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A REVERSED DAMASCENE PROCESS FOR MULTIPLE LEVEL

INTERCONNECTS

BACKGROU&D OF THE INVENTION

(1) Field of the Invention

-Thé.invenﬁion relates to a method of fabricating .
semiconductdr 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
dual damascene schemes facilitates the use Of.copper for
interconnects. <Copper offers significant advantages due to

its low resistivity when compared to aluminum. -

‘Referring now to Fig. 1, a prior art dual damascene
structure is illustrated. 1In this cross-sectional .

L . . . ' '
representation, three interconnect levels are shown. A

-



substrate 10 contains wvia plugs 18 that connect, for

4.

example, to an underlying transistor junction. {not shown).

The fornatlon of tne 'single danescen £

=

5t ilgve

interconnect layer is.as fcllows.yThe intermetal dielectric
- (IMD) layer is formed first. 'The'first-IMD'etch stopyleyer
ll overlies.thegsubstrate 10. The first.IMD_dielectric
layer 22.13 depOSLted overlylng the first etch stop layer
hl4-and the via plugs 18. The first IMD dlelectrlc layer 22g
lS then etched to form trenches. A flrst level conductives
barrler layer 28 is de9051ted to line the trenches A'
.Flrst level copper layer 26 lS deposxted to Llll the
trenches. The first’ level copper layer 26 and the flrst
.leyel conductive barrier'layer 28 are then polished down.
Finally, a first level'capping Qr nassivation layer 30 is_-_“
'depositednoverlyiné the first level cocper layer 26 to
complete the-first level interconnect layer. This first
;level 1s created in a typlcal 51ngle damascene apcroach
where a single level trench is etched and filled with metal

to form a single interconnecting structure-(the

interconnect trace).

The second and third metalization layers are formed

using a typical dual damascene approach. In a dual



damascene approach, a two-level trench is etched zad then
filled with a single metal layer to_form two
_interconnecting structures (both théﬂintercdnnect~line and
the via). The second intermetal dielectric (:MD} is Formed
. first. .In this exaﬁple, the.second.IMD comprises a
dielectric stack consisting of the second IMD lowesx .

dielectric layer 34, the second IMD etch stop layer 33, and

4
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the second IMD uppér dielecfrip léYer 42. The grenches are -
étched in th steps. 'Thé.sécond IMD_etch'stép layer 38
faéilitatés‘etchinq.tw§-le§e1 trenches._ The lower level.of
the'trenches will form‘the vias to connect the second
intér¢dnnect leQel tb the-first interconnect'level. The
upper'level of the.t;enches will fbrm the second le§e1 
interconnéct liges; jAfter trench formatioﬁ, the second
levei conductive barrier layer 48 aﬁd the second level -
coppef layer 46, 56, 54 are déposited. A polish down is -
lused to-défine the interdénneétions. A second level
capping of passivation layer 58 is deposited to finish the
second level. Note the two levels of the dual damascene
structure. The lower level 50 is thé via.. The ﬂpper level
54 is the interconnect line. The third.interconneét level

is formed using the same method as used for the second

level.



Several problems exist in ﬁhe prior art dual damascene
interconnect method. First, it is difficult to deposit the
conductive barrier layer. For example, the.third level
conductive barrier laver 76 must be deposited in the dual
damascene trenéh for the third level.'A seed layer of
copper_iS'deposited after the parrier layer to catalyze the
copper deposition; insuffiéient baﬁrier léyeﬁ sfép'co§erage.
aiong the sidewall 101 and at'the bottom_ldS'can occur due'
to the high aspect ratio of the trench in the via level.
.The insufficient cgverage, ﬁhat may #esuit in voids, can
cause cépper deposition and diffuéion préblems. The second
problem in_thé prior art.is:copper laye: vcids. For
: example,_voids may occur'during thé deposition-of the third
level copper layer 86, 82. Again, the very high aspect
.ratio,of the via level_of.the trench can -cause thié

' problem. _ _ - o - . )

The third éroblem is that the two-level trenches
.require thé use of many etch Stép layers_103. For example,
the third level etch stop léyer 66 is used to facilitate
:he definition of upper and lower trench levéis for the
third-%evei trenches. In addition, the third level capping
.br passivation layer 74 is like&ise.an etcﬁ stop layer.

These etch stop layers 103 typically comprise silicon



nitride that has a relatively high dielectric constant.

The use of these etch stop layers 103-adds significantly to’

[ Rend

the parasitic capacitance of each interconnect level and

curth prcblem

b}

reduces circuit performance. Finally, the
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is that the via can misalign 104 to the underliying metal
interconnect. Such misalignmerts increase the via

resistance and,degrade.circuit'performange.

Séve?al prio: art approachesxdiéclose methods to forﬁ
| interconnectiﬁg layers. U.S. Patent 5,693;568 tb Liu'et al
diScloées a proceés ﬁo form interconnect léfers in an
.integrated circuit'device. Interconnect linééland viés are
formed,for_eaéh intercoqnect_ievei. A_composite_metél'
layer is dep6éited ¢ompﬁising thfée.layefs: an upper metal
layer,.an etch stop layer, and a_lower metal layer. .The
composite metal iayer is'first'etched through. A first
dielectric layer is then deposited to fill the spaces
between the etched composite meta;. The upper metal layer.
is etchéd.down to the etch stop léyer to pattern the vias.-
A second dielectric layer is”then deposited to fill gaps
caused by the second etching. This'method.revérses the
Srder 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



teaches a process to form intergoqnect levels. No barrier
metal is uSed.underlying'thé_metal'layer. The metal layer
is ‘etched twice. The first etch is partially through the
co?per and defines_via plﬁgs. The second etéh is- .
completely through the metai layér and defines the
interconneCt pattern. .No non-concuctive ba;rier layér is
 app1ied overlyiﬁg the p;tfetﬁed metal layer{ After bot?'
etch steps, a ‘dielectric layer is deposited to isolate the
léﬁel.' This §roces$ al?o.reVerses-the typical:ordér of the
via and.the_interconnect;'This procéés is likewise not a.
damascene process gincé both1via énd_interconnect linés_afe
formed by étching énd not.by-tiench filling, U.S. Patent
'5,926,732 to.ﬁatSuura discloées-é dual damascene pfoéess..
In this methcd;_tge vias are fofmed beloﬁ ﬁhe interconﬁects
as in'the prior art exampie* ;Aﬁ'etch Stop.laygr'is usgd to
stop ﬁhe via level t;ench_etch_from penetrating to the
previous level dielectfic laYer; U.S. Patent 5,691,238 to
_Avanzino'et al disci@ées a subtractiVe dual damascene
approach..:The via hask extendslperpendicularly across the
width of the intercormnect pattern to allow a éelf—aligned
etch. Aluminum is used for the metalization. U.S. Patent

5,882,996 to Dai discloses a se}f-aiigned'dual damascene

process. : :



- SUMMARY OF THE INVENTION
A principal object of .the present invention is to -
.pquide an effective and very manufactu:able method o form
" metal interconnect levels in the manufacture of intagrated

" gircuits.

A further objeét of'the presént_inventionlis o
'provide.a method to form'ﬁetél interconnect leveis by using ;
'a'reverséd damasdene process whéreby via plugs are'formed
oveﬁlying and from the same'metél-lafér as the concuctive

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 depositing metal to f£ill the trenches.

Another still further object of the present invention
. is to form wvia plugs by partially etchihg the metal lavyer.
Another still further object of the present invention

is to simplify barrier layer lining deposition.



"Another still further object of the_present invention

is to provide a method to simplify metal layer ceposition.

I3 S

Another still further object of the present invention

is to_eliminate one etch stop layer for each level.

Another still further object of the present iaventien
is to eliminate viafto-undeplying:conductive line

misalignment.

Another further object of the present invention is %o
preVent metal contamination of the dielectric layer during
metal etching through the use of insuléting sidewall

spacers.

Another 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.

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.
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In accordance with the objects of this iawventicn, a
new method of forming metal interconnect levels containing

damascene interconnect lines and via plugs in the

-~

manufaqture'of an intégrated_circuit device has been
achieved; A first dielecfrié layer, thgt.may comprise a .
'ﬁtack of dieleétric materialsL is provided overlying a
éemicoﬁdubtor substrate. The dielectric layer is gpatterned
tofform trenches for-planned.d#maSCene.interconnects.- A
condﬁctive“bérrier layer is deposited'qvér;ying the
dielectric layer and.lining the trenches. A Metal.layef,'"
preferably comprising copper) is .deposited overlying the__
lconductive'bérrier layer and filling the trenches. Tﬁe.
metal layer_and th; conductive bafrier layer_are polished
ddwn to confine the métal.layer and the conductive bérnieﬁ
layer to the treaches 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 the damascene
interconnects using a*via mask overlying and protecting
portions of the damascene interconnects.. A trench maék,
also overlies and p#otects 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 out-
diffusion and to complete the metal interconngct level.

Also in accordance with the bb&ects of this ihvention,-
a new'method_of forming metal interconnect'lévelé
containing damaéceﬁe'interconnect lines and via plugs-in.
the manufacture of an_integrated_cirguit devicé:hés been
achieved. A'firstldielectric'layér, that may comprise a -
stack of dielectric métérials, is ptovided overlying a
seﬁiconduétor substréﬁe;; The‘diélectric.laYer is paﬁﬁerﬁed..
to'form-ttenches foi'pléhned damascene iﬁtercénnects, ~An
insulating layer is depbsited overlying the dielectric
layer and lining thé trenches. The insulating layer is
aniéotfopically etched to.form insulating:layer spacers on
the-sidewalls of the trenches. A conducﬁive barrier layer
is deposited overlying the dieiectric layer, the-insulating .
layer spacers, aﬁd lining the trenches. A metal layer,
.preferably cémprising coﬁper, is'deposited overlying the
conductive barrier iayer and filling the trenches. The
metal layer énd the conductive barrier layer are polished
down to confine the metal laver and.thezconductive barrier
léyer to the trenches and to thereby form the damascené
interéonnects. The'daﬁascene intérconnééts are patterned

to form via plugs overlYing conductive lines. The

10



patterning COmprises_partially etching down thé dé$ascene
inteiconnecﬁs using a via mask o&erlying and protecting
.portioné of the_damaséene intgrconnecpé, The presence of
the'insulating layer SidewalI spacers furth r.prevent metal
layer'odt¥diffﬁsion during the pattérning of'the damascene
interconneéts; A trench mask:alsé.overlies'aﬁd protects the
~ first dieleétric layer from metal contamiﬁation'during3the'.

etching down. A non-conductive barrier layer is depesited
overlying'the via plugs and the conductive lines to prevent
metal out-diffusion and to complete the meta;winterconnect

level.

