~Diffusion Barrier For Damascene Structures [0001] This
application clainms the benefit of U S. Provisiona
Application No. 60/575,761 filed on May 28, 2004,
entitled D ffusion Barrier for Damascene Structures,

whi ch application is hereby incorporated herein by
reference. TECHNI CAL FI ELD [ 0002] The present
invention relates generally to seniconductors and,

nore particylarl. 0 a mi.conduct or _struycture
having & acBbeie 1frder FBE Dimercers ABuctones)
Conpl enent ary net al - oxi de- sem conduct or ( CMOS)
chno

oon P S S R e S SRR P e FBeNe Mo 6
in r.at (ULS)), .circuits today. Size reduction of = =

filed o AFHAL 2@%6‘8# F%ﬁf%%ﬂ%@rﬁ’éﬁé&a&fﬂ@%ﬂ@u@m Whiehpgpplication is
i nprovenent in the speed, performance, circuit

herehydReqrpgrated herewdyirelsesncaini t functi on of  seni conduct or

chi ps over the past few decades. Significant
chal | enges, however, are faced as the sizes of CMOS

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

structures. CMOS devices typically include
10002 o yi dbe Bresend inventianaelates genezallytto asmicomiusiost mrdsmore particularly, to a

_capacitors, resistors, and the like, formed on a
semicgubstor atrecturOhaving a dansscemstuciiieve | ayers fornmed of a

metal or netal alloy separated by |ayers of a
dielectric material are fornmed over the semnm conduct or

es to interconnect the sem conductor

BA£*§$$§§%ﬁ$es and to provide external contacts to the

sem conductor structures. Trenches and vias are
[0003] or nesinplBmbherydh&hlesidd-@nliedn@hdod @MOIMELRofIRy is the dominant

el ectrical connection between netal layers and/or a
 semicdTRb&br de8iHRlogd Meedros BINHCAREKELO5 lﬁttra[-\‘ﬁ‘féel'gcgle ilqtegrated (ULSD
circuits today. Size reduction of the semiconductor structures has provided significant
improvement in the speed, performance, circuit density, and cost per unit function 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.




one or nore adhesion/barrier |ayers
prevent el ectron

copper,

[ 00051 Cenerally,
are formed in the trench and via to

di ffusion fromthe conductive material, e.qg.,
alum num or the like, into the surrounding
dielectric material and to enhance the adhesive
properties of the conductive naterial to the
dielectric material. For exanple, it is common to
[0008]i | | ZBengrally foht oP@bFd Rhediay Bl | ia
whi ch provi %’I’es good adhgsf(?l%///g ralﬁllgllgﬁ}?%g?%%nte?ﬂtﬁe%d’ and via-to
revEnEL18GEdn Grrilshh rier layer is comonly .. .
DY or med of 't ant gfctﬂnm{hﬁ?:tg ﬁ%g}/e %?eé‘ﬁﬁﬁ-ﬁa\?%{%%a gygum. or te like, into
th Iy ities. to the first tantal um barrier :
e ERERUAD oMl ie) By o ¥Ehanc Hha AR E gt coroh Bt copguctive
e.used t i1l th trench and the via. [00061 Wen
maitBUVERE diclelrivanausaL B cnaple: fdv amunpivglian & sy barger layer
| ess than abouyt 0. 15 pm however, it has been found
f"“’teﬁé)? @F@%H’ﬂ&%&@dﬁ%gwﬁ adbesive quplitiesyethe dighestrict leyer. A second
along the bottomof the via may be dependent upon the
barrigy lgyer inponpmenly fasmeth of hiabndnitfids; shivh provides godcradhiesion gualities to
of the barrier |ayers along the bottom of the via nay
the figstitangalumtberrier bgemrand alfillchaneeiak kidtds ¢oppef, thdd eha9fbe\Us&d to fill the
such as the contact resistance. [0007] For exanple,

trenchiagdithe viea i | | ustrates a substrate 100 having a
conductive | ayer 110, an etch buffer layer 112, and
tal, dielectric (IN D? | ayer 114 forned

n i r-
1000¢fc, dbfien decirstng the pign efvianpasivalagy avituaasdese taomivet QIS i,
the left side, and a narrow trench 124 and via 126 are
howeyegy itdas bagn fovad thag the thickiess Ghtbe barrieviaperapasited albay theshottom of

such as barrier layers 130, are formed over the
the vig grafy e dependent ipen the addth 22 theli2fclahit BEREMES inkROthidkddss of the

are filled with a conductive plug. [00081 As

barriet ldyeiStaloaf €tk Boftomnl i tHeSvid mhay lafRcilthd istif€o; i
barrier Igayers 130 al ong %,hgeagig%(tggdr?nﬁ%?c%ﬁ%%}sg&%%eOfwa’
such BYIFOGBLEdsiwhidld the wider trench 120 is greater than
the thickness W2 of the barrier |layers 130 al ong the
bottom of the via 126 associated with the narrow

[0007} ¢ ey example Migure da ilbiseatds & Siebsent 1ohhohaessondiictivedayer 110, an
_ barrier layers 130, the electrical characteristics of

etch butffee lagiea ] I22 anda@yinter-metal dielectric (IMD) layer 114 formed 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 filied with a conductive plug.

[0008] As illustrated in Figure 1a, the thickness W; of the barrier layers 130 along the
bottom of the via 122 associated with the wider trench 120 is greater than the thickness W of the
barrier layers 130 along the bottom of the via 126 a;sociated with the narrow trench 124. Du.e to
the different thickness of the barrier layers 130, the electrical characteristics of the via 122 may

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




be different than the electrical characteristics,
e.g., contact resistance, of the via 126. 2 [00091
Anot her probl em may occur during the danascene process
when the underlying conductive |layer is exposed,

cl eaned, or etched. In particular, a certain anmount of
t he copper conductor |ayer under the via openi ng nay
be sputtered or partially renoved and redeposited

008910N0 A ARh&inplng Via, Wile the recess .
[ cr]eat ed in tphe\l\gg%g%g?%%?gﬂﬁg @\e/garflgsffg?e prgwg\wggbtggagqe\}ly ing
1) | ce the redepasited | ayer of
co e ek 5P 880 SR ur e TEPROEa” Aot amot ofthe copper
ent .seed.layer with the barrier |ayers and ma
°°n§+bg%q%?§é Hade @‘et‘ﬂae" CNEEITAR) 96 pyticsed erpartiatly fﬁuﬁqu@nﬁtﬂdéposited
alon H@ r.&deﬁ Si ted,co&g_er | ayer al ong the sidewalls of
feie Yigvallsey the i W hils e recs9s qisaipcinithercopper condystive layer
' diffusion into the dielectric |ayer, thereby causing
advanfpgeousty teduass thetresistarice. the BUeBbitRblayencdpprer may glso @dversely affect
Ib- 1 dillustrate a substrate 10 1 at various stages
the aghesigroefaswbseguen egefl dayre tith thef It tierdaye e whidHidyQildl decrease the
, E%”i er layer structure within a via. In Figure | b,
reliabifity efiths1C. afwethetfsbe, he/icdehoditeadIP&1h NS af i
etch buffer layer 142, aﬁjd an i n?er-ﬁﬁglﬁggfeesﬁtfeég?p?%the via
may (dbbg eledtidyigfigifidn @l n ind - i 6 is.
formed int hg1¥1 | MD | aéyagge 1&%@%%@5 g?{%mc@aﬂe{ ’glrlérébgycea}’ sing the

structifitoldyy. for exanpl e, standard damascene or
dual - danascene processes. [0011] In Figure |l c, a
cl eaning process is performed to renove any native

1001 ddior exammde, Figuxdsdé; ! dotlugtate/neibsi4tono t heasoistsezes of processing
the conductive |ayer 140 within the via 146. As

perfoniisictn faera calveninalbapdrliyePstfctdrD & ih Y t | r '
140 may be redeposited al%ng thé silde\/\%?sln\éﬁg?ﬁ}ejﬁ\/ﬁhgsuwmm

101 havifg asondadiiga I rrier -layer. 150 is.
the%l for med o%}??l?%gﬂ gﬁ?f‘% gg%?mgeﬁc}g'? hz[éld\%ln éntg%qf%taﬂ felectric (IMD)
i ' 132. i.llustrated._] Fi re ld,. As
fayer 44 foRfied ol BRRG, A6 Ri0s FifRist B B5 b Bl sndipsgicn
erformance and reliability

buffer?)?})é{ ?gél ?}Eﬁ”grl e)‘((ar%}c)lfe,e s%etmdtapde da?nascene or dual-damascene processes.
[0011] In Figure 1c, 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 layer 150 is then formed over the surface, and the via

146 s 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

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

during processing.




