NOVEL METHOD TO CONTROL DUAL DAMASCENE TRENCH ETCH PROFI LE AND TRENCH
DEPTH UNI FORM TY BACKGROUND OF THE | NVENTION (1) FIELD OF THE | NVENTI ON 5
The present invention teaches a nethod of form ng trench openings in a dual
damascene trench and via etch process by using a two conmponent hard mask

| ayer, termed a bi-layer, over different internetal dielectrics, IMD, to
sol ve dual damascene patterning problens, such as, fencing and sub-trench
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I nt erconnect Structure Conprised of a Nhltllaéﬁr of Spi n-On Porous
Di el ectrics" granted AughNIB TRIGHH N RH ANIEORN T descri bes a two | ayer

hard mask structure, but |acks processing details for formng a | owk
dielectric netal conductor. interconnect structure having no

m cro-trenches present therein. Specifically, 15 the above structure is
achi eved by providi ng aBAGKEREBMBEN SHEUNVENTKMNch i ncl udes at |east a
mul tilayer of dielectric materials which are applied sequentially in a
single spin apply tool and)FIEID QR EAEINVENIION e step and a plurality of
patterned netal conductors within the nultilayer of spun-on dielectrics.
The interconnect structure also includes a hard mask which assist
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| east and "are speci fic groups por ous

| ow k angani evar diffeedganicememt e}ﬂdlaitﬁcsw IMD s peeblvie cduahtdamasceno mpatsittingpns.  US
6,309,962 Bl Patent entitled "Film Stack and Et ching Sequence for Dual

Damas capllemgs ik ag fi €%¥“g@ﬁhﬂ@éﬁTcgg”€W€H“et al . teaches that two or three

| ayers of hard 25 mask are not needed in this process using an etch stop

| ayer. A process for formng a dual damascene cavity in a dielectric,

particularly a low k organhesdrergetN D& RESAUEBBCARPed. The dielectric is
conposed of two |ayers separated by an etch stop |ayer. Formation of the

damscene oy ol yaahi RYSH DK HALNGA, hAbd 1Bl et 1o made up of tuo

| aYers of sil silicon oxide. For both
using only @%rfﬁ%a%@ & %t'aiitsé%yﬂ@@ﬁ ?O?rvé‘?ﬁeims»wam SRRl YRER ¢ he
secondvpAliLJePRfispiPahterpedDididditdse ngaDAmf;,.sa,l zmntern;at@s:etumsd@eﬁama
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,
15  the above structure is achieved by providing an interconnect structure which includes at lcast
a multilayer of dielectric 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 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
20 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

25 mask are not needed in this process using an ctch stop layer. A process for forming a dual
damascene cavity in a dielectric, particularly a low k organic dielectric, is described. The
diclectric is composed of two lavers 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
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said upper layer is relatively thin. Additional etching steps result in a

cavity and trench part 5 that extend as far as the etch stop |ayer |ocated
between the dielectric layers. Final renoval of photoresist occurs with a
hard mask still in place so no danage to the organic dielectric occurs. A

final etch | et sthe roce 605, 87 2 t ent titled
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spi n-on-pol yner layer is patterned to forma spin 25 yer via

|
openi rigsronet 1hRYSFsSRRER B oI SeRE chive oAy PO\ R Oéi?‘ll %l“qewca%} o yvij a
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adj acen terl ayer via Is patterned to forma CVD | ow k
matser i dibposed @bote eine HirstThecrs@inreprandpab yupper lcaydrctive alitipgni rigiagrdlayne  CVD

|l ow-k paterjal |ayer trench formn a dual danmascene opening. 30 2 SUVWWARY
OF THE'S R en JIedeRt MfHEYRREFon t eaches a rret hod of forming trench
openings in a dual damascene trench and via etch fess by using. a two
conponent Hé@ R %Sﬁgm%yéﬁatcn{ gitsg ‘PMethod of Forming a Dua Damasoene Opening

Using CVD Low-K Material and Spin-On-Polymer” granted Oct. 29, 2002 to Lee et al.
describes a single hard mask layer and no ctch stop layer. Specifically, a method of forming a
20 dual damascene opening, consisting of the following steps: a semiconductor structure having
at least one exposed metal line is provided. A spin-on-polymer 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-
25 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
tow-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,.
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bi -1ayer, over different internetal dielectrics, IM), to solve dual
damascene patterning 5 problens, such as, fencing and sub-trench formation.
A via first patterning in dual damascene processing is one of the ngjor

i ntegration schenes for copper backend of |ine (BEOL) integration. Avia

first dual damascene schene I | ayer deposited on
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IMD. The combination of HM1/ HM2/ IMD stack, inter-metal dielectric consists of, which
can be any one of these schemes:

HM! HM2 IMD

USG/ SiC or SiN/ Fluorine doped Oxide or Si0»
20 USG/ SiC / Carbon-doped Oxide

USG/ SiC/ Organic based low-k

USG/ SiC / porous low-k

The etch considerations for the above bi-layer hard mask are as following:
a) selective BARC, bottom anti-reflective coating, opening etch stops on the HMI, top
25 hard mask layer, USG, undoped silicate glass
b) selective HM 1 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 diclectric,

30 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 [ayer etch




used for etching HW, as well as, the IMD film This invention has been
summari zed above and described with reference to the preferred

enbodi ments. Sonme processing details have been omitted and are understood
by 5 those skilled in the art. Mre details of this invention are stated
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over different intermetal dielectrics, IMD, formng netal contacts and

i nterconnect wiring. DESCRI PTI ON OF THE PREFERRED EMBODI MENT The present

i nvention describes a nethod of formng trench openings in a dual

damascene trench and graseiHYARIPTESS BY THS MRAG NS conponent hard mask

| ayer, termed a 20 bi-layer, over different internmetal dielectrics, |MD,
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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

