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Related Art

The interconnect structure of semiconductor devices
comprises layers (wiring levels) containing conductive wires
separated by interlevel dielectric layers (levels). The
conductive wires are electrically isolated from one another by
the dielectric layers. The conductive wires in each wiring
level are interconnected by conductive vias extending from the
conductive wires in one wiring levelv, through the interlevel
dielectric layer, to the conductive wires in a second wiring
level. In modern semiconductor devices, the conductive wires
are partially embedded in or damascened into the dielectric

lavers.

As the speed of modern semiconductor devices Thas
incrﬂeased, interlevel-wiring capacitance has become a problem.
Methods have Dbeen sought to reduce interlevel wiring
capacitance. One solution that is becoming popular is the use
of low-k dielectric materials such as SILK™ (a polyarylene

ether, avallable from Dow Chemical, Midland, MI), spin on



silicon nitride. A problemwith Iowk dielectric
materials is that they are not rigid |like the
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chemycal mechangcal -polish (CMP) step, mechanical stress is

induced into the device during CMP, which can lead to

delamination, cracking or collapse.

Since low-k dielectric materials, damascene wiring
levels, and CMP are basic to the fabrication of high
performance semiconductor devices, a method for reducing or
eliminating stress induced delamination, cracking or collapse

of low-k dielectric layers is highly desirable.

Typically, a barrier or liner structure is deposited in
the via, and a conductive material is deposited in the via on
the 1liner structure. Prior to disposition of the liner
structure, a cleaning of the wvia is usually performed,
commonly by sputtering argon into the via. See, e.g., U.S.
Pat. No. 6,177,347. Because the sputter etching is applied to
sidewalls in the interlevel dielectric, this can lead to

erosion of the dielectric material, which can redeposit on the



erosion of the dielectric material, which can
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reliability, robustness or resistance characteristics.
Further, during sputter etching or cleaning, the first liner
layer is removed from the via bottom, to avoid interconnect
contamination during ©processing and to further enhance
reliability. According to the invention, the wvia is also
extended into the underlying metallization during etching; and
a second liner layer is provided, which increases surface area
in contact with the underlying metallization. The thicker
liner structure on the via sidewalls adds mechanical strength,
and better adhesion on the via bottom improves reliability,
such as during subsequent thermal cycling. The liner
structure also improves stress migration characteristics,

which are particularly problematic in copper interconnects.



such as during subsequent thermal cycling. The liner
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the metal line; depositing a first liner layer in the wvia on
the sidewalls and the bottom; anisotropically removing the
first liner layer from the bottom, while leaving the first
liner layer on the sidewalls and while extending the wvia so
that extended portions of the sidewalls and the bottom
penetrate the metal line; depositing a second liner layer on
the first liner layer 1left on the sidewalls and on the
extended portions of the gidewalls and the bottom penetrating
the metal line to form a liner structure in the wvia; and
depogiting a conductor over the liner structure to fill the
via.

Additionally, in accordance with the invention, there
is provided a semiconductor device comprising a liner
structure, comprising: a metal line over a semiconductor
substrate; a dielectric layer over the metal line; the

dielectric layer including a via having sidewalls and a



the first liner layer left on the sidewalls and on the
extended portions of the sidewalls and the bottom
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structure to fill the via. Additionally, in

bot@Sﬁorq@?e.Wlt %ﬁt@%de‘&vﬁgéfefonéh #© th8 fafévfaeﬂsa and the

sem conduct or evice CO rrsing a tiner ruc
bottemprssiatgate nehal meitad ovigreia seﬁumthﬁﬂmﬂr layer on the

sid%&gﬁigabﬁf o@' %Ine thlre' gﬂt% Yl Y het Q%_a{mt%l n&ec&b liner
lelectric ayer a Vla avi ng 'Sj I's™an
layarwon? i 070830 P@TéEPQ@thOOIﬁS?pOS‘tb@momf Viﬁ’eaf et idewalls

penf(tEPdng RACt RS0 shlc ahdenal L3 and Lhecpbobiam

tra ay er on the
S|deWﬁuisf®m¢g@mmgoandhethertd&a@ﬁreheam@aadmahtages of the

n r a on th fir [ Ia er
invESERRE Wid' e il oFrabn S Pig PRET deS pasicular
desanilpthenboft enboflitnbatgi af The fiawvegainbg.and ot her
features and advantages of the invention will be
apparent fromthe follow ng nore particul ar
Bridf#sDhebsptripbioh effbpdattngs of the invention. Brief
Description of EXamAngs The enbodi nents of this

