2 4 OCT 2005 I A METHOD TO FORM SELF- ALI GNED ANTI - VI A | NTERCONNECTS -

BACKGROUND OF THE I NVENTION (1) Field of the Invention The invent?qnuct 2005
relates to a nethod of fabricating sem conductor devices, and nofre
particularly, to the fabrication of interconnect structures with
self-aligned, anti-vias in the manufacture of an integrated circuit

device. (2) Description of the Prior Qrt The formation of high quality
interconnects is a critical part of ultra large-scale integration (VLSI)
integrated circuits. In recent years, danascene processes, whereby

., connective Iinemamdomi&oop@mﬂng&u@uﬁnmaﬁfkpmm@qJvtAEtﬁﬁéﬁéﬁﬁ%ﬁéTéayer
|

prior to the deposition of nmetal, have been added to the traditional
nmet hod of depositing and etching netal followed by dielectric formation.
Each approach of fers advantages and di sadvantages for the process

integration. Metal etcm§¥%¢§§ﬁ%§ﬁ§ﬁcqgmp%dﬁﬁ%%?%ﬁCW dielectric etching
6 h

probl ens,  for exanple. 2

{1) Field of the Invention

The invention relates to a method of fabricating
semiconductor devices, and more particularly, to the
fabrication of interconnect structures with self-aligned,

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,fﬁ"
whereby connecti%e line and yia_ppenings are pre-formed in

a diglectric 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 advantageé ahd disadvantages for the
process integration. Metal etching problems can be traded

for dielectric etching problems, for example.



2 Referring nowto Fig. 1, a cross-section of a prior art integrated
circuit device is illustrated. In this device, a popular scheneéiqr Efeﬂms
integration of alum num based interconnects and | owk dielectri ig
shown. An isolation |layer 14 overlies the sem conductor substrate 10. A
first netal layer 18, conprising alumnum is deposited overlying the
isolation layer 14. A capping layer 20 is formed overlying the first netal .
| ayer 18. After the capping layer 202and first-nmetal 'Layer 18 are
patterned to formconnective lines, a lowk dielectric layer 22 is
deposited. The lowk dielectric |ayer 22 conprises, for exanple, an
organic material that is designed to have a low dielectric constant. A
second die%eggr%gnlaxe& %g,Fguchlasa % |E%Q% Qkpxide, i_s_then deposited
overlying the Fow'R "arefectiic I'aydr “F25SREFSTiNg Hol 5 BT, 2, via
openi ngs 30, are etched through.the secqnd dieleciric |layer 26 and the

Cow kOTRi BREEPFRESY GyEFUS3. O O 4 Soparitige X6 expd@e HHE top  surface of
the connective lines 18 and 20. The via openings 30 are etched using"a dry

pl asnACELERI n§ BPBEAES. SCROME (et ¥ INGRIC AR ¢ife @ iad Umiyiein22 nay

experience via
based interconnects and low-k dielectrics is shown. An

isolation layer 14 overlies the semiconductor.substrate 10.
A figst metal layer 18, comprising aluminum, is deposited
overlyiné the isolation layér 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 qielectric layer 22 is
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, is then deposited overlying the low-k

dielectric layer 22.

Referring néw to Fig. 2, wvia cpenings 30 are etched
th:ough the seéond 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



poi soning during the etch process. In addition, the 2 4 OCT 2005 3 conbi ned
poi soni ng that occurs during the etch, clean and resist strip prz)_ffegﬁfszms
resul.ts in significant bowi ng 34 and enlargenent of the opening.*Th

probl ens encountered in the etching, cleaning and stripping processes naeke
it difficult to integrate lowk dielectric materials and al um num
interconnects. Several prior art approaches disclose nethods to form

i nterconnect's in_the manufacture of ak integrated circuit device. U S.
Patent 5,512,514 to Lee teaches a nethod to forman integral via and

contact_ | onne A nmetal laye r anmultilevel netal layer is

deposi %éﬁgﬁ%%sggﬁéénﬁ%?t%? édoFﬁ¥5étﬁﬁrﬁﬁgthPaﬁthbycéﬁéﬁiﬁ@dthe net a

| ayer gartially.domm. The interconnect lines are then patterned by

et chi ng"t ht bugh® TR HREEFSFAYERSUThP s ReEhAN§GECaRECBOYiingt 84 ehd
deposition and patterning of the photoresist for the interconnect |ines be
per f or P BHERE N hopt pFARaPPRBEAE - sUFREcEroULSMsPatenunEe68d, 568 to Liu et

al discleoses a method to formreverse damascene i-nterconnects. The nethod
'toes Hot PEONIWE: acheinsngngnd stripping processes make it

difficult to integrate low-k dielectric materials and

aluminum interconnects.

