DUAL DAMASCENE PROCESS FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to a dual damascene process, and nore particularly to a dual
damascene process including a single etching step. BACKGROUND OF THE

| NVENTI ON [ 0002] Al uminum nmul til evel interconnection is widely used in
sem conductor process for a long tinme. However, since the |inew dth of

I nt erconnection wres bem%} rAr but nore and nore data

shoul d be carried, copper W Pﬁé‘%{‘}giii?r%geﬁggdvant ages over al um num
wiring due to its lower resistivity. Neverthel ess, conventional subtractive
etching nethod used for formng alumnumwres is not suitable for formng

copper VRTESD OFTHREYVINTIONe process is thus devel oped. In the
damascene process, a hole already formed in a dielectric layer is filled

wi th net[@00mgt eri alhé @r@gmllﬂeeﬁﬁ@nIreiatéﬁmaaﬁialmmégdéﬁblﬁr@ceymla% i's not
formed by etching nmetal |ayer. Mreover, several dual danmascene processes

are propmeee papticoldrlyn¢o \d duabdamascanarptotesmmcihdm@ta simgle dtthingonl y one
nmetal -fill step is required to forminter-netal wires and contacts.

[ 0003] PIstepe refer to FIG 1, a schematic diagramillustrating a known dual
danescene structure. The dual dammscene structure 1 includes a substrate
11, a dielectric layer 12 and a netal structure 13. The substrate 11 nmay

- shape MoK EROV QR EHE INVERITION Gl el n {he. upper portion is called

as a 1reppdzf"? t Kudiim hblditvel fReréndbetdn’ & widely used in
semiconductor process for a long time. However, since the linewidth of
interconnection wires become narrower and narrower but more and more
data should be carried, copper wiring gradually appear advantages over
aluminum wiring due to its lower resistivity. Nevertheless, conventional
subtractive etching method used for forming aluminum wires is not suitable
for forming copper wires, and a new damascene process is thus developed.
In the damascene process, a hole already formed in a dielectric layer is
filled with metal material to provide the interconnection structure, which is
not formed by etching metal layer. Moreover, several dual damascene
processes are proposed to combine via formation and trench formation so
that only one metal-fill step is required to form inter-metal wires and
contacts.
[0003] Please refer to FIG. 1, a schematic diagram illustrating a

known dual damascene structure. The dual damascene structure 1

includes a substrate 11, a dielectric layer 12 and a metal structure 13. The
substrate 11 may have conductive layout therein to be electrically
connected. There is a T-shape hole in the dielectric layer 12 wherein the

upper portion is called as a trench and the lower portion is called as a via



hol e. The T-shape hole is filled with the netal structure 13 to provide

I nterconnection and circuit |layout. [0004] Conpared to the conventi onal
subtractive etching nmethod, the dual damascene process is nuch nore

conpl ex. There are three known dual danmascene processes, including trench
first process, via first process and self-aligned process, and brief
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t he sec electric layer 223. After a first etching step reaching the

et ch st qiual akhasibhe ?fbdé@@ﬁ@ttﬁﬁéﬁcinbﬁé oaiplek. t MEherecardtiteellasdwnc | ayer
223 is etched off to fTormthe trench 261 (FIG 2A). Then, the first

phot or esheil dahlascenst provessesyfihchmding teerser dirst pradess) via firsyproitds and a
portion of the etch stop |ayer 222 are covered with a second phot oresi st
242 for amel selifradigned aroedss, @Rl drel descdptiondredatedi tog thet gocessesrikor med

t hrough an unprotected portion of the etch stop |layer 222 to etch the etch
st op Ia;@VelzmthﬁdbﬂﬂWHﬂgm(a@aphéctri c layer 221 to formthe via hole 262.
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first digghgfd diclectric layer 223. After a first etching step reaching the etch

stop layer 222, an unprotected portion of the second dielectric layer 223 is

etched off to form the trench 261 (FIG. 2A). Then, the first photoresist

241 is stripped off and the second dielectric layer 223 and a portion of the

etch stop layer 222 are covered with a second photoresist 242 for defining a

via hole (FIG. 2B). A second etching step is performed through an

unprotected portion of the etch stop layer 222 to etch the etch stop layer

222 and the first dielectric layer 221 to form the via hole 262. After

removal of the second photoresist 242, the resultant structure is ready for a

metal-fill step for filling the trench 261 and the via hole 262 (FIG. 2C).

