"~ A Damascene Interconnect Structure Wth Cap Layer

TECHNI CAL FI ELD [0001] This invention rel ates
generally to nmetallization of the integrated circuit,

and nore specifically to damascene process.

BACKGROUND [ 0002] Conventional integrated circuit
contains a plurality of patterns of netal Iines
separated by inter-wiring spacings, and a plurality of
i nt er conndcDamarespedutércannees Stinetrebwith ICapd ayer
word lines and | ogic interconnect |ines. Typically,
terns of vertically spaced netallization

tal
TFQW?AETF ectrically interconnected by vias. Metal

lines fornmed in trench-like openings typically extend
[0puPst anthiakdv¥ntRAalides bedepaliyh8 nSRAIi£A0H O 1R In@ bR diit, and more

Sem conduct or devices of Such type according to
QJRy conprise eight or nore levels

o Lol 0
gﬁéhkﬁgib |§%%+%%¥?o”satisfy devi ce geonetry and mcro

tal
m niaturization requirenents. [0003] A common net hod

ing netal |lines or plugs is known as
Biggﬁﬁgg@ﬁﬁ". Generally, this process involves formng
an opening in the dielectric interlayer, which

[0 AR RverkiBRal YRELHEA LI PRAGERS MBhATik éféﬁei@fhsl(ﬁ?ﬁ%tﬁ- lines

@%2 opening is typically formed using conventiona
| i raphi c .and et ching techni ques,. After:. an ' s
skl ARl s o e bR B e o . PE 2L B e, b

. copper_alloys to forma via. Excess tal| material on
lingsy BOR iges dal et RETIPRCEEReS & sinmaﬁwg%@.ﬂ»aﬂ §a¥%ﬁo} vertically spaced
typically renoved by chem cal nechani cal planarization
mefalliv@)ion layers are electrically interconnected by vias. Metal lines formed m trench-like

openings typically extend substantially parallel to the semiconductor substrate. Semiconductor
devices of such type according to current technology may comprise eight or more levels of

metallization to satisfy device geometry and micro miniaturization requirements.

[0003] A common method for forming retal lines or plugs is known as-"damascene™.
Generally, this process involves forming an opeﬁing in the dielectric interlayer, which separates
the verticéﬁy 'spaccd metallization layers. The openiné 1s typically formed ﬁsing conveéntional
lithographic aﬁd etching techniques. Aftér an opening is formed, the opening is ﬁlled ‘with
copper or copper alloys to form a via. Excess metal material on the surface of the dielectric
mterlayer is then typically remo.ve.d bjf chemical mechanical plénarization (CMP).

[0004] | Copper has replaced aluminum because of its lower resisﬁvity and higher réliability,
which was expected to be better because of its higher activation energy for diffusion. However,
copper sﬁﬂ suffers from electro migration (EM) and stress migration (SM) lreliability issues_as '

geometries continue to shrink, and current densities increase.



[ 0004] Copper has replaced al um num because of its

| ower resistivity and higher reliability, which was

expected to be better because of its higher activation

energy for diffusion. However, copper still suffers

fromelectro mgration (EM and stress mgration (SM
_ reliability issues as geonetrjies continue t.o _shyi :
[000sind  qugEenilludeass & Crss featonshyisw C[f@(‘?@%‘jenﬁf’a%}ﬁé‘%i"Oﬁ%mmn

i'llustrates a cross sectional view of a conventi onggurfomnd of
struchil PEERBMEGA] @inSbinegioness. Métl ined 2usil AgieheSe Bacally 10rme

process. Metal lines 2 and 4, which are typically o ;

formed of, 4 e QRPBY val 100)ser-adtal-dinkeetrd AivE )t fegpparates
COPPW*\?P%“%%H”?’%?%%?{&%I ~di g]ectri c p4D) 8 separates

two | ayers .t ha | LI kp¢ atLforbkd bndtrepr layer
iwo 1?@%’1333‘{@@&1)11”851&53“?%?%%%' 252&1 %e\lrg;qréglmﬂa()}?ery copper line 2.

Di ffusion barrier layers 12 and_.14 ate y & from diffusing
coppgriedn Diffopqrabartierd Ay s 1 H&%Z o gﬁé%?lf@%%’%?ﬁ’ﬁg ?

materials. The interconnection struct yr.e I 1i n igﬁ{”% dectro
into sktbinalise futeralel Bt mterconneftion SEHCHED B{EYE 'igrat Ton

probl ems. Since the copper line 2 is in direct contact S
migégq'o D@ sicdi 8l 88thdr $roBiSis 5Sinthehecoppadine £ iglfrf digrd geptact with 2

