METHOD OF FABRICATING DUAL DAMASCENE STRUCTURE BACKGROUND OF THE
INVENTION 5 Field of Invention [00011 The present invention relates to an integrated circuit (IC)
interconnect process, and more particularly to a method of fabricating a dual damascene structure.
Description of Related Art [00021 As the integration degree of semiconductor device is increased,

multilevel metal 10vHEROMES FARTREWirRY: Wihen thevesistareerof threnegtakef a metal

interconnect is lower, the reliability and the performance of the device are generally higher. Since
copper has a relatively low resistance among various metal materials, it is 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 [00031 In a dual damascene process, a trench and a via
hole are formed in a dielectric layer, and then metal is filled in them to form a metal line and a via

plug. FIGs. IA-I C illustrate a progassioncaffabrisatingraiakdamascene structure in the prior art.
[00041 Referring to FIG. IA, a dielectric layer 106 and a silicon nitride (SiN) layer 107 are formed over

a subsgater0Q withaemeial 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 thedigrinyesdfa: 1HARLRARIENG tonF |GedBranstheilitiogiarReiebinguasess is

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

the portiongiithelngidaygadPbexpeard s therdamnole WBgmemeued s118ARG] Referring to FIG. 1
C, a metal material is formed over the substrate 100, filling in the trench 110 and the via hole 108 and

covering the)&ibyijayal dO0%eihk@naa chemical

{0002] As the integration degree of semiconductor device is increased, multilevel 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 generally higher. Since
copper has a relatively low resistance among various metal materials, it is 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 trerich and a via hole are formed in a dielectric
layer, and then metal 1s 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 perforrmed to form, in the SiN layer 107 and the
dielectric layer 100, a via hole 108 that exposes a portien of the liner layer 104.

[0005] Referring to FIG. 1B, another litho graphy-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.



mechanical polishing (CMP) step is conducted with the SIiN layer 107 as a polishing stop layer to
remove the metal material on the SiN layer 107 and form a dual damascene 5 112. [0007] The above
dual damascene process has some problems. Referring to FIGs. IA- 1B, for the liner layer 104 in the
via hole 108 is damaged by the etchant in the trench etching, the metal layer 102 is easily exposed
degrading the electrical properties. The SiN layer 107 and the dielectric layer 106 are also easily
damaged B{4H@ distartmihE YD tertmerinicsslivdomaad p s ihessbifateéfeniitieeidrounded.
Thus, bridging is easily caused between two adjacent dual damascene structures 112, as shown in
FIG. 2. SURNIERRSR blé R vizirio N oo rsEsaithg iy Rh iRV eAtion Previdediemiainod of
fabricating a dual damascene 15 structure that can prevent rounding of the top comer of the trench
and therebPpretfires niaing Yeloei tvé fupderied rdthdhtast naxsidires 2 [polidimhis
invention also provides a method of fabricating a dual damascene structure that can prevent the liner
layer from BeMEYEHAEEPHG %‘Eﬁéﬁldﬁfffﬁrﬁ?é)ﬂé?ﬁzﬁl&éﬁﬁ?ﬁ.l%G‘P@]ﬁ@%étﬁ%‘ BrsFeting a dual
damascene structure is described. A substrate 20 having a conductive layer and a liner layer thereon
is provﬁdedl. R 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 180&Fis htetbatrkialidonscsamgasnémhioora prablemsof ihefeehtiafiievidt hole, and
then the metal hard mask layer and the dielectric Iaﬁer are patterned to form a 2 trench connected

with the vid Rol0T the [i265-Mbiag 189 drideeiipiels it théatreshay hgatshame vl removed

with the metal hard mask layer as a mask. A metal layer is formed filling in the trench and via hole,
and then tH&hiIg Itﬁg&q%l/g?ygr 102 1is easily exposed degrading the electrical properties. The

