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(57) ABSTRACT 

A method for semiconductor fabrication includes providing 
mask layers on opposite sides of a Substrate, the Substrate 
having one or more mandrels. Dummy spacers are formed 
along a periphery of the mask layers. A dummy gate 
structure is formed between the dummy spacers. The 
dummy Spacers are removed to provide a recess. Low-k 
spacers are formed in the recess. 
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Providing mask ayers on opposite sides of a Substrate, 
the Substrate having one or more mand reis 
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Forming dummy spacers along a periphery of the mask layers and 
forming a dummy gate Structure between the dummy Spacers 

24 

Selectively etching the dummy spacers to provide a recess 
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Forming low-k spacers in the recess 

Epitaxially merging source f drain regions of neighboring rand reis 
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LOW-K SPACER FOR RMG FINFET 
FORMATION 

BACKGROUND 

0001 Technical Field 
0002 The present invention relates to semiconductor 
fabrication, and more particularly to the fabrication of a 
low-K spacer for replacement metal gate fin field effect 
transistor. 
0003. Description of the Related Art 
0004. The replacement metal gate (RMG) fin field effect 
transistor (finFET) fabrication process typically includes 
first patterning the gate, followed by conformal spacer 
deposition, spacer etch, and then source/drain epitaxial 
merge. However, the spacer etch step can introduce both fin 
erosion in the source/drain area and also top corner rounding 
of the dummy gate hard mask. Source/drain fin erosion 
raises fin epitaxial merge concerns. Gate hard mask top 
corner rounding can potentially cause epitaxial nodules at 
Source/drain epitaxial merge. 