[0006] Please refer to FIGs. 3A-3C, schematic diagrams illustrating

the via first process. A first dielectric layer 321, an etch stop layer 322

and a second dielectric layer 323 are sequentially formed on a substrate 31.

Then, a first photoresist 341 for defining a via hole 362 is formed on the

second dielectric layer 323. After a first etching step, a portion of the

second dielectric layer 323, the etch stop layer 322 and the first dielectric




| ayer 321 are etched off to formthe via hole 362 in the first dielectric
| ayer (FIG 3A). Then, the first photoresist 341 is stripped off and a
second photoresist 342 for defining a trench 361 is formed on the second
dielectric layer 323 (FIG 3B). A second etching step is perfornmed to etch
of f an unprotected portion of the second dielectric |ayer 323 to formthe
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Then, afirst photoresist 441 for defining a via hole 462 is forne on the
etch stdayen3es @G, ?B?er Aasteond etthibign gte?tsp petfoemeidcto stcip offwar 422 is
"opened" (FI G 4A). The tirst photoresist 441 is stripped off, and a second
di el ect ninprbtgcted 488 tiandof the seodndhdiciectsicskayéd 323oto definnttreg trenchench 461

are fornmed on the opened etch stop layer 422 (FIG 4B). A second etching
step is 3dr.f oAftar removalnof tee seeond phototesistiid dbenesulteht strmictureay er
423. After the etchln tep reaches the etch stop |ayer 422, the first

di el ect As gepdy efprzm@t létSéeecforrﬁlbm@mthm&reapbrﬁ&baad theevist bales368 | ayer
422 to f%¥EP3€S via hole 462 in the first dielectric |layer 421. Hence, the
trench 4 the via hoIe 462 are fornmed in the sane etching step. After
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time is desired
first photoremst 441 is stripped off, and a second dielectric layer 423 and a

second photoresist 442 for defining a trench 461 are formed on the opened
etch stop layer 422 (FIG. 4B). A second etching step is performed to form
the trench 461 in the second dielectric layer 423. After the etching step
reaches the etch stop layer 422, the first dielectric layer 421 is etched
through the opening of the etch stop layer 422 to form the via hole 462 in
the first dielectric layer 421. Hence, the trench 461 and the via hole 462
are formed in the same etching step. After removal of the second
photoresist 442, the resultant structure is ready for metal-fill step for filling
the trench 461 and the via hole 462.

[0008] From above description, it is known that at least two etching
steps are necessary for all the three dual damascene processes. Each
etching step is usually followed by several wafer-treating steps such as

cleaning. Hence, too many etching steps adversely affect the production




SUMMARY COF THE | NVENTI ON [ 0009] The present invention provides a dual
damascene process for formng a trench and a via hole in a single etching
step. [0010]In accordance with an aspect of the present invention, the dual
damascene process includes the followng steps. At first, a dielectric

| ayer, a reversed trench organic anti-reflective coating (ARC) |layer, and a
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enbodi ment, the si'ngle etching step includes the follow ng etching
sub-steps. The reversed trench organic ARC | ayer is etched through the
opening of the mask | ayer to expose a portion of the dielectric |ayer

corr espBSIAMMARYaOH THRINMIBNTNEXY, the dielectric layer is partially
etched through the _exposed portion of the dielectric |ayer along with the
mask | ajf@P09]11 t nehe present ipyention provides anduall dgmascene procassyfost ched
of f. Thepn, the reversed_trench organi.c ARC | ayer is etched by using the
remai ni rtgnmagaﬂﬁgmh and gnaadialgiing single eehadg stap. anot her portion of the

di el ectrg yer correspgnding.to a trench.pattern. At last, _.th
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a reversed trench organic anti-reflective coating (ARC) layer, and a mask

layer are sequentially formed on a substrate. The mask layer has a thinner
portion corresponding to a position of a to-be-formed trench in the
dielectric layer and a thicker portion, and an opening corresponding to a
via-pattern is then formed on the thinner portion. During a single etching
step with different etching conditions by selectively using the thinner
portion or the thicker portion of the mask layer as etching masks, a trench
and a via hole are then formed in the dielectric layer.

