;edel*F  L&&: *6J*T*22 NOV 2004 A REVERSED DANASCENE PROCESS FO:Q MJNF}]VPQ.I,
LEVEL METAL | NTERCONNECTS BACKGROUND OF THE | NVENTI ON (1) Field of the

| nvention The invention relates to a‘nethod of fabrlcat!ng senlconguctor
~.structures,. and nore particularly, to a method of formng reverse

n rated circuit
SZCF‘@ZE”E(E? B e L OGS %‘%@E}éﬁaﬁ%ﬂ Eéﬁﬁal.%g@f an
: tant capability in the f sem conduct or manu aq uring.
l_bgﬁggcgge gng dual éanascene é@ﬁ%@%@ﬁﬁﬁg' itates the use of copper for

[ ' due to its | ow

i nterconnects. Copper offers significant advantages ( _
resistivity when conpared to alum num Referring nowto Fig. |, a prior art
dual- damascene structure is illustrated. In this cross-sectional 2004
representation, three ¥ FEROMReOF TéFe|ldVARNE Ihown. A 1 22 NOV

(1) Field of the Invention

.The invention relates to a method of fabricating
semiconductor structures{ and more particularly, to a
method . of forming reversed damascene metal interconnects in

the manufacture of integrated circuit devices.

. (2} .Description of the Prior Art

- Damascene technology is an important capability in the
present art of semiconductor manufacturing; Damascene and
aual damascene schemes facilitates the use of copper for
inte:connects; Copper offers significant advantages due to

its low resistivity when compared to aluminum.

Referring now to Fig. 1, a pricr art dual damascene

- structure is illustrated. In this cross-sectional

representation, three interconnect levels are shown. A




substrate 10 contains via plugs 18 that connect, for exanple, topdhNOY 2004
I

underlying transistor junction (not shown). The formation of the single
damascene first level interconnect |layer is as follows. The intermnetal
dielectric (IMD) layer is formed first. The first IMD etch stop |ayer 14

overlig bskr The_ f] I ielectric Jayer 22 is deposited
overIyiﬁgg?ﬁgggi?gté%?E%P%?o%f?a§%§&34f§%gﬁ?ﬁecg?535¥09 ©18. The first | M
di el ecty] yer 22 is_then etched to, formtrenches. A first level -
conduc%%é@p%gfr?%rg?a§%$eﬁgy+%gd%ﬁ%%?%%ﬁoFoijﬁEl?ﬁe(F@Enéh@gnfFrst | evel
copper layer 26 is deposited to fill the A trenches. The first |evel copper
-layer 26 and the first |evel conductive barrier |layer 28 are then polished
down. Finally, a first level capping or passivation |layer 30 is deposited
overlying tﬁ%eff?é@a¥b9%l0%0%®%r31®9b¢ @napcenapferett hevéirst | evel
interconnect layer. This first level is created in a typical single

damascehechpproach Wheee bssingfellewsel Thenchtésmetghediandcfi-hked with
metal to forma single interconnecting structure (the interconnect trace).

The setBid) abayehi sl fetmadd zation. | ayes scaret f ones gi 8808 1ypheal dual
damascene approach. In a dual 2 2 2 NOV 2004 damascene approach, a

t wo- | eVél oveehtds i shet oliesk aanee then fhd | ed-w thyg single-petal layer to
formtwo : _
layer 22 is deposited overlying the first etch stop layer
14 and the via plugs 18. The first IMD dielectric layer 22
is then etched to form trenches. A first level conductive
barrier layer 28 is deposited to line the trenches. A
first level copper layer 26 is deposited to fill the
trenches. The first level copper layer 26 and the first
| level conductive barrier layer 28 are then polished down.
Finally, a first level capping or passivation layer 30 is
deposited overlying the first level copper laver 26 to
complete the first level interconnect layer. This first
level is creéted in a typical single damascene approach
where a single level trench is etched and filled with metal
to form a single interconnecting structure (fhe

interconnect trace).

The second and third metalization layers are formed

using a typical dual damascene approach. In a dual




interconnecting structures (both the interconnect |ine and the v}d) NOVhe(4
second internetal dielectric (IMD) is forned first. In this exanple, e

- second I MD conprises a dielectric stack consisting of the second | MD | ower
~dielectric layer 34, the second IMD etch stop |layer 38, and the second | MD

upper Qéﬁé@@éﬁécab§¥8£cﬁ?'aT9§01159&fe§f%%8heighggc#ggtXﬁdﬁéggﬁ- The second

| MD-etch stop layer 38 facilitates etc two- | eve renc The | ower

.l evel ches. w the vias tpo connect the second interconnect
| evel ?%l%%% %#?Etgi% %é%%ﬁ%%%gllg@%?F gﬂegﬂﬁ%e “Pevel of the trenches will
for”]tbﬁt§§§899 | evel iQterconnecg | ines. After trench formation, the
second Tever®coRautr? vREhart HERS | ADeEn 4B8hantntRECQRRBRE | Evel 2B8pper | ayer
46, 50, 54 are deﬁosited. A polish down is used to define the
interchhfiettfbnsTha SecoRd Fobvernebppi diebechabsi VANDbNiS ajernss is
deposited to finish the second Ilevel. Note the two | evels of the dual
danmascE&hBsSEt r vk utlels Theampher tkeebesOndsI¥hecwiyariThe apper level 54 is
the interconnect line. The third .interconnect level is formed using the
same neitbechsiosetatbrcoheisetnndof evied. s8con@ 21OV 3004 Several probl ens
exist in the prior art dual damascene interconnect nmethod. First, it is

di f fi cdleleot deposayet hes congacsbyenbarmbest tRYSFop FOLyEX 2Pl eanfihe third
| evel conductive barrier layer 76 nust be deposited in the dual damascene

trenchefior sébendhimd hgyer . o fese8drt ayes,of §Qppefhés¥?8198§é%e%r8fter the

"barrier layer to catalyze the copper deposition. Insufficien arrier |ayer

step C@W@E@@ei§|9@8_é9§?§ide%ﬁé|ség&?§nﬁ%ﬁteﬁgﬁ ggttOE%%%giﬁgn occur due to

the high aspect ratio of the trenc e vra'levet. uf ficient

cover : y result in voids, can cause c er deposition and
diffugg%%l%?Q%Fggsgt %née%%%a BYobl ERFFRERe pfﬁ%rl%Y?ri%eE%bp@f | ayer
voi ds. . For,_ exanpl e; yfids may occur during the deposition of the third

| evel E%%p%?emgﬁ%? Bhll ghorMghhe Vige Vergomrght ashecseeardo of the via

- level of the trench can cause this problem The third problemis that the

t wo- | ellefe¥eemedes level to the first interconnect level. The
upper level of the trenches will form the second level
interconnect lines. After trench formation, the second
level conductive barrier layer 48 and the seccond level
copper layer 46, 50, 54 are deposited. A polish down is
used to define the interconnections. A second level
capping or péssivation layer 58 is deposited to finish the
lseéond level. Note the two levels of the dual damascene
structure. The lower level 50 is the via. The upper level
54 is the interconnect line. The third interconnect level

is formed using the same method as used for the second

level.




require the use of many etch stop layers 103. For exanple, the thiz §iOVePgl4
etch stop layer 66 is used to facilitate the definition of upper and | ower
trench levels for the third | evel trenches. In addition, the third | eve

capping or passivation layer 74 is |likewi se an etch stop |layer. These etch

~stop | ayerssdO8raypheabl¥msospiise S {hSrfor é%%PﬁAEEQQénﬂéééﬁge that has

a relatively high dielectric constant. The use of these etch stop | ayers

103 addscskghfbeantbine. the  par asit i g, capacl tance. of 4egahs L nter connect

| evel and reduces circuit per y our probl'emis that

‘the vi n.msaly e erlyi met.al Ji.ntercpnnect. Such
nisaligﬁﬁgﬁ%glfﬁcégggégfh%g%%g'r%ggs?é%éég%hdt%%QF%ﬁ%gc ?%ﬁit per f or nance.
SeveraL €5i0£'art aggroac es diiglose met hods to forminterconnecting

| ayer sCOUECTBEE RECEL 8B 2B 1 6° (TeSetPal deped 63@sih precdddlto form
interconnect layers in an integrated circuit device. Interconnect |ines and

vias af@UfdrHRe FBPnehckoT ntles comhedt lewwkl (A ASeonpbayes @Btal |ayer is

deposi ted conprising three |layers: an upper netal |layer, an etch stop

| ayer, CapEea Foweerpeibed| ajeer Ui konpositkayetatol agealirgefthet et ched
through. A first dielectric layer is then deposited to fill the spaces

. bet weefiopheretieheditonpositsufittalenTheaupper beyat bayercoseetgbed down to
the etch stop layer to pattern the vias. A second dielectric layer is then

deposi dkdngothéel bigapsl tausedaty 4hersecoset @ chdongcadhbscAet had reverses
the order of the vias and interconnects conpared to the prior art though it

i's notta HAEBACERCaPHOSLSSaBiHCETt Pie NBERLCH SiRaELEr hed paly by etching.
U S Patent 5,512,514 to Lee 5 22 NOV 2004
The insufficient coverage, that may result in voids, can
cause copper deposition and diffusion problems. The second
problem in the prior art is copper layer voids. For
example, voids may occur during the deposition of the third
level copper layer 86, 82. RAgain, the very high aspect

ratio of the via level of the trench can cause this

problem.

The third problem is that the two-level trenches
require the use of many etch stop layers 103. For example,
the third level etch stop layer 66 is used to facilitate
the definition of upper and lower trench levels for the
third level trenches. 1In addition, the third level capping
or passivation layer 74 is likewise an etgh stop layer.

‘These etch stop layers 103 typically comprise silicon




teaches a process to forminterconnect |evels. No barrier netal Eszqﬁﬁﬂzmm
underlying the nmetal layer. The netal layer is etched twice. The first etch
is partially through the copper and defines via plugs. The second etch is

conpletely through the netal |ayer and defines the interconnect pattern. No

~non-co e ry ed _oyerlying.the patterned netal
| ayer: Hg?%£§¥b%$ e%%% é?%§£a£§V§? I%cgh'gl ig % RPposkited to isolate
the |-ey I S-process feverses th y order of the via and the
|ntercoﬁ%ecgg éﬁﬁ?%ciggﬁ' ?PkLﬁY%ﬁs @@5 gﬁéﬁa%%%%kfb?%ﬁEég §Pnce both
via and intercopnect lines are fornmed by etching and not by trench filling.

US P %n?a§a§ﬁ%l§3§a?%ckﬁﬁgﬁﬁr%fd?%%mo§%§e§C%%%$CHa%%E%bn@n@rocess I'n
this method, the vias are formed bel ow the interconnects as in the prior
art exéﬁ%ﬁ%es ARretth B?6§0¥%§@€ers Hsedlis, stiop foervihaptreveémtrench etch
frompenetrating to the previous level dielectric layer. U 'S. Patent

5, 691, 23sthet Avhazvhe eanahighbtdnses4 atsubhe actderl dial; davascene
approach. The via mask extends perpendicul arl'y across the width of the

i nt er cobnheccopaétern $ochl hbeahigehérnabi gnedegtshthdl wphnumis used for the
metalization. U S. Patent 5,882,996 to Dai discloses a self-aligned dual

damasceagigtanessand dedZadNVc2004: SUDAARYredmd&iE | NVENTI ON A pri nci pal

obj ect of the present invention is to provide an effective and very
manuf act urabl e method to formmetal interconnect |evels in the manufacture
of integrated circuits. A further object of the present inventionis to

provide & nstbath i opEgni JELakokpbechognapl L el 5o Py kel 09 gogpr over sed

damascene process ere are forned ov fom t he sanme

netal . la er as_the.conductive |jn
gerconnecgz fayers b E. Patent 5,693,568 to Liu et al

discloses a process to form interconnect layers in an
integrated circuit device. Interconnect lines and vias are
formed for each interconnect level. A composite metal
layer is deposited comprising three layers: an upper metal
layer, an etch stop layer, and a lower metal layer. The
composite meta; layer is first etched through. A first
dielectric layer is then deposited to fill the spaces
between the etched composite metal. The upper metal layer
is etched down to the etch stop layer to pattern the vias.
A second dielectric layer is then deposited to fill gaps
caused by the second etching. This method reverses the
order of the vias and interconnects compared to the prior
art though it is not a damascene process since the metal is

patterned only by etching. U.S. Patent 5,512,514 to Lee

e Ly T — i T A A i o A T e e e e e T AU T et T e R R e



A still further object of the present inventionis to formnetalg 2 NQV 2004
i nterconnect |evels whereby the conductive |ines are produced by etching
~trenches into a dielectric layer and then depositing netal to fill the
trenches. Another still further object of the present invention is to form

vi a pLHQ§c9¥sp§r%£§$é¥se{Sh%gﬂmtDgtggégﬁ%%sgfgéﬁgrgﬁ2?&93@%¥£igﬁ{ager

obj ect of the present nvention 1S |

| i 1 LOI Nov .2004. Anot her still_further_ object of the present
'?ﬁsgﬁl%%ﬁg%sz§ou%%%v' 859¥%?§8 ?omgFﬁ£l%?¥eﬁetaTh?a9%FaHeb6¥?Fion.

Anothetr _stjl] further object of the present invention is_to elimnate one
etch s%%pe#%§%? FétCRachtievBirshnetplarist partiat tiekhopjiekt the t he present

invention is to elimnate via-to-underlying conductive |ine msalignnent.
copper and defines via plugs. The second etch is

completely through the metal layer and defines the
 interconnect pattern. No non-conductive barrier layer is
applied overlying the patterned metal layer. After both
etch steps, a dielectric layer is deposited to isolate the
level. This process also reverses the typical order of the
via and the interconnect. This process is likewise not a
damascene process since .both via and interconnect lines are
formed by etching and not by trench filling. U.S. Patent
5,926,732 to Matsuura discloses a dual damascene process,
In this method, the vias are formed below the interconnects
as in the prior art example. An etch stop layer is used to
stop the via level trench etch from penetrating to the
previous level dielectric layer. U.S. Patent 5,691,238 to
Avanzino et al discloses a subtractive dual damascene
approach. The via mask extends perpendicularly across the
width of the interconnect pattern to allow a self-aligned
etch.. Aluminum is used for the metalizaticn. U.S. Patent
5,882,996 to Dai discloses a self-aligned dual damascene

process.




Anot her further object of the present invention is to prevent mep&l NOY 2004
contamination of the dielectric |ayer during nmetal etching through the use
of insulating sidewall spacers. Another further object of the present
invention is to prevent netal contami nation of the dielectric layer during
nmetal etching through the use of a passivation layer. A yet further object
of the present invention is to prevent netal contam nation of the

dielectric layer during - t chi through the use of a passivation '
| ayer as an e?ching naskgﬁgﬂﬂRg28ﬁK£§§0g§V$ﬁT§9¥ordance with the objects of
this invention, a new nethod of form ng netal interconnect |evels

cont ai ni ng danascene i nterconnect |ines and via plugs in the manufacture of

an integrated circuit_device has been . _ .
‘A principal object of the present invention is to

provide an effective and very manufacturable method to form

metal interconnect levels in the manufacture of integrated

circuits.

A further object of the present invention is to
provide a method to form metal interconnect levels by using
4
a reversed damascene process whereby via plugs are formed

overlying and from the same metal layer as the conductive

lines,

A still further object of the present invention is to
form metal interconnect levels whereby the conductive lines
are produced by etching trenches into a dielectric layer

and then depdsiting metal to fill the trenches.

Another still further object of the present invention

is to form via plugs by partially etching the metal layer.

Another still further object of the present invention

is to simplify barrier layer lining deposition.




achieved. A first dielectric layer, that may conprise a stack of%og ®osCRa04C
materials, is provided overlying a sem conductor substrate. The dielectric
| ayer "i.s patterned to formtrenches for planned damascene interconnects. A
conductive barrier layer is deposited overlying the dielectric |ayer and
lining the trenches. A netal |ayer, preferably conprising copper, is
deposited overlying the conductive barrier layer and filling the trenches.
The netal 'ﬁﬁéf and thf conductive barrier |ayer are polished down to
confine t he" NBEAFT| 2hLt! ahdr FRHEr comiRiet i 98 bae reeeseayeinventhent renches
and to.therebX formthe damascene interconnects. The damascene

i nt er cORnERt BXaY 299 a? t B Hewd t o0 f Dimp Ll &y phefyal oveyéyi agpesindushi ve | i nes.
The patterning conprises partially etching down the danascene interconnects
using a via mask overlying and protecting portions of the damascene

i nterconnects. A trench nmask also overlies and protects the first

di el ectric hagehefroni bt filrtoat avhNett oRf dthid NgréHenet chi-ag: down. A non
conductive barrier layer is deposited overlying the via 9 22 NOV 2004

pl ugs andto hel bohduce | e | é0es $topr ¥Rt £BEabaout; diffusion and to
conpl ete the netal interconnect |evel. :
Another still further object of the present invention
is to eliminate via-to-underlying conductive iine

misalignment.

Another further object of the present invention is to
prevent metal contamination of the dielectric layer during
| metal etching through the use of insulating sidewall

spacers.

Another further object of the present inventicn is to
-prevent metal contamination of the dielectric layer during

metal etching through the use of a passivation layer.

A yet further object of the present invention is to
prevent metal contamination of the dielectric layer during

_metal etching through the .use of a passivation layer as an

etching mask.




Al so in accordance with the objects of this invention, a new net V 2004
formng netal interconnect |evels containing danascene i nt erconn ct |nes
and via plugs in the manufacture of an integrated circuit device has been
achieved. Afirst dielectric layer, that may conprise a stack of dielectric
materials, is provided overlying a sem conductor substrate. The dielectric
| ayer is patterned to formtrenches for planned damascene interconnects. An
i nsul ating y i r h i cl nd lining the
~trenches. % %%%% 3 ﬁ%ST%EQrggg %%#Qgﬁéd%$g% %5 ééén%f¥ f%rn1insulating
| ayer o on the_sidewal k the trenches ductive. barrier |ayer
i's dep%%?t@%é% Breyi R%rTh%gdp%?%%t+?56¥%?%?ecYhﬁéY%Q%I%??Bﬁl?éﬁﬁr spacers,
and i ni t he trenches A net al er, preferably conprising copper, is .
dep05|?%%g%Q%??y?%@efﬁ%n%%ﬁﬁu£{?%% Gr7eF PEYSEF HMdERFI1ing the trenches.
The metal layer and the conductive barrier |ayer are polished down to
confln%a?%gaﬁﬁ?ﬁﬁ Phyar hpEegretednaietive Bavicerhaaylkeero the trenches
and to thereby formthe damascene interconnects. The damascene

i nt er copneevedar eAphitret ndtletoctoim Vagepl ugisaoveay ycogpecbaduat i ve | i nes.
The .10 22 NOV 2004 patterning conprises partially etching down the
damascebecknb €r éDabect 51 gshage 2iyl @, nBskppyel dyd ngrantyprgt gcting portions
of the damascene interconnects. The presence of the insulating |ayer

si dewakbn $p86EHSL HUN Eﬂﬁét%%e”tTH@t&lei@&“@leUia?%Ef usi BQFQQEhQQ the
patterning of the danmascene interconnects. A trench mask also overlies and

protects toenf{tshcALel §8£f¢fa£@g§fd£ﬁg%yeéainﬁgnégml Lon guring the

et chi ng down non- conduct arrier ep05| Sove | ying the via

I and .t he. conducti ve nes to prevent t al t-di ff on and to
goﬁgfe?%n?ﬁggﬁﬁ?aggfﬁiéFc %H%ﬁtl?eg%?gsﬁf%ge?ﬁeﬁﬁgb?ﬂgﬁéés;nth the objects

of thla vention, a new nethod of formng netal interconnect |evels
cont ai ?ﬁgeﬂﬁﬁﬁgc%ﬁéeFn?@@c%ﬁﬁé@? Fhaekrapahepa phugsteh tRABSHanuf acture of
an integrated circuit device has been achieved. A first dielectric |ayer,

that nByeEerRpPlgecamBragknef capeect ki cdanoettalsoveslpinyi dbd overlying a
sem conduct or substrate. The dielectric layer is patterned to formtrenches
for pl annddcamasobeneient tagennectisfiAltogdtubei veehaheker ThAger is
deposi ted overlying the dielectric layer and lining the trenches. A netal
| ayer , mpteletabky andpthsi ogngoppete bsrdepesitedroyes! yongshbg
down to confine the metal layer and the conductive barrier
layer to the trenches and to thereby form the damascene
interconnects. The damascene interconnects are patterned
to form via plugs overlying conductive lines. The.
patterning comprises partially etching down tThe damascene
interconnects using a via mask overlying and protecting
portions of the damascene interconnects. A trench mask
also overlies and protects the first dielectric layer from

metal contamination during the etching down. A non-

conductive barrier layer is deposited overlying the via




[ E—

- conductive barrier layer and filling the trenches. The 11 22 N@Q4ZNM

nmetal |ayer and the conductive barrier |ayer are polished down t0 confine
the nmetal |ayer and the conductive barrier layer to the trenches and to

t hereby formthe danascene interconnects. A passivation |ayer is deposited
over | yboggs hend!i ehectshdubayse andosheo dﬁf@@sﬁfe%egf%&gnect s. The

paSS|vat|on llayer and the danascene interconnects are terned to formvia -
pl ugs duct S t artially

Bt chi o o TR e centP L et ePa | EhRE oGP EE aER %0 r |y ng and
protecting portions of the damascene interconnects. A trench mask al so
overlies and protects the first dielectric layer frommnetal contam nation
during the ﬁLChln down. non-conductive barrier |ayer is deposited
overlying tHe59i p?ﬁ@%r%ﬁﬂc?hﬁlE%nHH%tP@éePFﬁegftEhbﬁeW@ﬁ@nﬁ%@ﬁl
out-diffusion and to conplete the nmetal interconnect level. Also in

accor daneevwiehhpReobbfesningf mehas invencvonech heviehet hod of forning

‘metal interconnect |evels containing damascene interconnect |ines and via

pl ugs fantaenmanufactscenef inhernvegeat etlicescahtl deéwi peuhasibheen achi eved.

