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Determination of Absolute Dimensions of Particles Used as Calibration

Standards for Optical Measurement Systems

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application is related to and claims the benefit of the
earliest available effective filing date(s) from the following listed application(s)
(the “Related Applications”) (e.g., claims earliest available priority dates for
other than provisional patent applications or claims benefits under 35 USC §
119(e) for provisional patent applications, for any and all parent, grandparent,

great-grandparent, etc. applications of the Related Application(s)).

Related Applications:

For purposes of the USPTO extra-statutory requirements, the present
application constitutes a regular (non-provisional) patent application of
United States Provisional Patent Application entitled Method of Accurate
Determination of Absolute Dimensions of Nanoparticles Used as
Calibration Standards for Optical Inspection Systems, naming Yu Guan
as an inventor, filed June 29, 2011, Application Serial Number
61/502,489.

TECHNICAL FIELD
[0002] The present invention relates to the field of optical inspection systems,
and in particular to system and method for acquiring spatial parameters for one

or more standard particles utilized to calibrate an optical inspection system.
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BACKGROUND

[0003] As performance demand on semiconductor devices continues to
increase, specification requirements for the various features of semiconductor
devices will continue to become more stringent. To meet this demand it is
critical that future methods and systems for device fabrication and
characterization are able to quantify device feature sizes at ever decreasing
levels. In order to optically determine device feature sizes at very small
dimensions implementing optical measurement systems, such as optical
inspection systems and optical metrology systems, require calibration. One
commonly utilized calibration technique includes the utilization of certified
standardized particles to calibrate an implementing optical metrology system
utilized to acquire imagery or other optical data of one or more device features
or defects. However, standardized particles are typically only certified down
to approximately 50-60 nm, with the smallest pitch standard being 100 nm. As
a result, significant extrapolation must be used in order to quantify device
features below this level. This extrapolation leads to uncertainties in
measured sizes of features and is compounded at smaller and smaller sizes.
Therefore, it would be advantageous to provide a system and method that
cures the defects of the prior art allowing improved optical size

characterization of semiconductor device features.

SUMMARY

[0004] A system for determining one or more spatial parameters of a plurality
of standard particles is disclosed. The system includes, but is not limited to, a
substantially crystalline material having one or more characteristic spatial
parameters; a plurality of standard particles disposed proximate to a portion of
the substantially crystalline material; a microscopy system configured to
acquire imagery data of the plurality of standard particles and the portion of

the substantially crystalline material; and a computing system communicatively
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coupled to the microscopy system, the computing system configured to
establish a spatial relationship between the a plurality of standard particles
and the portion of the substantially crystalline material, the computing system
further configured to determine one or more spatial parameters of the a
plurality of standard particles utilizing the one or more characteristic spatial
parameters of the substantially crystalline material and the established spatial
relationship between the plurality of standard particles and the portion of the

substantially crystalline material.

[0005] In another aspect, the system may include, but is not limited to, a
substantially crystalline material having one or more characteristic spatial
parameters; one or more standard particles disposed proximate to a portion of
the substantially crystalline material; a microscopy system configured to
acquire imagery data of the one or more standard particles and the portion of
the substantially crystalline material; and a computing system communicatively
coupled to the microscopy system, the computing system configured to
establish a spatial relationship between the one or more standard particles and
the portion of the substantially crystalline material, the computing system
further configured to determine one or more spatial parameters of the one or
more standard particles utilizing the one or more characteristic spatial
parameters of the substantially crystalline material and the established spatial
relationship between the one or more standard particles and the portion of the

substantially crystalline material.

[0006] A method for determining one or more spatial parameters of a plurality
of standard particles is disclosed. The method may include, but is not limited
to, providing a plurality of standard particles; providing a substantially
crystalline material having one or more characteristic spatial parameters;
disposing the plurality of standard particles proximate to a portion of the
substantially crystalline material; acquiring imagery data of the plurality of
standard particles and the portion of the substantially crystalline material;

establishing a spatial relationship between the plurality of standard particles



WO 2013/003127 PCT/US2012/043175

and the portion of the substantially crystalline material utilizing the acquired
imagery data; and determining one or more spatial parameters of the plurality
of standard particles utilizing the one or more characteristic spatial parameters
of the substantially crystalline material and the established spatial relationship
between the plurality of standard particles and the portion of the substantially

crystalline material.

[0007] In another aspect, the method may include, but is not limited to,
providing one or more standard particles; providing a substantially crystalline
material having one or more characteristic spatial parameters; disposing the
one or more standard particles proximate to a portion of the substantially
crystalline material; acquiring imagery data of the one or more standard
particles and the portion of the substantially crystalline material; establishing a
spatial relationship between the one or more standard particles and the portion
of the substantially crystalline material utilizing the acquired imagery data;
and determining one or more spatial parameters of the one or more standard
particles utilizing the one or more characteristic spatial parameters of the
substantially crystalline material and the established spatial relationship
between the one or more standard particles and the portion of the

substantially crystalline material.

[0008] A method for calibrating an optical measurement system utilizing a
plurality of standard particles is disclosed. The method may include, but is not
limited to, providing a plurality of standard particles; providing a substantially
crystalline material having one or more characteristic spatial parameters;
disposing the plurality of standard particles proximate to a portion of the
substantially crystalline material; acquiring imagery data of the plurality of
standard particles and the portion of the substantially crystalline material;
establishing a spatial relationship between the plurality of standard particles
and the portion of the substantially crystalline material utilizing the acquired
imagery data; determining one or more spatial parameters of the plurality of

standard particles utilizing the one or more characteristic spatial parameters of
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the substantially crystalline material and the established spatial relationship
between the plurality of standard particles and the portion of the substantially
crystalline material; disposing the plurality of standard particles on a surface of
a wafer; and calibrating an optical measurement system utilizing the wafer
having the plurality of standard particles disposed on the surface of the wafer
by: acquiring optical data associated with the plurality of standard particles
disposed on the surface of the wafer; and establishing a relationship between
the acquired optical data associated with the plurality of standard particles

and the one or more spatial parameters of the plurality of standard particles.