[00121 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 and/or that prevents or
reduces the effects of a redeposited conductive |ayer
that may occur during processing. 3 SUNM ARY OF THE

I NVENTI ON [ 0003] These and ot her problens are
SUyaviaRa! OF T8 v rIgN r cunvent ed, and techni cal
advant ages are generally achi eved, by preferred
ggbodinents of the present invention which provides
[00L3)ni ¢ ohgsrcand other prablamseare\gdnieradly salved er citcay®@ented] aid technical
damascene opening. [00141 I n accordance with an
advantpgsed iieeaencrolly adbéevpd dygméfeired/anbiddifientdo SO HROOMA HEMon which
structure having a barrier layer forned in a damascene
provgesisemigonductur sricted. wilhebHREA1SRP Maﬁﬁascéiefog&m%e A
C yer.

conprises a conductive |ayer and a dielectr
h and a first via is fornmed through the

mofhrst tren% . _ )
el el 3ecerdpngy ayith apmbodiens Afithe prsserti invedtion, secivondrictr
truis %otned through the dielectric |ayer, wherein the
Struciure 4aving ¢ byeipr legerfarmeshie e demaseendepehing $¢ provided. hTheemiconductor
first barrier layer is fornmed along the sidewalls of
strucfiig camprises & eendopiivet lnger bind sticleciic loyee AR SIC st via is
and the seqond ~via. The first barrier |ayer along the
formesbthrangh dife didlectfit tagtr, whda 806nd éhch BFPH Secbh viaSs formed through the
substantially renoved. A first recess fornmed 1 n the
dielecitio thyert, ivtierelnae becah®Bshchhen DRI { LIRY AR tass
less than a second r ecessm}?g)r r?egqa?frt}het%gt tfé%lﬁg'uétfir arrier layer
is formay 8lon 2HRAMAAR econd via A secon
barrie? |ayer n%gﬂ%%ﬁg%?ﬁgﬁﬂgFgﬁ%Vﬁh??é?%?d&?mﬁhémpmeS“mnd
ia. T he first vi Eﬁg second trench, and
via. el bR fler 1B s biony o the B iagrdie sgesd Yins substantially
cqond barrier layer in the first trench, the first
remo‘??faa% tf‘i‘ﬁ et res inie Kondyptives Inver glong i hittem ¢fDA Hirkt via is less
accordance w th anot her enbodi nent, a sem conduct or

than aSpeand Feress fpgnepq, ig\hejeaductive layer along the bottom 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 layer 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 layer is formed along the sidewalls of the
via with a portion of the first barrier layer having redeposited material from the conductive layer

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




sem conductor structure conprises a substrate having a
dielectric |layer overlying a conductive layer. Avia
is formed through the dielectric layer to the
underlying conductive layer. The conductive |ayer is
preferably recessed. Afirst barrier layer is forned
along the sidewalls of the via with a portion of the
first barrier layer having redeposited naterial from
therk j p secand., barrier |ayer
AR g U o g8 icd BRREER Doy T S BT et e an e sccone
i Lah, 4. .thereby encapsul ating the
barrgeggag/ggzﬁe:\ga Irlr—g{llgé ikvgtllh 2sLpduse fnr"i'\ée”flpr st barrier |ayer
and the second barrier layer. The via is filled with

[0014] c onduaxcondenceenier stidil anoth@PdBodirferd £ @hAGMARcHYY stilctitd it brovided.
ano}her enbodi ment, a sem conductor structure is
The pemizomtidtor sthiveurs esthsradh liRira hhWas o 'b&ncﬁlet'mﬁh\?e‘? Yorthed thereon; a
substrate having a conductive |ayer forned thereon; a ’
dieledirR!1gfek bUGIYIANRE cONEREL i AR, LYiS, Lavel, .and. a
Vi a %E}i%lkl ed )A\ivlr?g%/h 21 coﬁ&j‘ﬁ:gt | \rfegﬁﬁaaﬁ’gz{r}ﬁg%‘%%l} ar‘r%odpéu?tlﬁvlﬁ (Wlﬂ%nal formed
th ehkiislk&RL 54 | lectric contact with gt .
ml{ggast a pgé tHIy grnir@%&% lﬁgtﬁggér(%%ﬂ: Pt feat portiqnof %Pnau"twe layer,
I1s; wherein the via

| the vﬁ%\éiv{rﬁg a%oggx%ltplggkrgl%% Iﬁlgg %p‘? Iwzif:r%ﬁ'q § Eia COMBFiges ahlsagh gpe baprier

conprfses a
ia erpr)rti orl1 and a pl ural ity of barrier layers along the
yer 8088 s holiom pogionawd aiphirality of barieplayess plong thelsidewalsyand wherein

" bbarrien | ayers formed thereon than the sidewalls.
the bqtigey portipmhasdewercharrios laxersospesd theretrhihen thelsidivaiint , a

sem conductor structure is provided. The
a substrate having

[0017} em ﬁpﬁ:@%‘é{? e V%hr *E? L]!flortﬁ rfeo ggéf ¥ %E A RCMCORHICH Srggtue éi,]érgvided.

_ conductive [ayer Torne
he conductive.layer; a dielectric |ayer
The s Bbadydor SPRUE bomiises § Sty b ing gondunti ey epmed thereons an

thbtﬂrqu h the dielectric layer and the etch stop |ayer,
olch bper @%éﬁu"?{éh%@ﬂﬁactw layer awielecteic layermadying eheretihemiftet layer; and
in electric contact wwth at least a portion of the
an opcaBygdironghy theldigestric lnyes anptheietd stdpaluyengheopénirtbeing filled with a
di mension at the surface of the dielectric layer and a
conduciize omatierthl mesiitdnicontact With ef ekt a pbRRn loB R condefVElafer IR opening
conductive |ayer has a recess under the opening, t he
havingraefirsiscimbyidigat BeAtBEe 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 is provided. The
semiconductor structure comprises a substrate having a conductive layer formed thereon; an etch

butfer layer over the conductive layer; a dielectric layer overlying the etch buffer layer; an

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




than about 50 A when the ratio of the first dinension
to the second dinension is |less than about 10 and
bei ng | ess than about 50 A when the ratio of the first
di mrension to the second dinmension is greater than
about 10. [00181 In accordance w th anot her

enbodi nent, a sem conductor structure is provided. The

sem conduct or structure conprises a substrate having a
C buffer | ayer

cofiQRUUE inbiéBall iR ¥REri AbiEd Lillel: ?e%gr' aegﬁ)gg?erf ?tgh? gﬂpgpctlve layer; and a recess

over the conductive -layer, a
ni ng through

in S B AHEOHLGE BEYEhin i D B 08 co or
laygfecita'r'blg%&?i) }1 o | iclr\lla%gil?\(l)\ng%rg |ogg§trg%snﬁg g;gs;e%/q?;ldgk?é]@er{sgilbeing less than
i . Coe oo ok g e v

di mension at the etch stop layer and a second
T menal on. e aE PR tds0 Sl gl o 5 R SPiRPaion and specitc
e TR 0B TN 5 RS s o
R e 5 PR the 3PP gosh bl pecmeianten. o should
R B B e 0 ' e
in the art that such equival ent

th t hose, skil | ] F
© SPUi 8Rq $r0ps eiiBe iyentinn agegtotth frthemppichdeds@iaipist and scope

