ﬁff ifie t?rrs]tt batrrrz]érclgf]ee}saig %hets%ccgm%hbla?r\i/ei izts;ere r%ay be
individually controlled to customize the performance for a particular application.

' [0059} Although the present invention and its advantages have been described in detail, it
should be understood that various éhanges, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be timited to the particular
embodiments of the process, machine, manufacture, composition of matter, means, methods and
steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform

substantially the same function or achieve substantially the same result as the corresponding
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coverage. The preferred thickness ratio of the first
barrier layer 330 to the second barrier |ayer 340
along the sidewall of the via 320 is about 1:10 to
about 10:1. In an enbodinent, the first barrier

| ayer 330 has a thickness of about 5 to 300 A, and
the second barrier |layer 340 has a thickness of
about 5 to about 300 A [0055] Figure 3f illustrates
the substrate 300 after the via 320 is filled with a

emboOintidideMeibed heiginiay BakiliAe asehidiag e BkPRAENZRntidD Accordingly,
an enbodi nent, the conductive plug 342 conprises a

the SPRRRA cIFth Lk Ao QKT thohie MRk 85} '<8 ;
eﬁﬁb05|flon (ECDf process. eceﬁera rf,aﬂgﬁagg%gggg%ggfhme&

mantlfa%ﬁfre g&ﬂ?&tﬁon@ 0%%@[&11 %ﬁ% m/e’th or%é:? le, a PVD or
déposition process erea e copper |ayer

|s forned via an el ectro-plating process wherein the
substrate 300 is placed in a plating solution and a
current is applied. The substrate 300 may be
pl anari zed by, for exanple, a chem cal - nechani ca
polishing (CWP) process. [0056] Thereafter, standard
processes may be used to conplete fabrication and
packagi ng of the sem conductor device. 16 [0057] As
w || be appreciated by one skilled in the art, an
enbodi ment of the present invention utilizes two or
nore barrier layers along the sidewall of a damascene
openi ng. The re- depositing of an underlying
conductive |ayer that may occur during processing,
such as a cleaning or an etching step, is positioned
between two sidewal |l barrier |ayers, helping to
resolve or reduce the adhesion and reliability
probl ens of the redeposited conductive | ayer.
Furthernore, the continuity of the sidewall barrier
may elimnate or reduce electron migration and copper
di ffusion
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[ 0058] Enbodi ments of the present invention also

allow the recess in the underlying conductor to be

controlled with | ess effect on reliability because

t he redeposited conductive |ayer was protected by

the second barrier layer. The bottom barrier |ayer in

t he damascene opening has a thickness and fewer

| ayers than sidewal |l barrier |layers providing | ower
WHAGSISSTLAIMED IS General |y, the fewer barrier layers on

bottom the better resistivity performance.) It

shqul d .al so . be noted that the thicknesses of the
Lt ?J‘s%e l&nsduc’:?”l%&v € §MOPERE second barrier |ayer may

arrre
be individually controlled to custom ze the
pefrOPHEREC! Y iovar parlsitalgl ar appl i cation. [ 0059]
Al t hough the present invention and its advant ages
ha@%e‘i&géﬁff@éwwwhe pordleittavd layért  shoul d be
under stood that various changes, substitutions and
al eéickicirorisyar ameritbe pmtlbufiariaysr; Wi t hout departing
fromthe spirit and scope of the invention as defined

by a fikse trayphend edirsd i fBoughMRE BRWRHc 14AE .he :
present application is Hot intenégdbgdagggﬁﬁﬁgigz fgrmed in the

condubéve(iaydr usdtr & fi@nPadi ments of the process, nachine,
manuf acture, conposition of matter, neans, nethods

anglseci €PscH I%ﬁ& his {Dﬁd 1N tm%gﬁ fg}?efdéé!a?tﬁé laggrbﬁ@;ptg)gg trgrich being

ordi nary sKi I'n e ar

i.scl re of,the present invention,.
narrduf b 6%, SOGLRR  SocSi et B dotmed iy 8 o B8 vokyer under the

processes,
t.t neans, t hods, or steps, presently .existing
SBCO%rV‘F’:tE%?GC?%ﬂ%@Sa e slsensr thapdhe festfeoassn  substantial Iy
the_same function or achieve substantially the sane
r s{ist baggerimer elone siiswnbls ofghd Tire raad e kS vile 561564088 rench. and
herein may be utilized according to the present ’

the spaqperitei b firshbawicdiaygt ieing tubeaapngneaaey &l RFEhEb&tom of the first via
dintended to include within their scope such