20 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, is one of the major integration schemes for copper backend of line
(BEOL) integration. A via 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

25 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 diclectric (IMD) film stack.




inter-nmetal dielectric consists of, which can be any one of these schenes:
5HMI HW IMD USG SiCor SIN Fluorine doped Oxide or SiQ2 USE SiC/
Car bon- doped Oxide USG SiC/ Organic based lowk dielectric USGE SiC/
porous |owk dielectric 10 The etch considerations for the above bi-Ilayer
hard masks _are as follow,ng: a) selectjve B ~Ppottomanti-reflective
coati ng, oﬂg'ﬁisﬂ t‘@i’é%ﬂ?t%’ﬁgeg Cﬁ‘?glgl-m)!?leWBbSAﬁ]ﬁCgPﬁowgg}sﬁg{/t&q UEE*hdoped
si i cal,fy Bhassdihed 6]-ROLT NEd Mk LGB 1@ $4RAs onpied atbiomdhana fagk | ayer
(3-5x Selectivity) c) via-fill material recess to control fence or

sub- t rtemcdd, giopfliMd, BattpwhtidEh dpé [pEP f Dhereembingtia ok HNSKRANVE) dMIhgtagkd/ or
after HM e .above d). 1:1 selectivity chem. str HW, bottom hard nmask
and I N Fkﬁﬁ%ﬁ?ﬁ%ﬁ@&f“ﬁ%@f%%i?ﬁ%ﬁ¢“%¥?%¥ IE:WF%%F¥g%%($process is conprised
of sa Iypqiselept iwby etch chem stry for HW and IMD film interneta

di el ectric, can be used since HW, bottom hard mask l[ayer etch 20

pr operd$@5Siar & Sdt Fivaeipe dofedidp e of Piéin the IMD film This 1:1 selectivity
chem an, be, used f et ching HWR, as well as, the IMDfilm Referring
to Fi35§¢igﬂ ﬁ%@?@i?gﬁﬁﬁ%mgéoss-sectional drawi ng, as background and

provi desiGbyicPrdganibbhsaEbddsiclestra dual damascene build structure utilizing
only a single hard nask |ayer 14. In Fig. | A a sem conductor substrate
10 i s $Xet SRePRRYSHONNK §igk6Iist i ng | ayer 25 11 on the substrate 10. A copper
metal interconnect 12 is shown patterned within the insulating |ayer 11,
e.i§., Si O .Theretcddedinsidertions ethsmdornbiolaserhgd magksrare asfollawingvd, i nt er - net al

dielectric film i osited an atter ith Vi i ( ows) .
Al so gVovi chlfc{%/C B%}lftfjfooﬁro SRS ngg‘%}vca%ogﬂjg s(%%}é‘ﬁé elﬁcg]r Sggﬁglﬁa%a%%{r]’ Tdk; over
the | MD 13.hafd Miagk faiybd, USIDadgsidstlick glas provi ded as a bottom
anti-reflective coating, BARC. Subsequent trench openings 18 30 (arrows)
are pafyt er negchye ANPL QERR] Sbp OHMD, BeltefHaROmbsk 1!55/@53153 ddideustypt ed in
cross-sectional draw ng, as background and provided by Prior Art rmethods

tois cg def\ﬁg—.tﬁillv:ﬁatgﬁgll re&%ﬁf&?f&ﬂﬁl ?cé]rclz‘?ﬁ‘ Wit @ prbiet R8iBNEn heSMHbrmaf ter
n e mask |

et chi of using only a sing ar ayer.
15 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
20  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

25 11 on the substrate 10. A copper metal interconnect 12 is shown patterned within the
insulating fayer 11, e.g., SiO,. In addition, a second insulating layer, 13, an IMD, inter-metal
dielectric film, is deposited and patterned with via openings 17 (arrows). Also provided by
Prior Art methods, are just one hard mask layer 14, over the IMD 13. A via fill photoresist 15
is provided as a bottom anti-reflective coating, BARC. Subsequent trench openings 18

30 {arrows) arc patterncd by photoresist 16.




The defects that are illustrated in Fig. IB are primarily tw types:
fencing 190 or 5 "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 formn dual dama structure of via renc r_a_copper
interconne%Fﬁ“ﬂ%&ﬁﬂ g mﬁfdﬁ 8W§%fnﬁﬁgﬁ‘ﬁﬁgﬂmféG@Vmgt@FH%HEQDBP5Eﬁ@er

over ghivflc?dd%} PAG ARGLEINRE i &regheides) dahMRentQuriitDE ARtigthecRtarls and

i nterconnect wiring. The processing is simlar to conventional dual

danas e&aectbuing df wiithonlie skeye budeptskdayet-hat a two conponent hard mask is
used. In Fig. 2A, a sem conductor substrate 20 is sketched with an

i nsul at i ng Tht ajpérct2thaoard Hessatbd i a12 HDanApnmmpEwnmEnqk3|ﬁmengd@ﬂent 22 is

shown patterned within t nsul at l.aye d|t|on a
68 ondbpHs Ay e o gperaity wis PRAE St shros® it aiteiichOp ity
togetEp&sz&nsa bi -layer hard nmask, is deposited and patterned with via
openings 28 (arrows). The key processing step is that now two hard nask

| ayers, I rnEQWS) are
defi ned and q“g ﬁ%gﬂgrgg??fkéF ¥ﬁ&m£§§?é%§§%%§b p%E?@8 d%% %glggbottom

antl-@ﬁﬁk@C&kyeibﬂémmngg &ﬂﬁﬁmckﬁmnsaﬁumnmmmcaﬁbhm mmbnnmgsoﬂﬁ'éamppms) are
patterned by photoresist 27. 20 The det |Is of thg %h ch etch e as

foIIo“@C“Wﬁ@3 |Vﬂ¥%ﬁ%ﬁﬁ)F@mE6W%¥|§éHT%F AWt feppef @ el S HEY, Top
:YFJ qlqig (g%itlll(,%‘/qM@nglfﬂlﬂ Nhehr Befats Q{cﬁm?&&(fdngctl V@Hﬁ@%’ ’Il"lll oceddn@er the

ayer herefore the conbi nat1 on of st ack
consi s¢ Smﬂaf to wdwcxlmmhdwhré damyscene boifd witbske kcayh@wm;onl-ﬂmt HVR QEnd8ait S C or

