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(57) ABSTRACT 

A stack of a dielectric material layer and a metallic material 
layer are formed on a Substrate. A first organic planarization 
layer, a non-metallic hard mask layer, and a photoresist layer 
are sequentially deposited over the metallic material layer. 
The photoresist layer is lithographically patterned, and the 
pattern in the photoresist layer is transferred through the 
non-metallic hard mask layer, the first organic planarization 
layer, and the metallic material layer to form a cavity. A 
second organic planarization layer is deposited within the 
cavity and over remaining portions of the photoresist layer. 
The second organic planarization layer and the photoresist 
layer are recessed, and the non-metallic hard mask layer is 
Subsequently removed. Remaining portions of the first and 
second organic planarization layers are simultaneously 
removed to provide physically exposed surfaces of the pat 
terned metallic material layer and a top surface of the dielec 
tric material layer. 
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METALLIC MASK PATTERNING PROCESS 
FOR MINIMIZING COLLATERAL ETCH OF 

AN UNDERLAYER 

BACKGROUND 

0001. The present disclosure relates to methods of pattern 
ing a metallic material layer on a dielectric material layer and 
structures for effecting the same. 
0002 Patterning of a metallic material layer overlying a 
dielectric layer can result in collateral damages of the under 
lying dielectric layer. In case the functionality of the dielectric 
layer is affected by collateral damages as in the case of a gate 
dielectric layer, minimizing the collateral damages during the 
processing steps is critical in providing high performance 
and/or reliability in the device employing the dielectric layer. 
0003 For example, a patterning process for a stack of a 
high dielectric constant (high-k) gate dielectric layer includ 
ing a dielectric metal oxide and a metallic material layer can 
employ an etch mask Stack including a second metallic mate 
rial layer in addition to a photoresist layer. While the second 
metallic material layer can be advantageously employed to 
generate a high fidelity replica of the pattern in the photoresist 
layer, removal of the second metallic material layer can result 
in collateral etch of the high-kgate dielectric layer and metal 
lic contamination in a processing tool. Further, removal of 
additional materials in the etch mask Stack can result in fur 
ther collateral etching of the metallic material layer. Thus, a 
method is desired for patterning a metallic material layer 
while minimizing collateral etches of an underlying dielectric 
layer and avoiding metallic contamination. 

SUMMARY 

0004. A stack of a dielectric material layer and a metallic 
material layer are formed on a Substrate. A first organic pla 
narization layer, a non-metallic hard mask layer, and a pho 
toresist layer are sequentially deposited over the metallic 
material layer. The photoresist layer is lithographically pat 
terned, and the pattern in the photoresist layer is transferred 
through the non-metallic hard mask layer, the first organic 
planarization layer, and the metallic material layer to form a 
cavity. A second organic planarization layer is deposited 
within the cavity and over remaining portions of the photo 
resist layer. The second organic planarization layer and the 
photoresist layer are recessed, and the non-metallic hard 
mask layer is Subsequently removed. Remaining portions of 
the first and second organic planarization layers are simulta 
neously removed to provide physically exposed surfaces of 
the patterned metallic material layer and a top surface of the 
dielectric material layer. 
0005 According to an aspect of the present disclosure, a 
method of forming a patterned structure is provided. A verti 
cal stack is formed over a dielectric material layer on a Sub 
strate. The vertical stack includes, from bottom to top, a 
metallic material layer, a first organic planarization layer, and 
a non-metallic hard mask layer. A cavity is formed though the 
non-metallic hard mask layer, the first organic planarization 
layer, and the metallic material layer. A top surface of the 
dielectric material layer is physically exposed underneath the 
cavity. A second organic planarization layer is applied in the 
cavity and over the non-metallic hard mask layer. An upper 
portion of the second organic planarization layer is recessed. 
The non-metallic hard mask layer is removed. A lower por 
tion of the second organic planarization layer and the first 
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organic planarization layer are removed. The top surface of 
the dielectric material layer is physically exposed again. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0006 FIG. 1 is a vertical cross-sectional view of an exem 
plary structure after formation of a stack including a dielectric 
material layer, a metallic material layer, a first organic pla 
narization layer, a dielectric mask layer, and a patterned pho 
toresist layer on a Substrate according to an embodiment of 
the present disclosure. 
0007 FIG. 2 is a vertical cross-sectional view of the exem 
plary structure after transfer of the pattern of in the photoresist 
layer into the dielectric mask layer, the first organic planariza 
tion layer, and the first metallic material layer by a set of at 
least one etch according to an embodiment of the present 
disclosure. 
0008 FIG.3 is a vertical cross-sectional view of the exem 
plary structure after application of a second organic pla 
narization layer according to an embodiment of the present 
disclosure. 
0009 FIG. 4 is a vertical cross-sectional view of the exem 
plary structure after recessing the second organic planariza 
tion layer and collateral removal of any remaining portion of 
the photoresist layer according to an embodiment of the 
present disclosure. 
0010 FIG. 5 is a vertical cross-sectional view of the exem 
plary structure after removal of the dielectric mask layer 
according to an embodiment of the present disclosure. 
0011 FIG. 6 is a vertical cross-sectional view of the exem 
plary structure after removal of the first and second organic 
planarization layers according to an embodiment of the 
present disclosure. 
0012 FIG. 7 is a vertical cross-sectional view of a varia 
tion of the exemplary structure after application of a second 
organic planarization layer according to an embodiment of 
the present disclosure. 