Several prior art approaches disclose methods to fbrm
interconnects in the manufacture of an integrated circuit
devide. 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 into 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 on a
nen-planar metal.sprfgce. U.S,_?atent.5,693,568'foliiu et
al Qiscloses 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



———

stop for the polishing down of the internetal dielectric |ayer and,
therefore,” netal damage could occur in this process. U S. Patent g,@éf,ﬁﬁg
to Fisher et al teaches a nethod to formself-aligned vias. A sgt n
conductive 2 4 OCT 2005 layer is patterned to forma hard mask overlying a
. first conductive layer. A third conductive layer is then deposited to

t her.eby enbed the second conductive hard nask. The third and first
conductive |l ayers-are then sequentialkﬁ etched. U S. Patent 5,861,673 to
Yoo et al teaches a nethod to extend the surface area of a netal region

wherei n layeira ig0Rba%k rinsPhanned., U $,,Rat 5,846, 876 to _Pandyopadhyay
et al. discloses a method to fornﬁhana§%eng%g$n%ﬁ%% 9 s w RSt agger ed

| evel s. WofdukRatent 13,6891, 238 it V. ino. et al teaches a reverse
damascene net hod. Cpg%ings %Pglg¥?ﬁ§%@%}%¥%ﬁ¥ﬁ¥ﬁﬁr%% $R8Rr. A netal |ayer

i's deposhk pql.i own to rmconnective lines. Vias are then
etched int ggfsﬁgggo%ﬁeg?%\%ggﬁyi FEE Aq:hcﬁ %Y Cdst i we tivend depoki t ed and

pol i shed gng tod conpl ete the structures. SUVMARY OF THE | NVENTI ON A
princi pal obj 8¢t of Pthé I5sés Gndunféms dmyers @re then sequentially

etched. U.S. Patent 5,861,673 to Yoo et al teaches a
_method to extend the surface area of a metal region wherein
a via cgntact is p;anned. U.S5. Patent 5,846,876 to
Béndyopadhyay.et al.diécloses a method to form damascene
interconnects with staggered levels. 1[J.5. Péﬁent 5,691,238

Lo Avanzino et al teaches 4 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 t§

complete the structures.

SUMMARY OF THE INVENTION

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

manufacture of integrated circuits.



provi de an effective and very manufacturable nethod of fabricating
self-aligned, anti-via interconnects in the nmanufacture of int e%' gt Bg-[ 2005
circuits. 5 A further object of the present invention is to proVide

method to fabricate interconnects where vias are inherently self-aligned
to underlying connective lines. Another further object of the present
invention is to elimnate poisoning bow ng of the lowk internetal
dielectric |ayer by depositing the di€lectric |ayer after formation of the
connective éi ne %'d Vi %.st%ck'. \{g\tﬁ anot her_ further, object of the present

i nvention i & TP 8FENPRAEEY &8s VTS Sretta M T EE SO v K i el ectric | ayer
polish down through the use of a top protective- layer. In accordance with
t he obP&eVdst at RIFS oAy &Rt iIFGR T 142 Sevh HHETTRI NGIC tsaiiticdat g Sséid@ al i gned,
anti-vias has been _achieved. A sem conductor. substrate is provided. A
netal 1p&pEenitd vdEsdditdd 9oRst IbH ng:dete Wl csmdegtorvesubstasat e, The net al
| ayer may conprise a conposite stack of two netal |ayers. The netal |ayers
may additionally be separated by an etch stopping |ayer. An
anti-reflective coating |ayer

Another further object of the present invention is to
eliminate poisoning or bowing of the low-k intermetal

dielectric layer by depositing the dielectric layer after

formation of the connective line and via stack.

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 a2 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 T~
layer is depositéd overlying the semiconductor substrate.
The metal layef may comprise a composite stack of two metal
layers. The metal layers may additionally be separated by
an etch stopping layver. An anti-reflective coatingflayer
is deposited overlying the metal layer. The metal layer is
etched through to form connective lines. The metal layer

is then etched partially through to form vias. The partial



i s deposited overlying the netal layer. The netal layer is EtChedQFQHﬁgﬂgmﬁgfh

to formconnective lines. The netal layer 1is then etched parti al
to formvias. The partial 2 4 OCT 2005 etching through may be acconplished
by tinmed etching or by use of the optional etching stop |ayer. A

di el ect

ric layer is deposited overlying the vias, the connective

t he sem conduct or substrate. The dielectric |ayer nay conprise a |
material. The dielectric layer is polighed down to conplete the
igned, anti-via interconnects in the manufacture of the integrated