Also in accordance wi;h.the obiects of this ianvention,
" a new method of forming.metal intercoﬁnect levels
containing daméécene'interéonnéét_lines and'via-plﬁgs in
the manufacture of an inteérated circuit device has been
~achieved. A first, diélectric layer, that may comprise_a
,étack of dielectric materials, is provided overlying a
semiconductor substrate. The dielectric layer is patterned
to form.irenches for planned damasceﬁe interconnects. A"
‘conductive barrier layer is deposited.overlying the
dieleqtfic layer and lining the trenches. A metal laver,
\ _ .

preferably comprising cbpper, is deposited overlying the

conductive barrier layer and filling the trenches. The

11
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metal layer and the conductive barrier layer are polis
~down to confine the metal layer and.the.conductive barrier-
'layer to.the'trenches and to.thereby form the.damascene
interconnects. A pessivation leyer is deposited overlying
the dielectric layer and the damascene‘intereonnects. The
passivatioﬁ iaYer end the damaecene interconnects are
pette;ned to form via plugs overlying eonductive lines.
The petterning bom?rises pé:tially etehing down the
damescene-interconnects using'a via mask overlying and
protectlng portions of the damascene lnterconnects. ‘A
trench mask also overlies and protects the fwrst dlele rlc_
layer from metal contamlnatlpn during the etchlng down. A
non-conductive barrier layer is.deposited'overlying the via

- plugs and the conductiVeulines~to prevent metal

out-diffusion and to,complete:the metal interconnect level.

.Also in accordance with the objects'ef this ianvention,
a new_metﬁod of forming metal interconnect levels
.containing damascene‘interconnect lines and via plpgs in
the manufacture of an integfated circuit device has been
achieved. A first dielectric layer,.that may comprise a
stack of dielectfic materials, is provided overlying a

‘ [~

semiconductor substrate. The dielectric layer is patterned

to form trenches for planned -damascene interconnects. A

12



conductive barrier laver is depeosited overlyir the

dielectric iayer and lining the trenches.. A metal layer,
p;eferably'cqmprising copper, is deposiﬁed overlying the
condtctive barrier layer and fili;ﬁg the trenches. The
metal layer and the conductive barrier layer ars polished
-down to confine the metél 1ayer aﬁd the conductive 5arrier,'
layer tb the_ﬁrenches and toitherEby'fofm the damaécene
interconnects.'ZA‘passi&ation iayef is deposited overlying-
the dieléctric.layer and'theudamasceneainterconnects. The 
lpassiVation layer_is-patterned-té'form:é haid mask for the
daﬁascene.interconneéts. The démascene.interconnects are
patterned using the.passivat}on layer_hard'mask'to.form via
plugs overlying conductive lines. The patterning comprises
paﬁtiall? étching down-the'damaSCeﬁe'interconnecté using a
via mask overlying and.protecting pprtions'of the damascene .
iﬁterconnects. A trench mask also_overiies énd protecté
the first dielectric layer from metal contaminatioh during
‘the etching down. A non—conductive barrier layer is
deposited overlying the via plugs and the coﬁductive lines
to prevent metal out-diffusion and to complete the metal

interconnect level.



BRIEF DESCRIPTION.OF THE DRAWINGS

In the accompanying drawings formiﬁg a’ material part

of this description, there is -shown:

Fig. 1 schematically'illustrétes in cross-section a

- partially completed prior art integrated circuit device.

_'Figs.'2 throﬁgh 13 schematically illustrate in cross-
sectional representatidn affirst preferred embodiment of .

the present invention.

Figs. 14 through 17 schematically illustrate imr cross-
sectional representation a second preferfed embodiment of

the present invention.

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

the present invention.

-

Figs. 23 through 26 schematically illustrate in cross-
sectional representation a fourth preferred embodiment of
the present invention.

-
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Figs. 27 and 28 schematically illustrate in cross-

sectional representation a fifth preferred embcdiment of

the present_invention.

Figs. 29 through 32
'sectional_represehtation

the present invention.

‘Figs. 33 through 35
sectional. representation

the present invention.

'Figs. 36 through 39
sectional representation

the present invention.

Figs. 40 through 42

sectional representation

the present invention.

schematically illustrate in cross-

a sixth preferred embodiment of .

schematically illustrate in cross-

a.sevenfh preferred embodiment of -

schematically illustrate in cross-

a eighth preferred embodiment of

schematically illustrate in cross-

a ninth preférred embodiment of
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments‘disclosé thé'applicatién of the
present invention to'the_formation oﬁ reversed camascene
metal iqtérconnects in the manufacture of integtated
circuit devices. It should be qlear té thosé experienced
in the-art.that the'ptesent_invention tan be applied and

'extended_withcht deﬁiatingifrom the.scope of the present

“invention.

Referringlnbw particularly tb-Eig,'Z,'there-lslshown a
crossfsectional représentation.of the first.preierred
: embodiment of the preéent iﬁvention. In Eigs.,2 through T,
the method of formation of a first lével of interconnect
will be illustrated. In Figs. 8 througn_13; additional
levels of.interctnnect éré addédfto show a more éomplete

integration of the device.

A semiconductor substrate 120 is illustrated. The
semiconductot substrate 120 may comprise layer; and devices
formed prior to the deposition of the first dielectric
layer. However, for simplification of the illusttation,'
the 'semiconductor substrate 120 is illustrated as a single

-

~ layer. | -
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An etch stop layer 124 has been deposited cverliyi

l -l
g
'-I
3
[te]

the semiconductor substrate 120.. The purpose of the etch
stop layer 124 is to prevent the subsequent trench etch
from damaging the semicoﬁductor substrate 120. The stch
‘stop layer 124 pfeferably cpmpfiseé_silicon nitrice
deposited by chémical“vapor.depQSiFioﬁ iCVD) to a2 thickness
of betweeﬁ'about 100 An@s;roms and S,OOO.AngstromsL'A
contadt.plug 128 is forméd in the semicoﬁductb: subs;r_té
120.as paﬁt of,a coﬁpleted.intercénnecfion metalization

(not shown). The contaét plug'128'may ccmpriée a via plug..
The details ¢f the construction of the contact plug.128 are'
ndt.iﬁpoftant to_the.speCifics of tﬁe'first_preﬁerred'-
embodiments;of'the present_invention.l For example,_the»
éontact'plug 12é may coﬁprise'tuﬁgsten:deposited inio a.

. pre-etched trench and polishéd down.

.A first'diélectric layer-i32 is deposited overlying
the etch stop layér 124 aﬁd_the contact plug 128. The |
' first dielectric layer 132 may comprise a stack of -
dielectric méterials. It is preferred that the first
dieléctric layer 132 comprises 6ne of the group of: undoped
silicon dioxide (8102)}'f1uorine-doped silicon diocxide,

- such as fluorosilicate glass (FSG); phosphorus-doped

17



silicon dioxide; boron-doped silicon dioxide; phesphorus
and bo:on—deped silicon dioxide; carbon-doéed silicon
dioxide, such as aikyl silsesquiokaneJ arylnéilsesqﬁioxane,
and alkyl-aryl silsesQuioxene} organic polymere, such as
Teflen and,polyimide;4hydrogenfdoped.siliéon dioxide, such
as.hydfogen'si;Sesquiexane;'end.pereus moiet;es; or

combinations, of any of the above mentioned materials.

The thickness of_the'first dielectric layer 132 is-
imperﬁant beceuse,-es'wil;ube'demonsﬁraeed; thieuwill
'determinejthe thickness_bf'the'combinee damascene
intercohnecﬁ and via structure. _ In this prefef“
~ embodiment, ‘the first dlelectrlc 1=yer 132 is cep051eed eo_

a’ thlckness of between about 4, OOO Angstroms and 20, OOO

Angstroms. ) ' _" .

The first dielectric layer 132 is paﬁterned using a
photolithograpﬁic sequence common in the art._ A
éhotoresist layer 136 ie'applieJ to.the surface of.the
first dielectric layer 122. The photoresist layer 136 is
patterned by exposure to actihic light through Qhat may be
termed tﬁe trench mask. After deve;opment, the photoresiét

_ - | |
layer 136 exposes portions of the first 'dielectric layer:

132 as shown.

18



- Referring now to Eig;'3; an important feature_of ﬁhe
present invention is shown. The first dielectric iayér 132
is patterned.by aniSotrbpié etching to form ﬁrenches for
planﬁed'damascene interconnects.:ﬁote that patterning
exposes-the-contact.élﬁgs 128. Note also that the etch
stop iayer 124 prevents'the étching'prodesé from damaéing
the underlying'Semicqnductor substraté 120. .A conven;ional
plasma-assisted dry etch is used in thié step. -F0116Wing'
'the patterﬁing of the first dieléctric_layer 132, Ehé |

remaining photoresist layer'136 is stripped.

The_trench'patterﬁéd into the first dieiéctric layer
132 is much wider atlthe base'than thaﬁ of the prior art.
This is due-to the fact that the prior art trench is
designed ﬁo form the via coﬁnection between metal layers

whereas the trénch of the present invention can be made as

wide as the metal interconnects.

