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| NTERCONNECTS BACKGROUND OF THE I NVENTION (1) Field of the Invention The
invention relates to a nethod of fabricating sem conductor devices, and
nmore particularly, to the fabrication of interconnect structures with
self-aligned, anti-vias in the nanufagture of an integrated circuit device.
(2) Description of the Prior Art The formation of high quality
interconnects is a critical part of ultra large-scale integration (ULSI)

integrated cig quitiop | For SNt SYEAL 8L T GREBSARNE-PERCERSERCOMNEESRY
*connective line and via openings are pre-formed in a dielectric |ayer prior

to the deposition of netal, have been added to the traditional method of

deposi tlhngf ?nd et ghl ng met al fol | oned by dielectri ﬁ f or mat umﬂmmmmmmb
VELal et ching pr obl ome CA<BRCYYAdgh 1HFof NAFRRGBNr: o et chi g AAOH
exanpl e. 2 Referring nowto Fig. 1, a cross-section of a prior Yart

integrated circuit device is illustrated. In this device, MJMWM M me
for the integration of alum num based interconnects and.lo " mmummmﬁ
i's showd) Afiesel atfi gvnd dyrerertdiagverlies the sem conductor subsigghs 10. A
first nmetal layer 18, conprising alumnum is deposited overlying the

i solation layer 14. A capping layer 20 is fornmed overlying the first netal
| ayer 18. After the capping layer 20 and first netal |ayer 18 are patterned

to form conmee iive/dridiash reloveK h el erdthed | yefa@2iést degosited. The
low-k dielectric |ayer 22 conprises, for exanple, an organic naterial that

d I | ect I
'22 gﬁgs%'ﬁg%o;rﬁm\’cﬁr d P el g rrh&r&g% slanty A pecond ghelectric layer

I con OXIde is then deposited ove 1y|ng the | owk
di el ectric k%y ferring now to

hed
t hr oug o seclocrf}j Ocﬁ elrré%‘ﬁ‘fo %@%rs%u%ﬁ\dr?ﬁew;rgb\fgef%”gflgnegre et che

anti-vias in the manufacture of an integrated circuit

device.

(2) Description of the Prior Art

The formation of high quality interconnects is a
critical part of ultra large-scale integration (ULSI)
integrated circuits. In recent years, damascene processes,
whereby connecti&e line and via openings are pre-formed in
a dielectric layer prior to the deposition of metal, have
been added to the traditional method of depositing and
etching metal followed by dielectric formation. Each
approach offers advantages ahd disadvantages for the

process integration. Metal etching problems can be traded

T

for dielectric etching problems, for example.



dielectric layer 22. The via openings 30 expose the top surface of the
connective lines 18 and 20. The via openings 30 are etched using dry plasm
etching process. Note that the lowk dielectric |layer 22 may experience via
poi soning during the etch process. in addition, the 3 conbi ned poi soni ng
that occurs during the etch, clean and,resist strip processes results in
significant bowi ng 34 and enl ar genent df the openi ng. The probl ens
encountered in the etching, cleaning and stripping processes nake it
difficult to integrate lowk dielectric materials and al um num

i nterconnects. Several prior art approaches disclose nethods to fornetching

i nterconneckssLp, tRg ABAULACEYLE af ah diiegratad & rauid devce. U S.
Patent 5,512,514 to Lee teaches a nmethod to forman integral via and

t [Nt A al J.ay ' I s i
Geposi t50. or S AEEY, P BPnTy I e AT oy T Tayer
parti al

| y.down. The interconnect.|lines are then patterned by etching
t hr ougﬂe¥ﬁ8eneFaP°Pé€§r8F. i°0G efcarfniq%\?e lﬁgtceé]srsa{]ctjacfr}eso{ haghﬁ‘é $11ion and
patterning of the photoresist for the interconnect |ines be perfornmed on a
non- pl BAEFIMBPAE FEGIPEEES BNS oyt dntd i IRPE ¥ 568 1 $HWt 4t di scl oses a
method to formreverse danascene interconnects. The nethod does not provide
a pol i $sAagtsop leoren Hd poldBhHiaRy dRut il edndyei@f netlest oot et®ric | ayer
and, therefore, netal damage could occur in this process. U S. Patent
4,917, A759 risa kethdr letyead liSsaciesp @l sietdiodl uroidunm sel deabdsgoed vias. A
second conducti ve 4

overlying the isolation layer 14. A capping layer 20 is

formed overlying the first metal layer 18. After the

capping layer 20 and first metal layer 18 are patterned to

form connective lines, a low-k dielectric layer 22 1is

deposited. The low-k dielectric layer 22 comprises, for

example, an organic material that is designed to have a low

dielectric constant. A second dielectric layer 26, such as

silicon dioxide, 1s then deposited overlying the low-k

dielectric layer 22.