“"between copper 2 ‘and dielectric ESL 5 causes hi gher

.. ele Q [ i.QNs: Siv-865nosp@ts me;didlberiefiiieS causes higher
dlele?f%‘?/f%gt Qrgfig%%%#%ﬁ%ndegr aded. 9[ 00061 Figure 2

illustrates an inprovegen OREN s cgraégfgd'a@_nal
electiormigasan ARCTHC S L ?q%ﬁﬁfeg{)%?cf% m ng a metal can
| ayer 16 on the copper line 2. Cap layer 16 is

00047 P! 68l oS AEL a0 fiBieidnabmds f thecomgntiesal intersprnection
é|’ ectro mgration. T his |layer greatly inproved the

reliability of the i LORSinsbr Ubeerll® byypically
STUCiE O BY m@@%&@&gggggﬁeﬁgﬁo ggper I il(ﬁig 2 and

dielectric |l ayer 5. _ The copper_surfag: ' AL foved th
formest ofuncaterias sufeiing lessifipmglectp THgE .elﬁfﬁg é%)gg Lpdati§inikoved the

5 i inter = er line 2
reliability of the interconnections structure 15 by removing the interface between copp r lin

and dielectric layer 5. The copper surface mi;gration of structure 15 is reduced. It has been found

that under stressed conditions, the mean time to failure (MTTF) of the interconnection structure 5

or than that of the interconnection structure due to the reduction of electro

is ten times long .
| ation is also significantly

| migration. With the cap layer 16 formed, the stress indueed void form

reduced. -

[0607] Héwever, the introduction of the cap layer 16 generates another problem. IMD 8 is

etched in order to form an opening for via and then ESL 5 is eiched. Metal cap layer 16 is.
typically etched through due to over etching when ESL 5 is etched. Ilg'cdnvenﬁongl fonnaﬁon of

the interconnect structure, the process is only controlled so that the over etching stops at a tiune

aftér the ESL 5 has b{:en_‘etc}icd out. Typically, over etching may stop in cap-layer 16 or



t hat under stressed conditions, the nean tinme to

failure (MITF) of the interconnection structure .3 1is

ten tines longer than that of the interconnection

structure | due to the reduction of electro

mgration. Wth the cap layer 16 forned, the stress

i nduced void formation is also significantly reduced. -

[0007] However, the introduction of the cap |ayer 16

generates another problem IMD 8 is etched in order
copie? 2f o VAR ORERhMGN koY vkl GBidcd Redl dabll 6mormaky bheahigher

Metal cap layer 16 is typically etched through due to
resisangt th?.rg 8@13@&,@%%& el R cabTayeP MY 80AHBRRS to the resistance

ornmat T on-of einte

rconnect structure, the process s

only control so that t over etching. st , -
of the oG Eion EadieRgests g bbBe g ReEs sy aRRer G Belay of the
~over etching may stop in cap |ayer 16 or copper 2. |f
integnaied cimisiiiiryer eifbisg FRPEEPOPRYdInC 26the SPREE TRubiaRocis Jruph smaller
normal |y has a higher resistance than copper 2, the
than tleSiostaenesstake hindng & ranaining cgplpydrdpe Thesierontantasy resistance and
to the resistance of the interconnection. Hi gher

RC cfe%?iv%ié%%l Sbeddh € prabes aprReetdepn madises hi gher RC
delay of the

integrated circuits; if over etching

stops in copper line 2, the contact resistance is nuch .
[0008)nal IIeprdet foaeduch eomatrasttiance ehd RErfiekay hard feguee process variation, a

remai ning cap |ayer 16. Therefore, contact resistance
new @8Hod RGogh@shtrasirestidy oncptadessded process and is

harder to predict. [0008] In order to reduce contact

resi stance and RC del ay, and reduce process variation,

a new nethod of formng interconnection structures is

needed.

L2



SUMVARY OF THE | NVENTI ON [ 0009] The preferred

enbodi nent of the present invention presents a nethod

of formng an integrated circuit interconnect

structure having a netal cap on a conductive I|ine.

[0010] In accordance with one aspect of the present

invention, a first conductive line is forned over a

sem conduct or substrate. A conductive cap |layer is

formed on the first conductive Iline. An etch stop

| ayer (ESL) is for on the conductive cap layer. An
StmmW%%Vfé@ﬂ%%ig{%ﬁgzﬂﬁﬁc (IMD) is formed on the ESL. A

via opening and a trench are fornmed in the ESL, |IM

d L LaVekhe RedeBLRSStios Presen®d mdthddef forming an

lﬂmﬁrrst?%%%'u%i¥§g8 |ne._Thelﬁgcess can be formed by ,
.. over .etching whep the first dielectric ls4i6tiRage OF
mte%?;te‘i\mg%‘ﬁd’i‘tﬁ’fgﬁn%cg%?g iy °aagﬂn ééra‘g%ﬁ CJI"s puttering. A
second conductive line is formed filling the trench,