A first dielectric layer, that may conprise a stack of dielectric

mat er i ghs, masupaoviudedooven! Yhbggdated circuit device has been
aghieved. A first dielectric layer, that may comprise a
:stack of dielectric materials, is provided overlying a
semiconductor substrate. The dielectric layer is patterned
to form trenches for planned damascene interconnects. An
insulating layer is deposited overlying the dielectric
layer and lining the trenches. The insulating layer is
anisotropically etched to form insuléting layer spacers on
the sidewalls of the trenches. A conductive barrier layer
is deposited overlying the dielectric layer, the insulating
layer spacers, and lining the trenches. A metal layer,
preferably cémprising copper, 1is deposited overlying the
conductive barrier layer and filling the trenches. The
metal layer and the conductive barrier layer are polished
down to confine the metal layer and the conductive barrier
layer to the trenches and to thereby form the damascene

interconnects. The damascene interconnects are patterned

to form via plugs overlying conductive lines. The

10




sem conductor substrate. The dielectric layer is patterned to fogm ”QNHS
for planned danascene interconnects. A 12 22 NOV 2004 conductiVe barrier

- layer is deposited overlying the dielectric layer and lining the trenches.

A metal |ayer, preferably conprising copper, is deposited overlying the

conducy i Ler. e 1414 t.he trenches. .The . nmetal |ayer and the
condu%é%ﬁe%éé eérO’JP@nyé%e%&gagp%ﬁis ae%cgw{‘q ch%vghﬁlhee c[laﬁ%a?ﬁé?ré? | ayer and
the conductive barrier,layer to the trenches and to thereby formthe

- damascERe THEFCOnmett¥d & pasdi TRk ow's Ng ARfePosT U TR@r I ying t he
dielectric, layer_and the damascene interconnects. The passivation layer is
pat t erffed- 1% o n R LAFREKS of M EPEC R Ene TR 2 EOPRIREE sOT The
damascene | nterconnects are patterned using the passivation |ayer hard mask
to forti&itnprigfsioyekaysngs cdritrikt | seateresiumtie partevyenngneondpri ses
partially etching down the damascene interconnects using a via mask

over | ylageanouiprdt 8Chshon pdutionstiod paet sambse ene i edeonsests. A trench
mask al so overlies and protects the first dielectric |ayer from netal

cont arm e + O et HY A her &t € mgs donso %&@f&f@@d@h@éiﬁo@@&fé efnbayer is
deposited overlying the via plugs and the conductive Tines to prevent netal

out - di £1 st o AWt P1 COMRYEL er LR MBEA] LU ELAOMELS ! §YEL ng 1one
etching down. A non-conductive barrier layer is deposited
overlying the via plugs and the conductive lines to prevent
metal out~diffusion and to complete the metal interconnect

level.

Also in accordance with the objects of this invention,
a new method of forming metal interconnect levels
containing damascene intérconhect lines and via plugs in
the manufacture of an integrated circuit device has been
achieved. A first dielectric layer, that may comprise a
stack of dieiectric materials, is provided overlying a
semiconductor substrate. The dielectric laver is patterned
to form trenches for planned damascene interconnects. A
conductive barrier layer is deposited overlying the
dielectric layer and lining the trenches. A metal laver,
preferably comprising copper, is deposited overlying the

conductive barrier léyer and filling the trenches. The

11




22 NOV 2004 BRI EF DESCRI PTI ON OF THE DRAW NGS I n t he acconpanyi ? ?N@vn e
formng a material part of this description, there is shown: Fi
schematically illustrates in cross-section a partially conpleted prior art
integrated circuit device. Figs. 2 through 13 schematically illustrate in

: | I ' fl nbodi t_.of .the present
MventTorel et HEEHA R b BE TS [ TREITEE P afds cett | onal
' f nbodi t of th t ipvention.
s G R B C et Gl AT e atlee | HORTGSE CedbRBRAPE
tati third f d enbodi nent _of the present invention. Figs.
;gp{ﬁ? %ﬁ%r5%9§€Q%n%£?%§$$§e$$$u%?r%?%£¢%yc?%§% St AFRAFCRRPr esent ati on a

fourth preferred enbodi ment of the present invention. 14
interconnects. A passivation layer is deposited overlying

the dielectric layer and the damascene interconnects. The
passivation layer and the damascene intercoﬁnects'are
~patterned to-form via plugs overlying conductive lines.

The pafterning comprises partially etching down the
damascene interconnects using a via mask overlying and
-protecting'portions of the damascene interconnects. A
trench mask also overlies and protects the first dielectric
layer from metal contamination during the etching down. A
non-conductive barrier layer is deposited overlying the via
plugs and the conductive‘lines to prevent metal

ocut-diffusion and to complete the metal interconnect level.

Also in accordance with the objects of this invention,
a new method of forming metal interconnect levels
containing damascene interconnect lines and via plugs in
the manufacture of an integrated circuit device has been
achieved. A first dielectric layer, that may comprise a
Stack of dielectric materials, is provided overlying a
semiconductor substrate. The dielectric layer is patterned

to form trenches for planned damascene interconnects. A

12




- 22 NOV 2004 Figs. 27 and 28 schematically illustrate in crossse ipm@v 2004
representation a fifth preferred enbodi nent of the present invention. FIrgs.
29 through 32 schematically illustrate in crosssectional representation a
sixth preferred enbodi nent of the present invention. Figs. 33 through 35

schematigahly;b! HéH?:%Ptih%y%f Opssagbonaly r&@&gfggg&twha sevent h

preferred enbodi nent o resen nventi on. 3 rough 39

h ' kLI _ ' ti I : tati i ghth
oo o PABES R st 1S B SRETOR BB AR BRI BB
| lustrate.in crosssectional re nth preferred

schematically, I resentation a ni
orbodi RERT 6T FKeCHRELRIY nyaior b, 11 595002 e SODA DESERFPH ON OF THE
PREFERRED EMBODI MENTS The_enbodi ments discl ose the application of the
presenFOPﬁVQE#V@nbﬁér%ﬁé teyeataoR billevershe @é@@@b@ﬁe nﬁhal
interconnects in the manufacture of integrated circuit devices. It should
be cl emetad lapse expgethenceddiatine batridmtlaherpresepdlinkedti on can be
appl ied and extended wi thout deviating fromthe scope of the present
down to confine the metal layer and the conductive barrier
layer to the trenches and to thereby'form the damascene
interconnects. A passivation iayer is deposited overlying
the dielectric layer and the damascene interconnects. The
passivation layer is patterned to form a hard mask for the
damascene interconnects. The damascene interconnects are
patterned using the passivation layer hard mask to form via
plugs overlying conductive lines. The patterning comprises
partially etching down the damascene interconnects using a
via mask overlying and protecting portiocns of the damascene
interconnects. A trench mask also overlies and protects
the first dielectric layer from metal contamination during
the etching down. A non-conductive barrier layer is
deposited overlying the via plngs and the conductive lines

to prevent metal out-diffusion and to complete the metal

interconnect level.
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i nventi on. Réferring now particularly to Fig. 2, there is shown
cross-sectional representation of the first preferred enbodlnpntzzg NpNe?mn
present invention. In Figs. 2 through. 7, the method of formation of a first

| evel of interconnect will be illustrated. In Figs. 8 through lﬁ’t
additional levels o e e~ad a nore conplete
i ntegration of the %ggggebﬁ gg%#%gﬁdggtggg Egéﬁﬁgég 120 is illustrated.

The sem conductor substrate 120 may conprise |ayers and devices forned
prior to the deposition of the first dielectric layer. However, for

simplificat] on of the illustratjon, the sem conductor substrate 120 is
illustrate he AGRAWPATN dRvings NoFwigs @Aﬁnaéieé-’fi%]t dRTtayer 124 has

been d%?05|ted overlying
this description, there is shown:

Fig. 1 schematically illustrates in cross—-section a

partially completed prior art integrated circuit device.

~Figs. 2 through 13 schematically illustrate in cross-
sectional representation a first preferred embodiment of

the present invention.

Figs. 14 through 17 schematically illustrate in cross-—
sectional representation a second preferred embodiment of

the present invention.

Figs. 18 through 22 schematically'illustrate in cross-
sectional representation a third preferred embodiment of

the present invention.
Figs. 23 through 26 schematically illustrate in cross-

sectional representation a fourth preférred embodiment of

the present invention.

14
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the sem conductor substrate 120. The purpose of the etch stop Izgglﬁ%zmﬁ
to prevent the subsequent trench etch from damagi ng the sem con

substrate 120. The etch stop | ayer 124 preferably conprises silicon nitride
deposited by chem cal vapor deposition (CVD) to a thickness of between

about 100 r ,QQ%Eéﬁggt : I A28 is formed in

t he seni co?&%ﬁ'o%@lﬁgr%t e as C%‘g'?% ojélglgjc}g%gclteeﬁergqf nter connecti on

met al i i (+n Q ...khe cont.act nl 128 conpri.se via plug. The
det ai Iséeacs)tfl(z)t%hael g%rygj{érs\ug({:}%qagnl%o a[hrgel%(i%ln%é%%% eﬁzrfé][% Oadr.r]}e%{ennoft hportant to

the specifics of the first preferred enbodi nents of the present invention.
For ei@%ﬁﬂﬁ£e§9ﬂ¥(ﬁﬂﬁ%ﬁﬁlQQ'ug 128 may conprise tungsten deposited into a
pre-etched trench and polished down. A first dielectric layer 132 is
deposited overlying the etch stop |ayer 124 and the contact plug 128. The
. first dielectric layer 132 may conprise a stack of dielectric materials. It
is preferrddighat2d herfougtt 3 edcdodmatci dayiey 13 compre sies anesof t he group
- of : undoped silicon dioxide (Si02); fluorine-doped silicon dioxide, such as
-l uor asddt icat el Heaste @t i AN Qs AOHUS -ghaprd-Bd oM sf | i con
- di oxi de; boron-doped silicon dioxide; phosphorus and boron-doped silicon
diQxiq§k3§g&g&gﬁgqgggfﬁykhppn di oxi de, such as al kyl sil sesqui oxane, aryl
si | sesqui oxane, and a fﬁ-aryl si | sesqui oxane; organi c polynmers, such as
Tefl on and pol yi m de; hydrogen-doped silicon dioxide, such as hydrogen
si | sesqui oxane; and porous noieties, or conbinations, of any of the above
‘ment i oned teri ...The thigkness of the first. dielectric layer 132 is
por tant Doisess AT bE dOrRRA HBHLY 1 L RETT Lot e 5 S85T he
~thickness of the conbined damascene interconnect and via structure. In this
pr ef erFek bl FRITECSHE §1 9512 dFRYRRER i RFEESeFed 3ombed Hepdtki ¢Ed to a
t hi ckness of between about 4,000 Angstrons and 20,000 Angstrons. The first
di el ecth4 cotegent | BRvéntpant er ned usi ng a phot ol i t hographi ¢ sequence common
in the art. A photoresist |layer 136 is applied to the surface of the first
dielectric layer 132. The photoresist layer 136 is patterned by exposure to
actinic light through what may be termed the trench mask. After

devel opnentyidgde @@%@f%%istiiﬁay@tﬁerﬂé’f@i@%PPiieﬁlP@ﬁj:@ﬂé of theskirst
dielectric layer 132 as shown. 1s

secticnal representation a eighth preferred embodiment of

the present invention.

Figs. 40 through 42 schematically illustrate in cross-
sectional representation a ninth preferred embodiment of

the present invention.
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22 NOV 2004 Referring nowto Fig. 3, an inportant feature of the%pzmntznull
i'nvention is shown. The first dielectric layer 132 is patterned

ani sotropic etching to formtrenches for planned danascene interconnects.
Not e that patterning exposes the contact plugs 128. Note also that the etch

stop layer 124 pmagntEridie gt g @RYFeTeED Mvmoptamaisng the underlying
sem conduct or substrate 120. A conventional plasnma-assisted dry etch is

used in this step. Following the patterning of the first dielectric |ayer
132, the renaining photoresist layer 136 IS stripped The trench patterned

into the fi St ' ri.c 132 base than that of
~the prior Iﬁ‘t éﬁ] Iéencﬁise osqlhoesefziC e ta}?é{hﬁ?e Cffh&t trench is
designed to forn1the via connection between netal Ia ers whereas the trench
of t hPTHEIENE TR D diiehd HRfd: 3 Vi fg o napd r@%”@ﬁ%r connect s.

Referring now to Fig. 4, another inportant feature of the present invention
i | | ustmettald. 104 exprited e arthemdmyeactin® ief depoxizatkdverl ying the
first dielectric layer 132 and lining the trench. The conductive barrier

| ayer dcuigy destfddd. t hteesipurlpbses dlredheprigserd dxpremidomed 19 22 Nov
2004 First, the conductive barrier layer 140 prevents ionic out-diffusion
of metal tHe thwer stthsequentdye gepositwtht®i@lcan be applied and

extended without deviating from the scope of -the present

invention.

Referring now particularly to Fig. 2, there is shown a
cross—sectional representation of the first preferred
embodiment of the present invention. In Figs. 2 through 7,
the method of formation of a first level of interconnect
will be illustrated. in Figs. 8 through 13, additional
levels of interconnect are added to show a more complete

integration of the device.

A semiconductor substrate 120 is illustrated. The
semiconductor substrate 120 may comprise lavers and devices

formed prior to the deposition of the first dielectric
layer. However, for simplification of the illustration,
the semiconductor substrate 120 is illustrated as a single

layer.
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I.ayer'144 conpri ses copper. Second, the conductor barrier |ayer 021423 0 4
provi des a conductive interface between the contact plug 128 and-t E XE?QH

layer 144. Third, the conductive barrier |ayer 140 may serve as a seed or
catal yst layer for electroless plating of copper. Note that the conductive
barrier layer 140 is very thinly deposited as in the prior art. However,
the relatively large width of the trench facilitates the deposition of a

t hi n conductjv roi | ayer | without creatin oi ds.. The conductive
barrier | a?gell# %‘g%c%ﬂo rilsagge%nlef%rhar%:kee%t %R%§%§?¥OW,?Wb?%up of :
titani Q%Etitaniq$1q%§rid%?.tantalu tantalumnitride, tungsten nitride,
ter narEL}‘ AL SPITEOR NI T e 8B ) , HhiR REFRRFS Setare bdf - nitri de
(WBXNY~. Tungsten nitride is especially suited as a seed |ayer for

el ect raf @ slayer i iyt ofs doppereverde Wohdudseaqudrt rizendtayercth 40 is

preferably deposited to a thickness of between about 500 Angstrons and

5, 000 Bnystdamsyidy netal sdmyesndtdcds sleposides pyer | yhagetde conductive
~ barrier layer 140 and filling the trenches, as shown in Fig. 4. The netal
layer dtdp NBYySOMIA SEr&ERPRASLy 2Kbmp 22 NOL 200452 £oppelcal | oy, al uni num

or ‘an alum num alloy. Preferably, the netal |ayer 144 conprises copper that
vapor o e I B b R B R P 0 1 on
Fapi 4 Vheraal A g (R T Rrente at- 20{ GHRCTa0PE: oF Dot veon about

large WIBHC o THe rbnch STV The RopHar. 1R 194 1o B teposi tod

mﬁthduig reatigﬁ voids. Referring nowto Fig. 5, another inportant feature
i s destr? . Parhle Mot CIBRER AL HRIFGH IR tTYE2 bh2 T8O | ayer 140 are

pol i shed down to confine the netal |ayer 144 and the conductive barrier

| ayer 20t t3hewie) ¢ rErre heentaaet toludherdbyndwroondrel sanasceneplug er connect s.

At this point in the process, the interconnect pattern for the interconnect
| evel Hes deeniIoroddha dhestrmenches endthascheenct ipleg 1@ ¢ hatbe netal

| ayer 144. Note that this nmeans that it is the damascene interconnects 144

- and notot hempéasadorcd hitse | syetithad @pmﬁ@tfﬂ@g@}f@f@féﬁré@e contact plugs

| 28. Subsequently, the via for this level will be fornmed in the upper

porti asmeda fhen cane nect 4 ' | r rsed damascene
process when co@rf%g%d to E’%%e%rg@ 22 %ﬁo%ﬁ%}%ﬂfﬁl{% ofl){%rt . Note al so

that the dama i n qﬁ% . 144 are truly fornmed by a danascene
process conprﬁglngjkgiﬁﬁ§%%§ %ﬁ%ﬁlﬁ%ﬁq%ﬁﬁﬁi%%P?E&Eﬁdi%?BQ.aTherefore, t he
entire }éﬂgkcegs of t%ﬁ ngiahgigégr does not have to be etched in the
i nt er CONhECT 1 OF Met FOTH gL S 1 RFL Iy now to Fig. 6, the danascene
i nt erconnects
A first dielectric layer 132 is deposited overlying
- the etch stop layer 124 and the contact plug 128. The

first dielectric layer 132 may comprise a stack of

dielectric materials. It is preferred that the first

dielectric layer 132 comprises one of the group of: undoped

silicon dioxide (Si02); fluorine-doped silicon dioxide,

such as fluorosilicate glass (FSG); phosphorus-doped
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144 are patterned to form via plugs |52. This patterning is do;?zg
phot ol i t hographi ¢ process. An organic bottom anti-reflective coati §U?BH&5

| ayer 149 is applied overlying the netal |ayer 144. The BARC | ayer 149
reduces the reflectivity of the netal |ayer 144 during the exposure step of

he |i hike ! | i iall
the |ithogran HEO?@HH?”BSrOID o égcﬁgS??éﬁaég?ggggéhgﬁéFﬁngagg;CIa y

avai l abl e material such as poly(ary

| yac s tecial ., 1t shoyld b derstoqd that the BARC |
a0 e RSP AR PR E 50 fapn b1 AL Gee FHOPREOPPRSBhE LFATont i on as &

t ypi cal,. progess. photoresist |ayer 148, 152 is_applied overlying the BARC
| ayer. ?&§¥1$ﬁe pHG oﬁésﬁikyﬂa§éiSﬁagplPSQnﬁs expbsedisesasipraneli ght

t hrough a mask that conbines the data of the aforenentioned trench mask
(phot ofBEi 8t k¥l casylapéledsuusdxaneh daganspepdlimets,t hacki aspl ugs
(photoresist areas |abeled 152). After devel opnent, the photoresist |ayer

148, | %efiemaind R21yiR2d&Vh2004geredbyeagst hechbhr 8t odigbeckplbg | ayer 132
~and the damascene interconnects |44 while exposing a sel ect ed part of the

damascenehiakeg6aNBeTEssiNexBHES CRRE gBré% ﬂ89é9£ﬁ§i’8&)rl ayer 148
overlying the first dielectric layer 132 protects the first dielectric

l.ayer 23dbinamgrtal odi ffushen,ges Lal per. during the etching
process. Note that tﬁe pa?ternggspﬁ%?gge%¥%?£?§§§rm%%%?%%%g'148 and 152 nay
need to be oversized to insure that the first dielectric |layer 132 is never
exposed during the etching of the netal |ayer 144. For exanple, if an

ani sotropi c.dry.etching process iis used to etch the netal |ayer 144, then
t he patternggepggfgpgggEto eEg?oﬁérFE8déﬁ%%FHrb§ b69ER5| 284 b8 the trench

edge 150 b¥ bet ween about 0.0l m crons and
: ilmportant because, as will be demonstrated, this will

determine the thickness of the combined damascene
interconnect and via structure. In this preferred
embodiment, the first dielectric layer 132 is deposited to

a thickness of between about 4,000 Angstroms and 20,000

Angstroms.

