
P-2169.020 A METHOD FOR MEASURING INFORMATION ABOUT A SUBSTRATE, AND A
SUBSTRATE FOR USE IN A LITHOGRAPHIC APPARATUS CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] This application claims the benefit of priority from
United States Provisional  Patent Application Serial No. 60/639,847, filed
December 29, 2004 and entitled "A  METHOD FOR MEASURING INFORMATION ABOUT A
SUBSTRATE, AND A  SUBSTRATE FOR USE IN A LITHOGRAPHIC APPARATUS," the entire
content of  which is incorporated herein by reference. FIELD  [0002] The
present invention relates to a method for measuring information about a
substrate, a substrate for use in a lithographic apparatus, and a
combination of a lithographic  apparatus and a substrate. BACKGROUND  [0003]
A lithographic apparatus is a machine that applies a desired pattern onto a
target  portion of a substrate. Lithographic apparatus can be used, for
example, in the manufacture of  integrated circuits (ICs). In that
circumstance, a patterning device, such as a mask, may be  used to generate
a circuit pattern corresponding to an individual layer of the IC, and this
pattern can be imaged onto a target portion (e.g. including part of, one or
several dies) on a  substrate (e.g. a silicon wafer) that has a layer of
radiation-sensitive material (resist). In  general, a single substrate will
contain a network of adjacent target portions that are  successively
exposed. Known lithographic apparatus include so-called steppers, in which
each target portion is irradiated by exposing an entire pattern onto the
target portion in one go,  and so-called scanners, in which each target
portion is irradiated by scanning the pattern  through the projection beam
in a given direction (the "scanning"-direction) while  synchronously
scanning the substrate parallel or anti-parallel to this direction. [0004]
Although specific reference may be made in this text to the use of
lithographic  apparatus in the manufacture of ICs, it should be understood
that the lithographic apparatus  described herein may have other
applications, such as the manufacture of integrated optical  systems,
guidance and detection patterns for magnetic domain memories, liquid-crystal
displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will
appreciate that, in the 1 



P-2169.020 context of such alternative applications, any use of the terms
"wafer" or "die" herein may be  considered as synonymous with the more
general terms "substrate" or "target portion",  respectively. The substrate
referred to herein may be processed, before or after exposure, in,  for
example, a track (a tool that typically applies a layer of resist to a
substrate and develops  the exposed resist) or a metrology or inspection
tool. Where applicable, the disclosure herein  may be applied to such and
other substrate processing tools. Further, the substrate may be  processed
more than once, for example, in order to create a multi-layer IC, so that
the term  substrate as used herein may also refer to a substrate that
already contains multiple processed  layers. [0005] The terms "radiation"
and "beam" as used herein encompass all types of  electromagnetic radiation,
including ultraviolet (UV) radiation (e.g. having a wavelength of  365, 248,
193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a
wavelength in the range of 5-20 nn), as well as particle beams, such as ion
beams or electron  beams. [0006] The term "patterning device" as used herein
should be broadly interpreted as  referring to a device that can be used to
impart a projection beam with a pattern in its cross- section such as to
create a pattern in a target portion of the substrate. It should be noted
that  the pattern imparted to the projection beam may not exactly correspond
to the desired pattern  in the target portion of the substrate. Generally,
the pattern imparted to the projection beam  will correspond to a particular
functional layer in a device being created in the target portion,  such as
an integrated circuit. [0007] The patterning device may be transmissive or
reflective. Examples of patterning  devices include masks, programmable
minor arrays, and programmable LCD panels. Masks  are well known in
lithography, and include mask types such as binary, alternating phase-shift,
and attenuated phase-shift, as well as various hybrid mask types. An example
of a programmable mirror array employs a matrix arrangement of small
mirrors, each of which  can be individually tilted so as to reflect an
incoming radiation beam in different directions;  in this manner, the
reflected beam is patterned. In each example of patterning device, the
support structure may be a frame or table, for example, which may be fixed
or movable as  required and which may ensure that the patterning device is
at a desired position, for example,  with respect to the projection system.
Any use of the terms "reticle" or "mask" herein maybe  