Refe;ring now to Fig. 4,.an6ther importént feature of
the present invention illustrated. A conductive barrier-
layer 140 is.deposited overlyipé the first dielectric layer
132 aad lining the trench. Thé cOnduEtive ba:rier layer

—

140 may fulfill three purposes in the present Invention.
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First, the conductive barrier layer 140 prevents ionic
out-diffusion of metal if the subsequently deposited metal

layer 144 comprises copper. Second, the conductor barrier

layer 140 provides a conductive interface between the

cl
(]

contact plug 128 and the'metal:layer 144, Thizd, th
‘COnduc;ive barrier layer 140 may se&vé_as-a seed or T
caﬁalyst layer_fdf'eiectroléss_plaﬁing of copper. Note
that the conductive barrier layer 140 is very thinly
'_deposited as in the prior aft.. Howe§er;-the relatively.
large width.of the'trenéh faci;itatés the deposition of a.
thin conductive barrier'léyer 140 without creatinglvoids.
_The condﬁcﬁive barrier layer 140 éomprises one or more
mateiials from the group of: titaﬁium, titanium nitride,;
tantalum;_taﬁtalum nitride; tungsten'nitride, ternary
metal-silicon-nitride (WSixNY),faﬁd tefnary
metal-boron—nitride (WBxNyr. Tungsten hitridé is_espécially“
suited as a seed layer for eiectroless plating of coppef.
"The conductive barrier layer 140 is preferably déposited to.
a thicknéss'of bétween about 500 Angst;oms and 5,000

Angstroms. : _ i

A metal layer 144 is deposited overlying the
. ' 4
conductive barrier layer 140 and filling the trenches, as

shown in Figz 4. The metal la&er 144 may compriée copper,

20



. a copper alloy, aluminum, or an aluminum alloy. Preferably,
the metal layer_l44 comprises copper that has peen
dePoéited by one or more of.the.following proceséesﬁ
physical vapor depositioﬁ (PVD), electroless plating, énd
chem;cal-Vapor depositién (CVD)}. Subsequent anﬁaaling of
the deposiééd_copper ih.a furnace or in.ﬁapid the;”
énnéaling (RTA) equipment.at a temperature‘of between about
'lOO_degrees'C'and 400 degfeeslc is performed.. Note that
the reiaﬁively iarge Width of the tfénéh.alloWs tﬁe copper

layer 144 to be deposited without créating'voids.

Referring now to Fig.‘5,'another_important feature ié
~ described. .The.metal layerl144 and the condﬁctive_barriér
layer 140 are éolisheé'do%ﬁ to confiﬁe Eﬁe metal layer: 144
and the conductive barrief.layér 140" to the trenches and to
thereby form the damascene interconnects. At this péint in
the process, the interccnhect_pattern for the interconnect
level has_beeﬁ foimed in the trenches and has been filled
with the metal layer 144. Note that.fhis means that it is
the damascene interconnécts 144 and not the wvias for this
level that connect downward to the contact plugs 128.
Subsequently, the via for this level will be formed in the
uppér portion of the damaséene interconnects 144 makingl

this a reversed damascene process when compared tc the

2



typical prior art. Note also that the damascene
interconnects 144”a£e truly formed by a damascéne procesé
comérising ﬁrench formation followed by metal inlay.
.Thefefore,-ﬁﬁe entire thicknéss of the mefal layer dces not

have to be etched in the interconnect formation process.

Referiing nok to Fig. 6, the damascené_inﬁerconhécts-
144 are.patterﬁed to form via'plués 152.  Thié patterning
- is done by'é_phctolithographic'pﬁoceés;.An orgénié bottgm
'antierefleétive.coating (BARC) la&er l49lisiapplied
overlyiﬁg:the metal lavyer 144. The BARC layer 149 reduces
the reflectivity of the metal layefsl44fduring.the_ex§osure
step of-the'lithog;aphic éequence._ Thé BARC layer 149
comprises a commercially available material such as
poiy(érylSqlfunafe)-based'maﬁerial or polYacrylatefbased
' materiél. It shbuld be understood'that the BARC layer 149
is-an'optional step that is includéd in the present
invention as 5 typical process. A photoresist layer 148,
152 is applied overlying the BARC'léyer 149. The
photoresist layer 148, 152 is exposed to actinic light
through a mask that combines the data of the aforementioned
trenéh mask-(phoﬁorésist areas labeled 148).with data

: _ _ i A

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

Aftér development, the photoresist layer 148, I52 remains

22



overlying the first dielectric layer 132 and the damascene

interconnects 144 while exposing a selected part o

the

damascene interconnects. The presence of the photoresist
iayer 148 overlying the first dielectric layer 132 protects
the first dielectric layer 132 from metal dififusiocn,

especially of cdpper, during the etching process.

' Note that the'patterned'phéto:esist iéyer sections i48
_ana 152 may ﬁeéd to be oversized to insure that the first
'dieléctric léyef 132.is-neQer'equ$ed'during.the'etching of .
the metai layer 144§ For exampie,'if an anisoﬁropic dry:
etching prodess is used tq'etch'the.metél layer“144, thén
ﬁhe-patterned pﬁdtoresist sectiéns,l48 shéuld be 6Vérsized
on thé trench edge lso.by'betweep aboutzb;oi'microns'and
.O;S microns'ﬁo insure;that—the_patterned photpresist 148
overlaps the coﬁdﬁctive barrief.layer 140 even under worst
case alignment. If a wet etch is used, then the patterned |
photoresist séctioﬁs 148 should.be oversized on the trench
edge 150 by betwéen about 0.0i microns and 0.5 microns and
the patterned photoreSist section 152 overlying the via
plugs 160 should be o#ersized 151 by between about Q.OZ
microns and 1.0 micron to éompenséte for alignment :
tolérahce and for lateral etching that may ocqur; These

concepts are also applicableﬂfor subsequent levels of



damascene interconnects formed in the method of the present

invention.

The patterning-of_ﬁhe'daméscehe-interconnects 144 is
accomp;iéhed_by plasma-aésisted dry etching or by wet
et¢ching. A wét etchiné-seléétive tb the metal'iayer 144. T
relative to thé.éénductive barriér layer'l40 is preferred.
If a:wet etch is_used and the metal @f the metal layer 140
is coppé},.the.etéhiﬁg.chemiStfy éhould'domprise one;Or
more of the group éontaining: diﬁethyisulfoide (DMSO} ,
carbon tetrachloride (CCL), acetic acid (CHsCOOH), NH(F,
hydroflﬁoric acid_(HF)L te#ramethylammonium h?droxidé
(TMAH) , tetraethylammonium hydﬁo'xidg (TEAH),
tetraprépylammonium_hyd;oxide (TPAH),_Qater, éurfacﬁént,
and benzotriazole (BTA), Somé'éreferred solutions include:
DMSO and CCls, NH(F and acetic acid, and HF, NHF, and
water. If a plasma-aséistedldry etch is used, the éﬁching
chemistry should comprise one or more of the group

contaihing: Cl,;, BCl;, Nz, and fluorocarbons.

The etching process is timed such that the damascene
interconnects 144 are only partially etched down. After
. N

the etch, via plugs 160 have_been forméd in an upper

portion of the damascene interconnects 144. The remaining
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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, ther

(1]

is .
no possibility of the via'plugs 160 beind'miSaligned to the
' conductive lines 156. Preferably, the via plugs'are formed
.w1th a vertlcal thickness of between abort 2, 000 Angstroms
and 14, 000 Angstroms. .

&

The.presence of'the'condnctive'barrier_layer 140 and
the photoresiat layer 148 overlyinc theafirst.dielectrice
ilayer 132 prevents-metal contamination}gespecially copper,
lnto the first dlelectrlc layer 132 durlng the etching

process. Upon removal of the photore51st layer 148 and 152,
an optlonal hydrogen plasma or ammonia. plasma treatment may”
be performed to remove.any copper ox1de from the surface

prior:toithe deposition of the next layer of film.

_Referring now to Fig. 7; a non-conductive barrier
layer 164 is deposited overlying the first dlelectric layer
132, the conductive barrier layer 140, the wvia plugs and
the conductive lines 144. There are two-purposes for the
non-conductlve_barrier.layer 164. First, if copper is used
for the metal layer, the non—conductiye barrier layer 164

prevents copper ion diffusion into the overlying dielectric
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matérial. Second, the non-conductive'barrier layeﬁ 164 can
- act aslan.etch stop during formation of trenches for the
next level of interéonnect.' The non-conductive bafrier
layer“l64'comprises one or mdrelof the following materiai;:
silicdn nitride, Applied Material Corporation’s Btok,
silicoh carbide, carbon nitride, bordn_qitride,_carbon
boron nitride, ahd silicon oxynitride; The non-conductive

| barrier layer 164 is.preferably deposited to a thickness of -

between about350_Angstroms and 5,000 Angstroms.

A secéﬁd_dieleéfric.layer_iEB,.172 is deposited-
overlying fhe ﬁoﬁ-conductive'barfier layer 164. The second
dielectric:laYer 168( 172 may comprise a single dieléctric
' material or a stack of dieléctric'matefials. In.this h
preferred embodiment,ja gép filling dielectric layer 168,* 
such as high density plaéma (HDP) oxide or a spin-on |
orgahic polymef or hydrogen-doped silicon dioxide, is first :
deposited. A capping layer 172_of a silicon dioxide-type of
material is then deposited. Iﬁ_is preferred ﬁhat.thé second
dielectric layer 168, 172-comprise one 6f‘the group df:
undoped silicon dioxide (Si02); fluorine-doped silicon
dioxide, such as fluorosilicate giaés (FSG); phosphorus-—
doped silicoﬂ dioxide: boron-d%péd silicon dioxide;

phosphorus and boron-doped silicon dioxide; carbon-doped

26



silicon dioxide, such as alkyl silsesquiéxane, aryl
silseéduioxane, and élkyl-éryi si;sesqﬁioxane; organic
) polymérs, sﬁch_as Teflon and polyimidef hydrcgen-doped-
_silicon dioxide, such as hydrogen silsegqﬁioxane; and
porous moieties, or combinaﬁions, of any;of_the'abové
.mentioned materials. The second dieiectric layer 172 is

then planarized to complete this firs; level_of reversed

damascene metal interconnects.

. Referring now to Fig. 8} futthér processing stépg ére
pérformed'to créate a second level.of inteernnecEion; :A
photoresiét iayer'l76:is applied overlying the second
interlevel diélgctfic-layer 168i 172. Tﬁis'éhotoresist
léyer 176"is=eprsed and developed as in the first level
proceés. The second dielectric laYef 168, 172 is patﬁerne§
to form't:énches for the secondelével.damasceﬁe
interconneqts. Note that fhe non-conducﬁive barrief layer
164 is etcheduthrough to expose the top of ﬁhe via plug.
In additioh, note that some overetching 180 of the second
interlevel dielectric layér 168, 172 may occur. The
photoreéist layer 176 may be removed by oxygen ashing.
However, in the presence of exposed copper and, possibly,.

the organic material in the5dielectric, the photoresist
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layer 176 is preferably removed usinq a solvent or a

photoresist stripper.

Referring now_to.Fig._9;.a secbnd-level conductive
barrier.layer 184 is deposited overlying the second
dielectric layer 168, 172 and'iining the trenches .- Thee
secbnd—ievel eOnductivefbarrier'layer 184.serves'the same
purpose as the first4levei conduetive barrier_layer i64'anq
comprises the same preferreq'materials. The relatively
wide trenehfageiq_facilitates thelvoid free deposition-ef
_tﬁe.secondélevel'conducﬁive barrier La?er 184. The _
second-le&el metal_layef 188 is deposited oveilying_the
eeeond-level conducﬁive'ba;rier layer 184 aﬁd filling the
treﬁches; Tee secondéle&el.hetal layer lBS'also'coﬁéﬁises
the same materiels as the first-level metal layef 144f
Again; the preferred'se¢ond4level.metal layer 188.is'

copper. .