The first dielectric layer 132 is patterned using a
photolithogréphic Sequence common in‘the art. A
photoresist layer 136 is applied to the surface of the
first dielectric layer 132. The photoresist layer 136 is
patterned by exposure to actinic light through what may be
termed the trench mask. After development,.the photoreéist
layer 136 exposes portions of the first dielectric layer

132'as shown.
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0.5 microns to insure that the patterned photoresist |48 overla azt\wgy gﬂé
conductive barrier |layer |40 even under worst case alignnent. h
is used, then the patterned photoresist sections |48 should_be over5|zed on
the trench edge 150 by between about 0.0l mcrons and 0.5 mcrons and the
patterned photoresist section 152 overlying the via plugs 160 should be
oversi zed 151 by between about 0.02 mcrons and 1.0 mcron to conpensate

f I | at er al t These
concept o ar co5r S6 hapT P Bl o 20%%@%@3#%?& 285+ 754 8¢5 *’éflﬁwt 2004
d erconn cts for in t ho resent invention. e
bat tor APRGCBF ERECHERAEchReoRAYRY colnBet brahadie) GREbhpI fSHed by2

pl asma- assisted dry etching or by wet etching. A'wet etching selective to
the netdl PRAyBFNPA4PY eRBLFVErPBLENST EbRUGCEPYEOBAr EFenchageko140 s

preferred. If a wet etch is used and the netal of the netal |ayer 140 is
copper pleheedt dhinagcehenisteycshoattdscoNptesehanepatterning

exposes the éontact plugs 128. Note also that the etch
stop layer 124 prevents the etching process from damaging
the underlying semiconductor substrate 120; A conventional
_plasma—assisted dry étch is used iﬁ this step. Following
tﬁe patterning of the first dielectric layer 132, the

remaining photoresist layer 136 is stripped.

"The trench patterned into the first dielectric layer
: 132 is much wider at the base than that of the prior art.
This is due to the fact that the prior art trench is
designed to form the via connection between metal lavers
whereas the trench of the present invention can be made as

wide as the metal interconnects.

Referring now to ¥Fig. 4, another important feature of
the present invention illustrated. A conductive barrier
'layer 140 is deposited overlying the first dielectric layer
132 and lining the trench. The conductive barrier layer

140 may fulfill three purposes in the present invention.
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nore of the group containing: dimethylsulfoxide (DVMSO), carbon
tetrachloride (CCl9), acetic acid (CH3COOH), NHOF, hydrofl uori c%cz Q’UFHQU’*
t et ramet hyl ammoni um hydr oxi de (TMAH), tetraethyl anmoni um hydroxi de (TEAR)

t et r apr opyl anmoni um hydr oxi de (TPAH), water, surfactant, and benzotriazol e

BTA) . rSese e i I @E%}r and acetic
QC|d) P nd F{pif%9%§§§%%9ag%ggﬁéri@£ %?gsna assi's €§9%§y etcE is used, the

etchln hogl one _.or nore ining: d z,
BC13, ,“%#ﬁ%%%ﬁ%%ﬁsﬁ%ﬁ%fp SRR BPstels 95 gihat the
darasc connects 144 are onl artially etched domn After the etc
via pl ngf%aﬁgm%ﬁ%%e?o?%ﬁﬁﬁ¥n a% 5%%% e t FOMBE Lo ReLFBRBSEene
|nterconnects 144. The renai ni ng 22 h[N 2004 | ower portion rmay now be

cal | ed!2¥Rr cohelur¥Pvedes n@quIE@aCTNOV@ e rfaee et peemysti60 are for ned
fromthe same netal |ayer 144 as the conductive lines |56. Therefore, there
i's no postsadi | Piygol2g hendi Bhelmgsalélaper npi 4 salhgned teet he conductive
i nes 156. Preferably, the via plugs are forned with a vertical thickness
of  bet yeemabdut BabP0c ANDSHE OB @NEa 05000 ANGSET 9884 or

catalyst layer for electroless plating of copper. Note

that the- conductive barrier layer 140 is very thinly

‘deposited as in the prior art. However, the relatively

large width Of the trench facilitates the deposition of a

thin conductive barrier layer 140 without creating voids,

The conductive barrier layer 140 comprises one or more

materials from the group of: titanium, titanium nitride,

‘tantalum, tantalum nitride, tungsten nitride, ternary

metal-silicon-nitride (WSixNy), and ternary

metal-boron-nitride (WByNy,. Tungsten nitride is especially

.suited as a seed layer for electroless plating of copper.

The conductive barrier layer 140 is preferably deposited to

a thickness of between about 500 Angstroms and 5, 000

Angstroms.

A metal layer 144 is deposited overlying the
conductive barrier layer 140 and filling the trenches, as

shown in Fig. 4. The metal layer 144 may comprise copper,
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The presence of the conductive barrier |ayer 140 and the photorggéf# yagﬂﬁ
148 overlying the first dielectric |layer 132 prevents netal cont Q
especially copper, into the first dielectric |ayer 132 during the etching
process. Upon renoval of the'photoresist | ayer 148 and 152, an optional

. hydrogen | as [ea nmay erforned remove any
coppergoggéégf@a95 gnggPﬁéggﬁpng aﬁ 5¥E3188g0§?$0§ EFegﬁgathY | ayer of
film Rgferrlng EOM/tO Fi g “a non-conductive barrjer layer 164 is
deposi t88 BEEALy ﬁéthé4ﬁ|P@FPHF§P§CFPPEeFa§Eﬁt1@?3 PRENconductive barri er

| ayer 140, the via plugs and the conductive lines |44. There are two
purpos§§PP§Ft?ﬁebﬁoﬁn@oﬁ@u@QKGeoﬁathBeﬁOﬂéyéﬂHQG@rOFES§ES if copper is used
for the netal |ayer, the non-conductive barrier layer |64 prevents copper

i on di bhysionli mapotrhdepweikybng (@ve) eceilect2bles22pNEN 12604 amalt eri al .
Second, the non-conductive barrier |ayer |64 can act as an etch stop during

f or mat chemetallr eapbesdepbst Beonextvbevel sabskgheheonnaehl ifle or
non-conductive barrier layer |64 conprises one or nore of the follow ng

materi ghg: d%E'o's%@@d”'cbbe% 1APR! kgdpatepi-al l@&%glat kAR @Lok silicon

car bi de, carbon nitride, boron nitride, carbon boron nitri and silicon

oxyni t i, thaleg gﬁﬁagoaggﬁgtnggaab%%gggr&gtﬁg%%ggﬁgéwg gz%%%@%b' bfgposi ted to

a thickness o ngstrons Asecond

di el ectri.C Ia 72 .1.s de 05|t d,over|l t.he non-condyctive barrier
‘I ayer 82 d?ﬁ ?30 nané épgcp Pﬁy iPege %#ﬁ%ﬁgy c%ﬁﬁ 3@6§ si ngl e
di el ect terial or a stack of dlelectrlc materials. In this preferred
enbodi ﬁtre a&éﬁeﬂylP@ﬁ@edWépéétPﬁctpéyEFeP@@ addeMsas i GerP&ETsi ty pl asma
(HDP) oxide or a spin-on organic polymer or hydrogen-doped silicon dioxide,
is firdfyeEpddidt 6. bR cappsagerayéihonrz efreatdingi goriddi-oxi de-type of
material is then deposited. It is preferred that the second dielectric
| ayer 168, 172 conprise one of the group of: undoped silicon dioxide
- (Si02); fluorine-doped silicon dioxide, such as fluorosilicate glass (FSG);

phosphor usdeped rgiihicC aBwdicexirde:. BOr aRcdeped :sidd:¢am tdif@dtdie BROsphor us

.and bor on-doped silicon dioxide; carbon-doped 26 22 NOV 2004
described. The metal layer 144 and the conductive barrier
‘layer 140 are polished down to confine the metal layer 144
and the conductive barrier layer 140 to the trenches and to
thereby form the damascene interconnects. At this point in
the process, the interconnect pattern for the interconnect
level has beén formed in the trenches and has been filled
with the metal layer 144. Note that this means that it is
fhe damascene interconnects 144 and not the vias for this
level that connect downward to the contact plugs 128.
lSubsequently,rthe via for this level will be formed in the

upper portion of the damascene interconnects 144 making

this a reversed damascene process when compared to the
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silicon dioxide, such as al kyl silsesquioxane, aryl silsesquiox 2 md 4
~al kyl -aryl silsesqui oxane; organic polynmers, such as Teflon andag y '8@!
hydr ogen- doped silicon dioxide, such as hydrogen sil sesqui oxane; and porous
noi eties, or conbinations, of any of the above nentioned nmaterials. The

secondghelest ﬁa‘ioka}é?{r’:m L7fok8 LER planaEhzcd foo6ORR! cte (s first lovel

reve scene I'nt erconnec eferrin owto Fig. 8, further
processpgg steB gr rfor ﬁ %reatg g secqond | evel of i.nterconnection.
A phot SPESFEPRRagEr 188 pee bRl BtorarRy PHoe: RETSEEBRE PROEFPEVG
dielectric |ayer 168, |72. This photoresist layer |76 is exposed and
develoﬁéapﬁésﬂﬁgtﬁéeﬂphsﬁor@@éﬂoﬁré@éé§we¢hQYS@ebaa dnékgetric |ayer 168,
| 72 is patterned to formtrenches for the second-|evel danascene
i nt er cBhreeforeNoteet katirkethonkoenducti taebmetber 1bgyer dd64 hstet ched
through to expose the top of the via plug. In addition, note that sone

overetnhnagt&Sﬁeoéttheds@ﬁondelmhe&k@@gheatek@@hétgohaﬁgbcééé 172 may

occur. The photoresist |ayer 176 may be renoved by oxygen asklng However ,
in the presence of exposed copper and, possibly, the organic material in
the dielectric, the photoresist 27 22 NOV 2004 | ayer |76 is preferably

renoved usiﬁgF@r§gé§ewaoE8aF9Bot%reﬁhat?éﬁgggg L. ;Ref rrlnanom/to Fig. 9,

a second-le conductive rrrer Fayer €posi ﬁlng t he
second,di,electr.li I | 68,. 172_and |n|n he enches, The second-|eve
conduct?ée %%r ?EF ? ggrt8850§@r vés P €983 Epur%ééé 8§%Fﬁ§nﬂpﬁst | evel
conductive bar [Ler 164 and conprises the_sane preferred materials.

The ref8t F78Fy %|aepﬁﬁgﬁ&ﬁtﬁﬁaFﬁpPé€|PFP§?§§ t it ¢EFanEFebO8ERBsi ti on of

t he second-1evel conductive barrler | ayer 184. The second-|evel netal |ayer
| 88 i s2BEPOSPESQCEHIERl $PAGINAe (BABENd1RE®6| 148ndacebypéibdrrier | ayer 184
and filling the trenches. The second-|level netal |ayer 188 al so conprises
“the sanwemdvéngaltbeagethé flayetr- lldvel BhtaBARGyerve4414Agakeducelke preferred
second-l evel netal |ayer 188 is copper. Referring nowto Fig. 10, the

secondthevek roetak vigyebrl 8Becandtsecongekeval @QBQH@ttﬁé Q% bis@kel ayer 184
are polished down to confine the second-Ilevel netal |ayer 8 and

secondskayeb ceRAUGLiryegRabhi er skavehcks4 %ﬁetﬁﬁRbf§a9E%514Bhe second-| evel
damascene interconnect is
comprises a commercially available material such as
poly(arylsulfunate)—based material or polyacrylate-based
" material. It should be understood that the BARC layer 149
.is an optional step that is included in the present
invention as a typical process. A photoresist layer 148,
152 is applied overlying the BARC layer 149. The
‘photoresist layer 148, 152 is exposed to actinic light
through a mask that combines the data of the aforementioned
trench mask (photofésist areas labeled 148) with data

specific to the via plugs {photoresist areas labeled 152).

After development, the photoresist layer 148, 152 remains
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t hereby defined. 2s 22 NOV 2004 Referring nowto Fig. 11, the ?spﬂﬁ e
i nterconnects 188 are partially etched down to form both conduct i

200 and via plugs 204 fromthe same netal |ayer 188. An organic bottom
anti-reflective coating (BARC) |ayer 194 is applied overlying the netal

| ayer B I ectlv f the netal |ayer
188 du#?%ﬁlggggeﬁgggggégétehe%?SEﬁ%S %%%%6 g%% @ t%%n FhagHe"BARC | ayer

: {ISGS onng g ahhi avai |l abl e material such as

_ poly(a$€ SEFPRNETEF - bas et Hbf eF ¥EPS ORI pBI FaLPGT 8 ePBRS B nBbRri al . It
shoul d be understood that the BARC | ayer 194 is an optional step that is

i ncl udeamaRCene bﬁ%@éﬁ@nnﬁvéﬁtloﬁhﬁspéeﬁﬁpceanptb%e@hotqhesphbtoreS|st

| ayer 192, 196 is patterned using a mask combi ning the second-1evel trench
mask ué@ﬁernlﬁﬁgoverhmﬁng vha $pestfdtetraskridheaphot bE2spsbtpeosects the
~via plug (shown as photoresist |ayer |abel 196) and protects the second

di el ecthécfiayerdiéBectr2c(shoun aszphebarastst Habehsi82). Note again that
t he presence of the photoresist |ayer 192 overlying the second dielectric

| ayer d§8echZ21preventspasl a&uEQH%amq@aéteﬂlﬂb”bﬂgcégg etch. Referring now
to Fig. 12, the second non-conducfive barrier |layer 208 is deposited
overlying the second 29 22 NOV 2004 dielectric layer 168, 172 and the via
pl ugs and conductive |lines 188. The second non-conductive barrier |ayer 208
perfornms th nciion t he .no onductjve barrier er ed in the
first-levelﬁ ﬁ?gf%%ﬁ gé?spg eEBﬁ%rPE@ OFﬁﬁlEEniaﬁ?Efﬁ??anﬁﬁté? als. A
second- | E second dielectric layer 212, 216 is deposited and planari zed
to conﬁpgti £ hB2¥eRBRE- FevBE PgﬁéﬁéélddéﬁaéﬁéﬁéelEFéFcBhﬁe§F§StThe

second-| evel second dielectric layer 212, 216 nmay conprise a single

di el ecfipéerhrari ARYEF A38t Askneverwexppsaer dudinbethei etaningi afs. As
shown in Fig. 12, the preferred second-level second dielectric |ayer 2I2,
21 6 cohbelmetaﬂmmagéelééuniEokayaamplé@fefrhnganmmbtﬁoﬁﬁgpdi§, athird

| evel of interconnection is added to the cross-section. Again, the sane
processtopgisyepsoaayshbesr apeat ed. eEaghthevebthh!| usiy;eat €84t hehen
characteristics of this nmethod. Conductive |lines 301, 303, 305 are forned

by danaﬁéeﬁgtt@kaédlﬁhbhgrbgmst §EEEEBH591@§ theuhgvel. 0¥L§SEEEQS 302, 304,
306 are the upper structures of each level. They are formed by partlally

et chi ngnd t a sy14 TReAus n tive barrier
Iayersg?4gH@1%§@ng§0@§%g %ggcggdéggﬁggnbégéFgrblggeﬁée%gﬁg gg 228

faci | i basent BeoHser ! : AGARE' cnlPe:ANGUPLLYSAALELEE LaYers 3pd the masking

overlaps the conductive barrier layer 140 even under worst
dase alignment. If a wet etch is used, then the patterned
photoresist Sections 148 should be oversized on the trench
'edge 150 by between about 0.01 microns and 0.5 microns and
the patterned photoresist section 152 overlying the via
plugs 160 should be oversized 151 by between about 0.02
‘microns and 1.0 micron to compensate for élignment
tolerance and for lateral etching that may occur. These

concepts are also applicable for subsequent levels of




30 22 NOV 2004 approach, especially covering the dielectric | ggﬂ WSam4
168, 172, 212, 216 to prevent netal contam nation, |ikew se ena Q
copper process. Now the specific advantages of the present invention
conpared to the prior art can be listed. First, the novel process
sinmplifies the barrier |ayer deposition process. Second, the copper
deposi 13RS PR cEREFECAIMPTE S | Bermeahi F1, Thedngfrlred sef doee m%@sﬁéguire t he -
addi tional etch stop layer and therefore capacitive coupling is reduced.
Fourt hing¢mekorhe via plugs are fornmed in the same netal |ayer as the
underlying conductive lines, there is no msalignnment. A second preferred
enbodi ment of the present invention is now disclosed. An insulating | ayer
spacer is herein incorporated into the present invention to enhance the

process capgié!phir&fn RS abr | BYET o BhEHEDGe | I Oo ¥ESSN PELYST AR gONduct i ve
lines for a first level of interconnect. Referring again to Fig. 3, the

0 ol oot I P B B e (B £ TeRbRg<Ct or plBhned dammsee

dielectric i's patterne or~ pl anned damascene
interc cts. Referring now particul ar o Fig. 14, the ond preferred
enbodi%gﬁﬁléﬁitézygg %}g%lﬁ%egﬁé%%g% ?o%goéh%ﬁmgﬁiﬁlﬁ?Yﬁﬁ ?gger 404
overlying the'3% 22 NOV 2004 first dielectric_ |layer 132 and lining the
t renche3T3ThE® | hRuF At i AgRPAGE VAR BF R Er JBY ST cbhPr F 8eBTBABTEEt he gr oup
containing: silicon nitride, silicon oxynitride, BLok (from Applied
Mat eri &F Tofpbratfon}s wred condchirdiBetatapbohlai netde, landrbdfABn nitri de.
The insulating layer 404 is deposited to a thickness of between about 500
Angst r bPsCapEe 5, 000e ARgsh i basCuehgt ay cohvehdi opaprieposhei on process.

more of the group containing: dimethylsulfoxide (DMSO),

carbon tetiachloride (CCly), acetic acid (CH3zCOCH), NH,.F,

' hydroflueoric acid (HF), tetramethylammonium hydroxide

(TMAH), tetraethylammonium hydroxide (TEAH),

tetrapropylammonium hydroxide (TPAH), water, surfactant,

and benzotriazole (BTA). Some preferred solutions include:

DMSO and CCl,4, NH4F and acetic acid, and HF, NH.F, and

water. If a plasma-assisted dry etch is used, the etching

chemistry should comprise one or more of the group

containing: Cl,, BClsi, N, and fluorocarbons.