[0009] A wafer for calibrating an optical measurement system is disclosed.
The wafer may include, but is not limited to, a calibration wafer; and plurality
of calibrated standard particles disposed on a surface of the wafer, each of the
plurality of calibrated standard particles selected from a plurality of standard
particles having one or more verified spatial parameters, the one or more
verified spatial parameters confirmed utilizing a spatial comparison between
one or more standard particles of the plurality of standard particles and a
portion of a substantially crystalline material having one or more characteristic

spatial parameters.

[0010] An optical measurement system configured to perform optical
inspection or optical metrology on one or more wafers is disclosed. The system
may include, but is not limited to, an illumination source configured to direct
illumination to a surface of a sample disposed on a sample stage; a sample
stage configured to receive a calibration wafer, the calibration wafer having a
plurality of calibrated standard particles disposed on a surface of the
calibration wafer, the plurality of calibrated standard particles selected from a
plurality of standard particles having one or more verified spatial parameters,
the one or more verified spatial parameters confirmed utilizing a spatial
comparison between one or more standard particles of the plurality of standard
particles and a portion of a substantially crystalline material having one or

more characteristic spatial parameters; a detector configured to receive
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illumination from the surface of the sample; and a computing system
communicatively coupled to the detector, the computing system configured to
acquire information associated with illumination received by the detector, the
computing system further configured to acquire data associated with the
plurality of calibrated standard particles disposed on the surface of the
calibration wafer utilizing information associated with illumination received by
the detector, the computing system further configured to establish a
relationship between the data acquired by the computing system about the
plurality of calibrated standard particles disposed on the surface of the wafer
and the one or more verified spatial parameters of the plurality of calibrated
standard particles, wherein the computing system is further configured to
calibrate subsequent measurements made by the inspection system utilizing

the established relationship.

[0011] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are
not necessarily restrictive of the invention as claimed. The accompanying
drawings, which are incorporated in and constitute a part of the specification,
illustrate embodiments of the invention and together with the general

description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The numerous advantages of the disclosure may be better understood

by those skilled in the art by reference to the accompanying figures in which:

FIG. 1A is a block diagram illustrating a system for determining one or more
spatial parameters of a plurality of standard particles, in accordance
with one embodiment of the present invention.

FIG. 1B illustrates a conceptual view of a plurality of standard particles
disposed proximate to a substantially crystalline material, in accordance

with one embodiment of the present invention.
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FIG. 1C is a TEM image of a plurality of standard particles disposed proximate
to a substantially crystalline material, in accordance with one
embodiment of the present invention.

FIG. 2 is a flow diagram illustrating a method for determining one or more
spatial parameters of a plurality of standard particles, in accordance
with one embodiment of the present invention.

FIG. 3 is a flow diagram illustrating a method for determining one or more
spatial parameters of a plurality of standard particles and for calibrating
an optical system utilizing a wafer having the a plurality of standard
particles disposed on a surface of the wafer, in accordance with one
embodiment of the present invention.

FIG. 4 illustrates a conceptual view of a wafer having a plurality of standard
particles disposed on a surface of the wafer, in accordance with one
embodiment of the present invention.

FIG. 5 illustrates an optical system configured for calibration utilizing a wafer
having a plurality of standard particles disposed on a surface of the

wafer, in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Reference will how be made in detail to the subject matter disclosed,

which is illustrated in the accompanying drawings.

[0014] Referring generally to FIGS. 1A through 5, a systems and methods for
determining spatial parameters (e.g. dimensions) of a plurality of standard
particles for calibrating optical systems, such as an inspection system or
metrology system, are described. Optical systems are commonly utilized for
inspecting wafers prior to, during, and following fabrication of semiconductors.
The size measurement accuracy of most optical systems is limited by spatial
parameters of standard particles utilized for calibration. The present invention

is directed towards a system and method for measuring one or more spatial
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parameters of a plurality of standard particles utilizing known or readily
ascertainable characteristic spatial parameters of substantially crystalline
materials. Utilizing spatial parameters of substantially crystalline materials, it
is possible to determine spatial parameters of standard particles with a
relatively high degree of accuracy and precision due to the resolution of crystal
lattices within substantially crystalline materials and the substantially

uniformity of crystal structures within such materials.

[0015] As used throughout the present disclosure, the term “standard
particle” generally refers to any particle, material, object, or artifact having
one or more characteristic spatial parameters (e.g. diameter, circumference,
size, volume, length, width, thickness, height or any other substantially fixed
dimension of set of dimensions). For example, a standard particle may include
but are not limited to silica, silicon particles, polymer particles, and the like.
Many different types of standard particles are known to the art, and the term
standard particle as used herein is intended to encompass any particle,

material, object, or artifact acceptable for calibrating an optical system.

[0016] As used throughout the present disclosure, the terms “substantially
crystalline material” or “crystalline material” generally refer to a material
having crystal structures with one or more substantially uniform or repetitious
spatial parameters (e.g. lattice plane spacing, unit cell dimensions, unit cell
configurations, etc.). For example, a substantially crystalline material may
include gold, asbestos, silicon, another monocrystalline material known to the
art, or any material having constituent atoms, molecules, or ions arranged in a
substantially uniform or repeating pattern. Many different crystalline materials
are known in the art, and the terms crystalline material or substantially
crystalline material as used herein are intended to encompass any crystalline or
substantially crystalline material having a crystalline structure with known or

readily ascertainable characteristic spatial parameters.
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[0017] As used throughout the present disclosure, the terms “sample” or
“wafer” generally refer to any substrate formed of a semiconductor or non-
semiconductor material. For example, semiconductor or non-semiconductor
materials include, but are not limited to, quartz, monocrystalline silicon,
gallium arsenide, and indium phosphide. A wafer may include one or more
layers. For example, such layers may include, but are not limited to, a resist,
a dielectric material, a conductive material, and a semiconductive material.
Many different types of such layers are known in the art, and the term wafer as
used herein is intended to encompass a wafer on which all types of such layers

may be formed.

