DUAL DAMASCENE PROCESS FI ELD OF THE | NVENTI ON 100011The present invention
relates to a dual damascene process, and nore particularly to a dua
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 nterconnection wires becone narrower and _narrower but nore and nore data
shoul d be carried, copper DWALNGQAMADGENE FRHOLESSvant ages over al uni num
wiring due to its lower resistivity. Neverthel ess, conventional subtractive
etching nethod used for formng alumnumwres is not suitable for formng

copper g O R HURIRTIANS Process, |, s, developed in the
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[ 0003] PI g refer to FIG 1, a schematic diagramillustrating a known dual
damascene structure. The dual damascene structure 1 includes a substrate
11, a dielectric layer 12 and a netal structure 13. The substrate 11 nmay
have conductive |layout therein to be electrically connected. There is a

T- shape BACKGROEUNDaDECTHEINYENTIONWer ei n t he upper portion is called

as a trench and the | ower portion is called as a via
[0002] Aluminum multilevel interconnection is 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
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hol e. The T-shape hole is filled with the netal structure 13 to provide

i nterconnection and circuit |ayout. [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
description related to the processes is given in the follow ng paragraphs.
[ 0005] Pl eheke. r eFhe T-shapeholeAsofilled cwithathe nagtalstimstute 43t toaprogidehe
trench first process. A first dielectric |ayer 221, an etch stop |ayer 222
and a secdierc@nacetion;and ciyewit Jm®@ulr e sequentially formed on a substrate

the secontBHI] ec. FHEmEH toBe cambisntignal suBliactk i singomethody g the
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st op | ayefivégddnané foN8whh ggtric layer 221 to formthe via hole 262.
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After renoval of the seco phot oresi st 242, the resultant structure is

ready for[0808%t al - fPlehse referf or FIGK! g 2(hesdhepngtic Bdgmmds iNgstra@ngol e 262
(FIG 2C). [0006] Pl ease refer to FIGs. 3A-3C, schematic di agrans

i |l ust r atthegrertoh fitst grocess. pr Adess didletiriciaydr d2gtan etchastep 1398 220 et ch
stop layer 322 and a_second dielectric |ayer 323 are sequentially fornmed on
a subst r and asccanddielectria kyepR@Boaressespuettialliyoformeid on mgsubstiate Bdl e 362
is formed on the, second dielectric |layer 323. After a first etching step, a

portion diheme Jusbmhotoissisti24k forydefinang a trencky 28 1stsofpimagdomtle and t he
first di speend diclesfie Tepec23h) . Aieha fuet pichive ep Jeashin Y eidh
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4A-4C, seReBibpdafeRIn2 e cbiUfdd @48 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



the self-aligned process. Afirst dielectric |ayer 421 and an etch stop

| ayer 422 are sequentially forned on a substrate 41. Then, a first

phot oresi st 441 for defining a via hole 462 is formed on the etch stop

| ayer 422. After a first etching step, the etch stop |ayer 422 is "opened"
(FIG 4A). The first photoresist 441 is stripped off, and a second
dielectric layer 423 and_a secqnd photQresi st 442 for _defjining.a_ trench 461

are for nd@yeh32hearssiched ofttp tomp theyaa hode 362 1a the)firsh dieleshic dayar ng
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422 to 1 MADHEIY: L dornBnieadHaich 761 Tafenaed drchegeondaiclighce. he
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usually follo by sever waf er-treating steps such as cleaning. Hence,

t oo nany jgtrefdydos thegl FY dtee tvr dlliagt tHehGeRERBEI hAd thefviaChelecy62
especially when the dual danascene process is perfornmed several tinmes for a

speci fi c (WHeB(Ho achieve multilevel interconnection. An inproved and
sinplified dual damascene process with conpetitive cost and shorter cycle
time is J860Vkd. SlNeasRyreker THEFIGVENN -G, | adeajatie doagrasms illnsteatingn
provi des 2 dugl darmscene process for formng 2 grench and.avia hole in a