. of the invention as set forth in the appended cl ai ns.
BRI EF DESCRI PTI ON OF THE DRAW NGS 100201 For a nore

SR A TRE PR INGRG, Brce i s now made o the

foll owi ng descriptions taken in conjunction with the

[0028F c onparmaytherg cotpletengdersiafdiBiof e prl0Rhventig i thePidvhntages
d illustrate conventional barrier layers in a

thered FEBRAGSEs BbW Wddd kSihe following descriptions taken in conjunction with the

accompanying drawings, in which:

{0021) Figure 1a-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 performed to fabricate barrier layers in

accordance with an embodiment of the present invention.




illustrate steps that may be

perfornmed to fabricate barrier layers in accordance

wi th an enbodi ment of the present invention; and

10023] Figures 3a-3f illustrate steps that may be

performed to fabricate barrier layers in accordance

Wi th an enbodi nent of the present invention. 6

DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS
DETANEHN DEBERMRONORIILUSTRATIVE ENBODRIERYSY Ppreferred

enbodi nents are discussed in detail below It should

however, that the present invention

appr eci at ed, )
W“%fovi dbe ¢ aa¢ Bsipg afithe presenils preforsedoambhodjpnents 4radiscissed in detail
be enbodied in a wide variety of specific contexts.
beloy dt siguld; tejappreeitsd diavesvess that the pesend imvensdmpravidesmami applicable
. illustrative of specific ways to nake and use the
invenitxeeaonéapts, thatredn o embeditd imiat widb earsatp pEspeifit bentexts. The specific
i nvention. [00251 Referring nowto Figure 2a, a

embedimstts diseusd@Dhdrain ﬁfeQﬂéré@dlhﬁbﬁ’dﬁﬂgof%pE&ﬁéj%*si t% SnadkBYAA ust the
10, an etch buffer layer 212, and an |IMD 1ayer 214.

inverlon[@1dgH riok link tROScopdOMie ihBfichUbSt rate 200 may
include circuitry and other structures. For exanple,
the substrate 200 may have formed thereon

{0025 andiedereipg now splienteciasa subsisits 200 is prawidedtHaringialoenductive layer
an enbodi nent, the conductive layer 2 10 is a netal

210, gregpelr buffealayes2 12 amdant IVED layiet D 40| Aol Alis 68 Ch&@iS R substrate 200

anot her netal |ayer. [0026) The conductive |layer 2 10

may inelyddérchiryned otifer siayctied dig ek MBpIBRhE SibMrate DY AP have formed
enbodi ment of the present invention has been found to

thered¥eraddisiohss BAREhOf s, ¥&§dtatk, dnf PRl ‘ix?Eull 8RBodiMen¥HeC0nduiBve dIayer
conductive layer 210 i's forne§ of copper. TR
210 iBHAMEL | 0 OV.i . nducti vity w | ow
Iresistgﬁ%geﬁ%ﬁgcg%%%%ﬁgggggﬂﬁggﬁ?“ﬁfﬁmBW%WPE%Qlﬁﬁnetch
buffer that may be used to selectively etch the INM
[0026] ayeThexbhdictiva liyat 210 mapbefsiedoSdngRondidtid@material, but an
enbodi ment, the etch buffer layer 212 may be forned
embodijﬁl?r& ogﬂtrle,l p€deh iGveiibR hheed Wil d 38 b@pattiblia AN AN iRk B ions in
mat eri al ,
which the conductive layer 210 is formed of copper. As discussed above, copper provides good

[ 00221 Figures 2a-2f

conductivity with low resistance. The etch buffer layer 212 provides an etch buffer that may be
used to 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 6f a 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 should be noted that the materials selected to form the conductive fayer 210, the

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




ni trogen-containing material, or the like. The I M

| ayer 214 is preferably forned of a lowK (less than
about 3.0) dielectric material, such as fluorine doped
di el ectric, carbon doped dielectric, or the like. In
a preferred enbodi nent, the thickness of the etch
buffer |layer 212 is greater than about 10% of the

t hi ckness of the underlying conductive |ayer 210.
exib@B3Hker the S0 rials selected
to form the coﬁgﬁ?ﬁﬁ\%& ﬁ’gfteclrﬂ%%ﬂt %‘%Yffr’%s a’é‘?bﬁwﬁﬂ’f giehy butfer fayer
213 Seh layer 214 shoul d be sel ected ]
such 't hat u%ﬁjﬁ ?Eaﬁﬁpg{(i: Pﬁ&llélf é’@f‘?% daaseng strugtwrempyibe fprmed in the
. er 214 an he etch buffer |ayer 212 and
Iay%lg% \N%Jg%lgg? g’ﬁfoﬁvuféquq%j%r‘_n angmbodigenthe dlarparialé comprises silicon
.l aye . In this manner, damascene structures may be
OXI?eg%ﬁgﬁé} E?“PFFEI’Y fleppaition feshnigues suebeas (HEP.olm thixendrodinmegl, yilicon
. In an enbodi nent, the IMD |ayer 214 conprises silicon
nitrigy (2B Borx Fpr sibieamaxrboy nitagoSiC,iNyNS kQﬁ,gn SO @Es BaE TR to be a
CVD. In this enbodinent, silicon nitride (SIN, 3 > x
suitabl@naterialdol the etch emphgiRr Pi iniviecH SdpsNdanDisce is*bei
0) has been found to be a suitabf%%naf%rFg?eg%?x%ﬁgﬁwuw
fabrietteth stop | ayer 212 in which a copper damascene

structure is being fabricated. [00281 Referring now
trenches 220, 230 and vias 222, 232 are

0 %o Fi gure 2b, [

(00281, nelReipming Raw tp Kiguss /2y, BdcheT 20, P3@maheiss 2202288 #ithed in the
vias 222, 232 maybe fornmed by a dual - damascene

IMDgaxse bt heittenghias@20/230ahi viao g RBY mad 68 HorkHédDy SR ddnthscene
the art. Cenerally, photolithography involves

procadepifliing phgtcditifpedpdy ecchaiqudangivh 3 1RR38. (ARl {@?{Iiogﬁﬂag%phy

(exposing) and devel opi ng the photoresi st

involeeclepbaiipe pMotdtedst SRRG af érﬁqhan@%%@{ag?é Pefhcgsrlrg% %ﬁ? H?Vﬁboping the

portion of 't he photoresi st
hotoPR2t RLRFASH 2P &lok2ly R eg; tBe underlying materij al ]
P T om su bseq fent %5?%%@& s%f’ i “%’ltpé1 gnie Eﬁf’i’f"éﬁ RO Gighe photoresist
termn e LGN rocess may be a wet or dry, anisotropic
ma er;cgl? Tll?es% ?@%\85’,*10 i @E@‘,"teﬁ'ﬁ thegmdedyiag mpatdrial &pm subsequent
anisgtro i.c dry etch process. After the etching
processing steps, 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. After the etching

process, the remaining photoresist material may be removed.