considered synonymous with the more general term "patterning device". [0008]
The term "projection system" as used herein should be broadly interpreted as
encompassing various types of projection system, including refractive
optical systems, 2 P-2169.020 reflective optical systems, and catadioptric
optical systems, as appropriate, for example, for  the exposure radiation
being used, or for other factors such as the use of an immersion fluid  or
the use of a vacuum. Any use of the term "lens" herein may be considered as
synonymous  with the more general term "projection system". [0009] The
illumination system may also encompass various types of optical components,
including refractive, reflective, and catadioptric optical components for
directing, shaping, or  controlling the projection beam of radiation, and
such components may also be referred to  below, collectively or singularly,
as a "lens". [0010] The lithographic apparatus may be of a type having two
(dual stage) or more  substrate tables (and/or two or more mask tables). In
such "multiple stage" machines, the  additional tables may be used in
parallel, or preparatory steps may be carried out on one or  more tables
while one or more other tables are being used for exposure. 100111 The
lithographic apparatus may also be of a type in which the substrate is
immersed in a liquid having a relatively high refractive index, e.g. water,
so as to fill a space  between the final element of the projection system
and the substrate. Immersion liquids may  also be applied to other spaces in
the lithographic apparatus, for example, between the mask  and the first
element of the projection system. Immersion techniques are well known in the
art for increasing the numerical aperture of projection systems. 10012] In a
manufacturing process using a lithographic projection apparatus, a pattern
(e.g. in a mask) is imaged onto a substrate that is at least partially
covered by a layer of  radiation-sensitive material (resist). Prior to this
imaging step, the substrate may undergo  various procedures, such as
priming, resist coating and a soft bake. After exposure, the  substrate may
be subjected to other procedures, such as a post-exposure bake (PEB),
development, a hard bake and measurement/inspection of the imaged features.
This array of  procedures is used as a basis to pattern an individual layer
of a device, e.g. an IC. Such a  patterned layer may then undergo various
processes such as etching, ion-implantation  (doping), metallization,
oxidation, chemo-mechanical polishing, etc., all intended to finish off  



an individual layer. If several layers are required, than the whole
procedure, or a variant  thereof, will have to be repeated for each new
layer. Eventually, an array of devices will be  present on the substrate
(wafer). These devices are then separated from one another by a  technique
such as dicing or sawing, so that the individual devices can be mounted on a
carrier,  connected to pins, etc. 100131 During the manufacturing process
of, for example, an IC, specific process flows  are designed to define the
device structures. The proper working of the device often depends 3
P-2169.020 on the alignment of the individual stacked layers. For this
purpose, alignment marks are  often exposed in resist at locations where no
device structures are present underneath. An  alignment sensor maybe used
for the readout of the alignment marks, after developing, for  position
determination. 100141 For the purpose of alignment, the alignment marks, or
marker structures, may be  used which by their interaction with an impinging
light beam (or alignment beam) generate  one or more diffracted beams. From
information collected from the one or more diffracted  beams, the position
of the marker relative to a position of the pattern on the mask can be
determined. Typically, a marker consists of some periodic structure such as
a grating, which  includes a sequence of lines and trenches. [0015] During
the alignment of the marks that are on top of device structures, reflections
of the alignment light may occur from the device-specific under-layers.
Because the  underlying and/or surrounding features change in size and
density, which are known to  induce different signal responses, even within
one die, varying cross-talk often occurs. Such  cross-talk may induce a
position shift, which may lead to incorrect mark position information  after
readout by the alignment sensor. [0016] Of course, marks may be used to
provide other information, such as focus  information, overlay information,
exposure dose information, etc. Cross-talk attributable to  the underlying
and/or surrounding features may also create errors in any information being
provided by the mark. SUMMARY  [0017] It is an aspect of the present
invention to provide a method for preventing  cross-talk between resist
marks and the underlying and/or surrounding structures during  



readout. [0018] In an embodiment, a method for measuring information
provided by a  substrate is provided. The substrate includes a feature that
has been created by a lithographic  apparatus. The method includes
projecting a beam of light onto a marker disposed above  and/or near the
feature on the substrate, and detecting information provided by the marker
with a sensor. A coating is disposed on the substrate so that the coating
lies between the  beam of light and the feature to substantially prevent the
beam of light from being reflected  by the feature and causing an inaccurate
readout of the information provided by the marker.  100191 In an embodiment,
a substrate for use in a lithographic apparatus is provided.  The substrate
includes a feature created by the lithographic apparatus, and a marker
created in 4 P-2169.020 a layer of resist above and/or near the feature. The
marker is arranged to provide information  about the substrate. The
substrate also includes a coating for substantially preventing a beam  of
light used for detecting the information provided by the marker from being
reflected by the  feature and causing an inaccurate readout of the
information provided by the marker. [0020] In an embodiment, a lithographic
apparatus in combination with a substrate for  use in the lithographic
apparatus is provided. The lithographic apparatus includes an  illumination
system for conditioning a beam of radiation, and a support for supporting a
patterning device. The patterning device serves to impart the beam of
radiation with a pattern  in its cross-section. The apparatus also includes
a substrate table for supporting the substrate,  a projection system for
projecting the patterned beam of radiation onto a target portion of the
substrate, and a sensor for measuring information about the substrate. The
substrate includes  a feature created by patterning the beam of radiation
with the patterning device and projecting  the patterned beam of radiation
with the projection system onto the target portion of the  substrate, and a
marker created in a layer of resist above and/or near the feature. The
marker  is arranged to provide the information about the substrate. The
substrate also includes a  coating for substantially preventing a beam of
light from the sensor in the lithographic  apparatus from being reflected by
the feature and causing an inaccurate readout of the  information provided
by the marker. BRIEF DESCRIPTION OF THE DRAWINGS 100211 Embodiments of the
invention will now be described, by way of example only,  