sel f-al
circuit

CY BRI R IDESOR! 7 | BN @R [iHE BRAVY NGSndd dthéh B P

drawings formng a material part of this description, there is s
Figs. 1v@ed oL detverantiicaldy etdiuista atteop LeyoOss secdiOneparid al ly. conpl et ed
prior art integrated circuit devices. Figs. .3 through .10 schematically

i |1 ustradtse dapawiosst centipney tiepresent ation-gnpref ers ed; enbodi ment of the

pr esent

invention. 2 4 OCT 2005
the semiconductdr substrate. The dielectric layer may

comprise a low-k material. The dielectric layer is
polished down to complete the self-aligned, anti-via
interconnects in the manufacture of the integrated circuit

deviCe;

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Figs. 1 ang 2 schematically illustrate in cross-
section partially completed prior art integrated cireuit
devices.

Figs. 3 through.io schematically illustrate in cross-

sectional representation a preferred embodiment of the

present invention.

i nes and
ow k

i ng
own:



7 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The net hod of "t he present
invention'is applied to the formation of self-aligned, anti-via k 2005
interconnects in a sem conductor substrate. In should be clear t%)tggle
experienced in the art that the present invention can be applied and
extended wi thout deviating fromthe scope of the present invention
Referring now nore particularly to Fig;, 3, there is illustrated a
cross-section of a partially conpleted integrated circuit device of the
preferred enbodi nent. Several inportant features of the present invention

are illustrated. A sem conductor substrate 50 is provided. Preferably,
t he sem conductor_substrate 50 conprises nonocrystalline silicon
fabricated by net et 1O% n8fnTHR- PRREERRED TMBOSENEDASdUCt or substrate

50 may additionally conprises |ayers, junctions, and devices typical to
the art. An insulating layer 54 is formed overlying the sem conductor
substrate 50 and covers any previously formed devices, if used. The
i nsul ating I'Byemshedmptisks anysedielaotniconmter babitikat des t$uf fi cient
to insulate the sem conductor substrate 50 fromthe overlying netal
formation of self-aligned, anti-via interconnects in a
semiconductor substrate. In should be clear to those
experienced in the art that the present invention can be

applied and extended without deviating from the scope of

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.?-h
the art. The semiconductor substrate 50 may additionally
comprises layefs, junctions, and devices typical to the
art. An insulating layer 54 is formed overlying the
semiconductor substrate 50 and covers any previously formed
devices, if used. The inéulating layer 54 comprises any |

dielectric material that is sufficient to insulate the

semiconductor substrate 50 from the overlying metal



2 4 OCT 2Q05 8 structures. For exanple, the insulating | ayer 54 may
conpri se silicon dioxide. O particular inportance to the present k 2005
invention, a first netal layer 58 is deposited overlying the inéh apFFg

| ayer 54. The first netal |ayer 58 conprises one of the group of:

al um num al um num al |l oys, tungsten and copper. The first netal layer 58
is later be patterned to form connectgve lines. The first nmetal |ayer 58
is preferably deposited to a thickness of between about 1,000 Angstrons
and 10,000 Angstroms. An etch stop layer 62 is deposited overlying the
first setettboyer 5Bor Theapplpesehef ihbalatg¢hgstapek-ayar 8 is to allow
conpl ete etching through of the second netal |ayer 66 w thout damaging the

under | yéagofisstsetabnl ayexi§8. The etch stop layer 62 preferably
conprises one of the group of: titaniumnitride (TiN), titanium(T),
tungsten (W, tungsten nitride (W), tantalum (Ta), and tantalumnitride
(TaN). The etch stop layer 62 is optional to the present invention- In the

case uhere (he olph: sho:! HEbrE2nke 08" cnd®fdesdnti TY.SLGN Mt be used

first metal layer 58 is deposited overlying the insulating
layer 54. The first metal layer 58 comprises one of the
group of: aluminum, aluminum alloys, tungsten and copper.
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 190,000 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. In 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.



etching of the first and second netal layers. z 4 CCT 20 05 9 A second
netal .| ayer 66, which serves as a via interconnecting the two FT

is deposited overlying the etch stop | ayer 62. The second netal g

will be patterned to formvias. The second netal |ayer 66 preferably
conprises one of the group of: alum num alum num alloys, tungsten, and
copper. The second netal |layer 66 is preferably deposited to a thickness
of between about 3,000 Angstrons and 10 000 Angstronms. Note that, if the

etch stop | aye e tlta then the etch stop Iayer 62
may be conve%(tgé%g%n8 ”gﬁ%f guylhg ?hew 68 oSPE6R 8f £h&8econd metal |ayer