[0029] In the embodiment illustrated in Figure 2c, the trench 220 is wider than the trench
230, even though the vias 222, 232 may have substantially the same dimensions. For example,
in an embodiment the wider trench 220 may have a width of about 0.5 um 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 pm, and more preferably, less than about 0.15

pm. Other dimensions may be used.




process, the remai ning photoresist material may be
renmoved. [0029] In the enbodinent illustrated in
Figure 2c, the trench 220 is wider than the trench
230, even though the vias 222, 232 may have
substantially the same di nensions. For exanple,
enbodi nent the wider trench 220 may have a w dth of

about 0.5 Amto about 10 [tm and the narrower trench
wi dt h of |ess than about 0.5 Jim More

hav i )
“’"éﬁﬁf gﬁé‘oﬁ ,mehé?gwt B vaich the dMR lazer 214 énformabef RS6, theeetch buffer
nggrqmer trench 230 is greater than about 3. The vias
layeroll 2 is foymgdh of silinon mitridss ench theicdtiductive kelyerit 0Gs DAmedOr dopper, the
about 0. 15 Inn, and nore preferably, Iess than about
trenghes[220, A anCivies 222 238 meiydretohey utifzibg £ sblutforf FQIQICIFR or the like,
an embodi ment in which the UWID layer 214 is formed of
wharSiGthe ¢teh Bitffeh ldyed F1@ractslagy@ ercB baffes TherciRe, Slotk EichP process
nitride, and the conductive layer 210 is forned of
utilizingpfor exdniifte, alsbRAGKNEECE ARy B35: Ji 8%2(11
"~ be etched utilizing a.%%lﬁiion 0 %F%?éas 8’e§§§PH§%1@mr2uz
withid #R viasWher Bbnnth o f £Ls,.as
etch buffer. Therg%%#é??gg&ﬁ?ﬁ%%ﬂéﬁ%ﬁﬁﬁéwgwgﬁgggzﬂﬁ
utilizing, for exanple, a solution of C174 may be
[0038kr f oHishenld be nasedbthet  jre-cletan prdeefsiieay bepeeforRdlio kbW ithpurities
the vias 222, 232, thereby exposing the surface of the
along thedidswialleof thy ein add & cidAABdindctymBRUhdhchif: BRLredht PRLIEn
pre-cl ean process may be perforned to renove
procésapayibeia@Bactiad S thdniactivel gMadib s, Rbcdsh erof Qar@l i
cl ean the underlying condgctivelﬁdier%%)ﬁe gﬁ%%%%Weane$
may RICRRIESI¥RY pRReR usHAGHH : Mol RAcL! ¥8 pre-cl ean
y P pRice ﬁg% thlr% of C&ltgiglngé)gagglg, a ofi r{gﬁlcﬁgg process

process. Fof exanp activep
hydr o - gont ai ni ng pl asng,

using a en
may BeRUgS el BRERS wiPs oo ORI e . & pl aoa
process using an argon-contai ning plasma. f00321
10032 guifigize 2¢ Itlustadidsabesibliage Sost Fi'%sx% 28 Q861 fiiki wﬁg@r 1%% 250 has
a . e

after a first barrier |ayer 250 s been forne

| been formed. Digy firs€ardiRYSker %%yorﬁﬁ%rai e i@h SRl g baXrier layer,

conductive barrier |ayer,
such as a nitrogen-containing layer, a carbon-containing layer, a hydrogen-containing layer, a

in an

silicon-containing layer, a metal or metal-containing layer doped with an impurity (e. g., 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 layer 250 may have a thickness between about 54 and about 300A.

[0033] 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 2c and discussed above, the first barrier layer 250 formed in the via 222




such as a nitrogen-containing |ayer, a
carbon-contai ning | ayer, a hydrogen-containing |ayer,
a silicon-containing |layer, a netal or
nmetal -containing | ayer doped with an inpurity (e.g.,
boron), such as tantalum tantalumnitride, titanium
titaniumnitride, titanium zirconium titanium
zirconiumnitride, tungsten, tungsten nitride, cobalt
mayd BitkerdRarfthé Bst b . i L% §2f € vk K-
3}#&; first barri er&ﬁg‘?gf&?gg?%ranfggne gh'g&‘ Lﬂz’d'f’duce (% effect of the
thicE$ R bSrrs i Gl vapor osLtion PVD), .atom._c
lcll@ai{yer g’é‘ﬁgﬁy ?i on’ %%E}b ,a? 2’6ia%l?e’g?f%rbce%g?rtléﬁtr,t;'%ﬁrsb'?“lﬁ"é?r layer 250
[ I t ... Th irst__barrier |ayer 250 may
- may A e A Borgl v Rt 25 fer DRk, GgRSputtring process
%00331 Referring now to Figure 2d, a process is
O PIAAPI EPHHBINE BraceTtov 8¢ PlREmacPRIpInNgIDrocsss Inay be perdBBedingmargon-
the bottomof the vias 222, 232 and to clean the
contiping hydrogen-cpriaigingdsbivmyeontaiying, rdtrdg@n-codmining, tetal-adresining, or a
in Figure 2c and di scussed above, the first barrier
combipgfion Uxgepfiptasme dnvirontvet. Vite i82Buttr proyesh tal bk pki@srmied aa metal
the first barrier layer 250 formed in the via 232. To
or noneukiglgon-bentghihg etvidhniehe A thitekath/bépoitiol %Fcfcb%rngaa)lﬁr be used
250, which may be a dielectric barrier layer, th
such fhiaf St fiBAbarief lah@YS8D i%@@staﬁ%)ng b&né&e%y&g tﬁﬁl R nt Si8he via while
bottom of the vias 222, 232 by, for exdnple, an ion
leavi idasid it SIGESH - nt aj,ni.n racess. .The
pl asma- cﬁﬁtt] al ni ng rsl}%grelésljslgfﬁg?/S@QO%ngPﬁ%,ﬁ OgﬁeéWmh'
ar.gon- contai ni ng, hydrogen-contai ni ng,
[0034hel | dhe porspettanionplasnm prooese nsean ka@hdienBes first barrier layer 250 along the
nmet al -containing, or a conbination thereof plasma

bottora ¥ the vinyR02, 23T Meayi redtltSH W ird-8Ep R Q@R udFRY n%rﬁ?frfo%ﬂb@&i\along
in anmetal or non-nmetal ion-containing environnent.

; C, . ) | ) . h
the sidepudllé 6 theVRDLSERISB LY fh@rfi E{rbgﬁ?eg Eaélg?%SG’; c%gttx%ﬁrte?%%% )}n thec

that the first barrier |ayer u

dué of the via whjile  leaving at
contr GRBR238 0 HD HOL  lyb o P AT 207 SR
tt of .the tyrench. [00341 The ion_sputter or

h"“’e"%‘ltj gﬂsa?rﬁ]egﬁ%@ggrgr E‘% g0 P%ﬁ%&?@g betwesn theredsapsiied condagive

%59 al ong the bottomof the vias 222, 232 may result
materigl g H'erceng'{&a&iaﬁ%ﬂle@ﬁ@ thet!MI2 layer 2 di thimwenashdnirst barrier

al on
layer 250 helgs prevent or reduce electron migration and diffusion into the IMD layer 214. This

process is described in greater detail 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
via 232. Tt 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 Iayef 210
to the first barrier layer 250 of 5.5t0 1. It is preferred, however, to adjust the etch parameters

such that substantially all of the first barrier layer 250 is removed alon g the bottom of vias 222,
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the sidewal |s of the vias 222, 232 on the first
barrier |ayer 250, creating recesses in the
conductive layer 210 along the bottons of one or both
of the via 222, 232. It should be noted, however,
that the first barrier layer 250 is positioned between
the redeposited conductive material of the conductive
| ayer 210 and the IMD |.ayer 214. In this manner, the
i I r. 250 hel ps. prevent or reduce
232] g%ttaf %gﬁ’ﬁ ‘g?‘é‘?+‘§)r@?5eﬁ ?Sﬂ?yf"&.g}i ‘EFEB‘P‘??PBUR‘W@WHCEW via dimensions.
scribed in greater detai

| AN
I [ k.3 o bR 8 i s ttangy mpxpbetateBoummaiiel

el ow w’t
the first barrier layer 250 is thinner in via 232 than
[003BF f ikt stioubbibd c2éd thatths fRPRarribl)aVd A=)
process results in removing a Hg%%/%r?gﬁg% azs %eremoveg%om"ther
surfodtdubdtani@l] Endicuid) ' 2...1t has been .fqund .
Y puBEndieddd IRTn snll@iReron, S cetTRe it dydmbodiment

that the etching process nmay-e
n the first barrier

illusidedah Feaub/sd) thef %EE I%ri&?ah%g%ﬂﬂis Femaved £pong the tm?{g@q qfiyke IMD

rate, sonetines having a
rrier layer 250 of 5.5 to 1.