[0018] FIGS. 1A through 1C illustrate a system 100 for determining one or
more spatial parameters of standard particles 104, such as the diameter,
circumference, size, volume, length, width, thickness, height or any other
substantially fixed dimension of set of dimensions of the one or more standard
particles 104. It is noted herein that in determining one or more spatial
parameters associated with the standard particles 104, the system 100 may
determine some statistical measure of the given parameter. For example, the
system 100 may determine an average, mean, standard deviation and the like
of one or more spatial parameters of the standard particles. For instance, the
system 100 may determine an average size of the plurality of standard

particles.

[0019] While the remainder of this disclosure describes the present invention
in the context of determining one or more spatial parameters associated with a
plurality of standard particles, it is noted herein that the present invention
may be extended to the determination of one or more spatial parameters
associated with a single particle. In this context, the system 100 may
determine the diameter, circumference, size, volume, length, width,
thickness, height or any other substantially fixed dimension of a single standard

particle.

10
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[0020] In one embodiment, the system 100 may include a sample stage 105
configured to receive the standard particles 104 and a substantially crystalline
material 102 configured for spatial comparison with the standard particles 104.
The substantially crystalline material may have one or more substantially
uniform or repetitious characteristic spatial parameters (e.g. lattice plane

spacing, unit cell dimensions, unit cell configurations, etc.).

[0021] Referring to FIGS. 1B and 1C, the one or more characteristic spatial
parameters of the substantially crystalline material 102 may consist of one or
more known values or may be readily ascertainable utilizing systems or
methods known to those skilled in the art. For example, the one or more
characteristic spatial parameters may include one or more lattice plane
spacings, which define one or more unit cells of the substantially crystalline
material 102. The one or more characteristic spatial parameters may be known
or generally accepted values, such as standard or average values known to
those skilled in the art. Alternatively, the one or more characteristic spatial
parameters may be determined utilizing any system or method known to the
art for determining characteristic spatial parameters of substantially crystalline
materials, such as transmission electron microscopy (TEM), X-ray diffraction
(XRD), scanning tunneling microscopy (STM), atomic force microscopy (AFM)
and the like.

[0022] In one embodiment, a transmission electron microscopy (TEM) system
may be utilized to acquire one or more crystal lattice images of the
substantially crystalline material 102. Those skilled in the art will recognize
that a high resolution transmission electron microscopy (HRTEM) system
operating in phase contrast mode may be used to acquire images of a crystal
lattice. It is further noted that utilizing a HRTEM system lattice plane spacing

of approximately 1 to 10 A are discernible.

[0023] An acquired crystal lattice image may be utilized to determine the one

or more characteristic spatial parameters, such as the one or more lattice

11
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plane spacings, of the substantially crystalline material 102. A computing
system communicatively coupled to the TEM system may be configured to
determine the one or more characteristic spatial parameters of the
substantially crystalline material 102 utilizing information associated with the
TEM image acquired from the TEM system. For example, the computing system
may be configured to calculate the one or more lattice plane spacings of the
substantially crystalline material 102 in one or more directions utilizing the one
or more acquired TEM images. It is further contemplated that the one or more
characteristic spatial parameters of the substantially crystalline material 102
may be obtained utilizing other systems or methods known to the art such as X-

ray diffraction and the like.

[0024] The plurality of standard particles 104 may be disposed proximate to
the substantially crystalline material 102 in order to allow for spatial
comparison between them. The one or more spatial parameters of the
standard particles 104 may be determined utilizing a spatial relationship
between the standard particles 104 and the crystal structure of the
substantially crystalline material 102. For example, the one or more spatial
parameters of the standard particles 104 may be determined by correlating the
one or more spatial parameters to a quantity or amount of identifiable crystal
features of the substantially crystalline material 102, such as crystal lattices,
lattice planes, unit cells, and the like. In one embodiment the identifiable
crystal features may be discretely counted to determine the quantity of
identifiable crystal features corresponding to the one or more spatial
parameters of at least some of standard particles 104. The one or more spatial
parameters of the standard particles 104 may be determined utilizing the
quantity or amount of identifiable crystal features and the one or more
characteristic spatial parameters of the substantially crystalline material 102
associated with the identifiable crystal features. For example, the quantity of
identifiable crystal features associated with the one or more spatial

parameters of the standard particles 104 may be converted to one or more

12
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measurement values in the same fundamental unit system (e.g. International
System of Units “SI”) as the one or more characteristic spatial parameters of
the substantially crystalline material 102 utilizing measurement values of the
one or more characteristic spatial parameters associated with the identifiable

crystal features.

[0025] The system 100 may further include a microscopy system 106
configured to acquire imagery data associated with the spatial relationship
between the standard particles 104 and at least a portion of the substantially
crystalline material 102 disposed on the sample stage 105. The microscopy
system may include any system capable of acquiring imagery data from a
sample at a sufficient resolution level to identify one or more crystal features
of the substantially crystalline material 102. TEM systems are described
generally in David B. Williams, C. Barry Carter, Transmission Electron
Microscopy, Second Edition, Springer (2009), which is incorporated herein by

reference.

[0026] FIG. 1C depicts an embodiment of the imagery data that may be
acquired by the microscopy system 106, wherein silica particles disposed
proximate to asbestos are imaged by a TEM system. It is contemplated that
any variety and combination of standard particles and substantially crystalline
materials may be used without departing from the essence of the present
invention. Accordingly, the embodiment illustrated by FIG. 1C is only included

by way of example and not intended to limit the present invention in any way.

[0027] The system 100 may further include a computing system 108
communicatively coupled to the microscopy system 106. The computing
system 108 may be configured to receive imagery data associated with the one
or more standard particles 104 and at least a portion of the substantially
crystalline material 102. In one embodiment, the computing system 108 may
include a carrier medium 110 such as a flash, solid-state, optical, random

access or other static or dynamic memory device configured with program

13
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instructions 112 including a measurement algorithm 114. The measurement
algorithm 114 may include an algorithm for determining the one or more
spatial parameters of the standard particles 104 utilizing imagery data acquired
by the microscopy system 106. The measurement algorithm 114 may include
instructions directing the computing system 108 to establish a spatial
relationship between the plurality of standard particles 104 and the
substantially crystalline material utilizing the acquired imagery data. For
example, the established spatial relationship may be associated with the
quantity or amount of identifiable crystal features of the substantially
crystalline material 102 corresponding to the one or more spatial parameters of
the plurality of standard particles 104. The measurement algorithm 114 may
further include instructions directing the computing system 108 to determine
the one or more measurement values of the one or more spatial parameters of
the standard particles 104 utilizing the one or more characteristic spatial
parameters of the substantially crystalline material 102 associated with the

identifiable crystal features.