with reference to the accompanying schematic drawings in which corresponding
reference  symbols indicate corresponding parts, and in which: [0022] Figure
1 depicts a lithographic apparatus according to an embodiment of the
invention; [0023] Figure 2 is a schematic cross-sectional view of marker
structure of a substrate  used to provide alignment information for the
apparatus of Figure 1; [0024] Figure 3 is a schematic cross-sectional view
of one embodiment of a substrate  used to provide alignment information for
the apparatus of Figure 1; [0025] Figure 4 is a schematic cross-sectional
view of another embodiment of a  substrate used to provide alignment
information for the apparatus of Figure 1; and 100261 Figure 5 depicts an
embodiment of a method for measuring information about  a substrate that
includes a feature that has been created by the lithographic apparatus of
Figure 1. 5 P-2169.020 DETAILED DESCRIPTION [0027] Figure 1 schematically
depicts a lithographic apparatus 10 according to a  particular embodiment of
the invention. The apparatus 10 includes an illumination system
(illuminator) IL for providing a projection beam PB of radiation (e.g. UV
radiation or EUV  radiation), a first support structure (e.g. a mask table)
MT for supporting a patterning device  (e.g. a mask) MA and connected to a
first positioning device PM for accurately positioning  the patterning
device with respect to item PL, a substrate table (e.g. a wafer table) WT
for  holding a substrate (e.g. a resist-coated wafer) W and connected to a
second positioning  device PW for accurately positioning the substrate with
respect to item PL, and a projection  system (e.g. a refractive projection
lens) PL for imaging a pattern imparted to the projection  beam PB by the
patterning device MA onto a target portion C (e.g. including one or more
dies) of the substrate W. [0028] As here depicted, the apparatus is of a
transmissive type (e.g. employing a  transmissive mask). Alternatively, the
apparatus may be of a reflective type (e.g. employing a  reflective mask,
like e.g. a programmable minor array of a type as referred to above). [0029]
The illuminator IL receives a beam of radiation from a radiation source SO.
The source and the lithographic apparatus may be separate entities, for
example, when the  



source is an excimer laser. In such cases, the source is not considered to
form part of the  lithographic apparatus and the radiation beam is passed
from the source SO to the illuminator  IL with the aid of a beam delivery
system BD including, for example, suitable directing  mirrors and/or a beam
expander. In other cases, the source may be integral part of the  apparatus,
for example, when the source is a mercury lamp. The source SO and the
illuminator IL, together with the beam delivery system, if required, may be
referred to as a  radiation system. [0030] The illuminator IL may include an
adjusting device AM for adjusting the  angular intensity distribution of the
beam. Generally, at least the outer and/or inner radial  extent (commonly
referred to as a-outer and a-inner, respectively) of the intensity
distribution in a pupil plane of the illuminator can be adjusted. In
addition, the illuminator IL  generally includes various other components,
such as an integrator IN and a condenser CO.  The illuminator provides a
conditioned beam of radiation, referred to as the projection beam  PB,
having a desired uniformity and intensity distribution in its cross-section.
100311 The projection beam PB is incident on the patterning device MA, which
is  held on the support structure MT. Having traversed the patterning device
MA, the projection 6 P-2169.020 beam PB passes through the lens PL, which
focuses the beam onto a target portion C of the  substrate W. With the aid
of the second positioning device PW and position sensor IF (e.g. an
interferometric device), the substrate table WT can be moved accurately,
e.g. so as to position  different target portions C in the path of the beam
PB. Similarly, the first positioning device  PM and another position sensor
(not shown) can be used to accurately position the patterning  device MA
with respect to the path of the beam PB, e.g. after mechanical retrieval
from a  mask library, or during a scan. In general, movement of the support
structure MT and the  substrate table WT will be realized with the aid of a
long-stroke module (coarse positioning)  and a short-stroke module (fine
positioning), which form part of the positioning devices PM  and PW.
However, in the case of a stepper (as opposed to a scanner) the support
structure MT  may be connected to a short stroke actuator only, or may be
fixed. The patterning device MA  and substrate W may be aligned using
patterning device alignment marks M1, M2 and  substrate alignment marks P 1,
P2. [0032] The depicted apparatus may be used in the following example
modes: 



[0033] 1. In step mode, the support structure MT and the substrate table WT
are  kept essentially stationary, while an entire pattern imparted to the
projection beam is  projected onto a target portion C in one go (i.e. a
single static exposure). The substrate table  WT is then shifted in the X
and/or Y direction so that a different target portion C can be  exposed. In
step mode, the maximum size of the exposure field limits the size of the
target  portion C imaged in a single static exposure. [0034] 2. In scan
mode, the support structure MT and the substrate table WT are  scanned
synchronously while a pattern imparted to the projection beam is projected
onto a  target portion C (i.e. a single dynamic exposure). The velocity and
direction of the substrate  table WT relative to the support structure MT is
determined by the (de-)magnification and  image reversal characteristics of
the projection system PL. In scan mode, the maximum size  of the exposure
field limits the width (in the non-scanning direction) of the target portion
in a  single dynamic exposure, whereas the length of the scanning motion
determines the height (in  the scanning direction) of the target portion.
f00351 3. In another mode, the support structure MT is kept essentially
stationary  holding a programmable patterning device, and the substrate
table WT is moved or scanned  while a pattern imparted to the projection
beam is projected onto a target portion C. In this  mode, generally a pulsed
radiation source is employed and the programmable patterning  device is
updated as required after each movement of the substrate table WT or in
between  successive radiation pulses during a scan. This mode of operation
can be readily applied to 7 P-2169.020 maskless lithography that utilizes a
programmable patterning device, such as a programmable  mirror array of a
type as referred to above. [0036] Combinations and/or variations on the
above described modes of use or  entirely different modes of use may also be
employed. [0037] Until recently, lithographic apparatus typically contained
a single mask table  and a single substrate table. However, machines are now
available in which there are at least  two independently moveable substrate
tables; see, for example, the multi-stage apparatus  described in United
States Patent Nos. 5,969,441, 6,262,796, and 6,710,849. The basic  operating
principle behind such multi-stage apparatus is that, while a first substrate
table is at  the exposure position underneath the projection system for
exposure of a first substrate  