Referring now to Fig;«io,'the second-level metal la?er.
188 and second-revel conductive barrier iayer 184 are
_poliehed down to confine the eecond—level me;él layer ;88
.and second—level conductive barrier layer 184 to the
trenches. The second-level daﬁascene interconnect is

thereby defined. - = -
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Referring now to_Fig;]ll, the damasceqe interconnects
188 are partially etchéd down to form both coﬁdﬁctive lihés -
200_and via plugs 204 f?om the.s;me meﬁal layer 188. An
'organic.bottom anti—reflective ¢oé;ipgg(BARC5_layer 194 is
appliéd’overlying-tge metainlayer 188. " The BARC layer 194
_;édpces the reflectivity of'th§ metal iayer 188 during'the : | £§
exposure step bf the lithogiaphic sequence. Thé BARC layer'
_194 compiises éICOmmerCially ;vail;ble.material.such as
pqu(érylsﬁlfunate)-baséd ﬁatériai or polyacrylate-bésed~
' material. It shoﬁld be undérstoqd that the BARC layer 194
is an'optionél step that is included iﬁ the preseﬁt
.invention as a typical.propeés.'Thé-photoresist layer 192,
196 is pattétned uSing a ﬁask combiniﬁg'thé s;cond-level.
‘trench mask'used iq.Fiq. 8 and a via:specific"mask. The _, _ .
phctoresist.prOtecis.the via plug (shown as photdresist
_layer label_196) and proteéts the éecond dielectric layer
168, 172 (sho&g as photqresist.label 192). Note again that
the presénce of the_photoresist.layer-192 overlyving the.
‘second dielectric layer 168, 172 prevents ﬁetal "

contamination during the etch.

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

barrier layef“208 is deposited overlying the second
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'dielecfric layer 168, 172 and the via plugs and condﬁctivg
lines 188. The second non—conductive'barrier iayef 208
pgrfqrﬁslthe same function és the non4coﬁductive ba;rier
layer used in the first-level inﬁerconnects'and compﬁiseé_

. the SAme Ereferred ﬁateriéls. A sedondQlevél second.
dielectric léYer 212, 216 is deposited_and-plana;ized to

' complete.the.secoﬁd-levei reversed damascene intérgonnécts.
The second-level second dielectric layer 212, 216 may

~ comprise a siﬁgle'dielectric material:or a'sfagk of two:or'
| more.diélectriq materials. As shoﬁn_in'?ig. 12, the
preferred seéohq—lével éecond'dieieétrié layer 212, 216

comprises two dielectric layers.

H Réferrlnq now to Fig. 13, a third level of
.intérconneétipﬁ is added to the c:oss—se;tioh{_ Again, the
. same processing.steps méy be'repeated.'_Each leGél
- illustrates thé'characteristics'of this method; Conductive
lines 301, 303, 305 are formed by damascené_inlay in ﬁhe
lower structuré of the levél. Via plugs 302, 304,-306 are
the»upper structures of each level. They are formed by
partially etching down the metal layérs'l44, 188, 224. The
use of conduct;ve barrieg layers 14Q, 184, 220-and non-

cénductive bérrier%layers 164}, 208, 228 facilitate the use

of copper.  The conductive barrier layers and the masking



approach, eSpecially covering the dielectric layers'132;-
168, 172, 212, 216 to prevént'metal.contamination, likewise

enables a copper process. . _ ' ‘

"Now the specific advantéges of the prééént invention
compared t@ the prior art can be iiéted. First, thé.noVél_f
'process'simplifieé'thé bérrier iayer'depositicﬁ procéss.
éecond,'the copper deposrtioﬁ process‘is simplified. fhird,
the proCess does not require the additional etch sfop.layer'
'and.the#efore-éapacitife-doupiing-is reduced. Fourth,
‘nsiﬁCe ﬁhe via plugs areffdrmed.iﬁ the same metal layer as
 the underlying-cohductive'iinés,'there is no misalignméﬁﬁ.

.. A'second.preferred eﬁbodiment of the-presént-in#entibn
is nbw disclosed. An insulating la?er spacer_is herein.
- "incorporated into the_preseﬂt_invention.to enhance thé
procgss'capability of me;al-layér etching inﬁé vias plugs
and conductive lines fdr a first_level of_interconnect.
Referring again io 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 pafticula;ly
tb Fig. 14, the second preférred embodiment initiates with

the deposition of an insulating layef 404 overlying the
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first_dielectric layer_i32 and liningithe trenches. The
inéulatingllayer_404,pieferably'comprises one of the group
containing: silicon nifﬁide; silicon pxynitride, BLok (from |
_Applied_Méterial Cdrporation), ilicon.caﬁbide, éaibon
nitride, and boron-nitride.. The insulating layer 404 is

' aeposiﬁed to a thiéknéss 6f:§etween about SQO Angstrqms and

5,000 Angstroms using a conventional deposition process.

' Refériing now to Fig. 15, £he insui;ting layer 404 is
-anisotropicai;y étched to form-inéulation layér spacérs 405'
oﬂ the éidewa;ls'of;the'trenches. The anisotrépic étching'
is éerformed preferably by a plésma-assistéd dry eﬁching
compgisin? an;et;hing chémiStry.éf.one of more of the
following gases:-flhorOCarbon,,finriné—substituted_

hydrocarbon, fluorine, chlorine, hydrodarbon,'nitrogen, ~

hydrogen, BCli, oxygen, and argon.

. Referring now to Fig. 16, a conducti&e barrier layer
140 is deposited oveflying the first dielédtric layer 132,
the insulating layer spacers 405, and the lining the
trenches. Thé conductive barrier layer 140 may comprise any
of the materials outlined abéve in the first embodiment. A
metal layer 144 is dep;sited overlying the conductive

barrier layer 140 and filling the trenches. The metal



layer 144 and the conductive barrier'layer 140 are
subsequently polished down to form damascene interconnects

144.

- The damascene interconnects 144 are patterned to

h

o
' via plugs 152. Thi;'patterninq is done by a
| photolithpgréphic process._An.organic bottom anti-
reflecti&e éoafing (BARC) layer 149 may optionally be
. appliéd ovérlyiﬁé the métal laﬁe: 1442and'the first
dieiectric'layer 132 as-qutlined ébove in the first
émbodiment. A ﬁhdtoresist 1aye#_148; 152 is applied -
.overlyinq the BARC laYer 149. After developmentr the
photdresist layer 148, l$2'rémains.overlying thé first -
dielectric-l;yer 132 and the damascene intefconnects_i44
while exposing a selected part of the daméécene '
'ipterconnects.; The presence of the éhotoresiét layer 148
overlying the first.dielectric layér 132 protects the first
dielectric lager 132 from metal diffusion, especially of
copper, during the etching process. |

The patterning of theidamascene interconnects 144 is
acéomplishéd by plasmaéassistéd dry etching or by wet

etching by methods disclosed ébove'in the first embodiment.

(2]
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A wet etching selective to the metal layer 144 relative to

the conductive barrier layer 140 is again preferred.

The etching process is timed'sﬁch'that the damascene
_.intérconnects 144 afe_only.partially etched doWn. Afteﬁ
the etch;-via-p%ugs 160 ha&e—been-fofméd id.an'upper'
pbftion of the damascene interconnects 144. The.remaininq
lower_portion hay now be qailed ﬁhe conductive lines 156.
Note'that thé via-plugs 160 are formed from the.samé metal
layer 144.as_the conduc;ive lines lSG._Therefqié,-theré is
ﬁo poésibility bf the via plugs'l66 béing miéaliéned to the

conductive lines 156.

The presence of the insuléting léyer spacers 405
prevént$ diffusion of metal ions, patticularly:coppe;, into
the first dielectrié 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
prevehted. After the me;él etéhing process, the process-of

$
the present invention may be completed as disclosed above

in the first embodiment. -



A third pﬁeferred embodiment of the present invention
is now disclosed. An insulatiﬁg'lé?ef SpaCer'is herein
_ iﬁcorﬁorated'into tﬁe presehf invention to enhance the
‘process capability during'métél_layér etchihg inﬁo_vias
plugs and coﬁguctive liﬁeslforlan upper level of-
intercdnnect;_Referring aéain to,FiQ, 7;_the'process of Ehe
first prefefredﬂeﬁbbdimént i; suspeﬁded after_tﬁe second
dielectric layer 172 is pléharized to chpleﬁe.thé.first

level of reversed damascene metal interconnects. Referring.

- now particularly to Fig. 18, the third preferred embodiment

initiates with the application of a photoresist layer 176
overlying the second interlevei dielectric layer;168; 172.
' Thé photoresist_layér 176 is expoéed and developed as in
the first level procéSs of the first embodiment. The - °
second‘dielect;ic-layér 168, 172.is patterned to form
trenches for the second—level damascene interconnects.
Note that the etching of the secoﬁd-dielectric iayer 168,
172 stops on the non—conduétive ba:rier layer 164. The
photoresist layer 176 is stripped away. A solveﬁ£ s%ripper
is preferably used for photoresist stripping, particularly
 if the lower part of the second dielectric layer 168

comprises an organic compound.

— -
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Refgrrinq now to Fig. 19, an insulating laver 408 is
deposited overlying thé first dielectric layer 172.and 168
"and lining the trenéhes. Thelihsulating layer 408
pteferably compriSes'one of_tﬂe groﬁp containing: s;licon
nitride, silicon oxynitride; BLok (from Applied Material
quporation), silicon carbide, boron nitride, cérbon
-nitride, and éafbon borén ﬁitride. The insu%a&ing layer
408 is_deposited to a thicknéSs Qf'between about 50
* Angstroms and 5,000 Angstroms ﬁsing a_conveﬁtional'
deposition précess dependiﬁg updﬁ the ﬁatérial,type'choseﬁ.
The insUlatiﬂg layer'408 may comprise Ehe same materiﬁl as

the nonconductive barrier iayer 164.