DETAILED DESCRIPTION 

0013 As stated above, the present disclosure relates to 
methods of patterning a metallic material layer on a dielectric 
material layer and structures for effecting the same, which are 
now described in detail with accompanying figures. It is noted 
that like and corresponding elements are referred to by like 
reference numerals. The drawings are not in Scale. As used 
herein, ordinals such as “first and “second are employed 
merely to distinguish similar elements, and different ordinals 
may be employed to designate a same element in the speci 
fication and/or claims. 
0014 Referring to FIG. 1, an exemplary structure accord 
ing to an embodiment of the present disclosure includes a 
material stack formed on a substrate 10. The material stack 
includes, from bottom to top, of a dielectric material layer 20, 
a metallic material layer 30, a first organic planarization layer 
40, a dielectric mask layer 50, and a patterned photoresist 
layer 57. 
0015 The substrate 10 can include any solid material. The 
Substrate 10 can include at least one semiconductor material, 
at least one conductive material, at least one dielectric mate 
rial, or a combination or a stack thereof. Semiconductor mate 
rials that can be included in the substrate 10 include, but are 
not limited to, an elemental semiconductor material Such as 
silicon or germanium; an alloy of Group IV elements such as 
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a silicon-germanium alloy, a silicon-carbon alloy, and a sili 
con-germanium-carbon alloy; a compound semiconductor 
material; an organic semiconductor material; and combina 
tions thereof. Metallic material that can be included in the 
substrate 10 include, but are not limited to, an elemental 
metal, an intermetallic alloy, a conductive metallic nitride, a 
conductive metallic carbide, and combinations and alloys 
thereof. Dielectric materials that can be included in the sub 
strate 10 include, but are not limited to, a dielectric oxide of at 
least one semiconductor element Such as silicon oxide, a 
dielectric nitride of at least one semiconductor element Such 
as silicon nitride, a dielectric metal oxide, a dielectric metal 
nitride, and combinations and alloys thereof. 
0016. In one embodiment, the substrate 10 can be suffi 
ciently thick to provide mechanical Support for the material 
stack thereupon. In one embodiment, the thickness of the 
substrate 10 can be in a range from 30 microns to 1 mm, 
although lesser and greater thicknesses can also be employed. 
0017. In one embodiment, the topmost portion of the sub 
strate 10 can include a semiconductor layer embedding vari 
ous doped semiconductor material portions. For example, the 
substrate 10 can include source and drain regions of field 
effect transistors that are formed in a semiconductor material 
portion. The semiconductor material portion can be a planar 
semiconductor portion laterally Surrounded by a shallow 
trench isolation structure (not shown) and having a top Sur 
face that is coplanar with the topmost surface of the substrate 
10, or can be a semiconductor fin as known in the art. 
0018. In one embodiment, the topmost portion of the Sub 
strate 10 can include a metal interconnect structure including 
at least one interlayer dielectric (ILD) material layer and at 
least one metal line structure and/or at least one metal via 
structure as known in the art. In this case, the topmost portions 
of the Substrate can include a dielectric material Such as 
silicon oxide, silicon nitride, porous or non-porous organo 
silicate glass, or combinations thereof. Further, at least one 
metal line structure and/or at least one metal via structure, if 
present, can include a metallic material Such as copper, alu 
minum, tungsten, a metallic nitride, a metallic carbide, or a 
combination thereof. 