located on that table, a second substrate table can run to a loading
position, discharge a  previously exposed substrate, pick up a new
substrate, perform some initial measurements on  the new substrate and then
stand ready to transfer the new substrate to the exposure position
underneath the projection system as soon as exposure of the first substrate
is completed; the  cycle then repeats. In this manner, it is possible to
increase substantially the machine  throughput, which in turn improves the
cost of ownership of the machine. It should be  understood that the same
principle could be used with just one substrate table which is moved
between exposure and measurement positions. [0038] The apparatus 10 may also
provided with a plurality of sensors 50 that are part  of various systems
that provide information about the position of the substrate relative to the
patterning device and the projection system PL. For example, the apparatus
10 may include  an alignment system 60 for aligning the patterning device MA
and the substrate W with  respect to each other in the XY plane, a focus
error detection system 70 for determining a  difference between the focal or
image plane of the projection system PL and the surface of  the substrate W,
and a level sensor 80 for mapping the topography of the substrate W. [0039]
The alignment system 60 may be of any arrangement, such as an indirect off-
axis alignment system described in United States Patent No. 6,297,876, which
is incorporated  herein by reference and employs an alignment beam of
radiation that is radiated by a separate  alignment unit and that is
incident on a marker, in the form of a grating on the substrate W.  As
described in further detail below, the grating diffracts the alignment beam
into a number  of sub-beams extending at different angles to the normal of
the grating. The distinct sub- beams will be directed with a lens of the
alignment unit to different positions in a plane. In  this plane, an element
may be provided for further separating the different sub-beams. The  lens
system will also be used to finally image the different sub-beams on a
reference plate to 8 P-2169.020 create an image of the mark. In this
reference plate, a reference mark may be provided and a  radiation sensitive
detector (i.e. sensor) may be arranged behind the reference mark. The
output signal of the detector will be dependent on the extent to which the
image of the  substrate mark and the reference mark coincide. In this way,
the extent of alignment of the  marker on the substrate W with the reference
marker in the alignment unit may be measured  and optimized. The detector
may include separate individual detectors for measuring the  



intensity and the aligned position at different orders. To finish the
alignment, the reference in  the alignment unit should be aligned to a
second reference marker, for example, one provided  to the substrate table
with the alignment unit. This second reference marker may then be  aligned
to a marker in the patterning device MA using exposure light. An apparatus
and  method as described in United States Patent No. 5,144,363, which is
incorporated herein by  reference, may be used for that purpose. [00401
Alternatively, a direct on-axis alignment system may be used that directs an
alignment beam directly upon a marker provided on the substrate W via the
projection system  PL. This beam will be diffracted by the marker on the
substrate W into different sub-beams  and will be reflected into the
projection system PL. After traversing the projection system PL,  the
different sub-beams will be focused on a reference alignment marker provided
to the  patterning device MA. The image of the substrate marker formed by
the sub-beams may be  imaged upon the reference marker in the patterning
device MA. In this way, the extent of  alignment of the marker on the
substrate W and the reference marker in the patterning device  MA can be
measured and optimized. This may be done by using a radiation sensitive
detector (i.e. sensor) constructed and arranged to detect the alignment beam
traversing the  marker in the patterning device MA. For more information
with respect to the on-axis  alignment system here described see, for
example, United States Patent No. 4,778,275, which  is incorporated herein
by reference. [00411 The apparatus 10 may also include a focus error
detection system 70 for  determining a deviation between the focal plane of
the projection system PL and the surface  of the substrate W, so that the
deviation may be corrected, for example, by moving the  projection system PL
along its axis, the Z axis. For an extensive description of an example of  a
focus error detection system, reference is made to U.S. Patent No.
4,356,392, which is  incorporated herein by reference. [0042[ Figure 2
depicts an embodiment of an optical marker structure 200 on a  substrate.
The substrate W may be a semiconductor wafer that is being used in the
manufacturing of semiconductor devices. As can be seen in Figure 2, the
marker 200 9 P-2169.020 includes a grating 202 with a periodicity P suitable
for diffraction of a beam of impinging  light 100 with a wavelength 2 well
within the visible range of the spectrum. The impinging  