SiN layer 107 and the dielectric layer 106 are also easily damaged by the etchant in the
10 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 comer of the trench 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



removed. 5 [0011] According to the embodiments of this invention, the above gap-filling material may
be a photosensitive polymer or a non-photosensitive polymer. [001.21 In an embodiment, the
gap-filling layer is fonned by filling in the via hole a material layer having a height higher than a
predetermined height of 1/4 to 1/2 of the depth of the via hole and then conducting etching-back to
remove a portion of the 10 material layer such that the remaining material layer has the predetermined
height. [od&e@fhﬁ%%ﬁ?&o‘wmémw%e@ps ORforRiny i ARl BberotiddtreBabMing layer
include forming a patterned photoresist layer on the hard mask layer, etching the hard mask layer and
the dielect/ft/Rydr Wit thaPhStdEaBiadyshds Mk BIErTHE HERE AntiRen renfifng the
gap-filling layer and the photoresist layer simultanequsly. 15 In etching the metal hard mask layer and
the die|ect#?cyay@r%ﬂ%&l@%ﬁik@%éﬂké%%ﬁ&eammié'raéeﬁ&%a%ﬁtz}la%.&mnh@rﬁ%@%%ﬁae from 0.5

to 1.5 as the dielectric layer is being etched. The step of removing the gap-filling layer and photoresist
layer simuitdh&6iisly may utilize oxygen-plasma ashing. [0014] In addition, the material of the metal

hard mask layer may be selected fro (ﬁo titanium (Ti), tantalum (Ta), tungsten (W), titanjum nitride
(TiN), tant RS RN {IRGERER RS DS i SHIP BB AR NS 0B BEAREHEH method of
fabricating a dual da%ascene_struc ure is describeﬁobelow.. A substrate having a conductive layer and

a liner layePtRerE8P IO RSIRIBYS BUISE P BYsP : fB?Fﬁéngﬁ PR layer, and then a cap layer
2nd the aidlbUTAL g e ER o o N AR Bl B AR S UL R ot BB a porton
O e e o o B AP FY e G A P n A o 3 T8 %  the
depth of the via hole and then conducting etching-back to remove a portion of the
10 material layer such that the remaining material layer has the predetermined height.
[0013] In an embodmment, 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.
[0614] In addition, the material of the metal hard mask layer may be selected from
20 titanium (Ti), 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



in the dielectric layer connected with the via hole, and then the gap-filling layer is 5 removed. The liner
layer in the via hole is removed with the metal hard mask layer as a mask, and then a metal layer is
fonned filling in the trench and the via hole. The metal hard mask layer is then removed. [0016] In
some embodiments of the above method, the above gap-filling material may be a photosensitive
polymer or a non-photosensitive polymer. 10 5017] In some embodiments of the above method, the
gap-filling 7B RGPS WEIGHEET /41 D2 SriRe eyt -oftheAndansieaoobe disisaisie
embodiments, the ste?s of forming the trenchel]%nd_removing the gap- filling layer include forming a

patterned PRYTbAEIBPIETBFOI STk M rteaSIe SEr: 2adRibG h B SERISFPRISIOIMET, the cap

layer and the dielectric layer with the 15 patterned photoresist layer as a mask to form the trench, and
removing t eﬁm oy R ARG PEARHE Ry Eh S BB I SR el FBE hard mask
layer, the cap. layer and the dielectric layer, the etching selectivity of the dielectric layer to the
gap-filling 14y %‘F&H@%ﬁ?&?ﬁ EOBRECIE ¥4t iéﬂ@ﬁwfﬁaﬁaﬂimi%@e&?ﬁ” ipgeleg@yf removing

the gap-filling layer and photoresist layer simultaneously may utilize 20 oxygen-plasma ashing. [0019]
I Some erf BT e R A Y O e A L 1 T 5 L T ) "G R e (SN,

silicon carbonitrigde (S"C E) silicon carbide (SiC) or silicon. oxy- nitride (SION). The material of the metal
nard mask WRP A DL BT BT B R AR, D EHRR (Y Cnititane, 100201
some embodiments, the metal har@ mask layer is formed on the cap layer. The step of removing the
metal hard A4 S HEIGHES '8 B LY With the cap layer as a polishing stop layer.

[0016] In some embodiments of the above method, the above gap-filling material may
be a photosensitive polymer or a non-photosensitive polymer.
10 [0017] In some embodiments of the above method, the gap-filling layer 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 1s 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 (Si0),
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.



