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(57) ABSTRACT 

In one embodiment, the present invention relates to a 
method of forming a silicon oXynitride antire?ection coating 
over a metal layer, involving the steps of providing a 
semiconductor substrate comprising the metal layer over at 
least part of the semiconductor substrate; depositing a sili 
con oXynitride layer over the metalolayer having a thickness 
from about 100 A to about 1500 A; and forming an oxide 
layer having a thickness from about 5 A to about 50 A over 
the silicon oXynitride layer to provide the silicon oXynitride 
antire?ection coating. In another embodiment, the present 
invention relates to a method of reducing an apparent 
re?ectivity of a metal layer having a ?rst re?ectivity in a 
semiconductor structure, involing forming a silicon oXyni 
tride antire?ection coating over the metal layer; Wherein the 
silicon oXynitride antire?ection coating formed over the 
metal layer has a second re?ectivity and is formed by 
depositing silicon oXynitride on the metal layer by chemical 
vapor deposition and forming an oxide layer over the silicon 
oXynitride, and the difference between the ?rst re?ectivity 
and the second re?ectivity is at least about 60%. 
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USE OF SILICON OXYNITRIDE ARC FOR METAL 
LAYERS 

TECHNICAL FIELD 

[0001] The present invention generally relates to making 
and using a silicon oxynitride antire?ection coating over 
highly re?ective underlying layers. In particular, the present 
invention relates to providing a silicon oxynitride antire?ec 
tion coating having an oxide layer Well suited for use With 
deep UV photoresists. 

BACKGROUND ART 

[0002] Microlithography processes for making miniatur 
iZed electronic components, such as in the fabrication of 
computer chips and integrated circuits, involve using pho 
toresists. Generally, a coating or ?lm of a photoresist is 
applied to a substrate material, such as a silicon Wafer used 
for making integrated circuits. The substrate may contain 
any number of layers or devices thereon. The photoresist 
coated substrate is baked to evaporate any solvent in the 
photoresist composition and to ?x the photoresist coating 
onto the substrate. The baked coated surface of the substrate 
is next subjected to selective radiation; that is, an image 
Wise exposure to radiation. 

[0003] This radiation exposure causes a chemical trans 
formation in the exposed areas of the photoresist coated 
surface. Types of radiation commonly used in microlitho 
graphic processes include visible light, ultraviolet (UV) 
light, electron beam and X-ray radiant energy. After selec 
tive exposure, the photoresist coated substrate is treated With 
a developer solution to dissolve and remove either the 
radiation-exposed or the unexposed areas of the photoresist. 

[0004] Especially With the trend toWards miniaturiZation 
of semiconductor devices, there are problems that result 
from the back re?ection of light from highly re?ective 
substrates (back re?ection from layers underneath the pho 
toresist). TWo deleterious effects of back re?ectivity are thin 
?lm interference and re?ective notching. Thin ?lm interfer 
ence results in a changes in critical lineWidth dimensions 
caused by variations in the total light intensity in the 
photoresist ?lm as the thickness of the photoresist changes. 
Re?ective notching becomes severe as the photoresist is 
patterned over substrates containing topographical features, 
Which tend to scatter light through the photoresist ?lm, 
leading to lineWidth variations, and in extreme cases, form 
ing regions With complete photoresist loss. 

[0005] Dyed photoresists have been utiliZed in an effort to 
solve these re?ectivity problems. HoWever, dyed photore 
sists only reduce re?ectivity from the underlying substrate, 
they do not totally eliminate the re?ectivity. Additional 
shortcomings associated With dyed photoresists are that 
dyed photoresists tend to cause reduction in the lithographic 
performance of the photoresist, the undesirable possible 
sublimation of the dye, and incompatibility of the dye in the 
photoresist ?lms. 