and thy cagsds, nachi nes, manufacture, conpositions of
matter, means, nethods, or steps. 98

a second barrier layer along surfaces of the first trench, the first via, the second trench,
and the second via, wherein 2 portion of material from the conductive layer is interposed
between the first harrig:r layer and the second barrier layer; and

conductive plugs over the second bamier }ayer in the first trench, the first via, the second
trench, and the second via;

wherein the first recess is greater than anut 50 A when a ratio of a width of the first
trench along a surface of the dielectric layer to a width of the first via along a surface of the eich
stop layer is less than about 10 and is lfess than about 50 A when the ratio of the width of the first

trench along the surface of the dielectric layer to the width of the first via along the surface of the

etch stop layer is greater than about 10; and
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VWHAT IS CLAIMED I S: 1. A sem conductor structure
conprising: a conductive |ayer over a substrate; an
etch buffer |aver over the conductive |ayer; a
dielectric |ayer over the etch buffer layer; a first
trench and a first via through the dielectric |ayer,
a first recess being fornmed in the conductive |ayer
under the first via; a second trench and a second vi a

t hr. Iy Iy he nch bei n
nar“ré‘tc&:)’e\?\)%grr1 H{aﬁiar% i&lﬁ% 2'lESr gf[ tr enc?wlgn Ey ti tgmg"‘fﬁeé gaé@%arﬂeai Sr?gond
e ctive layer under the K second vi

dlmeﬁglg? 8 o0 2 BRI eliGhnd Miimaibrbsing Gre gt 95% of the
ﬁmf rst barrier layer along sidewalls of the first

?gﬁ “the first via, the second trench, and the

second via, the first barrier |ayer being

substantially renmoved along the bottom of the first

2. Vi @heaadicbhdche eomBury bfclain $S6R&EINIRL ﬁﬂsle\ﬁa 'aﬁcy@xgz s@éoﬂﬁ' Qiahave a
surfaces of the first trench, the first via,

‘mdaﬂ@g&gmpﬁ@a@ﬂu3mﬁﬂg@qﬁﬁn§econd via, wherein a portlon
of material fromthe conductive layer is interposed

between the first barrier |ayer and the second
., barrier |ayer; and conductive plugs over the second
3. parlhe gsmiceRrsetor firyche of ¢laim { rehartin thehiersfliarmsdr iagicahastaickness
second trench, and the second via; wherein the first
betwesg ebat S aderiber300Han about 50A when a ratio of a
width of the first trench along a surface of the
dielectric layer to a wwdth of the first via along a

su e etc S | ay i.s less than about 10
4 and 288 R B E R B Gmal Pt Wi Pl err P s » thickness
between agout 5 At Qn% Jbi)ﬂts?;too A.

5. A semiconductor structure comprising:

a conductive layér over a substrate;

a dielectric layer overlying the conductive layer;

a first trench and a first via through the dielectric layer;

a second trench and a second via through the dielectric layer, the second trench breing
narrower than the first trench:

a first barrier layer along sidewalls of the first trench, the first vig, the second trench, and

the second vig, the first barrier layer being substantially removed along the bottom of the first via

and the second via:
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trench along the surface of the dielectric layer to

the width of the first via along the surface of the

etch stop layer is greater than about 10; and 19

wherein the first recess has a first dinension at the

etch buffer |ayer and a second dinension at a bottom

of the first recess, the second di nension being | ess

t han about 95% of the first dinmension. 2. The

S e g AREHEE i theSdonHEdE Bivef a1oh ki PorodNhR fht e i rst

via and the second via have a~ wi dth |ess than or

eq . . ] duct.gr structupe

o et e Feh i b Ried ey S foRE Mt ROHE Ble ¥ 31 2 sccond

| ekness _bet n about 5 A and about 300 A 4. The

receé@r%? cﬁ%ﬁegtt%ap t@?ﬁﬁﬁ{eﬁ?sé’ of claim1, wherein the

second ggrrje Ia¥er has a thickness between about 5

A BRTFORD SEeRgYET Along sutkacss pif isiirstirech.dhe first vip.ghe second trench,

conprising- a conductive | ayer over a substrate; a
and fespBgvizs aGyer overlying the conductive |ayer; a

first trench and a first via through the dielectric

| agenducavegdegsmder the pechndibrdriar byeomdheviiat thdneinWghfitkhga, the second

dielectric |layer, the second trench being narrower
trendhhamd thheedbhd 8ia. trench; a first barrier |ayer along

sidewalls of the first trench, the first via, the

second trench, and the second via, the first barrier

| ayer being substantially renoved al ong the bottom of
6 t hiﬁ? penaporpucior siigturgof cddimangvRgrgn the first via and the second via have a

width less than or equal to about 0.15 pum.