Referring néw to Fig. 2, via openings 30 are etched
through the second dielectric layer 26 and the low-k
dielectric layer 22. The via openings 30 expose the top
surface of the connective lines 18 and 20. The via
openings 30 are etched using a dry plasma etching process.
Note that the low-k dielectric layer 22 may experience via

poisoning during the etch process. 1In addition, the



| ayer is patterned to forma hard mask overlying a first conductive | ayer.
A third conductive layer is then deposited to thereby enbed the second
conductive hard nmask. The third and first conductive | ayers are then
sequentially etched. U S. Patent 5,861,673 to Yoo et al teaches a nethod to
extend the surface area of a netal regjon wherein a via contact is planned.
U S. Patent 5,846,876 to Bandyopadhya% et al discloses a nethod to form
damascene i nterconnects with staggered levels. U S. Patent 5,691,238 to

Avanzi remefindld RAGRES ry rever sedlarmshenhdreiiock t &Pt Ngsn aded et ched in a
dielectric layer. A nmetal layer is deposited and polished down to form

connectias dd NS i MiAS A d e S LNedi 4 N O34 N5 COMNEEL| ¥y | s negng A

dielectric layer 1I's then deposited and polished down to conplete the

nvent E SAI TR R G 4 e TBN 1 ver BheE by Y RhrEr SRT U ABFS WL hod of

inventioni
fabricating self anti-yia interconnects in the mapufacture of

-aligned,,
i nt egr at6d GG 79’3.&‘3&3“;&‘3 u‘?rf%e?tﬁb?%%rt‘g FELRRSPTRSBALSi hbention is to
provide a nethod to fabricate jnterconnects where vias_are inherently
sel f - aldigrfeleF4 s uriek AR ednhRETkvéi ¢l pesrianbeherialft ARE obj ect of the

present invention is to elimnate poisoning or bow ng of the |owk
i nt er netlainidiwh et ecoByREtHy depositing the dielectric |ayer after
formati on of the connective line and via stack. Yet another further object
of the present invention is to elimnate |oss of via netal due to | owk
dielectric layer polish down through the use of a top protective layer. In
accordance Wéhethe obi6et srof abPrsatR¥eNtioblode methods to form

interconnects in the manufacture of an integrated circuit

device. U.S. Patent 5,512,514 to Lee teaches a method to

form an integral via and contact interconnect. A metal

layer or a multilevel metal layer is deposited. Vias are

patterned intc the metal layer by etching the metal layer

partially down. The interconnect lines are then patterned

by etching through the metal layer. This technique

necessitates the deposition and patterning of the

photoresist for the interconnect lines be performed con a

non-planar metal'sprface. U.S. Patent 5,693,568 to Liu et

al discloses a method to form reverse damascene

interconnects. The method does not provide a polishing

stop for the polishing down of the intermetal dielectric

layer and, therefore, metal damage could occur in this

process. U.S. Patent 4,917,759 to Fisher et al teaches a

method to form self-aligned vias. A second conductive



new net hod of fabricating self-aligned, anti-vias has been achieved. A

sem conduct or substrate is provided. A netal |ayer is deposited overlying

t he sem conduct or substrate. The netal |ayer nmay conprise a conposite stack
of two nmetal layers. The netal |ayers nay additionally be separated by an
etch stopping layer. An anti-reflective coating |ayer is deposited
overlying the netal |ayer. The netal Fayer is etched through to form
connective lines. The nmetal layer is then etched partially through to form
vias. T rti.al t chi o [ by. 1imed etching
or by uggy% Elﬁe pgﬁtﬁggﬁlael@et{bgh%%np%? gqp aynga‘rasf lgAOC\pl e }é%}fld% ‘?I%/éegei S

deposi ted averl.ying the vias, .the caonnective Jines and_ the
sem con&&@td&cgé&ﬁsg?a €. ‘ththd]irecfecc?r}lucc la‘gleeria ei/r c%)srrpi?ril%ré a |l owk
material. The dielectric layer is paqlished down to copplete the

sel f - al CGREF I tET it ISR MRS rF?‘Ffémgra‘FRﬁ‘gl&@H\ée of2¥Rem@ftegr at ed
circuit device. BRIEF DESCRI PTION OF THE DRAW NGS I n the acconpanying

dr awi ng§heorafiimg anthtferisl parduefivei kaeserape i ohent pegeensighovin: Fi gs.
1 and 2 schematically illustrate in crosssection partially conpleted prior
art i nt egradteetl cilr.cu tPadeanitces, 841 g&73 3td hYooght 181 scheohescal ly illustrate
in crosssectional representation a preferred enbodi nent of the present

inventi aethod dESGR &HA GO TiHR PREFERRED: EVMBCDLMENTF S5 The wrkhednof the

present invention is applied to the formation of self-aligned, anti-via

I nter connects 4@ SEM SOOIt 08, SUPSST apgrohp Shoukdgbe chear to those

experienced in the art that the present invention can be applied and
oxt ende I ANBAGAGY) 5441, 15201 he, 20P5. O oL EPEBRRIL LOLEDLLOM
cr oss- secti on. of -Parti 8! v coppl eted.l Dt eorapeg chLeult deyge,qh the
to Avanzino et al teaches a reverse damascene method.
Openings are etched in a dielectric layer. A metal layer
is deposited and polished down to form connective lines.
Vias are then etched into the connective lines. A

dielectric layer is then deposited and polished down to

complete the structures.

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of
fabricating self-aligned, anti-via interconnects in the

manufacture of integrated circuits.