[0006] To prevent re?ection of activating radiation into a 
photoresist coating, it is knoWn to provide antire?ection 
layers or antire?ection coatings (ARCs) betWeen a substrate 
and a photoresist layer. ARCs generally function by absorb 
ing the radiation used for exposing the photoresist; that is, 
reducing re?ectivity at the photoresist/underlying substrate 
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interface. ARCs may comprise an absorbing dye dispersed 
in a polymer binder, though some polymers contain suf? 
cient chromopores (or characteristics thereof) Whereby a dye 
is not required. When used, the dye is selected to absorb and 
attenuate radiation at the Wavelength used to expose the 
photoresist layer thus reducing the incidence of radiation 
re?ected back into the photoresist layer. During conven 
tional processing of an integrated circuit substrate coated 
With the combination of an ARC and a photoresist layer, the 
photoresist is patterned to form a mask de?ning a desired 
pattern. 

[0007] To alter the underlying substrate, the ARC must be 
removed to bare the underlying substrate in a desired 
pattern. HoWever, there are problems associated With 
removal of the ARC including incomplete removal, and/or 
undesirable damage, removal or interaction With the photo 
resist or underlying substrate. In addition to dif?culties 
associated With removal of an ARC, other problems are 
often encountered When an ARC is used in combination With 
a photoresist coating. One such problem is that of selecting 
an antire?ective coating that is compatible With the photo 
resist used. The ARC should be inert With respect to the 
photoresist coating While ?rmly bonding to the photoresist 
coating. Another problem is that of selecting an ARC that 
?rmly bonds to the underlying substrate to avoid lift-off of 
the unremoved photoresist coating (from development) dur 
ing processing of the underlying substrate. There are also 
problems associated With selecting ARCs having desirable 
properies at certain Wavelengths that simultaneously possess 
the above mentioned desirable compatibility properties. 

[0008] Titanium nitride is conventionally used as an ARC. 
HoWever, When a titanium nitride ARC is used over a metal 
layer having a high re?ectivity (for example, about 80%), 
re?ectivity concerns continue to exist, especially at shorter 
Wavelength irradiation (for example, about 248 nm or 365 
nm). This is because the re?ectivity of a titanium nitride 
ARC over a metal layer generally does not go beloW about 
25%. 

[0009] Moreover, With speci?c regard to deep ultraviolet 
(UV) photoresists, compatibility concerns exist With ARCs 
that contain nitrogen. This is because nitrogen deleteriously 
effects deep UV photoresists. In particular, nitrogen may 
migrate from the ARC and poison a deep UV photoresist by 
desensitiZing them to UV light, thus inhibiting development 
of the photoresist. DesensitiZed deep UV photoresists 
exhibit extremely poor pattern de?nition after development. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides an ARC containing 
a silicon oxynitride layer and an oxide layer With improved 
optical characteristics that lead to improved critical dimen 
sion control. The present invention also provides a silicon 
oxynitride ARC that is compatible With deep UV photore 
sists since a thin oxide layer prevents nitrogen from the 
silicon oxynitride layer from contacting an overlying pho 
toresist, more extensively enabling the use of deep UV 
photoresists. The presence of the thin oxide layer over the 
silicon oxynitride layer enable reWorking of the photoresist 
since the oxide layer is not damaged and protects the silicon 
oxynitride layer from attack by reWorking chemicals. More 
over, the present invention provides a silicon oxynitride 
ARC that may be tailored to the optical properties of an 
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underlying metal layer. As a result, the present invention 
effectively addresses the concerns raised by the trend 
toWards the miniaturiZation of semiconductor devices. 

[0011] In one embodiment, the present invention relates to 
a method of forming a silicon oXynitride antire?ection 
coating over a metal layer, involving the steps of providing 
a semiconductor substrate comprising the metal layer over at 
least part of the semiconductor substrate; depositing a sili 
con oXynitride layer over the metal layer having a thickness 
from about 100 A to about 1500 A; and forming an oXide 
layer having a thickness from about 5 A to about 50 A over 
the silicon oXynitride layer to provide the silicon oXynitride 
antire?ection coating. 