0019. The dielectric material layer 20 can include any 
dielectric material. In one embodiment, the dielectric mate 
rial layer 20 can include a dielectric material that is known to 
be suitable for a gate dielectric of a field effect transistor. The 
thickness of the dielectric material layer 20 can be in a range 
from 1 nm to 20 nm, although lesser and greater thicknesses 
can also be employed. In one embodiment, the dielectric 
material layer 20 can include a dielectric oxide of at least one 
semiconductor element such as silicon oxide or a silicon 
germanium oxide, or a dielectric oxynitride of at least one 
semiconductor element such as silicon oxynitride or a silicon 
germanium oxynitride. 
0020. In another embodiment, the dielectric material layer 
20 can include a high dielectric constant (high-k) dielectric 
material. As used herein, a high-k dielectric material refers to 
a dielectric material having a dielectric constant greater than 
7.9. In one embodiment, the high-k dielectric material of the 
dielectric material layer 20 can include a dielectric metal 
oxide. Exemplary high-k dielectric materials that can be 
employed for dielectric material layer 20 include, but are not 
limited to, Hf, ZrO, LaO. Al-O, TiO, SrTiO, LaA1O. 
Y.O., Hfo, N. ZrO.N., La.O.N., Al-O, N, TiO, N, 
SrTiO, N, LaAIO.N.Y.O.N., a silicate thereof, and an alloy '' '' 
thereof. Each value of X is independently from 0.5 to 3 and 
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each value of y is independently from 0 to 2. In one embodi 
ment, the high-k dielectric material can be selected from 
HfC), ZrO, and TiO. In one embodiment, the first high-k 
dielectric material can be Hfo. The first high-k dielectric 
material can be deposited by methods well known in the art 
including, for example, chemical vapor deposition (CVD). 
physical vapor deposition (PVD), molecular beam deposition 
(MBD), pulsed laser deposition (PLD), liquid source misted 
chemical deposition (LSMCD), atomic layer deposition 
(ALD), etc. 
0021. In one embodiment, the dielectric material layer 20 
can include a dielectric material that is known to be suitable 
for an interlayer dielectric (ILD) material. For example, the 
dielectric material layer 20 can include porous or non-porous 
organosilicate glass (OSG), doped silicate glass, undoped 
silicate glass, silicon nitride, silicon oxynitride, nitrogen 
doped organosilicate glass, or combinations thereof. In this 
case, the dielectric constant of the material of the dielectric 
material layer 20 can be in a range from 2.0 to 3.9. The 
interlayer dielectric material can be deposited, for example, 
by chemical vapor deposition, spin-coating, or a combination 
thereof. The thickness of the dielectric material layer 20 can 
be in a range from 10 nm to 300 nm, although lesser and 
greater thicknesses can also be employed. 
0022. The metallic material layer 30 can include an 
elemental metal, an alloy of at least two elemental metals, a 
compound of at least one metal and nitrogen, a compound of 
at least one metal and carbon, or a stack thereof. In one 
embodiment, the metallic material layer 30 can include any 
elemental metal, which can be an elemental transition metal, 
a Lanthanide, an Actinide, an alkali metal, oran alkaline earth 
metal. In another embodiment, the metallic material layer 30 
can include an intermetallic alloy of at least two elemental 
metals. In one embodiment, the metallic material layer 
includes a metallic nitride, a metallic carbide, or an alloy or a 
stack thereof. Exemplary metallic nitride materials that can 
be employed for the metallic material layer 30 include, but are 
not limited to, titanium nitride, tantalum nitride, tungsten 
nitride, aluminum nitride, yttrium nitride, Zirconium nitride, 
vanadium nitride, niobium nitride, and other nitrides of at 
least one metallic element. Exemplary metallic carbide mate 
rials that can be employed for the metallic material layer 30 
include, but are not limited to, titanium carbide, tantalum 
carbide, tungsten carbide, Zirconium carbide, Vanadium car 
bide, niobium carbide, hafnium carbide, chromium carbide, 
molybdenum carbide, and other carbides of at least one 
metallic element. In one embodiment, the metallic material 
layer 30 can include a stack of multiple metallic layers having 
different compositions. 
0023 The metallic material layer 30 can be deposited, for 
example, by physical vapor deposition (sputtering), chemical 
vapor deposition, atomic layer deposition, or a combination 
thereof. The thickness of the metallic material layer 30 can be 
in a range from 1 nm to 30 nm, although lesser and greater 
thicknesses can also be employed. 
0024. The first organic planarization layer 40 includes an 
organic planarization material as known in the art. The 
organic planarization material of the first organic planariza 
tion layer 40 is herein referred to as a first organic planariza 
tion material. In one embodiment, the first organic planariza 
tion layer 40 can include a non-photosensitive organic 
polymer material. As used herein, a “non-photosensitive' 
material refers to a material that does not change chemical 
property upon irradiation for lithographic exposure employ 
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ing a conventional light wavelength and a conventional dose 
level for exposure as known in the art. Exemplary materials 
that can be employed for the first organic planarization layer 
40 include ODL-102, commercially available from ShinEtsu 
Chemical Co. Ltd.: HM8006 and HM8014, commercially 
available from JSR Corporation; and CHM701B, commer 
cially available from Cheil Chemical Co. Ltd. 
0025. The first organic planarization layer 40 can be 
formed, for example, by a spin-on coating. The thickness of 
the first organic planarization layer 40 can be in a range from 
30 nm to 600 nm, although lesser and greater thicknesses can 
also be employed. 
0026. The non-metallic hard mask layer 50 includes a 
non-metallic non-photosensitive material. In one embodi 
ment, the non-metallic hard mask layer 50 can include a 
dielectric oxide, a dielectric nitride, or a dielectric oxynitride 
including a group IV element. For example, the non-metallic 
hard mask layer 50 can include a silicon oxide material, a 
silicon nitride material, or a silicon oxynitride material. In 
this case, the non-metallic hard mask layer 50 can be depos 
ited by chemical vapor deposition, atomic layer deposition, 
spin coating, or a combination thereof. 
0027. In another embodiment, the non-metallic hard mask 
layer 50 can include a nitrogen-containing organosilicate 
glass (OSG), which includes Si, C, O. H. and N. An exem 
plary material for a nitrogen-containing OSG is NBLoKTM 
available from Applied Materials, Inc. 
0028. In yet another embodiment, the non-metallic hard 
mask layer 50 can include a silicon-containing antireflective 
coating (Si-ARC) material as known in the art. The Si-ARC 
material can be a polymer containing Si with organic units or 
halide bound to the silicon, which are generally polysilox 
anes. The Si-ARC material can include more than 30% in 
atomic concentration of silicon. The Si-ARC material can be 
applied, for example, by spin coating, and can be cured at an 
elevated temperature around 220° C. during a post applica 
tion bake (PAB) process. 
0029. In still another embodiment, the non-metallic hard 
mask layer 50 can include a dielectric metal oxide. Exem 
plary dielectric metal oxides include, but are not limited to, 
HfO, ZrO, La O. Al-O, TiO, SrTiO, LaAlO, Y.O. 
HfO.N. ZrO, N, La-O, N, Al-O, N, TiO, N, SrTiO, N, 
LaAIO.N. Y.O.N., a silicate thereof, and an alloy thereof. 
Each value of x is independently from 0.5 to 3 and each value 
ofy is independently from 0 to 2. The dielectric metal oxide 
material can be deposited by methods well known in the art 
including, for example, chemical vapor deposition (CVD). 
physical vapor deposition (PVD), molecular beam deposition 
(MBD), pulsed laser deposition (PLD), liquid source misted 
chemical deposition (LSMCD), atomic layer deposition 
(ALD), etc. 
0030 The thickness of the non-metallic hard mask layer 
50 can be in a range from 1 nm to 30 nm, although lesser and 
greater thicknesses can also be employed. In one embodi 
ment, the thickness of the non-metallic hard mask layer 50 
can be in a range from 3 nm to 10 nm. 
0031. The patterned photoresist layer 57 includes a pho 