{0011] In an embodiment, the single etching step includes the
following etching sub-steps. The reversed trench organic ARC layer is
etched through the opening of the mask layer to expose a portion of the
dielectric layer corresponding to a via-pattern. Next, the dielectric layer is
partially etched through the exposed portion of the dielectric layer along
with the mask layer till the thinner portion of the mask layer is entirely
etched off. Then, the reversed trench organic ARC layer is etched by
using the remaining mask layer as the etching mask to expose another

portion of the dielectric layer corresponding to a trench-pattern. At last,




[0012] I n accordance with anot her aspect of the present invention, the dual
damascene process includes the follow ng steps. At first, a dielectric

| ayer and a mask | ayer are sequentially formed on a substrate. The mask

| ayer has a thinner portion corresponding to a position of a to-be-forned
trench in the dielectric layer and a thicker portion, and an opening

ci gl o e REErE RS S o RS, SRphRL ptig; rqﬂ"ﬁacendﬁeﬁs; D”;VRA Vj @ e
?(r)glg]h'el'ﬂlgg’ggove %gﬁlgﬂgtﬁ%@%ﬁ Eqégéal?&ﬂaladeigrn&?m@rr@g§g% a}ln%lr} c‘;‘;rﬁ{vm Il becone

rovt evi ny R o B Roedtdhiios itk é‘%‘?ﬁ‘?éﬁ‘pt pEEt SESH% PRiert 1RVbnfOR he
[ 0014] Fl gadl damascsiRepRidess dhcladasthia foloting stepict UAE first, th@iddedtpic arts.
layer and a mask layer are sequentially formed on a substrate. The mask
layer has a thinner portion corresponding to a position of a to-be-formed
trench in the dielectric layer and a thicker portion, and an opening
corresponding to a via-pattern is formed on the thinner portion. During a
single etching step with different etching recipes, a trench and a via hole

are then formed in the dielectric layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above objects and advantages of the present invention will
become more readily apparent to those ordinarily skilled in the art after
reviewing the following detailed description and the accompanying
drawings, in which:

[0014] FIG. 1 is a schematic diagram illustrating a typical dual
damascene structure in the prior arts.

[0015] FIGs. 2A-2C are schematic diagrams illustrating a
conventional trench first process for forming the dual damascene
structure. _

[0016] FIGs. 3A-3C are schematic diagrams illustrating a
conventional via first process for forming the dual damascene
structure.

[0017] FIGs. 4A-4C are schematic diagrams illustrating a
conventional self-aligned process for forming the dual damascene

structure.




[ 0015] FI Gs. 2A-2C are schematic the acconpanying a typical dual
illustrating a conventional trench first process for form ng the dual

damascene structure. [0016] FI Gs. 3A-3C are schenmatic diagranms illustrating
a conventional via first process for formng the dual danmascene structure.
[ 0017] FI Gs. 4A-4C are schematic diagranms illustrating a conventional

sel f-al | i) 00 epRGE oS AT hAY ddtferliflc SUBRARLCITLIHEHAS o dual
damascene process of an embodiment according to the present

1nvention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0019] It is to be understood that other embodiment may be utilized
and structural changes may be made without departing from the scope of
the present invention. Also, it is to be understood that the phraseology
and terminology used herein are for the purpose of description and should
not be regarded as limiting. The use of “including,” “comprising,” or
“having” and variations thereof herein is meant to encompass the items
listed thereafter and equivalents thereof as well as additional items.
Unless limited otherwise, the terms “connected,” “coupled,” and
“mounted,” and variations thereof herein are used broadly and encompass
direct and indirect connections, couplings, and mountings.

[0020] According to the conventional dual damascene process, at
least two etching steps are required, for example, one for via-etching and
the other one for trench-etching. To reduce the etching steps, the present
invention provides a process flow to form a trench and a via hole in a single
etching step. FIG. 5A-5] are schematic diagrams illustrating the novel
dual damascene process.