[0012] In another embodiment, the present invention 
relates to a method of reducing an apparent re?ectivity of a 
metal layer having a ?rst re?ectivity in a semiconductor 
structure, involing forming a silicon oXynitride antire?ection 
coating over the metal layer; Wherein the silicon oXynitride 
antire?ection coating formed over the metal layer has a 
second re?ectivity and is formed by depositing silicon 
oXynitride on the metal layer by chemical vapor deposition 
and forming an oXide layer over the silicon oXynitride, and 
the difference betWeen the ?rst re?ectivity and the second 
re?ectivity is at least about 60%. 

[0013] In yet another embodiment, the present invention 
relates to a method of processing a semiconductor substrate, 
involving the steps of providing a semiconductor substrate 
comprising a metal layer having a re?ectivity of at least 
80%; forming a silicon oXynitride antire?ection coating over 
the metal layer having a thickness from about 100 A to about 
1500 A, the silicon oXynitride antire?ection coating com 
prising an oXide layer over a silicon oXynitride layer; 
depositing a deep ultraviolet photoresist over the silicon 
oXynitride antire?ection coating; selectively irradiating the 
deep ultraviolet photoresist With electromagnetic radiation 
having a Wavelength of about 248 nm or less; and devel 
oping the deep ultraviolet photoresist. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] FIG. 1 illustrates in a cross-sectional vieW the 
methods according to one aspect of the present invention. 

[0015] FIG. 2 illustrates in a cross-sectional vieW the 
methods according to one aspect of the present invention. 

[0016] FIG. 3 illustrates in a cross-sectional vieW the 
methods according to one aspect of the present invention. 

[0017] FIG. 4 illustrates in a cross-sectional vieW the 
methods according to one aspect of the present invention. 

DISCLOSURE OF INVENTION 

[0018] The present invention involves making and using a 
silicon oXynitride ARC over highly re?ective underlying 
layers. The silicon oXynitride ARC contains a silicon oXyni 
tride layer and a thin oXide layer. In this connection, the 
silicon oXynitride ARC may be termed an oXide-silicon 
oXynitride ARC. The present invention more speci?cally 
involves making and using a silicon oXynitride ARC over 
underlying metal layers over Which the re?ectivity of the 
ARC is altered or controlled by adjusting the ratios of 
components and the thickness of the silicon oXynitride 
portion of the ARC. The optical properties of an underlying 
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layer (a layer over Which an ARC is formed) may dictate the 
degree of re?ectivity that the ARC must possess. The present 
invention also involves making and using a silicon oXyni 
tride ARC With a deep UV photoresist. 

[0019] The ARCs of the present invention are used over an 
underlying layer having a re?ectivity that may deleteriously 
affect the photoresist patterning process. In one embodi 
ment, the underlying layer is a metal layer. In another 
embodiment, the underlying layer is a conductive metal 
layer. Metal layers include layers of a single metal as Well 
as metal alloy layers containing tWo or more metals. Speci?c 
eXamples of underlying layers include aluminum, copper, 
gold, nickel, palladium, platinum, silver, tantalum, titanium, 
tungsten, Zinc, aluminum-copper alloys, aluminum alloys, 
copper alloys, titanium alloys, tungsten alloys, titanium 
tungsten alloys, gold alloys, nickel alloys, palladium alloys, 
platinum alloys, silver alloys, tantalum alloys, Zinc alloys, 
metal suicides, and any other alloys thereof. Although the 
re?ectivity may vary for each such metal layer, typically 
metal layers have re?ectivities of about 70% to about 90% 
or more. For eXample, aluminum has a re?ectivity of about 
80 % or more. 

[0020] The silicon oXynitride ARC of the present inven 
tion is made by initially forming a silicon oXynitride layer on 
an underlying layer. The silicon oXynitride layer can be 
formed using any suitable technique including chemical 
vapor deposition (CVD) techniques, such as loW pressure 
chemical vapor deposition (LPCVD) or plasma enhanced 
chemical vapor deposition (PECVD). In one embodiment, 
the silicon oxynitride layer is formed using LPCVD tech 
niques at temperatures from about 600° C. to about 900° C. 
using a nitrogen containing gas, an oXygen containing gas 
and a silicon containing gas, such as using SiH4, N20 and N2 
or NH3. In another embodiment, the silicon oXynitride layer 
is formed using PECVD techniques at temperatures from 
about 200° C. to about 400° C. using a nitrogen containing 
gas, an oXygen containing gas and a silicon containing gas, 
such as using SiH4, N20 and N2 or NH3. The relative 
amounts of oXygen and nitrogen incorporated into the initial 
silicon oXynitride layer can be varied by varying the ?oW 
rates of the nitrogen containing gas and the oxygen contain 
ing gas. Although termed a silicon oXynitride layer herein, 
the initial silicon oXynitride layer formed in accordance With 
the present invention may contain hydrogen, and thus in one 
embodiment is characteriZed by the chemical formula 
SiONzH. 