SUMMARY 

0005. A method for semiconductor fabrication includes 
providing mask layers on opposite sides of a substrate, the 
Substrate having one or more mandrels. Dummy spacers are 
formed along a periphery of the mask layers. A dummy gate 
structure is formed between the dummy spacers. The 
dummy Spacers are removed to provide a recess. Low-k 
spacers are formed in the recess. 
0006. A method for semiconductor fabrication includes 
providing mask layers on opposite sides of a substrate, the 
Substrate having one or more mandrels. Dummy spacers are 
formed along a periphery of the mask layers. A dummy gate 
structure is formed between the dummy spacers. The 
dummy Spacers are removed to provide a recess. Low-k 
spacers are formed in the recess. The mask layers are 
removed to form raised source/drain regions such that 
Source/drain regions of neighboring mandrels are epitaxially 
merged. The dummy gate structure is removed and a 
replacement metal gate structure is formed. 
0007. A semiconductor device includes a substrate hav 
ing one or more mandrels formed thereon. A replacement 
gate structure is formed over the one or more mandrels. 
Low-k spacers are formed about a periphery of the replace 
ment gate structure, the low-k spacers extending through the 
one or more mandrels to an underlying oxide layer. Raised 
Source/drain regions are also formed. 
0008. These and other features and advantages will 
become apparent from the following detailed description of 
illustrative embodiments thereof, which is to be read in 
connection with the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0009. The disclosure will provide details in the following 
description of preferred embodiments with reference to the 
following figures wherein: 
0010 FIG. 1A shows a top-down view of a semiconduc 
tor device having mandrels formed on a Substrate and mask 
layers formed at opposite end portions of the Substrate, in 
accordance with one illustrative embodiment; 
0.011 FIG. 1B shows a cross-sectional view of the semi 
conductor device in FIG. 1A along section line 1A-1A, in 
accordance with one illustrative embodiment; 
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0012 FIG. 2A shows a top-down view of the semicon 
ductor device having dummy Spacers formed along a periph 
ery of the mask layers, in accordance with one illustrative 
embodiment; 
0013 FIG. 2B shows a cross-sectional view of the semi 
conductor device in FIG. 2A along section line 1A-1A, in 
accordance with one illustrative embodiment; 
0014 FIG. 3A shows a top-down view of the semicon 
ductor device having a dummy gate structure formed 
between the dummy spacers, in accordance with one illus 
trative embodiment; 
0015 FIG. 3B shows a cross-sectional view of the semi 
conductor device in FIG. 3A along section line 1A-1A, in 
accordance with one illustrative embodiment; 
0016 FIG. 4A shows a top-down view of the semicon 
ductor device having dummy spacers removed and low-k 
spacers formed, in accordance with one illustrative embodi 
ment; 
0017 FIG. 4B shows a cross-sectional view of the semi 
conductor device in FIG. 4A along section line 1A-1A, in 
accordance with one illustrative embodiment; 
0018 FIG. 5A shows a top-down view of the semicon 
ductor device having raised source/drain regions formed for 
epitaxial merging, in accordance with one illustrative 
embodiment; 
0019 FIG. 5B shows a cross-sectional view of the semi 
conductor device in FIG. 5A along section line 1A-1A, in 
accordance with one illustrative embodiment; 
0020 FIG. 6A shows a top-down view of the semicon 
ductor device having the dummy gate structure removed, in 
accordance with one illustrative embodiment; 
0021 FIG. 6B shows a cross-sectional view of the semi 
conductor device in FIG. 6A along section line 1A-1A, in 
accordance with one illustrative embodiment; 
0022 FIG. 7A shows a top-down view of the semicon 
ductor device having a replacement metal gate structure, in 
accordance with one illustrative embodiment; 
0023 FIG. 7B shows a cross-sectional view of the semi 
conductor device in FIG. 7A along section line 1A-1A, in 
accordance with one illustrative embodiment; and 
0024 FIG. 8 is a block/flow diagram showing a method 
for fabricating a semiconductor device having low-k spac 
ers, in accordance with one illustrative embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0025. In accordance with the present principles, semi 
conductor devices and methods of fabrication are provided 
for the formation of a low-k spacer for a replacement metal 
gate (RMG) fin field effect transistor (finFET). A semicon 
ductor substrate is first provided having a buried oxide layer 
(BOX) and silicon on insulator (SOI) formed thereon. The 
SOI layer may be patterned to form one or more mandrels 
or fins. Mask layers are formed on opposite end portions of 
the substrate. 
0026. Dummy spacers are formed along a periphery of 
the masks layers. A dummy gate structure is then formed 
between the dummy spacers. The dummy spacers are 
removed by etching to provide an opening. The etch pref 
erably is applied through the mandrels to an underlying 
oxide layer. Low-k spacers are formed in the opening. The 
mask is removed and raised source/drain regions are formed 
Such that source? drain regions of neighboring mandrels are 
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epitaxially merged. The dummy gate is removed and a 
replacement metal gate is formed. 
0027. A low-k spacer for RMG finFET formation is 
provided using a replacement dummy spacer, where the 
