A NOVEL METHOD TO CONTROL DUAL DAMASCENE TRENCH ETCH PROFILE AND TRENCH
DEPTH UNIFORMITY BACKGROUND OF THE INVENTION (1) FIELD OF THE INVENTION The
present invention teaches a method of forming trench openings in a dual damascene trench and via etch
process by using a two component hard mask layer, termed a bi-layer, over different intermetal
dielectrics, IMD, to solve dual damascene patterning problems, such as, fencing and sub- trench

formation. (2) DESERIBTIQN Of RELATER-ART Relaled palents aed r%k?é’ﬁ@h"?ﬁﬁg%%ifepﬁ%‘ﬁ‘fﬁ'ﬁow as

Prior Art. US 6,603,204 B2 Patent entitled "Low-K Interconnect Structure Comprised of a Multilayer of
Spin-On Porous Dielectrics" granted Augp 5TRA08 to Gerasiet/all Hegoribies a two layer hard mask
structure, but lacks processing details for forming a low-k dielectric metal conductor interconnect
structure having no micro-trenches present therein. Specifically, the above structure is achieved by

providing an interconnect structure whigh-inglusiesat dgast gemulilayer refidielectric materials which are
applied sequentially in a single spin apply tool and then cured in a single step and a plurality of patterned

metal conductors within the multilayer (1) FIELD OF THE INVENTION

The present invention teaches a method of forming trench
openings in a dual damascene trench and via etch process by
using a two component hard mask layer, termed a bi-layer,
over different intermetal dielectrics, IMD, to solve
dual damascene patterning problems, such as, fencing and sub-

trench formation.

(2) DESCRIPTION OF RELATED ART

Related patents and relevant literature now follow as

Prior Art.

US 6,603,204 B2 Patent entitled “Low-K Interconnect
Structure Comprised of a Multilayer of Spin-On Porous
Dielectrics” granted Aug. 5, 2003 to Gates et al. describes a
two layer hard mask structure, but lacks processing details
for forming a low-k dielectric metal conductor interconnect
structure having no micro-trenches present therein.
Specifically, the above structure is achieved by providing an
interconnect structure which includes at least a multilayer

of dielectric materials which are applied sequentially in a



of spun-on dielectrics. The interconnect structure also includes a hard mask which assists in forming the
interconnect structure of the dual damascene-type. The first and second composition are selected to
obtain etch selectivity of at least 10 to 1 or higher, and are selected from specific groups of porous low-k
organic or inorganic materials with specific atomic compositions. US 6,309,962 B1 Patent entitled "Film
Stack and Etching Sequence for Dual Damascene” granted Oct. 30, 2001 to Chen et al. teaches that

two or tree Iayels,of Bard sk ats ot nesdestn is prosesa ising an eleh sop e, A pioaess for

forming a dual m%scen cavi ielectric, particularly a low k organic ectric, IS described. The

dielectric is cor@@%&%@ﬁﬂ%&@g&%@&dn&y@q etchn stopclayer. frermation of the damageene cavity
is achieved by using a hard mask that is made up of two layers of silicon oxynitride separated by layer of

silicon oxide. Ferbettithe otieach-fikst and via firsh approashes nthe dirstseavity isiferred asing only the
upper silicon oxynitride layer as the mask. Thus, when the second portion is patterned, little or no
misalignment otoursUserause lsaidiupperdayriis relatigely tisini Additiomahetchimg steps result in a cavity
and trench part that extend as far as the etch stop layer located between the dielectric layers. Final
removal of phototésisconnect structure of the dual damascene-type. The first

and second composition are selected to obtain etch

selectivity of at least 10 to 1 or higher, and are selected

from specific groups of porous low-k organic or inorganic

materials with specific atomic compositions.

US 6,309,962 Bl Patent entitled “Film Stack and Etching
Sequence for Dual Damascene” granted Oct. 30, 2001 to Chen et
al. teaches that two or three layers of hard mask are not
needed in this process using an etch stop layer. A process
for forming a dual damascene cavity in a dielectric,
particularly a low k organic dielectric, 1is described. The
dielectric is composed of two layers separated by an etch
stop layer. Formation of the damascene cavity is achieved by
using a hard mask that is made up of two layers of silicon
oxynitride separated by layer of silicon oxide. For both the
trench first and via first approaches, the first cavity is
formed using only the upper silicon oxynitride layer as the
mask. Thus, when the second portion is patterned, little or

no misalignment occurs because said upper layer is relatively



occurs with a hard mask still in place so no damage to the organic dielectric occurs. A final etch step then
completes the process. US 6,605,874 B2 Patent entitled "Method of Making Semiconductor Device
Using an Interconnect” granted Aug. 12, 2003 to Leu et al. discloses a multiple hard mask layer process
with no etch stop layer. The invention includes an embodiment that relates to method of forming an
interconnect. The method includes the effect of reducing electromigration in a metallization. An article

achieved by the fyentiye, nethog foludes afisUintsiconned disposed above a, subsirates st

conductive diffusion barrier layer disposed above and on the first interconnect; an upper interconnect,

that is e@ther _|a@>%%dc0rtH%|§n@‘QQélﬂg that i§aq_lisggsecqj@b%\gecghesf{rgbingea@;g@nqg'cg@@@n upper
conductive diffusion barrier layer disposed above and on the upper interconnect. US 6,472,306 B1
Patent entitled Pdethagrofdrerming acBual Bamagsere Qpeiing Ysiney/GYDdowioMaterial and
Spin-On- Polymer" granted Oct. 29, 2002 to Lee et al. describes a single hard mask layer and no etch
stop layer. Speoifically; a inéthed lof formieg B dual damascene openingn conssisting:ott the: fatlowing
steps: a semiconductor structure having at least one exposed metal line is provided. A spin-on-polymer
organic dielectric occurs. A final etch step then completes

the process.

US 6,605,874 B2 Patent entitled “Method of Making
Semiconductor Device Using an Interconnect" granted Aug. 12,
2003 to Leu et al. discloses a multiple hard mask layer
process with no etch stop layer. The invention includes an
embodiment that relates to method of forming an interconnect.
The method includes the effect of reducing electromigration
in a metallization. An article achieved by the inventive
method includes a first interconnect disposed above a
substrate; a first conductive diffusion barrier layer
disposed above and on the first interconnect; an upper
interconnect, that is either landed or unlanded and that is
disposed above the first interconnect; and an upper
conductive diffusion barrier layer disposed above and on the
upper interconnect.

