
METHOD OF FABRICATING DUAL DAMASCENE STRUCTURE  BACKGROUND OF THE INVENTION
5 Field of Invention [0001] 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 [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  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
[0003] 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 forma metal line and
a via plug. FIGs. lA-i C  illustrate a process flow of fabricating a dual
damascene structure in the prior art. [0004] Referring to FIG. IA, 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. 113, 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. 1 [0006] 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 SiN layer 107. Then, a
chemical  mechanical polishing (CMP) step is conducted with the SiN 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. 1A- 113, 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 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 corner 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  2 trench connected with the via hole. The gap-filling layer is
removed, and then the liner  



layer in the via hole is removed with the metal hard mask layer as a mask.
A metal  layer is formed filling in the trench and via hole, and then the
hard mask layer is  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. [0012] In an embodiment, the gap-filling
layer is formed 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.  [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 asking. [0014] 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  3 



formed on the dielectric layer. The hard mask layer, the cap layer and the
dielectric  layer are patterned to form, in the dielectric layer, a via
hole that exposes a portion of  the liner layer, and then a gap-filling
layer is filled in the via hole. A trench is formed  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 formed filling in the
trench and the via hole. The  metal hard mask layer is then removed. Iu
[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 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
maybe selected from Ti, Ta,  W, TiN, TaN, WN and their combinations. 



4 [00201 In some embodiments, the metal hard mask layer is formed on the
cap layer.  The step of removing the metal hard mask layer includes a CMP
step with the cap layer  as a polishing stop layer. [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 mask layer is removed. [00231
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 corner 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. lA-iC 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 damascene 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
embodiment 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
structure according to a second embodiment of this invention. [0030] 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 view, a
process flow of fabricating a  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 Cu line. The liner layer 204 can prevent oxidation of
the conductive layer 202, 20 and maybe 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 hard mask
layer 210 is  6 preferably just enough to avoid via-plug bridging, and the
higher the etching selectivity  between the dielectric layer 206 and the
metal hard mask layer 210 in the dielectric  etching process is, the
thinner the metal hard mask layer 210 can be. In some cases, an
anti-reflection coating (ARC) 212 is further formed on the metal hard mask
layer 210.  S It 5 A patterned photoresist layer 214 is formed on the
substrate 200, having a via-hole  pattern 216 for forming a via hole.
[00341 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 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 [00351 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. 



100361 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. [00371 In an example, 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 metal hard mask layer 210 and the photoresist  layer 222,
respectively. The metal hard mask layer 210 is then etched with C12/Ar as
an etching gas, with etching selectivities of 20-50 and 0.5-1.5 to the
dielectric layer 206  and the photoresist layer 222, respectively. The
dielectric layer 206 is then etched with  5 CF4/Ar/N2 or CHF3/Ar/N2 as an
etching gas, with etching selectivities of 0.5-1.5, 5-20  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 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. [00381
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 in 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 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  8 200 filling in the
trench 226 and the via hole 218. The layer 232 is usually formed by
forming a barrier layer 228 on surfaces of the trench 226 and the via hole
218 and  forming a metal layer 230 filling up 226 and 218. The material of
the barrier layer 228  may be TiN or TaN, and the metal layer 230 may be a
copper layer. 5 [0040] Referring to FIG. 3F, 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 is retained  in the trench 226 and the via
hole 218. The removal maybe 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 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 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 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. 513, 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.  9. 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. [0044] Referring to FIG. 5C, 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  5
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 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 to form,  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 [0048] FIGs. 6A-6F illustrate, in a cross-sectional view, a
process flow of fabricating a  dual damascene structure according to the
third embodiment of this invention. This  process is similar to that in the
first embodiment, except that after the metal hard mask  layer is formed
but before the ARC is formed, a cap layer is formed on the metal hard 5
mask layer to prevent the same from being exposed and causing contamination
in the  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
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 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. 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 with the photoresist layer 222 as a mask to  form a trench
226 in connection with the via hole 218. The etching selectivity of the
dielectric layer 206 to the gap-filling layer 220a may range from 0.5 to
1.5. 5 [0053] Referring to FIG. 6E, the photoresist layer 222 and the
gap-filling layer 220a are  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] 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 maybe 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 each of the two cap layers
207 and 208 may be formed as above. Referring to FIGs.  7A and 7B, in the
etching process of the via hole 218 with the photoresist layer 214 as a
mask, the cap layer 208, the metal hard mask layer 210 and the cap layer
207 are  sequentially etched through. Referring to FIGs. 7C and 7D, in the
etching process of 5 the trench 226 with the photoresist layer 222 as a
mask, the cap layer 208, the metal  hard mask layer 210 and the cap layer
207 are also sequentially etched. [0057] 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-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 WHAT IS CLAIMED IS: 1. 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; 5 forming a metal hard mask layer on the dielectric layer;
patterning 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; 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 forming on the metal hard
mask layer a patterned photoresist layer having a trench  pattern; etching
the metal hard mask layer and the dielectric layer with the patterned
photoresist layer as a mask to form the trench; and 5 removing the
gap-filling layer and the photoresist layer simultaneously. 5. The method
of claim 4, wherein in the step of etching the metal hard 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  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 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 metal hard mask layer. 15 9.
The method of claim 8, wherein the gap-filling layer comprises a
photosensitive  polymer or a non-photosensitive polymer. 10. The method of
claim 8, wherein the gap-filling layer has a height of 1/4 to 1/2  of a
depth of the via hole. 5 11. The method of claim 8, wherein the steps of
forming the trench and removing  the gap-filling layer comprise: 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 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 SiO, 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  16 the metal hard mask
layer, wherein the additional cap layer is removed before the metal  hard
mask layer is removed. 19. The method of claim 18, wherein the 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. 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. pr 17 


