METHOD OF FABRI CATI NG DUAL DAMASCENE STRUCTURE BACKGROUND OF THE | NVENTI ON
5 Field of Invention [0001] The present invention relates to an integrated
circuit (1C interconnect process, and nore particularly to a nethod of
fabricating a dual damascene structure. Description of Related Art [0002]
As the integration degree of sem conductor device is increased, nmultilevel
nmetal 10 interconnect is used w dely. Wien the resistance of the netal of
a nmetal intercAdMBATIOD IOF FARRICATMGTHIABMAMASCGENE SHI&UEFURE mance of the
device are generally higher. Since copper has a relatively |ow resistance
anong various netal materials, it is suitably used in a nultilevel netal

i nterconnect. However, copper is difficult to etch, so that a Cu-

i nterconnect structure is usually formed with a dual damascene process. 15
[0003] In a dual damascene process, a trench and a via hole are forned in a

dielectric layer, and t ' | [ to forma netal |ine and
a via plug. FIGs. | A-i Crﬁlgp%aé%z) QFMME$IRE%Of fabricating a dual
damascene structure in the prior art. [0004] Referring to FIG 1A a

di el eét r i Bicldgfdpventienand a silicon nitride (SiN) layer 107 are formed over
a substrate 100 with a netal |ayer 102 and a liner layer 104 thereon. 20
Then, | t[0091]aPlxy pecht éheintiony relates pead ortegated eirbat BC)i mtetdoendsit Wrdcasser 107
and the dielectric layer 106, a via hole 108 that exposes a portion of the

l'iner | aygid & pattRQQSly tRafmesthder fa&‘i(ﬂiﬁ% alibal danetdestrbéd:Rogr aphy- et chi ng
process is conducted to form in the dielectric layer 106 a trench 110

comeet sopUlcobfr gl 103 and fhen the pertyop o the liner Laver
a netal rr[%b&i]l ﬁl@ tﬂesmge%tartri%g dgé/r%g 0% Qeemi%gl?d%[c{o?tdgvi%g 93’ infc1ie|asleid,n Igluitﬂevel metal

10  interconnect is used widely. When the resistance of the metal of a metal interconnect
1s lower, the reliability and the performance of the device are generaﬁy higher. Since
copper has a relatively low resistance among various metal materials, it 1s suitably used
in a multilevel metal interconnect. However, copper is difficult to etch, so that a Cu-
interconnect structure is usually formed with a dual damascene process.

15  [0003] In a dual damascene process, a trench and a via hole are fonn¢d in a dielectric
layer, and then metal is filled in them to form a metal line and a via plug. FIGs. 1A-1C
illustrate a process flow of fabricating a dual damascene structure in the prior art.

[0004] Referring to FIG. 1A, a dielectric layer 106 and a silicon nitride (SiN) layer 107
are formed over a substrate 100 with a metal layer 102 and a liner layer 104 thereon.

20 Then, lithography and etching are performed to form, in the SiN layer 107 and the
dielectric layer 106, a via hole 108 that exposes a portion of the liner layer 104.

[0005]} Referring to FIG. 1B, another lithography-etching process is conducted to form

in the dielectric layer 106 a trench 110 connected with the via hole 108, and then the

portion of the liner layer 104 exposed in the via hole 108 is removed.



the trench 110 and the via hole 108 and covering the SiN [ayer 107. Then, a
chem cal nechanical polishing (CWP) step is conducted with the SiN | ayer
107 as a polishing stop layer to renove the nmetal material on the SiN

| ayer 107 and form a dual damascene 5 112. [0007] The above dual danmascene
process has sone problens. Referring to FIGs. 1A- 113, for the liner |ayer
104 in the via hole 108 is damaged by the etchant in the trench etching,

t he met alj000sy RefdORg tFERSIO, v meetiianser £ egfonthcd gvidthe altetiteil 08| fillingper ti es.
The SiN layer 107 and the dielectric |layer 106 are al so easily danmaged by

the et chamd trddhtiNG ohQ the FAHIETERURLIEAD B iRGat@A 00T Thén, AichéMRat r ench
110 is rounded. Thus, bridging is easily caused between two adj acent dual

damascen t . 0 i 2. 4 T ENTI ON

[ 0008] Agnc%%‘%ﬂq%aé H’&’%??’ﬁ% ici et |§“°6?8%§é”§&aﬂ‘ﬁve @a%srk%ﬁ 8%?%‘45% dual
damascene %5 structure that can ev%%t. undi&g o% t he é%@ corner of the
trench as@PIRET hiFmaveshsmetal paterigl o thsetiidayer 1 J6 aa¢ forpehtual dapasisifas cene
structures. [0009] This invention also provides a nethod of fabricating a
dual @anddZene structure that can prevent the liner |ayer from being
damaged by the etchant in the trench etching. [0010] A method of

f abri cat i[0)74 Tiha abockadves demeascshe protess das somepobleoesd. RafestpstoridGs. PA- havi ng
a conductive layer and a liner layer thereon is provided. A dielectric

layer andp, for'Mt dnehRier I®Sk hawed halbd 08 a6 ueRhial by HeQitdhask @Nthé Rendd ner
| ayer and then patterned to form in the dielectric layer, a via hole that
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trench etching so that the top corner of the trench 110 is rounded. Thus, bridging is

easily caused between two adjacent dual damascene structures 112, as shown in FIG. 2.

- SUMMARY OF THE INVENTION

[0008] Accordingly, this invention provides a method of fabricating a dual damascene
15  structure that can prevent rounding of the top corner of the trenéh and thereby prevents

bridging between two adjacent dual damascene structures.

[0009] This invention also provides a method of fabricating a dual damascene structure

that can prevent the liner layer from being damaged by the etchant in the trench etching.

[0010] A method of fabricating a dual damascene structure is described. A substrate
20  having a conductive layer and a liner layer thereon is provided. A dielectric layer and

a metal hard mask layer are sequentially formed on the liner layer and then patterned to

form, in the dielectric layer, a via hole that exposes a portion of the liner layer. A gap-

filling layer is filled in the via hole, having a height of 1/4 to 1/2 of the depth of the via

hole, and then the metal hard mask layer and the dielectric layer are patterned to form a



layer in the via hole is renoved with the metal hard mask |ayer as a mask.