[00211 In some embodiments, the metal hard mask layer is formed on the cap layer and 5 an
additional cap layer is formed on the metal hard mask layer. The additional cap layer is removed
before the metal hard mask layer is removed. The step of removing the metal hard mask layer and the
additional cap layer includes a CMP step with the cap layer as a polishing stop layer. [00221 In some
embodiments, the cap layer is formed on the metal hard mask layer and 10 is removed before the

metal hard #148k [8y¥rs eRRodiacRih 28t BiRfal Begd peafth RselSid R A P th & EY iy er in the

via hole before the trench is formed, the liner layer is not damaged in the trench etching so that the
underlying CEn R TRANE it Biathid HRToRadBe Horsmviife st Wichihg C%Blg‘é’ﬁ%}ity of the

dielectric layer to the metal bard mask is very high, so that the trench 15 top corner is not rounded and
bridging of fPAtLERASRNEEene structures is avoided. 100241 In order to make the
aforementioned and other objects, featyres and advantages of the present invention comprehensible,
a preferred BHibb AL LEESHIBAHE %Wﬂ@ﬂ?@gﬂigﬁ@giﬁiﬁdﬁ YRS DRI ©20 e
DESCRIPTION OF THE DRAWINGS [0%25] FIGs. IA-]C illéstrat , In a cross-sectional view, a process
flow of fabABaAH{Y e "alAT AT S e R Rt & TR AGF A A058 $r1C "S MtFARe 648 bridging

between two adjacent dual damascene structyres with rounded trench top corners in the prior art. 5
[0027] ANERARE R e S FOBRRE o oF FEHR AR

damascenehstruc&%ff:%a cor%ing toafjr t?ﬁrﬁ%odim nt of this i,nvglntion. 00281 FIG, 4é_lllustrates the
restit of traRGERHIG VHER I hBIHAHK B TRG &S P L Ly M 192 BThGERN of the via
hole. e
layer as a polishing stop layer.
[6022} In some embodiments, the cap layer is formed on the metal hard mask layer and
10 is removed before the metal hard mask layer 1s 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
I5  top comer is not rounded and bridging of two adjacent damascene structures is avoided.
[6024] 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
16025] FIGs. 1A-1C illustrate, in a cross-sectional view, a process flow of fabricating a
dual damascene structure in the prior art.
[6026] F1G. 2 illustrates the bridging between two adjacent dual damascene structures

with rounded trench top corners in the prior art.



5 [0029] FIGs. 5A-5F illustrate, in a cross-sectional view, a process flow of fabricating a dual
damascene structure according to a second embodiment of this invention. [00301 FIGs. 6A-6F
illustrate, in a cross-sectional view, a process flow of fabricating a dual damascene structure
according to a third embodiment of this invention. [0031] FIGs. 7A-7F illustrate, in a cross-sectional

iew, a process flow of fabricating a 1Q dual damascene structure according tq a fourth embodiment
of tis e R BIC RN R NGRS BrmbBE e (0045 PGS e 3¢ flustate,
in a cross-sectignal view, a process flow, of fabricatin 5 dual dgmascene structure according to
the frst o OEMTHBHBETth & BT oA PTG T ETEET oA, IS BAHAIET00 having & conductive
layer 202 iner. | 204 thereon is pravided, possibly heing a semiconductor substrate like a
oot st AR i SR o R i) 5o i, A b RGFBAect ke a
Cu line. The liner layer 204 ¢ ent oxidation of the conductive layer 202, 20 and may be an SiN
Ial;/elr. A dieila%sfl:fﬂ:i]cg %%?é%%l ?L?CE{ Veafl %’\ﬁlﬁg %P’W%?%‘dieleli:tr:\é coﬁstant smaller than )Zf IS form:-:-d
on the liner A |.hard mask layer 210 is fqgrmed on the dielectric layer. 206 through, for
examle, CURES) Lot CSIBHF R CIRG 2 FATGH L ASte SRR Fat YRR, Wil and
their combinaticgw and hayin a thickness of 50-300A. Tt%e8 hickness,af the metal hard mask layer

210 s 6 profaraBRRIEEHEIGH TS SOOI Halp R §EHAGHECanETHE RigRE ME M Ring selectivity

between thg, di ic layer 206 and the metal hard mask layer 210 in the dielecfric . etching process
o the i D0 R e ARG 6 0 C BE DO cAJERCEN UL SoHELTh CBing (ARC)
f) ﬁzth'z ?Jt)hs %{g%@%%%%&g%% _h%rg nask layer £10pa AREiSRA Rigresist layer 214 Is formed

[0031] FIGs. 7A-7F illustrate, in a cross-sectional view, a process flow of fabricating a