lavd : e first.b !
W e y‘?é“%?‘g’?%éz?’é‘%aﬁls Eﬂﬁéx‘?éﬁh? 3&‘%‘%&?@{!@ strstuse wiithin the IMD layer 214.
lnmggraneters such that substantially all of the first
rri Bra prafeered 2bBodiseh© HR\RHh vi,as

222, 10 232. As a result, tvhe gir%rgﬁéne??%a?%reté‘%g%“gﬁ%@e surface of
the conductideRADI0Y isUpPORe vi.a djmensions. In

this rranger, hsﬁas rgﬁ;aglﬁbg’%ﬁ‘?g& ﬁ%‘t rabﬂggﬂ’ﬁﬁi“a@t"?%‘e trench to the
width 68ths VRANS R ter.control | ed. 0361 It shoul d

be noted t ﬁi@é{? E@ou?l?é’safl d bsgf"ﬁsit%]” qbﬁk}'eﬁﬂ[‘g%h?rﬁ%}“oé’lf &5 width of the
surfaces substantially

r ot her
trenc% g(sr%\én ?tt’c g ?g}re D ISEREIGr Hien dpeutt18r s rlee prefredriat the recess formed
. exanple, . in e enbodi nent illustrated in Figure 2d,
in the QTS fay i ‘:]% have roupded comuers andrthatuhedidis oftht Reedsffong the
b surface of the IMD layer 214 and the horizonta
otom i fhgcreccsy istlers tehncabout Aibeatahewiii otthe beerihd firfled &hd &8 stop
| ayer 214. [00371 In a preferred enbodi nent, the
layer @bt h of the recess (as neasured fromthe surface of
the conductive layer 2 10) is greater than about 50 A

if t ratio of the width of the trench to the wdth
[0038]0f t%gfemng now tp gt HIG 1o 7 Seaead barrier lazer2609s Fesed.t Bansecond barrier

ou if the ratio o e W 0 e

I % 50 Aif th tio of th dth of th

ayer 200 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 doped with an impurity (e.g., boron), such as tantalum, tantalum
mtride, 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, cobalt, nickel, palladium, or the like. The second

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

vapor deposition (CVD), plasma-enhanced CVD (PECVD), low-pressure CVD (LPCVD)
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trench to the wwdth of the via is greater than about
10. It is also preferred that the recess fornmed in the
conductive layer 2 10 have rounded coners and that the
wi dth of the recess along the bottomof the recess is
| ess than about 95% of the width of the opening forned
in the etch stop layer 212. f00381 Referring nowto
Figure 2e, a second barrier |ayer 260 is forned. The

atorfiie ADREdPaEikibE (AL DR YFI-oARBp S I bARhY: sHRIPN 1nSB3d2 The second
conductive material, such as a sillcon-contarning

barﬁeayag,@ﬂ%gp&m Qé‘hﬁﬂtﬁilé‘ﬁ dayer, nitrogen-containing
| ayer, hydrogen-contal ni né ayer, or a nmetal or a
met al conpound containing |ayer doped with an

[0039}rp ur F[gyre(Qeﬁ]@.;s,traﬂgaﬂmm)lbstBMO afer teenichdsLD0, 230nd visg 22, 232 are
nitride, titanium titaniumnitride, titanium

filled pvith omidwativet plogsrd 70mnd iecarthesplaiativédl Gn ah eMBSAiBRNT, the conductive
tungsten nitride, cobalt, nickel, ruthenium

plug 230 kartlprisas a abppey fatetib] RN H}f’de‘tpgﬂﬁné @%tpgﬁ{ saeleﬁ %"yerr%ﬁ forming a

ani um

N e

preferably, relatively pureti
copp6Olafrtvia A ldcBb.plR Rl RAGH M THR Iy % R3S
barrier |ayer 5%0 7 y be fOrgggqul%%%?%ggggﬁgﬁgﬁgggpk,a

hemRRAY.HeEidhi ﬁ?ﬁ(*@ it ion, (PVD), chemical vapor
ehe deposei lﬁngﬁ v g?gﬁggﬁ%-c‘és%hanced CVvD ( PECVD),
| ow pressure CVD (LPCVD), atonic |ayer deposition

[0049) AL DYt sheyid ibe anted el &i tht prefer@d eaibd@imentiich@ b} @offaRRe Sayers are
The second barrier layer 260 may conprise nultiple

placed alpgg the bd613 O tei vitibwedn thé Lateilible d )2%0
after trenches 220, 230 nand vias 2 2?&?28%2‘?2{8 u?llﬁﬁ e

condudtivda$RPIHC HnY feaRb Qs & narized.
I'n agyégnbodi Ment , I%J%eﬂ%%ﬁﬁ%t%%@gmgﬁ%%@afoq%:%lar?‘g? %@En%that at
: ri or,me ositing.a c e eed
times (RAREh bt ectbPBITES B FF Scherpitafigt 200 Tn &8 Cases, o
. el ectro-pl ati ng.pro¢cess. The step may be pl anari zed
portioff Pl e e e pegintoned fyeediclicipumsiaralc AP Ppotensirplice clectron
diffu é}cgp) r?.r ocess, 100401 It should be Doted that in the
Hiusigp dpogy the gonsieibte nhegst270 dife thsrundenlangdielecieic haigrial St mpeeferred
pl aced al ong the bottom of the via between the
that ong oh iges hapdergiyetys s@htis slrecketdne barrite idygt PED, be located along the bottom

of the vias 222, 232. 1t is also preferred that barrier layers formed along the bottom of the vias
be formed of a conductive material.

[0041] Thereafter, standard processes may be used to complete fabrication and packaging of
the semiconductor device.

[0042] It should be noted that in embodiments in which the undertying conductive layer is
e);posed 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

12




conductive layer 210. One reason for this is
m sal i gnment of the vias. It has been found that at

times the via may not be directly placed above the
conductive | ayer 210. In these cases,a portion of the
via may be positioned over a dielectric material. To
prevent or reduce electron diffusion fromthe

conductive plugs 270 into the underlying dielectric
fhat one or nore barrier

rial, jt, i referred . .
bmﬁggf_\? ‘Ffsa?%g&l}%b%@"f?fee‘a%‘é@o%atﬁg @Peees pdbeyndodying penductive layer, and
h | ocat ed along the bottom of the vias 222, 232. It is

en JPRO5 e 3rserqnd axtie fayerar Mhisprosesy ssrdesaribedrincerentenigtaillwith reference
bottom of the vias be forned of a conductive
to Figlieeda-3f . [ 00411 Thereafter, standard processes may be
used to conplete fabrication and packagi ng of the

' qceaq [0 houl d ted t .
00450 SRR S AP L PRAG SoF R BT Lottt
jons of the

21, B NG B B3 Bl e o

lemdd€ 3 dewa) 1. 5. of the via. Because this redeposited —
elemgnl i ighies ig-Hin A epudhdbimot Fhey s e sptiaiedd ey include circuity and
m gration and cop

er diffusion into the dielectric
other stgyctyres. Jior grample dhyebstrase J0Gmay hang favirelghaeon pamsblosysapacitors,
it has been found to be beneficial to deposit a first

resisteraranil e likgyer, renove the first 12 barrier layer along
the bottomof the via, creating a recess in the

nde .ng conductive |ayer, .and then depositing a .
0044 0 oRGTR BT Wiy B, I, 3 B B S e Pt tne via 320
.. reater detail with reference to Figures 3a-3f [00431
is illughated s P Ayldamagcepe,striciiie ©r dustativa mupasss el gy be formed by
provi ded having a conductive |layer 2 10, an etch stop
one or|mgre propesy steghth-Suk Jingle flamasce@iptocess)e Tbe mial32R enay be patterned and
reference nunerals refer to |like ‘elenents in Figures

etched2g dgderibgd abowel ghthir¢feiescenotFighod, the substrate 300 may
include circuitry and other structures. For exanpl e,
t he bst.rate 300 have for.nmed thereon transistors,
[0045] gg#ﬁpgfdg)’e note% that Iﬁ%g/ emgod?ment is being illustrated with reference to a single

cap
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.