dummy spacer is formed first and replaced by the real 
spacer. This enables a spacer with a lower dielectric constant 
in a finFET structure with excellent gate encapsulation for 
better manufacturability. One advantage of the present prin 
ciples is that the spacer formation won’t need to be confor 
mal. Additionally, fin erosion and gate top hard mask corner 
rounding can be mitigated. The present principles provide 
for more potential material options for spacer formation. 
0028. It is to be understood that the present invention will 
be described in terms of a given illustrative architecture 
having a wafer; however, other architectures, structures, 
Substrate materials and process features and steps may be 
varied within the scope of the present invention. 
0029. It will also be understood that when an element 
Such as a layer, region or Substrate is referred to as being 
“on” or “over another element, it can be directly on the 
other element or intervening elements may also be present. 
In contrast, when an element is referred to as being “directly 
on” or “directly over another element, there are no inter 
vening elements present. It will also be understood that 
when an element is referred to as being “connected” or 
“coupled to another element, it can be directly connected or 
coupled to the other element or intervening elements may be 
present. In contrast, when an element is referred to as being 
“directly connected” or “directly coupled to another ele 
ment, there are no intervening elements present. 
0030. A design for an integrated circuit chip may be 
created in a graphical computer programming language, and 
stored in a computer storage medium (such as a disk, tape, 
physical hard drive, or virtual hard drive such as in a storage 
access network). If the designer does not fabricate chips or 
the photolithographic masks used to fabricate chips, the 
designer may transmit the resulting design by physical 
means (e.g., by providing a copy of the storage medium 
storing the design) or electronically (e.g., through the Inter 
net) to such entities, directly or indirectly. The stored design 
is then converted into the appropriate format (e.g., GDSII) 
for the fabrication of photolithographic masks, which typi 
cally include multiple copies of the chip design in question 
that are to be formed on a wafer. The photolithographic 
masks are utilized to define areas of the wafer (and/or the 
layers thereon) to be etched or otherwise processed. 
0031 Methods as described herein may be used in the 
fabrication of integrated circuit chips. The resulting inte 
grated circuit chips can be distributed by the fabricator in 
raw wafer form (that is, as a single wafer that has multiple 
unpackaged chips), as a bare die, or in a packaged form. In 
the latter case the chip is mounted in a single chip package 
(such as a plastic carrier, with leads that are affixed to a 
motherboard or other higher level carrier) or in a multichip 
package (such as a ceramic carrier that has either or both 
Surface interconnections or buried interconnections). In any 
case the chip is then integrated with other chips, discrete 
circuit elements, and/or other signal processing devices as 
part of either (a) an intermediate product, such as a moth 
erboard, or (b) an end product. The end product can be any 
product that includes integrated circuit chips, ranging from 
toys and other low-end applications to advanced computer 
products having a display, a keyboard or other input device, 
and a central processor. 
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0032 Reference in the specification to “one embodi 
ment” or “an embodiment of the present principles, as well 
as other variations thereof, means that a particular feature, 
structure, characteristic, and so forth described in connection 
with the embodiment is included in at least one embodiment 
of the present principles. Thus, the appearances of the phrase 
“in one embodiment’ or “in an embodiment, as well any 
other variations, appearing in various places throughout the 
specification are not necessarily all referring to the same 
embodiment. 
0033. It is to be appreciated that the use of any of the 
following “7”, “and/or, and “at least one of, for example, 
in the cases of "A/B', 'A and/or B.’ and “at least one of A 
and B, is intended to encompass the selection of the first 
listed option (A) only, or the selection of the second listed 
option (B) only, or the selection of both options (A and B). 
As a further example, in the cases of “A, B, and/or C and 
“at least one of A, B, and C, such phrasing is intended to 
encompass the selection of the first listed option (A) only, or 
the selection of the second listed option (B) only, or the 
selection of the third listed option (C) only, or the selection 
of the first and the second listed options (A and B) only, or 
the selection of the first and third listed options (A and C) 
only, or the selection of the second and third listed options 
(B and C) only, or the selection of all three options (A and 
B and C). This may be extended, as readily apparent by one 
of ordinary skill in this and related arts, for as many items 
listed. 
0034) Referring now to the drawings in which like 
numerals represent the same or similar elements and initially 
to FIG. 1A and FIG. 1B, a semiconductor device 100 is 
illustratively depicted in accordance with one embodiment. 
FIG. 1A shows a top-down view of the semiconductor 
device 100. FIG. 1B shows a cross-sectional view of the 
semiconductor device 100 along section line 1A-1A. 