toresist material. The patterned photoresist layer 57 can be 
formed by forming a blanket photoresist material layer over 
the top surface of the non-metallic hard mask layer 50 by spin 
coating, lithographically exposing the blanket photoresist 
material layer by electromagnetic radiation or by an electron 
beam, and developing the lithographically exposed photore 
sist material layer. The thickness of the blanket photoresist 
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material layer can be in a range from 50 nm to 1,000 nm, 
although lesser and greater thicknesses can also be employed. 
The lithographic exposure of the blanket photoresist layer can 
be performed by deep ultraviolet (DUV) lithography, mid 
ultraviolet lithography (MUV), grayscale lithography, elec 
tron beam lithography, or a combination thereof. Depending 
on the nature of the photoresist material, the development 
process can remove lithographically exposed portions selec 
tive to lithographically unexposed portions of the photoresist 
material, or can remove lithographically unexposed portions 
of the photoresist material selective to the lithographically 
exposed portions of the photoresist material. 
0032. The patterned photoresist layer 57 includes at least 
one opening therein. A portion of the top Surface of the 
non-metallic hard mask layer 50 is physically exposed under 
neath each opening in the patterned photoresist layer 57. The 
pattern of the opening in the patterned photoresist layer 57 
corresponds to the area from which removal of the metallic 
material layer 30 is desired. The area of the remaining por 
tions of the patterned photoresist layer 57 corresponds to the 
area in which preservation of the metallic material layer 30 is 
desired after patterning of the metallic material layer 30. 
0033 Referring to FIG. 2, the pattern in the patterned 
photoresist layer 57 is transferred through the stack of the 
non-metallic hard mask layer 50, the first organic planariza 
tion layer 40, and the metallic material layer 30 by at least one 
etch. In one embodiment, at least one anisotropic etch can be 
employed among the at least one etch that transfers the pattern 
in the patterned photoresist layer 57 is transferred through the 
stack of the non-metallic hard mask layer 50, the first organic 
planarization layer 40, and the metallic material layer 30. A 
cavity 59 is formed though the non-metallic hard mask layer 
50, the first organic planarization layer 40, and the metallic 
material layer 30. A top surface of the dielectric material layer 
20 is physically exposed underneath the cavity 59. 
0034. The non-metallic hard mask layer 50 can be etched, 
for example, by an anisotropic etch or an isotropic etch. The 
etch chemistry for etching the non-metallic hard mask layer 
50 can be selected based on the material of the non-metallic 
hard mask layer as known in the art. The patterned photoresist 
layer 57 is employed as an etch mask during the etching of 
unmasked portions of the non-metallic hard mask layer 50. In 
one embodiment, the non-metallic hard mask layer 50 can be 
etched by a reactive ion etch, which is an anisotropic etch. In 
another embodiment, the non-metallic hard mask layer 50 can 
be etched by a wet etch, which is an isotropic etch. 
0035) Subsequently, the portion(s) of the first organic pla 
narization layer 40 underlying each opening in the patterned 
photoresist layer 57 can be etched by another etch. In one 
embodiment, the first organic planarization layer 40 can be 
etched employing an anisotropic etch process, which forms 
Vertical sidewalls in the first organic planarization layer 40 as 
the etch process proceeds. The patterned photoresist layer 57 
can be vertically recessed during the etching of the first 
organic planarization layer 40. A cavity 59 is formed in the 
first organic planarization layer 40 underneath each opening 
in the patterned photoresist layer 57. In one embodiment, the 
patterned photoresist layer 57 can be completely consumed 
before, or at the time of the cavity 59 reaching the interface 
between the first organic planarization layer 40 and the metal 
lic material layer. In one embodiment, the sidewalls of the 
non-metallic hard mask layer 50 and the sidewalls of the first 
organic planarization layer 40 can be vertically coincident 
among one another after formation of the cavity 59. As used 
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herein, a first Surface and a second Surface are vertically 
coincident with each other if the first surface overlies, or 
underlies, the second Surface and a vertical plane including 
the first Surface and the second Surface exists. 
0036. The physically exposed portion of the metallic 
material layer 30 underlying the cavity 59 can be subse 
quently removed by another etch, which can be an isotropic 
etch or an anisotropic etch. In one embodiment, the physical 
exposed portion of the metallic material layer 30 can be 
removed by a wet etch. In one embodiment, the chemistry of 
the etch process employed to etch the metallic material layer 
30 can be selected to avoid damaging the material of the 
dielectric material layer 20. Suitable etch chemistries known 
in the art can be employed to etch the metallic material layer 
30 while minimizing collateral etching of the dielectric mate 
rial layer 20. Methods for selective wet etching of metal 