light 100 is provided by a sensor 50. The sensor 50 may be in the alignment
system, the  focus error detection system, or the level sensor described
above, or may be any other optical  sensor that may be constructed and
arranged to measure information provided by the marker  200. It will be
appreciated that it is not essential that the periodicity P be suitable for
diffraction of light within the visible spectrum, and that embodiments of
the invention may be  implemented with a periodicity P suitable for shorter
wavelengths or suitable for longer  wavelengths. The term "light" as used
herein is not limited to wavelengths within the visible  spectrum but may
encompass light of longer wavelength or shorter wavelength than visible
wavelengths. [0043[ The grating 202 consists of a series of lines 204, with
interposed trenches 206  in the surface of substrate W. The trenches 206
have a depth dt with respect to the top surface  of the lines 204. The
periodicity P of the grating is composed of a line width P, and a trench
width P11. [0044] In Figure 2, the impinging light beam 100 with wavelength
2, is directed in a  direction substantially perpendicular to the surface of
the substrate W. Alternatively, a non- perpendicular inclination of the
impinging beam 100, and also a multiplicity of wavelengths  may be used as
well. In an embodiment, white light, i.e. light with a broadband wavelength,
may be used on other, non-diffractive marker patterns. [0045] The marker
grating 202 of Figure 2 is a so-called phase grating. A diffraction  pattern
is schematically shown by two diffracted beams, each having a diffraction
angle 0  relative to the surface. In the diffraction pattern, the position
of intensity maxima and  minima is governed by the periodicity of the
grating. When the wavelength k of the  impinging light 100 is within the
range of visible light, periodicity P maybe 16/n microns  (where n is
1,2.....7) to obtain a diffraction pattern suitable for purpose of
alignment. In an  embodiment, the line width P, and trench width P11 are
each 8/n microns (n E {1, 2, ..., 7}).  [0046] In order to obtain sufficient
diffracted light from the grating 202 and to obtain  an angular distribution
(a diffraction pattern) of well-defined diffraction maxima and minima,  it
may be desirable that the grating 202 encompass a minimal number of lines
and  intermediate trenches which are illuminated by the impinging light
beam. For example, a  marker of this type may include at least 10 trenches
within the illuminated area. Of course, 10 P-2169.020 



other types of markers may be used, as would be appreciated by one of
ordinary skill in the  art, [0047] The intensity of the diffracted beams is
further determined by the depth of the  trenches 206 relative to a top
surface 208 of the lines 204. In a certain direction of diffracted  light,
the light rays scattered at the top surface 208 of the lines 204 and the
light rays scattered at a bottom 210 of the trenches 206 should have a
certain phase relation to obtain a  positive interference between these
light rays in that direction, independent from the  periodicity P. The depth
of the trenches 206 relative to the top surface 208 of the lines 204  should
be such that positive interference will occur, else if the interference is
negative, an  extinction of the signal will occur. This is known as the
phase depth condition. [0048] In the phase grating 202, the interference in
the diffraction pattern may be  schematically deduced as follows: under
angle 0 a first set of photons reflect on the top  surfaces 208 of the lines
204, while a second set of photons reflect at the floor 210 of the  trenches
206. In a given direction 0, an intensity maximum will occur, when the phase
difference of light beams scattering from the line top surfaces 208 and from
the trench floors  210 is substantially zero at the propagation front PF of
the diffracted beam. [0049] Of course, any type of marker structure may be
used to provide a reference for  measurement. Although the marker 200
illustrated in the figures and described herein may  be used for alignment
purposes, is not intended to be limiting in any way. For example, to
perform a test that maps the focus and/or leveling performance of the
apparatus 10 over the  substrate W, a special patterning device may be used
to shift the image source in an entrance  pupil of the projection system PL.
This may provide an image at the substrate W level that,  at certain
locations, will experience a focus dependent lateral shift. For an image
that is in  best focus, there should be no lateral shift. If an image is not
in perfect focus, a lateral shift  in both the X and Y directions will be
detected by the sensor 50. [0050] In an embodiment, the marker may be
arranged to contain other focus  information, so that it may be used with
the focus error detection system 70 to deduce the  focus information, e.g.
alignment of the substrate W relative to the projection system PL.  The
embodiments discussed below apply to any type of marker that may be used in
conjunction with the apparatus 10 of Figure 1, or in any other type of
lithographic apparatus  described herein. [0051] In an embodiment, the
marker may be a box-in-box structure to be used for  