422 are sequentially formed on a substrate 41. Then, a first photoresist

441 for defining a via hole 462 is formed on the etch stop layer 422. After

a first etching step, the etch stop layer 422 is “opened” (FIG. 4A). The

first photoresist 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



[ 0010] I n accordance with an aspect of the present invention, the dual
damascene process includes the follow ng steps. At first, a dielectric

| ayer, a reversed trench organic anti-reflective coating (ARC) |layer, and a
mask | ayer are sequentially forned on a substrate. The nmask | ayer has a

t hi nner 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
vi a- pat t efH1G1€neY,e gspeeiaty avhemethenidwabr dppascene mocessy is penigirmest chi ng
step with di fflerent et chi ng condi tif%ns by sel ect iuiei%{eis'i ng the thinner
portion ofcvaal tunesder fbspeeiomalke teadrhieygemuil HHJCRBBRELION. t r ench

and a via,hole are then for in the dielectric layer,. [0011l]Lln an
enbodi menfiD iipRied sl siBhfThsd du arbnikede RivcersimbhCRaTRAkH 6 gost

sub- st eps [ .frenc rganic ARC | ayer is etched through the
openi ng O@%Hﬁoﬁag}’ﬁﬁgﬁ o d&ﬁﬁ@ge a portion of the dielectric |ayer
corresponding to a via-pattern. Next, the dielectric layer is partially
et ched t hrough the exposed portion of the dielectric |layer along with the

mask 'ayeSUMMAR*\eOF‘g‘PPrE'IWENT]@Nf the mask layer is entirely etched

off. Then, the reverse ench organic ARC layer is etched by using the
remai ni nfOOBYY | ay eTh@predenteinsenfion"provilles axdsledamatbaie B%ét’%@ﬁnfdi‘f the
e

dielectric layer corresponding to a trench-pattern. At |ast,

di el ect riforimygra trench ahda viarlwighintahsingkperhingstdp.on of the dielectric

| ayer along with the mask layer till the nmask layer is entirely etched off.
[0012] | n [80d0] dancdmvaadordancd avritlaapespect of the praseatinventson,ithe,dudle dual

damascene, process includes the following steps. At first, a dielectric
| ayer andlamasesrnepipeessinsludestha fallowingsteps. or\tfiestipa dieleetrictayerask

| ayer has a thinper portion.corresponding to.a position of a }o-be-fornmed
trench i R TGHETER |Ua§acgi ergagye ranahﬁptieqtmec ROAUIRG r(As%f;b lawer, andpannsly

R R LWE R LY R T R O TR
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I whi Chyja-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,



[0014]FIG 1 is a schematic diagramillustrating a typical dual danmascene

structure in the prior arts. [0015]FIGs. 2A-2C are schematic diagrams
illustrating a conventional trench first process for form ng the dual

danmscene structure.
a conventi onal

[ 0017] FI
self-ali

. 4A-4C are schematic_diagrans illustrating a conventional
alisadis)

ecleisslayer 15 aitehed) thrauighthe gxpasedpordon aft theedielpanics] FI Gs.

5A-51 are schematic .diagrans. illustratin ual . X
layer along Wlﬂ] it mask layer till ti‘le I%aﬁ( flayer is entirely etched off.

[0012] In accordance with another aspect of the present invention, the
dual damascene process includes the following steps. At first, a dielectric
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.

[ 0016] FI Gs. 3A-3C are schematic diagranms illustrating
via first process for formng the dual damascene structure.



damascene process of an enbodi nent according to the present invention.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [0019]1t is to be
understood t hat other enbodi nent may be utilized and structural changes may
be nmade wi thout departing fromthe scope of the present invention. Also, it
is to be understood that the phraseol ogy and term nol ogy used herein are
for the purpose of description and should not be regarded as limting. The
use of "i[ﬂﬂpllﬁdi ng, "Fl@emdA-Silngre soherhaticngiagramsatllastrating teerdawgl her ei n
is neant to enconpass the itens listed thereafter and equival ents thereof
as wel | damagrenenProresssol uanesmbphimeatoasepvintg thetherpeesent
"connected, " "coupled,"” and "nmounted,"” and variations thereof herein are
used br odd@%W-enconpass direct and indirect connections, couplings, and
mounti ngs. [0020] According to the conventional dual damascene process, at

| east two etching steps are required, for exanple, one for via-etching and

? Eieﬁt o BTV AR BESCRALEOREQR I@@Pﬁ?@ﬁ?&@%ﬂ@&mﬂi ﬁ;:se”t
?]:)\r/lgl edﬁgphgggagf:g% lgrtgc@giafg%gf?g:ﬂgg?ghﬁeé er to Epgréﬁtﬂﬁf htllﬁrgg{l ea
subst r at gndey@fictital eﬁhggétggm | B@Uﬁltag&ewitﬁbﬁwdebﬁrﬂ% \réiedihel Bopopguct i ve