[0021] In one embodiment, the initial silicon oXynitride 
layer has a thickness from about 100 A to about 1500 In 
another embodiment, the initial silicon oXynitride layer has 
a thickness from about 125 A to about 1400 In yet another 
embodiment, the initial silicon oXynitride layer has a thick 
ness from about 150 A to about 1300 

[0022] After a silicon oXynitride layer is formed, a thin 
oXide layer is formed over the top surface of the silicon 
oXynitride layer to form the oXide-silicon oXynitride ARC. 
The thin oXide layer prevents nitrogen atoms of the silicon 
oXynitride layer from contacting the subsequently applied 
photoresist. During reWork of a poorly applied or poorly 
developed photoresist, the thin oXide layer protects the 
silicon oXynitride layer against chemical attack and/or deg 
radation by reWork chemicals. The thin oXide layer is 
formed over the silicon oXynitride layer by any suitable 
manner. 
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[0023] In one embodiment, oxygen plasma is contacted 
With the silicon oxynitride layer to form an oxide layer over 
the silicon oxynitride layer. In another embodiment, N20 
plasma is contacted With the silicon oxynitride layer to form 
an oxide layer over the silicon oxynitride layer. In both of 
these embodiments, an inert or carrier gas may be present 
during the plasma treatment. In yet another embodiment, 
CVD (PECVD or LPCVD) techniques are employed to 
deposit an oxide layer over the silicon oxynitride layer. In 
this embodiment, SiH4, and one of N20 and 02 are used to 
form an oxide layer. 

[0024] In one embodiment, the thin oxide layer has a 
thickness from about 5 A to about 50 In another embodi 
ment, the thin oxide layer has a thickness from about 10 A 
to about 40 In yet another embodiment, the thin oxide 
layer has a thickness from about 15 A to about 35 

[0025] The silicon oxynitride ARC is formed to a suitable 
thickness to exhibit a desired re?ectivity. In one embodi 
ment, the silicon oxynitride ARC formed in accordance With 
the present invention has a thickness from about 100 A to 
about 1500 In another embodiment, the silicon oxynitride 
ARC has a thickness from about 125 A to about 1400 In 
yet another embodiment, the silicon oxynitride ARC has a 
thickness from about 150 A to about 1300 In a preferred 
embodiment, the silicon oxynitride ARC has a thickness 
from about 125 A to about 600 

[0026] The re?ectivity of the resultant silicon oxynitride 
ARC depends upon a number of factors including the ratio 
of silicon oxynitride components (the relative amounts of 
oxygen and nitrogen), the thickness of the initial silicon 
oxynitride layer, the thickness of the thin oxide layer and the 
thickness of the resultant silicon oxynitride ARC. 

[0027] In one embodiment, a silicon oxynitride ARC 
having a thickness of about 200 A (including an oxide layer 
having a thickness of about 50 formed over an aluminum 
layer has a re?ectivity from about 0% to about 10% (beloW 
about 10%) at a Wavelength of about 248 nm. In another 
embodiment, a silicon oxynitride ARC having a thickness of 
about 200 A formed over an aluminum layer has a re?ec 
tivity from about 1% to about 5% (beloW about 5%) at a 
Wavelength of about 248 nm. In yet another embodiment, a 
silicon oxynitride ARC having a thickness of about 350 A 

(including an oxide layer having a thickness of about 50 formed over an aluminum layer has a re?ectivity from about 

1% to about 10% (beloW about 10%) at a Wavelength of 
about 365 nm. In still yet another embodiment, a silicon 
oxynitride ARC having a thickness of about 350 A (includ 
ing an oxide layer having a thickness of about 50 formed 
over an aluminum layer has a re?ectivity from about 0.1% 
to about 5% (beloW about 5%) at a Wavelength of about 365 
nm. 