[0028] The one or more characteristic spatial parameters of the substantially
crystalline material 102 may include a selected value such as the known lattice
plane spacings of the substantially crystalline material (e.g. gold).
Alternatively the one or more characteristic spatial parameters of the
substantially crystalline material 102 may include approximations or standard
values known in the art. In one embodiment, the one or more characteristic
spatial parameters of the substantially crystalline material 102 may be
determined utilizing a system or method known in the art. For example, the
computing system 108 may be configured to determine the one or more
characteristic spatial parameters of the substantially crystalline material 102
utilizing information associated with a TEM image acquired from the

microscopy system 106.

[0029] It is further contemplated that in one embodiment of the system 100,

the standard particles 104 may include the substantially crystalline material

14
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102. Accordingly, the computing system 106 may be configured to determine
the one or more spatial parameters of the standard particles 104 utilizing a
TEM image of one or more of the standard particles 104 acquired from the
microscopy system 106 in the same manner (previously discussed) as that
utilized to determine the one or more characteristic spatial parameters of the

substantially crystalline material 102.

[0030] In accordance with the foregoing system 100, FIG. 2 illustrates a
method 200 for determining the one or more spatial parameters of the one or
more standard particles 104 utilizing a spatial comparison between the one or
more standard particles 104 and a substantially crystalline material 102. The
method 200 may include one or more of the following steps: (i) step 202,
providing a plurality of standard particles 104, (ii) step 204, providing the
substantially crystalline 102 material having the one or more characteristic
spatial parameters, (iii) step 206, disposing the plurality of standard particles
104 proximate to the substantially crystalline material 102, (iv) step 208,
acquiring imagery data of the plurality of standard particles 104 and at least a
portion of the substantially crystalline material 102, (v) step 210, establishing a
spatial relationship between the plurality of standard particles 104 and the
portion of the substantially crystalline material 102 utilizing the acquired
imagery data, and (vi) step 212, determining the one or more spatial
parameters of the plurality of standard particles 104 utilizing the one or more
characteristic spatial parameters of the substantially crystalline material 102
and the established relationship between the plurality of standard particles 104

and the portion of the substantially crystalline material 102.

[0031] In steps 202, 204, and 206 the plurality of standard particles 104 may
be disposed proximate to the substantially crystalline material 102 in any
manner that allows the microscopy system 106 to acquire imagery data of the
plurality of standard particles 104 and the substantially crystalline material
102. For example, the plurality of standard particles 104 may be disposed on

top of the substantially crystalline material 102 or substantially adjacent to the

15
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substantially crystalline material 102. The foregoing arrangements of the
plurality of standard particles 104 and the substantially crystalline material 102
are included by way of example only and are not intended to limit the present
invention in any way. Any arrangement that allows for the acquisition of
imagery data of the plurality of standard particles 104 and the portion of the

substantially crystalline material 102 may be acceptable.

[0032] In step 208, imagery data of the plurality of standard particles 104 and
the substantially crystalline material 102 may be acquired utilizing the
microscopy system 106 or any system or device configured to acquire data
associated with the spatial relationship between the plurality of standard
particles 104 and the identifiable crystal features of the substantially
crystalline material 102. In step 210, the spatial relationship between the
plurality of standard particles 104 and the substantially crystalline material 102
may be established by determining the quantity or amount of identifiable
crystal features of the substantially crystalline material 102 associated with the
one or more spatial parameters of the plurality of standard particles 104. For
example, the one or more spatial parameters of the plurality of standard
particles 104 may be associated with the quantity of identifiable crystal

features of the substantially crystalline material 102.

[0033] In step 210, the one or more spatial parameters of the plurality of
standard particles 104 may be determined by converting the quantity or
amount of identifiable crystal features associated with the one or more spatial
parameters of the plurality of standard particles 104 to the one or more
measurement values of the one or more spatial parameters utilizing the one or
more characteristic parameters of the substantially crystalline material 102.
Accordingly, the one or more spatial parameters of the plurality of standard
particles 104 may be represented utilizing the same number system (e.g. SI)
that is used to represent the one or more characteristic parameters of the
substantially crystalline material 102. It is further contemplated that, the one

or more spatial parameters of the plurality of standard particles 104 may be

16
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further represented utilizing alternative number systems through conversion

methods known in the art.

[0034] In a further embodiment, the method 200 may include an additional
step of determining a second set of one or more spatial parameters of a second
set of plurality of standard particles utilizing the one or more spatial
parameters determined for the first set of the plurality of standard particles
104. It is contemplated that the plurality of standard particles 104 having a
determined set of one or more spatial parameters may be utilized to measure
any other particle, object, material, artifact, and the like. For example, the
one or more spatial parameters of the second set of plurality of standard
particles may be measured through extrapolation or interpolation techniques,

among others known in the art.

[0035] FIG. 3 illustrates a method 300 for determining the one or more spatial
parameters of the plurality of standard particles 104 utilizing a spatial
comparison between the plurality of standard particles 104 and a substantially
crystalline material 102 and for calibrating an optical measurement system
utilizing a calibration wafer having the plurality of standard particles 104
disposed on a surface of the wafer. The method 300 may include one or more
of the following steps: (i) step 302, providing the plurality of standard particles
104, (ii) step 304, providing the substantially crystalline 102 material having
the one or more characteristic spatial parameters, (iii) step 306, disposing the
plurality of standard particles 104 proximate to the substantially crystalline
material 102, (iv) step 308, acquiring imagery data of the plurality of standard
particles 104 and at least a portion of the substantially crystalline material
102, (v) step 310, establishing a spatial relationship between the plurality of
standard particles 104 and the portion of the substantially crystalline material
102 utilizing the acquired imagery data, (vi) step 312, determining the one or
more spatial parameters of the plurality of standard particles 104 utilizing the
one or more characteristic spatial parameters of the substantially crystalline

material 102 and the established relationship between the plurality of standard

17
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particles 104 and the portion of the substantially crystalline material 102, (vii)
step 314, disposing the plurality of standard particles 104 on the surface of a

wafer, and (viii) step 316, calibrating an inspection system utilizing the wafer.