7. The semiconductor structure of claim 5, wherein the first barrier layer has a thickness

between about 5 A and about 300 A. '

8. The semiconductor structure of claim 5, wherein the second barrier layer has a thickness

between about.5 A and about 300 A.

9. The semicenductor structure of claim 5, further comprising an etch stop layer between

the dielectric laver and the conductive layer.
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20 a first recess in the conductive |ayer along the

bottom of the first via; a second recess in the

conductive |l ayer along the bottom of the second via,

the second recess being deeper than the first

recess; a second barrier |ayer along surfaces of the

first trench, the first via, the second trench, and

the second via; and conductive plugs over the second
10barrier.laéer inthe first trench, the first via, the

‘secOn g IPPEIY STUFIG9EPESRgnd via. 6. The

sem cqQnduct or structure of claimb5, wherein the first

vi a2 ﬂﬂ’(ﬁ“ tif & adBpdopfustive lay e formied trerdams s t han or

equal to about 0.15 pm 7. The sem conduct or

st r uéielgesicdiyee bedrhing thaherdeictivt hgef kit barrier | ayer

has a thickness between about 5 A and about 300 A ,

8. e femrridgn fiduidtlantris tayercind Bli<df witl fbdRdBetvaehSial the via having a

the second barrier |ayer has a thickness between
botainoatd Sdefvatind fbiBatrist oA forfhed HheIROHEQNGN GE AL iag  segond barrier

structure of claimb5, further conprising an etch

laytray@hcdal e g b8 V& Rk d Lhe .
Y onductive | ayer . Zlylgﬁ tggﬁgdg%%gsuogﬁ)erw%ﬁdu@tth? gonductive layer

alo bh8d 9 u t ith.a fir conductive |ayer _
FOE DbRorR et BURR L AR I ot besiht § borgon Y s barer
ctive layer: and a via formed in the dielectric
hy%%&%ﬁméﬁ%"?ﬁF¥gﬁkﬁf?h a conductive material, the via
havi ng a
H.  The semiconductor structure of claim 10, wherein the first conductive layer includes a

recess having a depth about 1 A to about 100 A.

12, ThF: semiconductor structure of claim 10, wherein a ratic of a thickness of the first bartier

layer to a thickness of the second barrier layer along the sidewalls is between about 1:10 and

about 10:1.

13. The semiconductor structure of claim 12, wherein the first bamier layer has a thickness

between about 5 A and about 300 A.

14. The semiconductor structure of claim 12, wherein the second barrier layer has a thickness

between about 5 A and about 300 A.
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bottom and sidewalls, a first barrier |ayer fornmed
along the sidewalls of the via, a second barrier

| ayer forned on the first barrier layer along the
sidewal | s of the via and on the conductive | ayer
along the bottomof the via, and a netal |ayer

i nterposed between a portion of the first barrier

| ayer and the second barrier |layer. 11. The

1556@@6&%&%@&:%&{%%&?8&2 &l aim 10, wherein the

first conductive layer 1ncltides a recess having a

dep&ﬁbﬁﬁ%aﬁ"ﬂ“’%éo%dﬁ‘%%méfgqrﬁieg 2. The sem conduct or

structure of c¢laim %% of a thickness

of first, barrie | ayer to a thickness of the
s_ecag]anChbbél?% lgyer oy eﬁ?‘?ﬁ%@“‘t"h@y?ﬁdev\al s is between
about. 11: _1gyand about 10:1. 13. The seni conduct or
st rUCTEFRC Brerqvaripng she qipheralfan lasiss ahdr st barri er
| ayer has a thickness between about 5 A and about -
300 RpenrRg thiggh desdieloritia daver amt the et beffer lapdr athfodeding being filled
_Wherein the second barrier |ayer has a thickness
witlhe peenivabiotriab intclendc adntust w3BG:t Rast3okon d the conductive laer, the
' sem conductor structure conprising: a substrate ’

opchiay bagnga fiendinthiive al By Qb MBR dde: g0 Nd dimensi
buffer | ayer over the conductive |ayer; gerd@glagét%ﬁgmensmn at

the étely&bp Ry&Y | yi ng the etch buffer layer; and an opening
through the dielectric Iayer and the etch buffer

| a¥@kreid 1€ ¢ Qt.ii\%qg?e? ihgsgf% Jeh%:s!s\%g]fiﬁ%% Qfl)eg]g?gg ngl}l%%;ss%/ l?eeg]rg deeper than

- material In electritc contac

fentih ductive |ayer, the opening having a first
oS L Eharih ool Vi ¥ Cliaension 1dheirespat dincasibagadess s about 10
af .se}:ont([‘jl di_nmensi gn at i
and bemg less than about 50 A when the ratio of the first dimension to the second dimension 1s

greater than aboirt 10.