[0028] In this connection, the silicon oxynitride ARC 
reduces the apparent re?ectivity of an underlying metal 
(comparing the re?ectivity of a metal layer With the re?ec 
tivity of a silicon oxynitride ARC according to the present 
invention over the metal layer). In one embodiment, the 
difference betWeen the re?ectivity of the metal layer and the 
re?ectivity of the silicon oxynitride ARC is at least about 
60% (for instance, a metal layer having a re?ectivity of 70% 
and a silicon oxynitride ARC having a re?ectivity of 8%). In 
another embodiment, the difference betWeen the re?ectivity 
of the metal layer and the re?ectivity of the silicon oxyni 
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tride ARC is at least about 70%. In yet another embodiment, 
the difference betWeen the re?ectivity of the metal layer and 
the re?ectivity of the silicon oxynitride ARC is at least about 
75%. 

[0029] The silicon oxynitride ARC formed in accordance 
With the present invention has strong absorption character 
istics at Wavelengths beloW about 425 nm. In another 
embodiment, the silicon oxynitride ARC formed in accor 
dance With the present invention has strong absorption 
characteristics at Wavelengths beloW about 365 nm. In yet 
another embodiment, the silicon oxynitride ARC formed in 
accordance With the present invention has strong absorption 
characteristics at Wavelengths beloW about 248 nm. As a 
result, the silicon oxynitride ARC is Well suited for use With 
deep UV photoresists. Speci?c examples of Wavelengths at 
Which the silicon oxynitride ARC exhibits re?ectivities 
beloW about 20% include about 405 nm, about 365 nm, 
about 308 nm, about 290 nm, about 280 nm, about 265 nm, 
about 248 nm, about 193 nm and about 157 nm. 

[0030] Any photoresist material may be used as a photo 
resist over the silicon oxynitride ARC formed in accordance 
With the present invention. For example, a 193 nm sensitive 
photoresist, an I-line, H-line, G-line, E-line, deep UV or 
chemically ampli?ed photoresist material may be spin 
coated on the silicon oxynitride ARC. Photoresists are 
commercially available from a number of sources, including 
Shipley Company, Kodak, Hoechst Celanese Corporation, 
BreWer and IBM. The photooresist is typically applied to a 
thickness from about 5,000 A to about 15,000 A, although 
the thickness of the photoresist is not critical to the inven 
tion. 

[0031] Referring to FIGS. 1 and 2, a general embodiment 
of the present invention is described. A portion of a semi 
conductor structure 10 is shoWn With underlying substrate 
12. Underlying substrate 12 may be one or more layers of 
semiconductor materials Wherein the top surface has a 
relatively high re?ectivity (for example, above about 70%). 
A silicon oxynitride ARC 14 is formed over the underlying 
substrate 12 using a tWo-step process; namely, forming a 
silicon oxynitride layer by suitable CVD techniques fol 
loWed by forming a thin oxide layer over the silicon oxyni 
tride layer thereby forming a silicon oxynitride ARC having 
a desired thickness. The relative amounts of oxygen and 
nitrogen used to form the silicon oxynitride layer, the 
thickness of the silicon oxynitride layer, the thickness of the 
oxide layer and the thickness of the resultant silicon oxyni 
tride ARC may be modi?ed to adjust the re?ectivity of the 
resultant silicon oxynitride ARC in light of the speci?c 
re?ectivity of the underlying substrate 12. In preferred 
embodiments of using the silicon oxynitride ARC 14, the 
underlying layer 12 contains at least tWo layers Wherein the 
top or uppermost layer is a metal layer (such as a single 
metal layer or metal alloy layer). Asuitable photoresist 16 is 
deposited over the silicon oxynitride ARC 14 using knoWn 
techniques. For example, the photoresist 16 is deposited 
using conventional spin-coating techniques. 