66. An anti-reflective coatin | ayer 70 is deposited overlying the
second h%?%fc?%§%?t6%g Fhe ﬁ% W§§é ?éyeﬁreféﬁaﬁﬁ?Oééﬁﬁﬂlses titani um
nitride (TiN). The ARC layer 70 fulfills two purposées in the present
i nvent i ORSTEY#3¥, EhenetaRCSFapeta7erséPvedhas sgepnddieitedallagnti -Geef | ecti ve
coating to thereb i nprove photolithographic "resolution for the
phot or e%i&¢ EatPégﬁﬁﬁgeﬁr5@e§§rm8§e@ﬁd t FeeAREChagemetAl Senwes &6 a .
polishing stop for the polish down of the

preferably comprises one of the group of: aluminum,

aluminum alloys, tungsten, and copper. The second metal

" layer 66 is preferably deposited to a t£ickness of between
about 3,000 Angstroms and 10,000 Angstroms. Note that, if
the etch stop layer 62 comprises titanium (Ti), then the
etch stop layer 62 may be converted to TiAls 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 layexr 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. Second, 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 1,500 Angstroms.



internetaldielectric material. The ARC layer 70 is preferably deposited to
a thickness of between about 300 Angstrons and 1,500 Angstrons.é$44 Efﬂ 5
2005 10 Note that the nmetal stack conprises the first netal |ay 59, tqg
etch stop | ayer 62, the second netal |ayer 66, and the ARC | ayer 70.. As
i ndi cated above, the etch stop layer 62 is optional. Further, in-the case
where the etch stop layer 62 is not uged, the first netal layer 58 and
the second netal [fayer 66 can beconme a single netal layer. In this case,
t he etching REQ%GERaEFEHetChi”Q the .vias nyst be carefully tined to insure
[

that the connective §sMEFE Tn S 26t FOFPFHE§g koAt irest Tefietlor esi st
| ayer 74 is pé ferably deposited overlying the ARC | ayer 70. The first
phot or e57 47| gert?ﬁ eLshp5FL8r Aéd sico SRor pEsenfomegdhilagerhe
connective lines. The first photoresist |ayer 74 .may be patterned using a
convent PBnafRPhéhel PRRogREBHEI dOseq@sndadifcagegosibiore ,t @hactkivahc | i ght
through a reticle foll owed by devel opnent. Note that the presence of the
ARC | ayetoP0lerhanédsisheptiesallut iFour tofe rt, he npheieoldatskoghaphi 6 Hr ocess.

etch stop layer 62 is not used, the first metal layer 58

and the second metal layer 66 can become a single metal

layer. 1In this case, the etching process foi etching the

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 layér 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 P

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 anisctropic etching profile is used. The presence

-t



Referring nowto Fig. 4, the ARC | ayer 70, the second netal |ayer 66, the
etch stop ‘layer 62, and the first netal |ayer 58 are etched thr thG? 2005
formconnective lines 78 in the first netal |ayer 58. Preferably; "a“dty
plasma etch wth an anisotropic etching profile is used. The presence 2 4
OCT 2005 11 of,the patterned first photoresist |ayer 74 prevents -unwanted
etching of the netal stack. Foll ow ng iﬁe etch, the first photoresist

| ayer 74 is renmoveéd by a stripping .process. Note that the stripping
process does not inpact the internmetal dielectric layer, as in the prior

art  exdmhe, psiteeride fiMsar qoiasie g &t eciyés b@yﬁfebﬁnEQF present at
this step in the process. Referring now to F¥g. 5, ‘anot her i nportant

f eat ur en@fanthe dH@seY dmvent i ds dllustra ; secopd phot or esi st

| ayer 82 is depositegﬂ%verlying t he ARC(#gyerﬁgg%oé%%gsg%%nggﬁﬁotoresist

| ayer 82d sipatt enngd, Lo farm irve _image of the planned vias. The
second photoresig{ layer 82 ﬁﬁgﬂﬁgﬂ%a%$e$%% ,e?oPyeﬁaﬁgFé?pﬁg?ng a

conventy,Qnals photnldt hogy | C process wherein it i.s exposed to actinic
i ght Ep‘hr ougc’r?oa &fegtt;etcl e atﬁﬁ e%%lle‘%/%lr%%e%r?%e?énﬁ%smat lmpact

the intermetal dielectric layer, as in the prior art
example, since the interconnect dielectric 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 pheotoresist layer 82
may be patterned, for example, using a conventional
pﬁotolithographic 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 o
the resolution of the photolithographic 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 invention is
made possible for two reasbné. First, the connective lines