Refeiriné'ﬁow to Fig. Zﬁ;lthe insﬁlating layer.408 ié
anisotropically etched_to férm insu;atidn layeflspacers 409
on fhe sidewalls of ﬁhe'trenches} The anisotfépic-etéhing
is perfbrmed'preferably by a plasma—assisted dry etching
comprising an etchiné"chemistry of one or more of the
following gases: fluorocarbon,-fluorine—substitﬁted
hydrocarbon,.fludrine, chlorine, hydrocarbon, nitrogen,

hydrogen, BCL;, oxygen, and argon.

i 3
Referring now to Fig. 21, the nonconductive barrier

—_

layer 164 is etched through to. expose the metal layer 144,
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fhe presence of the insulating lavyer spacérs 469 on the
_sidewélls of the trenches prevepts.sputtefed meﬁal, metal -
oxides, ahd metal halides from diffusing_into fhe second
dielectric iayer i68 and 172.  After the nonconductive'

barrier layer 164 etch, a clean is pérformed o remeve any

remaining metal contaminants.

Referrihg'nOW'to Fi§,-22;_a secqnd—ievel bonductive_
barrier léyer 184-is deposited.overlYihg the second .
.dielgqtric.layef'1681and'172, the insulating layér spacéré
409, and the.liningfthe trenchés..Thé seéond—level
conductive barrier layer 184 may comérise-any'of the
materiélé oUtlineq ébove in the first embodiment. A Secoﬁd—.
level.metal;layetllss isldépésitéd'ovefLying the second- -
level conductivg'baffier layer 184-and.filling the
trenches. The second-level metal iayer 188 and the sécond4
level cqnductiye barrier layer'184 are Subsequeﬁtly
polished dbwn to form damascené interconnects 188.

The damascene interconnecﬁs 188 are patterned to form
via plugs 204. This patterning is done by a
photolithographic process. An organic bottom anti-

'~ reflective coating (BARC) layer 194 may optionaliy be.

applied'overlying the second-level metal layer 188 and the
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_second dielectric lavyer 172 as outlined above in.the-first
embodiment. A photoresist layer 192, 196 islappiied
overlying the BARC iayer'l94.'Aftef.deVGlopment, the
phqtoresist layer 192, 196 remains overlying the second
.dieiectric-léyer 172 and the_démascene‘interéonneéts 1388
while éxposing a_selected:pait Qf‘the démascgné
_interconnecté.. The_présence of thé photoresist iayef 192
ovérlying the éecénd_dielectric layer 172 protects the
second dielectric_layer.i72_from-metal diffusion,

especially of'cbpper)‘durinq the'etCﬁing.process.

The'pétterhing of the démascene interconnects 188 is:
accomp;ished by plasma-assisted dry etching of by“wétf
étching by methqu discloSed above'in'the.first embodiment.
A wet"e;ching.selective to the seéond—level metal layer 188" .
relative to the second-level conduétive'bafrier layer 184

is again preferred.

The etching process is timed éuch that the damascene
' interconnects.188 are only partially etched down. After.
the etch, via plugs 204.have been fofmed in an'upper
portion of the damaséene interconnects 188. The remaining

lower portion may now be called the conductive lines 200.

Note Ehét the via plugs 204 are formed from the same
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second-level metal layer 188 as the conductive.linés 200.
fherefore, there is no éossibility of'the via plugs 204
being_misaligned:to the conductive lines 200.

. The presence of the igsulétinq iayer-spacers 409
prevents diffusion of métai ions, partigularly Coppe;,-into:
the second dielectric iayer'i72 énd_lCB in two wéys. First,
if the photoresist sections 192 fall shdrt_of7¢overing the
-second-levei conductive barrier'léyer1184'and the
iﬁsulating'layér'spacefs 409, metal contaminatioﬁ is
prevented; “Second, if_the second-level conductive barrier
.layer 184 is partially etched away 412 dﬁring'the metal

etch, metal contamination is prevented. After tihe metal

- etching process, the process of the prééeﬁt invention may

-~

be completed as disclosed- above in the first embodiment. .

A fourth preferred embodimént of the present invention
is now diéclosed. A péssivation layef is.heiein |
inéoféoratedlihto the present_inventidn to enhance thé
proceés'capability'of metal léyer etching into vias plugs
and conductive lines for a first level of in;erconnect.:
Referring again to Fig. 5, the process of the first

preferred embodiment is suspended;after the metal layer 144

and the conductive barrier layer 140 are polished down to



form.damascene'interconnects. Referring now particularly to
Fig. 23, thé fourth preferred embodimént initiates with the
.deposition_of a passivation layer 420 overlying the first
dielectric layer lBZ,-the-ﬁetal layer 144, and ﬁhe
cOnductive béfrier layer'l40..The paésivation layer 4290
-cbmpﬁises one.of tpe group containing: éilicon ﬁitride,-'
siiicon carbide,-silic&n oxyﬂitride,'and éka (Applied”
'Materiais Corpératiqn). The péssivation layer 420 is -
deposited-td a'thiékness of between abdut 50 Angsfroms'and

_ 3,000-Angstroms.

_Réferring now to Fig. 2§,Ian orqénic bottom anti-
'reflective éoatihg {BARC) layer ;49, as.aiscloséd'above in
the_firsﬁ embodiment; may optionaily be_épplied overlying
the*passivation'layer 420. A phétoresiét'layer-l48; 152:is_
applied overlying_the BARC Iéyer 149. Afﬁer developmeﬁt, -
the photoresist layer 148) 152 remains overlying the first
dieléctric layér 132 and the damascene interconnects 144
lwhi;e exposing a selected part of the damascene

interconnects.

‘Referring now to Fig. 25, the BARC layer 149,
, b ' '
' passivation layer 420, and the metal layer 144 are etched

down using a plasma-assisted dry etching process. The
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plasma—aésisted dry_etdhing process'preferably useé-an
etching chémistry cbmprising Qne or:more'of the foliowing
gasesf fluorocarbon, fluqrine—subséituted ﬁydrccérbon,
fluorine,.chlorine,‘hyd£OCa;bon, nitrogen, hvydrogen, BClgg
oxygen, and argon. The etching pfoceSS'iS_timed.such'that
the damascene interdonnecis f44_éfe oﬁly partially etched

down. After the étch, via plugs 160 have been formed in an

upper po:tidn bf_the.dahascene_intgrconnects 144. The
;rémaining iower portiop may nbwﬂbe célled the conductive
lines 156. Note_that the Qia.piugs 160:aré fgfﬁed from the
same metai léyéi 144 as the conductive lines 156.
TheréfOré, theré is nb'pqssibilify of'the.via plugs 160
.being misalignedlto the copdudtive lines 156%

The presence of'the passivation layer 420 prevent;_
diffusion of metal ion§, éarticulariyiéopper, into the

first dielectric layer 132 during the metal etch.

Referring now to Fig; 26, the photoresist iayer 148
and 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 used.
However, a hydrogen or ammonia plasm? treatment may be

‘needed- to remove the copper oxide prior to the subsequent
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deposition of the nonconductive barrier layer. The process
of the present invention may then be completed as disclosed

above in the first embodiment.

A fifth.preferredlembediment of the present invention
is now disc;osed: A passivation-layer is herein i |
incorporated into the preéeﬁt inventioh to enhence the
processlcapabiiity during_second-leﬁel metel layer etching
ieto vias plugstand conductivellines for an uppe; level of-
'intercennect. Referriﬁg.again ;o'E?g. ib,_the'pfecess ef-'
the first prefefﬁed embodiment is suséenged after the
secohd—level metal.layer 188;end the second-ievel'
conductive barrier layer 184 are poiished'down to.fe;m
' damascene intereonnects; Referring now particularly to Fig."
27, the fifth.preferred;embodiment,initiatesiwithfthe |
deposition Qf a passivation layer 430'overlying the second
‘dielectric layer 172, the second—level metel layer 188 and
the Secondflevel_conductive barrier layer_l84}.The
passivetion'laYer 430 comprises one of the greup
.containing: silicon’nitride,'silicon carbide, silicon
oxynitride,. and BLok by Applied Materials Corporation. The
passivation layer"430 is.deposited.to a thickness of

4 |
between about 50 Angstroms and 3,000 Angstroms.
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| An organic bottom anti~reflectivé coating (BARC) layer
194, as diéclosed;above.in tﬁe_first émbodimentL may
optionally be applied overlying éﬁé.paésivation'layer.430.
A photoresist laye£'192 and 196 1is applied.oﬁerlying the
BARC layer'1§4. The photoresist layer 192 and 196 is
ekposed apd:developed ;s.in_the second level procéés of the

first embodiment. .

Refé:ring ndw to.Fig.-28, the BARC layer l94 and the _
passiva;ion l§yer 430.aré eécﬁed qsiﬁg.a plésmafassiéted
dry etch.  The plgsma—éésisted dri etch is perférmed using 
an-etchiﬁg chemistry comprising-one or m§re.of-the
followiné'gases: fiudrqcarbon, fluorine—substituted
hydfocarbon, fluorine, chlorine,_hy&rbcarbon, nitrogen[
hydrqgén,'oquen, and argon. 'The'plasma-aséiéted dry‘
etchiﬁg méy be cgntinued to etch the damascene'
interconnects 188 and to thereby.form via plugs'204. The
plasma-assisted dry etghing of the metal layer 188
preferably comprises one_or'morezof the following gases:

fluorocarbon, fluorine-substituted hydrocarbon, fluorine,

- chlorine, hydrocarbon, nitrogen, hydrogen, oxygen, BCl;, and-

argon.
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The etohing.procees is_timed such that the damascene
interconnects 188:aredonly 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 bedcalled.the conductive lines 200;
Note that the via plugs 204 are formed from the same
second level metal layer 188 as the conductlve llues 200.
Therefore, there is no p0351b111ty of the v1a.plugs 204

being'misaligned to the conductive lines 200.

- The’preeence'of the'passivation;layer 430 prevents
diffusion of metal.ions, perticularly copper, into the
-second dlelectrlc layer 172. After the metal etching
process, the photore51st layer 192 and 196 and: the BARC
layer 194 are removed,upreferably_by usxng solvent
strippers that are'compatlble with a cooper-metal laver
188. 0x;geniashing can be ueed, however, a hydrogen or.
ammonia plasma-treatment may be needed to'subsequently'
remove the copper okide. The process of.the present

invention may be completed as disclosed above in the first

embodiment.