A netal layer is fornmed filling in the trench and via hole, and then the .
hard mask layer is renoved. 5 [0011] According to the enbodinents of this
i nvention, the above gap-filling material nmay be a photosensitive pol yner
or a non-photosensitive polynmer. [0012] In an enbodi nent, the gap-filling
| ayer is forned by filling in the via hole a material |ayer having a

hei ght hixghelr cdnnectedwith elitetie hoien e Thb gapHfillingf 1agérds tamdied, okl thérethediept h of
the via hole and then conducting etching-back to renove a portion of the 10

mat eri al [dyay &f theuah hblealks réhevddewih AhdthePhard Aasit BYEF ad@asndske Arsetet er m ned
hei ght . 0013] In an enbodi nent, the steps of formng the trench and

renovi ng . = fal Fng -l i f i e i st
[ ayer on BRE iR Mled LG in B Henbiishli iy 1B1GTAAY AP ELRCHALIRHRL S
dielectric |layer with the photoresist layer as a nmask to formthe trench
and then” ?@i ng the gap-filling layer and the photoresist |ayer
simultaneously. 15 In etching the netal hard nask | ayer and the dielectric

| ayer3 t HO1d] Asporgingetodhe eprbpdimemts elhisginyprtiany the abgye gap-dillipgpuptepl ng

| ayer may range fromO0.5 to 1.5 as the dielectric layer is being etched.
The st epnwiy beerphotosgnditine: mpdypmén drla nog-playeensind: pipher esi st | ayer

simul taneously may utilize oxygen-plasna asking. [0014] In addition, the
mat eri al [6012] e af®indodhadd, Mesdaplialing 1amy iberarkiant fllinkrianthe 282 hbleani um
(Ti), tantalum (Ta), tungsten (W, titaniumnitride (TiN), tantalumnitride

(TaN), typasie ﬁhﬁi&&lé&ﬂg aagra t dibhel RBIN 2 GRUIBIRRINES ﬁéﬁl&%gﬁ 12l tA19trghe et hod

of fabricating stene structure I's descri bel ow. A substrate

havi ng a ,cand ive layer d a liner | r thereon is provided,
i el ot r AP e e WP e on e ina PFRgAck 3R 4o Pl Lt ana a
nmetal hard nask |layer are 3 . . . . .

10 material layer such that the remaining material layer has the predetermined height.

[0013] In an embodiment, the steps of forming the trench and removing the gap-filling
layer include forming a patterned photoresist layer on the hard mask layer, etching the
hard mask layer and the dielectric layer with the photoresist layer as a mask to form the
trench and then removing the gap-filling layer and the photoresist layer simultaneously.
15 In etching the metal hard mask layer and the dielectric layer, the etching selectivity of
the dielectric layer to gap-filling layer may range from 0.5 to 1.5 as the dielectric layer
is being etched. The step of removing the gap-filling layer and photoresist layer
simultaneously may utilize oxygen-plasma ashing,
[0014] In addition, the material of the metal hard mask layer may be selected from
20 titanium (Tf), tantalum (Ta), tungsten (W), titanium nitride (TiN), tantalum nitride
(TaN), tungsten nitride (WN) and their combinations.
[0015] Another method of fabricating a dual damascene structure is described below.
A substrate having a conductive layer and a liner layer thereon is provided, a dielectric

layer is formed on the liner layer, and then a cap layer and a metal hard mask layer are



formed on the dielectric layer. The hard nmask | ayer, the cap | ayer and the
dielectric layer are patterned to form in the dielectric layer, a via

hol e that exposes a portion of the liner layer, and then a gap-filling
| ayer is filled in the via hole. Atrench is formed in the dielectric
| ayer connected with the via hole, and then the gap-filling layer is 5

renoved. The liner layer in the via hole is renoved with the netal hard
mask | aydomasl omtheadiklectandaychenThe hatlahadkalyeer, the daprlayat dnidl the digleotrid he
trench and the via hole. The netal hard mask | ayer is then renoved. lu

[0016] | nayepere pareabdn® Fbsn,ah thd 8ichREUS1aNBL Bash hélBehARRWEsed APdriidA bNY

material nay be a photosensitive polyner or a non-photosensitive polyner.

10 [ 0017 3 LIept.s t . e =fa bl ayer
may. have (s P e SR iR Ripe e UG IEERR ET, A3nh s BRI
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hard mask | ayer, _etching the nmetal hard mask | ayer, the cap | ayer and the
di el edt r Fenpfer Thediner yxerin thevipdiokely remeyedreidh the metplhard snask ddygkat o f or m
the trench, and renoving the photoresist |layer and the gap-filling |ayer
si mul t aneonsdky and thest & tietad) layive indiraded Hakiog nadie trengbrand théeichgel aybe and
the dielectric layer, the etching selectivity of the dielectric layer to
the gapmnidtdllbanbmbéyiayeri@hen aigevddr om 0.5 to 1.5 as the dielectric layer is

bei ng etched. The step of renoving the gap-filling |ayer and photoresi st
| ayer 'si = Utk - N} ] sone
embodi menta ot eRE BBl o e o0 HLEST, BL IR BihlEe R TD)
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maybe, sel ected from Ti, Ta, TiN, TaN, WN and thejr conbinatj ons.
y 10 [(?01_7] In some embodiments \(% the above method, the gap—ﬁ(ﬂing (fayer may have a

height of 1/4 to 1/2 .of the depth of the via hole.
[0018] In some embodiments, the steps of forming the trench and removing the gap-
filling layer include forming a patterned photoresist layer on the metal hard mask layer,
etching the metal hard mask layer, the cap layer and the dielectric layer with the
15  patterned photoresist layer as a mask to form the trench, and removing the photoresist
. layer and the gap-filling layer simultaneously. In etching the metal hard mask layer,
the cap layer and the dielectric layer, the etching selectivity of the dielectric layer to the
gap-filling layer may range from 0.5 to 1.5 as the dielectric layer is being etched. The
step of removing the gap-filling layer and photoresist layer simultaneously may utilize
20  oxygen-plasma ashing.
[0019] In some embodiments, the material of the cap layer may be silicon oxide (SiO),
silicon nitride (SiN), silicon carbonitride (SiCN), silicon carbide (SiC) or silicon oxy-
nitride (SiON). The material of the metal hard mask layer may be selected from Ti, Ta,

W, TiN, TaN, WN and their combinations.