overlay and/or focus measurements. The box-in-box structure may consist of
single lines, or  may also consist of gratings. It should be appreciated by
one of ordinary skill in the art that 11 P-2169.020 the embodiments of the
substrate W described below maybe applicable to any marker that  provides
information to any optical sensor used either in the lithographic apparatus
10, or in  any offline optical metrology tool (i.e. not specifically in the
lithographic apparatus 10, but  associated with the apparatus). 100521
Figure 3 shows a cross section of a substrate W according to an embodiment
of the present invention. The substrate W includes at least one feature 300
that has been  created by a lithographic method using the lithographic
apparatus of Figure 1. That is, the  patterned beam of radiation was
projected onto a target portion of the substrate with the  projection system
PL to create the feature 300, as would be understood by one of ordinary
skill in the art. 10053] Also shown in Figure 3 is a resist 310 that has
been deposited over the at least  one feature 300. The resist 310 may
include a bottom anti-reflective coating 320, commonly  referred to as a
"BARC," that is disposed in between the resist 310 and the at least one
feature 300. The marker 200 is imaged onto the resist 310 directly over the
feature 300 by  patterning a beam of radiation with a patterning device that
includes an alignment marker.  After the marker 200 has been developed, the
resist 310 is coated with an opaque coating 330  in such a way that the
coating 330 is substantially uniform over the marker 200. In other  words,
the trenches 206 of the marker 200 are not completely filled in; instead,
the bottom  surface 210 of the trenches 206 have a coating 330 of
substantially the same thickness as the  top surface 208 of the lines 204.
This way, the profile of the marker 200 is not been  substantially changed
with the presence of the opaque coating 330. 100541 In an embodiment, the
resist 310 maybe provided and the marker 200 maybe  imaged so that the
marker 200 is near, i.e. beside, the feature 300. It is to be understood
that  "near" in this context means that the marker 200 is close enough to
the feature 300 that the  feature 300 may reflect the beam of light 100
emitted from the sensor 50, thereby contributing to possible error in the
measurement of the information being provided by the  marker 200. [0055] The
opaque coating 330 substantially prevents the beam of light 100 emitted  



from the sensor 50 from being reflected by the underlying feature 300 and
causing an  inaccurate alignment of the substrate W relative to the
patterning device MA. Thus, by  providing a coating between the beam of
light 100 of the sensor 50 and the feature 300, the  marker 200 may be
imaged directly over a feature, rather than being isolated to a portion of
the substrate that contains no features. This ability allows a product
substrate to be qualified  using more accurate results. It also allows the
product to be used for defocus mapping, which 12 P-2169.020 may be used to
further qualify the product, as well as for obtaining overlay (X,Y)
information,  and for exposure dose information, as would be appreciated by
one of ordinary skill in the art.  [0056] In an embodiment, the opaque
coating 330 comprises a metal, such as aluminum, and may be coated onto the
resist 310 with a thickness of greater than about 20 nm. Preferably, the
thickness of the opaque coating 330 is greater than about 40 nm. Of  course,
coatings containing other metals and materials may be used, and the
thickness of the  coating may be altered for optimum results. These examples
are not intended to be limiting  in any way. 100571 In an embodiment, the
opaque coating 330 may be created by first growing a  seed layer that may
allow for optimal crystal growth of an opaque metal. For example, the  seed
layer may be tantalum, and/or the opaque metal may be aluminum. This may
allow the  grain sizes to be smaller, thereby reducing possible disturbance
of the grains on the readout of  the information provided by the marker 200.
It should be appreciated that such an example is  not intended to be
limiting in any way. Different materials may be used in the seed layer, and
different metals may be used as the opaque metal. [0058] After the alignment
and/or focus measurements have been taken, the coating  330 may be removed
so that the substrate W may be processed further. In other words, the
embodiments provided by the present invention may provide a non-destructive
way to test the  substrate W, as would be appreciated by one of ordinary
skill in the art. Inclusion of the  BARC 320 may assist in protecting the
feature 300 below while the coating 330 is removed.  [0059] In another
embodiment, shown in Figure 4, the substrate W includes a feature  400 that
has been created by the lithography process described above. In this
embodiment, a  coating 420 is disposed between the beam of light 100 from
the sensor 50 and the feature 400  is provided below the resist 410. Such a
coating 420 is preferably an anti-reflective coating  



("ARC") that provides anti-reflective properties for the operative exposure
radiation of the  lithographic apparatus and for the beam of light provided
by an alignment sensor, but is also  preferably transparent for the
wavelength of radiation used by a level sensor that is used to  map the
topography of the substrate W. For example, the operative exposure radiation
may  have a wavelength of 248 nm, the wavelength of the beam of light
provided by the alignment  sensor may be 533 nm and/or 632.8 nm, and the
level sensor may use a beam of light with a  wavelength of about 900 nm -
1100 nm. Thus, the ARC should be anti-reflective (i.e.  absorbing) at
wavelengths that include 248 nm, 533 nm, and 632.8 nm, but be transparent at
wavelengths between about 900 rim - 1100 nm. In an embodiment, the ARC is
non- photosensitive. ARC's that have been used in lithography are often
photosensitive, and 13 P-2169.020 refractive index matching is used to
ensure that the ARC is effective for each layer and  feature of the
substrate. By providing an ARC that is non-photosensitive, the ARC may be
used for substantially all layers and features. [00601 Figure 5 depicts an
embodiment of a method 500 for measuring information  provided by the
substrate W. The substrate W includes a feature 300, 400 that has been
created by the lithographic apparatus 10 depicted in Figure 1. The method
500 starts at 510.  At 520, a beam of light 100 is projected onto the marker
200 disposed above and/or near the  feature 300, 400 on the substrate W.
Information provided by the marker 200 is detected by  the sensor 50 at 520.
The information may be alignment information, focus information,  overlay
information, exposure dose information, or any other type of information
that may be  provided by a marker in conjunction with a sensor. Prior to the
light being projected onto the  marker 200, the coating 330, 420 is disposed
on the substrate W so that the coating 330, 420  lies between the beam of
light 100 and the feature 300, 400 to substantially prevent the beam  of
light 100 from being reflected by the feature 300, 400 and causing an
inaccurate readout of  the information being provided by the marker 200. The
method ends at 530. 100611 In an embodiment, depending on the type of
information being provided by  the marker 200, a position of the substrate W
maybe adjusted on the basis of the detecting.  For example, if the
information being provided is alignment information of the substrate W
relative to the patterning device MA in the X-Y plane, the position of the
substrate W may be  adjusted in the X-Y plane. Also, if the information
being provided is focus or alignment  