US 6,472,306 Bl Patent entitled “Method of Forming a
Dual Damascene Opening Using CVD Low-K Material and Spin-On-

Polymer” granted Oct. 29, 2002 to Lee et al. describes a



layer is formed over the semiconductor structure and the metal line. A CVD low-k material layer is formed
over the spin-on-polymer layer. The CVD low-k material layer is patterned to form a CVD low-k material
layer via over the metal line. The spin-on-polymer layer is patterned to form a spin-on-polymer layer via
opening continuous and contiguous with the CVD low-k material layer via and exposing a portion of the
metal line. The CVD low-k material layer adjacent the CVD low-k material layer via is patterned to form a

CVD low-k magerr%iaé/eh rg clt}a'léﬁl{e §8ln Qn- an/n}jer I@Eer V'%QB nlpgﬁgnd t@% lh Calﬁnatenal
VENTION The

layer trench forming a dual damascene penlng SUMMARY OF HEI preseﬁflnventlon

teaches a meth@%@‘ﬁgg‘gmgﬂr%@ggmgggﬁg@ %Qé@@%@eg%gﬁﬂ% and \ia @@@19{80%%5 by using
a two component hard mask layer, termed a bi-layer, -4 over different intermetal dielectrics, IMD, to solve

dual damascengreattesning.prablesissisych asstencingnand suk- senchtformatian-A via first patterning in
dual damascene processing is one of the major integration schemes for copper backend of line (BEOL)
integration. A vigefirst doale damaseene seheme usually sses ahate anask layemndepositedyome top of an
inter-metal dielectric (IMD) film stack. A key

layer is formed over the semiconductor structure and the

metal line. A CVD low-k material layer is formed over the

spin-on-polymer layer. The CVD low-k material layer 1is

patterned to form a CVD low-k material layer via over the

metal line. The spin-on-polymer layer is patterned to form a

spin-on-polymer layer via opening continuous and contiguous

with the CVD low-k material layer via and exposing a portion

of the metal line. The CVD low-k material layer adjacent the

CVD low-k material layer via is patterned to form a CVD low-k

material layer trench. The spin-on-polymer layer via opening

and the CVD low-k material layer trench forming a dual

damascene opening.

SUMMARY OF THE INVENTION

The present invention teaches a method of forming trench
openings in a dual damascene trench and via etch process by

using a two component hard mask layer, termed a bi-layer,



point, is that the dual damascene trench etch requires uniform trench depth across wafer after etch. In
addition, via top corner profiles need to be well maintained without severe fencing or faceting. The
present invention solves these problems by using a two component hard mask layer, termed a bi-layer,
deposited directly on top of an inter- metal dielectric (IMD) film stack. The solution to the above
processing problems is the following list of two component hard masks, termed bi-layer hard masks.

Processing details of the trench etch are as _follow. 5 yl\% film stack is comprised of a bi-layer hard mask
termed, Top HM1, Bottom HM2, anc]i IMD. T%e combination of HM1/ HM2/ IMD stack, inter-metal

dielectric consigts of, whighcanfe @BXQQ?M&%‘?W3 HM1HMZ IMBLYSG/ SiGof SiY,Eluorine
doped Oxide or SiO2 USG/ SiC / Carbon-doped Oxide -5 USG/ SiC / Organic based low-k USG/ SiC /

porous low-k The etaihcansigderations for the abeve bi-layetr harchmask i aresas follewings @ selective

BARC, bottom anti-reflective coating, opening etch stops on the HM1, top hard mask layer, USG,

undoped processing is one of the major integration schemes for copper
backend of line (BEOL) integration. A wvia first dual
damascene scheme usually uses a hard mask layer deposited on
top of an inter-metal dielectric (IMD) film stack. A key
point, is that the dual damascene trench etch requires
uniform trench depth across wafer after etch. In addition,
via top corner profiles need to be well maintained without
severe fencing or faceting. The present invention solves
these problems by using a two component hard mask layer,

termed a bi-layer, deposited directly on top of an inter-

metal dielectric (IMD) film stack.

The solution to the above processing problems is the
following list of two component hard masks, termed bi-layer
hard masks. Processing details of the trench etch are as
follows. The film stack is comprised of a bi-layer hard mask
termed, Top HM1, Bottom HMZ2, and IMD. The combination of

HM1/ HM2/ IMD stack, inter-metal dielectric consists of,
which can be any one of these schemes:

HM1 HM?2 IMD

USG/ SiC or SiN/ Fluorine doped Oxide or SiO;
USG/ SiC / Carbon-doped Oxide



silicate glass b) selective HM1 etch to stop on HM2, bottom hard mask layer (3-5x Selectivity) c) via-fill
material recess to control fence or sub-trench profile, which can be performed after BARC opening
and/or after HM1 etch above d) 1:1 selectivity chemistry for HM2, bottom hard mask and IMD,
inter-metal dielectric, film The final etch process is comprised of a 1:1 selectivity etch chemistry for HM2
and IMD film, intermetal dielectric, can be used since HM2, bottom hard mask layer etch properties are
not much differentfrom.the IMD film. .This 1.1 selectivity chemistry can be used for etching HM2, as well
as, the IMD filme.g%/isr%/%néor? h 5 %agn%%%s’r;erﬁaﬁggd gbove and described with reference to the
preferred embddiaénsi Somepioeessihgvdétails have been omitted and are understood by those skilled
in the art. More details of this invention are stated in the "DESCRIPTION OF THE PREFERRED
EMBODIMENTS" section. BRIEF DESCRIPTION OF THE DRAWINGS The object and other advantages
of this invention are bestd&s&Hbed IR IHE prétenat %ﬁﬁ&di%@ﬁt?@ﬁﬁ?e@?éﬁé& foF e &ftadHEy

drawings that irctede: Fige 1148 mehich in cross-sectional representation,

a) selective BARC, bottom anti-reflective coating, opening
etch stops on the HM1, top hard mask layer, USG, undoped
silicate glass

b) selective HM1 etch to stop on HM2, bottom hard mask layer
(3-5x Selectivity)

c) via-fill material recess to control fence or sub-trench
profile, which can be performed after BARC opening and/or
after HM1 etch above

d) 1:1 selectivity chemistry for HM2, bottom hard mask and

IMD, inter-metal dielectric, film

The final etch process is comprised of a 1:1 selectivity
etch chemistry for HM2 and IMD film, intermetal dielectric,
can be used since HM2, bottom hard mask layer etch properties
are not much different from the IMD film. This 1:1
selectivity chemistry can be used for etching HM2, as well

as, the IMD film.

This invention has been summarized above and described
with reference to the preferred embodiments. Some processing
details have been omitted and are understood by those skilled
in the art. More details of this invention are stated in the

“DESCRIPTION OF THE PREFERRED EMBODIMENTS” section.



illustrates Prior Art methods, as background to the present invention, forming a defective dual
damascene structure of via and trench over a copper interconnect. Figs. 2A-F, which illustrated in
cross-sectional drawing, are the key process steps for forming a dual damascene structure of via and
trench over a copper interconnect, using a two component hard mask layer, termed a bi-layer, over
different intermetal dielectrics, IMD, forming metal contacts and interconnect wiring. DESCRIPTION OF
THE PREFERRED EMBODIMENT The present invention describes a method of forming trench openings
in a dual damascene trench and via etch process by using a two component hard mask layer, termed a

bi-layer, over different intermetal diglegirics, dME; {@ 1selve dpahdamascepaeatterning problems, such as,
fencing and sub-trench formation. Defining a "via first" pattern in dual damascene processing, is one of

the major integration Stlsernis fortcoppér babkendofiaTet (BEOL pihtddration.nA viat-rofirstdgal
damascene sckfj%rrslgu uall 5;{%?5 a har«%}maskrlfé\%er de osn%joc&q lrtnoepngfsan |.r1§%r-rrnee£al rdlelectrlg (IMD)

film stack. A kéy poin 5 eeddulaﬂ damascene Trench etc requires tniform trencﬁd%rﬁﬁ'neacrgss

wafer after etchz e additiomada top6arnge prafiles need toibe well maintained

Figs. 1A-B, which in cross-sectional representation,
illustrates Prior Art methods, as background to the present
invention, forming a defective dual damascene structure of

via and trench over a copper interconnect.