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

DESCRIPTION OF EMBODIMENTS

First Embodiment

10032] 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 Cu 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 hard 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 bard mask layer 210 is



pattern 216 for forming a via hole. [0034] Referring to FIG. 3B, the ARC 212, the hard mask layer 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. In an example, the 10
ARC 212 is etched with CF4/02 as an etching gas, the metal hard mask layer 210 etched with C12/Ar
as an etching gas, and the dielectric layer 206 etched with CF4/Ar/N2 or CHF3/Ar/N2 as an etching
gas. The pﬂ»f@f@?é%hgﬂ}&yém&@iéorévﬁ&{é&% it gapditisd inbeetha sobing mksiyie via hole
218, possibly including a oI%/mer like a photosensitive polymer or a non-photosensitive one and
formed Withe&ﬁﬁ?lbﬁhéogﬁg‘iﬁ 15 ooy qge?@ﬁiﬂtft@ﬁ?é. aes mpdrdavcoiHe Bapwidisdcsidterial 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 Ei§Bingsassrersrahf e feigrtahbad mith leot iR tpin I $FIseaiR-Hdle 218. The
portion of the gap-filling material 220 may be removed through etching-back. Another patterned
photoresistMyE 5598 grating et ovarie fuden fumaad opgh gwé Be RER D NEF294 for

forming a trench later. [0036] Referring to FIG. 3D, the ARC 212, the metal hard mask layer 210 and
the digectﬁcn%{%ﬁ%@%?@&%aﬁbé&mh%% i8 eEPHRE Phisreuhstaliet ¥r havingnia¥ietBo%orm, in the

dielectric layer 206, a trench 226 connected with the via hole 218. [0037] In an example, the ARC 212
is etched vﬂ?ﬁ‘i‘f‘?%@f%f&gﬁﬁ%a@ﬁ%,}\ﬂﬁﬂﬂ etching 7 selectivities of 10-40 and 0.5-1.5 to the metal
hard mask layer 210 and the photoresist layer 222, respectively. The metal hard mask layer 210 is
then etchelD i REISHAE ‘ar Kikiig Gas B bicHlig SEILEHIADEr S0USHANEGIETS the
dielectric layer 206 and the photoresist layer 222, respectively. The dielectric Ia¥§r 206 is then etched

with 5 CFARIINZOS REersreBsd 48 §idaEeinidi et ivimedbis gislect5o0

fayer 206, a via hole 218 exposing a portion of the liner layer 204. In an example, the

10 ARC 212 is etched with CF4/O; as an etching gas, the metal hard mask layer 210 etched
with Cly/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, 1in the dielectric layer 206, a trench 226 connected with the via hole 218,

[0037} In an example, the ARC 212 is etched with CF4/O; as etching gas, with etching



and 20-50 to the gap-filling layer 220a, the photoresist layer 222 and the metal hard mask layer 210,
respectively. For the etching selectivity between the metal hard mask layer 210 and the dielectric
layer 206 is very high, the profile of the trench 226 can be well controlled. The etchants that can be
used in this invention are not limited to the 10 aforementioned. By selecting suitable etchants, the

oo sel il SOVTRI, SHETGL i gon b ponplledyi drsred e o mproe e
s n el AP e A SRS AR e oS The gl e ok i evr
v 204 R NHLEEGP 8 s BRRCE RS LA 13 CACL I Lohau M R s Alinaged by
lop comer GFHE VAT ROKE ST e the BENGH 236 e T e S ol 00 TP S8 A e
108 GGG 8 S50 0 oAUt Sobfe LB T B8 UL ) 520 i g ling
aver 22004 AETESULIERRISANY I ol XSRS 0g, T g vr 20
e erch 2820 s e 8 el sl e oo R o 220
e e L AT S22 T IS T 0 i e e 36 B g o
well controlled. The etchants that can be used in this invention are not limited to the
10 aforementioned. By selecting suitable etchants, the etching selectivities between
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™ of 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 1in FIG. 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 220z 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



the metal hard mask layer 210 are removed, so that a conductive layer 232a is retained in the trench
226 and the via hole 218. The removal may be done through CMP. Second Embodiment [0041] FIGs.
5A-5F illustrate, in a cross-sectional view, a process flow of fabricating a 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 GHp AVESEHIFILENEE Samat ReKihBPAs 2 Polishiid Stepadgdt Htabysisasgdant cmp
process. [0042] Referring to FIG. 5A, a structure including a substrate 200, a conductive layer 1.5