SiN Fluorine doped or Si02 USGE r bon- doped, Oxi.de . USG Si C
S SRRty S PR L G A o L o N L A
USG, 'l%c&‘@ql%eﬁc%hbétﬁ@é e0. QA%? efr%ctﬁlh%td‘@@nnleétm is shawe JaBeinel QptHiayRy , and
can al so be 30 a conventional Si02 filmof thickness in the range from

1000 tiosuR00@ lAveg 2t r ops S)O>6 hTedcbeomrmr@C@hcbmﬁula@m lager, A3 amidiPamigigndétalyer and
i nter rre

|l ectri erials, t he gon
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lelectric
are dcpomcd 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.

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

HMI1 HM2

25 USG/ SiC or SiN/ Fluorine doped Oxide or S10;
USG/ SiC / Carbon-doped Oxide
USG/ SiC / Organic based low-k dielectric
USG/ SiC / porous Jow-k diclectric

(Note: USG, is undoped silicate glass for the HM1 layer, hard mask top layer, and can also be

30 a conventional SiQ, film of thickness in the range from 1000 to 2000 Angstroms.}
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where the IMD, inter-netal dielectric, filmthickness is in a range
approximately from0.2 to 5 2 mcrons. Furthernore, the bi-layered hard
mask is conprised of the following sets of two |ayered materals: HML HW
USG/ SiCor SIN USG/ SiCto USG/ SIiC USG/ SiC wherein USG is undoped

silicate glass for HM | ayer, .and is fhe hard mask, to can be
a conventi difaPe 0(97|1’F @y 3 fhetlﬁf‘@?(tﬁ&s‘t@y?r d ‘é‘t“t”é"ﬁﬁ%di‘ E%Hf‘lg'éfb’ 8 “2‘6](50
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dielectric layér with etch selectivit 15 o -5 for HM etch, and
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matser i 98k Q6nP At HeBs bt thedf-lafdidC ke 9%ask 19 B RPRsdd IO QB oAIGS LdtOTBIwo
provided as a bottomanti-reflective coating, BARC, is at a higher |evel

af t er lhgaretl matkals: etch. In Fig. 2C, the via fill material 26, is 20 further
etched back to a recess step profile. In Fig. 2D, all the trench etch steps
are cdifietlésl?2 This results in open vias 28 (arrows) and open trenches 29
(arrows), ready for netal fill, again referring to Fig. 2D. The etch

consi degs@tisensr fo¥ t he above bi-layer hard nasks are as follow ng: a)

sel ective BARC, bottomanti-reflective coating, opening etch stops on the
HM , tog; /2% hard mask |ayer, USG undoped silicate glass b) selective HV
etch to stop on HW, bottom hard nmask |ayer (3-5x Selectivity) e) via-fill
mef.er i@gd r/%ﬁ?ss to control fence or sub-trench profile, which can be
perfornme after BARC opening and/or after HM 1 etch above d) 1:1

sel ect|$/‘5 g&herri stry for HW, bottom hard mask and | MD, inter-netal

di el ec‘tJ é 30 fi I m 7 The HM [ayer, hard mask top | ayer, can he a
conventf?f%nal m of. t

Angst r'&HESn HW“dﬂ§rdd’] Hé Ckéj% effs)o}:rw Vé(Fr amg%gtﬁ%fél r?h ?q\%g fQ‘qﬁrl c

| aye[) dagelees thivtdhMo®fl $i8s Famf of tHillnesd GhtheWahie &bﬁlhl(ﬂ()o@ fﬂ)‘ﬂ)OHNBgsthhﬁs. Fl M2
can Dbe
The HM2, is the hard mask bottom layer, and which is a dielectric layer with etch selectivity

i5  of~3-5 for HM1 etch, and therefore, the HM1 etch stops on this bottom HM2 layer.

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 or photoresist

26, thickness from 500 to 3,000 Angstroms, provided as a bottom anti-reflective coating,
BARC, is at a higher level after hard mask 1 etch. In Fig. 2C, the via fill material 26, is

20  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 ctch considerations for the above bi-layer hard masks are as following:
a) selective BARC, bottom anti-reflective coating, opening etch stops on the HMI, top
25 hard mask layer, USG, undoped silicate glass
b) selective HM1 etch to stop on HM2, bottom hard mask layer (3-5x Selectivity)
) 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,

30 film.




very thin, between approximtely 300 to 600 Angstrons. The advant age of
this bi-layer hard 5 mask is to reduce etch defects and trench depth
non-uni formty. Both hard nask | ayers, HM and HWR, can be renoved by the
subsequent copper cheni cal nechanical polish if necessary. The I M,

inter-netal_ di trrc filmthickness | s in a ran oxi-nately from
02 To 2 miTdRY TR et o Uarrb LS SO UBT OUCREL 4y a Rists

fol I owhdghn éChon?ﬁb@@% ‘Z@O(Bé\agstﬁﬂﬁﬂlaﬂg Hetiehni rﬁ&é&ﬂ)cﬁ{'@nrHMym( 3s B%elective