[001UL6 OPSRE SRR §ith RBE Bpect[ddelreddht ventivana ficst icomlnctipe line is
on the first conductive line, the reliability and

rformance of. LAt ar CORRGREICONIaSE 14 Gbinied dnSthe first conductive
3bnn§$8ﬁ?Fg%%h??@h?%%@%@% ’ (%@Hprefg%?£§ enbodi ment  of ,

. the present i ti.on elinnates the L bl Lkt B RaE-dieleciri
fne. ATect G B BRSO T RALT SR DIaaD G o s - dielectic
.conductive line through the cap | ayer, which.c e
(IMIpiigfenedentiaESLr ¢svie ORFERE HKP FeRs 25 @ﬁ‘é‘?a Bche %‘ﬁa@‘.@ and
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00121 For a nore
cond@ap L&} ayein deesdsaisdbmeeddh thenrspeanduritveilinge fE aopesserg be formed

: the advantages thereof, reference is now made to the
by oxfepétblﬂiﬂ\@; BB Gk-di Rt QR ib 8BS, io b @BEANRGE provesd dubh ehergon

. T C o .
sputtering, A second conductive line is formed filling the irench, via opening and recess.

[0011] With a conductive cap on the first conductive line, the reliability and performance of
the interconnection structure is significantly improved. The preferred embodiment of the present
invention eliminates the possibility that the second conductive line is coupled to the first

conductive line through the cap layer, which causes higher contact resistance and thus higher RC

delay.



acconpanyi ng drawi ngs, in which: [00131 Figure 1
illustrates a conventional interconnection structure
with no netal cap forned; [0014] Figure 2 illustrates
a conventional interconnection structure with a netal
cap fornmed; and [0015] F figures 3 through 10 are
cross-sectional views of internediate stages in the
maki ng of a preferred enbodi nent of the present

i nvention. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE

wiRkkdg and using of the

B ) ggh?5@5§¢£$g reJig%bodlégnts are discussed in

- detail below It should be appreciated, however, that

[001Ehe PRRSRe baSIBE naferpneithgefthanregers pplenterhiand the advantages
inventive concepts that can be enbodied in a w de

therebf b SXCBQ% nW GEHE toShE RIS S destAtichd @k ircconjunction with the
erfbodi ments di scussed are nmerely illustrative of
speci.fic ways.to.mpke and use the invention, and do

“mOWE?”WﬁHﬁ?WPé%Hﬁggﬁ' of the invention. [0017] Figures 3
through 10 are cross-sectional views of internediate

[(101%t age3uird1 ihensmki agvetional Rretnedidnarbadieneith nofnatHeap

resent invention. A via connecting two conductive

ﬂmm;jnes are fornmed. Figure 3 illustrates formation of a
Trench 26 in a base material 20. In the preferred
enbodi ment, base material 20 is an IND preferably

00143 0D IF ikd i Hasteeése dogberhiaulngtesconheition strhasurevois ¢ Fptal crp formed;
val ue) | ower than about 33 and contains nitrogen,

and carbon, hydrogen, oxygen,

[0015] Figures 3 through 10 are cross-sectional views of intermediate stages in the making

of a preferred embodiment of the present invention.



fluorine and their conbinations. In alternative

enbodi nents, base material 20 can be a silicon

substrate or other non-conductive nmaterial. [0018]

Figure 4 illustrates a diffusion barrier |layer 30 and

a conductive line 32 formed in trench 26. Barrier

|l ayer 30 is preferably fornmed of a material conprising
DETHILEN DESCRIPTEN OR IMLUSTES TIVEARMBORRIMENRE 21 um

nitride, or other alternatives: The material of the

conductive line 32 i pr ef er abl ’ hesed in detail
100161 1 oyEbe esing ¥ gog 0! PedeEeBhTe T SRR s Bont o

copper. Through out the description, conductive_ li i cable
belo®2tnldibe npnatated hywewst.dhaldhe %S%B?asﬂl%nzpfgﬂdﬁ%ﬁlg"’hg Applicable

it may conprise other conductive materials. In on%1 6
inveRVD kIR that 6@ Khusitiodizd i nevid2varishpelispeaiiaLonieyis t Mg GPoctie

atom c percent of alum num In yet other enbodi nents,

e nAyes ine,, 321 CAREHTE SF Gickiflerways tgolakie and use the invention,
“mb‘)%nﬁ%géé }Scygse}iia@% yglr eferably has a good conductivity

Wth. resistivity |ower.than about 4ohmcmand is
and qt’ﬁ?? E@%LISL@F SFB?eh%fyoth%ﬁ}w eup?tcr)l'si ting a thin layer of seed.

copper or copper alloy, then plating to fill the Jine
[001%]" €NGH 283 rfhBTOGA cromakeaimbtiops efiatimetiasnseamry the making
I's perfornmed to |evel the surface of copper 32. !