202, a linefAEEIB L ARG [AHsI it 14y SWtE 1o FifeHarCth 448 fRg SiRbdaiRfiAtZ Whikdthe

materials and forming methods of the layers may also be the same. A c%ﬁr\#ayer_ 206 is formed on the
dielectric I1A§8F266 HHighY forelahine e ver prsdibly indiGdmagambosig e, 'aiersP8ion. A
metal hard mask layer 210 is then formed .on the cap layer 208, possibly in the same manner

mentioned&H6o0U8 TN B 8Natis iR LR P p £AREE BKthe 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 hote. [HUAS} REAEHIAG {6 FIE: T3 RETIICOLTY HEMERhERFhask Bfer B0 the?Bep layer
208 and the dielectric layer 206 are_etched with the phatoresist layer 214 as a mask to form, in the
dielectric 1& %Wé?ét,*&\ﬁm 1958 xPAEmERPetion SRhé B RERIIBYeT ¢ Pid bIvbtdieSist layer
214 is removed, and a gap-filling material 220 is formed filling in the via hole 218 passibly in the same
manner mé%ﬁb%%ﬁlﬁﬁg%g.%alﬁ By to FIEC SENAVELMIBH R tRBGEECHIMG MBterial 220 is
removed, such that the rest of the same is retained in the via hole 218 as a gap-filling layer 220a. The
5 gap-fillinéifﬁ%?lgéﬂ Oﬁi’é‘f‘é’f’ébly has a height "h" of 1/4 to 1/2 of the depth "H" of the

{0041} FI1Gs. 5A-5F illustrate, in a cross-sectional view, a process flow of fabricating a
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 hiner layer 204 and a dielectric layer 206 is formed as in the first embodiment,
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
including Si0, 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.
[6043] 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.



via hole 218. The portion of the gap-filling material 220 may be removed with etching-back. Another
patterned photoresist layer 222 is formed over the substrate 200, having a trench pattern 224 for
forming a trench in the dielectric layer 206 later. [0045] Referring to FIG. 5D, the ARC 212, the hard
mask layer 210, the cap layer 208 10 and the dielectric layer 206 are etched with the photoresist layer
222 as a mask tg form,. in the dielectric layer 206, a tren Q 226 conn cted the vig hole 218. The
etohing SelLCHiVy BFHE ST 20 toFROGSE G Fyer BB LGy RO O 0046

Referring to, FIG the photoresist layer 222 and the gap-filling layer 220a are removed. In some
cases, the o' E?Qé% B g‘bﬁ"‘é}?& %ﬁmﬁﬁéﬂ]é]&wﬁ‘}sﬁ{&ée@ﬁ through, for example, oxygen

plasma ashing, The liner layer 204 in the via hole 218 is t n removed aconduc ive layer 232 is
formed ovel ek st Faresdto naqn%wgrﬂ%heﬁ%%%aq R TRGREL A8 BASTih T8 Came