Several inportant features of the present invention are illustrated. A

sem conduct or substrate 50 is provided. Preferably, the sem conductor
substrate 50 conprises nonocrystalline silicon fabricated by nmethods well
known in the art. The semi conductor substrate 50 may additionally conprises
| ayers, junctions, and devices typical to the art. An insulating |ayer 54
is formed overlying the sem conduct or Ssubstrate 50 and covers any
previously forned devices, if used. The insulating |ayer 54 conprises any
dielectric Aaferraertppiers S&f £Fhei eAeSEHTti ASTPALE OPheé Ssé®i conduct or
substrate 50 fromthe overlying netal 8 structures. For exanple, the

i nsul aprogidfiayarméghadyteofipbicseasel Lode rgicoxiedd s GheFsr tiiad &Ts nport ance
to the present invention, a first nmetal |layer 58 is deposited overlying the
i nsul athngreayey 541fFhéibnest tretaldelrdyemgb & cromutiises ldmesaf t he group
of : alum num alum num al |l oys, tungsten and copper. The first nmetal |ayer
58 is later be patterned to formconnective lines. The first netal |ayer 58
is preferably deposited to a thickness of between about 1,000 Angstrons and

10, 000 Angsh&ggﬁ$ﬁp‘@u§ttﬁlérsb%ﬂ Y e 64d $.48R05 tieffj\ré}l\@réryii;%g dde first

metal |ayer e purpose of the etch stop layer 62 1s to | ow conpl ete

et chi ng,through of .t he.secaond t.al | r. 66 w thout. d ing the

under | gilﬁﬁlflfa?& Précar é%rr gg’%%ﬁe O:%%hhesﬁgﬁq Ikaylle%jrt%%&reg%ejf erably
conprises_one of the group of: titaniumnitride (TiN, titanium (T),

t ungst @ﬁeéﬁ\FFrtl&néétyégF %fﬂe@é’s(%ﬂ)“,g tedHt é{ﬁﬁﬁeﬁ*‘aﬁ%c Ayt Bt m nitri de
(TaN). The etch stop layer 62 is optional to the present invention. In the
case wherdathenedh oFandpst 672 ikinfotandatta a5%3%ed etch nust be used to
al | ow i ndependent

Yet another further object of the present invention is
to eliminate loss of via metal due to low-k dielectric
layer polish down through the use of a top protective

layer.

In accordance with the objects of this invention, a
new method of fabricating self-aligned, anti-vias has been
achieved. A semiconductor substrate is provided. A metal
layer 1is depositéd overlying the_ semiconductor substrate.
The metal layer may comprise a composite stack of two metal
layers. The metal layers may additionally be separated by
an etch stopping layer. AaAn anti-reflective coating layer
is deposited overlying the me&tal layer. The metal layer is
etched through to form connective lines. The metal layer

is then etched partially through to form vias. The partial



etching of the first and second netal |ayers. 9 A second netal |ayer 66,
whi ch serves as a via interconnecting the two netal |ayer, is deposited
overlying the etch stop |ayer 62. The second netal layer 66 will be
patterned to formvias. The second netal |ayer 66 preferably conprises one
of- the group of: alum num alum num al] oys, tungsten, and copper. The
second netal |ayer 66 is preferably débosited to a thickness of between
about 3,000 Angstro and 10,000 Angstrons. Note that, if the etch stop

| ayer B2CB&RAr FEESVErt BRYU e(?FFPmF%éﬁhFﬁ%k¥&(ﬂ+@ﬁQn?q9ﬂhﬂg & MY be
converted to Ti Al 3 durin% the deposition of the second netal |ayer 66. An
anti - r epeeefi taec oatiingalARECH I S tZP i1 MieposiA el Bhatl 5dihigla¥rRr second
netal |ayer 66. The ARC | ayer 70 preferably conprises titaniumnitride

(Ti N). iSheepRGiltayer vEY 1inilnfd [Uhe twikk puryics esorinedthieverlegesd amvent i on.
First, the ARC |l ayer 70 serves as a traditional anti-reflective coating to
t her eby hienpkear e opliiaicalart kagrsaphite .r a3 Widedorid hes photregesi st pat t erni ng
process. Second, the ARC | ayer 70 serves as a polishing stop for the polish
down of.othe iigat ar nefalk dalactdic merdadiedhe ARG yayers70 is preferably
deposited to a thickness of between about 300 Angstrons and 1,500

ANGST T QI ; 51 k0 MRLE ddalod e dBtale SEACK £ COMRN | Sescihe; first metal layer
58, the etch stop layer 62, the second netal Tayer 66, and the ARC | ayer

10, S s cared ahove, e elalALan Layer. 62 |5 optional . Eutper. 1o the

case whére te yer s hot use yer 58

device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Figs. 1 and 2 schematically illustrate in cross-
section partially completed prior art integrated circuit

devices.

Figs. 3 through 10 schematically illustrate in cross-
sectional representation a preferred embodiment of the

present invention.



and the second netal |ayer 66 can becone a single netal layer. In this
case, the etching process for etching the vias nust be carefully tined to
insure that the connective |lines are not etched through. A first
photoresi st layer 74 is preferably deposited overlying the ARC | ayer 70.
The first photoresist layer 74 is patterned to forma nmask for etching the
connective lines. The first photoresist |ayer 74 may be patterned using a
conventional photolithographic sequence of exposure to actinic |ight
through a reticle followed by devel opnent. Note that the presence of the
ARC | ayer 70 enhances the resolution of the photolithographic process.