16.  The semiconductor structure of claim 15, further comprising one or more barrier layers

formed along sidewalls and bottom of the opening.

17. The semiconductor structure of claim 16, wherein the bottom of the opening has fewer

barrier layers formed thereon than along the sidewalls,
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the etch stop | ayer; wherein the conductive |ayer has
a recess under the opening, the recess being deeper
than about 50 A when the ratio of the first
di mension to the second dinmension is | ess than about
10 and being |l ess than about 50 A when the ratio of
the first dinmension to the second dinension is
greater than about 10. 16. The sem conductor
structure of claim15, further conprising one or nore
18.bar Ai semidoagets strhomredngreing: si dewal i s and bot t om of
the opening. 17. The sem conductor structure of claim

16,2 swheraed uvidye: ldbameQhyet henRpeniag. has fewer
barrier layers formed thereon than aléng the

si gl ar-2BydSvoPs B GRAYUELEL Structure

conprising: a substrate having-a’conductive | ayer

forgwm ge&ﬁ@ [a?%verl?&ggtfleg%{ggwgfgr} ?}l,e?.y er over the

conductive fayer; ri ¢ T-ayer overlying the

et fer |a . an _openin rough the dielectric
"y P e e o R B R ind (i i e paging being filled
filled .with a conductive material in electric
with %ﬁ?@&?ﬂv\ﬁnﬁﬁéﬁﬂ 0} @EEEIC SO MYIBAL dtestamrigemefitbe canductive layer; and
| ayer; and a recess in the conductive |ayer under
t he refsenT Rl candactivedesss uhdey itgorseninicy the ratbsvansinga fadt dimension at
the etch stop |l ayer and a second di nension at a
the pioh stopriagér anHe scepdsimendie: 5 @dordmdirRNSERE theiddshd dimension being
| ess than about 95% of the first dinmension. 19. The =
lessgiemiabond6ed efthstirsudimtnsiopf cl ai m 18, further
conprising one or nore barrier layers forned al ong
sidewal | s and bottom of the opening.

19, The semiconductor structure of claim 18, further comprisihg one or more barrier layers

formed along sidewalls and bottom of the opening.

20.  The semiconductor structure of claim 19, wherein the bottom of the opening has fewer

barrier iayers formed thereon than along the sidewalls.
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20. The sem conductor structure of claim19, wherein
the bottom of the opening has fewer barrier |ayers
formed thereon than along the sidewalls. 24 Diffusion
Barrier For Damascene Structures ABSTRACT A
damascene structure for sem conductor devices is
provi ded...In an enbodi nent, the damascene structure
i ncl udes trenches formed over vias that electrically
couple the trenches to an underlying conductive

|ayer such Diffusihie BaliefGForiBifaetas Serliedhs, The
vial are lined with a first barrler ayer

barrier layers along the bottomof vial are rennved
§H§gc§hat a recess forned in the underlying
conductive | ayer. The recesses forned al ong the
bottom of vias are such that the recess bel ow

nar daneascdne GRERS fbSseti@HMdBELok AR R E‘ipﬂéﬁﬁ&ﬁ S’Infag regl%gdiment the

bel ow wi der trenches. I n another e

dam&fedrRakd in@lhdéﬁ&ﬁh%rrh%? gvel?% Js aﬁ%l%?tggajfy c(S)IuP e dhe trenches to an

first barrier layer. Int
e R SRS kel B e R F%&a?%%% G BAAP oo Hge fincd wit
a ﬁrit nglngr iagig‘r. ]The first barrier layers along the bottom of vias are removed such that a
recess formed in the underlying conductive layer. The recesses formed along the bottom of vias
are such that the recess below narrower trenches is greater than the recess formed below wider

trenches. In another embodiment, a second barrier layer may then be formed over the first

barrier layer. In this embodiment, a portion of the conductive layer may be mterposed between
the first barrier layer and the second bayrier layer.

I FIG. 2a |
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