nitrides can be found, for example, in United States Patent 
Application No. 2006/0226122A1. In another example, if the 
metallic material layer 30 includes titanium nitride and if the 
dielectric material layer 20 includes a dielectric metal oxide, 
the metallic material layer 30 can be etched selective to the 
dielectric oxide material by a wet etch employing a mixture of 
hydrogen peroxide and ethylenediaminetetraacetic acid. In 
an illustrative example, a 1:1 mixture of hydrogen peroxide 
and ethylenediaminetetraacetic acid elevated to a temperature 
of 60°C. or higher can be employed to etch a titanium nitride 
film selective to a dielectric metal oxide material. 
0037 Referring to FIG. 3, a second organic planarization 
layer 60 is deposited in the cavity 59 (See FIG. 2) and over the 
non-metallic hard mask layer 50. Specifically, the second 
organic planarization layer 60 is deposited into the cavity 59 
and over the non-metallic hard mask layer 50. The second 
organic planarization layer 60 can beformed directly on atop 
Surface and sidewalls of the remaining portion of the non 
metallic hard mask layer 50 that remains after the at least one 
anisotropic etch that forms the cavity 59 and the etch process 
that forms an opening in the metallic material layer 30. 
0038. The second organic planarization layer 60 can 
include any organic planarization material that can be 
employed as the first organic planarization layer 40. The 
organic planarization material of the second organic pla 
narization layer 60 is herein referred to as a second organic 
planarization material. The first organic planarization mate 
rial and the second organic planarization material may, or 
may not, be the same as the organic planarization material of 
the first organic planarization material layer 40. In one 
embodiment, each of the first and second organic planariza 
tion layers (40. 60) can include a non-photosensitive organic 
polymer material. In this case, the non-photosensitive organic 
polymer material of the second organic planarization layer 60 
can be selected independent of the non-photosensitive 
organic polymer material of the first organic planarization 
layer 40. 
0039. The second organic planarization layer 60 can be 
applied, for example, by spin coating of an organic planariza 
tion material. In one embodiment, a dimple may be present on 
the top surface of the second organic planarization layer 60 
over the volume of each cavity 59 (See FIG. 2) that is filled 
with the organic planarization material of the second organic 
planarization layer 60. The thickness of the second organic 
planarization layer 60, as measured above the top surface of 
the non-metallic hard mask layer 50, may be in a range from 
1 nm to 300 nm, although lesser and greater thicknesses can 
also be employed. Alternatively, the topmost surface of the 
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second organic planarization layer 60 may be formed below 
the horizontal plane including the top surface of the non 
metallic hard mask layer 50. 
0040. The second organic planarization layer 60 can be 
employed to minimize additional collateral etching of the 
dielectric material layer 20 after the patterning of the metallic 
material layer 30 and during the removal of the non-metallic 
hard mask layer 59, and the first organic planarization layer 
40. Specifically, the organic planarization material of the 
second organic planarization layer 60 that is present on the 
top surface of the dielectric material layer 20 protects the 
dielectric material layer 20 during Subsequent processing 
steps for removal of the non-metallic hard mask layer 59, and 
during an initial portion of the processing step for removal of 
the first organic planarization layer 40. 
0041 Referring to FIG. 4, an upper portion of the second 
organic planarization layer 60 is recessed by an etch process 
or by an ashing process such that the recessed top surface of 
the second organic planarization layer 60 is present below the 
horizontal plane including the top surface of the non-metallic 
hard mask layer 50. 
0042. In one embodiment, the upper portion of the second 
organic planarization layer 60 can be removed by a dry etch. 
The dry etch can be an anisotropic etch Such as a reactive ion 
etch, oran isotropic etch as chemical downstream etch. In one 
embodiment, the upper portion of the second organic pla 
narization layer 60 can be removed by an ashing process, in 
which the organic planarization material of the second 
organic planarization layer 60 combines with oxygen, 
becomes Volatilized, and is removed in a gas phase out of a 
processing chamber. 
0043. In one embodiment, the recessing of the upper por 
tion of the second organic planarization layer 60 can be per 
formed employing an etch process that is selective to the 
material of the non-metallic hard mask layer 50. In another 
embodiment, the recessing of the upper portion of the second 
organic planarization layer 60 can be performed employing 
an etch process that is not selective to the material of the 
non-metallic hard mask layer 50. 
0044) The second planarization layer 60 partially fills each 
cavity within the vertical stack of the metallic material layer 
30, the first organic planarization layer 40, and the non 
metallic hard mask layer 50 (if present). In one embodiment, 
the top surface of the remaining portion of the second organic 