A .
A sixth preferred embodiment of the present invention

is' now disclosed. A passivation layer is herein



incorpdrated into the present invention to enhance the
process capability of metal layer-etching into #ias plugs
and condpctire lines for a firsr level of interconnect.
Referring again td Fig. 3, the process-of-tﬁe firet-
preferred embddimeht is suspended after.the metal layer 144
"and the conductive barrier layer 140 are polished down_to
form damascene ihtercennecta;'Referring now partieularly to
Fig. 29, rheféixth breferred embodiment initiates with'the.
derosition of a.passivation layer.440-overlyihgithe first
idielec;ric layer 132, the metal layer 144, and the
conductive barrier layer 140. The passi#ation layer.440
comprises one of the_qrodpacontaininq: silicon nitride,
silicon carbide, silicen.oxynitride, and BLok (Applied |
Materials Cdrpora;ion);' The passivation layer 440 is
deposited to a thickness of!betweenrabout 50 Angstroms and

3,000 Anqstroms.

- Referring now to'fig. 30, an organic bottom anti-
reflective coating (BARC) layer'i49, as disclosed above in
the first embodiment, may optionally be applied overlying
the passivation.layer 440. A photoresist layer 148, 152 is.
applied overlying the BARC layer 149. After development,
the photoresist layer 148, 152 remains oﬁerlying the first

dielectric¢ layer 132 and the damascene interconnects 144
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while not covering a selected part of the damascene

_interconnects.

Refetting now to Fig. 31, the BARC layer 149 and the
oassivation'layer 440 are etched down using a plasma-
essisted qryjetching process. The_plasma—assisted.dry
etching'bEOCess using'an.etching.chemistry_comprising_one-
. or more.of the following gases: fluor ocarbon, fluorine-
substituted hydrocarbon, fluorlne, chlorlne, hydrocarbon,
nltrogen, hydrogen, oxygen, and argon.. Note that 1n-th;s

embodiment the dry-etching process does not etch the metal

laver 144,

ﬁeferring'now:to'Fig. 32; the'metaldleYer_l44.is.
etched down using a wet etch process to form via plugs 160;'
The etching process is ‘timed such that the damascenei
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 remeining
lower portion may now be called.the conductive lines 156.
Note that the vie plugs 160 are fotmed from the same metal
‘layer 144 as the conductive lines 156. Therefore, there_is
no possibility of the vﬁa.plugs 160 being misaligned to'the

conductive lines 156. -
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The presence of the pasSivation layer 440 prevents
diffusion of metal ions;'particuiarly_éopger, into the
first dielectric layer 132 dﬁring the metal eteﬁ. The
photoresist layer 148 and 152 and the BARC laYer 149 are
stripped away. Solwvent strippere'are preferably used tpat'
.are cbmpatible with a copper metal layer. Oxygen_ashing
" can also be used. -Howeyer};a hydrogeh or ammonie.plasmam
-treatmenr may be needed to remove thehcopper oxide prior to
the subsequent deposition of the.pdncenducrive barrier
layer. The process ef.the present invention may then be

completed as disclosed above in the first embodiment.

A sevenrh preferred eﬁbodimeht ef the present
invention is new disclosed.gA:passivation layer is herein'
incorporated into the'present.invention_to enhance the
prdcess capability during second-level metal laYer etching
into vias pluge and conducrive iines for an'upper level of
interconnect. Referring again to Fig. 10, the process of
the first preferred embodiment is suspended after the -
second-ievel metal laver 188 end the second-level
conductive barrier layer 184.are polished down to form
" damascene interconnects. Referring fow particularly te fiq.

33, the seventh preferred embodiment initiates with the
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deposition of a passivation_layer_450 overlying the second
die;ectric layer 172, the second-level metal layer 188 and
the second-level conductive barrier layer 184. The
passivation iayer 450'comprises_one of the group  .
containing?_silicon nitride, silicon carbide, silicon
oxynitride, and BLok by Applied'Matérials'éorporationi' Thé
passivatibn kayef 450'15 depésited to a thicknes§ of

between about S50 Angstroms and 3,000 Angstroms.

Ah.organ;c bdttom antiérefieéﬁive cbatinq (BARC) layer
194, as diéclbsed above in tﬁe'first.éMbodiment, may
optionally be épplied éverlying the passivation layer 450._
A photdfesist layer 192;is applied-overlying the BARCflayer
194. The phdtofesistllayer 192 is exbosed and developed as

in the_se¢ond level process of the first embodiment.

Referring now to_Fig. 34, thé BARC layer 194 and the
passivation 1ayer 4S0 are etched ﬁsing.a plasma-assisted
dry etch. The_plasma-assisted dry etch'is pérformed‘using-
an etchiné chemistry compriéing one or more of the
following géses: fluorocarbon, fluorine~substituted
hydrocarbon, ﬁluorine, chldrine;ihydrocarbon( anitrogen,
hydkogeq, oxygen, and afgon. Note that.the second-level

—

metal layer 188 is not etched at Chis point.
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Referring now to Fig. 35, the eecona—level metal laver
188 is_etdhed down.using a wet etching pfocess to form via
plugs 204. The etching-preceSS'isifimed euch that the
damascene interceﬁhects 188 are only paftially etched.down;
- After the etch,'Via.plugsfzog have been fo:med in an upéer.
'pertion of the daﬁascene interconnects 188. The remaining
lower portion may now be called the conductive lines 200.
Note that the.via-pluge 204 are formed frem the same metal
layer 188 as the cenductive lines.ZOO..Therefore, there is:
no possibility of the via.plugs:204 being miSaligned'to the

conductive lines 200;

The pfesepce of the passivatidn'layer 450 prevents
diffusion of metal ions, particularly copper, into the
second dielectriC'léyer 172-during the metal etch. The
photoresist layer 192 and 196 and the BARC layer 194 are
stripped away. 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 be needed to remove the copper oxide prior to
the subsequent deposition of the_nenconductive barrier

leyer. The process of the present invention may then be

completed as disclosed above in the first embodiment.
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An eiéhth preferred embodiment of the present

. invention is now diSclcsed. A_éassivation layer is hérein
incorpbratéd=into the présent.invention to ‘enhance the;
_process qapability of_metal.Layer etching into vias plugs
and condﬁcti&e lines for é-fi:ét level of interconnect and

to act as a hard mask for ﬁhe metal laYe;ietchL Referring '
again to Fig. 5, thé.procéss of the first preferrsd |
embodiment is suspended after_the:metal_layer'l44.and.the
conductive barrier:la&er'140 are po;ished.down to form
aamascené interédnnects..Réferfing nowlparticuiarl§ fb Fig.
36, the eighth preferred émbodiment.initiates with Ehé
.deposition'of gspassivation layef 460joverlYiﬁg_the-first
dielectrié“layer 132, thé'metal léye:_l44;.andlﬁhe
conductivelba:rier Layer'l40; The passivation layer 460
compfises one of thé grouplcontaining: silicon nitriﬁe;'
silicon carbide,.siiicon oxynitride, and BLok (Applied.
Materiéls Corpération). The paésivation layer 460 is
deposited to a thickness of bétweén aboﬁﬁ 50 Angstroms and

3,000'Angstroms.

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

thé first embodiment, may optionally be applied overlying

50



the passivation layer 460. A photoresist layer 143, 152 is

“applied overlyiné the BARC layer 149. After_devélbpment,

the photoresist layér 148, 152 remains overlying the first

dieiect:ic.layer 132 and'théadamascene interconnects 144
while not covefiggla sélected'part 6f_the damascene

interconnects.

~ Referring. now to_Fig; 38, thé BARQ layer 149 and the
passivatidn léyer 460 aré'etched down using a plasma—
assisted-dry.etching pr§ceséﬂ The plasma-assisted dry
eﬁching.procéss using an'etching Chémistry comprising_one
or more of the following'géseﬁ:.fluorocarbon, fidorine-_
substituted'hydroéarboﬁ, fluorine, chlorine, hydrocarbgn,

nitrogen, hydrogen, 6xygen, and argon. Note that in this

embodiment the dry-etching proceés_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. 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 become
optional to remove the copper oxide"prior to the subéeqﬁent

deposition-of the nonconductive barrier layer.--
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The metal layer-l44‘is etched down to form via plugs
_160._The patterned passivation layer 460 acts a hard mask

- for the metal layer 144 etching process. The metdl layer

144 etching process may comprise a wet etch. Coqverselv, a
plasma-assisted dry etch may be osed The plasma—ass1s_ed
dry etchlng comprises one or more of ‘the following gases:
fluorocarbon, fluorine- substltured nydrocarbon, lluorlne,_r'
chlorlne, hydrocarbon, nltrogen, hydrogen, oxygen,.BCla, and
'argoh. The_etchlng process is'timeo such_thar.the damascehe
interconhects.144 are only partially etched'dowh.“ After
the etch, via plugs 144 have been formed in an upper
portion of the damascene lnterconnects 160 The remaining
lower porrion may now be called the conductive linesl156.
Note that the via plugs 160 are formedlfrom the same metal
layer 144,é3 the .conductive lines l56..Therefore, there ls-
.no possibilify of the via plugs 160 being misaligned to the:

conductive lines 156.

For-either Qet or dry etching, the presence of the
conductive barrier layer 140 and the passivation layer 460
prevent diffusion of metal ions,'particularly copper, into

the first dielectric layer 132 during the metal etch. The
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process of the preSent invention may then be completed as
disciosed above in the-fiist'émbodiment.

A ninth prefefred embodiment of the'presedt:inveotion
is now disclosed. A passivation.layér.is herein |
-incorpooated intootﬁe piosént invention ﬁo enhance tﬂe _' .
oroceés‘capability"dﬁrihg.second—levél metal layer etohing
into vias-plugs and-conductive lines for an-uooer level of; 
interooonect and to aot as aohéid mask'for'the'metal layér
etching; Refer;ing again to Fig. lO,.Ehé_pﬁocess of'the.
first preférred eﬁbodiment is'suspended-after the secondf
level métal iayer.188 and ﬁhe éecond-level-conductive
_barriér layero184~are-polished down.to;form déméSceoe
.intorconnécts,_Refefoing ﬁow particuiafly to Fig. 40, the
ninth preferred embodiﬁent initiates.with the deposition of
a-passivétion.layor_470 overlying-the second dielectric
layer 172, the second-leQel.metal.layer 188 and the second-
level conductive barrier léyer 184. The passioation layer
470 comprises one of the grooo containing: silicon nitride,
silicon carbide, éilioon-oxynitride,-and BLok by Applied
Materials Corporation. The passivation layer 470_is
deposited to a thickness of betweeq about 50 Angstroms and

3,000 Angstroms. - - ;

wy
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- An organic bottom anti-reflective coating (BARC) layer
194, as disclosed above in the first embodiment, may

optionally he applied overlying the passivation lay r

1]

~

Y

o
)

A photoresist layer 192 and 196 is applied overlying

rt
oy
o

BARC layer 194. The photoresist layer 192 and 196 is
exposed and devéloped as in the second level §roqess of the

first embodiment,

Referring.now to Fig. 41, thé BARC layer 194 and the
péssivatibn layér'470 are_etched Qéing a piasma—;ssisted
dry -etch. The plasmé~assisted_dry etch is pefformed_using.
lan etching chemistry compriéing éne.or'more of the.
'.fdllowing gaseé: fluoroCarbon,.flﬁorine-substituted
' hyd;ocafbpn, fluoriné,'éhlorine).hYdroéérbOn, nitrogen,
. bydrogen,'oxygéh;_and argon. the that the_second-lével

metal layer 188 is not etched at this point.