0019] Fi gure 5 i) | ustral&sian Matal cadecid fvar corducve lines are

ofa %Iﬁlatf;c?qﬂi? Tnﬁgf%pg%dﬁopti onal Iy on barrier |ayer

30._The_netal cap 33 preferably .conprisas.mmiehahspreferred
formegh, digusa 3 EBISHRES %ﬂn@? .?fea tf??ﬁgs' élgfg%rmn;@denUm P

tantal um boron, and_phosphorus. These mater.i NBY gieleciric
emboeithist, base 1HieridlGiris SpPVIOGFHOESE, GW—W&P‘“&%@} £ & distecttl

CoSnP, NiWB, CuSi, ZrN, Ni MoP and their conbinations.U
constMRtBlvaki@Ploder thas aboyp Bef s ooty NgRIEEE.sCA5PO T BY O LS AP § 1

20nm Since netal cap 33 has abetter - ) .
alternative embodiments, base material 20 can be a'silicon

fluorine and their combinations. In

substrate or other non-conductive material.

[0018] Figure 4 illustrates a diffusion barrier layer 30 and a conductive h'ne‘ 32 formed in
trench 26. Barmer 1éyer‘30 is preferably formed of a material gomprising titaniwm, titanium

pitride. tantalum, tantalum nitride, or other alternatives. The material of the conductive line 32.15

preferably a coppér or copper alloys comprising at least about 10 atomic percent of copper.

Through out the description, conductive line 32 may alternatively referred as copper 32 although

‘ - ) .7 - 3 - 3 ~ 9 .
it may comprise other conductive materials. In one embodiment, conductive line 32 compll'lses at

least 50 atomic.percent'of aluminum. In yet other embodiments, conductive line 32 comprises

sitver or gold. Conductive line 32 preferably has a g_ood conductivity with resistivity lower ‘;han

about 4ohm-cm and is typically formed by depositing a thin layer of seed copper or copper ailoy,



characteristic match with conductive Iine 32 than a

dielectric, electro mgration and stress mgration

are reduced and thus device reliability is inproved.

In the preferred enbodi nent, conductor line 32 is a

copper or copper alloys so that netal cap 33 can be

formed as a copper silicide. G owmh of copper suicide

33 can be perforned by a chem cal vapor reaction (CVR) ;

process. that i lves in 1ucing) Qasheatienl CvVEY) & pasformed to
thenﬁﬁmt@@ql%?%mg\éghé\’@gpa&g ten‘pepr’?lat ure from about

200C to about 420C to react with copper. In other
leve! émorfherrdceppereal cap 33 can be forned by

el ectroless plating. In yet other enbodi nents, netal -

ap can..be 180 18 fAgned@tondut ehimeffoandsipgipnally on

[001933 s éﬁ“fee?flﬁlaugaitggg%{s?aad then etched. Metal cap 33

preferably has a _thickness Dt ween1abait asabalt, mickel,
bsm%ui@m3@0%@?6%‘%?&%%%&%”%&8%? fOnm [ 0020] In the

preferred enbodi nent, after the conducti ¥ 25ah%, the form
tungstee ablybdmuBs tatzdums ke dnd BhFRRITIY gﬁ%%% édnage%érlg%ggs i's

preferably perforned to forma via and a. on 0 ot
of Cdpi DR, CAWP b WD) &t WMPe Coft VNG (g1SL1 418 PR Aab Bbbinations.
copper line can be formed by single darr}ascenelpro?c?,galslg,s.ab‘yCter
Lgur A5 15h ¥k € bratotR i R lnay ePingESIE]al 34p -2 -
Metaf%agﬁézxag%ﬁ%ge\éﬁ ayer 32 and base nmterial 20. Via EdSL
34 .is preferably. a.di o fhCa BRle8ficablee®orps gmmiing and stress
charagigpigismateh Wit Srdust ér%%eg% and oxygen and having a k
val ue of |ess_than about. .5. Th L CKNESEe plefdrhl deSlodiment,
migr3ion pxe piuse@ prthibys 33‘%?%4‘%@%%%3%@%% 80n$n“&f A via | MD
|l ayer 36 is fornmed on the via ESL layer,,34 preyiding ar
condiciGinatl tre depeeertoppHEEryy sorfeatgaetal £GP 35 S4B oﬁg&é}%’g pera cOpP
line that will be formed subsequently. The via Iegé%o%(?CVR)
silicid, @ BhAtobEs shickie\ssl dae bl efornied by Fsdgr & F2RRTd _
co

npri ses carbon-doped silicon

1 1 ! hemi f 51 1 chamber at a temperature
process that invoives introducing a chemical vapor of SiHs gas mto a

! " - o o~y can
from about 200°C to about 420°C to react with copper. In other embodiments, metal cap 33

be formed by electroless plating. In yet other embodiments, metal cgp 33 can be deposited using

common techniques such as sputtering and CVD and then etched. Metal cap 33 preferably has a

ﬁﬁckness of between about 9nm to about 20nm, more preferably about 71 Onm. |

[0620] Inthe prcfeﬁed embodiment, after the conductive line 32 and meta.l cap 33 are

formed, a dual damasccné process is pref‘erably performed to form a via and a second copper line.