[0036] In steps 302, 304, and 306 the plurality of standard particles 104 may
be disposed proximate to the substantially crystalline material 102 in any
manner that allows the microscopy system 106 to acquire imagery data of the
plurality of standard particles 104 and the substantially crystalline material
102. For example, the plurality of standard particles 104 may be disposed on
top of the substantially crystalline material 102 or substantially adjacent to the
substantially crystalline material 102. The foregoing arrangements of the
plurality of standard particles 104 and the substantially crystalline material 102
are included by way of example only and are not intended to limit the present
invention in any way. Any arrangement that allows for the acquisition of
imagery data of the plurality of standard particles 104 and the portion of the

substantially crystalline material 102 may be acceptable.

[0037] In step 308, imagery data of the plurality of standard particles 104 and
the substantially crystalline material 102 may be acquired utilizing the
microscopy system 106 or any system or device configured to acquire data
associated with the spatial relationship between the plurality of standard
particles 104 and the identifiable crystal features of the substantially
crystalline material 102. In step 310, the spatial relationship between the
plurality of standard particles 104 and the substantially crystalline material 102
may be established by determining the quantity or amount of identifiable
crystal features of the substantially crystalline material 102 associated with the
one or more spatial parameters of the plurality of standard particles 104. For
example, the one or more spatial parameters of the plurality of standard
particles 104 may be associated with the quantity of identifiable crystal

features of the substantially crystalline material 102.
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[0038] In step 310, the one or more spatial parameters of the plurality of
standard particles 104 may be determined by converting the quantity or
amount of identifiable crystal features associated with the one or more spatial
parameters of the plurality of standard particles 104 to the one or more
measurement values of the one or more spatial parameters utilizing the one or
more characteristic parameters of the substantially crystalline material 102.
Accordingly, the one or more spatial parameters of the plurality of standard
particles 104 may be represented utilizing the same number system (e.g. SI)
that is used to represent the one or more characteristic parameters of the
substantially crystalline material 102. It is further contemplated that, the one
or more spatial parameters of the plurality of standard particles 104 may be
further represented utilizing alternative number systems through conversion

methods known to the art.

[0039] In step 314, the plurality of standard particles 104 may be disposed on
the surface of the wafer utilizing any suitable method known to the art,
including but not limited to aerosol deposition or directly from colloidal liquid.
In step 316, the wafer having the plurality of standard particles disposed
thereon may be utilized to calibrate the optical measurement system (e.g.,
scattering inspection system, reflective inspection system, or metrology). In a
further aspect of step 316, the optical system may acquire imagery or other
optical data associated with the plurality of standard particles 104 disposed on
the surface of the wafer. Further, the optical system may establish a
relationship between the acquired imagery or other optical data associated
with the plurality of standard particles 104 and the one or more spatial
parameters of the plurality of standard particles 104. In another aspect of step
316, the optical system may utilize the established relationship between the
acquired imagery data and the one or more spatial parameters of the plurality
of standard particles 104 to calibrate the optical system. For example, the
acquired imagery data may include one or more measured spatial parameters.

The one or more measured spatial parameters may be compared against the
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one or more spatial parameters of the plurality of standard particles 104 to
calibrate the optical system so that the one or more measured spatial
parameters are substantially equal to the one or more spatial parameters of

the plurality of standard particles 104.

[0040] Referring to FIG. 4, a calibration wafer 400 configured to calibrate an
inspection or metrology system may have a plurality of calibrated standard
particles 104 disposed on a surface of the calibration wafer 400. The
calibrated standard particles may include standard particles 104 selected from
a plurality of standard particles having one or more verified spatial
parameters. The one or more verified spatial parameters may include the one
or more spatial parameters of the plurality of standard particles 104 measured
and/or confirmed utilizing a spatial comparison between the plurality of
standard particles 104 and the substantially crystalline material, as previously

discussed herein.

[0041] FIG. 5 illustrates an optical measurement system 500 configured to
measure or analyze defects of one or more sample, such as a photomask,
wafer, or any other sample that may be analyzed utilizing an optical inspection
system. The optical measurement system 500 may include an inspection
system or a metrology system. The optical measurement system 500 may be
further configured to be calibrated with the calibration wafer 400 having the
plurality of standard particles 104 disposed on the surface of the calibration
wafer 400. The optical measurement system 500 may include a measurement
tool 502 (e.g., scattering based inspection tool, reflective based inspection
tool, or metrology tool) having an illumination source configured to direct
illumination to the surface of the calibration wafer 400. The optical
measurement system 500 may further include a sample stage 512 configured to
hold the calibration wafer 400 during the calibration process. The sample stage
512 may be configured to hold the calibration wafer in a location where the
calibration wafer 400 may receive at least a portion of illumination transmitted

from the illumination source of the measurement tool 502. The sample stage
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512 may be further configured to actuate the calibration wafer 400 to a user
selected location. In a further embodiment, the sample stage 512 may be
configured to rotate the sample during a measurement process. The sample
stage 512 may further be communicatively coupled to one or more computing
systems 504 and configured to actuate the calibration wafer 400 to the user

selected location or to a location determined by the computing system 504.

[0042] The optical measurement system 500 may further include a detector
(not shown) configured to directly or indirectly receive at least a portion of
illumination scattered from the surface of the calibration wafer 400. The
detector 504 may be any suitable detector known to the art, such as a
photomultiplier tube for analyzing or measuring characteristics of illumination
scattered from the surface of the calibration wafer 400 (e.g. amplitude,
intensity, phase, polarity, frequency, wavelength, and the like). The system
500 may further include one or more computing systems 504 communicatively
coupled to the detector. The computing system 504 may be configured to
receive information regarding characteristics of illumination scattered from the
surface of the calibration wafer 400 from the detector. The computing system
504 may be further configured to execute a calibration algorithm 510 from
program instructions 508 on a carrier medium 506. The calibration algorithm
510 may be any calibration algorithm known to the art for calibrating an
optical measurement system (e.g., inspection system or metrology system)
utilizing imagery or other optical data associated with the plurality of standard
particles 104 of the calibration wafer 400, wherein the imagery or other optical
data may be acquired from illumination acquired from the surface of the
calibration wafer 400 received by the detector. For example, the calibration
algorithm may include the steps of: (i) acquiring imagery or other optical data
associated with the plurality of standard particles 104 disposed on the surface
of the calibration wafer 400, (ii) establishing a relationship between the
acquired imagery or other optical data and the one or more spatial parameters

of the plurality of standard particles 104, and (iii) calibrating the inspection
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system utilizing the established relationship between the acquired imagery or
other optical data associated with the plurality of standard particles 104 and

the one or more spatial parameters of the plurality of standard particles 104.