'Referriﬁg now to Eig.-42, the_photoresist laYer 192
and 196 anq the BARC layer 194 are removed; Solvent
;strippers are preferably used that aré compatiblelwith a
copper metal layer. Oxygen ashing can also be used.
However, a hydrogen or ammonia plasmg tfeaﬁment'may become
optional tp rémove the copper oxide prior to the subsequent

deposition of the nonconductive barrier layer.
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The second-level metéi layer 188 is etched down to

: ;f0rm via plugs 204. The etching'prodéss.may be comprise a -
wet etch. Conversely} a plasma-assisted.déy;etch may be
-used;'The.plasma-éssiSted dry etching'gomprises one or moré
of the following gases: fluorocarbon, fiuorineféﬁbstituted
.hydrocarbon,'fluoiine,_chloriné, hydrocarbén, nitrogén,
hydrogen, 6#ygén, BClg,'and argon. Thewetéhing p:ocess.is
timed such that the damascene interconnecté.lBS are only

" partially étched down. After the etch, via plugs 204 havé
been formed in.an upper pérfion of the'damascene '
interconnects 188. fhe remaihing'lower portion may now be
.called the conductive liﬁes.2d0. the that tﬁe via-piugs
204_a£e f;rmed frém the Same.metal la?er 188 as the
conductive lineé'ZQQ. Thefefore,_there_is no possibility.of
the via plugs 204 being miéaligned to the conductive linéé o

200.

The pfesenéé of_the passivation layer 470 prevents
diffusion of-metal ions, particulérly copper, into the
second dielectric layer 172 during-fhe metal etch. The.
photoresist layer 192 Qﬁd 196 and the BARC layer 194.are
stripped-éway.' Solvent strippers are preferably used that

are compatible with a copper metal layer. Oxygen ashing
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can also be used. However, a hydrogen or ammonia plasmé
:reatmeﬁt méy be needed'tp remove the copper oxide prior to
the subsequent deposition of the nonconductive barrier.
layer. The proéess of thé_present inventibn may then be

completed as disclosed.above in the first embodiment.

For either wet of-dry.etching, the presence of the
second-level conductive barrier laye# 184 aﬁd_the
passiéation layer 470 prevent diffusion Qf metal ions,
'particularly copper, into the second.dielectrig_layer;168
and 172 dﬁring the métai étch. The.érOCess 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. .

Wﬁile the invention- has been particﬁlarly shown and
described wi;h-reference to the preferréd embodiments
- thereof, it will be'understﬁod by ;hosé skilled in the art
that various changes in fofm and details may be made "

without departing from the spirit and scope of the
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invention. Further, thle this iﬁvention has been :
disclosed with reference to specific mate;ials for-
insulating layers, dielectric layers;-passivation layers,
barrier iayers and cbnductive metals;_it will be understood
by those skilled in_the_art of microelectronics and
multilevel interconﬁecté that.it is not limited_td éuch

‘'materials. .

What is claimed is:

57



10

15

20

'barrler layer to conflne sald metal layer and said

1. A method to form.metal ihtercoﬂnect'levels in the
manufacture of an integrated circuit device. colmllsldg
| depositing a first_dlelectric layer"overlylng a

semiconductor substrate'wherelﬁ said semieonduc:or

substrate comprises all layers and devices fo-h ed prior to

" said depositing of said first dielectrlc:layer'and_wherei

said first dielectric layer may comprise a stack of
dielectric ‘materials;

patterning said first dielectric layer to form

'trenches for planned damascene-interconnects;;

dep051t1ng a conductlve barrler layer overlylng said

first dlelectrﬂc layer and llnlng said trencues,,-'

depositinq a metal layer overlying said conductivei
barrier layer_ahd fllling said trenches:;
polishing dewn:said metaL'layer.and said*conductive
conductlve barrler layer to said trenches and'to thereby
form said damascene interconnects;
'-patterning said'damascene interconnects_to-form via
plugs in an upper portivn of said damasbene interconnects

wherein said patterning comprises partially etching down.

said damascene interconnects, wherein a via mask overlies

K i }
and protects portions of said damascene interconnects from

said etching down, wherein a trench mask overlies and
-
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protects said first dielectric layer from metal

- contamination during said etching down, and wherein

portions of said damascene interconnects partially etched -

down form conductive lines:

depositing a nonconductive barrier layer overlying

said first dielectric layer, said conductive lines, and

said via piugs;'and -
depositing a second dielectric layer overlying said
non-conductive barrier_layer and-filling'gaps caused by

said patterning of said ¢opper layer to complete said metal_f- 

intercoanect level in the manufacture of said integrated

circuit device.

2. The method according to_Claim-l-wherein said first
dielectric_layer comprises one'df Ehe_group of: undoped |
silicon dioxide (SiOZ), fluorine-ddped'siliéon dioxide,
phosphorus-dopéd siiiéon dioxide, boron-doﬁed'silicon_
dioxide, phosphorus and_boron—dbéed Silicon'dioxide,
carbon-doped silicon dioxide, organic polymers, hydrogen-
doped silicon dioxide, and porous combinations of any of

the above materials.

3. The method according to Claim 1 wherein said conductive

barrier layer comprises on& of the group of: titanium,



titanium ﬁitride, tantalum, tantalum nitride, tungsten
nitride,; ternary metal-Silicon—nitride (WS1iaNy), and Ternary
metal-boron-pitride (WBNy, and cOmbinatipns.éf any of the
-above mentioned matetials. :

4. The method aCcording_to Claim 1 wherein said metal layer. - -
. comprises one of the'group of: copper, copper alloys,

aluminum, and aluminum alloys.

5. The method acdording to-Claim'l wherein said etching
down of said daﬁaéceﬁe interconnects is by one of the group
 of: wet'etching and plasma-assisted dry etching;

6. The method acbordigg to Ciaim_l whéréin said
noﬁconductive-barriér.léyer gomprises one of;the group ofﬁ
silicon nitride, Applied Material Corporation’s BLdkr
silicon-carbide, carbon nitride, boron nitride, carbon _

. boron nitride, and silicon oxynitride.

7. The method aCtording to Claim 1 wherein said second
dielectric layer comprises one of the group of: undoped
silicon dioxide (Si02), fluorine-doped silicod dioxide,

_ - 4 :
phosphorus-doped silicon dioxide, boronidoped silicon

-
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dioxide, 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.

8. The method according:to Claim 1 further comprising_

'depOSiting an-etch'stoppiﬁd layer'overlying said

 semiconducter substrate prior to said step of depositing

said first dielectric layer.

9. Thé method acCofding ﬁo Ciaimfl furthér comprising:
depositing ah insulatind layer overlying said_first
diélectric layér and lining said'trénches'after séid step
of pétternihg said.fi£st dieiéctric layer:to.férm trenches
for planned damascene interconnects; and
anisotropically'etéhing down said insuIéting layerﬁto
form insulating layer space:s.on_thé'sidewails of Said
trenches prior to said step of depositiﬁg_a conductive
barrier layer wherein the présence of said insuiating layer

spacers prevents metal diffusion into said first dielectric

layer.

10. The method acéording to Claim 9 wherein said insulating

layer comprises one of the-group of: silicon nitride,

. T




silicon oxynitride, Applied Material Corporaticn’s BLok,

silicon carbide, and boron nitride.

11. The method according to Claim 1 further com fising 
.depositing a passivation layer overlying said damascehe
intérconnects, said ¢onductive.barrier layer, and said
first diéléctric layer after said sﬁep of po;ishijg down _
said metal layer and said_barrier layer wherein the
ﬁresencé 6f_said §aséivation layer overlying said first
.dieleCtric layer prevents.metal diffusiqn into-$aid fiist'*

dielectric layei.

12. The method according to Claim 11 wherein said
passivation layer comprises one bf_thé group containing:
silicon nitride, silicon carbide. silicon oxynitride, and

Applied Materials Corporation’s BLok.

13. The method according to Claim 11 further comprising
pattérning said passivation layer to form a hard mask
wherein said hard mask is-used in said step of patterning

said damascene interconnects.

14. A method to form copper intercdnnect‘levels in the
manufacture of an integrated circuit device comprising:
_
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depositing a first dielectric layer overlying a

semiconductor substrate wherein said semiconductor

substrate comprises all layers and devices formed prior to -

said depositing of said first dielectric layer and wherein

said first dielectric layer may comprise a stack of

dielectric materials;

patterninq said first dielectric layer to form

trenches for planned damascene interconnects;

depOSltlng a conductlve barrler layer overlyrng said

flrst dlelectrlc layer and llnlng sard trenches;

-deposrtlng a copper'layer overlylng said conductive

barrler layer and fllllng said rrenches,

' pollshlng down said copper layer and sald conductlve

barrier layer to confine said copper layer.and_said

conductive barrier layer to said trenches and ;o-thereby.

form said damascene interconnects:;

patterning said damascene interconnects to form via

plugs in an upper portion of said damascene interconnects

wherein said patterning comprises partially etching down

sald damascene interconnects,

wherein a via mask overlies

and protects portions of said damascene interconnects-from

sald etching down, wherein a trench mask overlies and

protects said flrst dielectric layer from copper

contamination during said efching down, and wherein
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portions of said damascene interconnects partially etched

down form conductive lines;

‘depositing a ndncondﬂctive‘barrier.layer overlying

- said first dielectric layer, said conductive lines, and

said via plugs; and
depositing a second dielectric layer overlying said -
non-conductive barrier layer and filling gaps caused by

said patterning of said copper layer to complete said metal

interconnect level in the manufacture of said integrated

. circuit device.