Figs. 2A-F, which illustrated in cross-sectional
drawing, are the key process steps for forming a dual
damascene structure of via and trench over a copper
interconnect, using a two component hard mask layer, termed a
bi-layer, over different intermetal dielectrics, IMD, forming

metal contacts and interconnect wiring.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention describes a method of forming
trench openings in a dual damascene trench and via etch
process by using a two component hard mask layer, termed a
bi-layer, over different intermetal dielectrics, IMD, to
solve dual damascene patterning problems, such as, fencing
and sub-trench formation. Defining a "via first" pattern in
dual damascene processing, 1is one of the major integration

schemes for copper backend of line (BEOL) integration. A via

-



without severe fencing or faceting. The present invention solves these problems by using a two
component hard mask layer, termed a bi-layer, deposited directly on top of an inter-metal dielectric
(IMD) film stack. The solution to the above processing problems is the following list of two component
hard masks, termed bi-layer hard masks. The film stack is comprised of a bi-layer hard mask termed,
Top HM1, Bottom HM2, and IMD. The combination of HM1/ HM2/ IMD stack, inter metal dielectric

consists of, whjch. fth eg emes; lHM2I R USG, /FI %rlne doped
Oxide or SiO2 USC%%S Oﬁ ope Ox(lé I}SSUI' 6/rgan|c base ? ectrl USG/ SiC/

porous low-k d'&%&&Eh%ﬁt%@W%ﬁt'Q%@HH\%@QQV%% layer hard m@ﬁkﬁ areas following: a)
selective BARC, bottom anti-reflective coating, opening etch stops on the HM1, top hard mask layer,

USG, undopedssilicate glassly) seleetiveidMdreteh to.stapien HM2 hottome hard-mask dayet (3-5x
Selectivity) c) via-fill material recess to control fence or sub-trench
requires uniform trench depth across wafer after etch. In
addition, via top corner profiles need to be well maintained
without severe fencing or faceting. The present invention
solves these problems by using a two component hard mask

layer, termed a bi-layer, deposited directly on top of an

inter-metal dielectric (IMD) film stack.

The solution to the above processing problems is the
following list of two component hard masks, termed bi-layer
hard masks. The film stack is comprised of a bi-layer hard
mask termed, Top HM1l, Bottom HMZ2, and IMD. The combination of
HM1/ HM2/ IMD stack, inter-metal dielectric consists of,
which can be any one of these schemes:

HM1 HM?2 IMD

USG/ SiC or SiN/ Fluorine doped Oxide or SiO;
USG/ SiC / Carbon-doped Oxide

USG/ SiC / Organic based low-k dielectric
USG/ SiC / porous low-k dielectric



profile, which can be performed after BARC opening and/or after HM1 etch above d) 1:1 selectivity
chemistry for HM2, bottom hard mask and IMD, inter-metal dielectric, film The final etch process is
comprised of a 1:1 selectivity etch chemistry for HM2 and IMD film, intermetal dielectric, can be used
since HM2, bottom hard mask layer etch properties are not much different from the IMD film. This 1:1
selectivity chemistry can be used for etching HM2, as well as, the IMD film. Referring to Fig. 1A
illustrated in cross-sectional drawing, as background and provided by Prior Art methods is a dual
damascene build structure utilizing only a single hard mask layer 14. In Fig. 1A, a semiconductor
substrate 10 is sketcHetPwitls @b inSmatng iadet 21 onfhe substraleye. Ricopper métarifterconnect 12
is shown patterpgd wythin-the, instiatinglayer. 11, e.g., SiOx. In addition, a second -9 insulating layer, 13,
an IMD, inter-metal dielectric film, is deposited and patterned with via openings 17 (arrows). Also
provided by Pridf Afm&tHotéCafe st one F\BPdnm%‘Eﬁ tayert 14 GVerth& b 19 A GRSl Ppbtoresist 15
is provided as a bettor astiaeflectivetdoating | BARG: Subséquenktréacte openiiigs 16 (rrows) are

patterned by photoresjst 16. glass

b) selective HM1 etch to stop on HM2, bottom hard mask layer
(3-5x Selectivity)

c) via-fill material recess to control fence or sub-trench
profile, which can be performed after BARC opening and/or
after HM1 etch above

d) 1:1 selectivity chemistry for HM2, bottom hard mask and

IMD, inter-metal dielectric, film

The final etch process is comprised of a 1:1 selectivity
etch chemistry for HM2 and IMD film, intermetal dielectric,
can be used since HM2, bottom hard mask layer etch properties
are not much different from the IMD film. This 1:1
selectivity chemistry can be used for etching HM2, as well

as, the IMD film.

Referring to Fig. 1A illustrated in cross-sectional
drawing, as background and provided by Prior Art methods is a
dual damascene build structure utilizing only a single hard
mask layer 14. In Fig. 1A, a semiconductor substrate 10 is
sketched with an insulating layer 11 on the substrate 10. A
copper metal interconnect 12 is shown patterned within the

insulating layer 11, e.g., SiO4x. In addition, a second



Referring to Fig. 1B illustrated in cross-sectional drawing, as background and provided by Prior Art
methods to is a defective dual damascene structure that is the end result after etching of using only a
single hard mask layer. The defects that are illustrated in Fig. 1B are primarily two types: fencing 190 or
"crowning" occurs around the openings, and faceting of via corners, or sub-trench formation (192)
occurs. Referring to Figs. 2A-F which illustrated in cross- sectional drawing, are the key process steps for

forming a dual d@%@%@?ﬁﬁswgt% é‘l’f%"?, ang reeh ?g’%&%%%@%%i”t&rfoﬁé‘é% Hsing, g fwo ;

component harél mask layer, terme i-layer, over different intermetal dielectrics, IMD, forming metal

contacts and intergganect wigng. The Pracessingis rsimilar to-eenuentional dual damascene byild with
the key exception that a two component hard mask is used. In Fig. 2A, a semiconductor substrate 20 is

sketched with afrinstlading iayet-2bonthe substiates20. A-eopperineta irercannactik’2) ks shown
patterned within the insulating layer 21, e.g., SiOx. In addition, a second insulating layer, 23, an IMD,
inter-metal dieléctric dilrartogetherNuthld bi-fayer hafd mask) is depesited arid pattemed withdvias

openings 28 (arrows). The key processing step is that now two hard mask
a bottom anti-reflective coating, BARC. Subsequent trench

openings 18 (arrows) are patterned by photoresist 16.

Referring to Fig. 1B illustrated in cross-sectional
drawing, as background and provided by Prior Art methods to
is a defective dual damascene structure that is the end

result after etching of using only a single hard mask layer.

The defects that are illustrated in Fig. 1B are primarily two
types: fencing 190 or "crowning" occurs around the openings,
and faceting of via corners, or sub-trench formation (192)

occurs.