Sel ect1vi t)%’) the appropriate chem stry selection, etch front st ops

on HMdi¢tlagtae fmffg? thlf\’ftEﬂéﬁﬁ 5) dorr Tt ustels vty Ggls stohoniigPe Thfidf2 cangad ect i ve

HM Etch HW . W
front ‘%f%h’g }ﬁ%ﬁﬁ\?énquv)é‘r‘m%t%‘g'nggdaetf%%@ {r"%ﬁf @cr‘hcg e sggclzjr%gslsig lh%Wﬁgl e

wafser . BReausedotc aet estkity endyend th nd-@i €rmtepBbthasird wakl JagsrscEMIEr
chopping is well controlled after this step. Angther etch approach is to

proceséglday(ﬂ/lfét edn ieramoyed i by thairsebsegpents eonpsr t(‘@imﬂ@@és@c‘iwl@dl RabEr ithl, to
m ni m h d
e LA P GO 5 So R L  T0 Shgpyatpydp

this sizmp useSoRE photoresist strip gases, which have good sel ectr vr ty to
the bulk material, it only recesses the BARC inside the via, with m ni num

i mpact on tl\h@ret(fe@d”'l%fananmsJ &ch Aigrelchtdiss 1sd RRowBARC hei ght inside the via
recesses to about the sane | evel of trench etch front. However, note that

anttaceur at eSaimutNﬁoBABdC tODﬂIsngtEtphr to stopt pdIMI| £3-6hi Scleativbyst-eWVitls thot
sufficient, fencing w f this et t t 00 nuc

sub- t r enchi WgTRIRC 8}8?17&%5“3/ %PCRB?% ‘3&9 h“Jé “étSé(FPSpP’EBg[g@ Fag “h 8’nﬁpglc¥}§fgre§t 1:1
sel ecti vi t Yy ehemStcrdks irwiewahg, bottom hard mask, and I MD, inter-netal
dielectric, film Since the chem cal properties of the HW2 nmaterials are

not nueh Sdicttierldht! Eochm $tohiiIM3 a 1:1 selectivity chem stry can be used
for etching HW, as well as, for the IMDfilm Wth this above nmethods, no

fences or swixh fheespphgsiane ke e rserdtiom deln§ﬁ)nTr§&fmhor&I~iMa laysohabregl
Trench & Via, Open trench & dense. 30 via patter ns corrpI@ ‘gness t he
h

fold owdi ﬁgrmgqtaacaé%r%ﬁ the oo, wakep Pestiess, OTREEC Y H%?s@iv treaelh gt Ay
trenchwg] 8@%&@ Cpg%}rﬂﬁg *O@Cliqu“%ﬁ\é@%a%ﬁ the bi-1ayer hard mask. This
us n t ev

serves as e~ exanpl e at was [ oped and reduced to practice,

for RIE ga Anotf((t:ruert(ﬁls a;gp?gg%:'ill $¢d 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 chemistrics. As this step uses
20  photoresist strip gases, which have good selectivity to the bulk material, it only recesses the
BARC inside the via, with minimum impact on the trench profile. After this step, BARC
height inside the via recesses to about the same level of trench ctch front. However, note that
an accurate control of this step is critical. If this etch step 1s not sufficient, fencing will result,

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

25 Key to the ctch process is to utilize a 1:1 sclectivity 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:] 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

30 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
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of: Step 1: CF4 and Ar based for etching opening in the BARC, the bottom
antireflection coating 5 Step 2: CF4 and CHF3 with Ar for etching through
the HM 1, the top hard nask layer Step 3: N2 and 02 for etching the

via-fill material recess Step 4: CF4 and N2 with 02 for etching the HW,

t he bottom hard .n I r , I It er l,,..di AN ep 5: 02
for AdAge toe Byt S e i 0 e sk Bl Bl L IR B AT b &P
Referrdgfng to Figs. 2E-F, which illustrated in cross-sectional draw ngs, are

the final processing steps in building of the dual danascene structure. In

Fig. 2E figi§l 11 SFLARI AEPARH rhiQfichifd ofefRPREhe BRELC | BY 861@RAntiMAlc6tibd S then
foll owed by an el ectrochem cal copper deposition (ECD) 291 of excess
coppercoatiie copper seed | ayer 290, is thin copper, with thickness 15

maxi num of approxi mately 3,000 Angstrons. The conducting netal fill of

el ect r ocherfitgal | GF, ahdgi$k 4 edh do hpestcl2d thupeh the Hoplpdre topddrd raydriaydrn t he
via and trench openings, has a thickness maxi num of approxi mately 20,000

Angstrons, di@f pimg aadOeXaaschinf theappail neyetal rdcbss vias and trenches. In Fig.
2F, the final processing step in building of the dual damascene structure,

i s a cheni aal, MeChafidcRd) whRRIO, B 8BhiEMR) HREC khHfotiohEh £ GRSE 1:8LEGhA Bghen cal
20 deposited copper netal 291, with the copper remaining inlaid in the

t r enchiMipdntgranatdgiideditic Polish, mlling, ion nilling, and/or etching are
al so net hods of planarizing the excess copper. Furthernore, nmultilevel
conduct i ng &ty trcbufoesshing fabricating by repeating steps described above.
Wil e the invention has been particularly shown and described with

refoer ence tQed HECHRPwN 01 adtognboll ktopndyer tlogr eof, it will be understood
by those skilled in the art that various changes in formand details may

be nmade W tqutindaparikd nd-fr omidiBusiPited tn 8fds-S&aBRal Afrad i@s, dlovBatingn. O
VWhat is claimed I's: 1. A nethod for fabricating I C s conprising the
f ol | owrneessing pisps rahuildirmeidhngua dembsrepasteudipre Hindng. s dird s g deageliorover

the substrate. () PrOVHAL A, bich Thub by O RONGUELOY IRl doplsidlgl 1 ned

(ECD) 291 of excess copper. The copper seed layer 290, is thin copper, with thickness

t5  maximum of approximately 3,000 Angstroms. The conducting metal fill of electrochemically
deposited copper 291 upon a copper sced 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 cxcess electrochemical

20 deposited copper metal 291, with the copper remaining inlaid in the trench and via regtons.
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
25 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.