[0043] The optical measurement system 500 may include one or more
illumination optical elements (e.g. retarders, quarter wave plates, focus
optics, phase modulators, polarizers, mirrors, beam splitters, reflectors,
converging/diverging lenses, prisms, etc.) positioned between the illumination
source (not shown) and the surface of the wafer 400. The illumination optical
elements may be configured to directly or indirectly receive illumination
emanating from the illumination source of the measurement system 502. The
illumination optical elements may be further configured to transmit at least a
portion of illumination directly or indirectly received from the illumination
source along an illumination path of the inspection system 500 to the surface of
the calibration wafer 400. The illumination path may be any path along which
illumination can travel from the illumination source of the measurement
system 502 to the surface of the calibration wafer 400, such as a direct line of
sight between the illumination source and the surface of the calibration wafer
400. In some embodiments, the illumination path may be a path delineated by
a configuration of one or more optical elements including, but not limited to,
the illumination optical elements or any other optical elements disclosed

herein.

[0044] In one embodiment the optical measurement system 500 may include
collection optical elements (e.g. retarders, quarter wave plates, focus optics,
phase modulators, filters, polarizers, mirrors, beam splitters, reflectors,
converging/diverging lenses, prisms, etc.) configured to directly or indirectly
receive at least a portion of illumination scattered from the surface of the
calibration wafer 400. The collection optical elements may be further
configured to transmit at least a portion of illumination directly or indirectly
received from the surface of the calibration wafer 400 along a collection path

of the optical measurement system 500 to the detector of the measurement
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tool 502. The collection path may be any path along which illumination can
travel from the surface of the calibration wafer 400 to the detector. In some
embodiments, the collection path may be a path delineated by a configuration
of one or more optical elements including, but not limited to, the collection

optical elements or any other optical elements disclosed herein.

[0045] It is contemplated that the inventive aspects of the optical
measurement system 500 may be extended to a wide array of inspection or
metrology systems utilized in the fabrication or analysis of semiconductors or
semiconductor components. The optical measurement system 500 may be
configured for one or more modes of operation known in the art. For example,
the optical measurement system 500 may be configured for bright-field
inspection, dark-field inspection, or any other mode or configuration now or
hereafter known to the art. The optical measurement system 500 may be
further configured for one or more inspection capabilities known to the art.
For example, the optical measurement system 500 may be configured for
inspecting one or more photomasks, patterned wafers, unpatterned wafers, or

any other inspection capability now or hereafter known to the art.

[0046] It should be recognized that the various steps described throughout the
present disclosure may be carried out by a single computing system or,
alternatively, a multiple computing system. Moreover, different subsystems of
the system may include a computing system suitable for carrying out at least a
portion of the steps described above. Therefore, the above description should
not be interpreted as a limitation on the present invention but merely an
illustration. Further, the one or more computing systems may be configured to

perform any other step(s) of any of the method embodiments described herein.

[0047] The computing system may include, but is not limited to, a personal
computing system, mainframe computing system, workstation, image
computer, parallel processor, or any other device known in the art. In general,

the term “computing system” may be broadly defined to encompass any device
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having one or more processors, which execute instructions from a memory

medium.

[0048] Program instructions implementing methods such as those described
herein may be transmitted over or stored on carrier medium. The carrier
medium may be a transmission medium such as a wire, cable, or wireless
transmission link. The carrier medium may also include a storage medium such
as a read-only memory, a random access memory, a magnetic or optical disk,

or a magnetic tape.

[0049] All of the methods described herein may include storing results of one
or more steps of the method embodiments in a storage medium. The results
may include any of the results described herein and may be stored in any
manner known in the art. The storage medium may include any storage
medium described herein or any other suitable storage medium known in the
art. After the results have been stored, the results can be accessed in the
storage medium and used by any of the method or system embodiments
described herein, formatted for display to a user, used by another software
module, method, or system, etc. Furthermore, the results may be stored

” &«

“permanently,” “semi-permanently,” temporarily, or for some period of time.
For example, the storage medium may be random access memory (RAM), and

the results may not necessarily persist indefinitely in the storage medium.

[0050] It is further contemplated that each of the embodiments of the method
described above may include any other step(s) of any other method(s)
described herein. In addition, each of the embodiments of the method

described above may be performed by any of the systems described herein.

[0051] Those having skill in the art will appreciate that there are various
vehicles by which processes and/or systems and/or other technologies
described herein can be effected (e.g., hardware, software, and/or firmware),
and that the preferred vehicle will vary with the context in which the

processes and/or systems and/or other technologies are deployed. For
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example, if an implementer determines that speed and accuracy are
paramount, the implementer may opt for a mainly hardware and/or firmware
vehicle; alternatively, if flexibility is paramount, the implementer may opt for
a mainly software implementation; or, yet again alternatively, the
implementer may opt for some combination of hardware, software, and/or
firmware. Hence, there are several possible vehicles by which the processes
and/or devices and/or other technologies described herein may be effected,
none of which is inherently superior to the other in that any vehicle to be
utilized is a choice dependent upon the context in which the vehicle will be
deployed and the specific concerns (e.g., speed, flexibility, or predictability)
of the implementer, any of which may vary. Those skilled in the art will
recognize that optical aspects of implementations will typically employ

optically-oriented hardware, software, and or firmware.