Ref erring now t o DES@QRI4TICNe OARCHEA\RRE FRRREheEMBIIIIMENTES al | ayer 66, the
etch stop layer 62, and the first netal |ayer 58 are etched through to form
connective lines 78 in the first nmetal |layer 58. Preferably, a dry plasna
etch with an anisotropic etching profile is used. The presence 11 of the

patterned firpgt RRGLAM 8H Shd WA PLAMEN Soinvant s slehi ng.pf the metal

stack. Follow ng the etch, the first photoresist layer 74 is renoved by a

stri ppif%%p%gﬂ%%s Y Nahe LA [he Satz{é'higﬂiri”ag RS n f085; NPf A npact the

i nternéra irel’'ectriclTayer,”as ‘in prior art exanple, Since the

interconnect dielectric layer is not present at . this step in the process.
Ref er r PRJHIORWS SoLg SUS Srer er%’?‘?%]r@q?eeaﬂﬁ%r of°tWeCPpFesent invention
is illustrated. A second photoresist layer 82 is deposited overlying the
ARC | ap&iPerd eniesl dacdi® pHdt driexh sthe ayeesept | EnpRit Ephed@f oPform a
negative i mage of the planned vias. The second photoresist |ayer 82 may be
pat t er meplifest aexhargpitendss] n thoonvésv ianahg photol thdogeaphi efprocess
wherein it is exposed to actinic

the present invention.

Referring now more particularly to Fig. 3, there is
illustrated a cross-section of a partially completed
integrated circuit device of the preferred embodiment.
Several important features of the present invention are
illustrated. A semiconductor substrate 50 is provided.
Preferably, the semiconductor substrate 50 comprises
monocrystalline silicon fabricated by methods well known in
the art. The semiconductor substrate 50 may additionally
comprises layers, Jjunctions, and devices typical to the
art. An insulating layer 54 is formed overlying the
semiconductor substrate 50 and covers any previously formed
devices, 1f used. The insulating layer 54 comprises any
dielectric material that is sufficient to insulate the

semiconductor substrate 50 from the overlying metal



i ght through a reticle and then devel oped to renove the unwanted resist.
Note that the ARC | ayer 70 again inproves the resolution of the

phot ol i t hp~raphic process. In addition, note that the critical patterning
of the second photoresist |layer 82 occurs over a planar portion of the
metal stack. This advantage of the prgsent invention is nade possible for
two reasons. First, the connective lines are etched before the vias.
Second, the vias are snaller 12 than, and contained within., the pattern

for the.egrpackive tbacekamPlies ithed itiGNIfdiGRNN AdMayAge pver prior art.
Referring nowto Fig. 6, the ARC | ayer 70 and the 'second netal |ayer 06 are

et ched %Q%%E%Q_%glég% "R §P§%? The patterned second photoresist |ayer 82

prot ects € Vi as rometching. The etching step preferably conprises an
ani sotropic, dry plasma etch. Note that the etch stop | ayer 62 stops the

etching process fromattacking the underlying first netal layer 58. In this
way, the second netal |layer 66 is conpletely etched through w thout etching

the first mfaPardy&ulss. IPIHSNGE & Wdte REERTh Steptiser $2 is not
used, this etching process nust be a tined etch that is carefully
cont r oflia@ tt eeitgdurle et & Hes \depatii tkhexde Bhdi nhet hronheetl aeing ne
t hi ckness are kept in specification. The interconnect structure thus forned
i's a delykeralddgnedhearftirst asstaluctarer whtredmpx heesluahe dafraslcene structure
is reversed. Follow ng the second netal etch, the second photoresist |ayer
82 i s stuoypped :awdyuriOnoe agaimmnires it es et ahg shi eh estd | copipes. not
experience the etching, cleaning, or photoresist stripping processes.

The first metal layer 58 is later be patterned to form

connective lines. The first metal layer 58 is preferably

deposited to a thickness of between about 1,000 Angstroms

and 10,000 Angstroms.

An etch stop layer 62 is deposited overlying the first
metal layer 58. The purpose of the etch stop layer 62 is to
allow complete etching through of the second metal layer 66
without damaging the underlying first metal layer 58. The
etch stop layer 62 preferably comprises one of the group
of: titanium nitride (TiN), titanium (T), tungsten (W),
tungsten nitride (WN)}, tantalum (Ta), and tantalum nitride
(TaN) . The etch stop layer 62 is optional to the present
invention. 1In the case where the etch stop layer 62 is not
used, a timed etch must be used to allow independent

etching of the first and second metal layers.



13 Referring nowto Fig. 7, a dielectric layer 90 is deposited overlying
the vias, the connective lines and the sem conductor substrate 50. The
dielectric layer 90 forms the internetal dielectric (IMD) for the

i nterconnect structure. The dielectric layer 90 preferably conprises a

|l ow-k dielectric material. This dielegtric | ayer 90 conprises, for exanple,
any of the followng: Si02; SiOF (fludrinated silica glass); SiOC

(G substituted sil oxane); anmorphous SiCH MQ porous nmaterials; polyners,
such as PPX8 Sgsioyce Riedad- p-aWaLy | &e )Wh il F=oue pot 2 pi3d/l yl ene); and VT-4
(tetrafluoro-p xylylene). The dielectric layer 90 may be deposited, for
exanpl entley cepineatdatd rigreort Wy mEtghl densiity plastep@Axedhe diel ectric

| ayer 90 is deposited to a thickness of between about 5,000 Angstrons and
20, 000 cArgStyrions .t Heefegrah o dweFi€R . SThannddetd imgosl andyéeabére of the
present invention is shown, _ The dielectric layer 90 is polished dowm to

conpl etwe tihe s eldtwd drgnetho afdim W Ba s Nt ercioanestsSnd mé hel nhauéactare of the
integrated circuit device. The polishing down step is perforned using a

chem cgl dmehaiifalomdd i sdis (EVP) o £ Thige td Eamb USE NI 4T idenuARC | ayer 70 may

serve as a polishing stop to protect the second netal |ayer 06 fromthe

ol i shing, prAGess: 14y 0l analgsrdd, | Merconnect hevelo8dnlisnthgieby formed.