In alternative embodiments, the via-and second copper line can be formed by single damascene

process. Figure 6 shows a via etching stop layer (ESL) 34 formed on cap layer 32 and base

material 20. Via ESL 34 is preferably 2 dielectric material comprising carbon, silicon, nitrogen, :

and oxyfgen and having a k value of less than about 5. The ﬂnicl;ness of the ESL 34 is preferably .

smaller than about 80nm. A via IMD layer 36 is formed on the via ESL layer 34 providing -



oxi de, fluorine-doped silicon oxide, organic |owk
materi al and porous lowk material. It is preferably
formed by a spin-on, a chem cal vapor deposition (CVD)
or other known nethods. A trench IMD 40 is then
formed, as also shown in Figure 6. The trench I M 40
is preferably fornmed by simlar nethods and using
simlar materials as | MD 36. The materials and net hods
of formng via ESL 34, via IMD 36, and trench 11vlD

insuldforPeBurdtR Q¥bet And Bardld secdfiDisbberfing uba vaill ik fFarsted subsequently.
ormation of a via opening 44. A photo resist materi al

The { R/%\Ays%op\ggﬁrab ysha% Q5 B 309 iRRtbsheal@imies ¢arbaretoped silicon

anrrsotropi c etch preferably using fluorine
contalnln et.chi ng. gases, It VGRatb V. Tt i
oxidey guorexdoppst & C%th‘dg 8’ff§m§t 1&115@18%%? pbfs k{vﬁg fefore
formng a via opening 44, The via. ES pr
preferabliefotysdry 4 SpimPn.EohEnIcE] VaPor (FResiiss I(?%l)no g&gpﬁc’wﬁwﬁmds A

etched. The length and width Wof via open I&% bi
trencpIDes0Abyn Soradetl s alshahow buFigBEEnMD e[tmae@# ‘g%tsé?f%fefa ¥
illustrates the formation of a trench opening 46.

An
fom%gséﬁﬁﬁﬁﬁﬁ&hﬁs &hd eshssimlilaF aghialshe VD hThenBrtanalg ggd methods of
s formng the trench opening 46. Trench opening 46

S gv&? B Be58CRN0 40 aRdupidvie thd #e when
fo glvae‘“:%ié[ﬁog% taﬁze eﬁ erred enbodi nment , exposed
portion of via ESL 34 |s etched preferably by wus q
ﬁ‘ﬁg‘la {(not shown)

[002 }_?t ChaplureCOMpst-AésfornGibn oC4 RS, oroning 4. B gl s
he structure after ESL 34 is etched. Because via ESL

is fcrtgié'd Sp‘lHéﬁl@d 53U el 18dndth VD 400 Ahenikdtfaplagtelt, prdérabhygusigg fluorine
rocess control and end point detection are nmuch nore

closely controll go. I hus: Ll ki, khenlibloe) ihaesbeal the via BSL

contaigipg, et aﬁg‘ c
- 34, thetefo e forming a via opening 44. The via ESL 34 protects the underlying first conductive

line 32 from being eiched. The length and width W of via opening 44 are preferably smatller than

about 500nm.

[0622] Fioure 8§ illustrates the formation of a trench opening 46. An _anisotropic etch cuts

through the trench IMD 40 and thus forming the trench opening 46. Trench opening 46 will be
used to form a second condtictive line when filled. ;

[0023] | In the preferred‘embodimcnt, exposed portion of via ESL 34 is etched, preferably by

" using etchant comprising CFg, C4Fs, or O,. Figure 9 shows the structure after ESL 34 is etched.