15. The method according to Claim 14 wherein said first
dielectric layer comprises oné of thé group of: undoped
silicon dioxide (SiOZ),'fluorine¥dopéd'silic0n dioxide,

phosphorus-dopéd'silicon'dicxider boron-doped silicon'

~ dioxide, phosphorus and bdron-doped silicon dioxide,

carbon-doped silicon dioxide, organic polymers,. hydrogen-
doped silicon dioxide, and porous combinations of any of

the above materials.

16. The method according to Claim 14 wherein said

conductive barrier layer comprises one of the group of:
) -

titanium, titanium nitride, tantalum, tantalum nitride,

tdngsten nitiide,'ternary metal-silicon-nitride (WSixNy),

« M



and ternary metal-boron-nitride (WBxNy), and combinations of

any of the above mentioned materials.

17. The method acceording to Claiﬁ l4lwhérein said
nonconductive barrier layer comprises one of the grodp of:
lsilicon nitride; Applied Matérial Corpdration;s'BLok,
silicon éarbide; cafbon niéride, boron nitride, carbon

boron nitride, and silicon oxynitride.

18. The method according to_Claim_14 further comprising
depdsiting an etch stopping layer overlying said
semiconductor substrate prior to said'step'of depositing

" said first dielectric layer.

19.lThé method according to Claim 14 furthgr comprising{.
Qdepositinq_an iﬁsuléting'layer o%efiying said first

dielect:ic ;ayer éhd lining_said trenches after said step

of péttefning éaid first dielectfic layer to fdrm trenches

for planned damascene interconnects; and

| anisotropicaily etching down said insulating layer to

form ;nsulatinq layer spacérs on the sidewalls of said |

t;enches prior to said step of depositing a conductive

barrier layer wherein the presence of said insulating layer

IR
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spacers prevents copper diffusion into said Iirst
dielectric laver.

20. The method according to Claim 19 whersin said

insulating layer comprises one of the group cf: silicon

nitride, silicon oxynitride, Applied'Material Corporation’s

BLok, silicon carbide, and boron nitride.

»

21. The-method according to Claim 14 further comprising

depdsiting'a passivation layer overlying said damascene -

“interconnécts, said conductive barrier layer, and said

first dielectric layer after said step of polishing down
said'copper layer.and éaid.bafrier layer whereih tge
preéénce of sai&_paSSi;ation layer overlying said first
_dielectric layer prevents.coppér~diffusion into saiq.firsi

dielectric layer.

' 22. The method according to Claim 21 wherein said

passivation layer comprises one of the group containing:
silicon nitride, silicon carbide, silicon oxynitride, and

Applied Materials Corporation’s BLok.

23. The method according to Claim' 21 further comprising

patterning said passivation layer to form a hard mask

o I
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wherein said hard mask is used in said step of patterning

said damascene interconnects.

24. A method to form copper interconnect lavels in the
manufacture of an integrated circuit device comprising:-

_depositing a first dielectric layer overlying a

- semiconductor substrate wherein said semiconductor .

substrate céﬁprises all layers and'devides formed prior to

 said depositing of said'first-dielectric layer'and wherein

said first dielecttic.layerdmay'gomp?ise.a stack of
diéiectfig materials;.
patterning said fif§t dielectric léyer'to form
treﬁches_for planned damascene intefconnects;
_ depositing an iqsulating'léyer overlying said first
dielectric layer and liﬁing éaid trenches;'.. |
anisotropically‘etchiﬁg down said-insuléting layer £0“
form insuiating layer spacers on the sidewalls of said
trenches; |
depositing a conductive barrier_layer overlying said
first dielectric layer and Said'insulating layer spacer,
and lining said trenches;
‘depositing a copper iayer'overlying said conductive

barrier layéf and f£illing said trenches;
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polishing down said copper layer and said conductive

 barrier layer to confine said copper layer and said

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

patterning said damascene interconnects to form via

‘plugs in an upper portion.of said damasceng interconnects

wherein said pétternihg compriSeé partiaily.etching déwn
said daﬁascene inter;onnects, whéréin-a via mask overliés
and‘éfotec;s portions of said démascene iﬁtercdnnects from .
said etching down, wherein‘a-t;ench mésk cver;ies and |
proteété said first dieiectric léyéf'from copper |
coﬁtamiﬁation during Séid_etching down, whéréin the

presence of said insulating layer spacers prevents copper

diffusion into said first dielectric'layer, and wherein

pOrtions of said damascene inferconnects parfially etched
dqwn form conducti&e lines; | -
| depositing a nqncondﬁctive'barriér 1ayér overlying
séid first dielectric layef, Said cOhductiﬁe lines, and
said via plugs; and . |
depositing a second dielectric layer oVerlyiﬁ§ said
non-conductivé-barrier layer and filling gaps caused by
said patterning of_saia copper layer to complete said metal

interconnect level in the manufacture &f said integrated

T .

circuit device.

68



25. The method according to Claim 24 wherein said first
dielectric layer comprises one of the group of: ﬁndobéd
silicon dioxide (S1i02), fluorine—doped'éilicén dicxide,
-phospho:us—doped siliéon dibxide, boron-doped;silicén
dioxide, phosphorus and boron-doped silicoﬁ.dioxide,
carbon-doped silicdu_dioxide, orgénic polymers, hydroéen—"
doped silicon.dioxide;'and porous-coﬁbinations Qf any of

the above materials.

26. The method according'to Cléiﬁ 24:whérein séid
conductivé barriér laYer.compriées dné of the group of}
titaniuﬁ,-titanium nitridé, téntalum, tantalum nitride,
tungsten hitride, ternary_metal-silicén—nitride (WSixNy), -

and ternary metal-boron-nitride (WBiNy, and combinations of-

any of:the above mentioned materials.

27. The meth;d according to Claim 24 whereiﬁ said
nonconductive barrier layer comprises one of the group of:
silicon nitride, Abpliéd_Material Corporation’s BLok,
silicon carbide, carbon nitride, bbron_nitride, carbon
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28. The method according to Claim 24 wherein said
insulating layer comprisés one of the group'of: siliccn
nitride, silicon oxynitride, Applied Material Corporation’s

. BLok, silicon carbide, and boron nitride.

' '29:_The ﬁethod éccording to Claim 24_further comprising

| depdsiﬁing a passivatioﬁflayer oﬁerlying séiq damascene.

: intérconﬁects, said conduétive barrie: layer,_said_
insulatiﬁg.layer_spacers, and said first‘dielectric iayer
after said step of pplishing down-said copper.laYej.and 
said barriér layer wherein the p;esénce of said passivation
layér overlying said first dielectric layer prevents copper

diffusion into said' first dielectric layer.

30. The-method according to Claim 29 further comprising
- patterning said passivation layer to form é hard mask

wherein said hard mask is used in said step of patterning

said damascene interconnects.

31. A method to form copper interconnect levels in the
manufacture of an integrated circuit device comprising:
depositing a first dielectric layer overlyihg a

semiconductor! substrate wherein said semiconductor

* ¢ L M s x
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substrate comprises all layers and devices:.formed prior to

cr

said depositing of said first dielectric layer aﬁd wherein
said first dielectric laye: may compriée.é stack of
dielectric materials;

patterning said first'dieiectric léyér to form
trenches for planned_déméscene ihterconnécts;

depositing‘a conduéﬁive barrier_layer-overlying.said
fifst dielectric layer andllining said trenches;

depositing a co?pér layer overiyihg éaid conduétive-

barrier layer and £illing said trenchés¢

polishing down said copper layer and said conductive

barrier layer to confine said copper layer and said

conductive barrier layer to said trenches and to thereby -

form said damascene interconnects;

i'depositing a passivation layer overlying said

damascene interconnects, said conductive barrier layer, and

said first dielectric layer after said step of polishing
down said copper layer and said barrier layer.

patterning.said'passivation layer and said damascene

interconnects to form via plugs in an upper portion of said

damascene interconnects wherein said patterning comprises
partially etching down said damascene interconnects,

wherein a via mask overlies and protects portions of said

-
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damascene interconnects from said etching down, wherein a

- trench mask overlies and protects said first dielectric

layer from copper-cgﬁtamination during said gtching down,
whefein the presence of said paési&ation layer'overlyinq"
said first dielect;ic layer prevents copper diffusion into.
séid firﬁt dielectric_layerc and_wherein'portions of.said_.

damascene interconnects partially etched down form

conductive lines;

depositing a nonconductive barrier layer overlying

- said first dielectric layer,.said'conductive_lines,:and

said via plugs;'and

debositing a second dielectrid layer oVerlying said
non—cdnductiQe bafriér.lafer and.filling'gaps-caused-by
said pétterning of saia.coﬁpér layer to complete sé;d metal:
interconnect levei_in the manufactﬁre ef said integratéd _;
circuit device. - -

32. The method according to Claim 31 wherein said'first

dielectric layer comprises one of_the_group of: undoped

silicon dioxide (Si02), fluorine-doped silicon dioxide,
phosphorus-deoped silicon dioxide, bbron-doped silicon .
dioxide, phosphorus aﬁd boron-doped silicon dioxide,

carbon-déped silicon dioxide, organic polymers, hydrogen-

T .
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doped silicon dioxide, and porous combinations of any of
the above materials.

33. The method according to Claim 31 wherein said
conductive barrier laver comprises'oné'of the group of:-
titanium, titanium nitfide, tantalum, tantalum nitride,

tungsten nitride, ternaryfmetal-silicon—nitride (WS1ixNy),

. and ternary metal-boron-nitride (WBW.Ny, and combinations of

any of the above mentioned materials.

34. The method according to Claim 31 wherein said

.nonconductive barrier layer comprises one of the group of:

silicon nitride, Applied Material Corporation’s BLok,
silicon carbide; carbon nitride, boron nitride, carbon

boron nitride, and silicon oxynitride. : -

'35, The method according to Claim 31 further comprising:

depositing an'insulating_layer overlying said first
dielecéric layer and lining said trenches after said step
of patterning said first dieléctric layer_to_fOrm trenches
for planned damaséene interconnects; and

anisotropicaliy etéhing down said_insulating layer to
form insulating layer. spacers on the sidewalls of said

-
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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.

36. The method according to Claim 31 wherein said

passivation layer comprises one of the group containing:

silicon nitride, silicon carbide, silicon oxynitride, and

'prplied Materials Corporation’s BLok.

37. The method acéording to Claim 31 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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