planarization layer 60 within each cavity may have a concave 
top surface due to a dimple in the top Surface of the second 
organic planarization layer 60 as formed at the processing 
step of FIG.3 and due to the geometrical effects of the cavity 
59 during the recessing of the second organic planarization 
layer 60. 
0045 Referring to FIG. 5, the dielectric mask layer 50, if 
not collaterally etched during the recessing of the second 
organic planarization layer 60 at the processing step of FIG. 4. 
can be removed. The removal of the dielectric mask layer 50 
can be performed by an etch, which can be an anisotropic etch 
Such as a reactive ion etch or an isotropic etch Such as a wet 
etch. The etch process that is employed to remove the dielec 
tric mask layer 50 may, or may not, be selective to the mate 
rials of the first organic planarization layer 40 and/or the 
second organic planarization layer 60. A Suitable etch chem 
istry may be employed to remove the non-metallic hard mask 
layer 50 as known in the art. The presence of the organic 
planarization material of the second organic planarization 
layer 60 on the top surface of the dielectric material layer 20 
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provides protection for the top surface of the dielectric mate 
rial layer 20 underlying the cavity 59 from collateral etching 
during the removal of the non-metallic hard mask layer 50. 
0046 Referring to FIG. 6, the remaining lower portion of 
the second organic planarization layer 60 and the first organic 
planarization layer 40 are removed selective to the dielectric 
material in the dielectric material layer 20. The lower portion 
of the second organic planarization layer 60 and the first 
organic planarization layer 40 are removed simultaneously 
employing a same etch process. 
0047. In one embodiment, the lower portion of the second 
organic planarization layer 60 and the first organic planariza 
tion layer 40 can be removed by an ashing process, in which 
the organic planarization materials of the first and second 
organic planarization layers (40. 60) combine with oxygen, 
become volatilized, and are removed in a gas phase out of a 
processing chamber. In another embodiment, the lower por 
tion of the second organic planarization layer 60 and the first 
organic planarization layer 40 can be removed by a dry etch. 
The dry etch can be an anisotropic etch Such as a reactive ion 
etch, or an isotropic etch as chemical downstream etch. 
0048. The simultaneous removal of the lower portion of 
the second organic planarization layer 60 and the first organic 
planarization layer 40 can be performed employing a process 
that is selective to the material of the dielectric material layer 
20. In one embodiment, the height of the recessed top surface 
of the second organic planarization layer 60 during the recess 
etch at the processing step of FIG. 4 can be selected such that 
the top surface of the dielectric material layer 20 and the top 
surface of the metallic material layer 30 become physically 
exposed simultaneously, or with minimal differences in time. 
In this case, the overetch time needed to remove bottom most 
portions of the first and second organic planarization layers 
(40. 60) can be minimized, thereby minimizing any collateral 
damage to the physically exposed top Surface of the dielectric 
material layer 20. 
0049. After removal of the remaining lower portion of the 
second organic planarization layer 60 and the first organic 
planarization layer 40, the top surface of the dielectric mate 
rial layer 20 within the region of the cavity 59 becomes 
physically exposed again. Optionally, a Surface clean process 
may be performed to remove any residual material derived 
from the first and second organic planarization layers (40. 
60). For example, a wet clean employing the SC1 etch chem 
istry can be performed to remove organic residues from the 
top surfaces of the dielectric material layer 20 and the metallic 
material layer 30. The SC1 etch chemistry can employ, for 
example, a 1:1:5 solution of 27 volume 96 of ammonium 
hydroxide in water, 30 volume '% of hydrogen peroxide in 
water, and deionized water at a temperature range about 80° 
C. The duration of the wet etch can be optimized based on the 
thickness of the metallic material layer 30. 
0050 Additional material stacks can be subsequently 
deposited on the exemplary structure illustrated in FIG. 6. 
Such additional material stacks can include another metallic 
material layer and/or a doped or undoped semiconductor 
material layer and/or another dielectric material layer as 
known in the art. 
0051 Referring to FIG. 7, a vertical cross-sectional view 
of a variation of the exemplary structure is shown at the 
processing step corresponding to the processing step of FIG. 
3 for the exemplary structure. In the variation of the exem 
plary structure, the patterned photoresist layer 57 may not be 
completely consumed during the processing steps of FIG. 2. 
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The second organic planarization layer 60 is deposited into 
the cavity 59 and directly on a top surface and sidewalls of the 
patterned photoresist layer 57, the sidewalls of the non-me 
tallic hard mask layer 50, the sidewalls of the first organic 
planarization layer 40, the sidewalls of the metallic material 
layer 30, and the top surface of the dielectric material layer 
20. 