entio AR cribed in  detai th_reference.
to ?ﬁeeyg?%%ﬂfﬂg StP uF%%S ﬁﬂg?@Fﬁ0F|Wéllm%§|8ﬁ§FFbH§d in
detdenot @ithkeegbeanabsoafteWiel@oningi §sgutbs ]l EvBeein 1ike
schemati c section vkems illustrating the ,nethod in
des R HaMt edRPPRet b Br EL8MENE Ry eAPFoNNCRRINEI gs. 2A

and 2B are cross-sectional SEM micrographs of _
NeFhgs | Zahi OB steustlerstio gecoidancecuwbt N11hetPELOAg the

the resent . jnv ntlon respectivel Det ai | ed
metﬁ%éc??p??ﬁﬂr ?S?rWﬁELt ?h@ra?ﬁﬁfnggve§F§°%1A9§homs a
sen conduct or
Figs. 2A and 2B are cross-sectional SEM micrographs of

metallization structures in accordance with the prior art and

the present invention, respectively.
Detailed Description

Referring to the drawings, Fig. 1A shows a semiconductor
structure 1, which comprises a substrate, typically silicon,
GaAs or the like, on which devices such as capacitors and
transistors are formed and an insulator thereover. A metal
line 2 is formed over the structure, followed by an insulator
layer 3, which is typically silicon nitride or other suitable
material. One or more additional layers of dielectric 4 are
formed over the insulator layer 3 to provide a dielectric

layer over the metal line 2.

Any suitable dielectric material or materials can be
employed to form the dielectric layer 4, however, it is
preferred that the layer 4 include a low-k dielectric, i.e.

k<3.5, such as spin on glass, porous silicon oxide, polyimide,



structure 1, which conprises a substrate, typically
silicon, GaAs or the Iike, on which devices such as
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incorporated herein by reference, as well as detaills
concerning its preparation and use. Other low-k materials
that can be employed will be known to those skilled in the
art. Preferably, the metal line 2 comprises copper, although
other metallurgies, such as aluminum, aluminum-copper,

aluminum-copper-silicon, etc., may be used.

Referring to Fig. 1B, a dual damascene opening or wvia 5
igs formed through the dielectric laver 4 and the silicon
nitride layer 3, typically using a conventional two-mask
process. For example, first a trough is formed to a depth
less than the total thickness of the dielectric layer 4 by
etching regions not covered by a first mask, which is then
removed. Then, a narrower opening is etched in the bottom of
the trough through to the underlying silicon nitride layer 3
using a second mask, which is also removed. Next, the silicon

nitride 1layer 3 below the narrower opening is removed,



details concerning this particular material can be
found in U S. Pat. No. 5,965,679, the entire contents
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Referring to Fig. 1D, the liner layer 6 is removed from
horizontal surfaces, 1i.e. from the top surface of the
dielectric layer 4, any horizontal surfaces within the via,
such as formed in a dual damascene feature and the bottom 8 of
the wvia 5. However, it should be mnoted that suitable
anisotropic etch conditions are selected so as to leave liner
layer 6 on the wvia sidewalls 7. In a preferered embodiment,
this can be attained by carrying out an argon sputter etch.
Importantly, not only is liner layer 6 removed from the via
bottom 5, but additionally there is significant erosion of the
feature into meal line 2. Thus, portions of the via sidewalls
7 and bottom 8 penetrate the metal line 2; in so doing, this
will serve to remove contaminants due to prior processing, and

provide robust interconnect reliability.



t hereof . Advant ageously, the liner layer 6 is

deposited prior to any via cleaning, such as by
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liner Jlayer preferably comprises a refractory metal or a
compound thereof, more preferably, tantalum, tantalum nitride,
titanium, titanium nitride, a titanium-tungsten alloy or a

combination thereof.