4 [00201 In sonme enbodiments, the nmetal hard mask layer is forned on the
cap layer. The step of renoving the nmetal hard mask | ayer includes a CW
step with the cap layer as a polishing stop layer. [00211 In sone

enbodi nents, the netal hard mask layer is formed on the cap layer and 5 an
additional cap layer is forned on the netal hard mask |ayer. The additional
cap layer is renoved before the netal hard mask |ayer is renoved. The step
of renovitgo] ftheome embodiarctsydlsk metey diardamadsk hyeaddformed an thamap dgyer.
includes a CMP step with the cap layer as a polishing stop layer. [00221

In some grbL) BERinSovind e Gadtall lAYE®Mmakls ldver ieldea ChEP e alithhbe dapRgds | ayer

and 10 is renoved before the netal hard mask | ayer is renpved. [00231

Since a is formed on the liner layer in the via hole
bef ore tﬁggp{ﬂ?%ncgﬁ%ﬂ@%or med, the l|iner Iayer is not damaged in the trench

Ceor naoqTota b t%'%emﬁ?fﬂer'%hﬁ'qﬁ&w?@ﬁa%ﬁi ¢ 1545h Rned B PR RS, 1o

the netal hard mask is very % so that the trench 15 t op .cor ner |s not
rounded aha@ditipeRlisap I@fertiwora&ﬁ aeiefie maithbawieasgk lyer urlde 4dditiopal enp
[0024] In order to make the aforenentioned and ot her objects, featur es and
advant agyer tsfrembeedobefarrthe mmetd itardmash pycetsenmoiéd, Ehemter ef reswvingbodi nent
acconpanied with figures is described in detail below 20 BRIEF

DESCRI PTiHenéthd HartEmRBAMK NG 100 a&ditibhalap lafied iaclulies s CMVR step iviithahe cap
cross-sectional view, a process flow of fabricating a dual danmascene

ot e R 0020) P8 211 ustr s e bl bet e
the pri OEOO%&} In some embodiments, the cap layer is formed on the metal hard mask layer and
10 is removed before the metal hard mask layer is removed.
[0023] Since a gap-filling layer is formed on the liner layer in the via hole before the
trench is formed, the liner layer is not damaged in the trench etching so that the
underlying conductive layer is.not damaged and degraded. Meanwhile, the etching
selectivity of the dielectric layer to the metal hard mask is very high, so that the trench
15  top comer is not rounded and bridging of two adjacent damascene structures is avoided.
[0024] In order to make the aforementioned and other objects, features and advantages

of the present invention comprehensible, a preferred embodiment accompanied with

figures is described in detail below.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0025] FIGs. 1A-1C illustrate, in a cross-sectional view, a process flow of fabricating a
dual damascene structure in the prior art.
[0026) FIG. 2 illustrates the bridging between two adjacent dual démascene structures

with rounded trench top corners in the prior art.



5----- [0027] FIGs. 3A-3F illustrate, in a cross-sectional view, a process
flow of fabricating a dual damascene structure according to a first

enbodi ment of this invention. [0028] FIG 4 illustrates the result of
trench etching when the height of the gap-filling layer is larger than 1/2
of the depth of the via hole. 5 [0029] FIGs. 5A-5F illustrate, in a
cross-sectional view, a process flow of fabricating a dual damascene

st ruct ur 0827 dGs A6 iHustmon ivda erdspdéatiens] aéwt dpwcess\omt oDfabrif@0@0Y Fl Gs.

6A-6F illustrate, in a cross-sectional view, a process flow of fabricating
a dual drEP&EeREeristrUcthty Re@@iR 18 iaMlsttentdihédt@f aidpdeammt of this
invention. [0031] FIGs. 7A-7F illustrate, in a cross-sectional view, a

f f t
Pour th elboatldac; 8dhatisntl feulbe ity Sofip SaNg G pHEHSRDRARLILL 1 © @
Enbodi me 0] ny 3A: 3E | r at in a cross-sectional view, a
process ??%e&ﬂ%é@ﬁﬁ’?%é%? gepdigg%é’ll lg‘g?rascene structure according to the
first enmbodi ment of this invention. [0033] Referring to FIG.  3A .a
subst Pat 400 HGs: My S BB (v %érqsay@ahogdzwa\ﬁda aroeesidiow pEEFICHIE & her eon

is provided, possibly being a sem conductor substrate |ike a bul k-Si
subst r at alugkdawrs@@ie stuitste mcerdinpite acoemhdanibodithent of th20Rvertionbe a net al
interconnect |ike a Cu line. The liner |ayer 204 can prevent oxidation of

t he condyoe30 F1Gayex-6EQRusteitt, ang croaybectianalSrtw] ap@cessAlodt of Bibiicating ayer
206, such as a lowk layer with a dielectric constant smaller than 4, is

formed Ofauhﬂfanﬁdsaﬁ{e stifidfife a%@élrdm% 108 Rrd BAbEiRAK ! tAY Svehiiln. 1S formed on
the dielectric layer 206 throug for exanple, CVD or sputtering, possibly

i ncl udin @31@1@ I’?A 779 lus(frta ed 11{c a%rrgsg:lséctlonal \y\éWTF!l process I}JIOW\N\% ?a%gcﬁtﬂl%'

conbi nat

10 dual damascene structure according to a fourth embodiment of this invention.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0032] FIGs. 3A-3F illustrate, in a cross-sectional view, a process flow of fabricating a
15  dual damascene structure according to the first embodiment of this invention.

[0033] Referring to FIG. 3A, a substrate 200 having a conductive layer 202 and a liner

layer 204 thereon is provided, possibly being a semiconductor substrate like a bulk-Si

substrate or an SOI substrate. The conductive layer 202 may be a metal interconnect

like a Cﬁ line. The liner layer 204 can prevent oxidation of the conductive layer 202,
20  and may be an SiN layer. A dielectric layer 206, such as a low-k layer with a dielectric

constant smaller than 4, is formed on the liner layer 204. A metal bard mask layer 210

is formed on the dielectric layer 206 through, for example, CVD or sputtering, possibly

including a material selected from Ti, Ta, W, TiN, TaN, WN and their combinations

and having a thickness of 50-300A. The thickness of the metal hard mask layer 210 is



and having a thickness of 50-300A. The thickness of the nmetal hard mask

| ayer 210 is 6 preferably just enough to avoid via-plug bridging, and the
hi gher the etching selectivity between the dielectric |ayer 206 and the
metal hard mask |ayer 210 in the dielectric etching process is, the
thinner the nmetal hard mask | ayer 210 can be. In sonme cases, an
anti-reflection coating (ARC) 212 is further fornmed on the netal hard mask
| ayer 21@referSblytjus cAousi theswoiiovipphisdsraiiigg, ahdiyterhighes thesettidngedeaivityhe
substrate 200, having a via-hole pattern 216 for formng a via hole.