5 insulating |layer over the substrate; (c) depositing an internetal
dielectric layer over the insulating layer; (d) formng a bi-layered hard
mask over the internmetal dielectric layer, the bi- |ayered hard nask
conprising a first hard nmask | ayer HM overlying a second hard mask | ayer
HW; 10 (e) patterning the internetal dielectric |layer and hard nmask

| ayers, and CF4 / N2 / 02 based reactive ion etching to formvia openings
extenqkp .th@pu .the internetal dielectric |ayer and one of the hard mask
| ayers ’%ﬂ?c UPMi¥g a layer of via-fill material of bottomanti-reflective
coating with photoresist over the internetal ?ieLectric | ayer, the
via-fill ndteriamethodiphigbpringl ssogmasesithglopde et erni ng the via-fill
matertal . | @f er Mebakid aeéugg&gtb Gt NI HBSth (slﬁ Y@fs, and etching to

formtrench operings Using a reactive I1on ettc stripping-off the
via-fill meberi ghovfitrera fiestnicng dthentvenghmetesal dgfsedtandsembaidnd mg thepen
trench and open ,viLﬁ?regli ons for subsequent conducting netal 20 fill. 2.
Theé method of clBFHRHNE MHE PRt AE tI?ﬂjostrate is sem conductor single

crystal — sid Corﬂcgf)siﬁﬂg hCi IR A didect OBy ERE R th Ohs@h@diglader; Wherein said
conducting naterial is nmetal wiring or contacts of Cu,” ALCu alloys, AlCuSi
al l oys, W (dpl yslotmogng bslayeeid deyd orasP-oNej thecintametiil fidedtion lay2s thediions. 4.

The nethod of claiml, erejn the.insulatin ayer .and intermetal
dielectric | ayeriay%F‘L h@%?qske%?lwlfs%g Fi @‘(#1 hgfdoﬁaag,la%(irl ]E{g@n 08%583{’ 4ndoped
silicate glass, &laprihentopedeQgiie, Carbon-doped Oxi de, Organic based

| ow-k dielectric, or porous lowk dielectric, where the IM, inter-netal

di @ ectric,(efil rpatthindkadssnteanétpl dickeainigdayep prdhimanaskyjayarpmnd. OF+/oNg/

mcrons. 30 10 5. The.net hod of claim 1, wherein | d.pi-1|.ay mask
is conprised of -0 P?ngi rﬁ%‘c:ﬂ ‘s ke%?hén 7O IJ—&IHIW %(I) Oﬁ%nglg%’eggg}?cilﬁ%?E%g%l{]g@eg or
Si @2 film havi ngngribiab&iRRSSic lhfertane ohadftefhaamnidORyée, 2000 Angstrons; and

second hard nmask |ayer HW of silicon carbide or silicon nitride haying an
et ch (H) forming a layer of via-fill material of bottom anti-reflective coating with
photoresist over the intermetal diclectric layer, the via-fill material filling the
15 via openings;
(g) patterning the via-fill material, intermetal dielectric layer and hard mask
layers, and etching to form trench openings using a reactive ion etch; and
(h) stripping-off the via-fill material after forming the trench openings, thus
forming open trench and open via regions for subsequent conducting metal
20 fill.

2. The method of claim I, wherein said substrate is semiconductor single crystal

silicon or an IC module.

3.  The method of claim 1, wherein said conducting material is metal wiring or
contacts of Cu, A1Cu alloys, AICuSi alloys, W, polysilicon, silicide, or P-N junction diffusion

25 regions.

4. The method of claim 1, wherein the insulating layer and intermetal dielectric layer
are comprised of: silicon dioxide, silicon oxide, undoped silicate glass, Fluorine doped Oxide,
Carbon-doped Oxide, Organic based low-k dielectric, or porous [ow-k dielectric, where the

IMD, inter-metal dielectric, film thickness is in a range approximately from 0.2 to 2 microns.

30




5 Selectivity of -3-5 with respect to said first hard mask | ayer HML and
having a thickness of between approximately 300 to 600 Angstrons. 6. The
nmet hod of claim 1, wherein said photoresist is conprised of organic
material, thickness ranges fromthickness from500 to 3,000 Angstrons, and

etched forming. . trench, openi ngs .usi.ng .g,reverse tone process, . 7. The
method of o ar ARE TRt GRaR e YA e o TR et PR S JEF i a0 mmok
layers ar g;6tehedh4dR 15yr MM @NehdORANIINGE: BYss’ &aSiU) @mi 1R £hickRets
processi ng schenme for trench etch using the followng RIE gas m xtures:
Step 1: CF4 / Arintlasedgs bpmet(ORitngOehAopdmimrganth said via-fill material;
Step 2: CF4 |/ 3./ A bhased r-H\M . etch,; 15 . N2y sed for
et ching vi asfy " tlg?‘cika aycr”é@e“&%?%ﬁ le(’8n4c:a%kt’:&ﬁ%/ E’EEC%B Igglcg’aféz{evg? Sraez chi ng
HVZ and sai d i nteembal odi-elseet repect$b efid FirstGrbassdlayor HREhimigiavand St ep
6: CHF3 / N2 based for bottometch stop I%yer etch. 8. The nethod of claim
1, wherein nul tid &icknessiaf beties spposimaplyiiO8te A80 HperEpeati ng 20 steps (b)
through (h). 9. A nethod of fabricating an integrated circuit with a dual
damascene procéds usihng ofackim| hywhetear daidaglictoretial e thborigednpr 088 t he