Referring to Fig. 1F, after removal of the second liner
layer 9 from the dielectric layer 4, such as by CMP, a
conductive material 10 is deposited, as to fill the wvia 5, as
well as coating the top surface of the dielectric layer 4.
Then, another CMP process is performed to remove conductive
material 10 from the top surface of the dielectric layer 4 and
form a coplanar surface of conductive material 10, liner
structure and dielectric layer 4. Any guitable conductive
material 10 may be employed; however, tungsten, aluminum,
aluminum-copper, aluminum-copper-silicon, and copper, are

typical.



with netal line 2. Additionally, the sidewalls 7 are
protected fromre-deposition of netal (e.g. copper),
wokioglo7086®ul d subsequently mgrate into the di BCBEP20€001787
| ayer 4, causing reliabili%y failure or other damage.
On the other hand, by first depositing liner |ayer 6
onplhe.shdeyal | >R E%é%&&@f?g g B EES ,
on %Eeeguggaceéﬁgt$1 ayéf 6, % glééﬁgrﬁ CoPpef
whergyefhel, aupper acertend I¢1?1ertﬂeay@®n©u¢§lﬂ@p@@tl€éﬁhal 10 is
I onf r di Lec
relggggéﬂ/ i ggé on:-h}iy gé{tfe 1EQ§ 58k %.E’J!dc ﬂﬁ%ﬁaﬁl&/ above

In"the vi'a i rst |ner ayer )
abothebbia siodéhalt $he guhduritiee matesniddd Horhaom peélatively
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B
prelfayeed9 e lelr abmyuobﬁprqfsestlaeremaa;@tm@snema:{f @le aincluded
mtﬁOWE cto?ﬁt gof . JTD Ieft&f ef &L ablva tamﬁ&ra tAMALUR e o

nitri ani um’ titani umnitri'de
corrosannun}tungsmen ahbopropla cdntwmatnan tber edmployed in

accﬁ?%@%&én%ﬂzﬂ l%reo mattheafe(%n.eorq \{:%l oqff ttl'pe suc%gt 1%ventlon

Iayer c I"ayer 4
incCvPe, aforordampilee gaﬂdrlahlw@rusndeheibtedd as Eorth
fill the via 5, as well as coating the top surface of

”‘ﬁ ngkgﬁﬁ_%i C diye gy CEF% Iﬁé‘@%ﬂe&l pjf'ém%%gﬁsited by
pe forme r enbve con ive 0 fromthe
eletbposmatang of buhe dibkecttechhageess asdchf oasn aelectroless

plag l aré%r %ou:]geangp e?yée(iondgct 1¥f gfr.%t %ﬁ)‘&%lr&r&%a&o rlce.nose skilled

detife i | ayer
in ¢mmﬂunﬁjve Inaaetbahaﬂaannﬂﬁha@m®lembdd1mem5vef,Flg. 17, a
umnu

012 RERCc Ao Sl | FEBRE ARdCRBRRGF =aPEeT JHi% diocqRs Liner
lay2004/, 012830 %@W&%&O@Hgﬁﬁh?c&bn & Rrtefierady ,y ot hether similar
cocBRRMELL VB IR ofd YpdR ERIPLLREE BREBR: 5 cHoTE Mo vepor
deposition, etc. In this embodiment, the seed layer is
copper, however, other materials may also be used, such as
tungsten, titanium, tantalum, etc., depending on the form of
plating technique used. Conductive material 10 i1is then
deposited within the wvia 5 wusing an electrolytic plating
technique. In particular, the structure which includes the
via 5 1is placed in a container of electroplate solution, an
external current is applied, and the conductive material 10
grows onto the seed layer. Since the seed layer and the
conductive material 10 are both copper in this example, as the
conductive material 10 grows on to the seed laver the division
between the sgeed layer and the conductive material 10 1is
eliminated. Once the wvia 5 has been filled with conductive
material 10, the surface 1is planarized wusing chemical

mechanical polishing or other suitable technique.