manner me t|o ed above. [0047] Referring to : rtlon of the_conductiv the ARC
12 and ORI sy Br S TP _,04853 (i ik e 3485 Riing 20
?Q?rfi'v'iyri%?b T oagI R G/ ESCal yep 208 dar Lol e s ok Gbp layer o
brens and 4k ??ﬁ?ﬁ?ﬁ@gﬁ%ﬁﬁ Eodmats [a%%%%tﬁ QR et S
cross-sectional view, pr cess flow of falr t|n ual d ene tructure accordin the third
embodlmerﬁ@F]ﬂ%é)ﬁ‘f en lﬁm ?aﬁtt%g g ﬁ%ﬂéﬂ?@’ Oﬂi%et PR éﬁ %é that after
hard 5 mas g TR AT Lone e Ad EHbUb S GG Cort i RaRion m e
[0045] Referring to FIG. 5D, the ARC 212, the hard mask layer 210, the cap layer 208
10 and the dielectric layer 206 are etched with the photoresist layer 222 as a mask to form,
in the diclectric 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. SE, 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 1s
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 sarme manner mentioned above.
[6047] 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
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step of removing the liner layer exposed in the via hole. [0049] Referring to FIG. 6A, a structure
including a substrate 200, a conductive layer 202, a liner layer 204, a dielectric layer 206 and a metal
hard mask layer 210 is formed as in the first embodiment, while the materials and forming methods of
the layers may 10 also be the same. A cap layer 206 is formed on the hard mask layer 210, possibly in
the same manner mentioned above. In some cases, an ARC 212 is further formed on the cap layer
208. A phot¥tflidil(dyed o PX it foimadsnsmecaonsirae™a dorinresa - Ablelpistting 216 for
forming a via hole in the dielectric layer 206 later. [0050] Referring to FIG, 6B, the ARC 212, the cap
layer 208, $H@! (AUBASASHE FHASRSRCEIDE (0 i tHidisEb iy Yodiard stehen. withthe
photoresist layer 214 as a mask to form, in the dielectric layer 206, a via hole 218 exposing a portion
of the linePAYETSISAIHAIE IonBes s B 1A PP e GEAC R BT ffrithdesidl BoeKis formed
filling in the via hole 218 possibly in the same manner mentioned above. [0051] Referring to FIG. 6C,
a portion dfie §ApTFAGPhAERLE S0l feridiBredutrapdanet théorabrmbsarelidsdained 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 ofthe a@a&iﬂw&tﬁ@ﬁg fefes 218, e %Bﬁ%ﬁ’%ﬂoﬁ?@ﬁﬂ-ﬁﬂﬁ%&%ﬁﬁpﬁ%w Beeremoved
through an etching-back step. Another photoresist layer 222 is then formed over the substrate 200,
having a tr&HRRITERPABIRGSRSHHE FRBKEA AR & BRMEtric layer 206 later. 11 [0052] Referring to
FIG. 6D, the ARC 212, the cap layer 208, the metal hard mask layer 210 and the dielectric layer 206
are etched%ﬁﬁhﬁ@m&&ﬁ%%zﬁ%%é@fé\féﬁ%rmsattﬁgﬁ%-’é}?@ CBAREEIOIWAEN the via
hole 218. The etchin% selectivity of the dielectric layer 206 to the gap-filling Ia)éer 220a ma(?/ range

from 0.5 td1%5 2515058 R he Ereies. 1gEerhB% st or 2Rt oyl lyehé Qs ffimsdayer 220a
are

as in the first embodiment, while the materials and forming methods of the layers may
10 also be the same. A cap layer 206 is formed on the hard mask layer 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
I5 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.
[8051] 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 material 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.
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removed. In some cases, the photoresist layer 222 and the gap-filling layer 220a are simultaneously
removed through, for example, oxygen plasma ashing. The liner layer 204 in the via hole 218 is then
removed, wherein the ARC 212 and the cap layer 208 can protect the metal hard mask layer 210 from
being exposed to cause contamination. 10 A conductive layer 232 is then formed over the substrate
200 filling in the trench 226 and the via hole 218, possibly in the same manner mentioned above.
[0054] ReféPiRghé eiREIBF oL PGritdh BraneiContitctivetayey 3 tnbareia hordmeasddaveyer 208 and
the metal hard mask layer 210 are removed, so that a conductive layer 232a including a metal layer
230a and b4t thyeidsEsdFeta A AFFtRchrEnEHD B RECHINREIIThERE 218 MR émoval
maybe done through CMP. Fourth Embodiment [0055] FIGs. 7A-7F illustrate, in a cross-sectional
view, a prob¥E3 AFBrABYdating e ctuR WamdscErd stfutidie diboRiHY EstectbiftHPéMBodiment of
this invention. This process is similar tg that in the third embodiment, except that two cap layers are
formed 20 FREISERHRAYHREE A SARHETRRLAYRS (A XK1 4529° IORLE, X lorocess 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 cal BethB Lamase Rl it eristamishayenss? Q‘éqépﬁrﬁj*?éﬁﬁ—qll@g BT 180EF cap layer

207 is formed befare the metal hard mask layer 210 is formed and the upper cap layer 208 after the
same is forfiBd ¥ herdi TPedEhrof I BRIG G144 207 diubogths 9%&&%@ Ha ddve.
Referring to FIGs. 7A and 7B, in the etching process of the via hole 218 with the photoresist layer 214
as a maskSHEIAS S SEE Vb THaTE n AP0 ThASRIEy YRS BRIMe N Say B0 Mg da S quentially
etched through, Referring to FIGs, 7C and 71), in the etching process of 5 the trench 226 with the
photoresistAdyeP 599 48 HYSld fiaE raYRr 08 A hALR) A KC 212 and the cap layer 303

can protect the metal hard mask layer 210 from being exposed to cause contamination.
10 A conductive layer 232 is then formed over the substrate 200 filling in the trench 226

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

[06054] Referring to F1G. 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  andthe viahole 218. The removal may be done through CMP.