Referring to Figs. 2A-F which illustrated in cross-
sectional drawing, are the key process steps for forming a
dual damascene structure of via and trench over a copper
interconnect, using a two component hard mask layer, termed a
bi-layer, over different intermetal dielectrics, IMD, forming
metal contacts and interconnect wiring. The processing is
similar to conventional dual damascene build with the key
exception that a two component hard mask is used. In Fig. 2A,
a semiconductor substrate 20 is sketched with an insulating

layer 21 on the substrate 20. A copper metal interconnect 22

-10-



layers, 24 and 25 are deposited over the IMD. Via openings 28 (arrows) are defined and the vias are
filled with photoresist 26, provided as a bottom anti-reflective coating, BARC. Subsequent trench
openings 29 (arrows) are patterned by photoresist 27. Processing details of the trench etch are as
follows. The film stack is comprised of a bi-layer hard mask termed, Top HM1, Bottom HM2, and IMD.
The combination of HM1/ HM2/ IMD stack, inter-metal dielectric consists of, which can be any one of

these schemes; HM1 HM2 IMD. U iIC or SiN/ Elyorin ide or SI02.USG/ SIC /
Carbon-doped lO%(ll\él)(ifl Bméh%;/psalgwegr%%ﬁig] l%égs% Io%vlkljllgdlle e%gt)r% gﬁs%/%%%)o%c}ds I%;' -k dielectric (Note:
where USG, urgloped gilicate glasiscfoy HME tayenchard smnbsk 1oy layey.calso 2an bera comyentional SiO2
film of thickness in the range from 1000 to 2000 Angstroms) Referring to Figs. 2B-D which illustrated in
cross- sectional Bfewing Sardthe profies hiter difefenttRsth? 8ich"steps An'Fig.[o8 Shia fift aterial,

organic materi%ggpbopge%ﬂé[o%@itm@&ns%%frgg\c%%@}%éﬂ@%ﬁgﬁi@%ee@e{%@d@s a bottom
anti-reflective coating, BARC, is at a higher level after hard mask 1 etch. In Fig. 2C, the via fill
(arrows) . The key processing step is that now two hard mask

layers, 24 and 25 are deposited over the IMD. Via openings 28
(arrows) are defined and the vias are filled with photoresist
26, provided as a bottom anti-reflective coating, BARC.
Subsequent trench openings 29 (arrows) are patterned by

photoresist 27.

Processing details of the trench etch are as follows.
The film stack is comprised of a bi-layer hard mask termed,
Top HM1, Bottom HM2, and IMD. The combination of
HM1/ HM2/ IMD stack, inter-metal dielectric consists of,
which can be any one of these schemes:

HM1 HM?2 IMD

USG/ SiC or SiN/ Fluorine doped Oxide or SiO;

USG/ SiC / Carbon-doped Oxide

USG/ SiC / Organic based low-k dielectric

USG/ SiC / porous low-k dielectric

(Note: where USG, undoped silicate glass for HM1 layer, hard
mask top layer, also can be a conventional Si0O, film of

thickness in the range from 1000 to 2000 Angstroms)

Referring to Figs. 2B-D which illustrated in cross-
sectional drawing, are the profiles after different trench

etch steps. In Fig. 2B, via fill material, organic material

-11-



material 26, is further etched back to a recess step profile. In Fig. 2D, all the trench etch steps are
completed. This results in open vias 28 (arrows) and open trenches 29 (arrows), ready for metal fill,
again referring to Fig. 2D. The etch considerations for the above bi-layer hard masks are as following: a)
selective BARC, bottom anti-reflective coating, opening etch stops on the HM1, top hard mask layer,
USG, undoped silicate glass b) selective HM1 etch to stop on HM2, bottom hard mask layer (3-5x

Selectivity) ©) vigefil mterial recessyo cqniipl fsnce orsulirenh profilegyhich canhe performed after

BARC opening an ter HM1 etch above d) 1:1 selectivity chemistry for HM2, bottom
IMD, inter-metab dietecteid, filmn Bhe biMbilayen thardenasictopvayer, canbe, a Brwventienal tSi@2 film of

thickness in the range from 1000 to 2000 Angstroms, and HM2, hard mask bottom layer, is a selective

dielectric layer (SEABEHvityDf23-5) F6PEMP BIcH It étch St of HNI2 IFhe FimZ B&n Bedvely tin,
between approximately 300t 600Argstrems. The advaniage of 512 thig bislayer hard mask is to reduce

etch defects and trench
In Fig. 2D, all the trench etch steps are completed. This

results in open vias 28 (arrows) and open trenches 29

(arrows), ready for metal fill, again referring to Fig. 2D.

The etch considerations for the above bi-layer hard
masks are as following:

a) selective BARC, bottom anti-reflective coating, opening
etch stops on the HM1, top hard mask layer, USG, undoped
silicate glass

b) selective HM1l etch to stop on HM2, bottom hard mask layer
(3-5x Selectivity)

c) via-fill material recess to control fence or sub-trench
profile, which can be performed after BARC opening and/or
after HM1 etch above

d) 1:1 selectivity chemistry for HM2, bottom hard mask and

IMD, inter-metal dielectric, film

The HM1 layer, hard mask top layer, can be a
conventional Si0, film of thickness in the range from 1000 to
2000 Angstroms, and HM2, hard mask bottom layer, is a
selective dielectric layer (Selectivity of ~3-5) for HMI
etch, with etch stop on HM2. The HM2 can be very thin,

between approximately 300 to 600 Angstroms. The advantage of

-12-



depth non-uniformity. Both hard mask layers, HM1 and HM2, can be removed by the subsequent copper
chemical mechanical polish if necessary. The IMD, inter-metal dielectric, film thickness is in a range
approximately from 0.2 to 2 microns. More details on various etch approaches are the following:
Selective BARC opening Etch to stop on HM1 (3-5x Selectivity) - With the appropriate chemistry
selection, etch front stops on HM1 layer among different structures across the whole wafer. Selective

HM1 Etch to stop pn HM2 Wil fhe, apRrapriale sherpisty. s
t

. egtion, 8?9“4&‘%’&%@928%‘ HM2 layer among
different structures across whole watfer. Because of selective HM2 layer, trench depth as well as

corner chopping ds,well contralied gfter this step- Anathey efchsapareach is taprocess ang gich-the via- fill
material, so as to recess this material, to minimize fence or sub-trench profiles. The timing of this step is
adjusted to coingide withnaifferent Haed Maskeick and dME» cichhemisiries.Asthis siep uses
photoresist strip gases, which have good selectivity to the bulk material, it only -13 recesses the BARC
inside the via, with irshimium impactsairthe TeachiPefilé nAkter-thiststepdBAREG-height inSiderthe via

thickness is in a range approximately from 0.2 to 2 microns.

More details on various etch approaches are the
following:

* Selective BARC opening Etch to stop on HM1 (3-5x
Selectivity) - With the appropriate chemistry selection,
etch front stops on HM1l layer among different structures
across the whole wafer.

* Selective HM1l Etch to stop on HM2

With the appropriate chemistry selection, etch front
stops on HM2 layer among different structures across the
whole wafer. Because of selective HM2 layer, trench depth as

well as corner chopping is well controlled after this step.