- The etching process is timed such that the damascene
interconnects 144 are only partially etched down. After
the etch, via plugs 160 have been formed in an upper

portion of the damascene interconnects 144. The remaining
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~Referring nowto Fig. 15, the insulating |ayer 404 is anisotropizﬁéwhv 2004
etched to forminsulation | ayer spacers 405 on the sidewal |l s of

trenches. The anisotropic etching is perforned preferably by a

pl asma- assi sted dry etching conprising an etching chem stry of one or nore
of the | Lowi ng.gases: fluorocarbon, f]uorine-substituted hydrocarbon,
fluori%égeEhPSF?ﬁg? Hgdr BRYr 8n?agﬁ??oﬁaﬁ,099@P65éﬁ? BErgs é%?gen, and
argon. Referring nowto Fig. 16, a conductive barrier layer 140 is

deposi '8 eo%@?FyFﬂ@ Yhe PiLigE 4PB| eker fermggefrpgothensainasubatilng | ayer
spacers 405, and the lining the trenches. The conductive barrier |ayer 140
‘may comp¥EBEeldAyasfthhechatectavs dutksnéf6abOuerefiorbe thest egbodi ment. A
metal |ayer 144 is deposited overlying the conductive barrier layer 140 and
fillingothestibhthey. ofhehaetrab B2ugs2260We20Q4ml 8% ghdd apdrhhe
conductive barrier layer |40 are subsequently polished dowmn to form

damasceogdiot eveonngets1344. pFoe-dapnscepgei 9t 8T 6909ECES ! pat t er ned
to formvia plugs 152. This patterning'is gone bg agghé?glﬁéﬁ@éﬁaphic

0ot ondl T B appl [28 6uer I JTRG ChelRbtar™| AgerCTaaotNa PHatFPPEL

dielecgﬁgc ba¥85 Aﬁz as outlined above in the first enbodi nent. A
photore5|s% [ayer A8 T8 s applied overlying the BARC | ayer 149. After
devel opnment, the photoresist |ayer 148, 152 remains overlying the first
dielectric layer 132 and the damascene interconnects |44 while exposing a

"~ selected part of the damascene interconnects. The presence of the

phot or esi st ['8yRFSFaBCBvEE| YhAgcPReuEtive Hpsréerrieveayak013adprotects the
first dielectric layer 132 fromnetal diffusion, especially of copper,

duri ngthRePBPERFAGipEoLaser TAS pueréynhogtbé Ehesdadueteneriint erconnects
144 i s acconplished by plasna-assisted dry etching or by wet etching by

net hodsadiésclogedrabenesimethe £onsamenbodonentspddially copper,

cinto the first dielectric layer 132 during the etching
process. Upon removal of the photoresist layer 148 and 152,
an optional hydrogen plasma or ammonia plasma treatment may
be performed to remove any copper oxide from the surface

" prior to the deposition of the next layer cf film.

Referring now to Fig. 7, a non-conductive barrier
layer 164 is depositéd overlying the first dielectric layer
132, the conductive barrier layer 140, the via plugs and
the conductive lines 144. There are two purposes for the
.non—conductive barrier layer 164. First, if copper is used
for the metal layer, the non-conductive barrier layer 164

prevents copper ion diffusion into the overlying dielectric
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22 NOV 2004 A wet etching selective to the netal |ayer 144 r6|at2V§£kW’?mﬂ
conductive barrier layer 140 is again preferred. The etching prote S
timed such that the damascene interconnects 144 are only partially etched
down. After the etch, via plugs 160 have been formed in an upper portion of

t he da i nt ec 1 he .r Lni I r.porti may now be
calIed%gﬁg%gg%ducg%ggﬂﬁfnégeléé? %Bﬁguggg%etﬁgr5?§%pﬁgggrlggdapénforned
fron1tg§ sane net%l Iaﬁer .44 .as the cgnductiv% | i nes 156. Tgerefore, t here
is no possPBi Pt YESP hEPyPRTAREgSoTBEtbRPng Nt E5NFEREATPS £RE conducti ve
l'ines 156, The presence of the insulating |ayer spacers 405 prevents

di f f usP&if tof eretlaPti RESTRIPRREE! ar FPecBPpeFONIHES IWRePRFEE Y el ectri ¢
layer 132 in two ways. First, if the photoresist sections 148 fall short of
cover i A§Yehe lédngaapinieesarnepr| mpase ©40thrd fohéonsgl akitegibdyer spacers
405, netal contamination is prevented. Second, if the conductive barrier

| ayer B4Qicenparitirdbky appheddawaye4061dubirperbiieonekabBiekesh, met al

contam nation is prevented. After the netal etching process, the process of

the presentonnvenbiar, myrBencaTRkebed Berdhsaliesedeabouerip the first
enbodi ment. 34
' ‘boron nitride, and silicon oxynitride. The non-conductive

barrier layer 164 is preferably deposited to a thickness of

between about 50 Angstroms and 5,000 Angstroms{

A second dielectric layer 168, 172 is deposited
overlying the non-conductive barrier layer 164. The second
dielectric layer 168, 172 may comprise a single dielectric
material or a stack of dielectric materials. In this
preferred embodiment, a gap filling dielectric layer 168,
such as high density plasma (HDP) oxide or a spin-on
organic polymer or hydrogen-doped silicon dioxide, is first
deposited. A capping layer 172 of a silicon dioxide-type of
material is then deposited. It is preferred that the second
dielectric layer 168, 172 comprise one of the group of:
undoped silicon dioxide (5i02); flucrine-doped silicon
dioxide, éuch as fluorosilicate glass (FSG);: phésphdrus—
doped silicon dioxide;.boron~doped silicon diOXide;

phosphorus and boron-doped silicon dioxide; carbon-doped
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22 NOV 20D4 A third preferred enbodi nent of the present inventi 02 '25 599004
di scl osed. An insulating |ayer spacer is herein incorporated int h%
present invention to enhance the process capability during netal |ayer
etching into vias plugs and conductive lines for an upper |evel of
interconﬂect. Ref err.ing agsin to Eig. {, the process of the first preferred
embodi TENtCPE SuspertedSUFRerSt Abk¥ECBAYSAFBRLCEANE | 3F%+ 172 is pl anari zed
to conplete the first |evel of reversed damascene netal interconnects.

Ref er r PhySRSAHpAFENEYI BRfyal bYtrgryissiiFesanieyapeef ergetienbodi nent
initiates with the application of a photoresist |ayer 176 overlying the
‘secondPPhveerevebudhebecTeféohaged p68yimIde; Thedphoenrdspst | ayer 176 is
exposed and devel oped as in the first |evel process of the first

enbodi sehicoftheisetdad dueheebr hgdrayen k68sedddibsapattenned to form
trenches for the second-|evel damascene interconnects. Note that the

et chi ngoebubhroseeond, dbel eehbi faka¥as, 168, 244208t PRS 9RoLBE non-conductive
barrier l-ayer 164. The photoresist layer 176 is stripped away. A sol vent

stripp [ f ed r resi F L PPI ticularly if the
| ower ggPF§8Pé?h§5§§%%ﬁ gdig gcﬁggghﬁagé%i%ggké%ngégggsEz% 6§ganic

conpou 3 . 004 Referring.now.to Fig. 19, .an insulating |ayer
408 isle %Bo§9P8§%6%§¥|%Pnﬁoﬁﬁée%FrEﬁlaiﬁ?ééFr?%VFinF f??eﬁﬁagIGS and
“lining,the trenches.  The_insul ating | ayer 408 preferably conprises one of .
t he grSﬁBaESSPSiﬂﬁﬁa? %PFFESR“HFFnge, silicon oxynitride, BLok (from
Applied Material Corporation), silicon carbide, boron nitride, carbon
nitride, and carbon boron nitride. The insulating |ayer 408 is deposited to
a thickness _of between about 50 Angstrons and 5,000 Angstrons using a
convent i onaRedepsdngi 8AVpEecELS - d8peddirhieuppnochesimbesiabst ppe chosen.
The insulating | ayer 408 may conprise the sane naterial as the
noncongectiovmebatpi ercbéger $64onRefieveilngfnanteacbhgec2@ont heri nsul ati ng

| ayer 408 is anisotropically etched to forminsulation | ayer spacers 409 on
t he si dewabkesaktt heybrenclhess Ibplrasdseteepiengt ehbngek-snper f or med
preferably by a plasma-assisted dry etching conprising an etching chem stry

of oneiatedeeedf dikectelliewingegases; fihyoroearhopn thyariae- substituted
hydr ocar bon, fluorine, chlorine, hydrocarbon, nitrogen, hydrogen, BCl3,
OXygen;a3a¢ argons BRLeLELNInROWelR1EpS 23 ihhenRoRGeadugtive barrier
process. The second dielectric layer 168, 172 is patterned
to form trenches for the second-level damascene
interconnects. Note that the non-conductive barrier layer
164 is etched through tc expose the tép of the via plug.
._In addition, note that some overetching 180 of the second
interlevel dielectric layer 168, 172 may occur. The
photoresist layer 176 may be removed by oxygen ashing.

However, in the presence of expoéed copper and, possibly,

the organic material in the dielectric, the photoresist
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| ayer 164 is etched through to expose the netal |ayer |44 36 22 %ﬁ«hﬁgmﬁ
The presence of the insulating | ayer spacers 409 on the sidewall h
trenches. prevents sputtered nmetal, netal oxides, and netal halides from
diffusing into the second dielectric layer |.68 and |72. After the

I
noncon v ak ki 6 an | rfornmed to renove any
renain?ﬁgéﬁE?;P E%n?§%$§§§§%§ é%ﬁé???ngsﬁgﬁlgogé%gsn Z?raasecond-level
conducyj Ler _layer 184 is deposited overlying the second dielectric
l"ayer &%éEg%§§5$§1s%ﬁ pPﬁgulating | ayer spacers 409, and the lining the
trenches. The second-|evel conductive barrier |ayer 184 may conprise any of
the materials outlined above in the first enbodinent. A second |evel netal

| ayer 188 is deposited overlying the secondl evel ‘conductive barrier |ayer
184 and fi | Rehgrrhedt hevicheslighedsegondcbrdelemel abohdyetiky88 and t he
second | evel conductive barrier |ayer 184 are subsequently polished down to
form daamstenelapeer tbanest dep88itdbecdanngepgechat geepnpects 188 are
patterned to formvia plugs 204. This patterning is done by a

phot ol 4t bogeaphic1ayeeesss, A7 9r §aAi €1 pPLL0RKaNt LephefLect i yg.coating (BARC)

l'layer 194 may optionally be
second-level conductive barrier layer 184 serves the same
purpose as the first-level conductive barrier layer 164 and
comprises the same preferred materials. The rélatively
wide trench again facilitates the void free depcsition of
the second-level conductive barrier layer 184. The
second-level metal layer 188 is deposited overlying'the
second-level conductive barrier layer 184 and filling the
trenches. The second-level metal layer 188 also comprises
the same materials as the first-lewvel metél layer 144.

Again, the preferred second-level metal layer 188 is

copper.

Referring now to Fig. 10, the second-level metal layer
188 and second-level conductive barrier layer 184 are
polished down to confine the second-level metal layer 188
and second-level conductive barrier layer 184 to the
trenches. The second-level damascene interconnect is

thereby defined.
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applied overlying the second-level nmetal |ayer 188 and the 37 2 4
sggond dielecgrig | ayer 172 as outlined above in the first enbodiééwﬁw iﬂﬂ
photoresist layer 192, 196 is applied overlying the BARC | ayer 194. After
devel opnent, the photoresist |ayer 192, 196 renuins overlying the second
dielectric layer 172 and the damascene interconnects 188 whil e exposing a
sel ected part of the damascene interconnegtz: rhe preance or7éhe oot

hot oresi st | ayer. 192 overlying the secon ielectric |ayer protects
" e ¥ 2

t he second et ey bm 1t PO FFRRE oM tREPERRGFTS of copper,
during Qe etchi ng process. The patterning of the damascene interconnects
188 islé c%ﬁ%l@%ﬁﬁ&éﬁ%ﬁkﬁ%ﬁﬁﬁﬁfﬁ@W&t%@ dpym b ngordusyivet Lenehi ng by
nmet hods di scl osed above in the first embodiment. ‘A wet etching selective to
the se¢dhdrnevela neteds | 294rfu@s the atdne netahelspeontsseveh conductive
barrier layer 184 is again preferred. The etching process is timed such
that tdegaiaheseeneon nier ConeeTsst 188 eset Ond Y (PRRE | al hye 8t chgd; down. After
applied overlying the metal layer 188. The BARC layer 194
reduces the reflectivity of the metal layér 188 during the
exposure step of the lithographic sequence. The BARC layer
154 Comprises a commerclally available material such as
poly(arylsulfunate)-based material or polyacrylate-based
material. It should be understood that the BARC layer 154
is an optional step that is included in the present
invention as a typical process. The photoresist layer 192,
196 is patterned using a mask combining the second-level
‘trench mask used in Fig. 8 and a via specific mask. The
photoresist protects the via plug {(shown as photecresist
laYer label 196) and protects the second dielectric layer
168, 172 (shdwn as photoresiét label 192). ©Note again that
- the presence of the photoresist layer 192 overlying the

second dielectric layer 168, 172 prevents metal

contamination during the etch.

Referring now to Fig. 12, the second non-conductive

barrier layer 208 is deposited overlying the second
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the etch, via plugs 204 have been forned in an upper portion of qu ?
damascene interconnects 188. The remaining | ower portion may now'b 9% Igg
the conductive lines 200. Note that the via plugs 204 are forned fromthe

sane 38 22 NOV 2004 second-level netal |ayer 188 as the conductive |ines

200. T it i 0 SIN TR t La u L.n
nisalig%ggé?gg%ﬁemggﬁgu%??OeP??négazg%¥ ?&% E?gégn%g&oggPﬁgéFggﬁlgting

layer .spager 8§09 % ‘giffugion of metal ions articularly copper,
i nto t%e %gcgn 'digﬁgcggﬁén ayal f9§d3851V38£FﬁrFﬁ6 &ay§¥ épgst, if the
phot or %iit sec%hons 192 fal|.short of covering the second-|evel conductive
barri ePSFAYERS| 84 aRaEhEPAELPRL RRgEIGyBPISFABErST B9, PRBELARTcoNt ami nat i on
is prevented. Second, if the second-|evel conductive barrier layer 184 is
parti af-Pyeét BRed aRayha1figetrhgveheinbeatonnentsnetdl comptrasesation is
~prevented. After the netal etching process, the process of .the present
i nvent tba mapebprebdaplketedahsridassl osrdsaboud-18vehesktpst enbodi nent .
dielectric layet 212, 216 is deposited and planarized to
complete the second-level reversed damascene intercoﬁnects.
The second-level second dielectric layer 212, 216 may
comprise a single dielectric material or a stack of two or
more dielectric materials. As shown in Fig. 12, the

preferred second-level second dielectric layer 212, 216

comprises two dielectric layers.

Referring now to Fig. 13, a third level of
interconnection is added to the cross—éection. Again, the
same processing steps may be repeated. Each level
illustrates the characteristics of this method. Conductive
lines 301, 303, 305 are formed by damascene inlay in the
lower structure of the level. Via plugs 302, 304, 306 are
the upper structures of each level. They are formed by
partially etching down the metal layers 144, 188, 224. The
use of conductive barrier layers 140, 184, 220 and non-
conductive barrier layers 164, 208, 228 facilitate the use

of copper. The conductive barrier layers and the masking
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A fourth preferred embodi nent of the present invention is now di 2ng'2ﬂ@f
~passivation layer is herein incorporated into the present inventfo

enhance the process capability of netal layer etching into vias plugs and
conductive lines for a first level of interconnect. Referring again to Fig.

5, the 0 first erred enmbodi nent. i s, suspen after the -

met al ?£§g§§§§h %%%Q?h%i% n%%%%%%éébg???§+ei%§%¥lﬁ4ba%?£spgggshed.dorn fo
9 2 04 r scene interconnects. Referring now particularly

?o Fig£6§g?&f%é %%%f?%ggr P T U BB Frent O it Bt b5 t hikeigeposition

of a passiyvation |ayer 420 overlying the first dielectric layer 132, the

met al FARICI42, CANRCE HRTeeRBBct | ve barrier layer 140. The passivation

| ayer 420 conprises one of the group containing: silicon nitride, silicon

carbide, silicon oxynitride, and BLOk (Applied Materials Corporation). The
passivation |layer 420 is deposited to a thickness of between about 50

Angstrons alidw 3;H80speagst f onadviief £5&s NGr NeMe L OrEkSnt 24nv&AL psgani ¢ bott om
antireflective coating (BARC) |ayer 149, as disclosed above in the first

enbodi semparsaytopthonatlyr berapphi ege ovest ¥ing Fhespassiyvalion, | ayer 420.
A photores?gt yayer 12%, 1%2 {s appl i ed overlying t%e BAﬁ%é$ayer 149. After

devel oppeEdsst S 4 2 | ps.overlying the first
_dielegfric ?%ygfm?ggfg%% %?% %§%§£%%ngaY%?e?%ﬁgﬁég%%gi%ﬁom%?fe Exposggg ?he
sel ect t t .lnterconnects. Referri now.to Fig. ,
BARC | yer o s e p A TP AT GO T o P50 ¢ of chea
down “§ﬁ@9b§ogé§§qﬁéggsﬁ§%eQe&ﬁYrgtgﬁéngdgqgfgﬁgl etgh stop laver

and therefore capacitive coupling is reduced. Fourth,

since the via plugs are formed in the same metal layer as

the underlying conductive lines, there is no misalignment.

A second preferred embodiment of the present invention
is now disclosed. An insulating la?er Spacerlis herein
- incorporated into the present invention to enhance the
process capability of metal layer etching into vias rlugs
and conductiﬁe lires for a first level of interconnect.
.Referring again to Fig. 3, the process of the first
preferred embodiment is suspended after the first
dielectric layer 132 is patterned to form trenches for
planned damascene interconnects. Referring now particularly
to Fig. 14, the second preferred embodiment initiates with

the deposition of an insulating laver 404 overlying the
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pl asma- assi sted dry etching process preferably uses an etching c?eﬁﬁm\[mu,l
conprising one or nore of the follow ng gases: fluorocarbon,
fluorine-substituted hydrocarbon, fluorine, chlorine, hydrocarbon,

ni trogen, hydrogen, BC13, oxygen, and argon. The etching process is tined

Son bRk e datRerROC I PLETOONNSE L AT S0 v RALLL A1 et ched down.