0035. The semiconductor structure 100 is formed in a 
semiconductor substrate 102, which may include bulk sili 
con, monocrystalline silicon, germanium, gallium arsenide, 
or any other Suitable material or combination of materials. 
Substrate 102 preferably includes a buried oxide (BOX) 
layer 104 and semiconductor-on-insulator (SOI) layer (not 
shown) formed in or on the substrate 102. BOX layer 104 
may include silicon dioxide, silicon nitride, or any other 
suitable dielectric material. SOI layer may include any 
Suitable semiconductor Such as, e.g., silicon, germanium, 
silicon germanium, a group III-V semiconductor Such as, 
e.g., gallium arsenide, a group II-VI semiconductor, etc. 
0036. Mandrels 106 are formed from the SOI layer. 
While the device 100 in FIG. 1A is shown having two 
mandrels 106, it should be understood that the device 100 
may include more or less than two mandrels 106. Formation 
of the mandrels 106 may include a lithographic process to 
form a mask layer (not shown) and etch exposed portions of 
the SOI layer to form mandrels 106. Mandrels 106 prefer 
ably have a width of or about, e.g., 20-25 nanometers. The 
mandrels 106 are shown having the mask layer from the 
lithographic mandrel patterning step removed. However, in 
one embodiment, the mask layer from the lithographic 
mandrel patterning step may remain over the mandrels 106. 
0037. In some embodiments, the mandrels 106 may 
include fin structures. Finstructures refer to a semiconductor 
material, which is employed as the body of a semiconductor 
device, in which the gate structure is positioned around the 
fin structure such that charge flows down the channel on the 
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two sidewalls of the fin structure and optionally along the 
top surface of the fin structure. The semiconductor structure 
100 may further comprise other features or structures that 
are formed in previous process steps. 
0038 Gate trench masks 108 are formed on opposite end 
portions of the semiconductor structure 100. The gate trench 
masks 108 preferably have a width of or about, e.g., 10 
nanometers. The gate trench masks 108 preferably include 
hardmasks and may be formed by deposition, photolithog 
raphy and etching. The gate trench masks 108 may include 
oxides, nitrides, oxynitrides or any other Suitable material. 
Preferably, the gate trench masks 108 include silicon nitride. 
0039 Referring now to FIG. 2A and FIG. 2B, dummy 
spacers 110 are formed using known processes. FIG. 2A 
shows a top-down view of the semiconductor device 100. 
FIG. 2B shows a cross-sectional view of the semiconductor 
device 100 along sectional line 1A-1A. 
0040. The dummy spacers 110 are formed along a periph 
ery of the trench masks 108 and over and above portions of 
the BOX layer 104 and mandrels 108. Preferably, the 
dummy spacers 110 have a width of or about, e.g., 4 
nanometers. The dummy spacers 110 may include any 
material that may be selectively removed. In one embodi 
ment, the dummy Spacers 110 may include silicon oxide, 
silicon nitride, silicon oxynitride, silicon carbide, fluoride 
doped silicate glass (FSG), combinations thereof, and/or any 
other suitable material. In one particularly useful embodi 
ment, the dummy spacers 110 are formed by depositing a 
nitride material and performing a reactive ion etch (RIE) to 
form the spacers. 
0041 Referring now to FIG. 3A and FIG.3B, a sacrificial 
gate structure 112 is formed. FIG. 3A shows a top-down 
view of the semiconductor device 100. FIG. 3B shows a 
cross-sectional view of the semiconductor device 100 along 
sectional line 1A-1A. 
0042. The sacrificial gate structure 112 may also be 
referred to as a dummy gate. The dummy gate 112 is formed 
between dummy spacers 110 and over and above exposed 
portions of the BOX layer 104 and mandrels 108. The 
dummy gate 112 may comprise any suitable material that 
can be selectively etched to the underlying mandrel 106. For 
example, the dummy gate 112 may be composed of a 
semiconductor material. Such as, e.g., polycrystalline sili 
con, amorphous silicon, microcrystal silicon, or any other 
Suitable material or combinations of materials. Although, the 
dummy gate 112 is typically composed of a semiconductor 
material, the dummy gate 112 may also be composed of a 
dielectric material. Such as an oxide, nitride or oxynitride 
material, or amorphous carbon. In one particularly useful 
embodiment, forming the dummy gate 112 may include 
depositing the, e.g., polycrystalline silicon material and 
performing chemical-mechanical planarization (CMP). 
0043. Referring now to FIG. 4A and FIG. 4B, the dummy 
spacers 110 are removed and low-k spacers 114 are formed. 
FIG. 4A shows a top-down view of the semiconductor 
device 100. FIG. 4B shows a cross-sectional view of the 
semiconductor device 100 along sectional line 1A-1A. 
0044) Removal of the dummy spacers 110 preferably 
includes etching the dummy spacers 110. The etch is applied 
through the underlying fin layer 106 to the surface of the 
BOX layer 104. The etch of the dummy spacers 110 has 
minimal erosion to the gate 120 (formed later) and mandrels 
106. A low-k spacer material is deposited in the resulting 
opening to form low-k spacers 114. The low-k spacer 
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deposition may include non-conformal chemical vapor 
deposition (CVD) techniques. 
0045. A low-k spacer is a spacer having a dielectric 
constant less than the dielectric constant of silicon nitride at 