Fourth Embodiment

[0055] FlGs. TA-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
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hard mask layer 210 and the cap layer 207 are also sequentially etched. [00571 Referring to FIG. 7E,
in the later step of removing the liner layer 204 exposed in the via hole 218, the ARC 212 and the cap
layer 208 can protect the metal hard mask layer 210 from being exposed to cause contamination.
Referring to FIGs. 7E and 7F, 10 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, tReeBaT Wewmaeéﬁmx@asﬂadp%@%w Stofrrayed f5 phevent Svdrrparsiidg 6F-the
dielectric layer 206 resulting from different polishing rates in dense-pattern areas and isolated-pattern
areas. 15 190884 TihahBestbinMOsRsHAE Beanidielioksk witb tecinhploissitelaser dhtbdtiments, but
is not limited to those. It is known to persons skilled in the art that some modifications and innovations
may be maBie-hitSuE R S Hor B P ISETp - BFd brisbibineEniBre THErSRore, the
scope of the present invention should be defined by the following claims. 20 13 WHAT IS CLAIMED
1S: 1. A metHB s reehfythranEl dakrfstdns et &rg,(ééﬁﬂo?i@in’@: th Rfding a18GB%udle having a
conductive layer and a liner layer thereon; forming a dielectric layer on the liner layer; forming a metal
hard maskh/&eark %%ﬁawhéa%éﬁwé%%%ﬁm@x%ﬁé?&% thénatieldbericaplerepatterifisgtielARC, the
metal hard mask Ie%er and the dielectric layer to form, in the dielectric layer, a via hole that exposes a

portion of th&rfiresayarerfiianiiie o Fier 2 Gapsimiig reperHatn&ichheight of 1/4 to 1/2 of a

depth [0657] Referring to FIG. 7E, in the later step of removing the liner layer 204 exposed in
the via hole 218, the ARC 212 and the cap layer 208 can protect the metal hard mask
layer 210 from being exposed to cause contamination. Referring to FIGs. 7E and 7F,

10 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-pattem 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.
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of the via hole; patterning the ARC, 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
removing the ARC and metal hard mask layer. 2. The method of claim 1, wherein the gap-filling layer
comprises a i er 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 predeternfined&igAeSELIcA2 ‘31‘%1‘@38@&%% THEVHE D SRNBAY ¥Snducting an
etching-back process to remove a portion of the material layer, such that the remaining material layer
has the predeteriREE REGREAFROH RS P EaCL AN Harad A liBcsfayer shesiiing the trench and
removing the gap-filling layer comprise: 14 forming on the metal hard mask layer a patterned
photoresist layer AT & dIRcHi b ASHEh Iy & Fetal hard mask layer and the dielectric layer
with the patterned photoresist layer as a mask to form the trench; and removing the gap-filling layer
and the photorestS{TA{r %iﬁﬁﬁé%@%gﬁs}é.l% ﬁﬁ@tﬁ@oaﬂf%fﬁﬂﬁcﬂl%ﬁ@?éﬁﬁgir{‘g%@té?ﬂ dietching the
metal hard mask layer and the dielectric layer, an etching selectivity of the dielectric layer to the gap-
filling layer riGEEHIAYY'S to 1.5 as the dielectric layer is being etched.

patterning the ARC, the metal hard mask layer and the dielectric layer to form,
in the dielectric layer, a via hole that exposes a portion of the liner layer;

filling 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;

patterning the ARC, 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

removing the ARC and 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:

fillmg in the via hole a material layer that has a height higher than a
predetermined 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 I, wherein the steps of forming the trench and removing

the gap-filling layer comprise:
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6. The method of claim 4, wherein the step of removing the gap-filling layer and 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 SHE RS} IByePaErar: ki S Relediric sy BRYAT S iER)&Y ¥8rfhing a cap
layer , a metal hard mask layer and an anti-reflection coating (ARC) on the dielectric layer, patterning
the ARC, thEReRA13 58 mask layer, the cap layer and the dielectric layer to form, in the dielectric
layer, a via hole that expases a portion of ;F]e liner layer; filling a gap-filling layer in the via hole;
forming, in the disleRiRE HyercittrBath BaMh&bteY %ﬁ{hlﬁffeq}ﬂg@ﬁgl‘& rj)%?ﬁo‘?ﬂf?b e ISt layer:
removing the liner layer in the via hole with the met%I} hard mask layer as a mask; forming a metal