[0032] Referring to FIG. 2, the photoresist 16 is then 
patterned using suitable photolithographic techniques result 
ing in the formation of a pattern 18. The pattern 18 is formed 
using electromagnetic radiation having a relatively small 
Wavelength (for example, less than 425 nm). The exposed 
portion of the silicon oxynitride ARC 14 may have any 
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desired cross-section or line-Width, such as about 0.35 pm, 
about 0.25 pm, about 0.18 pm, about 0.15 pm, about 0.1 pm 
and/or about 0.05 pm. The photoresist pattern 18 is then used 
as a mask in subsequent processing of the semiconductor 
structure 10. For example, the photoresist pattern 18 may be 
used as an etch mask for patterning the silicon oXynitride 
ARC 14 and the underlying substrate 12. 

[0033] Due to the presence of the silicon oXynitride ARC 
14, energy Which passes through the photoresist 16 is not 
re?ected back into the photoresist 16 by the underlying layer 
12 to the eXtent it Would have been re?ected back Without 
the silicon oXynitride ARC 14. As a result of the present 
invention, improved critical dimension control is achieved 
as the dimensions of the patterns and/or various openings in 
the patterned photoresist 18 are controllable, crisp and of 
high quality. Additional layers can be incorporated into 
semiconductor structure 10 so long as the silicon oXynitride 
ARC 14 can function at least as an antire?ection layer. 

[0034] Referring to FIGS. 3 and 4, a speci?c embodiment 
of the present invention is described. A portion of a semi 
conductor structure 20 is shoWn With a semiconductor 
substrate layer 22 and an aluminum layer 24 formed on the 
semiconductor structure 20. Semiconductor layer 22 is made 
of one or more layers including substrate layers, diffusion 
regions, dielectric layers such as oXides and nitrides, 
devices, polysilicon layers, and the like. Although shoWn as 
continuous, the aluminum layer 24 may be continuous or 
intermittent. A silicon oXynitride ARC 26 is formed over the 
aluminum layer 24 using a tWo-step process; namely, form 
ing a silicon oXynitride layer by suitable CVD techniques 
folloWed by eXposing the silicon oXynitride layer to oXygen 
plasma for a time suf?cient to form an oXide layer having a 
thickness of about 50 A thereby forming a silicon oXynitride 
ARC. In particular, PECVD is performed at a temperature 
about 300° C. using N20, N2 and SiH4. The silicon oXyni 
tride layer has a thickness of about 150 A and the silicon 
oXynitride ARC has a thickness of about 200 A suitable 
photoresist 28, such as a deep UV photoresist is deposited 
over the silicon oXynitride ARC 26 using spin-coating 
techniques. 

[0035] Referring to FIG. 4, the photoresist 28 is then 
patterned using suitable photolithographic techniques result 
ing in the formation of a photoresist pattern 30. The pho 
toresist pattern 30 is formed using electromagnetic radiation 
having a Wavelength of about 248 nm. The eXposed portion 
of the silicon oXynitride ARC 26 may have any desired 
cross-section or line-Width, such as about 0.35 pm, about 
0.25 pm, about 0.18 pm, about 0.15 pm, about 0.1 pm and/or 
about 0.05 pm. The photoresist pattern 30 is then used as a 
mask in subsequent processing of the semiconductor struc 
ture 20. For eXample, the photoresist pattern 30 may be used 
as an etch mask for patterning the silicon oXynitride ARC 26 
and the aluminum layer 24. 

[0036] Due to the presence of the silicon oXynitride ARC 
26, energy Which passes through the photoresist 28 tends not 
to be re?ected back into the photoresist 28 by the highly 
re?ective underlying aluminum layer 24 to the eXtent it 
Would have been re?ected back Without the silicon oXyni 
tride ARC 26. As a result of the present invention, improved 
critical dimension control is achieved as the dimensions of 
the patterns and/or various openings in the patterned pho 
toresist 30 are controllable, crisp and of high quality. In 
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another embodiment, additional layers can be incorporated 
into semiconductor structure 10 so long as the silicon 
oXynitride ARC 26 can function at least as an antire?ection 
layer. 