Note that, since t ctric 1ayer oes not experience netal etching,

cleani ng., or phof oresl #L. 5411 PRLOGS PLOgesses. £ 102001300, 00,00, AN 10 1

seen. i Ng , Second I nterconnec ayer “may be forned
overl yi the first_layer. The secon al stack 98, 102, 106, .and 110 is
deposit%ﬁ%%&e%1@§igA?$é&roms an fg,gogﬁkngstroms. Note that, 1%

the etch stop layer 62 comprises titanium (Ti), then the

etch stop layer 62 may be converted to TiAl; during the

deposition of the second metal layer 66.

An anti-reflective coating (ARC) layer 70 is deposited
overlying the second metal layer 66. The ARC layer 70
preferably comprises titanium nitride (TiN). The ARC layer
70 fulfills two purposes in the present invention. First,
the ARC layer 70 serves as a traditional anti-reflective
coating to thereby improve photolithographic resolution for
the photoresist patterning process. Seccond, the ARC layer
70 serves as a polishing stop for the polish down of the
intermetal dielectric material. The ARC layer 70 is
preferably deposited to a thickness of between about 300

Angstroms and 1,50C Angstroms.



first interconnect |ayer. Subsequent processing of the second netal stack
is conpleted using the sane process as that used for the first nmetal stack
to create second-|evel connective lines 98 and 102 and to create

second-1 evel vias 106 and 110 as shown in Fig. 10. A second-|evel
dielectric layer 120 is deposited andﬂfolished down to conplete the second
i nterconnect |ayer. The advantages of the process of the present invention
can now be enunerated. First, an effective process for form ng

i nt er connecNetenthati fhegietted Sitael (CMBAIGE hd e seieiad. Second,
the method allows the use of a lowk dielectric layer with an

al um nlaybaséd, vicheard atorstest ihaydn e carife graraindmetTdl rydny first
etching the connective line pattern and then the via pattern, a 15

sel f - akicgnadd amlel AR liss/frormed. Aouridi cdthed digdest ritge | Styeti i s not
exposed to the netal etching, cleaning, or photoresist stripping processes.

Fifth, s%g, ALEeeNee afs tha navel . tidardm nid rigle, cARC igyes deth inproves
t he photolithography for the connective line and via definition and

prevents ROlish NG AWk damnge, . Ass Showhd Ne 1 he: pref &1 r edyepbegli nent, the
present invention provides a very manufacturable process Tor fabricating

sel - alfgned,s Al anai | Jdy Le SRAUEACLAL €, of ;A L hegeat ed circult

devi ce. ilTe the 1Tnvention een particularly s and described with

reference to t referred embodi nents thereof, it wl e_under st ood by
those sk 9%d it %”ﬁai%mfay%f?Eékl%%a%ﬁ%%e%% %%Fn?gﬁglﬂgtgﬁ?s may be
made w t hout dﬁparting fgon1the.§£irit and scoge of the invention.

vias must be carefully timed to insure that the connective

lines are not etched through.

A first photoresist layer 74 is preferably deposited
overlying the ARC layer 70. The first photoresist layer 74
is patterned to form a mask for etching the connective
lines. The first photoresist layer 74 may be patterned
using a conventional photolithographic sequence of exposure
to actinic light through a reticle followed by development.
Note that the presence of the ARC layer 70 enhances the

resolution of the photolithographic process.

Referring now to Fig. 4, the ARC layer 70, the second
metal layer 66, the etch stop layer 62, and the first metal
layer 58 are etched through to form connective lines 78 in
the first metal layer 58. Preferably, a dry plasma etch

with an anisotropic etching profile is used. The presence



16 Cains . 1. A nmethod of formng self-aligned, anti-via interconnects in
an integrated circuit device conprising: providing a sem conductor
substrate; depositing a netal |ayer overlying said sem conductor 5
substrate; etching through said netal layer to form connective |ines;
thereafter etching partially through id netal layer to formvias; 10
thereafter depositing a dielectric Iaj r overlying said vias, said
connective lines and said sem conductor substrate; and polishing down said

di el ecd#ignd ayefcépnc@npiese sabboseklisal igped, 7anpirevieatisnt erconnects in
the manufacture of 15 the integrated circuit device. 2. The met hod

accor di L, elLn.Sal aye ;.S n t he group
of : a?%ﬂ?%%ﬁ?gg uﬁ?%ﬁﬁ?gFlEgg,ﬁ%gﬁgg%ghcghd Eggggg}hg.%%%e%#gpﬁod accordi ng