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



unwant ed resist- Note that the ARC | ayer 70 again inproves the resolution
of the photolitho-qgraphic process. In addition, note that the ﬁ;bt'gﬁl
patterning of the second photoresist |ayer 82 occurs over a pla g tﬂ@ﬁ
of the netal stack. This advantage of the present invention is nade
possible for two reasons. First, the connective lines are etched-before
the vias. Second, .the vias are snalleri22 4 OCT 2005 12 than, and contai ned
within, the pattern for the connective traces. This is a significant
advant age over prior art. Referring nowto Fig. 6, the ARC |ayer 70-and the

second thetral dray erorbteiared et ctteth | e leeigPat 0 £AT BbMi 85864, g@@;LQ%t t erned
second photoresist |ayer 82 protects the vias 86 fron]etcﬁlng. he etching

step prefarabl y moigrises aiyn 0 SOLE OPESandL Y P etch. Note that the
etch stop laver 62 stops the etching pro%%ssg?r%ﬁgg? ackifng*the

underlying-first nmetal layer 58. In this way, the second netal |ayer 66
is. conpletely etched through without etching the first nmetal l|ayer 58. In

the case whey er.62_is sed, this etching process
nust be a tiﬁgggagﬁgﬁhyﬁéﬂg?sgg'?e?UI?@ecggérg?Y%H {8 fRYuEBethat the via

second metal layer 66 are etched through to form vias 86.
The patterned second photoresist layer 82 protects the wvias
86 from etching. The étching step preferably cémprises an
anisotropic, dry plasma etch. Note that the etch stop
layer 62 stops the etching procesé 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 intergoﬁnect structure thus formed iz 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.



o

t hi ckness .and the connective |ine thickness are kept in specification. The
i nterconnect structure.. thus fornmed is a self- aligned, anti-vi%%gtgﬁztﬂmg
wherein the dual damascene structure is reversed. Follow ng the

metal etch, the second photoresist |ayer 82 is stripped anay. Once again,
the intermetal dielectric does not experience the etching, cleaning, or
phot oresi st stripping processes. 2 4 {CT..2005 13 Referring nowto Fig. 7,
a dielectric layer 90 is deposited overlying the vias, the connective
lines and the sem conductor substrate 50. The dlelectrlc | ayer 90 forns
the internetifieneingtade (OMYgfof, t hedinlecconnettyest poctgre- The
dielectric layer 90 preferably conprises a lowk dielectric material. This

di el ectddmod ayst OfrTphpgi ses, vies, exaBPLennany 0t thgctoblewing: Si02;
SiOF (fluorinated silica. glass); Si oC (C—substltuted S|onane) annrphous

Si C H, M5Q doreddyd St | S@seut9xang) . ; PRLO a ol rs such as
PPXC (pol y(chl oro-p-xylyl ene)) and PP&NH?SéQEEEEE ﬁgpég 9b?% gSVT 4

: (tetraﬁhuprﬁh&brﬁa%yie@féleébﬁlél%£ﬁ55rk8r'@XSr Qerc%nnec%epOSIted For
structure. The dielectric layer 90 preferably comprises-a
low-k dielectric material. This dielectric layer 90
comprises, for example, any of the followiné: 310;; SioF
{flucrinated silica glass); SiOC (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 (Cetrafluoro-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 deposiﬁed to a thickness of

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

Referring now to Fig. 8, another important feature of
the present invention 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. & planér



exanpl e, by spin-coating or by high density plasma CvD. The dielectric

| ayer <90 i s deposited to a thickness of between about 5, 000 Ang; BOGE %
20, 000 Angstrons. Referring nowto Fig. 8, another iinportant fe r Bf J
the present invention is shown. _ The dielectric layer 90 is polished down
to conplete the self-aligned, anti-via interconnects in the manufacture of
the integrated circuit device. The pok4 shing down step is perfornmed using
a chem cal nechanical polish (CW). The titaniumnitride, ARC |layer 70 may
serve as_a polishing stop to protect the second netal |ayer 66 fromthe
pol i shijhrbt%g%%ré%%‘?tﬁ@%'t’% af?21a OCTr2besfodnnt eneeaneshl ewel, 94 is
thereby forned. Note that, since the dielectric |ayer 90 does not

exper i et Fet BeceEthi hyyer cPeadbag, nok Ehgb@&@ﬁh%'hé%&ﬁiBEkﬂQngrocesseS,
n.."'poisoning or bowng is seen. Referring nowto Fig. 9, a Secdénd

i nt er cohezningyerr nplyoberé ot sedseveprhbYhRY LLst lLayer. The second
netal stack 98, 102, 106, and 110 iEbdggog%ngggégfl9Pn8°ﬂﬁ8“lpﬁrst

i ntercomentwimyers Stbsequent . processing of the second netal stack is
conpl eted using the sanme process as

Referring now to Fig. 9, a second interconnect layer

may be formed 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 wvias

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.