Another etch approach is to process and etch the via-
£fill material, so as to recess this material, to minimize
fence or sub-trench profiles. The timing of this step is
adjusted to coincide with different Hard Mask etch and IMD
etch chemistries. As this step uses photoresist strip gases,

which have good selectivity to the bulk material, it only
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recesses to about the same level of trench etch front. However, note that an accurate control of this step
is critical. If this etch step is not sufficient, fencing will result, and if this etch step too much,
sub-trenching will occur. Key to the etch process is to utilize a 1:1 selectivity chemistry for the HM2,
bottom hard mask, and IMD, inter-metal dielectric, film. Since the chemical properties of the HM2
materials are not much different from IMD film, a 1:1 selectivity chemistry can be used for etching HM2,

as well as, for e I fim, Wit s above-methads, 0o fenges o subpnehesuete obsepupd n dense

Trench & Via, Isolated Trench & Via, Open trench & dense via patterns. For completeness, the following

is a detailed reactive-jonetch, RIE, preeessing scherme for tsaneh elchmaking usg.ofthe agvantages of
the bi-layer hard mask. This serves as just one example that was developed and reduced to practice, for

RIE gas mixturesidatepds GRst LAbhased for sighing BARC opepingn Step 26 F44/ &3 / Ar based for
HM1 etch Step 3: N2 / 02 based for etching via-fill material recess Step 4: CF4 / N2 / 02 based for HM2
and IMD etch Step &7 62 baseddortAshingrnldccurate control of this step is

critical. If this etch step is not sufficient, fencing will

result, and if this etch step too much, sub-trenching will

occur.

Key to the etch process is to utilize a 1:1 selectivity
chemistry for the HM2, bottom hard mask, and IMD, inter-metal
dielectric, film. Since the chemical properties of the HM2
materials are not much different from IMD film, a 1:1
selectivity chemistry can be used for etching HM2, as well
as, for the IMD film. With this above methods, no fences or
sub-trenches were observed in dense Trench & Via, Isolated

Trench & Via, Open trench & dense via patterns.

For completeness, the following is a detailed reactive
ion etch, RIE, processing scheme for trench etch making use
of the advantages of the bi-layer hard mask. This serves as
just one example that was developed and reduced to practice,
for RIE gas mixtures:

Step 1: CFy; / Ar based for etching BARC opening
Step CF, / CF; / Ar based for HM1 etch

CF, / N, / O, based for HM2 and IMD etch

2

Step 3: N, / 0O, based for etching via-fill material recess
Step 4
5

Step O, based for Ashing
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Step 6: CF3 / N2 based for bottom etch stop layer etch Referring to Figs. 2E-F, which illustrated in cross-
sectional drawings, are the final processing steps in building of the dual damascene structure. In Fig. 2E,
first is the deposition of a copper seed layer 290, which is then followed by an electrochemical copper
deposition (ECD) 291 of excess copper. The copper seed layer 290, is thin copper, with thickness
maximum of approximately 3,000 Angstroms. The conducting metal fill of electrochemically deposited

copper 291 up g§8c%opercs§3ed/la gr,ggglg%vi o%nqag @%pnog%gi}qgg,tg S A h'éckng%%}r]naximum of

approximately 20,000 Angstroms, forming an excess of copper over the vias nftrenches. In Fig. 2F,
the final processing step in building of the dual damascene structure, is a chemical mechanical polishing

(CMP) back of the exgesselecttgchemical;deposited, copperimetah 291 - with dhe goppeysremaining inlaid
in the trench and via regions. Polish, milling, ion milling, and/or etching are also methods of planarizing

the excess coppet Fupthetmdre WiMidtilevel condhetirgl Sirdctiieacare Sabdcatingsy fepeating steps
described abovgu\l/\irglle theoi@v%rgieon %slb%eqn g%rticularl ts]_hlcljwn and I§cgi9ed Wétg re%e.ren%e to the

preferred embodiments  thereo , It wi beun erstogg%eyt ose skilled in the art “thaf vérioulsrcﬁwanges in

form and details snayhbe tradeswithout of a copper seed layer 290, which is then
followed by an electrochemical copper deposition (ECD) 291 of
excess copper. The copper seed layer 290, is thin copper,
with thickness maximum of approximately 3,000 Angstroms. The
conducting metal fill of electrochemically deposited copper
291 upon a copper seed layer, in the via and trench openings,
has a thickness maximum of approximately 20,000 Angstroms,
forming an excess of copper over the vias and trenches. In
Fig. 2F, the final processing step in building of the dual
damascene structure, is a chemical mechanical polishing (CMP)
back of the excess electrochemical deposited copper metal
291, with the copper remaining inlaid in the trench and via
regions. Polish, milling, ion milling, and/or etching are
also methods of planarizing the excess copper. Furthermore,
multilevel conducting structures are fabricating by repeating

steps described above.

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 form and details may be made without

departing from the spirit and scope of the invention.
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departing from the spirit and scope of the invention. What is claimed is: 1. A method for fabricating IC's
comprising the following steps: (a) providing a substrate with an insulating layer over the substrate; (b)
providing a first level of conducting material defined and embedded in the insulating layer over the
substrate; (c) depositing an intermetal dielectric layer over the insulating layer; (d) forming a bi-layered
hard mask, two hard mask layers, over the intermetal dielectric layer; (e) patterning the intermetal
dielectric layer and hard mask layers, and etching to, form,via 888“&”9?? (f) coating with a photoresist
material, forming a bottom anti-reflective coating over the top intermetal dielectric layer and filling the via
opening; (g) patterning the intermetal dielectric layer and hard mask layers, and etching to form trench
openings; (h) stripping-off all photoresist material, thus forming open trench and open via regions for
subsequent conducting metal fill. 2. The method of claim 1, wherein said substrate is
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semiconductor single crystal silicon or an IC module. 3. The method of claim 1, wherein said conducting
material is selected from following group comprised of: metal wiring or contacts of Cu, AlCu alloys, AICuSi
alloys, W, polysilicon, silicide, or P-N junction diffusion regions. 4. The method of claim 1, wherein the
insulating layer and intermetal dielectric layer are comprised of: silicon dioxide, silicon oxide and
undoped silicate glass. 5. The method of claim 1, wherein said bi-layered hard mask is comprised of:

HM1/ HM2/ IMD stack, inter-metal. dielectri 1 HM2 | G/ SIC or SiN/.Fluorine doped Oxide or
7 ! RIS EE & WMP U N fir& dop

Si02 USG/ SiC/ Carbon-dAopeé Ox?gle USG/ Si r/%%galr'\ﬁgbasecflo%vqﬁp |é1eét?i USG/ SiC / porous

low-k dielectric inhiere wSG, wndeped silicate glass for HM1 layer, hard mask top layer, also can be a

conventional SiO2 film of thickness in the range from 1000 to 2000 An%s}troms, and HM2, hard mask
bottom layer, is'&@ SeleRfive dietedric 1a3/2P TSElREGvily o -318) fdt FMT et Wi ich {6 ohFM2, the
HM2 is betweeg,apRpreximately 300 to 600 Angstroms thick, the IMD, inter- metal dielectric, film thickness

is in a range approximately from 0.2 to 2 microns.
(b) providing a first level of conducting material

defined and embedded in the insulating layer over the
substrate;

(c) depositing an intermetal dielectric layer over the
insulating layer;

(d) forming a bi-layered hard mask, two hard mask layers,
over the intermetal dielectric layer;

(e) patterning the intermetal dielectric layer and hard mask
layers, and etching to form via openings;

(f) coating with a photoresist material, forming a bottom
anti-reflective coating over the top intermetal dielectric
layer and filling the via opening;

(g) patterning the intermetal dielectric layer and hard mask
layers, and etching to form trench openings;

(h) stripping—-off all photoresist material, thus forming
open trench and open via regions for subsequent conducting

metal fill.
2. The method of claim 1, wherein said substrate is

semiconductor single crystal silicon or an IC module.