[0052] Those skilled in the art will recognize that it is common within the art
to describe devices and/or processes in the fashion set forth herein, and
thereafter use engineering practices to integrate such described devices and/or
processes into data processing systems. That is, at least a portion of the
devices and/or processes described herein can be integrated into a data
processing system via a reasonable amount of experimentation. Those having
skill in the art will recognize that a typical data processing system generally
includes one or more of a system unit housing, a video display device, a
memory such as volatile and non-volatile memory, processors such as
microprocessors and digital signal processors, computational entities such as
operating systems, drivers, graphical user interfaces, and applications
programs, one or more interaction devices, such as a touch pad or screen,
and/or control systems including feedback loops and control motors (e.g.,
feedback for sensing position and/or velocity; control motors for moving
and/or adjusting components and/or quantities). A typical data processing

system may be implemented utilizing any suitable commercially available
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components, such as those typically found in data computing/communication

and/or network computing/communication systems.

[0053] The herein described subject matter sometimes illustrates different
components contained within, or connected with, different other components.
It is to be understood that such depicted architectures are merely exemplary,
and that in fact many other architectures can be implemented which achieve
the same functionality. In a conceptual sense, any arrangement of components
to achieve the same functionality is effectively "associated” such that the
desired functionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as "associated with"
each other such that the desired functionality is achieved, irrespective of
architectures or intermedial components. Likewise, any two components so
associated can also be viewed as being “connected”, or "coupled”, to each other
to achieve the desired functionality, and any two components capable of being
so associated can also be viewed as being "couplable”, to each other to achieve
the desired functionality. Specific examples of couplable include but are not
limited to physically mateable and/or physically interacting components
and/or wirelessly interactable and/or wirelessly interacting components and/or

logically interacting and/or logically interactable components.

[0054] While particular aspects of the present subject matter described herein
have been shown and described, it will be apparent to those skilled in the art
that, based upon the teachings herein, changes and modifications may be made
without departing from the subject matter described herein and its broader
aspects and, therefore, the appended claims are to encompass within their
scope all such changes and modifications as are within the true spirit and scope

of the subject matter described herein.

[0055] Furthermore, it is to be understood that the invention is defined by the

appended claims.
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[0056] Although particular embodiments of this invention have been
illustrated, it is apparent that various modifications and embodiments of the
invention may be made by those skilled in the art without departing from the
scope and spirit of the foregoing disclosure. Accordingly, the scope of the

invention should be limited only by the claims appended hereto.

[0057] It is believed that the present disclosure and many of its attendant
advantages will be understood by the foregoing description, and it will be
apparent that various changes may be made in the form, construction and
arrangement of the components without departing from the disclosed subject
matter or without sacrificing all of its material advantages. The form
described is merely explanatory, and it is the intention of the following claims

to encompass and include such changes.
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What is claimed:

1. A system for determining one or more spatial parameters of a plurality
of standard particles, comprising:

a substantially crystalline material having one or more characteristic
spatial parameters;

a plurality of standard particles disposed proximate to a portion of the
substantially crystalline material;

a microscopy system configured to acquire imagery data of the plurality
of standard particles and the portion of the substantially crystalline material;
and

a computing system communicatively coupled to the microscopy system,
the computing system configured to establish a spatial relationship between
the a plurality of standard particles and the portion of the substantially
crystalline material, the computing system further configured to determine one
or more spatial parameters of the a plurality of standard particles utilizing the
one or more characteristic spatial parameters of the substantially crystalline
material and the established spatial relationship between the plurality of

standard particles and the portion of the substantially crystalline material.

2. The system of claim 1, wherein the one or more spatial parameters of
the plurality of standard particles comprise:
one or more statistical parameters associated with the plurality of

standard particles.

3. The system of claim 2, wherein the one or more statistical parameters
comprise:
at least one of an average size, a median size, a most probable size, or a

standard deviation in size.
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4, The system of claim 1, wherein the microscopy system comprises a

transmission electron microscopy (TEM) system.

5. The system of claim 1, wherein the computing system is further
configured to determine the one or more characteristic spatial parameters of
the substantially crystalline material utilizing an image acquired by the

microscopy system.

6. The system of claim 1, wherein the substantially crystalline material

comprises a monocrystalline material.

7. The system of claim 1, wherein the substantially crystalline material

comprises at least one of silicon, gold, or asbestos.

8. The system of claim 1, wherein one or more of the plurality of standard

particles comprise a plurality of silica particles.

9. The system of claim 1, wherein one or more of the plurality of standard

particles are formed from one or more substantially crystalline materials.
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10. A system for determining one or more spatial parameters of one or more
standard particles, comprising:

a substantially crystalline material having one or more characteristic
spatial parameters;

one or more standard particles disposed proximate to a portion of the
substantially crystalline material;

a microscopy system configured to acquire imagery data of the one or
more standard particles and the portion of the substantially crystalline
material; and

a computing system communicatively coupled to the microscopy system,
the computing system configured to establish a spatial relationship between
the one or more standard particles and the portion of the substantially
crystalline material, the computing system further configured to determine one
or more spatial parameters of the one or more standard particles utilizing the
one or more characteristic spatial parameters of the substantially crystalline
material and the established spatial relationship between the one or more

standard particles and the portion of the substantially crystalline material.

11.  The system of claim 10, wherein the one or more spatial parameters of

the one or more standard particles comprises a size of the standard particles.
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12. A method for determining one or more spatial parameters of a plurality
of standard particles, comprising:

providing a plurality of standard particles;

providing a substantially crystalline material having one or more
characteristic spatial parameters;

disposing the plurality of standard particles proximate to a portion of
the substantially crystalline material;

acquiring imagery data of the plurality of standard particles and the
portion of the substantially crystalline material;

establishing a spatial relationship between the plurality of standard
particles and the portion of the substantially crystalline material utilizing the
acquired imagery data; and

determining one or more spatial parameters of the plurality of standard
particles utilizing the one or more characteristic spatial parameters of the
substantially crystalline material and the established spatial relationship
between the plurality of standard particles and the portion of the substantially

crystalline material.

13. The method of claim 12, wherein the method further includes the step
of determining at least one lattice plane spacing of the portion of the
substantially crystalline material utilizing an image acquired from the at least a

portion of the substantially crystalline material.