[0046] Figure 3c 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 layér 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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resistors, and the Iike. [00441 Referring now to
Figure 3b, a via 320 is forned. It should be noted
that the via 320 is illustrated as a dual -danascene
structure for illustrative purposes only and nay be
formed by one or nore process steps (e.g., a single
damascene process). The via 320 may be patterned and
etched as descri bed above with reference to Figure 2b.
[00451 It should be noted that this enbodinent is

layer@aR Atbni lthdtttbRAl T ehantih B20. €A REQRHSsiiY tRe HisDBArAer Taye@ 360, the first
and via. Enbodinents of the present invention nay be

barri?ﬁ%‘;ﬁ:lr b0 &RRhé EaPbErd: Py B2 Abke the HERGHBEHRRG éﬁ'::é ﬁ&gfremoved.

‘ as the enbodinment” illustrated in Figures 2a-
%00461 Figure 3c illustrates the substrate 300 of )
[0048]i gurkefgpngneveto Eighre3dt 2 broeess dy parigyraed ®3empieesthe Besé harrier layer
formed. The first barrier |ayer 330 may be forned of
330 aldng tbabatomadfahd dh $2@nkkreby expesisatie undaiyiercoadudtive layer and
first barrier layer 250 of Figure 2c. [00471 It should

creatig a Recein tHealonduttiadlagbrt 20N Jhe fiest SaipRElapBIB30 nidybelrbmbted along
barrier layer 330 nmay be deposited prior to renoving

the b(%tf@)ﬁl Stia&viRubd sy, fbﬁ%{ﬁﬁlg%%&li ioh%pﬁ@ér&g??b@@ Fsmalddfitaining

irst barrier " layer s deposi ~after the via
proces eSS AT hceBlhab B LRk BTN Bochon il ycrosen-
confp 5o RA AR ek S, bbb ey oo
al ong the ttomof the via aLe bot h renoved 1%80481r
Plasmﬁﬁff‘égqnfnﬁ’@t- g PE{lEf Arecesymay by pestqumed e metal o pgnetg! ion-

renove the first barrier |ayer 330 along the bottom

contaigingepwrepment Ap a prefercedgmbodipeitraggerne tyrelam) ighsage used in the
conductive layer and creating a recess in the

etching progesst iAvspuitenesah/depositidinprotdss stay ko bi esed| saytethaB®O first barrier
maybe renoved along the bottomof the via 320 by, for

layer 380asfibstantilly ir€rio i Wldng thdBbtRHDERBS viIAB20 while leaving at least a
pl asma- contai ning process. The pl asnma-cont ai ni ng

portiorﬁé%ﬁ@ﬁ?st BRYieD8yR 856 QloHE thel tdtBR AHEARmERNt ai Ni ng,
ydrogen-

[0049] As indicated by the areas 332 in .Figure 3d, the ion 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 laye.r 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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cont ai ni ng, heliumcontaining, nitrogen-containing,
nmet al -contai ning, or a conbination thereof plasna
envi ronnent. The ion sputter process may be perfornmed
ina netal or non-netal ion- containing environnent.
In a preferred enbodi nent, argon or tantalumions are

used in the etching process. A sputter
etch/deposition process may al so be used such that the

T A T e I —
f the f b I 330 I h
o R R S sl e L BODTI

332 in Figure 3d, the ion sputter or plasm process

[0050RY It ﬂﬁ)uldtalsdbeamrt@ﬂﬁmﬁé Ju@ﬁc&@ﬂﬁé’@&dd\i&n@%y%f 8 ma) B Ekcessed
the sidewalls of the via 320 on the first barrier

in thd ﬁX 820 &%nglats a%@é?lﬂloq} tl*é%x!i‘&}iu‘?t@r 0 é(s\ﬁl\é roc;eHﬁ1 ah ah Q&lb&h[ﬂ%ﬁt the

barrier layer 330 is positione
f th t
deptH{ ¥ & SN B é*‘??f%!%% 'ﬁ)‘é@tgﬁégbﬁlﬂo@wﬂ%@§°“@¥° dpfilied tayer may
abocoW q} onduct er controls th [ed S|te%w .
BH{E’J‘ {/Oécﬂﬁf’fétﬂ“g}g’ XY EEREOUB RS £3FOE-Cq R&PT 1HORYE R

a uni form contact resistance nmay be maintai ned.
Comaﬂp§6“3?7 - redeposited conductive material would gain
the contact area of via to the conductive |ayer 210,

[0051; her Rkpdufld Be n&t@d\ﬁfat Hhe ‘Pi}s"i“ﬁﬁrrffepﬁl#&tﬁa Ql?ag daﬁsggtgel}bxﬁg% frolh ther

irst barrier layer prevents or

surfacla{l!ge%gﬂ‘gl e 'd‘i)r@ctF)o%tay\ﬁBQct 3 g:ﬂgn%&@tré%gﬁé ﬁ{e% rwvgqg oflirst barrier

rorc rayer
ure

h f
e B B TR TR i b i
prevent or reduce electron m gration and diffusion
process fﬁttB“ftdrﬁéwleaF the directipn of pighimg) ¢.8-1 the irnpgtieningglirsetion ised
that the surface of the conductive |ayer 210 nmay be

substantgadly pswpgndicwlar tadhe/sunfaga®f dpdmittny eitheavia 830 lthe firfst bamder layer 330
ion sputter or plasma process. In an enbodi nent, the

may aleely termof-ed fremries asficpof the IVIDNayer ¢4 afxdtht hbritentd b@rtﬁce of the
100 nanoneters. The redeposited layer may also

- dual-d@RiRt e Riractiediigie fedM By&i NG, OXygen- cont ai ni ng,
' carbon-contai ning, or fluorine-

i0052] 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, titanium, 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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containing material. f0051] It should be noted that
the first barrier |layer 330 may al so be renoved from
ot her surfaces because of the directional aspect of
the etching processes used to renove the first barrier
| ayer 330 along the bottom of the via 320. For
exanpl e, in an enbodi nent in which the etching

process is tuned such that the direction of etching,
is, substantially

. e, t.he ion_sputterin irection, . .
SP‘%%’?%%’H&B%P& Pﬂ?gsli“ﬁ e &?ﬁwg&efhf‘oﬁecwebwrﬂ@m 840 mgwcopppyise
the first barrier layer 330 nay al so be renoved

ok
muliplg 4¥ety surface of the I MD | ayer 214 and the
hori zontal surface of the dual-damascene structure

0030 Tk et 1B A B
porS S DO oy d i AR R s 4 s
o e TP UL R T 3

e TR A e U

titaniumzirconium titaniumzirconiumnitride,

not ryn 3lgag e botteragEtherviad t ri de, cobal t, ni ckel,
rut henium palladium or alloys, or conbinations

[0054] h er eﬂlfe ’bamﬁ‘ | 1{5 %n %eeJi%e;\%?[rXaﬁfi ag%gf?z{vie: \égjﬁ\{%‘g %ghne%sps iiohaghieve step

tfitanium tantalum co

l.j k The. second barrier. |ayer 340 may_ be ormed by a
coverghe Cthe PRI RT kRS ShioiT SRSt s dane # dhtobRaspond barmict layer
hem cal vapor deposition (CVD), | asma- enhanced CVD
340 s opE AT el SR R oy ( BNyl dD e ah spbsciment, the fis