[0021] Please refer to FIG. 5A. At first, a substrate layer 51
including conductive layout is provided. The conductive layout may
include contacts, electrodes, wires, interconnection structure or other
conductive component to be electrically connected to external
interconnection structure, for example, a Cu contact 511 in FIG 5A. An

inter-metal dielectric (IMD) layer 52 is formed on the substrate 51. The




[ 0018] FI Gs. 5A-51 are schematic diagrans illustrating a dual danmascene
process of an enbodi nent according to the present invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [0019]1t is to be understood that
ot her enbodi nent may be utilized and structural changes nay be made w t hout
departing fromthe scope of the present invention. Also, it is to be
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[ 0020] According to the conventional dual danascene process, at |east two
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one for trench-etching. To reduce the etching steps, the fE;Sesent_ i nvention
provi dedetaagthyt esthdsilboated TROH) phosphansdicate glass (P8 (e),ifluerasiliegte et ching
step. FIG 5A-5J are schenntic diagrans illustrating the novel dual
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| ayer 53CVD, high density plasma (HDP) CVD, or spin-on method.
[0022] Then, an organic anti-reflective coating (ARC) layer 53 is
formed on the IMD layer 52 (FIG. 5B). It is to be noted that a reversed

trench lithography procedure is performed to make the organic ARC layer
53 to have a reversed trench structure. That is, a portion of the organic
ARC layer 53 corresponding to a trench to be formed in the IMD layer 52
is raised, in other words, higher and thicker than other portions. A thicker
portion 531 and a thinner portion 532 of the organic ARC layer 53 are
shown in this diagram.

[0023] A mask layer 54 and a photoresist layer 55 with a via-pattern
are sequentially formed on the reversed trench organic ARC layer 53 (FIG
5C). The mask layer 54 overlying the organic ARC layer 53 may be a
Si-rich ARC layer, formed by spin-on method or CVD-related method,
which is a single-layer or multi-layer widely used at sub-65nm IC
fabrication and has good step coverage capability and good adhesion
capability to photoresist. Therefore, the formed mask layer 54 has a
relatively planar profile and includes a thinner portion 541 and a thicker
portion 542 corresponding to the thicker portion 531 and the thinner
portion 532 of the orgénic ARC layer 53, respectively. In other words, the




I ncl udi ng conductive |layout is provided. The conductive |ayout may include
contacts, electrodes, wires, interconnection structure or other conductive
conponent to be electrically connected to external interconnection
structure, for exanple, a Cu contact 511 in FIG 5A. An inter-netal
dielectric (IMD) layer 52 is forned on the substrate 51. The |IM Iayer 52
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the mask layer 54 includes Sl»nch ARC material, the etching rate of the
mask layer 54 is about 1/6 to 1/10 of the etching rate of the organic ARC

layer 53. Hence, the mask layer 54 can protect the layers below before
the downward etching through the opening reaches the IMD layer 52.

[0026] Now, the etching step starts to etch the IMD layer 52 to form a
via profile 61 in the IMD layer 52. At the same time, the thinner portion
541 as well as a portion of the thicker portion 542 of the mask layer 54 is
consumed (FIG. 5F). In this embodiment, C;Hs/CF,/O, based etching is
utilized. By adjusting thickness of the thinner portion 541 of the mask
layer and the etching time, when the via profile 61 is formed, the removal
of the thinner portion 541 of the mask layer 54 just finishes. Then, a
trench profile 62 is formed by CO/O, based etching to remove the
unprotected organic ARC layer 53, i.e. the thicker portion 531 of the




[ 0024] FI Gs.5D-51 illustrating the one-step etching recipes in sequence.
Several etching conditions are listed in the description, but it is not
intended to limt the etching conditions. Qher proper etchant gases may be
applicable according to the material and required etching rates of the
etched | ayers and associ ated nmask | ayers. [0025] At the begi nning of the
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opened by CF4/N; based etching, if required (FIG. 5I). The resultant dual

damascene structure is ready for metal-fill step for filling the trench 72 and

the via hole 71 to electrically connect the contact 511 with the filled metal.
The metal may be selected from Cu, Cu alloy, Al, Al alloy and other metal
or alloy. The method used for filling the trench 72 and the via hole 71
may be selected from CVD, PVD (physical vapor deposition),
electroplating and combinations thereof. The metal layer (not shown)
should be planarized by chemical mechanical polishing (CMP) or other
planarizing process.

[0028] Furthermore, before the metal-filled step, a barrier layer (not
shown) of Ta, TaN, TiN or other barrier layer is preferably formed to cover
the surface of dual damascene structure to prevent metal ion migration into
the IMD layer 52.