0.052 Subsequently, the processing steps of FIGS. 4-6 can 
be performed to provide the exemplary structure illustrated in 
FIG. 6. The remaining portions of the patterned photoresist 
layer 57 can be removed collaterally during the processing 
step of FIG. 4, i.e., during the recessing of the second organic 
planarization layer 60. 
0053. The various methods of the present disclosure can 
be employed to provide a dielectric material layer 20 in con 
tact with a bottom surface of a patterned metallic material 
layer 30 while minimizing structural or chemical damages to 
the physically exposed portions of the dielectric material 
layer 20. The methods of the present disclosure can be advan 
tageously employed in any device structure that requires a 
dielectric material layer with structural and chemical integ 
rity, i.e., a dielectric material layer with no, or minimal, struc 
tural and chemical changes in the dielectric material in 
regions that do not contact the metallic material layer 30. 
0054 An exemplary application of the methods of the 
present disclosure is patterning of a work function material 
layer formed directly on a top surface of a high-k dielectric 
material layer during formation of gate electrodes for field 
effect transistors. In this case, the high-k dielectric material 
layer can be the dielectric material layer 20 of the present 
disclosure, and the work function material layer can be the 
metallic material layer 30 of the present disclosure. The 
high-k dielectric material layer can be a predominant portion 
of gate dielectrics for the field effect transistors. As such, any 
structural or chemical damage to the high-k dielectric mate 
rial layer can be detrimental to performance and/or reliability 
of the field effect transistors that employ the high-k dielectric 
material layer as gate dielectrics. By minimizing the collat 
eral etching during the processing steps for removal of the 
non-metallic hard mask layer 50, the methods of the present 
disclosure enhances the performance and/or the reliability of 
semiconductor devices employing the dielectric material 
layer 20. 
0055 While the disclosure has been described in terms of 
specific embodiments, it is evident in view of the foregoing 
description that numerous alternatives, modifications and 
variations will be apparent to those skilled in the art. Each of 
the various embodiments of the present disclosure can be 
implemented alone, or in combination with any other 
embodiments of the present disclosure unless expressly dis 
closed otherwise or otherwise impossible as would be known 
to one of ordinary skill in the art. Accordingly, the disclosure 
is intended to encompass all such alternatives, modifications 
and variations which fall within the scope and spirit of the 
disclosure and the following claims. 
What is claimed is: 