3. The method of claim 1, wherein said conducting

material is selected from following group comprised of:



6. The method of claim 1, wherein said photoresist material forming a bottom anti-reflective coating is
comprised of organic material, thickness ranges from thickness from 500 to 3,000 Angstroms, and
etched forming trench openings using a reverse tone process. 7. The method of claim 1, wherein the
intermetal dielectric layer and hard mask layers are etched to form trench openings by reactive ion etch,
RIE, processing scheme for trench etch using the following RIE gas mixtures: Step 1: CF4 / Ar based for
etching BARC ing, S : CF4 | CE3 [ Ar based. for etch, 3: 2b faor etching
via-fill material %%%%gsvé%[é%@}t Cgl::r4 /éﬁ%}%%%%é% f%}1 H I\I/_%ZlYlgﬁld %I\if/llllj ggﬁ As\%?gp{)l %10 %%% d for Ashing,
and Step 6: CF3,/ N based fardottosi etchistep layerreteh. Buddeimethodfdfcidion] rwhereirs multilevel
structures are fabricating by repeating steps (b) through (h), described above. 9. A method of fabricating
an integrated circuit with a dual damascene process using a bi-layer hard mask, the method comprising

the following steps: (a) proviging Auhsiratg with andnsulafing Jayer oveLthe, subsirates;  1ayer
and intermetal dielectric layer are comprised of: silicon

dioxide, silicon oxide and undoped silicate glass.

5. The method of claim 1, wherein said bi-layered hard
mask is comprised of:

HM1/ HM2/ IMD stack, inter-metal dielectric
HM1 HM?2 IMD

USG/ SiC or SiN/ Fluorine doped Oxide or SiO;

USG/ SiC / Carbon-doped Oxide

USG/ SiC / Organic based low-k dielectric

USG/ SiC / porous low-k dielectric

where USG, undoped silicate glass for HM1 layer, hard mask
top layer, also can be a conventional Si0, film of thickness
in the range from 1000 to 2000 Angstroms, and HM2, hard mask
bottom layer, is a selective dielectric layer (Selectivity of
~3-5) for HM1 etch, with etch stop on HM2, the HM2 is between
approximately 300 to 600 Angstroms thick, the IMD, inter-
metal dielectric, film thickness is in a range approximately
from 0.2 to 2 microns.

6. The method of claim 1, wherein said photoresist
material forming a bottom anti-reflective coating is
comprised of organic material, thickness ranges from
thickness from 500 to 3,000 Angstroms, and etched forming

trench openings using a reverse tone process.

-18-



(b) providing a first level of conducting material defined and embedded in the insulating layer over the
substrate; (c) depositing an intermetal dielectric layer over the insulating layer; -19 (d) forming a
bi-layered hard mask, two hard mask layers, over the intermetal dielectric layer; (e) patterning the
intermetal dielectric layer and hard mask layers, and etching to form via openings; (f) coating with a
photoresist material, forming a bottom anti-reflective coating over the top intermetal dielectric layer and

filling the via opening;{g) e%téerrﬂientgn? iggﬁr@fgaﬂ Igliellect{]i]g %@éeir and hard mask layers, and etching to
form trench openings; (h) stripping-off all photoresist material, forming open trenc% and open via regions;
() depositing acbppersedd-layey #rtherttenchropenings angdada openingsicriormingramexcess of
copper metal over the copper seed layer; (k) planarizing the excess copper back, thus forming inlaid

copper in the trehER &hd Vs Bpéfifigs Yor cotitact Vias &hd Shtefeorihdet witrigseSs1ng scheme

for trench etch using the following RIE gas mixtures:

Step 1: CFy4 / Ar based for etching BARC opening,

Step 2: CFy, / CF3 / Ar based for HMI1 etch,

Step 3: N, / O, based for etching via-fill material
recess,

Step 4: CF4 / N, / O, based for HM2 and IMD etch,

Step 5: 0, based for Ashing, and

Step 6: CF3 / N, based for bottom etch stop layer etch.

8. The method of claim 1, wherein multilevel structures
are fabricating by repeating steps (b) through (h), described

above.

9. A method of fabricating an integrated circuit with a
dual damascene process using a bi-layer hard mask, the method
comprising the following steps:

(a) providing a substrate with an insulating layer over the
substrate;

(b) providing a first level of conducting material

defined and embedded in the insulating layer over the
substrate;

(c) depositing an intermetal dielectric layer over the

insulating layer;
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10. The method of claim 9, wherein said substrate is semiconductor single crystal silicon or an IC module.
11. The method of claim 9, wherein said conducting material is selected from following group comprised
of: metal wiring or contacts of Cu, AlCu alloys, AICuSi alloys, W, polysilicon, silicide, or P-N junction
diffusion regions. 12. The method of claim 9, wherein the insulating layer and intermetal dielectric layer
are comprised of: silicon dioxide, silicon oxide and undoped silicate glass. 13. The method of claim 9,

wherein said bi-lgyered h /q askis cqmprised; of: 1/ HM2/ IMD _stack, jnter-metal dielectric HM1
HM2 IMD USG/( g)lfc or %ﬁ ﬁ%or%nég%jopgg%% e o%-]lél\éOZ aﬁSG/%f@ / Cgangon-%%%ega X|5§USG/ SiC/
Organic based domek dielectrict &1SE/tSIC Hoeroas tow-k dieleetric where USG, undoped silicate glass for

HML1 layer, hard mask top layer, also can be a conventional SiO2 film of thickness in the range from

1000 to 2000 AhGtroR3TaRAHMS, fatd mASIc Bbtom' 15yLF 1§ a'detéctive ficleditit 187 Seiettivity of
-3-5) for HM1 etch, with eteh step on HM2theddMg is between, approximately 300 to 600 Angstroms
thick, the IMD, inter- metal dielectric, film thickness is in a range approximately

(f) coating with a photoresist material, forming a bottom

anti-reflective coating over the top intermetal dielectric

layer and filling the via opening;

(g) patterning the intermetal dielectric layer and hard mask

layers, and etching to form trench openings;

(h) stripping-off all photoresist material, forming open

trench and open via regions;

(1) depositing a copper seed layer in the trench openings

and via openings;

(j) forming an excess of copper metal over the copper seed
layer;
(k) planarizing the excess copper back, thus forming inlaid

copper in the trench and via openings for contact vias and

interconnect wiring.

10. The method of claim 9, wherein said substrate is

semiconductor single crystal silicon or an IC module.