After the etch, via een i A~ an upper portion of the

damasce i nte ects,144. The r ining Jower portion may now be call ed
t he coﬁrg%%jtﬁjéﬂff%%%eﬁ? 5'96(.}4 NSFRE T HR LY h%or@?q%l?ﬁ%g%&i@% aq?ee f%?‘?f%l fromthe
same netal |ayer 144 as the conductive lines |56. Therefore, there is no
possi bFPTt3 G heS T LCHR RS AR bet bl ¢ P Yk 1@e ¢ iELeontEeenve | i nes
~156. The presence of the passivation |ayer 420 prevents diffusion of netal

i ons, %ﬁ@f&@ﬂn%@t@rt®bp©¢¥p¢rﬂtﬂme,f$ibic@me¢£rbid©,IayﬁboﬂBZ during the
metal etch. Referring nowto Fig. 26, the photoresist |ayer 148 and 152 and
the BARG tayer 449 aovrostnippede awdbhe Sokseldt Std i ppess a0€ psef erably used
that are conpatible with a copper netal |ayer. Oxygen ashing can also be
used. dopeyered atdydr OgeskeEs ansD @ ptas NBod € at 0F Min d8y - bes ngeded to
renmove the copper oxide prior to the subsequent 41 22 NOV 2004 deposition
of thes nong oneyst s PREThEral 8¥Sben 0 i t invention
may theﬁ be conpl eted as d?sclosedea%%€%£%Hﬁgﬁisfg%%?e%ﬁ%gﬁgﬁént.rA fifth
preferred enbodi nent of the present invention is now disclosed. A
passivation layer is herein incorporated into the present invention to
enhance the C bj i duy i ng,_second-| evel tal | r.etching into
vi as plugs %%%8%§%§%0$$€e£ i%%%'f%%'g%h%ph%?u %B%ngfa¥%¥e$%§nh§ct.
Referripng again.to, Fig. 10, the process of the first preferred enbodi ment
i's sus%%%ﬂ% %?%%?lfﬁeegég%ﬂdg?e€%¥mnﬁ?§yi?5§%? 1BEERNTPR AR S etBRd- | evel
conductive barrier |ayer |84 are polished down to form danascene

i nt er cOMNERE sS1ERY2t 5 ngf nbhe pareieltar | Jheoarigotpapiehetehing preferred
enbodi ment initiates with the deposition of a passivation |ayer 430

over | yipgreheormedndreferablyikyl ayptasm,ashessedondy| evehingt al | ayer 188

" .and the second-|evel conductive barrier |ayer 184. The passivation | ayer

430 coopnpsisingeanfethieigyovperbat aynbNgonsi bi-casrai &fidee silicon .
carbide, silicon oxynitride, and BLok by Applied Materials Corporation. The

passi vab] Dowlfyeqads0: i s1depeshtednt oraubhi gknesssofhetyeen about 50
Angstrons and 3,000 Angstrons. a2 22 NOV 2004 An organi c bottom

anti -  gf&86Lh ¥Bok 0aki fig §§@Rﬁ%hi8¥§ﬁ%}9ﬁ%g?§?%%§§%95§9t§8§é§[in the first

embodi ment, may optionally be applied ov e passi on | ayer 430.

A photor esi | a 19 d 196 is applied overlying the BARC | ayer |94.
The ph@¥§$%§%%t ¥§§%# %%gﬁéﬁﬁj%. E?%ﬁgkbosed and devel oped as in the second

| evel process of the first enbodi nent.

Referring now to Fig. 16, a conductive barrier layer
140 is deposited overlying the first dielectric layer 132,
the insulating layer spacers 405, and the lining the
trenches.‘The conductive barrier layer 140 may comprise any
of the materials outlined above in the first émbodiment. A
metal layer 144 is deposited overlying the conductive

barrier layer 140 and filling the trenches. The metal




Referring now to Fig. 28, the BARC | ayer 194 and the passivationzlz gﬁ@k
are etched using a plasnma-assisted dry etch. The pl asnma-assi st ed®d 3@3{

is perfornmed using an etching chem stry conprising one or nore of the
fol |l owi ng gases: fluorocarbon, fluorine- substituted hydr ocar bon, fluorine,

chl orlnsyebyﬂwcaﬁ@ome%éﬁ@@@t\lv@yﬂéfgf@r &fnuﬁngﬁérgon The

pl asma- assi sted dry etchlng may be contlnued 0 etc e danascene

interc ngg& 5 h?ﬁ e % +u s 204, The - assi sted
dry etc |ng&o? %aﬁe% %y%?Q%8 8 P%%%r%% §§%%ﬂ%r+g5§rg§gngp flore of the
.follom%gg gases: fluorocarbon, quorlne substituted hydrocarbon, fluorine,
chl orine; " hydr ocar bon, nitrogen, hydr ogen, oxygen, BCl3, and argon. 43 22
NOV 2004 The etching process is tinmed such that the damascene interconnects
188 are only partially etched dowmn. After the etch, via plugs, 204 have been
formed in an upper portion of the damascene interconnects |88. The
remai ni ng | Berdpoastene nhytavechecchs | d4 t Aee coatdternee tonesr200. Note
that the via plugs 204 are forned fromthe sane second-|evel netal |ayer
188 asviaeptogdutbive Thihesp20Perdhesefor@onéheyeai s no possibility of the
via plugs 204 being msaligned to the conductive |ines 200.

photolithographic process. An organic bottom anti-

reflective coating (BARC) layer 149 may optionally- be

applied overlying the metal layer 144 and the first

dielectric layer 132 as outlined above in the first

embodiment. A photoresist layer 148, 152 is applied

overlying the BARC layer 149. After development, the

photoresist layer 148, 152 remains overlying the first

dielectric layer 132 and the damascene interconnects 144

while exposing a selected part of the damascene

interconnects. The presence of the photoresist layer 148

overlying the first dielectric layer 132 protects the first

dielectric layer 132 from metal diffusion, especially of

copper, during the etching process.

The patterning of the damascene interconnects 144 is
accompiished by plasma-assisted dry etching or by wet

etching by methods disclosed above in the first embodiment.
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" The pr esence of the passi vation | ayer 430 prevents diffusion of mﬂ%?gﬁ
particularly copper, into the second dielectric layer 172. After®t
.etching process, the photoresist layer 192 and | 96 and the BARC | ayer 194
are renoved, preferably by using solvent strippers that are conpatible with
a copperydetal H ayer ‘ i however . a hydrogen or
anmoni a WpI as maC tlr atséel%%tnﬁgﬁ%?n%g%gﬁagﬁsﬁ uag‘geeféi%{ I‘@ecﬁrae%‘O% tRe copper
- oxi de..,The process_of the present invention may be conpl eted as discl osed
above THF tchog1 45 Veerﬁ?o%ﬁ%%%ﬁ.ayﬁ%i]x%% lp?ﬁ%ar%’%cpﬁ%’a?%ﬂt of the present
invention is now di sclosed. A passivation layer is herein 44 22 NOV 2004
i ncorporated into the present invention to enhance the process capability
of metal layer etching into vias plugs and conductive lines for a first
~level of inthe &riEdly Refearsd nigg dyaiad toudh gchd;, thwe qgamressnef the first
preferred enbodi nent is suspended after the netal |ayer 144 and the
conducinitesrdzanmra clrs | layerated rarne peotd stiedy dovhd® dowmm dapmssene
i nterconnects. Referring now particularly to Fig. 29, the sixth preferred
enboditimentetidt t ivite Midd 14t 1HeROLdd 0N Himed Pas Ay alhdy | ayer 440
~overlying the first dielectric layer 132, the netal |ayer 144, and the
condugidae diIdH aind abladdhe M PASHINAION | Y440 GoImi ] ses one of
the group containing: silicon nitride, silicon carbld%, silrcon”oxynitride,
and  BLol, LARRI e d, MRLEF i 85 (T Rorald sivation | r 440 is
deposited to a tﬂglckn ss of q%tc&%&elﬁé%%? %%FdAL%gé Vrreo?rfsl%%sd %1600 Angstrons.
Ref er ry [ Qs .3 rgani ¢ botto tireflective coatjng (BARC)
| ayer Nl%%, n%g%&srg gglead albuﬁseqi(%?t e f '(?]%I?er% Y et | SHEY Tptibnal Iy be

applied overlyjn hgg passjvation | ayer 440. A photoresist |ayer 148, 152
i's apaéiyeed: olv'%dr IE% g r@’@kﬁ%%‘l&&l &Y. 1 2§ t Th AR BHNERRSTE hS phot or esi st
| ayer 148, 152 remins overlying the first dielectric layer 132 and the
damas d¢h@qFtidricorine@ls they s Iy NAw 0T nvhitisabtgrey et d higha sel ect ed

part of the damascene interconnects.
conductive lines 156.

The presence of the insulating layer spacers 405
prevents diffusion of metal ions, particularly copper, into
the first dielectric layer 132 in two ways. First, if the
photoresist sections 148 fall short of covering the
conductive barrier layer 140 and the insuléting layer
spacers 405, metal contamination is prevented. Second, if
the conductive barrier layer 140 is partially etched away
406 during the metal etch, metal contamination is
prevented. After the metal etching process, the process of

the present invention may be completed as disclosed above

in the first embodiment.
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Referring nowto Fig. 31, the BARC | ayer 149 and the passivati onzlzamrv ﬁd‘[ﬂf

are etched down using a plasnmmassisted dry etching process. The

pl asma- assi sted dry etching process using an. etching chem stry conprising

‘one or nore of the foll ow ng gases: fluorocarbon, fluorinesubstituted

‘hydr ocarbon, fluorine, chlorine, hydrocarbon, nitrogen, hydrogen, oxygen,

and argon. Note that in this enbodi nent the dry-etching process does not

etch the netal |ayer 144. Referring nowto Fig. 32, the netal |layer 144 is

et ched domﬁ-@kﬂ@yﬁme@’@h elypigeetto dortheyiprqdangs #6@:ndien et chi ng

process is tinmed such that the damascene interconnects |44 are only

parti als ynest ohiestc doved . At einduiestetroh, 1 agear ppigse4 44 hasweofaeen formed in an

upper portion of the damascene interconnects 160. The remaini ng | ower

por ti cinamyporrede add echd hersguctiveg d ides d Shndipte dhat the via plugs

| 60 are fornmed fromthe sanme netal |ayer 144 as the conductive |lines 156.

- Ther ef @F&ze d Hek 8415 Loid i f ot i / . i m sal i gned to

-t he co%ucti ve %) nkzlspjlpC 6%%%@{@ lelléé‘tl\%\/ l2 04f/'l%e£{plr e elrjlﬁéée)O (b)‘figf]%e passi vation

| ayer r i i on l_ ] rt.icularly copper, into the
%Il%sp ﬁ&%%'ﬂég#éézolglu%sng C%It;:eadme e]paleh‘fe &

first ectric layer et’c he phot oresi st | ayer 148
and 15 @Qg er. 149 are stripped . Solvent strippers are

pr ef e?%f) % uérgﬁe(sﬁg'%éaf%r%l&%a%%ré%ﬁ tEﬁlga' c@pp € r%?%qesf%y%?&&ygen

ashi ngficantdal so. be (%J%ed. #gi\/\ever,_ a hydrogen or_ammoni a pl asma treat nent
may be Heeded T 0" rembvE R ST Hpets GUTREBIGD R Hie T H S iHReRfient deposi ti on
of the nonconductjve barrier |ayer. The process of the present invention

may t HEFE IR Iokpl BAXRE as’ 4li st BHSAE T aImp ket tthabdistent . A seventh
preferred enbodi nent of the present invention is now disclosed. A

. passi VEBT9h Phyeeversemkraimesorne peeiz edintmtocairepres e férwiangi on to
enhance the process capability during second-level netal |ayer etching into

vi as plagspanti cohsdrlct i e Figqest §ortian wppel gevelrefd i dhissennaect .
Referring again to Fig. 10, the process of the first preferred enbodi ment

i's suspendesta terei hensegand dauely 1o ol davesd8R andgde ppgond-| evel

conductive barrier |ayer 184 are polished down to form damascene

| Nt 1 SO Bng RALETLLAGh MO AT Gl A 1 d A H @1 4 g SEYPRLN preferred
The photoresist laye; 176 is exposed and develcoped as in
the first level process of the first embcdiment. The
second dielectric layer 168, 172 is patterned to form
‘trenches for the second-level damascene interconnects.
Note that thé etching of the second dielectric layer 168,
172 stops on the non-conductive barrier layer 164. The
photoresist layer 176 is stripped away. A solvent stripper
- is preferably used for photoresist stripping, particularly
" if the lower pért of the second dielectric layer 168

comprises an organic compound.
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22 NOV 200'r deposition of a passivation |ayer 450 overlying the
dielectric layer |72, the second-level netal |ayer 188 and the sgigﬁﬁﬂﬂgm&
conductive barrier layer 184. The passivation |ayer 450 conprises one of
the group containing: silicon nitride, silicon carbide, silicon oxynitride,
and BLok by, Agl I|ed MVat er i aI%eqCS\ETgﬁratl on The passi vation | ayer 450 is
deposited t T s Y oA rgeant08, D90 Angst rons.
~An organic bottomanti-reflective coating (BARC) |ayer 194, as disclosed
above $¥PRHE-9F raverhiborl et , L Hegt opte beet 1ic b appl 1 2 overl§s ng the
passi vation | ayer 450. A photoresist layer 192 is applied overlying the
BARC | ay@rliming THee phototless stThayiens D2t isg ekposedi@hd devel oped as in

- the second | evel process of the first enbodi nent. Referring nowto Fig. 34,
t he BARG feayan il domameti 4dwe qﬁa@%ﬂaﬁm@m@y@rc%mﬁf chedi shng a

pl asma- assi sted dry etch. The plasma-assisted dry et is perfornmed using

an et chi gl A end 511 dorE OB St FHONB K @fﬁoﬁfAﬁé‘ﬁé@'ﬁ%f‘ﬁ?EaseS:
fl.uor ocarbon, fluorine-substituted hydr ocar bon,” fl uori ne ori ne

hy dr 00w H08a i 4 DIERk 1 TSk 09eR,: £ hat the
second- | evel netafglayer 188 is notyetc égqg%éfﬁ?s p0|}$ ot 22 NOV 2004

Ref er ring: oW L0 Fl g 35 b, acandcevelmptal layer | ¢ 5_et ched doun

~using a met et ng process to formvi a plugs M Ty process is
tlned nasce tercon s,_ 188 are only partially etched

~ down. [ﬁépé$eﬂg§V|a pp§%%0 %i%%'%% ?Qﬂ?ﬁﬁFﬁrsbwlupper portion of
t he d sqene inte n ts 188. The remai ning | ower portion may now be

cal | ed the rc%?ﬁjlﬁq(ﬁvi’§$(ﬁe%n%w0%t%3%%tatWW%tW%% 204 are forned
fromthe sanme, nmetal |ayer 188 as the conductive |ines 200. Therefore, there
is no PRRIHIIeR pwHICeHe deReHIRG WO Hehaghati eaila hrieoe ochdgemonduct i ve

| ines 200. The presence of the passivation |ayer 450 prevents diffusion of
met al Tlohsingakatioud ardyec oppermay ntomnp hiess econds atielegt et tal ayer |72
during the nmetal etch. The photoresist |layer 192 and 196 and the BARC | ayer

| 94 arehestrdppediareyve I vedr stdyoperss are preferably used that are
conpatible with a copper netal |ayer. Oxygen asking can al so be used.

However, a hydrogen or ammoni a plasma treatnment nay be needed to renove the .

copper oxide prior to the subsequent deposition of the nonconductive
e o LI PR il PP YL THLL Dy b coml et
anisotropically etched to form insulation layer spacers 409
on the sidewalls of the trenches. The anisotropic etching
is performed preferably by a plasma-assisted dry etching
cdmprising an etching chemistry of one or more of the
following gases: fluorocarbon, fluorine-substituted

hydrocarbon, fluorine, chlorine, hydrocarbon, nitrogen,

hydrogen, BClj;, oxygen, and argon.

Referring now to Fig. 21, the nonconductive barrier

layer 164 is etched through to expose the metal layer 144.
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22 NOV 2004 An eighth preferred enbodi nent of the present inventtggghw Qmw
di scl osed. A passivation layer is herein incorporated into the p

i-nvention to enhance the process capability of netal |ayer etching into
‘vias plugs and conductive lines for a first |evel of interconnect and to
act as fer_fthe.netal, layer_etch. Referri agajn to Fig. 5, the
procesgﬁ%PS%%%gﬁﬁés Ep?%?e%ﬁ%%f%%b%%i%%ﬁ rigpiﬁgﬁﬁnﬁgg agttﬁethe net al

| ayer 14 anf t he_conductive barrier |ayer 140 are polished down to form
danascBh@eVAt LF cOhnkRe sLTRRFRRF i BT PaPPYELPAPRyMeB2E: gle8BL the ei ghth
preferred enbodinent initiates with the deposition of a passivation |ayer
460 oveFl§fhg 2he me¥al Hpeidesrfeomageifusiagt heteethe bagendid4, and the
conductive barrier layer |40. The passivation |ayer 460 conprises one of
t'he groupieohratniagersifdcandniizi deAfséti tha canbodducsitecon oxynitri de,
and BLok (Applied Materials Corporation). The passivation |ayer 460 is
deposi bedrieralbéheckhéssedthpes webnanbout poOrdngstir oosrandva, 889 Angst rons.
Referring now to Fig. 37, an organic bottomantirefl ective coating (BARC

| ayer td@ainsndi setasedonbamenbnrihe first enbodi ment, may optionally be
appl i ed overlying So 22 NOV 2004 the passivation |ayer 460. A photoresist
| ayer 148, 152 is applied overlying the BARC | ayer 149. After devel opnent,
t he photoresist |ayer 148, 152 remains overlying the first dielectric |ayer
132 and the cene. LNt er.cpnpec 144 Lle_ overin el ected part
of the danaggg%g§?ﬁ e?%gnﬁécggg'ﬁgééréiﬁ§@%%§/?g%ﬁgg¥8§§?gFﬁg%BARC | ayer

| 49 an passivation lLayer 460, are etched do usin pl asnmaassi st ed
dry etgﬁﬁggegr§§¥§§.igﬁelﬁ| %ﬁaﬁéEgﬁs?XarEV§n8tﬁﬁ?naeﬁgagess usi ng an
etching,chenistry conprising one_or nore of the follow ng gases:
fIuoroaé?ﬁﬁﬁFrFFuéﬁyﬁ§s&6§t?FﬁtéazhyHP@céFﬁBﬁ?t#PGoﬂﬁﬁéF ERE6ELAe,

hydr ocar bon, nitrogen, hydrogen, oxygen, and argon. Note that in this
embodi ABAt &RE Hhe- éihhagtpeotesscHess Bbe eechntihéemetal | ayer |44,
~Referring nowto Fig: 39, the photoresist |ayer 148 and 152 and the BARC

| ayer - t48daceiser bppedeanayyeBSol géntasgt coppelsecanaypoef enably used that are
conpatible with a copper netal layer. Oxygen asking can al so be used.
Howevematarhydsoganloheanapsi-a phasAB FheatmeRboRBXeReCORE s@pbingnal to

remove the copper oxide prior to the subsequent deposition of the

noncongddghiVRebahr i a .i2l i JE I _144 is etched
down to forn1v?a p|§g§k1%g? +§edgg§§é$%gaggg§%¥3§ thglg$g¥%§60 acts a hard
mask f e .aye 4 _et ¢hi c . ~The.net | ayer 144 etching
procesgéﬁgg Sgﬁggkgggé §S%ééF§h$Q¥§%v§?§e§§§ §lgﬁég%a% Ssi sted dry etch may
be used. Th | aspm- assi sted.dry_etching_ conprises one or nore of the
follomgﬁsnaﬁsgs: Eﬁﬁo?888P§6ﬁ?V¥FuﬁﬁFﬁg-%ﬁH? i@g e&nay§%8c§@6899“fluorine,
chl orine, hydrocarbon, nitrogen hydrogen, oxygen, BCl13, and argon. The

et chi ngSPrcES8IPStEVReR3SURR L hAVEFhé Bdarisc EHESPALERESInect s 144 are only
partially etched down. After the etch, via plugs |44 have been formed in an
upper E@XﬂﬁbﬁdoﬂOWﬁetQaﬁ@§medémaﬁ@@neoﬁﬂé@t@omﬁectﬁhéSﬁenaining | ower
~portion may now be called the conductive lines 156. Note that the via plugs
160 are forned fromthe sane netal |ayer 144 as the conductive |lines 156.
Therefore, there is no possibility of the via plugs |60 being msaligned to

the conductrvie bibhesckh8. iheerebhReEtwet ser adky patebi-igd the Mirgsence of
t he conductive barrier layer |40 and the passivation |ayer 460 prevent

di ffusi;en of et ak 4 ong; ;RALL k p [ the first dielectric
~ layer 132 gupgﬁg t he neté% E%gﬁgkﬁﬁé§5§g Behe b@I%
photolithographic process. An organic bottom anti-