" Because via ESL 34 15 qutte thin rclattve to the IMD layers 36 and 40, process control and end-

: ptnnt detection are much more closely controlled, thus limiting the hkchhood of ovcr~etch1no

through the ﬁnderlyinﬂ first copper line 32. Etching continucs’ into the metal cap 33 after ESL 34
is ctchcd away. In one preferred embodtmcnt process 18 cont:roﬂcd so that the metal cap 3318

etched away, and its underlying copper 32 is also over etched to form a recess 48 in conductlve



t hrough the underlying first copper line 32. Etching
continues into the netal cap 33 after ESL 34 is
etched away. I n one preferred enbodi nent, process is
controlled so that the netal cap 33 is etched away,
and its underlying copper 32 is also over etched to
forma recess 48, in conductive line 32. In other
enbodi ments, after over etching has reached into neta
cap 33 or conductive Iine 32, a sputtering is

lineRer HOSEREnibodiputs] £fer ouér didiing lenatarhniintremalal eap’ B conductive
and i nto underlying conductive line 32 to forma

g oSl LoeitiRg duY BleGabhhiingSRalicag st asp éabemderlying
'lum si’g*‘ic,té;ar“gjoﬁa@for heﬁ?unl Preferably, recess 48 has a

confgjrcgye&irg et Wer%?rl]es Q@uﬁ"hg‘%’r&,t @%giétaﬂjlg%g 5923] |p813? guch as argon

S B R e

The via opening 44 and trench opening 46 are filled
prefevalilh abeo hehne td aveundi0ami- al s. Preferably, conductor |ine
50 and via 52 are fornmed of copper or copper aIons

o et 30 5h BB LRt 2l F

- conprises at |east about 10 at percent of o ]
openings &f e Haaridrecesed obierEA PRI ‘i%fm@t  Ppsping 5O ﬁgyﬁﬂ“d with

conprises at |east 50 atom c percent of aIun1nun1 .
cond@étive efateraizd Poeferdbly Ttvmdneer Bus 0 ang vo4 53 g Tepmaghef copper or coppsr
conductive line 50 is preferably | ower than about

alloyﬁl oG the EVPcinSufREiBEMRE nterlabyithe vine 2sandfsacend @nductive
barrier layer (not shown) may be formed before the

line 3 §I‘%§Ig.}) ke ggﬁl‘éﬁgelfs\é?loﬁé%?Qq 0l RohiRHEREnt FREpRAT Th Blierhayer

mat eri al conpri si ng

umbqtql;égr{t]% g(r)pldgtlpg&;e {yfﬁ'lg %‘%&%@?Yéé aaLrllEa% Mtoﬁ]ﬁ%ﬂ@ééfmof aluminum, sitver

d 20ld. The resistivity of via 52 and conductive line 50 is preferably lower than about
4ohm-cm. A CMP is performed to leve] the surface. A barrier layer (not shown) may be formed
before the second conductive line 50 is formed. The barrier layer is preferably formed ofa

mateﬁal comprising titanium, titanium nitride, tantalum, tantalum nitride, and other layers as

well. The thickness of the barrier layer is preferably between about 2nm to about 40nm. :

[0025] " In another preferred embodiment, after the structurc in Figure 8 s formed, a barrier -
layer (not shown) is formed on the sidewalls of via op&:nincr 44_trench opening 46 and exposed _

.portlon of via ESL 34. An antsotropic etchmg or sputtermcr is then performed to remove
materials at the bottom of the via opening 44, including barrier layer via ESL 34, and metal

cap 33. Recess 48 is then formed. The pfocess in this embodiment removes the barrier layer

' fonnéd between via 52 and conductive line 32. Therefore betfer contact is formed througha

direct contact between copper and copper.



wel |l . The thickness of the barrier |layer is preferably
bet ween about 2nmto about 40nm [00251 In another
preferred enbodi nent, after the structure in Figure 8
is formed, a barrier l|ayer (not shown) is forned on
the sidewal | s of via opening 44, trench opening 46 and
exposed portion of via ESL 34. An ani sotropic etching

or sputtering is then performed to renove materials

' at the bottomof the via opening 44, including b rrjeﬁ. an
[0026Ry er In t4é prefESed 3bodingnp#icateeseapiogmed Relbe digstggnguctive Lne 2.2
then fornmed. The process in this enbodi nent renoves

ensikR8hP AR BulsByBAlly nd @aRES dfetpeer A8 laft i2expnded portion of via
conductive line 32. Therefore better contact is forned

bpe Lo gtg] e%oﬁh& ?&'ist%%@ tAGLatRELNREN akPRP el R EhaRpEhe contact

€ preferred enbodi nent, the recess 48
ensures that

forned in the first conduct. 1
TesISfaREs 1§ mage Eﬁ%&?&fﬁt@ Pfcﬂ?eﬁ’?ga{;rl%t\t{%%rllg g{&%g%?cap | ayer 48
left in exposed portion of via opening 44. The

jogz§PNt &) Juﬁlﬁﬁét C& ibsengibRatd its ikduees hand bRG distrlyed in detail, it
reduced. The Contact resistance is nore predictable

d process.variation Ls & d002 & ibhd Beughmadeherein
ﬁmu@ﬂ% FmPﬂiﬁﬁfv%ﬁ%%ﬁng?%Egﬁggﬁggbes have been
.. described in detail, it should be undeg. 1t Nnended claims.

withqe fpRsetinecrm e SPirk aiskiops b SRt ERb# 86 tid oended claims
made herein w thout departing fromthe spitit apd .