—t— -

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

connectivg line configuratior. Third, by first etching the

connective line pattern and then the via pattern, a



that used for the first netal stack to create second-level connective
lines 98 and 102 and to create second-level vias 106 and 110 asdf Oﬁﬁﬂiﬂm5
Fig. 10. A second-level dielectric layer 120 is deposited and p

down to conplete the second interconnect |ayer. The advantages of the
process of the present invention - can now be enunerated. First, an
effective process for formng |nterconnﬁ£ts in an integrated circuit

devi ce has been achi eved. Second, the od.alTows the use of a |owk
dielectric layer with an alum num based vi a-and connective |ine

confi gursdioraligmedd, abwliVi§t1§t§Btﬁ€dtheF@QBBﬁCttMQ kijggspattern and
then the via pattern, a 2 4 OCT 2005 "15 sel f- allgned anti-via is forfted.

Four th, 1aedliel osseicxbayen ts naL gxpasedckasbhe wekah;ghehino, ol eaning,
or photoreS|s stripping processes.. the p

trid bot hot al. i h f th t
i ne antPATe SaF R (1 oR- AR0CPPSVEREERol | SHERG QGAA HARRGECSAC Tahown i 1

t he pref o) the sen vent i rqvi des a.ver
nanu?actﬁé%bﬁe§%¥0€%g§11Um nit 18e, BRC Qaye; % t% lmproves they

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 hés 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.

ésénce. é novel titanium-



fabricating self-aligned, anti-vias while in the nmanufacture of an
integrated circuit device. Wile the invention has been particul %y0¢T0ﬂm5
and described with reference to the preferred enbodi nents ther ,

wi |l be understood by those skilled in the art that various changes in
formand details may be nmade w thout departing fromthe spirit and
scope-of the invention. 2 4 OCT 2005 16 dains 1. A nethod 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 conduct or subst r at 9 etching through said netal |ayer
to formconnective |ines; thereafter etching partially through said netal
layer to formvias wherein no diel eElpi®s] ayer is present between said

connective lines during said step of etching partially to formsaid vias;
1. A methed of forming self-aligned, anti-via interconnects

in an integrated circuit device comprising:

providing a semiconductor substrate;

depositing a metal layer overlying said semiconductor
éubstrate;

etching through said metal layer to form connective
lines;

thereafter etching partially through said metal layer
to form vias wherein no dielectric layer is present between
said connective lines during said step of etching partially
to form said wvias:

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

polishing down said dielectric layer to complete said
self-aligned, anti-via interconnects in the manufacture of

the integrated circuit device.

2. The method according to Claim 1 wherein said metal layer
comprises one of the group of: aluminum, aluminum alloys,

tungsten and copper.



thereafter depositing a dielectric layer overlying said vias, said
connective |lines and said sem conductor substrate; and polishing%QOchsamg
dielectric layer to conplete said self-aligned, anti-via interc e
the manufacture of the integrated circuit device. 2. The met hod according
to Caim1l wherein said netal |ayer conprises one of the group of:
al um num, alum num all oys, tungsten and copper. 2 4 OCT 2005 17 3. The
met hod according to Claim1l wherein said seniconductor substrate conprises
sem conductor devices in and on a silicon substrate covered by an
insulating layer. 4. The nethod accordﬂﬁg to Caim1l wherein said step of
etching partially through said 'netal |ayer to formvias conprises a tined
etch. 5. TheThBtRoBNGR AR TH 1% tQ &laiY wheherfisaseidiel ectric |ayer
conprises one of the group of: Si2, SIiOF (fluorinated silica glass), SiOC
( C- subst i e8RédoBArekaheJuUlHtRish eWEPrdisesHs enbordes byt siewesrfuiloxane) ,
porous materials, PPXC polynmer (poly(chloro-p-xylylene), PPXN

and on a silicon substrate covered by an insulating layer.

4. The method according to Claim 1 wherein said step of
etching partially through said metal layer to form vias

cormprises a timed etch.