fol | ow ng .st . (&) providing a subst e W apn_.insul atin £_over
the subgeid Bpe pBinRE Res 10T AL SO ARG aRld Bl ne
and eq%ggggmm diigg 2vERSWRhHkA@sd ayer over the substrate; (c) depositing
an internetal dielectric |ayer over the insulating layer; (d) formng a

bi 7ol ayer ed -har dryjgBsdinod WM wWiBSH thaM & SietaPYiBectib Biybin@aRE Bhsk 18hel ectric
| ayer, the bi-layered hard nmask conprising a first hard mask | ayerr HM
over | yiragichedstedomd trhiashdbpeaisks bayeertivdvin eBD, RIE) ppaessegscigna foe tienthestehet al
dielectric I? er.lrag#ﬁ hard.mask layers, and CF4 / N2 / 02 based reactive

i on et'SHERE Oﬁo‘fVB Fi%s B58ichgs ext ending through one of the intennetal

di el ectric gayercandat bRNML1EMSKak ay&iss inlshid(fi)-rianmkend; a | ayer of

via-fill material of bottomanti-reflective coating with photoresist over
t he i nt er mettap 20T Bl €CHFs cAr hyssd for M lvietghf j || naterial filling the
15 Step 3: Ny / Oy based for etching via-fill material recess;

Step 4: CF4/ Ny / Oy based for etching HM2 and said intermetal dielectric;
Step 5: O, based for Ashing; and
Step 6: CHF;/ N, based for bottom etch stop layer etch.

8. The method of claim 1, wherein multilevel structures are fabricating by repeating

20 steps (b} through (h).

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
25 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, the bi-layered hard mask comprising a first hard mask layer
HM1 overlying a second hard mask layer HM2;
30 (e} patterning the intermetal dielectric layer and hard mask layers, and CFs/ Ny /
0, based reactive ion etching to form via openings extending through one of

the intermetal dielectric layer and the hard mask layers;
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via openings; (g) patterning the via-fill material, internetal dielectric

| ayer and hard nask 5 layers, and etching to formtrench openings using a
reactive ion etch; (h) stripping-off the via-fill material after form ng
the trench openings, formng open trench and open via regions; (i)

deposi ting copper. see Iay .l he trench eni_ngs eni.ngs;

(j) form nég s B ay@&pﬁrym" ]Tat%{{flz 0(% (gpt%ﬁﬁerw@%cg elcé)d@& Wiﬂg 10

(k) planarizing ghber@xaeser 6RARRFmBACHiel Ctzﬂid:sidi’@[ ﬂ‘icr\.@aJﬁﬂhﬁhtduﬁIlOfﬁlﬂlﬁg thar the
trench and via openings for contact vias and interconnect wiring. 10. The

met hod of cl ai m\@dowiil@"r%l n said substrate is sem conductor single crystal

at or a1 1 SEhet R0 s 18 S ERAR fubp ol W P Pl et o

al lsoys, W p0|yShyﬁﬁandc&hh@Qbﬁam1amum(ﬁkpMQshﬁ@@aﬁmtﬁusmamumreg|ons. 12.
The met hod of claim9, wherein the insulating |ayer ancﬂ i nternmetal .
dielectric (hhyersml%iﬁ%%“eﬁcrfﬁf&'|V§bﬁ”d¥‘a“”§"i’ll E}f%r{(”a’i‘lﬁklﬂé‘é“e 3Gy ?%H’%X%O&E’,mﬁmdoped
silicate gl ass, OF LHOLLOE,.AP g Car bon- doped Oxi de, Organi c based

| ow-k dielectric,” or porous el ect ri c, where the 20 IMD, inter-netal
dielectric,(@ifil rﬂepbimkgleswpes sead layarange tappln opdnmmgtsehy viagrendg?, to 2

m crons. 13 The met hod of claim9, erein said bi-layered hard mask is
conprised df: a PIPEL RAFECHREROMIG Me 8?’316#‘10 PG Egd ézp%éf@& e glass or SiQ2

hayi ng a t ngkneiﬁ%ale} ngl t!ﬂ@ e&@&g%oﬁ%&rﬂa%Qot@& @ rdR09 1AL AISIn_ BOdcAcisecond

hard mask HMVP of Ssilicon cafbide or silicon nitride havi ng an etch
25 Sel ectivity ond3dbopdntidesriespedict vaissad chtficpstecharrdhgrask | ayer HM | and
having a thickness of between approximtely 300 to 600 Angstrons. 14. The
met hod of cloai MR, mudhed eif nlsai @ phatiaragi sibsirste GopPnicemthcol sorgfaniystal
material, thickness ranges fromthickness from500 to 3,000 Angstrons, and
et chedHoPit Ay ¢ MOFEKR- openi ngs using a reverse tone process. 30 15. The
met hod of claim9, wherein the internmetal dielectric |layer and hard nask

| ayer s are ldt cHd methporah elaienéh wheeh sy wpdyaiagtmiterislon metahwiRlgEor

12 Cescsoln{gl%ts o?r&eunﬁlhu a]loysr ?’\qg&S?gﬁ&/%u@l Bglyglﬂgoﬂc QJthi\é‘ A% ﬁl Jﬁnctg)?lsdlmgf(glyr es.

regions.