reflective coating (BARC) layer 194 may optionally be

applied overlying the second-level metal layer 188 and the

37




22 NOV 2004 process of the present invention may then be conpletéd m@v 004
di scl osed above in the first enbodinent. A ninth preferred enbod n% 02
the present invention is now disclosed. A passivation |ayer is herein
incorporated into the present invention to enhance the process capability

during _secand-l evel netal |ay etching.i,nto vias pl,ugs,and conductive
Iines%ngnﬁngﬁsggFtFé9eﬁa¥Friﬁ?@r@ﬁnﬁ@ggl&ﬁa @boa@tl§stgehgﬁﬁsﬁask for the
“metal |ayer etching. Referring again to Fig. 10, the process of the first
'prefeﬁﬂ@@déWSBGPn@n?hp§0§8§ﬁé%dééy§ﬂté92thg9§eé§nép@&éﬁdnetal | ayer |88 and
t he second-1| evel conductive barrier |ayer 184 are polished down to form
damas¢@ee liyangr toen8éRE. LRyker liPdg Adwepadeivedbarentt,o thieg. 40, the ninth
preferred enbodinent initiates with the deposition of a passivation |ayer
470 owpkcityiregithe lsgeand 9¢i, ell&Gt Hemaliape ovbEdy itlae thecorddrevel netal | ayer
188 and the secondl evel conductive barrier |layer 184. The passivation | ayer
470 catpnicses ieneagkrt he20aadp teenikamaiskenesiihitedonintddtde,1.8% | i con
carbide, silicon oxynitride, and BLok by Applied Materials Corporation. The
passi watiilen ehayelind’ @ iss1depesi ?@@tt orfa thidl Shessefe bet ween about 50
Angstrons and 3, 000 Angstrons. 53 22 NOV 2004 An organic bottom

anti - r;ef J ti (E@B@L I , I.SGl:Qse N the
optioﬁ%ﬁﬁg%ggﬁgﬁﬁﬁﬁedqgférlyin&cﬁygﬁb}%%é igFg?§§ggﬁigf%§ﬁ%qf§% BARC | ayer
194. h ISt vel in.the first enbodi nent.
First¥§%ﬁ§3ﬁ#§%?%eh§§5%ﬁ§§ggggggﬁgﬁéh1%@%%}%3?6934§%%5ﬁi%&f overlying the

| ayer |92 d,,196 i s .second | | process aqf the Referring nowto Fig. 41,
t he Bﬁﬁéqﬂg&leﬁﬁj}%&& ﬁﬁé’eﬁagﬁﬁvdﬁogh“] d&%ué?‘rjémetched using a

pl asma- assi sted dry etch. The plasma-assisted dry etch is performed using
an et 9§ icHdY §fr Fopmepri sidg nendhsr ase ngf RURCEssl | owi ng gases:

fl uorocarbon, fluorine-substituted hydrocarbon, fluorine, chlorine,

hydr ocar bon, nitrogen, hydrogen, oxygen, and argon. Note that the

. second-level netal layer 188 is not etched at this point. Referring nowto
Fig. 42, teepheitasesiisiy @y ahel Qnaintakl6 iand ddeRBARG layerid 94 are
renoved. Solvent strippers are preferably used that are conpatible with a

coppera drRinRl1 il SRS byOIGRMANL NG RN Ahs e Used,» Rneyar, a hydrogen or
ammoni a pl asma treatnment nay become optional to renove the copper oxide

prior {: it 0 Y gl | ayer. 54
22mm%%%%%ﬁ?ﬁ%ﬁ%ﬁg@ﬁi%ﬁﬁ%%ﬁﬁ%@%ﬁ%%#ﬁ%f ﬁ%@%ﬁbnnﬂa
pl ugs 204.. The .etchin r.aces be _conpri.se a wet etch. Conversely, a
pl as na}\fzéqs?g:l sethcechldlr%/ SeetqceECtr‘?a‘S? be’ ed.Seﬁ?gPC{)I]aesvr?gl- é%esqa?t éfﬁ@rﬁgéhl ng
conprises one or re of the follow ng gases: fluorocarbon, '
£ 1 uor iTfead S Tt second-level conductive barrier layer 184

is agailn preferred.

The etching process is timed such that the damascene _
interconnects 188 are only partially etched down. After
the etch, via plugs 204 have been formed in an upper
:portion of the damascene interconnects 188. The remaining
lower portion may now be called the conductive lines 200.

Note that the via plugs 204 are formed from the same
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hydr ocar bon, fluorine, chlorine, hydrocarbon, nitrogen, hydrogﬁggégﬁgweﬁmm
BC13, and argon. The etching process is tined such that the da :

i nterconnects 188 are only partially etched down. After the etch, via plugs
204 have been fornmed in an upper portion of the damascene i nterconnects

188. T. ﬁﬁFﬁ ' ' be. ¢ . . CO ive |ines
200. t%cgt at&'ﬁg Ib/%g{)lﬁ%éé}zgzaé;ﬁ%s ch'lr%rre%l}cﬁloém qhéerﬁlann%Q%elf% | ayer 188 -
- as the,conductive_lines, 200. Therefare, there is no possibiljty of the via
pl ugs %%?lﬁ%’ i ST ghed™S @qwﬁ?&?ﬁtqﬁeﬁﬁ nes® é%&g%h%é%r esence of the
passivatjon | ayer 470 prevents diffusjon of netal ions, particularly
copperbeii d“%%%l%%‘&%dt‘ai@i‘%d%qq@iqta&‘é? ey rihg the netal etch. The
photoresi st |ayer 192 and 196 and the BARC | ayer 194 are stripped away.
Sol vent strippers are preferably used that are conpatible with a copper
metal |ayer. Oxygen asking 55 22 NOV 2004 can al so be used. However, a
hydr ogen orTia@mpreseptasot theatmentatdyy heayeedesh ¢ors ed¥e t he copper
oxide prior to the subsequent deposition of the nonconductive barrier
| ayer .pddecpt ocessfodidheoprmsent iswventpon: myld hep bspsenpl ehed as
di scl osed above in the first enbodi ment. For either wet or dry etching, the
pr esengle of e tbied SecONE-t evel 1 Sphduct s vendar ¢4 e1n | ysrwdp4. andcLhe
passivation | ayer 470 prevent diffusion of nmetal ions, particularly copper,

into the eRCOPL-ELELECEE T SolaYEis 1682 anth{ 72 gLy | gtééd‘\‘?%gf%?'stélfr‘%‘:h- The

process of the present 1 nvention may then be conp sed above

In the.gig 5. eabodi ggol, A5 Shoun | 0 they pref ey reg eppodi rents, the present

. r .
i nventTon provi dés a’very manufacturable process Brming netal

interconnegt leveLs in an integgﬁéed circuit devijce. Wile the invention
has betRShartiLel aFY§* shBRRCERd* desPebed GPehrerertfke to the preferred
enbodi nents thereof, it will be understood by those skilled in the art that
var i ouBTehanEed . i nSeephdandf deki Fecemg- bevendecondedbuve deparieng fromthe
spirit and scope of the 56 22 NOV 2004 invention. Further, while this
i nventianehas8bhebn dastiatbd efthedeferentb2tduspegi fhe mateti als for
insulating layers, dielectric |ayers, passivation |ayers, barrier |ayers
and coator}ivetaet abstamnindtibnbesupdevshoed. byrtbhosenskinkigd in the art of .
m cr oel ectroni cs and :
etching process, the process of the present invention may

be completed as disclosed above in the first embodiment.

A fourth preferred embodiment of the present invention
is now disclosed. A passivation layer is herein
incorporated into the present invention toc enhance the
process capability of metal layer etching into vias plugs
and conductive lines for a first level of interconnect.
Referring again to Fig. 5, the process of the first
preferred embodiment is suspended after the metal laver 144

and the conductive barrier layer 140 are pclished down to
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mul tilevel interconnects that it is not limted to such materialz. W@t p@
claimed is: 57 22 NOV 2004 1. A nethod to formnetal interconn cz vg

in the manufacture of an integrated circuit device conprising: depositing a
first dielectric |ayer overlying a sem conductor substrate wherein said

- sem co tQr_substrate conprises al ayers and devices forped prior to
sai d dg%%rgi ??%%S%?n%a}%t?fgg?n%‘?%? ec%?#%ﬁ[lfja%rn%vﬁcp%ﬁ%‘%agéYdt‘Pi rst
~dielectric %syer conprise_a stack of dielectric materials; patterning

ma
said fT+3t 6F el BRer FeUFEy ePTeECFBR¢h erlep BN oF D BT bk ‘dhﬁ%s%gﬂe
i nterconnects; depositing an insulating Iﬁger overlying said first
di el eciePesibier ahd2|paspivabianttanehes20 apventybpd clibe yEerehi ng down
said insulating layer to forminsulating | ayer spacers on the sidewalls of
sai d tdenthesruwhetavart he2presemetal kayeri hsd) abnag-hayer spacers
prevents netal diffusion into said first dielectric |layer; depositing a
conductordubaiveéebatayer bygetying. sahd passivaiebecisierl ayer and lining
said trenches; depositing a netal |ayer overlying said conductive barrier

| ayer esdptikésngnsabd trhenghesp &8nta2RiNeV 200489 ishipgedown said netal
| ayer and said conductive barrier [ayer to confine said netal |ayer and

said copgusbhveabaiaber st ayebnt 9xsalfrihenches BNt Papperghy form said
danascene i nterconnect s;
Materials Corporation). The passivation layer 420 is

deposited to a thickness of between about 50 Angstroms and

3,000 Angstroms.

.Referring now to Fig. 24, an organic bottom anti-
reflective coating (BARC) laver 149, as disclosed above in
the first embodiment, may optiocnally be applied overlying
the passivation layer 420. A photoresist layer 148, 152 is
applied overlying the BARC layer 149. After develcpment,
-the photoresist layer 148, 152 remains overlying the first
dielectric léyer 132 and the damascene interconnects 144
while exposing a selected part of the damascene

interconnects.

Referring now to Fig, 25, the BARC layer 1489,
passivation layer 420, and the metal layer 144 are etched

down using a plasma-assisted dry etching process. The
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diele

patterning said damascene interconnects to formvia plugs in an z V. 2004
portion of said damascene interconnects wherein said patterning 2&3@153Q
partially etching down said damascene interconnects, wherein a via mask
overlies and protects portions of said damascene interconnects fromsaid
etchi3¥¥domn, mhera|1$%£rench_nask overlies and protects said first

39 (71 Fh i Ff SLEORARTRET Th RERFSRAREY ¢’ = Mhg down, and
wherein portions of said damascene interconnects partially etched down form
conduc® Gl g ridrem iRy | QMR 65 FHoh corrluet inere 2§ | Bre | yktowimeg | ying sai d
first dielectric |layer, said conductive lines, and said via plugs; and
deposiddsrp a Secwretaitebrect §iwod iayerswver i tyi e Say - cxomeis@nduct i ve barri er
| ayer and filling gaps caused by said patterning of said copper |ayer to

-conpl ef rusii b negial ox Nier dopmestatieve) &t thgep@sdese, ofcsai d

integrated circuit device. 22 NOV 2004 2. The nethod according to Claim1l

~Wher ei sk p@dn, faridtatiel ectid Cod @YBig GOPREd $£5i Hnei lq thec9roup: of - undoped

silicon dioxide (Si02), fluorine-doped silicon dioxide, phosphorus-doped

si | i comdli @uhskeceRor o diopsithsdd 4 com diaxi gey %ﬂgoﬁ%ﬁgr on- doped

silicon dioxide, carbon-doped silicon dioxide,

R e T R e R L s Db b PV

"barrier_]ayer conprisgs_one.of the group of: titani titaniumnitride,

~ tant allﬂpn%)e]tya%?%{fju n? rtf}b%,d?%%‘?%% Jrﬁ%?%%‘,m?@%af@ met 5*esi i con-nitride
(WBI x ,_and ternary netal -boron-nitride (WBXNY~, and conbinations of any

of thef et P ERe PIREEPT MY 20V PR ¢l hed Bleeorendectbve aim 1

wherein said netal |ayer conprises one of the group of: copper, copper
al | oyslizgaind pamNerel Bhaimi then ald oybug$0l 60 22rdNCEO 20804 Hromhehaeret hod
according to Claim1 wherein said etching dowm of said danmascene

i nter commeatstas byyenel ©f ddecigs otpn@ict s etebéngs@nd pl asna- assi st ed
dry etching. 6. The method according to Claim1 wherein said nonconductive

barri erhd BYESrEONPRA SESi ON6o Obod H1En BT OLP @f:tﬁéurfgnpmtgéi figg silicon

carbide, carbon nitride, boron nitride,” carbon boron nitride; and silicon
oxyni i 46y fs s DTS NOd ACEOLAGL A, ALMS ybereln said second

di el ectric layer conprises one o € group of: undoped silicon dioxide
(Si02), fluorine-doped silicon dioxide, phosphorus-doped silicon dioxide,
bor on-doped silicon dioxide, phosphorus and boron-doped silicon dioxide,
carbon-dopeﬂhsilicon di oxide, organjc polyners, hydrogendoped silicon

di oxi de, _anpoPEERC RORET at 1R ST ERYL SR I AECRObYR MEPEPTEPs. 8 The

met hod according to aim1 further conprising depositing an etch stopping

layer SVEFISIfY Qhimekehi EoONIuCRRF T SEBLRF Y eCPPPOF . t kAl Bhetep of

depositing said first dielectric |ayer.
first dielectric layer 132 during the metal etch.

Referring now to Fig. 26, the photoresist layer 148
énd 152 and the BARC layer 149 are stripped away. Solvent
strippers are preferably used that are compatible with a
Copper metal layer. Oxygen ashing can also be uséd.
However, a hydrogen or ammonia plasma treatment may be

needed to remove the copper oxide prior to the subseguent
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22 NOV 204 9. The nethod according to Claim1l wherein said insulzg’ r@vl ?ﬁ@r
conpri ses one of the group of: silicon nitride, silicon oxynitri#e; | -=€0Nn
carbide, and boron nitride. 10. The nethod according to Claiml further
conprising depositing a passivation |ayer overlying said danmascene

interc I ctive.barrier |ayer nd said first dielectric
| ayer %%?%%%é%?%aéfeﬁ%ﬂy%% ?%%Lf?%l%%vﬁfi%%%%t r?g‘—i“éef“ a&'eh‘e L ST barrier
| ayer eﬁ$in t he presence of said passivat'ion |layer overlying said first
di el ecttic efa@/‘é‘?s?}%évjerh‘f%n%‘?%lm%‘#'f dif i GRIEP LR F 133 LT EP2REri ¢ | ayer.
11. The nethod according to Cl aim 10 wherein said passivation |ayer
conpr i RNk of e hel Bt o RFRIIBETE ng: silicon nitride, silicon carbide,
silicon oxynitride: 12. The nmethod according to ClaimlO0 further conprising
patterning said passivation |layer to forma hard nask wherein said hard
mask is used in said step of patterning said damascene interconnects. 22
NOV 2004 13 i fieh hock far fod nercoppinen int ©f commestes@vel Snvdn ¢ hen manuf act ure
of an integrated circuit device conprising: depositing a first dielectric

~ layer byetdwyidis@l sesd CONAES OF vatlst r Bl e wWhes ehgrsah d sem conduct or :
substrate conprises all layers and devices fornmed prior to said depositing -

of sal ghorsbrsh & eoifd Cch @St Ak WsrEh D Sal o Tdstndielictric |ayer may

conprise a stack of dielectric materials; patterning said first dielectric

| aye f J d.d int ts; d iti
el oo L LT e R e b pRr et Ph g sald
trenches; anisotrﬁgicallg etching .said_insulating layer to form

. d
i nsul atTry THyRrP5paR et - orR e JSY% $3 9T 2% diRPRACHREWhefein the

presence of said insulating |ayer spacers prevents netal diffusion into
sai d f1Ps@TerRPREE ri ReFoyetng digakh t Fdgh i cohucthvepbageserofayer
overlying said first dielectric layer and lining said trenches; depositing
a coppére | Giest aveef§rred sandodbmeluict i v esbepended | afeer aridefi | | i ng said
trenches; 22 NOV 2004 polishing down said copper |ayer and said
conductéwendratevel mayel 1oyeonfdhHeasditheoppesndayerernd said conductive
barrier layer to said trenches and to thereby form said danascene
I Nt er cOMM@EESive barrier layer 184 are polished down to form
- damascene interconnects. Referring now particularly to Fig.
27, the fifth preferred embodiment initiates with the
deposition of a passivation layver 430 overlying the second
dielectric layer 172, the second-level metal layer 188 and
the second-level conductive barrier layer 184. The
passivation layer 430 comprises one of the group
'containing: silicon nitride, silicon carbide, silicon
oxynitride, and BLok by Applied Materials Corporation. The

passivation layer 430 is deposited to a thickness of

between about 50 Angstroms and 3,000 Angstroms.
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patterning said damascene interconnects to formvia plugs in an Egg V. 4
portion of 'said danmascene interconnects wherein said patterning ﬁ%}iggg
partially etching down said danascene interconnects, wherein a via nask .
overlies and protects portions of said damascene interconnects from said

et ching do rein a trench sk er]ies and protects said first |
dielectric %y%?g g%ﬁ1%%%é%? 20 {éﬁ?ﬁi?F hvﬁu??ﬁbggﬁizBéﬁghiﬁ6Y36wn, and
. mherei? Eortio S OL sai. d damascene interconnects partially etched down form -
conductPve 7 neiSCyepedi #PAYe alhore®ndtEeE vemBadinert afd¥ overlying sai d
first dielectric |ayer, said conductive |lines, and said via plugs; and
deposi PPhECRAEEE R APkl Eedr PrReThyERT ovke| pRAgivat donohagenddddive barrier
| ayer and filling gaps caused by said patterning of said copper |ayer to
conpl efePBararaeiar favercbhnesnd| &9€6l isnaphéiednafaciviegotheai d
integrated circuit device. 64 22 NOV 2004 14. The nethod according to
Cl ai m BBRUhézeen $8dd Thesphdietesistclhayer 1epnphnisessone of the group of:
undoped silicon dioxide (Si02), fluorine-doped silicon dioxide,
phosphextissdapeddsiitiredppdioxsden bREOB=EORRI1 8L LI CoRoELQXI de, rpRosphor us
and boron-doped silicon dioxide, carbon-doped silicon dioxide, organic
pol yneesrshydrwgendeped silicon dioxide, and porous conbi nations of any of
t he above materials. 15. The method according to Caim 13 wherein said
conductive barrier |ayer conprises one of the group of: titanium titanium
nitride, tantalum tantalumnitride; tungsten nitride, ternary
netal-silicgn-nitride éVEiXh%%, agg ternar%ﬁnetal-boron-nitride (V\BXNY~,
and conbi nat T oRE ORI aRy" of Ot htdabsbe HBRt PBREd.A¥EES LaFsanE6th%he et hod
according to Claim 13 wherein said nonconductive barrier |ayer conprises
one of PEReLYrbupotaver| fébnaket ptabedsipiinenacalbrue-asaibordnitri de,
boron nitride, carbon boron nitride, and silicon oxynitride. 65 22 NOV
2004 1dryTaechet hBde aptasdiangssbsObdi drg3etunt her peefprineingsdepgosi ting an
etch stopping | ayer overlying said sem conductor substrate prior tpo said
st ep o&ndepositgnghemidtfiyrsbmgiekestr beel ayemord8orThaemet hod according to
Claim 13 wherein said insulating |ayer conprises one of the group of:

si |i coponibwide, gsbbbc0n1 QXYBELFER, $ill:be9ReCALBLEer ARA boron nitride.
19. The method according to Claim13 further conprising depositing a

passivg&ﬁ@gcggugﬁ'oygﬁg¥%ﬂg'sg'go §HESCﬁ?ﬁrBBEEB§§””EEE§gg§$id conductive

barrier layer, and sal irst dielectfic’'layer aftér 3sai ép of polishing

down spi er and sai arri.er layer wherein the presence of said
passi va ?gggﬁgye?%gégéfygﬁ%_gggﬁgfirgﬁedpg¥3%?r?§SF§ & §F§Vents copper
d'ffusé%thQ&Om§9|gefE5§£igﬁg&egéré%chaggé'damascene

interconnects 188 and to thereby form via plugs 204, The
plasma-assisted dry etching of the metal layer 188 .
preferably comprises ohe or more of the following gases:
fluorocarbon, fluorine-substituted hydrocarbon, fluorine,

chiorine, hydrocarbon, nitrogen, hydrogen, oxygen, BClsi, and

argon.