Iayout may | ncl ude cont ectrodes, wres, ‘I nterconnection structure

or ot her thenshesémntvtnvemrimanenAlie, heiseteeder igdérsiosd thec s pheasoolggyal
i nterconnection structure, for exanple, a Cu contact 511 in FIG 5A7 An

i nt er - nemad w@rminoclogycusdd/Berdiayare fo the purposd afrdeseeipticis andtshonld The

| MD | ayer 52 may have a | am nated structure for providing different

f unct i onnotrbe hiegarddsbdisnbntifingn eFhth useopf |‘Apeluding,” eomipbising deot ayer

522 and g‘g | MD top layer 523 are sequentially formed on the substrate 51.

Al t hough  BABIMZ apndaypdratdens dhevesd heren) isi meanh toxenrompasgstherdtamsised | VD
esent invention is n ited télthis y. i nvol ve

fetraet LM?Qf thEsatier @ d myaleﬁﬁfogtbﬁlﬁé i [3ScaY g?%séd(ﬁ%ggg? items.
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“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



100221Then, an organic anti-reflective coating (ARC) |layer 53 is forned on
the IMD layer 52 (FIG5B). It is to be noted that a reversed trench

| it hography procedure is perforned to make the organic ARC | ayer 53 to have
a reversed trench structure. That is, a portion of the organic ARC | ayer 53
corresponding to a trench to be fornmed in the IMD layer 52 is raised, in

ot her words, higher_and thicker than other portions. A thicker _?orti on 531
and a t hiBM& lppet i%h may bave he lemyjastesd Akodtasee fos provaditgwlifferenthi s

di agram [00231A mask.layer 54 and a photoresist |ayer K5 with_a

vi a- pat t URCHOA. s dguidis r:mquslmmean &tch stop iay@urs%ﬁ,t%wﬂ) exidmilayesre

27 5 40 S5 W SR R R T o ™
o e U Ry By bR AT R R e

capabr || XrbPahoer 8L SheseHNSPSER SR RETEH G AR crer

port | on S4agh SHRIHEAE TOS) MO RRIONT IR, AL

posi ti on gdhsd QT-SGN bRRRheP@iclé@bictaieP forhed '%%@VByﬁIasﬁfa éﬂﬁé&%@gﬁ)st o the

position of the trench to be forned in the | | ayer 52. 100241FI Gs.5D 5l

illustr at@Vﬁ),tﬁigh@msﬁyqﬂaﬁmf(HEPp €VDg orispiseauertieod.Sever al et chi ng

conditions are listed 1n the description, but it is not intended to limt

t he et chil@622bndi t iTdren, & hergapioEati-e¢fttetne gaatngm@ARE) daper &blie

accordi ng to the material and rea?lii red etching rates of the etched | ayers
0

and assodoumed oméhe IMrlayer 0226014, 3B® bliginto bg eotedhhastacreveysed ep
(FIG 5D), the.nask | ayer 54 _is opened according to the vja-pattern of the
phot or esi@pcgal}&%%phy Proeeduts: SHPHEOHS éperp,aﬂ@ﬁﬁmrg@mopééﬁﬁ leyeni ng may

be perforged.,Then, the etching ste oes . t.o FIG 5E (C0/0 ased et ching
Ol enrs tha hBRYS G TeYCTsed rerh SaCalae: IR iSne BONIROA (BE HHEAGIS hr ough

e P il UL A8 KBS DS oAl SR AR L5 1
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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 organic ARC layer 53, respectively. In other words, the



[ 0026] Now, the etching step starts to etch the IMD |layer 52 to forma via
profile 61 in the IMD |ayer 52. At the sane tine, the thinner portion 541
as well as a portion of the thicker portion 542 of the mask | ayer 54 is
consuned (FIG5F). In this enbodi nent, CAH3/ CF4/02 based etching is
utilized. By adjusting thickness of the thinner portion 541 of the mask

| ayer and the etching tine, when the via profile 61 is forned, the renoval
of the thpesitonpaf theothisddr portidre Sdhsif theymask4ayers 4 fdontespendsTtocthe a
trench profile 62 is formed by C0/02 based etching_to renove the

unpr ot ectresipgadithe srnohaipebe Sarmed én theéMIDilaxes SPortion 531 of the
organi ¢ ARC |l ayer 53 (FLG 50O .. .The resultant structure includes the trench
profile d9 t he KAGs.pPupl| dlladtrafing 2 thej mne-step + ¢tehang prefipes dn and

the via profile 61 _are forned, an ani sotropi ownward et.chi ng, i s. perfornmed
L oCetcn ReaUERee! sevee dianig Sndlens e lited p i deseiation bbitiRe. vi o