[0029] According to the present invention, the mask layer 54 does not

have uniform thickness. In fact, the mask layer 54 has a thinner portion




an ani sotropi c downward etching is perforned to etch the IMD layer 52 to
"push down" the trench profile 62 and the via profile 61. The etching al so
renoves the remaining portion of the nask |ayer 54 (FIG 5H). CAF8 or CAF6
or C5F8/ Ar/ 02 or N2 based etching is selected in this etching sub-step. By
adj usting thickness of the thicker portion 542 of the nmask |ayer 54 and the
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| ayer 54r15e°reg@§g, rt%%ﬁnﬁ&l%héﬂePEH’% Behsed {@'ddc RIS e gt;%gir it 52 1

formed (FIG rtarnly; the I cker portion y etched at

this stadgetdeity AP frefiBhitERinih Gikert ' AdifRies, 25 d mask
for opening the organic ARC IayefghSS agé)iogﬂhﬁg%sgo?éﬂt%ﬁe I 'MD I%yZ?ESZ

cor r espabdivegdéseribied embodineat! 8iomlabk Ga§e) S4RHCINEEsHIe St

remai ning thicker portion 542 of the mask |ayer 54 is entirely etched off,

the tredaper72 hndnotherwwmbbdimeiit] theembsk ader 54t imayl Vptharyaicl®des a
Therefore, the mask layer 54 can be used to decide the starting points of
vi a- et cthnylawidempenature oxide gLH0Y layer witikhigher ¢it¢liagenate. 1 n t he
above-described enbodi ment, the nmask |ayer 54 includes the Si-rich ARC

| ayer. I[A038bt her Asisaentioned abewentlak t sSo1reighing raterof eathudds a thin

£ gﬁgﬁag rﬂr((:e%pfg%fr ?Eé%éﬂ%ut%? %?lfqrfl é(%n%ﬁzg@slb ueﬁ ?:fgo&%mtg}é? erﬁ@éﬁyer 52
cur ng 1M %75% 59%#%182@3%@) gﬁéﬁ?ﬂf"f? céforiGe O 06 Sde of rh%%ﬁﬁ /o1, "the
depth o? %’%e SPO?HEP%%(F e%?ﬁ%% gﬁ%()\%l a%é;%]nge%e qﬁ&{hﬁg{&ﬁp%nﬁggorﬁlon 541
ndes: r SGOTEGH. AR HiERnefk of the Mgl By erriF sbolld b RBII Efmideis: 7. 6.
or the ekl cofreet deith!6PMRE fomfd iR 172 BACVIZ holk PeVerphy affects

t he renoval of the ordanic ARC | ayer 53 int
thinner portion 541 or the thicker portion 542 of the mask layer 54 is too

thick, there is undesired residual mask layer 54 after the formation of the
via profile 61 or the formation of the trench 71 and the via hole 72. It
adversely affects the removal of the organic ARC layer 53 in the
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subsequent etching sub-steps. On the contrary, if the thinner portion 541
or the thicker portion 542 of the mask |l ayer 54 is not thick enough, the
mask | ayer 54 cannot provide good protection capability for the | ayers

bel ow, and the profile of the dual damascene structure is |ikely damaged.
[ 0031] In conclusion, under well etching control, the trench and the via

srep. oL SRR OF RS, e ol 4R S0Lr
he mask0T g CKR Bl 582007 hE HHAL 18067 3°RonGE Tk Eiouds, BV ¢
requi redmaBk [d3el 54 ddiao¥Bgtoviay esodd tirot&@ibis (@pabil ' K9 tRe Pl bhd ty on

the reversed trench organi ¢ ARC | ayer, the nask | ayer Sir

conf or mebelow,iand thesprofileiofalie duabdamdseense saseire iRVl Aamiged.des a
si npl er dual damascene process with inproved cycle tinme conpared with the

convent i [ii31]dual Haweachrseopy nndes excl] [cdfliap Teentadbl thedeench mnidothd s gi ven
by way of exanple, and not limtation. G ven the above discl osure, one

ski |l ed via hole of thadualddamaseene strugturercan batformedviint disingleeetshimge and
spirit of the invention discl.osed herein, including configurations ways of