[ 00341 Rekigebh ik HRldch{e 1a3& 200 8nd e mbti hhfiemB thy8BSt0 IRURY didkbrriand the

dielectric layer 206 are etched with the photoresist |ayer 214 as a mask

to form _jnp. Lelegtri. I r [ e ' rtion of
the 11 netfipdfoduiisT ik tifiner B S R R iiep R CRRINERR L, 07 o
an etching, , ..t he net al rd. .nma | ayer 0 etche Lth C12/ Ar.as an

o chi ng. 5 TetEktion Fartmed D1 B BBt B T e bak moak it 18

CHF3/ Ar/'N2 as an etching gas. The photoresist |ayer 214 is remgved, and

t hen % géppatterned phptergsist Jager 2bb iy sormierd| aag thersubsfzatey 280,Wagvang ag/ia-pelssi bl y
including a polyner |like a photosensitive polyner or a non-photosensitive

one and patemed]ovdrfosypngaot lcdati ng. 15 [ 00351 Referring to FIG 3C, a
portion of the gap-filling material 220 is renoved, such that the rest of

the sarremm] Rlefiriggtd PIG. B, the AR 212 k8e BerdandRPavdr R0 REd iRy gieledi#Ra. The
gap-filling layer 220a preferably has a height "h™ of 1/4 to 1/2 of the

Sen B 280 AL s £ 40 O ) 720
f2 ng :c zr t ag{gr %(?é ggvg%ﬁglgrgggg?e{posggg 3 lf)g Ioil%tf%ezl%?e’r lar}%}/ &&9 a[ntaheegc%pfé?h}eer n 224
10 ARC 212 is etched with CF4/O; as an etching gas, the metal hard mask layer 210 etched
with Cl/Ar as an etching gas, and the dielectric layer 206 etched with CF4/Ar/N; or
CHF3/Ar/N; as an etching gas. The photoresist layer 214 is removed, and then a gap-
filling material 220 is filled in the via hole 218, possibly including a polymer like a
photosensitive polymer or a non-photosensitive one and formed with spin-on coating.
15 [0035] Referring to FIG. 3C, a portion of the gap-filling material 220 is removed, such
that the rest of the same is retained in the via hole 218 as a gap-filling layer 220a. The
gap-filling layer 220a preferably has a height “h” of 1/4 to 1/2 of the depth “H” of the
via hole 218. The portion of the gap-filling material 220 may be removed through
etching-back. Another patterned photoresist layer 222 is then formed over the
20  substrate 200, having a trench pattern 224 for forming a trench later.
[0036] Referring to FIG. 3D, the ARC 212, the metal hard mask layer 210 and the
dielectric layer 206 are etched with the patterned photoresist layer 222 as a mask to

form, in the dielectric layer 206, a trench 226 connected with the via hole 218.

[0037] In an example, the ARC 212 is etched with'CF4/02 as etching gas, with etching



100361 Referring to FIG 3D, the ARC 212, the netal hard mask |ayer 210 and

the dielectric layer 206 are etched with the patterned photoresist |ayer
222 as a nmask to form in the dielectric |ayer 206, a trench 226 connected
with the via hole 218. [00371 In an exanple, the ARC 212 is etched with
CF4/ 02 as etching gas, with etching 7 selectivities of 10-40 and 0.5-1.5
to the nmetal hard mask | ayer 210 and the photoresist |ayer 222,

r espect i selegtiviibeofrbd-40 ahd0b-hask thayetal 2aol mask hager 20cheldtheiphbto@sit Ar  as
an etching gas, with etching selectivities of 20-50 and 0.5-1.5 to the

di el ect rilgydr2pel redftivelpd tThe nivhttarEfiask 1dyay 210 #2Ben EBAEEith\@)/Ar adhe
dielectric layer 206 is then etched with 5 CF4/Ar/ N2 or CHF3/Ar/ N2 as an

et chi ng %;etcflﬂﬁyéega%%’glﬂ é@%rggeéeﬁlbﬁieg WL¥%0 %t) agd%‘ 511 Bito ?ef&gle@tﬁg 1AR 28610 t he

gap-fillin hot or esi st | ayer nmet al hard rrask
| ayer 210 ective t he h| n har d
ok | ayr BE R ves 22p eV gye?hi%&ﬂ E’fzﬁ? RERRLhaL IR P of
the trench 226 can be [ well controlled. The etchanpts that n ed in
this ?nve@ﬁdWaPéCﬁ%}fWNﬁ ot ST GRS 0 Pl GRS o%ﬁ%sle? i ng

sui tabl e etchants, the etching selectivities between different | ayers can

be cont r inleP-50 thihe ghashiltiog layeen @9a thei photayosisttlger 28fdndethe fmatilehard r ench
226 as well as to reduce the micro-loading effect caused by different

et chi ng makdaydr210enrsgeciadly er Roathe @chaiptselstilviay betweat thermetal lead masb0381
The height "h" of the gap-filling layer 220a is very inportant in this

i nvention, ery"_l{)laildtﬂlibedlléﬁ'cﬂﬂtla & Rk Iv@é* ﬁl@ﬁ_r\ﬁhy forlb of e #8RL D26 Idan 88 the

via hole 218, the gap-fil |ng Iayer be consuned in the etching

f th 2 h

ot chod t IaLgHtEReta, b Bhdel it B e e%rm %dﬂ*%tﬁﬁ%?%%%&ﬂéaéfﬁ? he
tchant. |f the height is | t 1/2 of " | ect
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trench 226 is forned, as shown
different layers can be controlled within desired ranges to improve the profile of the

trench 226 as well as to reduce the micro-loading effect caused by different etching
rates in dense-pattern areas and isolated-pattern areas.
[0038] The height “h” of the gap-filling layer 220a is very important in this invention.
15 If the height is smaller than 1/4 of the depth “H” éf the via hole 218, the gap-filling
layer 220a will be consumed in the etching of the trench 226, so that the liner layer 204
is exposed or is even etched through to cause the conductive layer 202 to be damaged
by the etchant. If the height is larger than 1/2 of the depth “H”, a dielectric fence 206a
will form on the top corner of the via hole 218 after the trench 226 is formed, as shown
20  inFIG. 4, so that the subsequent metal filling is adversely affected.
[0039] Referring to FIG. 3E, the photoresist layer 222 and the gap-filling layer 220a are
removed. In some cases, the photoresist layer 222 and gap-filling layer 220a are
simultaneously removed with, for example, oxygen plasma ashing. The liner layer 204

-in the via hole 218 is removed, and a conductive layer 232 is formed on the substrate



20 in FIG 4, so that the subsequent metal filling is adversely affected.
[0039] Referring to FIG 3E, the photoresist |ayer 222 and the gap-filling
| ayer 220a are renoved. |In sonme cases, the photoresist |ayer 222 and

gap-filling | ayer 220a are sinultaneously renoved with, for exanple,
oxygen plasma ashing. The liner layer 204 in the via hole 218 is renoved,
and a conductive layer 232 is fornmed on the substrate 8 200 filling in the

trench 220 fitlthgtineheirenchd26 add8he FacholaY, 232 layer 23R ad tigunally foreekdthy
formng a barrier layer 228 on surfaces of the trench 226 and the via hole