information of the substrate relative to the projection system PL along the
Z-axis, then the  position of the substrate W may be adjusted relative to
the projection system PL along the Z- axis. 100621 It will be apparent to
the person skilled in the art that other embodiments of  the invention may
be conceived and reduced to practice without departing from the spirit of
the invention. Methods as described herein may also be implemented as
software, firmware,  hardware, or some combination of these (e.g. in the
form of one or more sets of machine- executable instructions stored on a
data storage medium such as a disk or computer memory).  In an embodiment,
there is provided a computer program comprising program code that,  when
executed on a computer system, instructs the computer system to perform one
or more  methods as described herein. [00631 While preferred embodiments of
the invention have been shown and described,  they are not intended to be
limiting in any respect. To the contrary, the invention is intended 14
P-2169.020 to encompass all variations and modifications within the spirit
and scope of the appended  claims. 15 P-2169.020 WHAT IS CLAIMED IS: 1. A
method for measuring information provided by a substrate, the substrate
comprising a feature that has been created by a lithographic apparatus, the
method  comprising: projecting a beam of light onto a marker disposed above
and/or near the feature on the  substrate; and detecting information
provided by said marker with a sensor; wherein a coating is disposed on the
substrate so that the coating lies between the  beam of light and the
feature to substantially prevent the beam of light from being reflected  by
the feature and causing an inaccurate readout of the information provided by
the marker. 2. A method according to claim 1, wherein the coating comprises
an opaque  layer of material that is deposited on top of the marker. 3. A
method according to claim 2, wherein the opaque layer comprises a metal.  



4. A method according to claim 3, wherein the metal comprises aluminum. 5. A
method according to claim 1, wherein the coating comprises a seed layer for
growing crystals of an opaque metal. 6. A method according to claim 5,
wherein the seed layer comprises tantalum  and the metal comprises aluminum.
7. A method according to claim 1, wherein the coating is an anti-reflective
coating disposed between the marker and the feature. 8. A method according
to claim 7, wherein the anti-reflective coating is non- photosensitive. 9. A
method according to claim 7, wherein the anti-reflective coating is anti-
reflective to the wavelength of the beam of light. 10. A method according to
claim 9, wherein the wavelength of the beam of light is  about 533 nm. 11. A
method according to claim 9, wherein the wavelength of the beam of light is
about 632.8 nm. 12. A method according to claim 1, wherein the sensor is an
alignment sensor. 16 P-2169.020 13. A method according to claim 1, wherein
the sensor is a focus sensor.  14. A method according to claim 1, wherein
the sensor is an optical sensor.  15. A method according to claim 1, wherein
the information provided by said marker comprises the position of said
marker in the X-Y plane. 16. A method according to claim 15, wherein the
position comprises an aligned  position of the substrate relative to a
patterning device in the lithographic apparatus. 17. A method according to
claim 16, further comprising adjusting a position of the  substrate on the
basis of said detecting. 18. A method according to claim 1, wherein the
information provided by said  marker comprises focus information. 19. A
method according to claim 18, wherein the focus information is used in a
test that maps focus and/or leveling performance over the substrate. 20. A
method according to claim 1, wherein the information provided by said
marker comprises exposure dose information. 



21. A method according to claim 1, wherein said detecting comprises
detecting  light diffracted by said marker with said sensor. 22. A method
according to claim 1, wherein the method is carried out in the  lithographic
apparatus. 23. A method according to claim 1, wherein the method is carried
out in a  metrology tool. 24. A substrate for use in a lithographic
apparatus, the substrate comprising:  a feature created by the lithographic
apparatus; a marker created in a layer of resist above and/or near the
feature, the marker being  arranged to provide information about the
substrate; and a coating for substantially preventing a beam of light used
for detecting the  information provided by the marker from being reflected
by the feature and causing an  inaccurate readout of the information
provided by the marker. 25. A substrate according to claim 24, wherein the
coating comprises an opaque  layer deposited over the marker. 26. A
substrate according to claim 25, wherein the opaque layer comprises a metal.
17 P-2169.020 27. A substrate according to claim 26, wherein the metal
comprises aluminum. 28. A substrate according to claim 24, wherein the
coating comprises a seed layer  for growing crystals of an opaque metal. 29.
A substrate according to claim 28, wherein the seed layer comprises tantalum
and/or the metal comprises aluminum. 30. A substrate according to claim 24,
wherein the coating comprises an anti- reflective coating disposed in
between the feature and the marker. 31. A substrate according to claim 30,
wherein the anti-reflective coating is non- photosensitive. 32. A substrate
according to claim 30, wherein the anti-reflective coating is anti-
reflective to the wavelength of the beam of light. 33. A substrate according
to claim 32, wherein the wavelength of the beam of  light is about 533 nm.
34. A substrate according to claim 32, wherein the wavelength of the beam of