Payer 54 14 tgged & lend, 2, pRTRHERGiubRT, Chifs RRabeGYchiantigestE™

i d i . et ; : , Dok
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61 %l&fq] : tt t | MD 52,
t her (rag(r:m\?gf 0 é{c&@ﬁ%ﬁ%@faﬁ%&%ﬁif@%&}ﬁ%ﬁﬁj 3st 0fi (rzimsﬁes. it | ast ?yt(:a[le
remai ni nq AMCHeYEFinpng DIThE cheles R¥I0Z 50), h& naskerhyel chi ng,

Oozsrni c §O§t%£ ; _
and the I'MD etch stop |layer 5217 is opened by 4/ N2 based etching, if

requi r ed SdFisCopéned Beeordingl toathe simpatiarmodeahe photocesiseldyerrsRndy I or
metal -fill step for filling the trench 72 and the via hole 71 to

el ect ri c#hisyetchimge sub4step,cohy/aat/Op asedtdtching mdy bd perfatmedhe Thenal may
be selected fromCu, Cu alloy, A, A a||0é and other netal or alloy. The
met hod uélel etehing | $tepggors o drikh PE.anLOHR; vhasedblaiclingmwjears gt ect ed

from CVD, . PVD (physical _vapor deposition), .electraqplati.ng gnd conbi nati ons
t her eof . PRREOTESISA] faygyeﬁS(m GO CSS @n@owmfﬂrangmtmas ﬁvoelggnﬂeem

T ok I S Eh O PrOkASbl RO S B R LA
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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;Hy/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



541 and a thicker portion 542 to serve as hard nmasks for different etching
stages. The thinner portion 541 serves as a hard nmask for opening the
organi ¢ ARC | ayer 53 to expose the IMD | ayer 52 corresponding to the
via-pattern (FIG 5E). Furthernore, when the thinner portion 541 of the mask
| ayer 54 is entirely etched off, the via profile 61 in the IMD |ayer 52 is

formed (FI G 5F). tainly, t thi cker_portiopn 542 is parti
this st ag‘ér.gaNé@(tA%éaY%éi?’ni(ﬂgG{ %i erTE%rliqSH agh SUCIYEs 1

I 1y etched at
uges, mask
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C4F3 or

C4F or CsFg/Ar/O, or N, based etching is selected in this etching sub-step.
By adjusting thickness of the thicker portion 542 of the mask layer 54 and
the etching time, when the via profile 61 reaches the IMD etch stop layer
521 or the bottom of the IMD layer 52, the removal of the remaining mask

layer 54 just finishes. At last, the remaining organic ARC layer 53 is
stripped off by O, or CO, based etching, and the IMD etch stop layer 521 is
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



100301As nentioned above, the thickness or etching rate of each of the
organi c ARC |l ayer 53 and the nmask layer 54 is critical for this approach.
For exanple, the organic ARC | ayer 53 should be thick enough to avoid |ine
edge roughness (LER) or striation occurring on the surface of the IMD | ayer
52 during the via-etching stage and the trench-etching stage. In addition,
t he thickness of the mask | ayer 54 should bhe well determ ned to assure
correct depl rangrathickespastionr ¥4 o Aeree @s\hardnwrsky for different taiching

portion 541 or t t hi.cker portion 542 of the sk layer 54 is too_thick,
there i s YABES] rﬁer&an@%pomn féblyéﬁrws aweglaar&éna@k e | QPEHREt K vi a