the reced§bd gdia maask dayemmith diftereniathickaess previsiest hardamasksi for
e C AN A e R
o2 100 SOAE0 PSR HERESCLAb SRR bl i
corpr i o, SHALRhe B b fine Hicgmasi Tab Sk Boot sty WerBRERRRRBNS r “on
the subsyf ahg: reversed trench organic ARC layer, the mask layer with desired
conformation is thus obtained. Hence, the present invention provides a
simpler dual damascene process with improved cycle time compared
with the conventional dual damascene processes.
[0032] The above description is given by way of example, and not
limitation. Given the above disclosure, one skilled in the art could devise
variations that are within the scope and spirit of the invention disclosed
herein, including configurations ways of the recessed portions and
materials and/or designs of the attaching structures. Further, the various
features of the embodiments disclosed herein can be used alone, or in
varying combinations with each other and are not intended to be limited to
the specific combination described herein. Thus, the scope of the claims

is not to be limited by the illustrated embodiments.
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formng a reversed trench organic anti-reflective coating (ARC) |ayer on
the dielectric |ayer; formng a mask | ayer covering the reversed trench
organi ¢ ARC | ayer to nake the mask |layer to have a relatively thinner
portion and a relatively thicker portion wherein an opening is formed on
the relatively thinner portion; and partially etching the organic ARC

| ayer a | phectrdiGhayer in a single etching step to forma trench

and a vwﬁoé&‘é&mbé mascene structure in the dielectric layer while

the relati Phﬂi ' i vely thicker portion of the

mask Ia;alle‘r‘ljllﬂgﬁﬂske1 ecg?{a/%?g’%ésée%’ g@ﬁ?@ﬁ#% 6r/riglsk. 2. The dual damascene

process acﬁgfdvigﬂaéﬁsﬁb?{rﬁké wherein the step of formng the dielectric
subst urt

| ayer on t ate er conprises a step of sequentially form ng an

i nt er - met al feinein@cd didleiriayef o theQubsaygs;, an | MD oxide layer and an IMD
top layer. 3. The dual damasCene process according to claim2 wherein the

si ngl e et chforenisigep révetsedr trenety rdrg@ﬁioamﬁireﬂe@ube Jorping’ (ARTY hgrgrhe | MD
etch stop | ayer to expose an underlying conductive conmponent in the

subst r atom the diehectrigdayegnascene process according to claim1 wherein the
reversed trench organic ARC layer is formed by a reversed trench

| i t hogr aphyfoymingda measiolayentcavering the sexersed trsnchr geganic AR layer has a
relatively t{gi cﬁer partion caorresponding to a position of the trench and a
rel at i vépymakeithe epaslolayesito haverasckativiely dhinnes portipasaut a gelasnilyig t o
claim4 rein the re]atively thinner, partion and, the relatively thicker
portiontﬁ?&@ﬁep%m vaherein g QHINRg iSofQtiae Datthgerslativelyi Shinpert i on and
the rel at ié_iﬁely tgi nner portion of the reversed trench organic ARC | ayer,

r espect RPEHHN, an

partially etching the organic ARC layer and the dielectric layer in a
single etching step to form a trench and a via hole of a dual damascene
structure in the dielectric layer while the relatively thinner portion and the
relatively thicker portion of the mask layer is selectively used as an etching

mask.

2. The dual damascene process according to claim 1 wherein the step of
forming the dielectric layer on the substrate further comprises a step of
sequentially forming an inter-metal dielectric (IMD) etch stop layer, an

IMD oxide layer and an IMD top layer.

3. The dual damascene process according to claim 2 wherein the single
etching step further comprises an etch sub-step of etching the IMD etch

stop layer to expose an underlying conductive component in the substrate.

4. The dual damascene process according to claim 1 wherein the reversed
trench organic ARC layer is formed by a reversed trench lithography
procedure so that the reversed trench organic ARC layer has a relatively

thicker portion corresponding to a position of the trench and a relatively
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6. The dual danmascene process according to claim1l wherein the single
etching step further conprises an etching sub-step to formthe opening on
the relatively thinner portion of the mask | ayer by using a photoresist

| ayer with a via-pattern overlying the mask | ayer. 7. The dual damascene
process according to claim1 wherein the mask | ayer conprises a Si-rich ARC
| ayer hagyi ing rate ranging from1/6 to 1/10 of an etching rate of
t he revgﬁgggmﬂggﬁ%ﬁborganic ARC | ayer. 8. The dual danmascene process
according to claim7 wherein the mask | ayer further conprises a | ow