It should be noted that by forming the conductive liner

structure in accordance with the invention, a thicker



rel atively high, generally at |east 50% and

pref erably above about 65% so that the conductive
wOorioa/7@Bo 10 has a relatively [|ow resistivityPCEMP1084/001787

substantially pure copper 18 generally preferred,

smal | amounts of other materials may be included wth

con&lﬁ‘&:‘f{?a|09.L'firg311 fQEu§XAMPLE, HIPT QY r%%e%&a?ﬂ{l%e Y0 providing
COorr osi on. er materi als I ch may pe enp oyed |n. .
enhagceddaradiasiidnlal sérsavshenbbdi then s igbroéngr esehtability.
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thers depesonhedibpntelesoisiopl atf ridye Mga totreeristar g tplesline 2,
s .elec pl ati be %ggloy 41 |
as é%%%%%agg%egégﬁ%ﬁgié sk?%ﬁggrgﬁgyfhe art. qﬁ% ferdl | line 2
comprteedanoppeict h thiee cerrendiete moxrafi okisg.ofl Fhe vigl agidewalls 7
b . _seed | ' It 0 he.secon ine
ana/ B8, %o kM S n B oBERRe ElieniBlannidbie Y'Y of Rigocance
of atmllemst tadmhrti RESA, sem@i psetheabtal abapar 200-1000A. This

deposi.t i physi.cal . vapqr._ depasjtion, etc. In this
resi b8 i e PYREERH V8 dinel P BB etV mS 6 o betitra sur Face
areantiar i abstaay atisth behesemktslchiase 2 undaterasing adhesive

titaniu nt al etc., .depending on_the formof.. . ...
strppgfl O8 oLRRI G SRR oY Ve FacBPERV T | e ity
sucHepgsftren whehinalt bgcliagbduging apoekestingl.ytic

plating technique. In particular, the structure which

includes, the. via 5. i | aced 1 n a.contai ner. of .
o EPERr LR ind hiid By Eekb o oS LAspo believed that
impappededstaads t el goadimt | wegwtter | d-oh0 sfjgnniioahd sputter
er and the

he_seed_l ayer. Since.the seed | .
etc%on]aﬁ%?}’@ n;b?er%? 1%%?%%0?9?%8&]{1& S ffij sto provide a
recexanpl efeasuirbe iondiet i weugHt erliiale 1@ griowsion t® stepped
. _,the seed | aye ng di vi si on etween the seed | ayer . .
intgnietRe condtile AEPEPPETST6 | sl ol [Siisted. ToHgation  is
partheuvhald bagnhgarahid lg0 whid tonduetiivealmHl=dnidle mode in

e,surgace is planarized usipg chem ca

10, th |
a  GREKERFLGRepol FERPRY of R6EREPPREFtabl e TRENNTXRIERLIEy Copper
strebaul dibeamabad thatlly f @uvg dhe eaRducdriye df Nnefacancies

existing in the copper, and they typically diffuse along grain
boundaries. However, these vacancies can diffuse much faster
along a copper/silicon nitride interface, particularly if
there is poor adhesion between the copper and silicon nitride.
By having a stepped via sidewall/bottom penetrating the copper
line, a blockage is created along the copper/silicon nitride
interface, so that vacancies are blocked from moving past this
location. See Figs. 22 and 2B for a comparison of a
metallization structure produced in accordance with the
present invention (Fig. 2B) and a conventional structure (Fig.
2A) .

While this invention hags been described in conjunction
with the specific embodiments outlined above, it is evident

that many alternatives, modifications and wvariations will be



structure in accordance with the invention, a thicker
WD 2004/ 070830 PCT/ EP2004/ 001787 10 conductive |iner
w0 eaulotes3on the via sidewalls 7, providing enh&@mERI04/001787
mechani cal strength, furthdt inproving reliability.
In addition, by using a relatively heavy anount of

app%Pé'ﬁEeré@g’thogEer %k:iil%hgn;lhtli cal efasion b thganpie, the

eature I nto neta I ne 2, as note .ereina pve. . )
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to AN 1004 HiLS  BESULLSLN fhe-coduct | kg !Fﬁg{l’%dasalso be
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undeesbbofli hkal, thecreasiegigghésines metyr engliricfe t her addition
[ rc t,. furt (+mproyi.ng_reliability ch
o 1 58T CRISalee AT NS XL 0, BALLRULIL Y SHCT Skpouncs
desboilnddbybblieor pthier inetalso ded i reedlt bapounpgeovedh as WN,

stress mgrati r ts.fro i gpi_fi cant ut t.er.