Vo6 it DREOAT 85 et o 167 THABLGRE 5t fo b
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bor ow, - artTpAARAT i8R ASHEIRIE B LRI AERRAL I the TMDARYLAAR G e
hol o of | (heCHeiS(Ia0: SH00e Ceftalnlfy Gt (icRErbbition 502 i GREMIRNGIcheR 01 @

step. Thetnhsk skayer Nekb the rem@iinkhilikkRes portiori S43 fepvek WRSK hardr

formation of different parts of the dual danmascene structure. To provide

t he mask rhasle fomopbnidigf fiey erpanidiARCelayer 56 httoogxgoset thiei I Ds1agferi S
required. By formng the mask |ayer with good step coverage capability on
t he reversedotre inggtanthe #Rach-gpatternt(fdGra€k). | alyarthermbrejewhendhe
conformation_is thus obtained. Hence, the present invention provides a
si npl er dewlaigiagativeker potier S43 of theymaskedaysiché isientirelnetehad aff h t he
conventi opal dua| mascene processes. [0032] The above riptionis given
by way of @th%q:a]@,?gn@cidchq Vid thﬁlﬁoal e dormed apothe 3&5 dayste S2one
skilled iy the art, coul evi sg, variations that e.,Wthin the .scope and
api ri ¢ ol hekERarRy th Piaskiero 4 FAeBeiRed; foc Atideo e Mer Bog RAIBS Dhay s of
the rece orti n teni.al s and/ qr .desi an fock he attachi
struct urz{zgggﬁpbge%%%t ?fég’%fg}%f? ngeéﬁlﬁr J§ 65@%’%53@6@%‘%?@&?5 di Eclrelgged
herein c Q j ' j ‘] i :y. 0 and
re not  EDpRE deseibRIibolimbt, $AE AT IR S hEfiRel g SEHELPART,
her ei n. , ai i i, M
i1l ust rag%éngg%%gﬁtegé H{W@%’ %WF@&?@? %S(Jarl}l @gﬁgéggﬁspar ocess,
conpri si {findbePterRperatirybARAITCYRjeraiRh higher etching rate.

[0030] As mentioned above, the thickness or etching rate of each of

the organic ARC layer 53 and the mask layer 54 is critical for this approach.

For example, the organic ARC layer 53 should be thick enough to avoid

line edge roughness (LER) or striation occurring on the surface of the IMD

layer 52 during the via-etching stage and the trench-etching stage. In

addition, the thickness of the mask layer 54 should be well determined to

assure correct depth of the formed trench 72 and via hole 71. If the

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

-10-



formng a dielectric |ayer on the substrate; formng a reversed trench
organic anti-reflective coating (ARC) |ayer on the dielectric |ayer;
form ng a nmask | ayer covering the reversed trench organic ARC | ayer to make
the mask |layer to have a relatively thinner portion and a relatively

t hi cker portion wherein an opening is formed on the relatively thinner

portion; and partially etching the organic ARC |l ayer and the dielectric
| ayer in %untw:ﬂgcat @t@}mggﬂu&%@p@o (4t they COREREY rféleaﬁhﬂl%elhﬁpglm 541dual

e T M TR R S
vy S ety i g?éfq%%gffgnfiiﬁ%ﬁ;ﬁ:g?%%ﬁ%?“ 1
ggﬁgsiggp ﬁgyef,ssaﬁez)f%ﬂgé:%@"% §§}%f gﬂ%@ %%&f k’%&ﬁ% I%ygﬁ. é ha‘ﬁ? 'dugl
further jggg??ses g%l g‘?%ﬂﬁgb(%ﬁs]@e%érﬁ% lel}tl\%'%lhﬁﬁ t‘%@ﬁ%@% gﬂ&t@ogﬁga‘@gr IOt o]
expose an;iHriitelof the GRl WHrhhY@eCSPORaRE chil B ForahEd in & ﬁnglé’fetcTﬁﬁ%dua'

damascene process according to claiml wherein the reversed trench organic

ARC | ayersté. f @heethagk mxreevwnﬁediﬂfém@ hthii¢kdesgr ides dnedumaske forat the
reversed trench organic ARC | ayer has a relatively thicker portion

cor r esporfdrmgtiva af dofetenorparts ofi¢he rdrrat [damnasceneeitandtuet.y Tohprowade
portion. 5. The dual damascene process according to claim4 wherein the
rel at i velthet maskelayesr withh difiterente thinkaess.eing wdiditienalpetechiog stept e mask
| ayer corresponds_to the relatively thicker portion and the rel atively
thi nner pedeired. oB) herming the maskelerovhngeodysten goueragecapahiiivy| v .
on the 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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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 having an etching rate ranging from1l/6 to 1/10 of an etching rate of

t he rever DA EnC€H.AINMEHDJSARC | ayer. 8. The dual danmmscene process
according to Clazl m 7 wherein the mask, | ayer furéher conprises a | ow
t enper at uk-eA éanwﬁécn@mc%dcmn&mg S&PSQEh ARC layer. 9. The dual

damascene proces acco g to claim1l wherein the single etching step
further conpPfQwWding etching the reversed trench organic ARC

i erectri 8”?@@»@’1%&5"32@”% w&'é?e”aﬁé YRGB ern - par i al Iy el ching the
di el ' I . I