layer filling RO AT AL RO B¢ 2k ingfhe ARC and the metal hard mask layer. 15

21058 9. The method of claim 8, wherein the gap-filling layer comprises a photosensitive polymer or a
non-photosensiu&alﬁ%‘fwﬁé}l?ﬁﬁvﬂ G é%rﬂh@jﬁ%ﬁaﬁéﬁ%ﬁé% .tﬁﬁﬁﬁﬂix/er has a height of
1/4 to 1/2 of a depth of the vig hale. 5 11. The method of claim 8, wherejn the steps of forming the
trench and removind h@'g&s¢ iff’gw‘él‘rl‘@e -COHPriSe™ fhé step of eiching the metal Tard mask

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.

6. The method of claim 4, wherein the step of removing the gap-filling layer and
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, TiIN, 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;

forming a dielectric layer on the liner layer;

forming a cap layer , a metal hard mask layer and an anti-reflection coating
(ARC) on the dielectric layer,

patterning the ARC, 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;

forming, in the diclectric layer, 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

removing the ARC and the metal hard mask layer.
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forming on the metal hard. mask layer a patterned photoresist layer; etching the metal hard mask
layer, the cap layer and the dielectric layer with the patterned photoresist layer as a mask to form the
trench; and'$% 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 selectivithebina.qigleciieriayerd uihen gan iling Jayeriaegesiiem e 1.5 as the

dielectric layer is being etched. 13. The method of claim 11. wherein the step of removing the

gap-filling T@V%%ggqlggepgmlwgﬁémuItaneously comprises an oxygen-plasma ashing
step. 14. The'method of claim S. wherein the cap layer comprises SiO, SiN, SiCN, SiC or SiON. 15.

The method of glgim;®, wharein themeialiardmaskiayeIfamnpHsesA SMrisHalseleqied rom Ti, Ta,

W, TiN, TaN, WN and their combinations. 20 16. The method of ¢laim 8, wherein the metal hard mask

layer is forgrediepithsr @R1a%ele 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 laver. 18. The method

of claim 16. further campraing feraning anadditional caplaverohiddR1 a8 themetalhard mask

layer, wherein the additional cap layer is removed before the metal "hard mask layer is removed. 19.

The methoglof glaimig 1xvketeinihe.step of removing the metal hard mask layer and the additional
cap layer comprises a CMP step with the cap layer as a 5 polishing stop layer.

forming on the metal hard mask layer a patterned photoresist layer;
etching the metal hard mask layer, the cap layer and the dielectric laver 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
laver 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 1s being etched.
13. The method of claim 11, wherein the step of removing the gap-filling laver
15 and the photoresist layer simultaneously comnprises an oxygen-plasma ashing step.
14. The method of claim 8, wherein the cap layer comprises SiO, SiN, SiCN, SiC
or SiON.
15. The method of claim §, wherein the metal hard mask laver comprises a
material selected from Ti, Ta, W, TiN, TaN. WN and their combinations.
20 16. The method of claim §, wherein the metal hard mask layer is formed on the
cap laver.
17. The method of ciaim 16, wherein the step of removing the metal hard mask
layer comprises a CMP step with the cap layer as a polishing stop laver.

1&. The method of claim 16, further comprising forming an additional cap layer on
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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, 17 METHOD OF FABRICATING DUAL
DAMASCENESSTRUCTURE ABSTRACT OF THE DISCLOSURE A method of fabricating a dual
damascene structure is described. A dielectric layer and a metal hard mask layer are sequentially

formed onaspfsirale havingihereaher A anduaiva layan ankaslingr layer nThe.melal hard mask

layer and the dielectric layer aré patterned to form a via hole €xposing a portion of the liner layer. A

gap-filling Hayerisiilledindheyigdiole, having a height of 1/4 to 1/2 of the depth of the via hole. A
trench is formed in the metal hard mask layer and the dielectric layer. The gap-filling layer is removed

to expose the p‘?ﬁ'%@%@&ﬁ@%ﬁ@’zﬁﬁ;VYQ'Cé%ﬂérgﬁ?'i}éos{%“%?&n@vm@ﬁlé&}M@{alshf&m}ﬁ%k'”'”9 in the

via hole and the trench, and then the metal hard mask layer is removed. (FIG. 3A) 18
layer and the additional cap layer comprises a CMP step with the cap layer as a

5 pohlishing stop layer,
20. The method of claim §, wherein the cap layer is formed on the metal hard

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