.deposition (ALD), 15 spin-on deposition, or other
barrieg lyerabi0chage thidknsss oftabowSooRA0 Bannd e sécayd bardiéDlapayB40 has a
conprise nmultiple layers. [00531 To achieve a better

thicknstsaqf abowtertagbow300 Ae si dewal | and to achi eve good
resistivity properties along the bottomof the via

20, .the thi ckness of the secqond barrier |ayer 340
[oossg ’31(3 substrate 3%0 after the via 320 is ﬁllg(i with a conductive
plug 342 and the surface planarized. In an embodiment, the conductive plug 342 comprises a

| Onlalgtliﬁe?f illustrates

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 applied. The substrate 300 may be planarized by, for

'example, a chemical-mechanical polishing (CMP) process.
[0056] Thereafter, standard processes may be used to complete fabrication and packaging of

the semiconductor device.
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bottom of the via 320 may be | ess than the total

t hi ckness of the first barrier |layer 330 and the
second barrier layer 340 along the sidewall of the
vias 320. (Note that the first barrier |ayer does not
run along the bottomof the via.) [00541 The barrier

| ayers on the sidewall may al so have different

thi cknesses to achieve step coverage. The preferred

[oosvhi ckaessii bahpiReifted Borel skitfed m@{ht I;}igt,r ad %Pél%;rrﬁ‘ ]p{" ?nﬁ i)pe%ent

second barrier |ayer ~ 340 al on

ll’lVCIYﬁ(ﬁi L;il%geg t%vo%? %H)tf? l;ar l]l%‘ lgjgegsra Igg thlil, gg}igwa]é gga %aé‘%as(éene openmg The re-

nbodi nent,
s AL e P SR B
[ Iustrates the substrate 300 after

551 Fi 3f il
CIW{% O £LS581 50, s nopiane et Ch atdenal barrign layprs Bolpingco resolve

%6 surface planarized. In an enbodi nent, the
orre thsadhgsio pndgelpblity prablamseaf the redenmsised enduntive layer. Furthermore,

fornmed by an electrochen1cal deposition (ECD) process.
the cquinpitwupf the sigomll parderesayedinfinats br chdpasiléctran segdtidaatelcopper
by, for exanple a PVD or CVD deposition process.

diffusidrer eaft er, the copper layer is fornmed via an
el ectro- plating process wherein the substrate 300 is
d a current is applied.

| aced,in a ting sol.utiaon
roossf; 2 Efpoliniaf i Wesgntavesfian alsp allow My roqess in thsidsiiping
en1ca|-nechan|cal pollshln? CWP) process. [00561
Cond“"f"ﬁ’élnel?ff‘toéfm ledrwithilspsei s iqras ek litydpcanse theeetleposited npiductve layer
fabrication and packagi ng of the sem conductor

was prgésgied by thescpoobiutrickdayni. | Theimtmppbapderdayed ihijie dmgascene opening
skilled in the art, an enbodi nent of the present

has a thivlueess mehfeutet layaeﬁhah widewill BRfier RAEE pRIvVidiRYBHSr RERELy.
the sidewall of a damascene opening. The re-

(GeneRdEipahié towid battieARydHSEH RO %&%@P&Ekﬁﬁ g’ a;%%‘i%hn&{é@g 178%uld also

occur during processing, such as a g or

be not&lt tﬁﬂ' tHOthRiEBsed cff t Ba Jet r)gzgéﬁ\f\@ £ sgcond %amelv\ﬁyer may be

barri er ayers,
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 changes, 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 limited 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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or reduce the adhesion and reliability problens of the
redeposi ted conductive |layer. Furthernore, the
continuity of the sidewall barrier may elimnate or
reduce el ectron mgration and copper diffusion.
[ 00581 Enbodi ments of the present invention also allow
the recess in the underlying conductor to be
controlled with | ess effect on reliability because the
redeposi ted conductive |layer was protected by the
-embghmentsldésenibaddrerdimynay be Ttikzedattopding & the restrit ydrention. tAreordingly,
-~ damascene opening has a thickness and fewer | ayers
the apjeateddlaignwald inteadéd ©hindl@dearithiP fiRIisEbgedutPp@tesses, machines,
resistivity. (Generally, the fewer barrier |ayers on
manU¥&itireBondpbtiSRL JfPhatie Hheahd, YietnbdR &) k@pgance. ) 1t shoul d
also be noted that the thicknesses of the first
barrier layer and the second barrier |ayer may be
i ndividually controlled to custom ze the performance
for a particular application. [00591 Although the
present invéntion and its advantages have been
described in detail, it should be understood that
vari ous changes, substitutions and alterations can be
made herein w thout departing fromthe spirit and
scope of the invention as defined by the appended
claims. Moreover, the scope of the present
application is not intended to be limted to the
particul ar enbodi nents of the process, nmachi ne,
manuf acture, conposition of matter, neans, nethods and
steps described in the specification. As one of
ordinary skill in the art will readily appreciate
fromthe disclosure of the present invention,
processes, machi nes, manufacture, conpositions of
matter, means, nethods, or steps, presently existing
or later to be devel oped, that perform substantially
the sane function or achieve substantially the sane
result as the corresponding 17 enbodi nents descri bed
herein may be utilized according to the present
i nvention. Accordingly, the appended clains are
intended to include within their scope such processes,
machi nes,
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manuf acture, conpositions of matter, neans, nethods,
or steps. 18 WHAT IS CLAIMED I S: 1. A semn conductor
structure conprising: a conductive |ayer over a
substrate; an etch buffer |ayer over the conductive

| ayer; a dielectric layer over the etch buffer |ayer;
a first trench and a first via through the dielectric
| ayer, a first recess being forned in the conductive

“Hih?¥§ﬁ%ﬂﬁﬁ@i)ﬁﬁe first via; a second trench and a
via thr t he second

secon ough the dielectric |ayer,
trench being narrower than the first trench, a second
1. r esegsicheduatpr ftouatd chmptisieg:conduct i ve | ayer under the
- second via, the second recess being deeper than the

fia @ndecive$s/er over hisGlistar) ri er | ayer along sidewal | s of
the first trench, the first via, the second trench

ang erdhRfeeRYGbVY te chitficlild glerbar rier layer being
substantially renoved al ong the bottom of the first

Vigiel&RGe faP@r &@P@E@tcﬁibﬁﬁeﬂa e(;;cond barrier |ayer along

surfaces of the first trench,” the first via, the

S e , nd .t he sec n@ Vi wherein a portion ..

of B echei o s IR o G REAR G By Setieds sy i he
(mndgﬁtm$qg t@gé&ié%t barrier layer and the second barrier

YR PV T IREFT I ESEYPve pl ugs over the second barrier

layer in the first trench, the first via, the second

t R &7FORd trefich apdha seewd ip thiosgh talickciria lngers the seconé trench being

is greater than about 50 A when a ratio of a width of
narrowqs hapjthesfirst wenshohsegbwhigeess being firmedin the eomtivetiectiydrander the

| ayer to a wwdth of the first via along a surface of
second Yie, th¢ sdoond recess being deeper than the first recess;

a first barrier layer along sidewalls of the first trench, the first via, the second trench, and
the second via, the first barrier layer being substantially removed along the bottom of the first via
and the second via;

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

conductive plugs over the second barrier layer in the first trench, the first via, the second
trench, and the second via;

wherein the first recess is greater than about 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 etch
stop layer is less than about 10 and is less 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