11. The method of claim 9, wherein said conducting
material is selected from following group comprised of:
metal wiring or contacts of Cu, AlCu alloys, AlCuSi alloys,

W, polysilicon, silicide, or P-N junction diffusion regions.
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from 0.2 to 2 microns. 14. The method of claim 9, wherein said photoresist material forming a bottom
anti-reflective coating is comprised of organic material, thickness ranges from thickness from 500 to
3,000 Angstroms, and etched forming trench openings using a reverse tone process. 15. The method of
claim 9, wherein the intermetal dielectric layer and hard mask layers are etched to form trench openings
by reactive ion etch, RIE, processing scheme for trench etch using the following RIE gas mixtures: Step
1: CF4 / Ar based for etching BAR ening,- Step.2: CF4 / CE3 /| Ar based for HM1 etch, Step 3: N2 /02
based for etching via—ﬁl%mat%ﬁ'ﬁ ;%%%%STHS%]E) 4é:elCaFlAl:n / I%_Q /“(%e%a?slez% f%%l%l\/ll%aﬁlgl%&/lb% tch, Step 5: 02
based for Ashing; anad Step 6: Q3 hNRdaseddorbatidra etely stopalayercetehri6.ectheomethod of claim 9,
further comprising. depositing and defining a copper seed layer, in the via and. trench openings,
comprised of cSpperWith HHitKRESy maxiGR  oPApPoxitidtely 5686 Angsironfst € 797RE fnethod of
claim 9, further comprising depositing a conducting metal fill of electrochemically deposited copper upon

a copper seed layer, in the via and
13. The method of claim 9, wherein said bi-layered hard

mask is comprised of:

HM1/ HM2/ IMD stack, inter-metal dielectric
HM1 HM2 IMD

USG/ SiC or SiN/ Fluorine doped Oxide or SiO;

USG/ SiC / Carbon-doped Oxide

USG/ SiC / Organic based low-k dielectric

USG/ SiC / porous low-k dielectric

where USG, undoped silicate glass for HM1 layer, hard mask
top layer, also can be a conventional Si0O; film of thickness
in the range from 1000 to 2000 Angstroms, and HM2, hard mask
bottom layer, is a selective dielectric layer (Selectivity of
~3-5) for HM1l etch, with etch stop on HM2, the HM2 is between
approximately 300 to 600 Angstroms thick, the IMD, inter-
metal dielectric, film thickness is in a range approximately

from 0.2 to 2 microns.

14. The method of claim 9, wherein said photoresist
material forming a bottom anti-reflective
coating is comprised of organic material, thickness ranges
from thickness from 500 to 3,000 Angstroms, and etched

forming trench openings using a reverse tone process.

15. The method of claim 9, wherein the intermetal
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trench openings, with thickness maximum of approximately 20,000 Angstroms, forming an excess of
copper over the vias and trenches. 18. The method of claim 9, further comprising planarizing an excess
of copper over the vias and trenches by chemical mechanical polish, milling, ion milling, and/or etching,
forming inlaid dual damascene conducting metal interconnects and contact vias in the vias and trenches.
19. The method of claim 9, wherein multilevel structures are fabricating by repeating steps (b) through

(k), described above, 20. A method of fabricating an_integrated circuit wi I scene process for
applications in%ﬂplgsgé'%%h%sa%eméry&anég ﬁ)ggién ges\%cesa,%%fnég § ?—If%/te?%d%%% %%ZE% e method
comprising the fallowihg stepsi (@)Pprovidingpa siibstraterwidt an inRiatingolayeraverthe ssuhstrate; (b)
providing a first level of conducting material defined and embedded in the insulating layer over the

substrate; (c) d&positing n'infermBtat HidiEcthit Tayer bvel tie ifsutatift’iaer (Hy fofming a bi-layered
hard mask, twoshard mask tayers, gyerthedntermetaldielecliiciayer; cpening,

Step 2: CF4 / CF3 / Ar based for HM1 etch,

Step 3: N, / O, based for etching via-fill material

recess,

Step 4: CF4 / N / O, based for HM2 and IMD etch,

Step 5: O3 based for Ashing, and

Step 6: CF3 / N, based for bottom etch stop layer etch.

16. The method of claim 9, further comprising
depositing and defining a copper seed layer, in the wvia and
trench openings, comprised of copper, with thickness maximum

of approximately 3,000 Angstroms.

17. The method of claim 9, further comprising
depositing a conducting metal fill of electrochemically
deposited copper upon a copper seed layer, in the via and
trench openings, with thickness maximum of approximately
20,000 Angstroms, forming an excess of copper over the vias

and trenches.

18. The method of claim 9, further comprising
planarizing an excess of copper over the vias and trenches by
chemical mechanical polish, milling, ion milling, and/or
etching, forming inlaid dual damascene conducting metal

interconnects and contact vias in the vias and trenches.
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(e) patterning the intermetal dielectric layer and hard mask layers, and etching to form via openings; (f)
coating with a photoresist material, forming a bottom anti-reflective coating over the top intermetal
dielectric layer and filling the via opening; (g) patterning the intermetal dielectric layer and hard mask
layers, and etching to form trench openings; (h) stripping-off all photoresist material, forming open trench
and open via regions; (i) depositing a copper seed layer in the trench openings and via openings; -23 (j)

forming an excess of gcbo.per{%%tallng\{ r otge ggp%ﬁ%eqb ,Iax%r'egkg PILa@naur'ﬁnlglgw\geﬁxcess copper back,

thus forming inlaid copper in the trench and via openings for contact vias and interconnect wiring. 21.
The method of slaim0; whereinesatd substeatensy semiconckeietar isingle erystalisiliconranarhlC module.
22. The method of claim 20, wherein said conducting material is selected from following group comprised
of: metal wirind O coffat s afEl AltU Alioys, AlCuSi alloys, W, polysilicon, silicide, or P-N junction
diffusion regions. 23. The method of claim 20, wherein the insulating

20. A method of fabricating an integrated circuit with
a dual damascene process for applications in MOSFET CMOS
memory and logic devices, using a bi-layer hard mask, the
method comprising the following steps:
(a) providing a substrate with an insulating layer over the
substrate;
(b) providing a first level of conducting material
defined and embedded in the insulating layer over the
substrate;
(c) depositing an intermetal dielectric layer over the
insulating layer;
(d) forming a bi-layered hard mask, two hard mask layers,
over the intermetal dielectric layer;
(e) patterning the intermetal dielectric layer and hard mask
layers, and etching to form via openings;
(f) coating with a photoresist material, forming a bottom
anti-reflective coating over the top intermetal dielectric
layer and filling the via opening;
(g) patterning the intermetal dielectric layer and hard mask
layers, and etching to form trench openings;
(h) stripping-off all photoresist material, forming open
trench and open via regions;
(i) depositing a copper seed layer in the trench openings

and via openings;
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layer and intermetal dielectric layer are comprised of: silicon dioxide, silicon oxide and undoped silicate
glass. 24. The method of claim 20, wherein said bi-layered hard mask is comprised of: HM1/ HM2/ IMD
stack, inter-metal dielectric HM1 HM2 IMD USG/ SiC or SiN/ Fluorine doped Oxide or SiO2 USG/ SiC /
Carbon-doped Oxide USG/ SiC / Organic based low-k dielectric USG/ SiC / porous low-k dielectric where
USG, undoped silicate glass for HM1 layer, hard mask top layer, also can be a conventional SiO2 film of

thickness in the range from. 1000 to 2000 Angstroms, and HM2, hard mask ;24 bottom layer, is a
selective dielec?r?c‘?l Iaye?j Sele tivallty o% -Cse-g) for HMl%?c%, Wr%\t%l gtch s¥c>ep on HeM ,o%%éeﬁMiélse etween
approximately 3@6/ta-600 Angstroms thick, the IMD, inter metal dielectric, film thickness is in a range

approximately from 0.2 to 2 mjicrons. 25. The method of claim 20, wherein said photoresist_material

forming a bottof*antireffetdive Materiang coRfFRed TtRgani Hrateria tickiudt rafges o

thickness from 500,te 3,000 Angstromsand, giehed farming trgach-gpenings 4ising.a keversg tone
rocess.
P interconnect wiring.