MON g4 @%lﬁém"%ajt’ ilﬁﬂt hg]%ﬁéatscurr’e g}cﬁ)@t o%afCSoaf]aassjfl\g’ p?%\éliu(\}é gnd SO
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for bl @Rt Y ool PR PIGERt T PRI o FSF AR Far Haniting.

Varih®de thangesomeentveOnmddeoppehont deparneat. firom the spirit
exanpl e, _c er, _stress m.gration results f t he .
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they typically diffuse along grain boundaries.
However, these vacancies can diffuse nmuch faster

al ong a copper/silicon nitride interface, particularly
if there is poor adhesion between the copper and
silicon nitride. By having a stepped via

si dewal | / bott om penetrating the copper line, a

bl ockage is created along the copper/silicon nitride
interface, so that vacancies are bl ocked from noving
past this location. See Figs. 2A and 2B for a

conpari son of a



metal lization structure produced in accordance with

the present invention (Fig. 2B) and a conventi ona
waeootresse (Fig. 2A). Wiile this invention haBChEBRIW04/001787

described in conjunction Wth the specific

enbodi nents outlined above, it is evident that many

alternatives, nodifications and variations will be WO

2004/ 070830 PCT/ EP2004/ 003¥87S11 apparent to those

skilled in the art. For exanple, the present

i nvention. ma used. in. conjuncti.on_w

1 d be Vi : 1 th i t
* serfcontleT SrIEe F Ut HEE Favi TR 6% Peal GPES, SEEHCTUTE,
comp¥isinggl e damascene, and it is in no way intended to
be limted to use with dual danascene features. It
shoul d al so be wunderstood that the conductive |iner
a meeulcaipel seer B adthidomductort bebsefiaaet;ory nmetals or
refractory netal conmpounds described above, other
netals and netal conmpounds such as WN, NMN, WS N,
a d¥\&ilecheicNodyer oveNsaldCmetadi NinkaSi N, and so
forth. Accordingly, the enbodi nents of the invention
as set forth above are intended to be illustrative,

saigotdileilm'dﬂzggs 1&%@1‘:%@9&@&9@3 Wi@eh?ﬁﬂﬁgmstilmfa_lls and a
eparti.n romthe spirit an Scope O the, L nventi on
botEohge TR R (HE 6 ADWPAE CLPEF O WHRS00% $F0BREE 2nd  the
botRel/ ERACR450Q1ES1 3 ItE1ainAke;l. A sem conduct or

device conprising a liner structure, conprising: a
metal |ine over a sem conductor substrate; a

a fdirgleatinies | Byesr oyer taal difelat1ki par sRjtd H eliectbbetom of
| ayer including a via having sidewalls and a bottom
theyNapei ARExt ended portions of the sidewalls and the
bottom penetrate said netal I|ine;

a second liner layer on said first liner layer, the portions
of the sidewalls penetrating said metal line and the bottom of

the via.

2. The semiconductor device of c¢laim 1, wherein said

dielectric layer comprises a low-k dielectric.

3. The semiconductor device of claim 2, wherein said low-k
dielectric comprises an oligomer, uncured polymer or cured
polymer comprising the reaction product of one or more
polyfunctional compounds containing two or more
cyclopentadienone groups and at least one polyfunctional
compound containing two or more aromatic acetylene groups
wherein at least one of the polyfunctional compounds contain
three or more groups selected from the group consisting of

acetylene groups and cyclopentadienone groups.

4. The gemiconductor device of claim 1, wherein said metal

line comprises copper.



a first liner layer on the sidewalls but not on the
bottom of the via; and a second |iner |ayer on said

wo peog7dsBmer | ayer, the portions of the sidewedT/BP2004/001787
penetrating said nmetal |lind3and the bottomof the
via. 2. The sem conductor device of claim1, wherein

5. S%‘e el @Gt G dRYGE LOOPEESES 2 8m! QU Krk@r%l%tﬂﬂé extended
The sem conductor device of claim2, wherein sa

portéawnﬁ ofi dihectidewiis i aed Bhe obpgbamr ofurtdier adia penetrate
saiBCh¥PBL 95 neULgd, B‘EZEYHEEeCBWétsiﬁgsEhﬁbB@L@CEg@ﬂ.