218 and fdpiifd ADafridfElair 286K sddfeckidfl thodredth 226 aaddhe V& hdlee21gaify i al  of
the barrier layer 228 "nmay be TiN or TaN, and the netal |ayer 230 may be a

copper | d L 3 ort &&@ﬁgﬁive

| ayer 232, Hﬁ%égk%ggg%rgﬁ%ﬁﬁ%ﬁggéggéﬁh%g§dFE%@EI%ééggﬂggémgggh'ennved, o)
that a conducti.ve er 2a is,retaiped .in the trench 226 and the via

ot e 51588 TR ARS e BE st POl Gy e oPBRIBR mbodi ment [ 0041]
FIGs. S5A-5F illustrate, in a cross-sectional view, a praocess flow of

f abriTat YOk Refering i Fiarids acprstion ofi dha saadyetsisriaverg e thend REe2 bhend

enbodi ment of this invention. This process is simlar to that in the first
enbodi netite, mexClgt mdsktayf &0 atchensived,sotthate ¢andectiviesaydrd3deds tataindgsef or e
the netal hard mask layer is forned, a cap |ayer is formed capabl e of

serving astha et B16 41 thé 0l HoRyEIR. | ITHeltems v SegURHonCMRopgloCRAs. [ 0042]
Referring to FIG 5A, a structure including a substrate 200, a conductive

layer 18.494F diedge! ayer 204 and a dielectric layer 206 is fornmed as in
the-firstee%bodﬁﬁgnt,n‘while the materials and form ng nethods of the

| ayers be ,the.sane. A cap. |ayer .206 is for on e dielectric
| aver  20B0uEl Bftan Sar 8F BRERs: @ £ 80 SGYSEITS S eRiny & BMAele® £ oy
SiCor SiON.. A netal hard mask | ayer 210 is then forped . . .

10 dual damascene structure according to the second embodiment of this invention. This

process is similar to that in the first embodiment, except that after the dielectric layer is
formed but before the metal hard mask layer is formed, a cap layer is formed capable of
serving as a polishing stop layer in the subsequent CMP process.
[0042] Referring to FIG. 5A, a structure including a substrate 200, a conductive layer
15 | 202, a liner layer 204 and a dielectric layer 206 is formed as in the first efnbodiment,
while the materials and forming methods of the layers may also be the same. A cap
layer 206 is formed on the dielectric layer 206 through, for example, CVD, possibly
inchuding SiO, SiN, SiCN, SiC or SiON. A metal hard mask layer 210 is then formed
on the cap layer 208, possibly in the same manner mentioned above. In some cases, an
20  ARC 212 is further formed on the metal hard mask layer 210. A photoresist layer 214
is then formed on the substrate 200, with a via-hole pattern 216 for forming a via hole.
[0043] Referring to FIG. 5B, the ARC 212, the metal hard mask layer 210, the cap layer
208 and the dielectric layer 206 are etched with the photoresist layer 214 as a mask to

form, in the dielectric layer 206, a via hole 218 exposing a portion of the liner layer 204.



on the cap | ayer 208, possibly in the same manner nentioned above. In sone
cases, an 20 ARC 212 is further forned on the netal hard mask | ayer 210. A
photoresi st layer 214 is then formed on the substrate 200, with a via-hole
pattern 216 for formng a via hole. [0043] Referring to FIG 513, the ARC
212, the netal hard mask | ayer 210, the cap layer 208 and the dielectric

| ayer 206 are etched with the photoresist |ayer 214 as a nmask to form in
t he di el éfierphotdregigia@PB]4 i nehmvhd) ad 21Sipelidfiog mageral P20 is formed filling ih i ner

| ayer 204. 9. The photoresist layer 214 is renoved, and a gap-filling

mat eri al #e0iaildld DIFWAsibly inithdsdnie mbhiRr MeatibRdabdd8 possibly in the sane
manner nenti oned above. [0044] Referring to FIG 5C, a portion of the

gap-filli L al i S , ’ : : S is
et ai ned IWRHTRAbRE S0, ST R oA o bR rhdiid 330 i€l dVeg S0R
gap-filli aye Oa preferabl,y has .a.height "h" 1/4 to 2 t he
deptn b SE offe RuRe Ssleiontn Widua bl A8 s ndonditive FavkRadite: b b 200
may be renoved with (( etching-back. Another patterned photoresist |ayer
222 i § f sepddling tayer BéDasprsterabdy gasz@él,elghh i 9fgl/4 te d&nehths slepta, H20kthe of
formng a trench in the dielectric layer 206 later. [0045] Referring to

FI G 5D, tinéolkRC1812The Ipertivar df nises lgap-difléng Biaferial 220cmpy | ey eem@d wit) and
the dielectric layer 206 are etched with the photoresist |ayer 222 as a
mask to fepdhing-badk. t Poties bedrhtdphayresisi@fer 282 iy PRGB 89& thonnsaiedoni th the

via hole 218. The etching selectivity of the layer 206 to the gap-filling
layer 22 Y 9 tho: trencl YHBk IRBERRE 1408 366 lel> SE, the
phot ores%@fy@@ggg&%ﬁ?t ﬁ% %gﬁgfﬁg?ﬂtf‘? ngg‘f ayer 220a ° re rer?oved. I n sone

cases, t | ayer d,22 inul fan sl y,f-enoved .15 ough,
Tor examiedsthoBbREly G e g Feded PRGOSt B GR  2h 2
is then renmoved, and a conductive |ayer 232 is formed_over the substrate
200 101 1 iang thedielestriclpyss 206 aogetghesl WHB the phofespsistdayer 282 25 ppnaskita 9rHle sane
manner nentioned above. .
in the dielectric layer 206, a trench 226 connected with the via hole 218. The etching
selectivity of the layer 206 to the gap-filling layer 220a may range from 0.5 to 1.5.
[0046] Referring to FIG. 5E, the photoresist layer 222 and the gap-filling layer 220a are
removed. In some cases, the two layers 222 and 220a are simultaneously removed
15  through, for example, oxygen plasma ashing. The liner layer 204 in the via hole 218 is
then removed, and a conductive layer 232 is formed over the substrate 200 filling in the
trench 226 and the via hole 218, possibly in the same manner mentioned above.
[0047} Referring to FIG. 5F, a portion of the conductive layer 232, the ARC 212 and
the metal hard mask layer 210 are removed, so that a conductive layer 232a including a
20  metal layer 230a and a barrier layer 228a is retained in the trench 226 and the via hole
218. The removal may be done through CMP, wherein the cap layer 208 can serve as
a polishing stop layer to prevent over-polishing of the dielectric layer 206 caused by

different polishing rates in dense-pattern areas and isolated-pattern areas.