[0037] In another embodiment, again referring to FIGS. 3 
and 4, the present invention relates to using a metal layer 24 
of one of copper, gold, nickel, palladium, platinum, silver, 
tantalum, titanium, tungsten, Zinc, aluminum-copper alloys, 
aluminum alloys, copper alloys, titanium alloys, tungsten 
alloys, titanium-tungsten alloys, gold alloys, nickel alloys, 
palladium alloys, platinum alloys, silver alloys, tantalum 
alloys, Zinc alloys, and metal suicides instead of the alumi 
num layer 24. 

[0038] The precise amount of oXygen and nitrogen incor 
porated into the initial silicon oXynitride layer, the thickness 
of the silicon oXynitride layer, the thickness of the oXide 
layer and the thickness of the resultant silicon oXynitride 
ARC determine the re?ectivity of the resultant silicon oXyni 
tride ARC, Which in turn may be selected in light of the 
re?ectivity of the speci?c underlying metal layer. Re?ective 
notching in submicron photoresist patterns is thus mini 
miZed and/or eliminated by using the silicon oXynitride 
ARCs in accordance With the invention. 

[0039] Moreover, since the oXide layer of the silicon 
oXynitride ARC prevents nitrogen atoms from migrating 
from the silicon oXynitride layer to the photoresist, deep UV 
photoresists, Which tend to be deleteriously effected by 
nitrogen atoms, may be used in combination With the silicon 
oXynitride based ARC of the present invention. And since 
the thin oXide layer protects the silicon oXynitride layer 
against chemical attack and/or since the thin oXide layer is 
not substantially degraded by reWork chemicals, reWork of 
a poorly applied or poorly developed photoresist is facili 
tated even though a silicon oXynitride based ARC is 
employed. 
[0040] Although the invention has been shoWn and 
described With respect to a certain preferred embodiment or 
embodiments, it is obvious that equivalent alterations and 
modi?cations Will occur to others skilled in the art upon the 
reading and understanding of this speci?cation and the 
anneXed draWings. In particular regard to the various func 
tions performed by the above described components (assem 
blies, devices, circuits, etc.), the terms (including any ref 
erence to a “means”) used to describe such components are 
intended to correspond, unless otherWise indicated, to any 
component Which performs the speci?ed function of the 
described component (i.e., that is functionally equivalent), 
even though not structurally equivalent to the disclosed 
structure Which performs the function in the herein illus 
trated eXemplary embodiments of the invention. In addition, 
While a particular feature of the invention may have been 
disclosed With respect to only one of several embodiments, 
such feature may be combined With one or more other 
features of the other embodiments as may be desired and 
advantageous for any given or particular application. 

What is claimed is: 
1. A method of forming a silicon oXynitride antire?ection 

coating over a metal layer, comprising: 

providing a semiconductor substrate comprising the metal 
layer over at least part of the semiconductor substrate; 
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depositing a silicon oXynitride layer oyer the metal layer 
having a thickness from about 100 A to about 1500 A; 
and 

forming an oxide layer having a thickness from about 5 A 
to about 50 A over the silicon oXynitride layer to 
provide the silicon oXynitride antire?ection coating. 

2. The method of claim 1, Wherein the metal layer 
comprises at least one of aluminum, copper, gold, nickel, 
palladium, platinum, silver, tantalum, titanium, tungsten, 
Zinc, aluminum-copper alloys, aluminum alloys, copper 
alloys, titanium alloys, tungsten alloys, titanium-tungsten 
alloys, gold alloys, nickel alloys, palladium alloys, platinum 
alloys, silver alloys, tantalum alloys, Zinc alloys, and metal 
silicides. 

3. The method of claim 1, Wherein the metal layer 
comprises at least one of aluminum, copper, aluminum 
copper alloys, aluminum alloys and copper alloys. 

4. The method of claim 1, Wherein the oXide layer is 
formed by contacting the silicon oXynitride layer With 
oXygen plasma. 

5. The method of claim 1, Wherein the oXide layer is 
formed by contacting the silicon oXynitride layer With N20 
plasma. 