Moreseapthe ofopt hithi puasentiapplicasion sfmoh gaensisd (hie gﬁﬁ’ﬁ@% B‘éﬁ‘e particular
clainms. Mreover, the scope of the present

embARRrCaTtthOftobes, Redching! mmtieatroro, dnd dompiosian pomefer, means, methods
particul ar enbodi nents of the process, nachi ne,

BOHLAGHAN o £OmPRS ik o opbrdimatyt &l immbaas, willsthdijsappreciate
and Sgﬁg&’ss{&g%)ég ugg?%?l bed in the specification. As one of _

from %edcfisrc]:ﬂ)rsgreso% le lprcltsgnttﬁ%n"%ﬁ p%éésse%ﬁﬂ%hﬁﬂes%@ﬁﬁﬁét@f&? compositions of
matier, means, methods, or steps, presently existing or late,r to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding

embodiments described herein may be utilized according to the present invention. Accordingly,

the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, of steps. *

10



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
VGLE?%yCLAﬂﬁEDWE correspondi ng enbodi nents descri bed

erein.may be utilized according to the present

i nvention. Accordin ifg-ai M are .
1. i nAeindeggatedCiré] INEE %Fvﬁ){etcﬂ?‘h%“ﬁ% T scgﬁis Such processes,

machi nes, manufacture, conpositijons e ba¥E Mderial;

miﬁ@d@ndmtos@@gﬂmgﬂ@ ’1‘330&%\ A %‘{ﬁ;\m g

integrated circuit interconnection structure

C ORIt cap laged dor tht ficooehdueto; ext ending from a

surface of a base~material into the base rmt al: a
condu @éﬁgﬂu@%bﬂﬁaﬁermﬁmgmﬂ@ﬁ ia first
diae?réﬁilé%&lggﬂt e, conductlve cap layer and the base

mat er i a.sec &ic on the first ‘
di@ee‘t‘%r‘i‘"cle ?105 | ng | 2 the first dielectric, second
dielectric, and conductive d/\aﬁlﬁ%ﬁbetdap}ayﬁwhamin the
o prervpane it thp 455t G T 850 ‘rlf(;ﬁgk"”coh%ctor and forns a
recess; and a second conductor over the second

pon&g%kﬁﬁdsrmm thnfirst pondopigr doBpehichir afitf t he recess. 17

ion structure claiml wherein the first and seconda . .cess
c QNG conductor over the second dielectric and filling the opening

ction structure of claim 1 wherein the first and second conductor

2 The interconne
l of an alloy containing more

ol

comprise & tmaterial selected from the group consisting essentially

i or, an alloy ¢ ini e than about 50 atomic percent of
¢han about 10 atomic percent of copper, an alloy containing morn :

aluminurmn, silver, gold, and combinations thersof.

2 wherein the first and second conductors have a

3. “The interconnection structure of claim 2

resistiﬁty of lower than about 4ohm-cm.
4 -The mterconnecuon structure of claim 1 wherein the conductive cap layer comprises a

material selected from the group consisting essentially of cobalt, nickel, tungsten, molybdenum

tantalum, boron, phosphotous, and combinations thereof.

-11



"The interconnect conprise a material selected fromthe
group consisting essentially of an alloy containing
nore than about 50 atom c percent of than about 10
atom c percent of copper, an alloy containing nore
al um num - silver, gold, and conbinations thereof The
i nterconnection structure of claim2 wherein the first
and second conductors have a resistivity of | ower than
~ about 4ohmcm 4. The interconnection structure O
claiml wherein the conductive cap |ayer cpnprife§ & morises a
5 MBERL jihocBba@ioh eandienchim drdupeie SresiongRqiyg cap Jayer comp
" essentially O cobalt, nickel, tungsten, nolybdenu NiWP
. . . : WP,
AL B o By RERSRIGIABlont OEOUMAE NS S0 T

e I nterconnection structure of claim

|_wherein t C t] AY Bler&@NpPri ses a
COS%%t@WEaIC@é:%é Tt@%&%g?%%ﬁg%doup consi st i ng

essential ly of CoP, CoB, CoWp, CoWB, N WP, CoSnP

Ni WB, CuSi, ZrN, N MoP and conbi nati ons thereOngg%kgsaﬂﬁdﬂmss

6. 1%nd R SLRAORES bir@ituslof dlatriid eviofeit Higiqonfusiye car
conductive cap layer has a thickness of between about

2nm and _about B 20fm. The interconnection structure
Ofb?ﬁm%V%PWi g%@ln'i e second dielectric conprises a
materi al selected fromthe group consisting

essential ly of carbon-doped silicon oxide, fluorine- .
7. The interconnection structure of claim 1 wherern the second dieiecmc COmprises a

inaterial selected from the group consisting essentially of carbon-doped silicon oxide, fluorine-

1 i ; erl I materia] and combinations thereof.
doped silicon oxide, organtc low-k material, porous low-k material o

i i { I in the rece < a depth of between about
8. The interconnaction structure of claim 1 wherein the recess has 18]

inm and about 10nm.