Third Embodiment

10



[0047] Referring to FIG 5F, a portion of the conductive |ayer 232, the ARC
212 and the netal hard mask | ayer 210 are renoved, so that a conductive

| ayer 232a including a 20 netal |ayer 230a and a barrier layer 228a is
retained in the trench 226 and the via hole 218. The renoval may be done

t hrough CVMP, wherein the cap |ayer 208 can serve as a polishing stop |ayer
to prevent over-polishing of the dielectric |ayer 206 caused by different
pol i shi nPoas) BlGsi 6AEBRstpdte tiaracradsemsticintvies h greaspfbw exf fatatcatsg a Thi r d
Enbodi nent 10 [0048] FIGs. 6A-6F illustrate, in a cross-sectional view, a

process &0 WarhsdeA® Sirc@ldebcdrdifiR) tHAAARS CRINSADhdH G YR8 iRGHAbAI NDhik0 the
third enbodi ment of this invention. This process is simlar to that in the

% TR G7Bl: A LB AR e g o o0

but bef or ne orne e ne ard 5

e B SRR PRGTS R ARk Tpe @ s OBt RGOy 18 TERCg 0040)

Referring to FIG 6A, a structure including a substrate 200, a conductive

| ayerS 2mask lypr teepreyeny dhre soup framgbeaing exnosed pag) srusigpoantamiaatian W thear d nask
| ayer 210 is forned as in the first enbodi ment, while the materials and

f or m ng step bbdmoeingtthelihayayes exposed th the s Hede.t he sane. A cap |l ayer 206 is
formed on the hard nmask | ayer 210, possibly in the sane manner nentioned

above. | [DG&Q]”Reféﬁﬁ%Sbo HIG. ARC aZdtetictuge {hendddey a kabsimek 200, ot ddadeaivellapeer 208. A

photoresi st layer 214 is then fornmed on the substrate 200, with a via-hole
PoL it B2 ISR b A e B SR RO e
ST R R AT B L
via lrbo' ea,lgciL ‘ts)e ?h)iaps%ger]g Aaca%olragﬂiaroznO(Soifs fgr?r?edl (i)nntehre l'la? g{aslg (lj%fy'er 210, possibly in
the same manner mentioned above. In some cases, an ARC 212 is further formed on
the cap layer 208. A photoresist layer 214 is then formed on the substrate 200, with a
via-hole pattern 216 for forming a via hole in the dielectric layer 206 later.
[0050] Referring to FIG. 6B, the ARC 212, the cap layer 208, the metal hard mask layer
15 210 and the dielectric layer 206 are etched with the photoresist layer 214 as a mask to
form, in the dielectric layer 206, a via hole 218 exposing a portion of the liner layer 204.
The photoresist layer 214 is removed, and a gap-filling material 220 is formed filling in
the via hole 218 possibly in the same manner mentioned above.
[0051] Referring to FIG. 6C, a portion of the gap-filling material 220 is removed, such
20  that the rest of the same is retained in the via hole 218 as a gap-filling layer 220a. The
gap-filling layer 220a preferably has a height “h™ of 1/4 to 1/2 of the depth “H” of the
via hole 218. The portion of the gap-filling matérial 220 may be removed through an

etching-back step. Another photoresist layer 222 is then formed over the substrate 200,

having a trench pattern 224 for forming a trench in the dielectric layer 206 later.

i1



The photoresist layer 214 is renoved, and a gap-filling material 220 is
formed filling in the via hole 218 possibly in the same manner nentioned
above. [0051] Referring to FIG 6C, a portion of the gap-filling materi al
220 is renoved, such 20 that the rest of the sane is retained in the via
hol e 218 as a gap-filling layer 220a. The gap-filling |layer 220a
preferably has a height "h" of 1/4 to 1/2 of the depth "H' of the via hole
218. The [poF2} iRuferafig thBIG D, thd ARAR 12pthe caplay22B08 the ihetal lenmbirask tafferough an
et chi ng- back step. Another photoresist |layer 222 is then forned over the

subst r at ©18Q8d thdh@iicaficAaydreehurddich@l With3He pRétofetisiMaler 2221 4senmish fb t he
dielectric layer 206 later. 11 [0052] Referring to FI 6D, the ARC 212,

206 arb ArERedA] E‘é%%%@ﬁ%??t@f ﬁi?'él?yﬁ%lz& iiﬁa@a&n%%ﬂi%"?%@‘?%? %‘f%*:ef r 'ﬁﬁﬁﬁr
226 | ] N 1 = 2 T [ i vi
i ol oot r (BIRae POt tg e AR IFrer aiba mErRss Bt ERye t om 0.5 1o

1.5. 5 [0053] Referri nlg to FIG 6E, the photoresist I%ée_r 222 and the
gap- f PI | i[AYP3 Rederring b F I F., thanhpiresistdasss g2 and the gapilinhbyer 2o 8¢ | ayer
222 and the gap-filling layer 220a are simnultaneously renoved through, for

exanpl e, roxyyein [bh asme casds) thg. phivheedidt herer 239 and RO 4an-fllingdaydr 22Rslage 218 i s

t hen renoved, wherein the ARC 212 and the cap | ayer 208 can protect the

met al  harsgmiigskolshy ffincd40 tiﬁfbﬁ?i,b"@ﬂ HGnHI) @3 9gen Slagad shigO Nt limet lager 10 A
0

conductive layer 232 is then rmed over the substrate 200 filling in the
trench 2204 3Rtk {%o¥d 1R et 1noRASThBlHh 8 ARE H3MRdTROBS lFEMdgoned
above. [0054] Referring to FIG 6F, a portion of the conductive |ayer 232,

the ARC 212, th 2 tal hard k| 210.
removed, B3P i AR T EN el 035 A g B e o 850a anc
s Dot e Layer 2200 5, oLt ned ) Lne Pt 256 ol Il Ao

and the via hole 218, possibly in the same manner mentioned above.

[0054] Referring to FIG. 6F, a portion of the conductive layer 232, the ARC 212, the

cap layer 208 and the metal hard mask layer 210 are removed, so that a conductive layer

232a including a metal layer 230a and a barrier layer 228a is retained in the trench 226
15  and the via hole 218. The removal may be done through CMP.