room temperature. For example, the low-k spacer may have 
a dielectric constant of or about 7.0 or less, and preferably 
at or about, e.g., 5.0. Examples of low-k materials include, 
but are not limited to, hydrogen silsesquioxane polymer 
(HSQ), methyl silsesquioxane polymer (MSQ), polyphe 
nylene oligomer, methyl doped silica or SiOx(CH3)y or 
SiCXOyHy or SiOCH, organosilicate glass (SiCOH) and 
porous SiCOH, silicon oxide, boron nitride, silicon oxyni 
tride and the like. The low-k material may be deposited by 
using any Suitable techniques such as, e.g., chemical vapor 
deposition and spin-on coating. 
0046 Referring now to FIG. 5A and FIG. 5B, the masks 
108 are removed. FIG. 5A shows a top-down view of the 
semiconductor device 100. FIG. 5B shows a cross-sectional 
view of the semiconductor device 100 along sectional line 
1A-1A. 
0047. The masks 108 are preferably etched to expose 
source/drain regions of the mandrels 106. Raised source/ 
drain regions 118 are formed by epitaxial growth. Epitaxial 
growth may include depositing silicon seeds on a silicon 
wafer, e.g., mandrels 106. The process is selective such that 
the silicon only grows on exposed portions of the silicon of 
the mandrels 106 and does not grow on oxide or nitride 
Surfaces. The epitaxial growth may continue until the raised 
source/drain regions 118 reach a desired height measured 
from an upper surface of the mandrels 106. The epitaxial 
growth is performed to provide an epitaxial merge of sources 
and drains of neighboring mandrels 106. An oxide 116 is 
then deposited over the raised source/drain regions 118. 
0048 Referring now to FIG. 6A and FIG. 6B, the dummy 
gate 112 is removed. FIG. 6A shows a top-down view of the 
semiconductor device 100. FIG. 6B shows a cross-sectional 
view of the semiconductor device 100 along sectional line 
1A-1A. The dummy gate 112 is etched to provide an opening 
120. The etch may include, e.g., a wet etch comprising 
diluted hydrofluoric acid (DHF) and hot ammonia, or 
TetraMethyl Ammonium Hydroxide (TMAH). The opening 
120 exposes fins 106 and BOX layer 104, shown in FIG. 6A. 
0049 Referring now to FIG. 7A and FIG. 7B, a replace 
ment gate structure 122 is formed in the opening 120 using 
conventional processing steps. FIG. 7A shows a top-down 
view of the Semiconductor device 100. FIG. 7B shows a 
cross-sectional view of the semiconductor device 100 along 
sectional line 1A-1A. The gate structure 120 preferably 
includes a replacement metal gate (RMG) structure. The 
RMG 120 structure includes at least one gate dielectric and 
at least one gate conductor. The gate structure 120 may be 
formed before or after the epitaxial merge shown in FIGS. 
7A and 7B. 
0050. The device 100 provides fin field effect transistors 
(finFET) having low-k spacers without going through the 
spacer etch step. One advantage is that spacer formation 
does not need to be conformal and fin erosion and gate top 
hard mask corner rounding can be mitigated. There are also 
more potential material options for spacer formation. 
0051 Referring now to FIG. 7, a block/flow diagram 
showing a method of semiconductor fabrication 200 is 
illustratively depicted in accordance with one embodiment. 
In block 202, mask layers are provided on opposite sides of 
a substrate. The substrate preferably includes an SOI layer 
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formed over a BOX layer. The SOI layer is patterned to form 
one or more mandrels (e.g., fins). The mask layers are 
formed across opposite end portions of the one or more 
mandrels. 
0052. In block 204, dummy spacers are formed along a 
periphery of the mask layers and a dummy gate structure is 
formed between the dummy spacers. In block 206, the 
dummy spacers are removed to provide a recess. Preferably, 
the recess extends through the underlying mandrels to a 
surface of the BOX layer. In block 208, low-k spacers are 
formed in the recess. A low-k spacer is a spacer having a 
dielectric constant less than the dielectric constant of silicon 
nitride at room temperature, e.g., 7.0 or less, and preferably 
about, e.g., 5.0. 
0053. In block 210, the mask layers are removed to 
expose source/drain regions of the mandrels. Raised source? 
drain regions may be formed by epitaxial growth. The 
epitaxial growth may provide an epitaxial merge of Sources 
and drains of neighboring mandrels. The raised source/drain 
regions may then be covered by an oxide. 
0054. In block 212, the dummy gate structure is removed 
to expose mandrels and the BOX layer. A replacement gate 
structure may be formed using known processing steps. 
Preferably, the replacement gate structure includes a 
replacement metal gate structure. 
0055 Having described preferred embodiments of a 
method and device for low-K spacer for RMG finFET 
formation (which are intended to be illustrative and not 
limiting), it is noted that modifications and variations can be 
made by persons skilled in the art in light of the above 
teachings. It is therefore to be understood that changes may 
be made in the particular embodiments disclosed which are 
within the scope of the invention as outlined by the 
appended claims. Having thus described aspects of the 
invention, with the details and particularity required by the 
patent laws, what is claimed and desired protected by Letters 
Patent is set forth in the appended claims. 
What is claimed is: 
1. A semiconductor device, comprising: 
a Substrate having one or more mandrels formed thereon; 
a replacement gate structure formed over the one or more 