1. A method of forming a patterned structure comprising: 
forming a vertical stack including, from bottom to top, a 

metallic material layer, a first organic planarization 
layer, and a non-metallic hard mask layer over a dielec 
tric material layer on a Substrate; 

forming a cavity though said non-metallic hard mask layer, 
said first organic planarization layer, and said metallic 
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material layer, wherein a top surface of said dielectric 
material layer is physically exposed underneath said 
cavity; 

applying a second organic planarization layer in said cavity 
and over said non-metallic hard mask layer, 

recessing an upper portion of said second organic pla 
narization layer; 

removing said non-metallic hard mask layer; and 
removing a lower portion of said second organic planariza 

tion layer and said first organic planarization layer, 
wherein said top surface of said dielectric material layer 
is physically exposed again. 

2. The method of claim 1, wherein said lower portion of 
said second organic planarization layer and said first organic 
planarization layer are removed simultaneously. 

3. The method of claim 1, further comprising: 
forming a patterned photoresist layer over said non-metal 

lic hard mask layer; and 
transferring a pattern in said patterned photoresist layer 

through said non-metallic hard mask layer, said first 
organic planarization layer, and said metallic material 
layer employing at least one anisotropic etch. 

4. The method of claim 3, wherein said pattern in said 
patterned photoresist layer includes an opening, and said 
cavity is formed in a region underlying said opening in said 
patterned photoresist layer. 

5. The method of claim 3, wherein said second organic 
planarization layer is formed directly on a top Surface and 
sidewalls of a remaining portion of said patterned photoresist 
layer that remains after said at least one anisotropic etch. 

6. The method of claim 5, further comprising removing 
said remaining portion of said patterned photoresist layer 
during recessing of said upper portion of said second organic 
planarization layer. 

7. The method of claim 3, wherein said second organic 
planarization layer is formed directly on a top surface of said 
non-metallic hard mask layer. 

8. The method of claim 3, wherein said second organic 
planarization layer is formed by spin coating of an organic 
planarization material. 

9. The method of claim 1, wherein sidewalls of said non 
metallic hard mask layer and sidewalls of said first organic 
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planarization layer are vertically coincident among one 
another after formation of said cavity. 

10. The method of claim 1, wherein said first organic pla 
narization layer is etched by a dry etch, and said metallic 
material layer is etched by a wet etch during formation of said 
trench. 

11. The method of claim 1, wherein said upper portion and 
said lower portion of said second organic planarization layer 
are removed by dry etches. 

12. The method of claim 1, wherein said recessing of said 
upper portion of said second organic planarization layer is 
performed employing an anisotropic etch process that is 
selective to a material of said non-metallic hard mask layer. 

13. The method of claim 1, wherein removal of said lower 
portion of said second organic planarization layer and said 
first organic planarization layer is performed employing a dry 
etch that is selective to said dielectric material layer. 

14. The method of claim 1, wherein removal of said lower 
portion of said second organic planarization layer and said 
first organic planarization layer is performed employing an 
ashing process. 

15. The method of claim 1, wherein said dielectric material 
layer includes a dielectric material having a dielectric con 
stant greater than 7.9. 

16. The method of claim 15, wherein said dielectric mate 
rial layer includes a dielectric metal oxide. 

17. The method of claim 1, wherein said non-metallic hard 
mask layer includes a silicon oxide material, a silicon nitride 
material, or a silicon oxynitride material, and is deposited by 
chemical vapor deposition. 

18. The method of claim 1, wherein said non-metallic hard 
mask layer includes a silicon-containing antireflective coat 
ing material. 

19. The method of claim 1, wherein said metallic material 
layer comprises a material selected from an elemental metal, 
an alloy of at least two elemental metals, a compound of at 
least one metal and nitrogen, a compound of at least one metal 
and carbon, and a stack thereof. 

20. The method of claim 1, wherein each of said first and 
second organic planarization layer includes a non-photosen 
sitive organic polymer material. 
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