6. The method of claim 1, Wherein the oXide layer is 
formed by chemical vapor deposition techniques using SiH4 
and at least one of N20 and O2. 

7. The method of claim 1, Wherein the silicon oXynitride 
antire?ection coating has a re?ectivity of about 10% or less 
at a Wavelength beloW about 248 nm. 

8. Amethod of reducing an apparent re?ectivity of a metal 
layer having a ?rst re?ectivity in a semiconductor structure, 
comprising forming a silicon oXynitride antire?ection coat 
ing over the metal layer; Wherein the silicon oXynitride 
antire?ection coating formed over the metal layer has a 
second re?ectivity and is formed by depositing silicon 
oXynitride on the metal layer by chemical vapor deposition 
and forming an oXide layer over the silicon oXynitride, and 
the difference betWeen the ?rst re?ectivity and the second 
re?ectivity is at least about 60%. 

9. The method of claim 8, Wherein the metal layer 
comprises at least one of aluminum, copper, gold, nickel, 
palladium, platinum, silver, tantalum, titanium, tungsten, 
Zinc, aluminum-copper alloys, aluminum alloys, copper 
alloys, titanium alloys, tungsten alloys, titanium-tungsten 
alloys, gold alloys, nickel alloys, palladium alloys, platinum 
alloys, silver alloys, tantalum alloys, Zinc alloys, and metal 
silicides. 

10. The method of claim 8, Wherein second re?ectivity is 
about 5% or less. 

11. The method of claim 8, Wherein the difference 
betWeen the ?rst re?ectivity and the second re?ectivity is 
determined at a Wavelength beloW about 425 nm. 
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12. The method of claim 8, Wherein the difference 
betWeen the ?rst re?ectivity and the second re?ectivity is 
determined at a Wavelength beloW about 365 nm. 

13. The method of claim 8, Wherein the silicon oXynitride 
antire?ection coating has a thickness from about 125 A to 
about 1400 A. 

14. The method of claim 8, Wherein the chemical vapor 
deposition is one of plasma enhanced chemical vapor depo 
sition and loW pressure chemical vapor deposition. 

15. A method of processing a semiconductor substrate, 
comprising: 

providing a semiconductor substrate comprising a metal 
layer having a re?ectivity of at least 80%; 

forming a silicon oXynitride antire?ection coating over 
the metal layer having a thickness from about 100 A to 
about 1500 A, the silicon oXynitride antire?ection 
coating comprising an oXide layer over a silicon oXyni 
tride layer; 

depositing a deep ultraviolet photoresist over the silicon 
oXynitride antire?ection coating; 

selectively irradiating the deep ultraviolet photoresist 
With electromagnetic radiation having a Wavelength of 
about 248 nm or less; and 

developing the deep ultraviolet photoresist. 
16. The method of claim 15, Wherein the metal layer 

comprises at least one of aluminum, copper, gold, nickel, 
palladium, platinum, silver, tantalum, titanium, tungsten, 
Zinc, aluminum-copper alloys, aluminum alloys, copper 
alloys, titanium alloys, tungsten alloys, titanium-tungsten 
alloys, gold alloys, nickel alloys, palladium alloys, platinum 
alloys, silver alloys, tantalum alloys, Zinc alloys, and metal 
silicides. 

17. The method of claim 15, Wherein the silicon oXyni 
tride ARC is formed by depositing a silicon oXynitride layer 
by chemical vapor deposition and contacting the silicon 
oXynitride layer With at least one of a oxygen plasma and a 
N20 plasma. 

18. The method of claim 17, Wherein the silicon oXyni 
tride layer is deposited using one of plasma enhanced 
chemical vapor deposition and loW pressure chemical vapor 
deposition. 

19. The method of claim 15, Wherein the electromagnetic 
radiation has a Wavelength of at least one of about 365 nm, 
about 248 nm, about 193 nm and about 157 nm. 

20. The method of claim 15, Wherein the deep ultraviolet 
photoresist is developed to yield ?ne patterns on the order of 
0.25 pm. 