W ih the masiOrape & OFPrelc PR Rl %W?HSQFC%Q%?@E o LARC) B " ayer
msk to Goh FRReaver, TSLTh organi ¢ ARC Payer to- bxpose another -

Lo L1 £ BRyES BEAgL ol appResses Yo, oI
| ayer al eognaké fthé Iir@askalﬁyelramel{axts 4 lrelaltie ety sikinn@y ortisneiid & etlatRietped of f.
thicker portion wherein an opening is formed on the relatively thinner
portion; and
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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10. The dual damascene 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: filling the trench and the via hole with a netal material; and
pl anarizing the netal material. 12. The dual damascene process according
to claim 1]l wherein before the step of filling the trench and the via hole,

the dual 'HHMERNEOP: ocess further conprises a step of forning a barrier
| ayer over the trench and the via hole. 13. A dual danmascene process,

L
B i e e T R b
e L0 R0 B, Rl B TR RIS 1 (P
por ti o gaghibefibdeluAlcn trihH Bfgdtit WIRC Rk TespBaivdigyer 1's sel ectively

used as etching mas

6. The dual damascene process according to claim 1 wherein the single
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



14. The dual damascene process according to claim 13 wherein before the
step of formng the mask |ayer on the dielectric |ayer, the dual danascene
process further conprises a step of formng a reversed trench organic ARC

| ayer on the dielectric |ayer wherein the mask | ayer covers the reversed
trench organic ARC | ayer. 15. The dual danmascene process according to claim
14 wherein the reversed trench organic ARC |layer is fornmed by a reversed
trench |idiedegtagHayer cowrdspendingttoaa trenehrpattarseandr ench organi ¢ ARC | ayer
has a relatively thjcker portion corresponding to a position of .the trench

and a rel ati ¢talingthedeglegiiq layer theyughtheiesposeshpertioneobths digleelgicor di ng
to claim15 wherein.the rel ativel y.thjnner rtion and the rel atjvely

t hi cker  JaYEr 8long “flﬁbﬁwa@@gfcéwly b Layies 15 catirelyzatched ptni cker
portion and the relatively thinner portion of the reversed trench organic
ARC | ayerynr ectihvely. 17. The dual damascen [ 06ESS cording .to claim
1 whor o1 10+ B8 Al ‘Fanascedis Aiticesy AecBRIRRCR fidhi 95 2irAEE Rhgdiisibicni ng
rate rangj : / i . rench

or gani o AL R Sdodnbi d eich, Bl AR hiuthith KOl obiib WRLORYeL! 1107
wherein the Si-rich ARC layer is a tri-layer. 19. The dual damascene

process agcorKé ial aghAcehé pidees$aBedbfinBaokclagnel ﬁ&k&héﬁ&oﬁ&iﬁihges a

| ow t enperature oxi de |ayer conbined with The Si-rich ARC layer. 28. The
dual danm@pm@f;pr ocess according to claim 17 wherein the single etching
step further conprises steps of: partially etching the reversed trench
or gani ¢ ARC fiHyweg thdtrongh andehepaaihode ofith hemeted imbteyml; amd expose a portion

of the dielectric |ayer )
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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corresponding to a via-pattern; partially etching the dielectric |ayer
t hrough the exposed portion of the dielectric |layer along with the mask

| ayer till the relatively thinner portion of the mask layer is entirely
etched of f; using the remaining mask | ayer as the etching mask to
partially etch the reversed trench organic ARC | ayer to expose anot her
portion of the dielectric |ayer corresponding to a trench-pattern;_and
parti al | YPIOCEsS hytherecomprises a stepyfcformng igrevienecd iisosbP1genia dRGf t he
dielectric | ayer along W th the ”ﬁfk la¥er till the mask |layer is egtirely
et ched oflgyer on the di€lectric layer wherein the mask layer covers the reverse

trench organic ARC layer.

15. The dual damascene process according to claim 14 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 thinner portion.

16. The dual damascene process according to 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



corresponding to a 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 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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