to, 0L aLm Leyher eLnosald,sem s9pduchar sSubsLidLe SoAr i3S aayiconduct o

|

devi ce§ Tn and ol & silicon su rate covere n 1 nsul & | ayer. 17
9. The nethod ac ogding %obglainhl wherein said step oftgtchiQ% partially

t hr ough™ R&FA° et AP "Fay8P tt 5 Form PR "oRpPCseS £ mER ettd?2%S.  The net hod
according to Caim1l wherein saig di el ectric | ayer Qoqprises one of the
group bR SPNBHIIMEEEE PEPUGFERACed 3y c & Syltds O'e ST @ dubst it ut ed

sil oxane), anorphous SiC H MSQ (nethyl silsesqui oxane), porous 5 materials,
PPXC p%F?W@ﬂe(péP?E@hFBFo}ﬁiﬁfFfpéﬁéf,dpﬁ*ﬁCtrlC layer is not

present at this step in the process.

Referring now to Fig. 5, another important feature of
the present invention is illustrated. A second photoresist
layer 82 is deposited overlying the ARC layer 70. The
second photoresist layer 82 is patterned to form a negative
image of the planned vias. The second photoresist layer 82
may be patterned, for example, using a conventional
photolithographic process wherein it is exposed to actinic
light through a reticle and then developed to remove the
unwanted resist. Note that the ARC layer 70 again improves
the resolution of the photolithqgraphic process. In
addition, note that the critical patterning of the second
photoresist layer 82 occurs over a planar portion of the
metal stack. This advantage of the present inventiocn is
made possible for two reasons. First, the connective lines

are etched before the vias. Second, the vias are smaller



pol ymer (poly-p-xylylene), and VT-4 (tetrafluoro-p-xylylene). 6. The method
according to Caim1l wherein said dielectric layer is deposited to a

t hi ckness of between about 5, 000 Angstroms and 20, 000 Angstroms. 7. The

met hod according to Claim1 further conprising depositing an

anti-reflective coating |layer overlyi said netal layer prior to said step
of etching through said netal |ayer to formconnective lines. 8 The nethod
according to~Caim7 mherein sai d ~a anti-reflective coating | ayer

conprises titaniumnpitri wher |n S ti-reflective coating
ayer T80 pBRASHPRGSSBH FOF Skl d CCPeBGE Bl Lo A SdBRATSA T di ol ect Fi c
|l ayer. 9. A nethod of formng self-aligned, anti-via interconnects in an
|ntegr%%@ﬁeérrcﬁhﬁsdé§léesééﬁﬁﬁﬂ§ﬁﬁ§ aﬁW@@ﬁ&ﬁﬁgOde§eﬁﬁﬁ9ﬁnﬁﬁQﬂ substrate;
depositing a first netal |ayer overlying said 5 sem conductor substrate;
depositing a second netal |ayer overlying said first nmetal |ayer;
depositing an anti-reflective coating |layer conprising titaniumnitride
(Ti N overl Refigrsand seweond megal 6, ayére; ART dtagleimg & lrgligthesai d
anti-reflective coating |layer, said second netal |ayer, and said first
nmet al kayendt netadmlegrmedt weel ienehed hereafdrert cetfolinmgr itdy @gh sai d
anti-reflective coating | ayer and said second netal layer to formvias; 15

t her eafther pdepeghiidng ea otlide lp@itiore diayerl OMar 180 S dk &/ i@as sadd

connective |lines and said sem conductor substrate; and
86 from etching. The etching step preferably comprises an
anisotropic, dry plasma etch. Note that the etch stop
layer 62 stops the etching process from attacking the
underlying first metal layer 58. In this way, the second
metal layer 66 is completely etched through without etching
the first metal layer 58. 1In the case where an etch stop
layer 62 is not used, this etching process must be a timed
etch that is carefully controlled to insure that the via

thickness and the connective line thickness are kept in

specification.

The intercoﬁnect structure thus formed i3 a self-
aligned, anti-via structure wherein the dual damascene
structure is reversed. Following the second metal etch, the
second photoresist layer 82 is stripped away. Once again,
the intermetal dielectric doés not experience the etching,

cleaning, or photoresist stripping processes.



polishing down said dielectric layer to conplete said self-aligned,
anti-via interconnects in the manufacture of 19 20 the integrated circuit
devi ce wherein said anti-reflective coating layer is a polishing stop. 10.
The met hod according to Caim9 wherein said first netal |ayer and said
second netal |ayer conprise one of thﬁ%group of : . alum num al um num

all oys, tungsten and copper. 11. The thod according to aim9 wherein
said first metal layer is deposited to a thickness of between about- 1, 000

Angst r ors aﬁngQFQflg ARAS O g 12, Theysmathad-jacaordingd o O ai m 9 wherein

sai d second neta yer is deposited to a thickness "of between about 3,000

ANgSt T 908,200 10,000 dngst rane 13, The thad. acpordina. te, Daim 9 wher el n

said s r§Ugh saird A ayer sai d 'second ne | ayer to
formvias, conprises a tinmed etch 14,  The nethod according to Caim9
fur t hePSBoRBTSRG T HOSIEE S ot RS (i Ieiar e ary SR of
depositing a first nmetal |ayer and before said step of depositing a second
netal Etageintersgtesd JdHed afftHed GEEOr ity TP AT A RMEr ei n said step of
etching through said ARC | ayer and said second netal |ayer to formvias has
an endpéirRctaresai Fher ¢H s 11y erd Yeus. O OrHer et friil B cedrRif hees 02 O ai m 14
wherein said etch stop layer conprises one of the group of: titanium
ni t ri déoWFikNdietlitcamigmmeEDer taingstni Wictepygsienlaveride (WN), tantal um
(Ta), and tantalumnitride (TaN). 17. The nmethod according to Claim?9
wher ei rosgird. schisg| ety iexdrpler, conproSesnongo biowheg groip, ,0fSic 02, Si OF