12.  The method of claim 9, wherein the insulating layer and intermetal dielectric layer
are comprised of: silicon dioxide, silicon oxide, undoped silicate glass, Fluorine doped Oxide,
Carbon-doped Oxide, Organic based low-k diclectric, or porous low-k dielectric, where the

20 IMD, inter-metal dielectric, film thickness is in a range approximately from 0.2 to 2 microns.

13.  The method of claim 9, wherein said bi-layered hard mask 1s comprised of:
a first hard mask HM1 layer of undoped silicate glass or SiO, having a thickness 1n
the range from 1000 to 2000 Angstroms; and
a second hard mask layer HM2 of silicon carbide or silicon nitride having an etch
25 Selectivity of ~3-5 with respect to said first hard mask layer HM! and having

a thickness of between approximately 300 to 600 Angstroms.

14.  The method of claim 9, wherein said photoresist is comprised of organic material,
thickness ranges from thickness from 500 to 3,000 Angstroms, and etched forming trench

openings using a reverse {one process.

30 15.  The method of claim 9, wherein the intermetal dielectric layer and hard mask
layers are ctched to form trench openings by reactive ion etch, RIE, processing scheme for
trench etch using the following RIE gas mixtures:

i2




Step 1: CF4 / Ar based for etching an opening in said via-fill material;
Step 2. CF4 / CHF3 / Ar based for HM1 etch; Step 3: N2 / 02 based for
etching via-fill material recess; Step 4. CF4 / N2 / 02 based for etching
of said HW and said internmetal dielectric; 5 Step 5: 02 based for Ashing;

AP PP sy 8 phaaed: [Rhi ROl AMRL Sl QR ARYRlaBh SN 10 The method

of claim9 I ning a copper seed
layer, in shg vicE, aﬂﬂﬂﬁﬂendhs@p&mﬂng$sumpnpr|sed of copper, with thickness
maxi mum of ap roxi mtely 3,000 Angstrons. 10 17. The nethod of claim?9,
further cofffsiP 'gﬁh (Eéﬁ§§¥@?ﬁ@hﬁ%dﬁﬁﬁddpwﬁﬁadﬁgéﬁ fill of electrochemically

deposi ted gopRECHPR) 1R RBREh, %&%g'cﬁx%rd HM@ (l%a iRk} digeticopeni ngs,

W th thlcknggs maxi mim pr oxi matel 0 Angstrons, form ng an excess
of 5 copper 50x£&(hhmsmiﬁmﬁﬁhduimmMChes 18 The met hod of claim9, further

conprisin ss of ¢o over, 15 the vias and trenches
bynghenicgﬁﬁﬁénﬁghﬁdgg Wféﬁ%oﬂ?¥W¥ﬁbgg?gﬁcthW|ng and/ or et ching,

form ng inlaid dual damascene conducting metal interconnects and contact
vias in thébvi Abe amahod perlcHes, fyghermenpfsioticrRopitioRAh GEiinfier siORPE!

mul ti '@e@' ctsrt fngtﬁE Ur.es a&&fl%géﬁlﬁgél B B¥ed 5@&@;&& 0GiShER csgmdau pn ugh (k).

20 20 Bricat i grat ed réU|t w t anascene
proceappﬁmﬁnmﬁppuknahupm&nhn NCBFET CNCS menory and | ogi ¢ devices, using a
bi -1ayer hard mask, the nethod conprising the follow ng steps: (a)

prigvi di ng a7sulysé E@&}ﬁ)dw;ftdlh@m Ifoskdrabohipgisin@yRpoer a thelusuhs hical €l ()
providing a first |evel of conductlng mat eri al defined and enbedded in the

25 i nslecaechegitadlyaicpovied coprersps rreaprer sced loaep ot fhei iy anthrenihenrengs.
O o Sl B m ot CaR3ULAI G0 bBY Aot s, GG 2Bk BUSHREE Dar

C
Rara: mas ayer OVer thé ctrlc ayer, the

bi-Iame&qﬂehagdnmﬁakmeonprlS|ng a first hard mask layer HM overlying a
second hard nmask |layer HW2; 30 (c) patterning the internmetal dielectric

llayer and har dTagsdet {o@y&T&nma@dfu@E& dontNaising ARah2ise dnreRask oy €oppen oetchi ng
to formvia openings extendlng t hrough t he
15 the vias and trenches by chemical mechanical polish, milling, ton 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).

20 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

25 insulating layer over the substrate;

(¢} 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, the bi-layered hard mask comprising a first hard mask layer
HM1 overlying a second hard mask layer HM2;
30 (e) patterning the intermetal dielectric layer and hard mask layers, and CF4/ Ny /
O, based reactive ion ctching to form via openings extending through the

intermetal dielectric layer and one of the hard mask layers;
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internietal dielectric |layer and one of the hard mask |ayers; 13 (f)
formng a layer of via-fill material of bottomanti-reflective coating with
phot oresi st over the internmetal dielectric layer, the via-fill materi al
filling the via openings; (g) patterning the via-fill material, intennetal
dielectric lLayer, and hard nmask . ayers, d etching to. formitren
openi ngs us(if)ng afopiéiéfét?\}@cf ooﬁ e csﬁrluf ”{a‘%naéto?iqboﬁtlo%ng-ag 119 dﬁ‘f?g V\g/i(:z?-d#“i”l’ Ivg’lﬂ%t eri al

after forming thgotdrenahveperiingsmcthbidicagic lapenthicrene ramndrigip@ininyitee
regions; (i) depositing a copper seed layer in the trench openings and via
openi ngs; () fofaPHYEBh excess of copper netal over the copper seed