t enper at3Irph@dude dadRAcefe ?}bﬁéﬁb av:éd“rdh\klg toiclaint @ &B.Gréi@y&{e relativélg dual
damascene process according to claiml erein the single etching Step
further thommsn gR¥tiONDapideRke Of¢lativeB} chiickert RorfioneloTethd raiagR ¢4@ani ¢ ARC
| ayer through the opening of the nask | ayer to expose a portion of the

di el ect rgorréspoaidsc to rthepoeldiivgly ahidleervportion t #d;the relatitviedy |thirederhi ng t he
dielectric layer through the exposed portion of the dielectric |ayer along
wi th t heportion ¢btherreviersed trenck loaganiel ARChlayesy rgspeciivelyof t he mask | ayer
is entirely etched off; using the remaining mask | ayer as the etching
mask to etch the reversed trench organi ¢ ARC | ayer to _expose another

port i on &f Thaedual; damaseene prpeessc acerishpgdonglaim 4 whesein the séagle and

etching step further comprises an etching sub-step to form the opening on

the relatively thinner portion of the mask layer by using a photoresist layer

with a via-pattern overlying the mask layer.

7. The dual damascene process according to claim 1 wherein the mask
layer comprises a Si-rich ARC layer having an etching rate ranging from

1/6 to 1/10 of an etching rate of the reversed trench organic ARC layer.

8. The dual damascene process according to claim 7 wherein the mask
layer further comprises a low temperature oxide layer combined with the

Si-rich ARC layer.

9. The dual damascene process according to claim 1 wherein the single
etching step further comprises sub-steps of:

etching the reversed trench organic ARC layer through the opening of
the mask layer to expose a portion of the dielectric layer corresponding to
the via-pattern;

partially etching the dielectric layer through the exposed portion of the
dielectric layer along with the mask layer till the relatively thinner portion
of the mask layer is entirely etched off;

using the remaining mask layer as the etching mask to etch the

reversed trench organic ARC layer to expose another portion of the
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etching the dielectric |ayer through the exposed portion of the dielectric
| ayer along with the nask layer till the mask layer is entirely etched off.
10. The dual danascene process according to claim9, further conprising an
etching sub-step to etch off the remaining reversed organic ARC | ayer. 11.
The dual damascene process according to claim1, further conprising steps

of : fil lzf?inécﬁtﬁe 1t rernc(p and t(ﬁe Vti a H,ol gh% a, me@al material; and .

p: gin?nrlll \ﬁ/h 8 PREFLFOTEIRGAUNE o2 ‘FPI ( rﬂaﬂ‘t& cene proctess a_cc.oLg: gg to
ItC he dual da%gé@%gﬁ %%éégélg&f %&%ﬁéﬁoﬁgﬁpﬁeg%{sﬁ %%gté(gl%g)?l &cq)ﬁ]ﬁ @%lééétglgr ri e’r
conpr i oi ages iR SRNMRARA T AN BhE mdsk 145 o AR PRE B Ve on

the substrate; form ng a mask |ayer having a relatively thinner portion
and a rej®tTHe!dtal fddiﬁﬁc@@ﬁ?rdmsﬁ)'ﬁcgbﬁiiﬁgeﬂcﬁélditrﬁ% fyRhereohfirisiag openi ng
an

Is fornmed on the thinner portion;
an etching sub-step to etch off the remaining reversed organic ARC layer.
11. The dual damascene process according to claim 1, further comprising
steps of:
filling the trench and the via hole with a metal material; and

planarizing the metal material.

12. The dual damascene process according to claim 11 wherein before the
step of filling the trench and the via hole, the dual damascene process
further comprises a step of forming a barrier layer over the trench and the

via hole.

13. A dual damascene process, comprising steps of:

providing a substrate;

forming a dielectric layer on the substrate;

forming a mask layer having a relatively thinner portion and a
relatively thicker portion on the dielectric layer wherein an opening is
formed on the thinner portion; and

partially etching the dielectric layer to form a trench and a via hole of a
dual damascene structure in the dielectric layer in a single etching step
while the relatively thinner portion and the relatively thicker portion of the

mask layer is selectively used as an etching mask.