5. The method according to Claim 1 wherein said dielectric
layer comprises one of the group of: 5i02, SiOF (fluorinated
silica glass), Si0C (C-substituted siloxane), amorphous
SiC:H, MSQ (methylsilsesquicxane), porous

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

{tetrafliuoro-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 methed according to Claim 1 further comprising

depositing an anti-reflective ceoating layer overlying said




pol ymer (poly-p-xylylene), and VT-4 (tetrafluoro-p-xylylene). 6. The

met hod according to Caim1l wherein said dielectric layer is deﬁggigeﬁTﬂ@S
a thickness of between about 5,000 Angstrons and 20,000 Angstro

met hod according to Claim1 further conprising depositing an
anti-reflective coating |layer overlying said 2 4 OCT 2000 18 netal |ayer
prior to said step of etching through said netal |ayer to form connective
lines. 8 The nmethod according to Claim7 wherein said anti-reflective °
coating | ayer conprises titaniun1nitr|q§ (TiN) and wherei.n said
anti-reflective coating layer is a polfshing stop for said step of
polishing down said dielectric |ayer. 9. A nethod of formng self- allgned
anti-via Wﬁ?%icb%h%%t@?l??1§ﬂ1ﬁaﬁﬂe§F§Pe8fcPFéUFPng@¥%%9%o%&ﬁqsﬂ

provi ding a sem conductor substrate; depositing a first netal Iayer

overlyi ngt3#fd t 8 eFP B RIS iish Stimase: depositing a second netal |ayer
overlying said first

8. The method acceording to Claim 7 wherein said
anti-reflective coating layer comprises titanium nitride
(TiN) and wherein said anti-reflective coating layer is a
polishing stop for said step of pelishing down said

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
sermiconductor substrate;

depositing a second metal layer overlying said first
metal layer;

depositing an anti-reflective coating layer comprising
titanivm nitride (TiN)} overlying said second metal layer;

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

thereafter etching through said anti-reflective



e

metal |ayer; depositing an anti-reflective coating |ayer conprising
titaniumnitride (TiN) overlying said second netal |ayer; etchiqpqtgcyug@p
said anti-reflective coating | ayer, said second netal |ayer, and sai i
netal layer to form connective lines; thereafter etching through said
anti-reflective 2 4 OCT 2005 19 coating |layer and said second netal |ayer
to formvias wherein no dielectric is present between said connective
lines during said step of etching through to formsaid vias; thereafter
depositing a dielectric |ayer overlyinq said vias, said connective |lines
and said sem conductor substrate; and Bolishing down said dielectric |ayer
to conplete said self-aligned, anti-via interconnects in the manufacture
of the i APEGFBTHA¥EF afd e\ eGmer Eichadallavaht FOr EPFBCTIZ®  coati ng
| ayer is a polishing stop. 10. The nmethod according to Claim9 wherein said
first neWiRTRA)eRC aRte b orkeciondrasealt Pafeeesofpiisecomecioive he group
of : : alum num alum num all oys, tungsten and copper.

lines during said step of etching through tc form said vias;

thereafter depositing a dielectric layer overlying
said vias, said connective lines and said semiconductor
substrate; and
pelishing down said dielectric layer to complete said
self-aligned, anti-via interconnects in the manufacture of
the integrated circuit device wherein said anti-reflectiive

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 ¢ wherein said first
metal layer is deposited to a thickness of between about

1,000 Angstroms and 10,000 Angstroms.

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

3,000 Angstreoms and 10,000 Angstroms.



11. The nmethod according to Caim9 wherein said first netal l|layer is
deposited to a thickness of between about 1,000 Angstrons and 1 Oﬁg 005
Angstrons. 12. The nethod according to Claim9 wherein said seco Iaz
| ayer is deposited to a thickness of between about 3,000 Angstrons and
10, 000 Angstrons. 2 4 OCT 2005 20 13. The nethod according to Caim?9
wherein said step of etching through said ARC | ayer and said second netal
|l ayer to formvias conprises a timed etch. 14. The method according to
Claim9 further conprising depositing ﬁn etCh stop layer after said step
of depositing a first netal |ayer and*Bef ore said step of depositing a
second netal |ayer. 15. The nethod according to Caim 14 wherein said step
of etchifg- tﬁP%u@ﬁt}é‘é‘iidanlé%rtoaﬁéaéﬁh & weesAdNneed? FeSRC%t 0 form
vias has an endpoint at said etch stop layer. 16. The nethod according to
Claim 14 #f€héns Shreueh ctekd dRC llayer esfprirddssenendfnghal graugy of :
titaniumnitride (TiN), titanium(T), tungsten (W, tungsten nitride
(WN), tantal Germ(Tags @bt e sl au rh ety iedeh( TaN :

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

seceond metal layer.

15. The method according to Claim 14 wherein said step of
etching through said ARC layer and said second metal layer to

form vias has an endpoint at said etch stop laver.