(fluorinated silica glass); Si0C (C-substituted siloxane);

amorphous SiC:H; MSQ (methylsilsesquioxane); porous

materials; polymers, such as PPXC (poly(chloro-p-xylylene))

and PPXN (poly-p-xylylene); and VT-4 (tetrafluoro-p-

xylylene). The dielectric layer 90 may be deposited, for

example, by spin-coating or by high density plasma CVD.

The dielectric layer 90 is deposited to a thickness of

between about 5,000 Angstroms and 20,000 Angstroms.

Referring now to Fig. 8, another important feature of
the present inveﬁtion is shown, _The dielectric layer 90 is
polished down to complete the self-aligned, anti-via
interconnects in the manufacture of the integrated circuit
device. The polishing down step is performed using a
chemical mechanical polish (CMP). The titanium nitride,
ARC layer 70 may serve as a polishing stop to protect the

second metal layer 66 from the polishing process. A planar



(fluorinated silica glass), SiOC (C substituted sil oxane), anorphous SiC: H,
MSQ (et hyl si | sesqui oxane), porous 5 materials, PPXC pol yner

(poi y(chloro-p-xylylene), PPXN polyner (poly-p-xylylene), and VT-4
(tetrafluoro-p-xylylene). 18. A nethod of forming self-aligned, anti-via

i nterconnects in an integrated CirCUI} device conprising: providing a

sem conduct or substrate; depositing a%irst netal | ayer overlying said 5
sem conductor substrate; depositing an etch stop layer overlying said first
TeLA | @Etcong . OeROSI 16RO 2 SRECBH,MEXZALAl AHBEOVRELY! 0gpeald 1St
metal Tayer ﬁ% dep05|t|ng an anti-reflective’ coatlng ayer conpri sing
titani nlnltr overéglg 8sald second. net al chlng t hr ough

said antf- ?b? %b% BAET n P “85|8x5886ﬁ8°ﬁeP8|gﬁa$8 *88ird etch stop

| ayer, and sald second netal |ayer .to formconnective lines; 15 thereafter
et chi ngL¢RRORGh SR Hh%PFeFéFFeéFF%BP&BQt PRGCFSJEF aRd SRi-G°8eE6nd net al
| ayer to formvias wherein said etch stop | ayer acts as~an etch stop;
t her ea®fePodépdsi€i AiGSR-di el ectric | ayer overlying said vias, said
connective lines and said sem conductor 20 substrate; and pollshing down
said dielectric layer to conplete said self-aligned, anti-via interconnects
in the manufacture of the integrated circuit device wherein said
anti-refl ecRefercoayi ngwl &pefFigs &.pel issikiong stngprcbdhnefte mptehrod accor di ng
to Claim18 wherein said first netal |ayer and said second netal |ayer
conpriseyohe @britbe overlying the first layer. The second metal

stack 98, 102, 106, and 110 is deposited overlying the

first interconnect layer. Subsequent processing of the

second metal stack is completed using the same process as

that used for the first metal stack to create second-level

connective lines 98 and 102 and to create second-level vias

106 and 110 as shown in Fig. 10. A second-level dielectric

layer 120 is deposited and polished down to complete the

second interconnect layer.

The advantages of the process of the present invention
can now be enumerated. First, an effective process for
forming interconnects in an integrated circuit device has
been achieved. ©Second, the method allows the use of a
low-k dielectric layer with an aluminum-based via and
connective line configuraticr. Third, by first etching the

connective line pattern and then the via pattern, a



group of: alum num alum num all oys, tungsten, and copper. 20. The nethod
according to Claim 18 wherein said first 22 metal layer is deposited tb a
t hi ckness of between about 1,000 Angstrons and 10, 000 Angstrons. 21. The
met hod according to Claim 18 wherein said second netal |ayer is deposited
to a thickness of between about 3,000 Angstrons and 10, 000 Angstrons. 22.
The met hod according to Caim 18 whereinvsaid etch stop | ayer conprises one
of. the group of: titaniumnitride (TiN), titanium (T), tungsten (W,-
tungst en, dy 4.1 Pfgr(é@darﬁ@{‘l@iéml@%mé&. t?Bf;?’ch Eh{erh%l@%‘lc 23. The

met hod according to Caim 18 wherein sard dielectric layer conprises one of
t he group. of;

Sl 0 S Luoripated sili L ass) ., S C-substituted
si | oxan %y%ﬁmﬁ?ﬁé%% %#%?%%dhgé?(ﬁ%tﬂ??%#l%gggﬁﬁgkaﬁéf?%%éé6u§r5 material s, -
PPXC pol yner ol y(chl oro- p-xylyl ene), PPXN,polyne ol y- p-xyl yi ene), and
g P ot P L 2 B Pk LY ERE oy A RE, | ARenBEsEeRary SRy | Ad)
LA@ . AY LA DA H?, A2 A9 A A A A A . ASE; WKYSt @w?z/

A, . A9 /
{qugb]XP@%]%%Y%%]E%}%%}E@]EéFEéFEa]55?0&?&8F05P6§]é&Pé&Fgé]GQFca]ca]ca]ca]
ca]ca]ca]ca]caU]caU]c<a]c<a]caLca]ca!g _ _ _ L

photolithography for the connective line and via definition

and prevents polishing down damage.