14. The dual damascene process according to claim 13 wherein before the

step of forming the mask layer on the dielectric layer, the dual damascene
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partially etching the dielectric layer to forma trench and a via hole of a
dual damascene structure in the dielectric layer in a single etching step
while the relatively thinner portion and the relatively thicker portion of
the mask |layer is selectively used as an etching mask. 14. The dual
damascene process according to claim 13 wherein before the step of formng

compr  oa20Ret Eet PoflbFlogS d vp P Blmibi oG RGBT ARE, o'
ARC | aydrSeh BIPIREREERIORIC 18VEE WhorBHECIE AR 17, RYRl b iR e e

reverseqr%ﬁ@pgfgcﬁﬁgﬂgﬁ layer is formed by a reversed trench
| it hography protedure so that the reversed trench organic ARC | ayer has a

relatively thicker portion corresponding to a position of the trench and a

rel atively, Menrkial pdatnagdend Sprobess daciordamsioedaipn ot4s wingenr dheg to
claim15 wherein the relatively thinner portion and the relatively thicker

porti on revetsed rearich aymgancor ARPotaert s t formexd abby val yevérseéetrepcht i on and
the relatively thinner portion of the reversed trench organic ARC | ayer,

r espect iltbbgraplyy proecdivel sadthed sberreversedetrenclt ovganicgARC dayemhasianher ei n
the mask | ayer conprises a Si-rich ARC | ayer having an_etching rate ranging
from 1/ @ctadivgly dhigkernpettion w@rrespending ke & pesiiany of (thecenely andcaarc

| ayer. 18, The dyal danascene process according to claim 17 wherein the
Si-ri chrﬁl@éweiyéﬁlmgermmpm ayer. 19. The dual damascene process according
to claim17 wherein the mask | ayer further conprises a | ow tenperature

oxi de | 6" %mau%?ddﬁmmtars]céﬂ]ee ﬁcildcré'ssc hacpé%%d{nagetro' claim 15 wherein the
relatively thinner portion and the relatively thicker portion of the mask

layer corresponds to the relatively thicker portion and the relatively thinner

portion of the reversed trench organic ARC layer, respectively.

17. The dual damascene process according to claim 14 wherein the mask
layer comprises a Si-rich ARC layer having an etching rate ranging from

1/6 to 1/10 of an etching rate of the reversed trench organic ARC layer.

18. The dual damascene process according to claim 17 wherein the Si-rich

ARC layer is a tri-layer.

19. The dual damascene process according to claim 17 wherein the mask
layer further comprises a low temperature oxide layer combined with the
Si-rich ARC layer.

20. The dual damascene process according to claim 17 wherein the single
etching step further comprises steps of:
partially etching the reversed trench organic ARC layer through the

opening of the mask layer to expose a portion of the dielectric layer




20. The dual damascene process according to claim 17 wherein the single
etching step further conprises steps of: partially etching the reversed
trench organic ARC | ayer through the opening of the nask | ayer to expose a
portion of the dielectric |layer corresponding to a via-pattern;
partially etching the dielectric |ayer through the exposed portion of the
dielectric layer along with the mask layer till the relatively thinner
porti on odrresmomding toayela-patterirel y et ched of f; usi ng the remaining
mask | ayer as the etching magk to .partially etch the reversed tr h
or gani ¢ ARCpastyelly etchingdbe &ﬁlﬁ%ﬁ%ﬁ?‘f ﬂB%’ug &’Eﬂ%ﬁeécﬁqq?’@q 35@?6
corresponding to, a trench- tern; an rtialhy. j lJ;g telectric
| ayer t hédwlegiriocnlaysx @i@‘é%l Vﬁﬁlttﬁs gy ?"I"Péerdﬁgltbgtrre’:l%u‘%@%% O&ﬂ t he
mask | ayg%tﬁé 1|:|:|1as qugPisskeﬂt%)é?{/ e!tcﬁaee(ﬂ)ﬁr; ely etched off.
using the remaining mask layer as the etching mask to partially etch
the reversed trench organic ARC layer to expose another portion of the
dielectric layer corresponding to a trench-pattern; and
partially etching the dielectric layer through the exposed portion of the

dielectric layer along with the mask layer till the mask layer is entirely

etched off.
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