| ayer; and 10 (K).,.k ar, zi % CORPET;: _ f,or ming . iinl aid
covper 1n the ¢ unERTEIE bk AR EHEC SpichRBREAREY: b e R e
Wi rs5i ng. 21. The lagirhead@fchal gaiorfod@ fremdieseinmes akitg aubstivate ¢tsh;seni conduct or
single crystal silicon or an |.C nodule. 22. The nethod of claim 20,

wher ei n sai@ condiiRringg e eva-gll W‘@C%tﬁer%’“ﬁmﬁé thy trenad RSt g"ﬁlfm%u,

Al Cu al |l oys, Al | . con, silicide, or P-Njunction

di ffusion regi (C)%@h t%é.&g)#deoar/ré{étyﬁ%%%ﬁdﬁ S’(:I aim 20, wherein the insulating

| ayer and it ennipatitidg ekegarisced lhagren tlartecrcbwpenisgdarslfvia spériiggn di oxi de,
silicon ox;&e, undoped si i ca%e%%{ ass, Fluorine dqpe% Oxi de, Car bon-doped
Oxi de, O gdhi c DREBEEIFBEXRCT 06 FRIRE MEtal OV BN GePPY S5 2¥iTet ¥kt ri c, where 20

thg M intgs- i) @ tekb&s b ' $SinliSe (i opPEEnanRRLRKéHAL el y
fr@m 0.2 to&g nﬁé}%acl)%isr% %g.e&‘%’%g C%%%%o%b%’?%gf?rﬂl%, wher gfl%h} said bi-layered
hard mask is commdisedpafingsdof candact Neas dndragkrcbanest wHMg. of undoped silicate
glass or Si02 having a thickness in the range from 1000 to 2000 Angstrons;
and 25 a segondrizancthodmsk claay e, WiBredf sad bulsontedasmdendrctsidingtonryaiat r i de
having an etch_ _Selectivity-of-3-5 with respect to said first hard mask

| ayer $ongnan fa®adyle a thi ckness of between approxi mately 300 to 600
Angstrons. 25. The nmethod of claim 20, wherein said photoresist is

conpri sed of2- orfeningthodet efdim 20t Mheriness! sadyeens meteriahiscrales &iFRbM 500 to

3, PSOO c%%ga%gsro%@u’, Aﬁ@ﬂ aﬁ%%}?\q éug[ gﬁ(ﬂg, 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, undoped silicate glass, Fluorine doped
Oxide, Carbon-doped Oxide, Organic based low-k diclectric, or porous low-k diclectric, where

20 the IMD inter-metal diclectric, film thickness is in a range approximately from 0.2 to 2

microns.

24.  The method of claim 20, wherein said bi-layered hard mask is comprised of:
a first hard mask layer HM1 of undoped silicate glass or Si0; having a thickness in
the range from 1000 to 2000 Angstroms; and
25 a second hard mask layer HM2 of silicon carbide or silicon nitride having an etch
Selectivity-of ~3-5 with respect to said first hard mask fayer HM1 and having

a thickness of between approximately 300 to 600 Angstroms.

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

30 trench openings using a reverse tone process.
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30 trench openings using a reverse tone process. 14 26. The method of claim
20, wherein the internmetal dielectric |layer and hard mask |ayers are
etched to formtrench openings by reactive ion etch, R E, processing schene
for trench etch using the follomjng RIE gas m xtures: Step 1: CF4 /| Ar

based for chi,ng a eni,n a-fil :

crrs s A Bheed arndSEuam oh SRtE g i RLER A Javsl el BB TraT |

mat er ij@lerd §1%%§1cd$b%rﬁtxcﬁﬁﬂo%enﬁi2gs/ byOabaae@nfctdh, ®UBNpdgesaigtchivBe and sal d
intermetal dielectric St%f 02 based for Ashing; and Step 6: CHF3 / N2

based tfcmh bt@bwngétccﬁﬁzllgwm I&yeas nekes: 10 27, The nethod of clai m 20,
furth f, | the vi
urther conpri sing /d/%pb %!:& lfo'} dp%gﬂ ggpb&g{rﬁﬁg Vﬁ%@gﬁgmmﬁ%@gl ayer, in the via

and trench H%nln S, ness Haxi num of

apBFOXIﬁatehm;@(@QO(ﬁﬂﬂﬁﬁAﬂH@deﬁllNﬁexﬂEthod of claim 20, further
conpri sing dep05|t|ng a canducti ng. net al I el ectrochenmi cal l'y
deposi t ed éﬁﬁbéﬁqubgh‘ﬁLQQﬁﬁ%ﬂﬂ%%éﬁfﬂéV@F“m ﬁ”?ﬁe via and trench openi ngs,

with 15 thi %Jfﬁ'eéﬁ /Y {gv@as@a FARRL n’% B e 294 &Q@uﬁe}%&n QAMBectiOr M NG an

excess of copper over’ 't vias a renches. met hod of 'cl ai m 20,
further conhépSl@g&gbﬁﬁﬁﬂiﬁmmgaaﬁ excess of copper over the vias and

trenches by chem cal polish, mllin ion mlling, and/or
et chi ng, fé?ﬁ?ﬁdﬁﬁﬁ$ageg gﬁ gﬁﬁﬁ@b@h%s@Bﬂﬁﬁ%thg metal interconnects and
contact vial in the vias and trenches. . 20 30. The nmethod of claim 20,

whiér ei n mul4Ti | ev”fé1e wethod ofi clsim 20¢ Tyrlisr cemprvee HePaswine #0f nigTieing jscqppyr

thr Ou%eec i(a)ycr 1Y the via and trench openings, comprised of copper, with thickness maximum of

approximately 3,000 Angstroms.

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

vias and {renches.

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 intercormects and contact vias in the vias and trenches.

20 30. The method of claim 20, wherein multitevel structures are fabricating by

repeating steps (b) through (k).