- 43




66 - 22 NOV 2004 20. The nethod according to Caim 19 wherein sai,d 004
passi vation | ayer conprises one of the group containing: silicon n?tNQ%k;
silicon carbide, silicon oxynitride. 2. The nmethod accordi-ng to Caim19
further ~conprising patterning said passivation layer to forma hard mask
wherein sai,d hard mask is used in said step of patterning said danmascene

i nt er connect’ %ﬁfh¥QQHﬁ¥ﬂﬁ?§§)%%nﬁﬁnﬁﬁbﬁ%Fﬁ1ﬁ?ﬁ?bdﬁﬁ%é$am%§R9Q$i n the

- manufacture of an integrated circuit device conprising: depositing a first
di el ec“t%%r‘?%ﬂ}bﬁcﬁ/e]raii%ﬂ@e Prslehitesridictlf hllsd stawmwherdtresai d

sem conductor substrate conprises all layers and devices formed prior to
sai d dépoHticing ofa salwrd i2@4 tiwd degeari Edmnyest dandmwherpeim said first
dielectric layer may conprise a stack of dielectric materials; patterning
sai d feostiai ebfcthe cldmysren® fidtemddranaites fag. plarnecttarmscene

i nterconnects; depositing an insulating |ayer overlying said first

di el ectovier |@yeri@andndy mag 5@l ch 1reNGHEeS ;cuct2d-NAM P4 @ni sot ropi-cal 'y
etching down said insulating layer to forminsulating | ayer spacers on the

si dewafdise ofh$@ihd T@ﬁ%g@eﬂﬂﬁié%@?ﬁncgru el | g, barrier layer overlying

said first dielectric |ayer and sai ayer spacer, and lining

sai d tg, 'I_ls];e‘g@f)q&é%g??le %]ge)glp(% Sayﬁ‘lre Oéloer%%étgjm Sa]itjg-begsgr tive barrier

| ayer -an I ng sai pol shi'hg do %i yer and said

conducti ve barrier. layer to confine said copper |ayer. and said conductive
barri gfrh?%%/%(;?r%’oe%}é?lﬁgtjr%rfb%é’éo Ho theére s of i PR cene
interconnects; depositing a passivation |ayer overlying said damascene

i nt er COMHRE TR S I D ek celie CMFIG Ve dyieres % i nsul ati ng | ayer

‘spacers, and said first dielectric |ayer wherein the presence of said
passivation |ayer overlying said first dielectric |ayer prevents copper
diffusion into said first dielectric |ayer;
The presence of the passivation layer 430 prevents

diffusion of metal ions, particularly copper, into the

second dielectric layer 172. After the metal etching

process, the photoresist laver 192 and 196 and.the BARC

layer 194 are removed, preferably by using solwent

strippers thalt are compatible with a copper metal layer

188, Oxygen ashing can be used, however, a hydrogen or

ammonia plasma treatment may be needed to subsequently

remove the copper oxide. The process of the present

invention may be completed as disclosed above in the first

embodiment.

A sixth preferred embodiment of the present invention

is now disclosed. A passivation layer is herein




- patterning said damascene interconnects to formvia plugs in an yp
‘portion of said damascene interconnects wherein said patterning 20@@%@9“4
partially etching down 68 22 NOV 2004 sai d damascene interconnects,
wherein a via mask overlies and protects portions of said damascene

interc s fromsaid.etching down, wherein a trench k overlies and
pr ot eclitg_{s}’%s |odrq‘qera$tlngioelt 3 ﬁrc%ei&erlnfvre & eéﬁ‘rﬁrézrﬁ S on during said
et chi ng _down; wherein the presence of said_insulating |ayer spacers

pr everflL Eph o RATF i S MeFahildar St i@ edntic idemludfd wherei n
portions of said damascene interconnects partially etched down form
condu@Y CIMMEE LR plodias P hdridditddavale Hariit@rdapactover| yi ng sai d
first dielectric |ayer, said conductive lines, and said via plugs; and
deposi e frj wi e corril ditet g6t i & dyer rowerdsd nof sdie Miorsitonduct i ve barri er
|l ayer and filling gaps caused by said patterning of said copper. |ayer to
conpl gtme Sar ckdredrabod imearic drmentspenddd iar ide yrrnufactiurewir s d
integrated circuit device. 23. The nmethod according to Claim 22 wherein

sai d fan@trrh edb@edudC Ve r SR SRS 0N of rd he raiR Aowindpped silicon
di oxi de (Si 02), fluorine-doped silicon dioxide, phosphorus-doped silicon

di oxi ;oped siyd ég%} | axi 0 d

bor onfjjg%%gﬁiés}ﬁl con dﬁo%%h%ea%%so{:@/ope Aisr?q ic}{édo‘ﬂepcﬁlg%cgfei@%ir%a%c

pol ynmet s rogendoped silicon dioxi.de,, and porous conbi nati oans of any of
‘the gcb:l;olv%‘ %?’erfgé sS.B?'gl.' pﬁleef‘?ﬁ%ae%%%% e Z’ng%e%ﬁ nsaid .
condugiive barrier_layer conprjses one of the group of: titanium titanium
ni tri dEEPISMtHPUMT (2AREF T 19T dB YTl eV er k¥ ine, the rarst .
metal -silicon-nitride (Wi xNy), and ternary netal -boron-nitride (VWBxXNY~,
and coMftREiBHe bavenyl ¥, tHee aial nenfteonett neand idis. 25. The net hod
accarding to Caim22 wherein said nonconductive barrier |ayer conprises
one ofcemdugtiup wirrisit ilremii40 deThsipd soivatardn desyerarddh nitri de,
boron nitride, carbon boron nitride, and silicon oxynitride. 26. The nethod
accor diongpt Ds€3 abme 22F Wies ef o sl cbnthsid Bid Nos 1 BY@sn copPri§es one of the

group of: silicon nitride, silicon oxynitride, silicon carbide, and boron
nitridei1¥&n carbide, silicon oxynitride, and BLok (Applied
Materials Corporation). The passivation layer 440 is

deposited to a thickness of between about 50 Angstroms and

3,000 Angstroms.

Referriﬁg now to Fig. 30, an organic bottom anti-
 reflective coating (BARC) layer 149, as disclosed above in
the first embodiment, may optionally be applied overlying
the passivation layer 44Q. A photoresist layer 148, 152 is
applied overlying the BARC layer 149. After development,
~the photoresist layer 148, 152 remains.overlying the first

dielectric layer 132 and the damascene interconnects 144
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22 NOV 2004 27. The nethod according to Caim22 further conpriszg?. V.. 2004
patterni ng said passivation |ayer to forma hard nask wherein sa ﬁg}d
mask is used in said step, of patterning said damascene interconnects. 28.
A nethod to form copper interconnect levels in the manufacture of an

i nt egr.at: i i vice conpri.sing:_ depositing,a first dielectric |ayer
over | yﬁlgl%aq{s%%%cogvﬁgﬁicr{agra ssuegﬂ;etcrtﬁ&;%{mg} & tgjaei gjaéréarﬁ%ed}?duct or substrate
conprises all |ayers and devices forned prior to said depositing of said ‘
first d'EEETI%Y%yer and wherein said first dielectric |ayer may conprise
~a stack of dielectric materials.; patterning said first dielectric |layer to
formtrenches for planned damascene interconnects; depositing a conductive -
barrier layer overlying said first dielectric layer and |ining said _
trenches; d&fesitingg nevedpperid aydlrr dved IBARY suiedk cotRivotd vishdarri er | ayer
and filling said trenches; polishing dow said copper |ayer and said
conduqdseai widrirarerl dererd 4o aonfatreheshidbwoppeind ayeslamek-said 22 NOV2004
conductive barrier layer to said trenches and to thereby form said

danmascens dtd®raonaadtsingepasidddy  arassi dad ofs 4 avesd Qi’lgg“ ying said
damascene i nterconnects, said conductive barrier layer, and said first

di el ecdtdrti dRYSHoddLruA A e&ﬁ'@'éﬁé}ﬁ&ﬂp%@%n PRsL | aver and

said barrier” l'ayer. patterning sald passivatio damascene
i nt erc&nqﬁ%{ or m Vi | ugs in an upper portion of said damascene
i nt er connec eg C\glﬁegrheél n@%ialﬁogplpnﬁt%arsn%sn'g fcjjol‘ﬁ%?(f‘gae’%bcffh’rt' 95t chi ng down said
damascene .i.nterconnects erein a via mask overlies and protects portions
of sai %’%ﬁﬁ&ﬁé‘%@hﬁ@%b’t stn]fur%‘?ﬁ%%d FtRR Yy FREOGHER@In a trench
mask overlies and protects said first dielectric layer from copper
cont arHaiG B d W FP M d FEXIRThg BT Gdier eiNothelipriesencehs sai d
passivation layer overlying said first dielectric layer prevents copper
di f f ustidrodimentsdilte fdrsteditelrer tpiocd sy etoe antbwher @i ntipormétons of sai d
damascene interconnects partially etched down form conductive |ines;
deposildaywy adonconductive barrier layer overlying said first dielectric
| ayer, said conductive lines, and said via plugs; and 22 NOV 2004
Referring now to Fig. 32, the metal layer 144 is

etched down using a wet etch process to form via plugs 160.

The etching process is timed such that the damascene

interconnects 144 are only partially etched down. After

the etch, via plugs 144 have been formed in an upper

portion of the damascene interconnects 160. The remaining

lower portion may now be called the conductive lines 156.

Note that the via plugs 160 are formed from the same metal

layer 144 as the conduciive lines 156. Therefore, there is

no possibility of the via plugs 160 being misaligned to the

conductive lines 156.
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depositing a second dielectric |ayer overlying said non- conductlz gﬁﬂfgﬁﬂ4
| ayer and filling gaps caused by said patterning of said copper eé
conplete said netal interconnect |level in the manufacture of said
integrated circuit device. 29. The method according to C aim 28 wherein
said first dielectric |ayer conprises one of the group of: undoped silicon
di oxi de (Si02) fl uori ne-doped silicon di oxi de, phosphorus -doped silicon

- di oxi de, lﬂggﬁg d hasphor us boron doped silicon

di oxi de, ca;gg - ope sf*fg%h OXI 36¥b§ﬁ1 §1 ogendoped
silicao rous conbi atl ns of an of t he above materials. 30.
The rrle{ﬁff{dfc]'P ccr%)rd'fl 1AID él At5n éﬁa’{q/&fé? 94 190 <P uctihRe B rier |ayer
conprl %ﬂ? of titanium titaniumnitride, tantalum :
t ant al ?ﬁt JI rdﬁg 5439 TN (e metEdl gt -cohe tri de (WS xNy),

and ternary netal -boron-nitride (VWBxNY~, and conbi nations of any of the
above RRREQ %A heltsrdml 518 ampd NGV 2aD 4181 BARE Iregtehod 4 caradi ng to O ai m
28 wherein sai d nonconductive barrier |ayer conprises one of the group of:
sili cortmippediewasi | | Guilwarthigteri mparbom i tgradRardrorondiid rdide; carbon
boron nitride, and silicon oxynitride. 32. The method according to C aim 28

furt heare argudsd Ngle AERASId i st Ati A | ay%@@{'é@ﬂﬁggﬁ' d first
(6]

dielectric layer and |ining sald trenches after sail patterning
said fdaﬁtapacﬁlr?é:tdééalax% wort Or Myl cf‘fbglﬁe Fa i AYLE

damascene. |nterconhects d;aﬁ§sotrdylc %ﬁcrﬁﬁg %’ l%ﬁﬂa |nsulating
layer .0, £k 'Héyfﬁé %%§%3 q%the S|demaluf of said. trenches
prior to said st p03| |ng ORIt VEHRST iR Iy Wheri n t he
presence of sald i atin I er_spacers prevents copper diffusion into
sai d &ﬁ} S W BT CA %‘é Hg"‘ Ci'ftﬁ%’ MG d P30 i@ @i m 28 wherein
sai d passivation |ayer conprlses one of the group containing: silicon

nitri deYe 4 i JOF RAWRS Qff Itheorprseant rinention ey NOLR0s% 34. The
met hod according to Caim28 further conprising patterning said passivation

| ayer ¢andletach dmrdi smistcatherteive siai dHearfl s kenitsodisechti n sai d step of
patterni ng said damascene interconnects. 75 .A(E AEADb A .A<b.AEA
b.A<).A<b.A,<b.A<).AYE.A)YE.AY.A).AYE.AY).AFV).A,YE.Ay).AIY.AIv.AY).A,Y.Av.
AlLY. A V. A v. AFv. A YE. Av). AY) . AVE. A@) . AeY. Av. Av) . AHv. AYE. A v) . Av. Av) . Aev) . A

A A A AN IR S A Wh Aol A A A AALA A
A VAL LAK A LAI() LA A(LA AK LA LA(, PE+Z{% , 1=r V<oz
invention is now dlsclosed. A passivation layer is herein
incorporated into the present invention to enhance the
process capability during second-level metal layer etching
into vias plugs and conductive lines for an upper level of
interconnect. Referring again to Fig. 10, the process of
the first preferred embodiment is suspended after the
eecond—level metal layer 188 and the second-level
conductive barrier layer 184 are polished down to form

damascene interconnects. Referring now particularly to Fig.

33, the seventh preferred embodiment initiates with the
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}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c, a] ca] ca] ca] %akcﬁélfajﬂﬁf
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c, a! !
ZN) 2c=vF| } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c-

‘a] ca] ca] ca] ca] ca] ca] ca] cal ca]calca]ca]calc aJcalcalcalca]jcalcaljc ajca!V:qg,h

o L Aol e paasnil e Al sta Al i) 3 gl cal cal cal

caj ca] ca] calc

' a] caj Cﬂ&ﬂé@f@]faaj}ecra]lcﬂ tﬂecaslecon 5#&%#&%$%%$%$%WQWQ&%&& OBEwW)
’;é?igi ] Z aﬁ%ar](ilallc%a;aejcjf:t]aﬁccgﬁué]ﬁcjg]fl g%‘cﬂfai CL«aly a}:] cag] ca] c a] ca] ca] ca] ca] ca] ca]

+E+| +, -/ /| <2C272223V333n444446F6~6667} xsni d Z] ] cal ca] ca] ca]ca]calc

a] ca] RATH @ e e c%ﬁ(caﬂ%fé]lcla‘]%]%a] ©fa]tds @yueE] cal calcal calc

a)J ca] ca] ca] ca! 78=8t 8889P999: : @Vvy: : : #;;
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Referfing'now to Fig. 35, the second-level metai layer

188 is etched down using a wet etching process to form via
'plugs,204. The etching process is timed sucﬁ that the
damascene interconnects 188 are only partially etched down.
After the étch, via plugs 204 have been formed in an upper
portion of the daméscene interconnects 188; The remaining
lower portion'may now be called the conductive lines 200.

- Note that the via plugs 204 are formed from the same metal

- layer 188 as the conductive lines 200. Therefore, there is
no possibility of the via plugs 204 being misaligned to the

conductive lines 200.

The presehce of the passivation layer 450 prevents
diffusion of metal ions, particularly copper, into the
second dielectric layer 172 during the metal etch. The

.photoresist layer 192 and 196 and the BARC layer 194 are
étripped away. Solvent strippers are preferably used that
are compatiblerwith a copper metal layer. Oxygén ashing
can also be-used.. However, a.hydrogen or ammonia plasma

- treatment may be needed to remove the copper oxide prior to
the subsequent deposition of the nonconductive barrier
tayer. The process of the present invention may then be

completed as disclosed above in the first embodiment.
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U& () - &véH¥%lﬁ&(Q ﬁ@f“éfsclosed A pa381vatlon layer is herein

| incorporatéd 1nt§ the present invention to enhance the
process capability of metal layer etching into vias plugs
and conductive lines for a first level of'interconnect and
to act as a hard mask for the metal layer etch. Referring
again to Fig. 5, the process of the first preferred
embodiment is suspended after the métal layer 144 and the
conductive barrier layer 140 are polished down to form
damascene interconnects. Referring now particularly to Fig.
36, the eighth preferred embodiment initiates with the
deposition of a passivation layer 460 overlying the first
dielectric layer 132, the metal layer 144,.and the
conductive barrier layer 140. The passivation layer 460
~comprises one of the group containing: silicon nitride,
silicon carbide, silicon oxynitride, and BLok {Applied

-.Materials Corporation). The passivation layer 460 is

deposited to a thickness of between about 50 Angstroms and

3,000 Angstroms.

Referring now to Fig. 37, an organic bottom anti-—
-reflective coating (BARC) layer 149, as disclosed above in

the first embodiment, may opticnally be applied overlying
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the passivation layer 460. A photoresist ;ayer 148, 152 is

applied overlying the BARC layer 149. After development,

the photoresist layer 148, 152 remains overlying the first

dielectric layer 132 and the damascene interconnects 144

while not covering a selected part of the damascene

interconnects.

- Referring now to Fig. 38, the BARC layer 149 and the
passivation layer 460 are etched down using a plasma-
assisted dry etching process. The plasma—assisted dxry
etching process using an etching ghemistry comprising one
'or more of the following gases: fluorccarbon, fluorine-
substituted hydrocarbon, fluorine, chlorine, hydroparbon,
nitrogen, hydrogen, oxygen, and argon. Note that in this
embodiment the dry-etching process does not etch the metal

layer 144.

Referring now to Fig. 39, the photoresist layer 148
and 152 and the BARC layer 149 are stripped away. Solwvent
strippers are preferably used that are compatible with a
copper metal layer. Oxygen ashing can alsc be used.
However, a hydrogen or ammonia plasma treatment may become
optional.to remove the copper oxide pﬁior to the subsequent

deposition of the nonconductive barrier layer.
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144 etching prbcess may comprise a wet etch. Conversely, a

plasma~assisted dry etch may be used. The plasmafassisted

dfy etching comprises one or more of the following gaseé:

flucrocarbon, fluorine-substituted hydrocarbon, fluorine,

chlorine, hydrocarbon, nitrogen, hydrogen, oxygen, BCli, and

argon. The etching process is timed such that the damascene

interconnects 144 are only partially etched down. After

the etch, via plugs 144 have been formed in an upper

.portion of the damascene interconnects 160. The remaining

lower portion may now be called the conductive lines 156.

Note that the via plugs 160 are formed from the same metal

layer 144 as the conductive lines 156. Therefore, there is

no possibility of the via plugs 160 being.misaligned to the

conductive lines 156.

For either wet or dry etching, the presence of the
conductive barrier layer 140 and the passivation laver 460
‘prevent diffusion of metal ions, particularly copper,  into

the first dielectric layer 132 during the metal etch. The
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| & () Prddeb@data®i()ity Suring second-level metal layer etching
“into vias plugs and conductive lines for an upper levelnof
interconnect and to act as a hard mask for the metal layer
etching. Referring'again to Fig. 10, the process cf the
first preferred embodiment is suspended after the second-
level metal layer 188 and the second-level conductive
barrier layer 184 are polished down to form damascene
interconnects; Referring now particularly to Fig. 40, the
ninth preferred embodiment initiétes with the deposition of
a passivation layer 470 overlying the second dielectric
layer 172, the second-level metal layer 188 and the second-
level conductive barrier layer 184. The passivation layer
_470 comprises one of the group containing: silicon nitride,
silicon carbide, silicon oxynitride, and BLok by Applied
Materials Corporation. The passivation layer 470 is
deposited to a thickness of between about 50 Angstroms and

3,000 Angstroms.
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0%&.é$.%% ﬂ 4 The photore31st layer 192 and 196 is
exposed and developed as in the second level process of the

first embodiment.