Fourth Embodiment

[0055] FIGs. 7A-7F illustrate, in a cross-sectional view, a process flow of fabricating a

dual damascene structure according to the fourth embodiment of this invention. This

~ process is similar to that in the third embodiment, except that two cap layers are formed

20  respectively under and on the metal hard mask layer. Hence, the process is described

for only the parts relating to the metal hard mask layer and the two cap layers, while the

other parts of the process can be the same as in the third embodiment. |

[0056] Referring to FIG. 7A, the lower cap layer 207 is formed before the metal hard

mask layer 210 is formed and the upper cap layer 208 after the same is formed, wherein

12



Fourth Enbodi nent [0055] FIGs. 7A-7F illustrate, in a cross-sectional view,
a process flow of fabricating a dual danmascene structure according to the
fourth enbodi ment of this invention. This process is simlar to that in
‘the third enbodi nent, except that two cap | ayers are forned 20 respectively
under and on the netal hard mask | ayer. Hence, the process is described
for only the parts relating to the netal hard mask | ayer and the two cap

| ayers, eldhl &f thBewo @hh ¢iyepa20Bamf 208 @apbedestedcanbbec.t hRefoding taFIGa t he
third enbodi nent. [0056] Referring to FIG 7A, the |lower cap |layer 207 is
formed behoma 781 MR A hiRepfced¥RTkhd AY 851248 viith hepiBHdrARMIyAS 1uRR]r cap

| ayer 208 after the sanme is fornmed, wherein 12 each of the 'tw cap |ayers
207 and f 4 in the
ctehing praselt @B bRE"ES e MY b TRE S 1R, BidThe 19RO |
mask, the cap.layer, 208, the al. har | ayer .210 and the cap | ayer
207 are S E‘éﬂﬁ.y%tﬁfp%l Bivieda gﬁfe&wo %ﬁ?ﬁ@@"ﬁ%lﬁ%@%ﬂc aﬁzfe%%’f in the
etching process of 5 the trench 226 with the photoresist |ayer 222 as a
mask, 5 t héhectagnechA28r with ghe phetorssishlayen3diasra gkaskatpercap layes 283+ the meelpt | ayer
207 are also sequentially etched. [0057] Referring to FIG 7E, in the later
step of hexdowashdaydn@1(ianéthe caydaye?Dd7 axpboadquantialihetckéda hol e 218, the ARC
212 and the cap | ayer 208 can protect the netal hard nmask |ayer 210 from
bei ng expsusgf Refrfad REFRD MM ke ldtestep el Rirlol g thelifdrGayer 264 afgbsddin 10 in a
case where apportig% of the conducti veﬁ?ffayer 12?%2, theG%yRC Zlg%lﬂ)t he cap

| ayer 208, 304 gT%El hR@QF% IR the! };q%e?n%s%ﬁp&%&‘fﬁé’ﬁe%ﬂhﬂ%% in the

subsequent process, ' the cap Tayer 2 'serve’as a po I'ng stop |ayer
P PR AL B W e B XS LA BT
areays in a case where a portion of the conductive layer 232, the ARC 212, the cap layer 208
and the metal hard mask layer 210 are removed through CMP in the subsequent process,
the cap layer 207 can serve as a polishing stop layer to prevent over-polishing of the
dielectric layer 206 resulting from different polishing rates in dense-pattern areas and
isolated-pattern areas.

15  [0058] The present invention has been disclosed above in the preferred embodiments,
but is not limited to those. It is known to persons skilled in the art that some
modifications and innovations may be made without departing from the spirit and scope
of the present invention. Therefore, the scope of the present invention should be

defined by the following claims.

20

13



15 [0058] The present invention has been disclosed above in the preferred
enbodi nents, but is not limted to those. It is known to persons skilled
in the art that sone nodifications and innovations may be made w t hout
departing fromthe spirit and scope of the present invention. Therefore,

t he scope of the present invention should be defined by the foll ow ng
clains. 20 13 WHAT IS CLAIMED IS: 1. A nethod of fabricating a dual
damascen&VHAMUSt Or.AIMEDNS: | si ng:  providing a substrate having a conductive
| ayer and a liner layer thereon; formng a dielectric |layer on the |iner

| ayer; 5 for m&gn@ehéﬁéﬂabﬁé’dtﬁﬁmbl dAYRtestiubirdicehpsitinkc | ayer; _
patterning the nmetal hard mask | ayer and the dielectric layer to form in

the dielectrjg,:l I i e . ' .he |iner

ayer: 11111 Ay e RetRaa it Ao RIRM SR BE R @A R | TR
to 1/2 of a depth of. . the via hole:. 1 atterning the nmetal hard mask | ayer
and the di el ?%apﬁ@%ﬁ“%%ﬁ@ﬁﬂqﬁbﬁhPﬁgﬁgﬁ’ connected with the via hole;
removing the gap-filling layer; renoving the liner layer in the via hole

with fhe net frmiag g metd hardsesk layer gnihe dielectisrlaydty a netal layer filling in
the trench and the via hole; and 15 renoving the netal hard mask |ayer. 2.
The nmet hod opattdraing the métel dard tiask dayer fand| thagdiklegteic leperptoi fem, dn the
phot osensitive polyner or a non-photosensitive polyner.
dielectric layer, a via hole that exposes a portion of the liner layer;
filting in the via hole a gap-filling layer that has a height of 1/4 to 1/2 of a depth of
the via hole;
10 patterning the metal hard mask layer and the dielectric layer to form a trench |
connected with the via hole;
removing the gap-filling layer;
removing the liner layer in the via hole with the metal hard mask layer as a mask;
forming a metal layer filling in the trench and the via hole; and
15 removing the metal hard mask layer.
2. The method of claim 1, wherein the gap-filling layer comprises a photosensitive
polymer or a non-photosensitive polymer.
3. The method of claim 1, wherein the gap-filling layer is formed by:
filling in the via hole a material layer that has a height higher than a predetermined
20 height of 1/4 to 1/2 of the depth of the via hole; and
conducting an etching-back process to remove a portion of the material layer, such
that the remaining material layer has the predetermined height.