product of one or nore polyfunctional conpounds
containing two or nore cyclopentad|enone groups and

aﬁwﬂgaétemgegna%%&nca%ﬂ@é oEO@%H% fon%ﬁé%ﬁﬂ 93 iliner

nore aromati c acetyl ene groups erei n at
lay@necemprheegoaymrﬁ@ap@nay pehrpoundsaconmapnndt hheeeorf
nore groups selected fromthe group consisting of
acetyl ene groups and cycl opent adi enone groups. 4. The
7. sdificosenitonddevoredeivickaioh Iclairer &i nwhareimetsid second

lin%%;?%%ggg %%%?%g%%%s gymﬁ&%yﬁggﬁ cgﬁdué¥gg'dev ice ofCompound

thereéafm 4, wherein the extended portions of the

. SLaguRl | At e ot ol gl dhe o a et rate SAldkin  saia

st anc |"éast
dleIhetseu1éeyémct@nmdeweeeaoﬂomﬁk|dxblemuruﬂrwsﬁmdimetal line

| ayer conprlse a efract net or
Com% n%%und(%ﬁg?edf ?alﬁhe o cong %Fgr oFogpﬁﬁ%eS a
refﬁacmbeyenmesaldcsecendcompuemdlay&nxﬁﬂﬁpreamﬁ.asecond. liner
t hereof . 8.

refractory netal a_.conpound
LavEg FATRACEES: A CEDIOT dIHAL | Ghefol R Eqipd thereof; and
thede&t@@ﬂ@d:ﬁdﬁﬁﬂamwnbflsh& &ildewak 1di edrett the; beaitdm of the
viaggtﬁ%!e gg e 539 esc 21 9 (g_%pee Sal%.sftlarns(}e lfannegglngayterom about
200A to about 1000A.

9. The semiconductor device of claim 1, wherein the wvia is

filled with a conductor.

10. The semiconductor device of claim 9, wherein the surface
of said dielectric layer 1is coplanar with the conductor

filling the via.

11. The semiconductor device of c¢laim 10, wherein said

conductor comprises copper.

12. The semiconductor device of c¢laim 11, wherein said

conductor comprises electroplated copper.

13. The semiconductor device of claim 12, wherein said metal
line comprises copper; and the extended portions of the
sidewalls and the bottom of the via penetrate said metal line
by a distance of at least about 200A.



refractory netal or a conmpound thereof; said second
liner |layer conprises a refractory netal or a
w@eopowmssdo t hereof ; and the extended portions PET/ERE04/001787

sidewal I s and the bottom ofi4the via penetrate said

nmetal line by a distance ranging fromabout 200A to

about 1000A. 9. The sem conductor device of claim1,

wherein the via is filled with a conductor. 10. The
14. senmBndeemércogeiacterof devarm Rf widhadith tlRe swhenedn: said
dlei’écﬁf‘hg dl%@ft M SmpAYEEs | S CQBIWQ'Rar aWeh Bt ?Lc, said first

conduct or ling the via. . The sem conduct or
lingsyi éaver clampriSeswher err@fgérﬂorcfondflﬁ;ttadr cofprd sesompound
thefQBPEr Sa%%L d's rﬁfrﬂﬁ?épuféyérdégh%re_lggsd a'fg%t]actory metal

erein sai conduct or conpri ses &ctropl
or cadppepddd THe eren Tondust orth@eviemeuﬂedr abart2ons of the
: t r S r.;

Sld&@gif%eaﬁportﬁr@t Antrﬂcgf gﬂ% {7§E g%gl%‘g{% 't %%tltdqo%neo al line
by &héistanpensangings&irdmnebalit| 2AGA byoaabostaﬂmeé%f at

| east about 200A. WO 2004/ 070830 PCT/ EP2004/001787 14

14. The sem conductor device of claim 13, wherein:
15. sailthe ﬁamkﬂnndunﬂqgmﬁeviﬂgw®éeslaimomék ditelredtry ithe copper
fllﬁé‘ad fiEst "'3% | ayer Coagélrses %]tory Bl Aure.

a conpound ereo Secon ner ayer

conprlses a refractory netal or a conpound thereof;

and the extended portions of the sidewalls and the

bottom of the via penetrate said netal line by a

di stance rangi ng from about 200A to about 1000A. 15.

The sem conductor device of claim 14, wherein the

copper filled via is a dual damascene feature.