Referring now to Fig. 41, the BARC layer 194 and the
passivation layer 470 are etched using a plasma-assisted
dry etch. The plasma-assisted dry etch is performed using
an etching chemistry comprising one or more of the
following gases: fluorocarbon, fluorine-substituted
hydrocarbon, fluorine, chlorine, hfdrocarbon, nitrogen,
hydrogen, oxygen, and argon. Note that the second-level

metal layer 188 is not etched at this point.

Referring now to Fig. 42, the photoresist layer 192

and 196 and the BARC layer 194 are removed. Solvent

- strippers are preferably used that are compatible with a
copper metal layer. Oxygen ashing can also be used.
However, a hydrogen or ammonia plasma treatment may beacome
optional to remove the copper oxide prior to the subsequent

déposition of the nonconductive barrier layer.

54




M 10%& () - f c100& ()-10! 10%&' ()- ] UUUBVEVFVGVHVAYNC! 10 10
10910%& () - f 6F10%& () -f3109%& ()-f 10! 10%& ()-=I/10%& ()- HVTVWWé
i11098& ()- ,1098& ()-, 109B& ()-, 109B& ()-,f 109B& ()- W109B& () -

zzzZ[[[

[1[-[xnbCl %r10%& ()-= 108 108 1089109%B& ()-,6 10%B& ()- ,3- 109B& () -
11098& ()--[[]F I'T KL X ~ @ff10%& ()-W10%& ()- 10 10
10: 109& ()-!11109& ()-SfO! 10%& () - # | aaabl bde~ Of 10%&'() f10%& ()-fc

109/ 087 6V#109& 09& ddde E~ @f 34
0%&'2% f218§ﬁ g%ﬁ@T 5Y&: Tg%agl %&9E§l?§?é F?hﬁ $69& FP- zexe[ e\ e] enej

ef fbCly’ 109B&’ ()-| 1 10988’ (% 109%8& ()-= 10 10 10: 109%& () -1 Vé-
109%& ( FOFRGVABi Bi-regesRedr / b%at(lillpg PUPSESE) IRY DPHYBRTPYiFEHa
10988&' ()-10! 109B& ()-VI 109B& ()-ijKjjjjjjjxnmbC %10% ()-= 108 108

wet etch. Conversely, a plasma-assisted dry etch may be
used. The plasma-assisted dry etching comprises one or more
of the following gases: fluorocarbon, fluorine-substituted

hydrocarbon, fluorine, chlorine, hydrocarbon, nitrogen,

~hydrogen, oxygen, BCl;, and argon. The etching process is

timed such that the damascene interconnects 188 are only
partially etched down. After the etch, via plugs 204 have

been formed in an upper portion of the damascene

interconnects 188. The remaining lower portion may now be

called the conductive lines 200. Note that the via plugs

204 are formed from the same metal layer 188 as the
conductive lines 200. Therefore, there is no possibility of

the via plugs 204 being misaligned to the conductive lines

200.

The presence of the passivation layer 470 prevents

diffusion -of metal ions, particularly copper, into the

second dielectric layer 172 during the metal etch. The
photoresist layer 192 and 196 and the BARC layer 184 are
stripped away. Solvent strippers are preferably used that

are compatible with a copper metal layer. Oxygen ashing
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For either wet or dry etching, the presencé of the
" second~level conductive barrier layer 184-and the

passivation layer 470 prevent diffusion of metal ions,

particularly copper, into the second dielectric layer 168

and 172 during the metal etch. The process of the present

invention may then be completed as disclosed above in the

first embodiment.

As shown in the preferred embodiments, the present
invention provides a very manufacturable process for

forming metal interconnect levels in an integrated circuit

device.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that variocus changes in form and details may be made

without departing from the spirit and scope of the
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barrier layers and conductive metals, it will be understood
by those skilled in the art of microelectronics and
multilevel interconnects that it is not limited to such

materials.

What is claimed is:

57




108 108 108910%8& () -, 96} 1098& () -, 410%8& () - )[46}"SH:' 108 108 |
.10891098& ()-11/110%BB& ()-1,"M 10%8& () -t plo%r& ()-P., - 2 2 NOV 2004
10988& ()- @ UdESHE! 10c 109%& ()- 109&' ()-3yl09%& ()-#10%& ()- f 10%& ()-
010%& ()-=" =n/ aBSHE! 102 109%& ()-#i!109%&' ()- 109%& ()- 109%& ()-L! 10%& ()-

| @ p#10%; ()-/ibCl 1010%6G8& ()-%r10%& ()-= 10 10 10| 9109 () 96F 109%& () - 4,
10% () - QTUVEXmDC  10109%9& ()-= 10G 10G

1. A method to form metal interconnect levels iﬁ the
manufacture of an iﬁtegrated circuit device comprising:

depositing - a first dielectric layer overlying a
semiconductor substrate wherein said semiconductor
substrate compriSes.all layers and devices formed ﬁrior to
said depositiﬁg of said first dielectric layér and Wherein
said first dielectric layer may comprise a stack of
dielectric materials;

patterning said first dielectric layer to form
trenches for planned damascene interconnecis;

depositing an insulating layer overlying said first
dielectric layer and lining said trenches;

anisotropicaliy etching down said insulating layer to
form insulafing layer spacers on tﬁe sidewalls of said
“trenches whereinrthe presence of said insulating layer
spacers prevents metal diffusion into said first dieleétric
layer;

depositing a conductive barrier layer Qverlying said
first dielectric layer and lining said_trenchesj

depoéifing a metal layer overlying said conductive -

barrier layer and filling said trenches;
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. conductive barrier ayer to said trenches and to thereby

form said damascene interconnects:'

- patternihg said démaééene interconnects to form via
plugs in:an ﬁpper portion of said damascene interconnects
Qherein said patterning comprises partially etching down
said damascene interconnects, wherein a via mask overlies
and protects portions of said damescene interconnects from
said etchiﬁg down, wherein a trench mask overlies and
protects said first dielectric layer from metal
contamination during said etching down, and wherein
portions of said damascene interconnects partially etched
down form coﬁductive liﬁes;

depositing a nonconductive barrier layer overlying
said first dielectric layer, said conductive lines, and
. said via plugs; and
depositing a second dielectric layer overlying said
::Qon—conductife.barrier layér and filling gaps caused by
said patterning of'said copper layer to cpmplete said metal
.interconnect level in the manufacture of said integrated

circuit device.
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'72; The method acéording to Claim i wherein said first
dieiectrié-layer comprises éne of the group of: undoped
“silicen dioxide (Si02), fluorine-doped silicon dioxide,
phosphofus—doped éilicon dioxide, boron-doped-siliéon
dioxide, phospheorus and boron-doped silicon dioxide,
carbon—doped silicon'dioxide, organic polymers, hydrogen—
doped silicon diocxide, and porous coﬁbinations of any of

the above materials.

_3. The method according te Claim 1 wherein said conductive
barrier layer comprises one 6f the group of: titanium,
titanium nitride, tantalum, tanﬁalum nitride, tungsten
nitride, ternary metal-silicon-nitride (WSiiNy), énd ternary
metal-boron-nitride (WBQ@{, and combinations of any of the

above mentioned materials.
4. The method according to Claim 1 wherein said metal layer

comprises one of the group of: copper, copper alloys,

-aluminum, and aluminum alloys.
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5. The method according'to Claim 1 wherein said etching
down of_said damascene interconnects is by one of the group

of: wet etching and plasma-éssisted dry etching.

6. The method according to Claim 1 wherein said
nonconductive barrier layer comprises one of the group of:
silicon nitride, silicon carbide, carbon nitride, boron

nitride, carbon boron nitride, and silicon oxynitride.

7. The method according to Claim 1 wherein said secbnd
dielectric.layer comprises one of the group of: undoped
siliéon dioxide (5102), fluorine-doped silicon dioxide,
phosphorus—-doped. silicon dioxide, boron-doped silicon
dioxide, phosphorus and bo:on~doped silicon dioxide,
carbon-doped silicon dioxide, organic polymers, hydrogen-
doped silicon dioxidé, and porous combinations of any of

‘the above materials.

8. The method according to Claim 1 further comprising-
depositing an etch stopping layer overlying said
semiconductor substrate prior to said step of depositing

sald first dielectric layer.
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9. The method accordihg to Claim 1 wherein said insulating
layer comprises one of the group of: silicon nitride,

silicon oxynitride, silicon carbide, and boron nitride.

10. The method according to.Claim 1 further comprising
_depositing a passivation layer overlying said daﬁascene
interconnects, said conductive‘bérfier layer, and said
_first qielectrié laver after said step of polishing down
said metal layer and said barrier layer wherein the
presence of said passivation layer overlying said first
dielectric layer prevents metal diffusipﬁ into said first

dielectric- layer.

11. The method.aécording to Claim 10 ‘wherein said
passivation layer comprises one of the group containing:

silicon nitride, silicon carbide, silicon oxynitride.

12. The method according to Claim 10 further comprising
patterning said passivation layer to form a hard mask
wherein said hard mask is used in said step of patterning

said damascene interconnects.
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'13. A method to form copper interconﬂect levels in the
manufacture. of an integrated ciréuit device comprising:

depositing a first dielectric .layer overlying a
‘semiconductor Substrate wherein saidléemiconductor
-sﬁbstrate.cpmprises all layers.and_devices formed prior to
said depositing of said firét_dielectric layer and wherein
said first dielectric layer may comprise a stack of
dielectric materials;

patterning said first dieleétfic layer to form
trenches for planned damascene ihtercdnnects;

depositing an insulating'layer overlying said first
dielectric layer and lining said trencﬁes;

anisotropically.etchingndown said insulating layer to
.form insulating layer'spacers'on the sidewalls of said
trenche% wherein the presence of said insulating layer
spacers'prevents metal diffusion into said first dielectrié'
layer;

depriting a cbnduCtive barrier layer overlying said
'first dielectric layer and iining said trenches;

depésiting a copper layer overlying said conductive

barrier layer and filling said trenches;
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polishing down said copper layer aﬁd said conducﬁive
barrier layér_to confiné'said copper layer and said
conductive barrier layer to said trenches and to thereby
forszaid damascené interconnects;

pattéfﬂing-gaid démasééne interconnects to form via
plugs in an_upper pofﬁion oftsaid damascene interconnects
wherein said patterning comprises partially.etching down
said damascene "interconnects, wherein a-ﬁia mask cverlies
§nd prptects poftions of said damascene interconnects from

- said etchiﬁg.down, wherein a trench mask overlies -and
protects said first dielectric layer from copper
contamination during said etching down, and wherein

- portions of said damascene interconnects partially etched
down form coﬁductive.lines;

"depositing a nonconductive barrier layer overlying
said first_dielecﬁficllayer, said conductive lines, and
said via plugs: and

dépositing a second dielectric layer overlying said

. non-conductive barriei layer and filling.gaps caused by
Said patterning of said copper layer to complete said metal
interéonnect level in the manufacture of said integrated

circuit device.
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14. The method éécprding'io Claim 13 wherein said first
dielectric lavyer domprises-one'of the"group of: undoped
-silicon dioxide (5i102), fluorine—déped silicon dioxide,
phosphorus—doped silicon'dioxide, bofonndoped siiicon
dioxide, phosphorus and 5oron—doped silicon dioxide,
‘carbon-doped silicon dioxide, organic polymers, hydrogen-
doped silicon dioXide, and porous combinations of any of

. the above materials.

15. The method according to Claim 13 wherein said
conductive barrier layer comprises one of the group of:
titanium, titanium nitride, tantalum, tantalum nitride,
tungsten nitride, ternary-metal—silidon—nitride (WS1iuNy) ,
and fernary metal-boron-nitride (WB,Ny,, and combinations of

any of the above menticned materials.

16. The method accordinglto Claim 13 wherein said
-nonconductive barrier layer comprises one of the group of:
silicon nitride, siliéon carbide, carbon nitride, boron
nitride, carbon

boron nitride, and silicon oxynitride.
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'17. The method according to Claim 13 further comprising
depositing an etch stopping layef.overlying said
semiconductor substrate prior to said step of depositing

Said first dielectric layer.

18. The method according tc Claim 13 wherein said
insulating layer comprises one of the group of: silicon
nitride, silicon oxynitride, silicon carbide, and boron

nitride.

19. The méthod accdrding to Claim 13 fufther comprising
depositing a paSsivation'layer overlying said damascene
“interconnects, éaid conductive barrier iayer, and said
first dielectric layer after said step of polishing down
said copper layer and said barrier layer wherein the
_préseﬁce of saild passivatioh iayér overlying said first
dieleétric layer prevents copper diffusion into said first

dielectric layer.
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20. The method according to Claim 19 wherein said
:passivation layer comprises one of the group containing:

silicon nitride, silicon carbide, silicon oxynitride.

21. The method according to Claim 19 further comprising
patterning said passivation layer to form a hard mask
wherein said hard mask is used in said step of patterning

said damascene interconnects.

22. A method to fofm copper interconnect levels in the
_ manufacture of an integrated circuit device comprising:

depositing a first dielectric layer‘overlying a
semiconductbr substrate wherein said semiccenductor
substrate comprises all layeis and devices formed pricr to
said depositing_of said first dielectric layer and wherein
said first dielectric layer'may comprise a étack.of
dielectric materials:

patterning sald first dielectric layer to form
trenches for planned damascene interconnects;

 depositing an insulating layer overlying said first

dielectric layer and lining said trenches;
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aﬁisotropically etching down said insulating layer to
‘form insulating layer.spacers on the sidewallé of said
trenches;

dépositing a conductive barrier layer overlying said
first diélectrié layér and.said insulating layef spacer,
and lining'séia trenches;

depositing a copper layer overlying said conductive
barrier layer and filling said trenches;

polishing down said coppef layer and said'conductivé

_barfief layer to confine said copper layer and said

conductive barrier layer to said trenches and to thereby
form said damascene interconnects;

depdsiting a passivation layer overlying said
damaséene interconnécts, said conductive barrier laver,
said insulating layer'spacers; ahd‘said-first dielectric
iayer wherein the presencé.of said passivation layer
overlying said first dielectric layer prevents copper
diffusion into said firét'dielectric layer;

patterning said damascené interconnecis to form via
ﬁlugs_in an upper portion of said damascene interconnects

wherein said patterning comprises partially etching down
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said damascene interconnects, wherein a via mask overlies
-and protects-portions.of said damascene interconnects from
said etching down, wherein a trench mask overlies and
-protects said first dielectric layer from copper
'contamination during said etching.down,.wherein the
presence of said inSulating layer spacers prevents copper
diffusion into said first dielectric leyer, and wherein
portions of said damascene interconnects partially etched
down form condnctive lines;

depositing e'nonconductive barrier layer overlying
said first dielectric layer, said conductive lines, and
said via plugs; and

depoeiting a second dielectric layer cverlying said
non—ccnductive-berrier layer and filling gaps caused by
'said“patterning of said'copperflayet to complete said metal .
interconnect level in the manufacture of said integrated

circuit device.

'23. The method according to Claim 22 wherein said first
dielectric layer comprises one of the group of: undoped
'silicon dioxide (85102), fluorine-doped silicon dioxide, -

phospherus-doped silicon dioxide, boron—doped silicon
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dioxide, phosphorus'and boron-doped silicon dioxide,
'carbon—doped-silicoﬁ dioxide, organic polymers, hydrogen-
doped silicon dioxide, and porous combinations of any of

the above matetials.

24. The method_according to Claim 22 wherein said
conductive barrier layér cbmprises one of the group of:
“titanium, titanium nitride, tantalum, tantalum nitride,
tungsten nitride, ternary metal-silicon-nitride (WS1i4Ny),
and ternary metal-boron-nitride (WB4Ny, and combinations of

any of the above mentioned materials.

25. The method accerding to Claim 22 wherein said
nonconductive barrier layer comprises one of the group of:

- silicon nitride, siiicon cafbide, carbon nitride, boron
nitride, cérbon

boron nitride, and silicon oxynitride.

26. The method according to Claim 22 wherein said
insulaﬁing laver comprises one of the group of: silicon
nitride, silicon oxynitride, silicon carbide, and boron

nitride.
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27. The method according to Claim 22 further comprising
'patterning said passivation layer to form a hard mask
wherein said hard mask is used in said step of patterning

~said damascene interconnects.

.28. A method to form copper interconnect levels in the
manufacture of an_integrated.circuit device comprising:

depositing a first dielectric layer overlying-a
semiconductor substraté wherein sald semiconductor
substrate comprises all layefs and devices formed prior to
said depositing.of said first dielectric layer and wherein
said first dielectric layer may comprise a stack cf-
dielectric materials;

patterning said first dielectric.layer to form
trenches for plaﬁned daméscene interconnects;

depositing a_conductive barrier layer coverlying said
first dielectric layer and lining said trenches;

deppsitiﬁg a:copper layer overlying said condUctive
barrier laver and filling said trenches;

polishing down said copper layer and said conductive

barrier layer to confine said copper layer and said
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;onductivé barrier layer to said trenches and to thereby
form said damascene interconnecté;

dépositing a péssivation.layer overlying said
damascene_interconnects,'said conductive barrier layer, and

‘ said first dielectrié léyér after said step of polishing
down said ﬁdpper layer and said barrier layer.

pattefning said passivation layer and said damascene
. interconnects to form via plugs in an uppér portion of said
damascene intercennects wherein said patterning comprises
partially etching down said damascene interconnects,
wherein a via mask overlies and protects pcecrticns of said
damascene interconnects from said etching down, wherein a

" trench mask overlies and protects said.first dielectric
layerAfrom copper contamination during said etching down,

. wherein the presence of said pasgivation layer overlying
said first dielectric layer prevents copper diffusion intq
said first dielectric layer;:and wherein portions of said
damascene interconnects partially etched down form
conductive lines;

depositing a nonconductive barrier layer overlying
said first dielectric layer, éaid conductive lines, and

said via plugs; and
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interconnect level in the manufacture of said integrated

circuit device.

29. The method according to Claim 28 wherein said first
.dielectric layer comprises one of the group of: undbped.
silicon dioxide (S5i02), fluo:ine—doped'silicon dioxide,

pﬁosphorus—doped silicon dioxide, boron-doped silicon
dicxide, phosphorus and boron-doped silicon dioxide,
carbon-doped silicon dioxide, organic polymers, hydrogen-
doped silicon dioxide, and porous combinations of any of

the above materials.

30. The method according to Claim 28 wherein said
_conductive barrier layer comprises one of the group of:
titanium, titanium nitride, tantalum, tantalum nitride,
' tungsten nitride, ternary metalfsilicon—nitride (WSi,Ny),
and ternary metal-boron-nitride (WBgN,), and combinations of

:any'of the above mentioned materials.
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31. The method.accbrdiﬁg to Claim 28 wherein said
nonconductive barrier layer comprises one of the group of:
silicon nitride, silicon carbide, carbon nitride, boron
nitride, carbon

boron nitride, and silicon oxynitride.

32. The method according to Claim 28 further comprising:
depositing: an insulating layer overlying said first
dielectric layer and lining said trenches after said step
of patterning said first dielectfic layer to form trenches
. for planned damascenelinterconhects; and
‘anisotropically etching down said insulating layer to
form insulating layer spacers on the sidewalls of said.
trenches prior to said step of depositing a conductive
barrier laYer wherein the presence of said insulating layer.
" spacers prevents copper diffusion into said first

dielectric layer.
33. The method according to Claim 28 wherein said

passivation layer comprises cne of the group containing:

silicon nitride, silicon carbide, silicon oxynitride.
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' 34. The method according'to Claim 28 further comprising
patterning said passivation layer to form a hard mask
wherein said hard mask is used in said step of patterning

said damascene interconnects.
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