4. The method of claim 1, wherein the steps of forming the trench and removing

the gap-filling layer comprise:

14



3. The method of claim1, wherein the gap-filling layer is forned by:
filling in the via hole a nmaterial |ayer that has a height higher than a
predeterm ned 20 height of 1/4 to 1/2 of the depth of the via hole; and
conducti ng an etching-back process to renove a portion of the nateri al

| ayer, such that the remaining material |ayer has the predeterm ned

hei ght. 4. The nethod of claim 1, wherein the steps of formng the trench
and renovi ng forling gaphd mktal ngd hayle tayeoapatigaed ghbtdresist lager davinge treakcll  har d
mask | ayer a patterned photoresist |ayer having a trench pattern; etching
t he ms*talpa gid mask layer and the dielectric layer with the patterned

phot oresi'st |ayer as a mask to formthe trench; and 5 renoving the

gap-filling | d J YRl Si : . t hod
o ol aim 4. siogfls AR nbAF pRACHBNCTL A ooVl BTGRP e pflet™! 105
the dielectric.layer, an etching selectivity of the dielectric |ayer to the
gap-fill iﬂ%ﬁtor?%?qu%@%gfpﬁg@?gw 1 #®¥%s the dielectric layer is being
etched. 6. The nethod of claim4, wherein the step of renoving the

gap-f Pl 1ing rapeving#w sapdillinglaypoansrthe phetoregipelayer simpkiansewdisl y conpri ses an
oxygen-pl asma ashing step. 7. The nethod of claim11, wherein the netal hard
mask | ayer coénffhe sethod afetaimidaivhesal mahe dtef wdriching tHametd] handMpaskdayer WN and
their conbinations. 8 A nmethod of fabricating a dual damascene structure,

conpri si n@d the GRYdcHid thyer, Sjkltb‘iélﬁ@% el Bamiity G fahe Indetdtic Vet &Y He @pdiidinki ner
| ayer thereon; 15 formng a dielectric layer on the liner layer; formng a

cap | ayen,and.dMhbal 0.5% 9 5sMe digkekic Uyt M FLherda | ¢ |ayer;

6. The method of claim 4, wherein the step of removing the gap-filling layer and |
10 the photoresist layer simultaneously comprises an oxygen-plasma ashing step.
7. The method of claim 1, wherein the metal hard mask layer comprises a material
selected from Ti, Ta, W, TiN, TaN, WN and their combinations.
8. A method of fabricating a dual damascene structure, comprising:
providing a substrate having a conductive layer and a liner layer thereon;
15 forming a dielectric layer on the liner layer;
forming a cap layer and a metal hard mask layer on the dielectric layer;
patterning the metal hard mask layer, the cap layer and the dielectric layer to form,
in the dielectric layer, a via hole that exposes a portion of the liner layer;
filling a gap-filling layer in the via hole;
20 forming, in the dielectric layer, a tr_ench connected with the via hole;
removing the gap-filling layer;
removing the liner layer in the via hole with the metal hard mask layer as a mask;
forming a metal layer filling in the trench and the via hole; and

removing the metal hard mask layer.

15



patterning the nmetal hard mask | ayer, the cap layer and the dielectric

|l ayer to form in the dielectric layer, a via hole that exposes a portion
of the liner layer; filling a gap-filling layer in the via hole; 20
formng, in the dielectric layer, a trench connected with the via hol e;
renoving the gap-filling layer; renoving the liner layer in the via hole
with the nmetal hard mask |layer as a mask; formng a netal layer filling in
the trench apdriidaetiibdohckies 8 anbereidthy bagfilling lagk abmpaded aphstoskasjtive. 15 9
The nethod of claim8, wherein the gap-filling | ayer conprises a

phot osenghfyimes or RAbY-BREtoShsRvERDyRRPL Osensi tive polymer. 10. The method of
claimS,%’Wnerein theﬂggap-filligg | ayer has a height of 1/4 to 1/2 of a

dept h of the;yi . ! i ; i ps of
formng the % qeﬁlg Eﬁ%‘[ﬁ%d ?fegr}%l\i}? %—g‘gh%ﬁltéﬂggﬁgé ?ﬁh%&?ﬁggf}er ﬁé%hrrg?flt Qg :t(??%r m ng on
t he net al harq n? k l.ayer a patterned photoresist |layer; etching the netal
hard masRff45RIR! e“%g‘gfﬂ ayer and the dielectric layer with the patterned
photoresist |layer as a mask to formthe trench; and 10 renoving the

patte? ned phbt-othesnethod af elpiny §dwhersingthp steps pf fagming/tae trenehuindreayiigy. 12,
The nethod of claim 11, wherein in etching the nmetal hard mask | ayer, the
cap | ayéie gapeillihg layeetmgirisec | ayer, an etching selectivity of the

dielectric layer to the gap-filling |ayer ranges fromO0.5 to 1.5 as the
dielectric | ayRind én thenidal @b @k Ihder alfdtefRE PRStoRkIsElagém 11, wherein the
step of renoving the gap-filling |layer 15 and the photoresist |ayer

si mul taneously,GoMRE hRGS nafd BENORYeP SR 1358 R ERlectric layer with the

patterned photoresist layer as a mask to form the trench; and
10 removing the patterned photoresist layer and the gap-filling layer simultaneously.
12. The method of claim 11, wherein in etching the metal hard mask layer, the cap
layer and the dielectric layer, an etching selectivity of the dielectric layer to the
gap-filling layer ranges from 0.5 to 1.5 as the dielectric layer is being etched.
13. The method of claim 11, wherein the step of removing the gap-filling layer
15  and the photoresist layer simultaneously comprises an oxygen-plasma ashing step.
14. The method of claim 8, wherein the cap layer comprises Si0O, SiN, SiCN, SiC
or SiON.
15. The method of claim 8, wherein the metal hard mask layer comprises a
material selected from Ti, Ta, W, TiN, TaN, WN and their combinations.
20 16. The method of claim 8, wherein the metal hard mask layer is formed on the
cap layer.
17. The method of claim 16, wherein the step of removing the metal hard mask
layer comprises a CMP step with the cap layer as a polishing stop layer.

18. The method of claim 16, further comprising forming an additional cap layer on
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14. The method of claim@8, wherein the cap |ayer conprises SiO SiN, SiCN,
SiIC [ or SION. 15. The nmethod of claim8, wherein the netal hard mask

| ayer conprises a material selected fromTi, Ta, W TiN, TaN, WN and their
conbi nati ons. 20 16. The nethod of claim8, wherein the netal hard nask

| ayer is fornmed on the cap layer. 17. The nethod of claim 16, wherein the
step of renoving the netal hard mask |ayer conprises a CMP step with the
cap | ayerthasetalhatd sbskngyat wheremythe addifional kep ithsdembveal ifonetbe ndetai t her
conprising formng an additional cap layer on 16 the netal hard nask

layer, when@iiask h§epddihér@al cap layer is renmoved before the netal hard
mask | ayer is renmbved. 19. The nethod of claim 18, wherein the step of '

removing the getdk e 0P Skm 1Y SheRitlnk W St dbhi 0Nl e ARIYRY pROEPI 1 e

a CWP step with e cap layer as i ng | ayer e met hod
f claim@, wh i I is f d t h K 1
and i o 1 SRSt G EHE ek 1o HREk % GO D VERgyedaP gRYe s 8 o

5  polishing stop layer.

20. The method of claim 8, wherein the cap layer is formed on the metal hard

mask layer and is removed before the metal hard mask layer is removed.
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