9. The interconnection structufe of claim 1 wherein the recess has a depth of between about

10nm and about 100nm.



doped silicon oxide, organic lowk material, porous
| ow-k material and conbi nations thereof. 8. The
i nterconnection structuré of claim1l wherein the
recess has a depth of between about | nm and about |
Onm 9. The interconnection structure of claiml 4
wherein the recess has a.depth NESRcaire the hitino
10. agdnab@iﬂffdrﬁﬁmgﬂm{@%da Wﬁ‘f@ﬁ"%rgg%@orm ng an
integrated circuit interconnection structure, the
complq&g(hod conprising: formng a first conductor
extending froma surface of a base Fraterl aI a']tlﬂtottgﬁbase
b se gréogfhuctcfr@f_ﬁhdhgo Srooomgiutact 0k2 basp 1AL
FEESonduct or formng a first dlelectrlc on the
ponduct ive cap layer; formng a second-dielectric
matetigher the first dielectric; formi ng an opening in the
first diel ect ric, .secon dﬁx%l tdtér; and conducti ve
c ndu B‘f?ﬁpéﬁyeéorg%ess ,ﬁhﬁt he first conductor
wherein the recess forns,an ext el\g/% i-0on of the opening;
ﬁﬁmi@ranﬁ:stgixfé“@‘@t@hﬁleé@ﬂ%l%’b? r’ the second
dielectric and filling the gfenlng and the recess.
forming a second dielectric over the first dielectrl

layer;
forming an opening in thp first dielectric, second dielectric, and conductive cap

tension of the
forming a recess in the first conductor wherein the recess forms an ex

opening; and
g4 52 v = ielectric inc the opening and the
forming a sscond conductor over the second dielectric and flline the opening and
=

TEeCess.

{ ethod
i1.  The method of claim 9 wherein the method of formm,, o the recess cOmprises & m
selected from the group consisting essentially of reactive jon etching and sputtering.

12 The method of claim 9 wherem the first and second conductors comprise a material

about 10 atomlc ‘
selected from the group consisting essentialty of an alloy contammg more than
sikver,
t of copper, an alloy containing more than about 50 atonnc percent of aluminum, silver
percen er,

.gold, and conﬁbinatiogs thereof.

ick ngs tantalum, boron,
from the— group consisting essentially of cobalt, nickel, tungsten, molybdenum, n

phosphoreus, epd ¢ combinations thereof,

NFL S iry



11. The nmethod of claim9 wherein the nmethod of " _
formng the recess conprises a nethod selected from
the group consisting essentially of reactive ion
etching and sputtering. 12. The nethod of claim?9
wherein the first and second conductors conprise a
material selected fromthe group consisting
essentially of an alloy containing nore than about 10
atom ¢ percent of copper, an alloy containing nore

14t hame 3R P O1adh ORIt rdRee efdesOias al dépihrufietvweich whoyt Inm and about
gol d, and conbi nations thereof. 13, The nethod of

10 claim9 wherein the conductive cap |ayer conprises a
material selected fromthe group consisting
essentially of cobalt, nickel, tungsten, nolybdenum
tantal um boron, phosphorous, and conbi nati ons thereof
13 14. The nmethod of claim9 wherein the recess has a
dept h of between about |nrm and about 10nm 14 15. An
integrated circuit interconnection structure
conprising: a first conductor forned in a trench in a
base material; a conductive cap |layer on the first
conductor; a first dielectric on the conductive cap
| ayer and the base material; a via in the first
dielectric, and conductive cap |ayer wherein the via
extends into the first

14



conductor. 16. The interconnection structure of claim

15 wherein the via extends into the first conductor.
bet ween about | ma and about | Onm 17. The

i nterconnection structure of claim15 further
conprising: a second dielectric over the first
dielectric; and a second conductor in the second
dielectric and electrically connecting the via. 15

An integrated circuit interconnection structure cOmprising:
a first conductor formed in 2 trench in a base material;
a conductive cap layer on the first conductor;

a first dielectric on the conductive cap layer and the base material;

2 via in the first dielectric, and conductive cap layer wherein the via extends into the first

conductor.

16.

The inierconnection structure of claim 15 wherein the via extends into the first conductor

between about Inm and about 10nm.

17.

The interconneciion structure of claim 135 further comprising:
a second dielectric over the first dielectric; and

a second conductor in the second dielectric and electrically connecting the via.