mandrels; 
low-k spacers formed about a periphery of the replace 
ment gate structure, the low-k spacers extending 
through the one or more mandrels to an underlying 
oxide layer, and 

raised source/drain regions. 
2. The device as recited in claim 1, wherein source? drain 

regions for neighboring mandrels are epitaxially merged. 
3. The device as recited in claim 1, wherein the low-k 

spacers are non-conformal. 
4. The device as recited in claim 1, further comprising an 

oxide formed over the raised source/drain regions. 
5. The device as recited in claim 1, wherein the replace 

ment gate structure includes a replacement metal gate struc 
ture. 

6. The device as recited in claim 1, wherein the one or 
more mandrels include one or more fins. 

7. The device as recited in claim 1, wherein the low-k 
spacer is comprised of a material selected from the group 

Feb. 9, 2017 

consisting of hydrogen silsesquioxane polymer (HSQ), 
methyl silsesquioxane polymer (MSQ), polyphenylene oli 
gomer, methyl doped silica, SiO,(CH4), SiC.O.H. SiOCH, 
organosilicate glass (SiCOH), porous SiCOH, silicon oxide, 
boron nitride, silicon oxynitride and combinations thereof. 

8. A semiconductor device, comprising: 
a Substrate having one or more mandrels formed thereon; 
a replacement gate structure formed over the one or more 

mandrels; 
low-k spacers formed about a periphery of the replace 

ment gate structure, the low-k spacers extending 
through the one or more mandrels to an underlying 
oxide layer, and 

epitaxially merged raised source/drain regions. 
9. The device as recited in claim 8, wherein the low-k 

spacers are non-conformal. 
10. The device as recited in claim 8, further comprising an 

oxide formed over the raised source/drain regions. 
11. The device as recited in claim 8, wherein the replace 

ment gate structure includes a replacement metal gate struc 
ture. 

12. The device as recited in claim 8, wherein the one or 
more mandrels include one or more fins. 

13. The device as recited in claim 8, wherein the low-k 
spacer is comprised of a material selected from the group 
consisting of hydrogen silsesquioxane polymer (HSQ), 
methyl silsesquioxane polymer (MSQ), polyphenylene oli 
gomer, methyl doped silica, SiO,(CH4), SiC.O.H. SiOCH, 
organosilicate glass (SiCOH), porous SiCOH, silicon oxide, 
boron nitride, silicon oxynitride and combinations thereof. 

14. A semiconductor device, comprising: 
a Substrate having one or more mandrels formed thereon; 
a replacement gate structure formed over the one or more 

mandrels; 
low-k spacers formed about a periphery of the replace 

ment gate structure, the low-k spacers extending 
through the one or more mandrels to an underlying 
oxide layer, wherein the low-k spacers are non-confor 
mal; and 

raised source/drain regions. 
15. The device as recited in claim 14, wherein source? 

drain regions for neighboring mandrels are epitaxially 
merged. 

16. The device as recited in claim 14, further comprising 
an oxide formed over the raised source? drain regions. 

17. The device as recited in claim 14, wherein the 
replacement gate structure includes a replacement metal gate 
Structure. 

18. The device as recited in claim 14, wherein the one or 
more mandrels include one or more fins. 

19. The device as recited in claim 14, wherein have a 
dielectric constant less than 5.0 

20. The device as recited in claim 14, wherein the low-k 
spacer is comprised of a material selected from the group 
consisting of hydrogen silsesquioxane polymer (HSQ), 
methyl silsesquioxane polymer (MSQ), polyphenylene oli 
gomer, methyl doped silica, SiO,(CH4), SiC.O.H. SiOCH, 
organosilicate glass (SiCOH), porous SiCOH, silicon oxide, 
boron nitride, silicon oxynitride and combinations thereof. 

k k k k k 