light is about 632.8 nm. 35. A substrate according to claim 24, wherein the
information provided by said  marker comprises the position of said marker
in the X-Y plane. 36. A substrate according to claim 35, wherein said
position of said marker  provides information about an aligned position of
the substrate relative to a patterning device  in the lithographic
apparatus. 37. A substrate according to claim 24, wherein the information
provided by said  marker comprises focus information. 38. A substrate
according to claim 37, wherein the focus information is used in a  test that
maps focus and/or leveling performance over the substrate. 39. A substrate
according to claim 24, wherein the information provided by said  marker
comprises exposure dose information. 40. A substrate according to claim 24,
wherein the marker comprises a plurality of  lines and a plurality of
trenches, the plurality of line and trenches being arranged in a  repetitive
order in the marker. 18 P-2169.020 41. A substrate according to claim 24,
wherein the marker consists of an  arrangement of single lines. 42. A
substrate according to claim 24, wherein the beam of light is provided in
the  lithographic apparatus. 43. A substrate according to claim 24, wherein
the beam of light is provided in a  metrology tool. 44. A lithographic
apparatus in combination with a substrate for use in the  lithographic
apparatus, the lithographic apparatus comprising: an illumination system for
conditioning a beam of radiation; a support for supporting a patterning
device, the patterning device serving to  impart the beam of radiation with
a pattern in its cross-section; a substrate table for supporting the
substrate; a projection system for projecting the patterned beam of
radiation onto a target  portion of the substrate; and a sensor for
measuring information about the substrate; and  



the substrate comprising: a feature created by patterning the beam of
radiation with the patterning device  and projecting the patterned beam of
radiation with the projection system onto the target  portion of the
substrate; a marker created in a layer of resist above and/or near the
feature, the marker  being arranged to provide the information about the
substrate; and a coating for substantially preventing a beam of light from
the sensor in the  lithographic apparatus from being reflected by the
feature and causing an inaccurate readout  of the information provided by
the marker. 45. A combination according to claim 44, wherein the coating
comprises an  opaque layer deposited over the marker. 46. A combination
according to claim 45, wherein the opaque layer comprises a metal. 47. A
combination according to claim 46, wherein the metal comprises aluminum. 48.
A combination according to claim 44, wherein the coating comprises a seed
layer for growing crystals of an opaque metal. 19 P-2169.020 49. A
combination according to claim 48, wherein the seed layer comprises
tantalum and/or the metal comprises aluminum. 50. A combination according to
claim 44, wherein the coating comprises an anti- reflective coating disposed
in between the feature and the marker. 51. A combination according to claim
50, wherein the anti-reflective coating is  non-photosensitive. 52. A
combination according to claim 50, wherein the anti-reflective coating is
anti-reflective to the wavelength of the beam of light provided by the
sensor. 53. A combination according to claim 52, wherein the wavelength of
the beam of  light is about 533 nm. 54. A combination according to claim 52,
wherein the wavelength of the beam of  light is about 632.8 nm. 55. A
combination according to claim 44, wherein the lithographic apparatus
further comprises a level sensor for mapping the topography of the
substrate. 



56. A combination according to claim 55, wherein the anti-reflective coating
is  transparent to the wavelength of a beam of light provided by the level
sensor. 57. A combination according to claim 56, wherein the wavelength is
between  about 900 nun and about 1100 rim. 58. A combination according to
claim 44, wherein the sensor is an alignment sensor. 59. A combination
according to claim 44, wherein the sensor is a focus sensor.  60. A
combination according to claim 44, wherein the sensor is an optical sensor.
61. A combination according to claim 44, wherein the information provided by
said marker comprises the position of said marker in the X-Y plane. 62. A
combination according to claim 61, wherein said position of said marker
provides information about an aligned position of the substrate relative to
the patterning  device in the lithographic apparatus. 63. A combination
according to claim 44, wherein the information provided by  said marker
comprises focus information. 20 P-2169.020 64. A combination according to
claim 63 wherein the focus information is used in  a test that maps focus
and/or leveling performance over the substrate. 65. A combination according
to claim 44, wherein the information provided by  said marker comprises dose
information. 66. A combination according to claim 44, wherein the marker
comprises a  plurality of lines and a plurality of trenches, the plurality
of line and trenches being arranged  in a repetitive order in the marker.
67. A combination according to claim 44, wherein the marker consists of an
arrangement of single lines. 21 