As shown in the preferred embodiment, the present
invention provides a very manufacturable process for
fabricating self-aligned, anti-vias while in the

manufacture of 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 various changes in forﬁ and details may be made
without departing from the spirit and scope of the

invention.
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alloys, tungsten and copper.

3. The method according to Claim 1 wherein said
semiconductor substrate comprises semiconductor devices in

and on a silicon substrate covered by an insulating layer.
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10" oy' | 109&' ()- % ! 109%& () - y#s! 109& ()-S! 109%& () - yf 109%& ()-f9S

10%& () - " # ##EH- $UEBS) , sioc (C-substituted siloxane), amorphous
SiC:H, MSQ (methylsilsesquioxane), porous
5 materials, PPXC polymer (poly(chloro-p-xylylene), PPXN
polymer (poly-p-xylylene), and VT-4

(tetrafluoro-p-xylylene).

6. The method according to Claim 1 wherein said dielectric
layer is deposited to a thickness of between about 5,000

Angstroms and 20,000 Angstroms.

7. The method according to Claim 1 further comprising
depositing an énti—reflective_goating layer overlying said
metal layer prior to said step of etching through said

metal layer to form connective lines.

8. The method according to 'Claim 7 wherein said
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5 dielectric layer..

9. A method of forming self-aligned, anti-via interconnects
in an integrated circuit device comprising:

providing a semiconductor substrate;

depositing a first metal layer overlying said

5 semiconductor substrate;

depositing a second metal layer overlying said first
metal layer;

depositing én anti-reflective coating layer comprising
titanium nitride (TiN) overlying said second metal layer;

10 etching through said anti-reflective coating layer,
said second metal layer, and said first metal layer to form
connective lines;

thereafter etching through said anti-reflective
coating layer and said second metal layer to form vias;

15 thereafter depositing a dielectric layer overlying
sald vias, said connective lines and said semiconductor
substrate; and

polishing down said dielectric layer to complete said

self-aligned, anti-via interconnects in the manufacture of
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coating layer is a polishing stop.

10. The method according to Claim 9 wherein said first
metal layer and said second metal layer comprise one of the

group of: : aluminum, aluminum alloys, tungsten and copper.

11. The method according to Claim 9 wherein said first
metal layer 1s deposited to a thickness of between about

1,000 Angstroms and 10,000 Angstroms.

12. The method according to Claim 9 wherein said second
metal layer is deposited to a thickness of between about

3,000 Angstroms and 10,000 Angstroms.

13. The method according to Claim 9 wherein said step of

etching through said ARC layer and said second metal layer

to form vias comprises a timed etch.

14. The method according to Claim 9 further comprising
depositing an etch stop layer after said step of depositing

a first metal layer and before said step of depositing a

second metal layer.
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tantalum {Ta), and tantalum nitride (TaN).

17. The method according to Claim 9 wherein said
dielectric Layer comprises one of the group of: Si0,, SiOF
(fluorinated silica glass), Si0OC (C-substituted siloxane),
amorphous SiC:H, MSQ (methylsilsesquioxane), porous

5 materials, PPXC polymer (poly(chloro-p-xylylene), PPXN
polymer (poly-p-xylylene), and VT-4

(tetrafluoro-p-xylylene).

18. A method of forming self-aligned, anti-via
interconnects in an integrated circuit device comprising:
providing a semiconductor substrate;
depositing a first metal layer overlying said
5 semiconductor substrate;
depositing an etch stop layer overlying said first

metal layer;
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second metal layer to form connective lines;

15 thereafter etching through said anti-reflective
coating layer and said second metal layer to form vias
wherein said etch stop layer acts as-an etch stop:;

thereafter depositing a dielectric layer overlying
sald vias, sald connective lines and said semiconductor

20 substrate; and

polishing down said dielectric layer to complete said
self-aligned, anti-via interconnects in the manufacture of
the integrated circuit device wherein said anti-reflective
coating layer is a polishing stop.
19. The method according to Claim 18 wherein said first

metal layer and said second metal layer comprise one of the

group of: aluminum, aluminum alloys, tungsten, and copper.

20. The method according to Claim 18 wherein said first
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3,000 Angstroms and 10,000 Angstroms.

22. The method according to Claim 18 wherein said etch
stop layer comprises one of the group of: titanium nitride
(TiN), titanium (T), tungsten (W), tungsten nitride (WN),

tantalum (Ta), and tantalum nitride (TalN).

23. The method according to Claim 18 wherein said
dielectric layer comprises one of the group of: SiQ0,, SiOF
(fluorinated silica glass), Si0C (C-substituted siloxane),
amorphous SiC:H, MSQ (methylsilsesquioxane), porous

5 materials, PPXC polymer (poly(chloro-p-xylylene), PPXN
polymer (poly—@—xylylene), and VT-4

(tetrafluorc-p-xylylene).