19




stop layer is less than about 10 and is | ess than
about 50 A when the ratio of the wwdth 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 19
wherein the first recess has a first dinension at the
etch buffer |ayer and a second dinension at a bottom

of f t.recess he .second 0 e|n ess
t ha”%@% %‘h% Pt beEaF Tt BT 1SR AE F o boler Ippgmand & sesond
dim ﬁ qﬁ)or Etﬁucture f claim1, wherein the [ .
S 3 09to Qe Fit tPessHag seoand o Beiag entshar pbout 5% of the
ual, to about 0. 15 gm 3. The sem conductor
ﬁmtg AePhre of claim1, wherein the first barrier |ayer
has a thi ckness between about 5 and about 300 A. 4.
The sem conductor structure of claim1l, wherein the

2.  SeTWmianih@d str@éf@xre Jrakid 1t Rh&kneRShirsPL ‘Qﬁt?@le @QCQ)HB vR have a

A and about 300 A . A'sem conduct or structur

vmdﬂpggﬂﬁgﬁb lﬁuu§m&%9&qﬁph}e | ayer over a substrate aa

diel ectri ayer over ng the conductive | ayer;

first trench and a flrst via through the dielectric

| ayer; a second trench and a second via through the

-3 dilee é@imCOl@,dUIC@y strycturd ef deioo hdvlieran die {baibagier hger lmsarthickness
than the first trench; a first barrier |ayer along

betwesndbmmﬁlﬁsarmifabbtne}(mlkst trench, the first via, the
second trench, and the second via, the first barrier
| ayer being substantially renoved al ong the bottom of

t first secon
4. lf“ﬁe semiconductar structure cbfe claim 1, w%erem the second barrier layer has a thickness

between about 5 A and about 300 A.

3. A semiconductor structure comprising.

a conductive [ayer 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 b'eing
narrower than the first trench;

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

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

and the second via;

20




20 a first recess in the conductive |ayer along the
bottom of the first via;, a second recess in the
conductive | ayer along the bottom of the second via,
the second recess being deeper than the first recess;
a second barrier layer along surfaces of the first
trench, the first via, the second trench, and the

second vi a; and conductive plugs over the second
he first trench, the first .via, the

: .
o o tsErects Bt g cOnhTvet oy & elol dhe ot the St vis

sem conduct or structure of claimb5, wherein the first
vi &Seaon resrss Mdboerndyetiverianes along fiechofomed dhespeand ajia, the second
equal to about 0. 15 Rm 7. The sem conduct or

recesg being tleaper thén e dirsir®esspherein the first barrier |ayer
has a thickness between about 5 A and about 300 A. 8.
Theeses@md baaivd lxytoalomd surfatesrof tiaf fired teenioh,She fMdsevie,ithe $deend trench,
second barrier |layer has a thickness between about 5

and tife RB6hdah9uahd 300 A. 9. The sem conductor structure of
claimb5, further conprising an etch stop |ayer between

t QSncﬂ.icﬁ{/eeﬁﬁéé Svel BY¥ 8ot Hark P14 n%&qg Wi fir¥GrenBY. e firdtlvia, Oche second

A sem conductor structure conprising: a su )strate W t

tmndﬁaﬂ&ﬂé e&ﬁﬁggptlve | ayer forned thereon; a dlelectrlc
overlying the conductive | ayer; and a via forned

in the dielectric layer and filled with a conductive
material, the via having a bottom and sidewalls, a _

6. f iThstenpesmrduetor staeure §faraimd, atherein thedirs ivibeand thesseodnd ¥ie have a
via, a second barrier

width less than or equal to about 0.15 pm.

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 semiconductor structure of claim 5, further comprising an etch stop layer between

the dielectric layer and the conductive layer.
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| ayer fornmed on the first barrier layer along the
sidewal s of the via and on the conductive | ayer
al ong 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
sem conductor structure of claim 10, wherein the first
conductive layer includes a recess having a depth
about | A to about 100 A 12. The sem conduct or

10. 5t Ayzamigendgetorstaictard mpalsergei n a ratio of a thickness
of the first barrier layer to a thickness of the
seesnbbiorwittes fitsagmaluctivengyet femsd deysh] s 1s bet ween
about 1: 10 and about 10: 1. 13. The sem conduct or

st adidestric laferobaiymdde cmmena%é},eaﬁdi rst barrier |ayer
has a thickness between about A and about 300 A.

143 vithBrne&I th GRNAMEAE 1t 448 I8 with aﬁéoﬂhﬁ@ti%% ler{a%igf;ﬁ HeVia having a

the second barrier |ayér has a thickness

si S er 9. A ] t .
ot MIRCRAOM TRl ki o TRIEORNE b ppan v
an et | ayer, over the

[ eon: ch buffer )
tayer G R a@ﬁ?f ?é&iaéﬂngéﬁerﬁl%‘*f%ef the, Y gndiondhe goductive layer
etc uffer |ayer, and an qpening through the _
al‘“‘%‘ﬁ‘% F’%‘E‘FP PgthFé{ andgmeiahlayer e sads hepweceayaortianiaf the first barrier

gﬁir&iﬁng being filled wth a conductive material in
layer SFEnd battiselayel t h at | east a portion of the

conductive | ayer, the opening having a first
di nension at the surface of the dielectric |ayer and a

11. SeREREmILARLRE Mulire of AGinElE Wnsked tde?%%rcg%%&%ﬁ\r’ncg ia)rf]?rhtgcqudes a

) T
conductive layer has a recess under

recess B H%S RBINBHCCRES abdid Too &.

12. The semiconductor structure of claim 10, wherein a ratio of a thickness of the first barrier
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 barrier 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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about 50 A when the ratio of the first dinension to
the second dinension is |ess than about 10 and bei ng
| ess than about 50 A when the ratio of the first
di mension to the second dinension is greater than
about 10. 16. The sem conductor structure of claim 15,
further conprising one or nore barrier layers forned
al ong sidewal | s and bottom of the opening. 17. The

15. S¢ 'condugtor structure of claim 16, wherein the

* bot tTHHGPNMEY TBEHCTY™REENEewer barrier |ayers formed

thereon than along the sidewalls. 23 18. A
seffosiie brving a conduetivedayes fsmied thegeona subst rat e havi ng
a conductive layer formed thereon; an etch buffer
| agneqtchoder {aver eventhesondustivalpger; a diel ectric |ayer
overlying the etch buffer |ayer; an opening through
t heediclieettie dayer averlyingrtheagtich bifter btyel ardiop | ayer, the
opening being filled wth a conductive material in
elaapening deoighohe Wiclcbirid layeLafl thécteR blffaaRk, thd'§pening being filled
conductive layer, and a recess in the conduct i ve

with & 8RNtV dRAteridI8n BIPQAL Béhiack WRL RERESS &J%ﬂ‘lftjnrlﬂﬂ?c dohlistkive layer, the
di mension at the etch stop |ayer and a second

‘ openig.g H@\ﬁr?g Qﬂrs?ﬁin?enpﬁfj %f;dgla tglkfahtﬁp g%%g?%g%%% ltf'}%rf]égg g Ige?Cé){ld dimension at

I mensi on bel ng

theet%;{géﬁ&%n. 19. The seniconductor structure of claim
, Turther conprising one or nore barrier |ayers

fornegwﬁlon sLdemalks and bottom of the opening.  20.

TRECEENG SABYET v 2 Xer hefcd 15Pess BRde e oRemme, i Egcessipeinggleeper than
bot.t om of the opening has fewer barrier |ayers forned

about o} & s the ko1l dhecfirstisimensinavia ithessecami 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.

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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18. A semiconductor structure comprising:
a substrate having a conductive layer formed thereon;
an etch buffer layer over the conductive layer;
a dielectric layer overlying the etch buffer layer;

an opening through the dielectric layer and the etch stop layer, the opening being filled
with a conductive material in electric contact with at least a portion of the conductive layer; and
arecess in the conductive layer under the opening, the recess having a first dimension at

the etch stop layer and a second dimension at a bottom of the recess, the second dimension being _

less than about 5% of the first dimension.

19.  The semiconductor structure of claim 18, further comprising 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 layers formed thereon than along the sidewalls.
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