16. The method according to Claim 14 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 (TaN).

17. The method according to Claim 2 wherein said
dielectric layer comprises one of the group of: Si02, SiOF
(fluorinated silica glass), Si0C (C-substituted siloxane),

amorphous SiC:H, MSQ (methylsilsesguioxane), porous



17. The method according to Claim9 wherein said dielectric |ayer

conprises one of the group of: Si02, SO (fluorinated silica gl gsg FS?ﬁﬁ
(G substituted siloxane) , anorphous SiC H MQ (nethylsilses&ﬁio g

porous 2 4 OCT 2005 21 materials, PPXC polyner (poly(chloro-p-xylylene),
PPXN . pol ymer (poly-p-xylylene), and VT-4 (tetrafluoro-p-xylylene). 18. A
nmet hod of formng self-aligned, anti-via interconnects in an integrated
circuit device conprising: providing a sem conductor substrate; depositing
a first netal |ayer overlying said seniconductor substrate; depositing an
etch stop |l ayer overlying said first al Iayer depositing a second

netal |ayer overlying said first netal | ayer; £55|t|ng an

antl-refIEEFP€éa%%at ?ﬁF RS Mo ALy (§§ Lok PrRAKUAY AER® ) PR3 N) over | yi ng

sai d second net al g¥ etching through said anti-reflective coating
| ayer, saP@l¥BedndP Y7~ Feyperensyai @ngt ¥A-4top | ayer, and said

(tetraflucro-p—xylylene).

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

providing a semiconductor substrate;

depositing a first metal layer overlying said

semiconductor substrate;

depositing an etch stop layer overlying said first metal
layer;

depositing a second metal layer overlying said first
metal layer:

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

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

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 wherein no
dielectric is present between said connective lines during

said step of etching through to form said vias;



second netal |ayer to formconnective lines; thereafter etching through
said anti-reflective coating |layer and said second netal |ayer 5qu8cv1ﬂm5
vias wherein said etch stop |layer acts as an etch stop wherein no
dielectric is present between said connective lines during said step of
etching through to formsaid vias; 2 4 OCT 2005 22 thereafter depositing a
dielectric |layer overlying said vias, said connective lines and said

sem conductor substrate; and polishing down said dielectric layer to
conplete said self-aligned, anti-via ipterconnects in the manufacture of
the integrated circuit device wherein 24id anti-reflective coating | ayer
is a polishing stop. 19. The nmethod according to C aim218 wherein said
first metal | &yercahtes AP IEdIY FeldlraFEl CcobABPT seVoRkY B9 t he group
of : al um num_al um num al | oys, tungsten, and copper. 20. The nethod

accor di ngSeéACVarmm 182 her@EE e flilnss apgt apiflagjenri¢endeporited to a

t hi ckness of between about 1,000 Angstrons and 10, 000 Angstrons. 21. The
met hod acevkdingtes @di m 18 wherein said second

polishing down said dielectric layer to complete said
self-aligned, anti-via interconnects in the manufacture of
the intégrated 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
metal layer is deposited to a thickness of between about

1,000 Angstroms and 10,000 Angstroms.
21. The method according to Claim 18 wherein said second
metal layer is deposited to a thickness of between about

3,000 Angstroms and 10,000 Angstroms.

22. The method according to Claim 18 wherein said etch



metal layer is deposited to a thickness of between about 3,000 Angstrons

and 10,000 Angstrons. 22. The nethod according to Caim 18 Wnerei?lisﬂi:g 005
etch 2 4 OCT 2005 23 stop layer conprises one of the group of: tita nz
nitride (TiN), titanium(T), tungsten (W, tungsten nitride (W),

tantalum (Ta), and tantalumnitride (TaN). 23. The nethod according to
Claim 18 wherein said dielectric |ayer conprises one of the group of:

Si02, SiOF (fluorinated silica glass), SiOC (C substituted sil oxane),

anor phous Si C.H, ©MQ (et hyl sil sesqui oxgne), porous materials, PPXC

pol ynmer (pol y(chl oro-p-xylylene), PPXNZ2 pol ynmer (poly-p-xylylene), and.

VT-4 (tetrafl uoro-p-xylylene).
stop layer ccmprises cone of the group of: titanium nitride

(TiN), titanium (T), tungsten (W), tungsten nitride (WN),

tantalum {(Ta), and tantalum nitride (TaN).

23. The method according to Claim 18 wherein said
dielectric layer comprises one of the group of: Si02, SiOF
(fluorinated silica glass), Si0OC (C-substituted siloxane),
amorphous SiC:H, MSQ (methylsilsesguiocxane), porous
materials, PPXC polymer (poly(chlcro-p—-xylylene), PPXN
polymer ({poly-p-xylylene), and VT-4

({tetrafluoro-p-xylylene}.