21. The method of claim 20, wherein said substrate is

semiconductor single crystal silicon or an IC module.

22. The method of claim 20, wherein said conducting
material is selected from following group comprised of:
metal wiring or contacts of Cu, AlCu alloys, AlCuSi alloys,

W, polysilicon, silicide, or P-N junction diffusion regions.

23. The method of claim 20, wherein the insulating
layer and intermetal dielectric layer are comprised of:

silicon dioxide, silicon oxide and undoped silicate glass.

24. The method of claim 20, wherein said bi-layered
hard mask is comprised of:

HM1/ HM2/ IMD stack, inter-metal dielectric
HM1 HM2 IMD

USG/ SiC or SiN/ Fluorine doped Oxide or SiO;

USG/ SiC / Carbon-doped Oxide

USG/ SiC / Organic based low-k dielectric

USG/ SiC / porous low-k dielectric

where USG, undoped silicate glass for HM1 layer, hard mask
top layer, also can be a conventional Si0O; film of thickness

in the range from 1000 to 2000 Angstroms, and HM2, hard mask
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26. The method of claim 20, wherein the intermetal dielectric layer and hard mask layers are etched to
form trench openings by reactive ion etch, RIE, processing scheme for trench etch using the following
RIE gas mixtures: Step 1: CF4 / Ar based for etching BARC opening, Step 2: CF4 / CF3 / Ar based for
HM1 etch, Step 3: N2 / 02 based for etching via-fill material recess, Step 4: CF4 / N2 / 02 based for HM2
and IMD etch, Step 5: 02 based for Ashing, and Step 6: CF3 / N2 based for bottom etch stop layer etch.

27. The method.of e 20, further comprising. deposifnd A defining.a soppecseed layer. jn the via
and trench openings, comprised of copper, with thickness maximum ‘o approxmatecfy 3,OOOYAngstroms.

28. The method éf €laini 20, fiitthe? e®fmprigirg - 25-ddp osititiyy & toRbideting metdifill bf elztroeRamically
deposited coppgpuUPeR aeaRPey seed laversinothevda apdrttengh epenings, wittbthickness maximum of
approximately 20,000 An%stroms,,forming an excess of copper over the vias and trenches. 29. The

method of claiff 26> furfie E5mprising plardriziiy an 8XSess of Chppef BUEFtHaRRAS And Hehtkes by

from 0.2 to 2 microns.

25. The method of claim 20, wherein said photoresist
material forming a bottom anti-reflective
material is comprised of organic material, thickness ranges
from thickness from 500 to 3,000 Angstroms, and etched

forming trench openings using a reverse tone process.

26. The method of claim 20, wherein the intermetal
dielectric layer and hard mask layers are etched to form
trench openings by reactive ion etch, RIE, processing scheme
for trench etch using the following RIE gas mixtures:

Step 1: CFy4 / Ar based for etching BARC opening,

Step 2: CF, / CF3 / Ar based for HMI1 etch,

Step 3: N, / 0O, based for etching via-fill material
recess,

Step 4: CF4 / N, / O, based for HM2 and IMD etch,

Step 5: 0, based for Ashing, and

Step 6: CF3 / N, based for bottom etch stop layer etch.

27. The method of claim 20, further comprising
depositing and defining a copper seed layer, in the via and
trench openings, comprised of copper, with thickness maximum

of approximately 3,000 Angstroms.

28. The method of claim 20, further comprising
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chemical mechanical polish, milling, ion milling, and/or etching, forming inlaid dual damascene
conducting metal interconnects and contact vias in the vias and trenches. 30. The method of claim 20,
wherein multilevel structures are fabricating by repeating steps (b) through (k), described above. 31. A
bi-layered hard mask structure comprising: HM1/ HM2/ IMD stack, inter-metal dielectric HM1 HM2 IMD
USG/ SiC or SiN/ Fluorine doped Oxide or SiO2 USG/ SiC / Carbon-doped Oxide USG/ SiC / Organic

based low-k dielectric . SIC/ po low-k dielectri ere US ndoped silicate glass for HM1
layer, hard mas %%gpgl%g/%ﬁéalgo éé% %%ZC égvr%/erﬁ%%%gl éf%\% iIr%%f?ﬁi%%ﬁgggc %llne ?%lec%?ng from 1000 to
2000 Angstromseand HM2, hardgaask: hottom layends asselectiveydielectric layer (Setedtivity of -3-5) for
HM1 etch, with etch stop on HM2, the HM2 is between -26 approximately 300 to 600 Angstroms thick, the
IMD, inter- methF GiBRtritd filtn HHckn &8558 iy Brakg& approkimately Hrorf R t5 2 Mitfons. 32. The

bi-layered hard maskostructyrs otglaim 31 -wherein thefirst layeg s USG, dindgped silicate,glass,

and trenches.

29. The method of claim 20, further comprising
planarizing an excess of copper over the vias and trenches by
chemical mechanical polish, milling, ion milling, and/or
etching, forming inlaid dual damascene conducting metal

interconnects and contact vias in the vias and trenches.

30. The method of claim 20, wherein multilevel
structures are fabricating by repeating steps (b) through

(k), described above.

31. A bi-layered hard mask structure comprising:

HM1/ HM2/ IMD stack, inter-metal dielectric
HM1 HM2 IMD

USG/ SiC or SiN/ Fluorine doped Oxide or SiO;

USG/ SiC / Carbon-doped Oxide

USG/ SiC / Organic based low-k dielectric

USG/ SiC / porous low-k dielectric

where USG, undoped silicate glass for HM1 layer, hard mask
top layer, also can be a conventional Si0O; film of thickness
in the range from 1000 to 2000 Angstroms, and HM2, hard mask
bottom layer, is a selective dielectric layer (Selectivity of

~3-5) for HM1l etch, with etch stop on HM2, the HM2 is between
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thickness ranges from 1,000 to 2,000 Angstroms, and the second layer is comprised of SiC or SiN, with
thickness ranges from 300 to 600 Angstroms, over the inter-metal dielectric, with thickness maximum of
20,000 Angstroms.

approximately 300 to 600 Angstroms thick, the IMD, inter-
metal dielectric, film thickness is in a range approximately

from 0.2 to 2 microns.

32. The bi-layered hard mask structure of claim 31
wherein the first layer is USG, undoped silicate glass,

thickness ranges from 1,000 to 2,000 Angstroms, and the
second layer is comprised of SiC or SiN, with thickness
ranges from 300 to 600 Angstroms, over the inter-metal

dielectric, with thickness maximum of 20,000 Angstroms.

27-