14. The method of claim 12, wherein the method further includes the step
of determining the one or more characteristic spatial parameters of the
substantially crystalline material utilizing the at least one lattice plane spacing

of the portion of the substantially crystalline material.
15.  The method of claim 12, wherein the determining one or more spatial

parameters of the plurality of standard particles utilizing the one or more

characteristic spatial parameters of the substantially crystalline material and
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the established spatial relationship between the plurality of standard particles
and the portion of the substantially crystalline material comprises:
determining an average size of the plurality of standard particles
utilizing the one or more characteristic spatial parameters of the substantially
crystalline material and the established spatial relationship between the
plurality of standard particles and the portion of the substantially crystalline

material.

16. The method of claim 12, wherein the substantially crystalline material

comprises at least one of silicon, gold, and asbestos.

17.  The method of claim 12, wherein the method further comprises the step
of determining a second set of one or more spatial parameters of a second
plurality of standard particles utilizing the one or more spatial parameters of
the plurality of standard particles and a spatial comparison between the

plurality of standard particles and the second plurality of standard particles.
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18. A method for determining one or more spatial parameters of one or
more standard particles, comprising:

providing one or more standard particles;

providing a substantially crystalline material having one or more
characteristic spatial parameters;

disposing the one or more standard particles proximate to a portion of
the substantially crystalline material;

acquiring imagery data of the one or more standard particles and the
portion of the substantially crystalline material;

establishing a spatial relationship between the one or more standard
particles and the portion of the substantially crystalline material utilizing the
acquired imagery data; and

determining one or more spatial parameters of the one or more standard
particles utilizing the one or more characteristic spatial parameters of the
substantially crystalline material and the established spatial relationship
between the one or more standard particles and the portion of the

substantially crystalline material.

19.  The method of claim 18, wherein the determining one or more spatial
parameters of the one or more standard particles utilizing the one or more
characteristic spatial parameters of the substantially crystalline material and
the established spatial relationship between the one or more standard particles
and the portion of the substantially crystalline material comprises:

determining a size of the one or more standard particles utilizing the
one or more characteristic spatial parameters of the substantially crystalline
material and the established spatial relationship between the one or more

standard particles and the portion of the substantially crystalline material.
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20. A method for calibrating an optical measurement system utilizing a
plurality of standard particles, comprising the steps of:

providing a plurality of standard particles;

providing a substantially crystalline material having one or more
characteristic spatial parameters;

disposing the plurality of standard particles proximate to a portion of
the substantially crystalline material;

acquiring imagery data of the plurality of standard particles and the
portion of the substantially crystalline material;

establishing a spatial relationship between the plurality of standard
particles and the portion of the substantially crystalline material utilizing the
acquired imagery data;

determining one or more spatial parameters of the plurality of standard
particles utilizing the one or more characteristic spatial parameters of the
substantially crystalline material and the established spatial relationship
between the plurality of standard particles and the portion of the substantially
crystalline material;

disposing the plurality of standard particles on a surface of a wafer; and

calibrating an optical measurement system utilizing the wafer having the
plurality of standard particles disposed on the surface of the wafer by:

acquiring optical data associated with the plurality of
standard particles disposed on the surface of the wafer; and
establishing a relationship between the acquired optical
data associated with the plurality of standard particles and the
one or more spatial parameters of the plurality of standard

particles.

21.  The method of claim 20, wherein the optical data comprises:

at least one of imagery data or scattering data.
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22. The method of claim 20, wherein the method further includes the step
of utilizing an image of at least a portion of the substantially crystalline
material to determine information about lattice plane spacing of the

substantially crystalline material.

23. The method of claim 20, wherein the method further includes the step
of utilizing information about lattice plane spacing of the substantially
crystalline material to determine the one or more characteristic spatial

parameters of the substantially crystalline material.

24. The method of claim 20, wherein the substantially crystalline material

comprises at least one of silicon, gold, and asbestos.
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25. A wafer for calibrating an optical measurement system, comprising:

a calibration wafer; and

plurality of calibrated standard particles disposed on a surface of the
wafer, each of the plurality of calibrated standard particles selected from a
plurality of standard particles having one or more verified spatial parameters,
the one or more verified spatial parameters confirmed utilizing a spatial
comparison between one or more standard particles of the plurality of standard
particles and a portion of a substantially crystalline material having one or

more characteristic spatial parameters.

26.  The wafer of claim 25, wherein the one or more characteristic spatial
parameters of the substantially crystalline material comprise spatial
parameters related to lattice plane spacing of the substantially crystalline

material.
27.  The wafer of claim 25, wherein some of the plurality of calibrated

standard particles are formed from one or more substantially crystalline

materials.
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28.  An optical measurement system configured to perform optical inspection
or optical metrology on one or more wafers, comprising:

an illumination source configured to direct illumination to a surface of a
sample disposed on a sample stage;

a sample stage configured to receive a calibration wafer, the calibration
wafer having a plurality of calibrated standard particles disposed on a surface
of the calibration wafer, the plurality of calibrated standard particles selected
from a plurality of standard particles having one or more verified spatial
parameters, the one or more verified spatial parameters confirmed utilizing a
spatial comparison between one or more standard particles of the plurality of
standard particles and a portion of a substantially crystalline material having
one or more characteristic spatial parameters;

a detector configured to receive illumination from the surface of the
sample; and

a computing system communicatively coupled to the detector, the
computing system configured to acquire information associated with
illumination received by the detector, the computing system further configured
to acquire data associated with the plurality of calibrated standard particles
disposed on the surface of the calibration wafer utilizing information
associated with illumination received by the detector, the computing system
further configured to establish a relationship between the data acquired by the
computing system about the plurality of calibrated standard particles disposed
on the surface of the wafer and the one or more verified spatial parameters of
the plurality of calibrated standard particles, wherein the computing system is
further configured to calibrate subsequent measurements made by the

inspection system utilizing the established relationship.

37



PCT/US2012/043175

WO 2013/003127

177

201 0l
7 2
Y
o o S0l
Y
=
=
TN
s
WILSAS AdOISOUIN  [\_g,
r——-——-="""=""="==-=-"="" A
e 1] |
0 “ WHLRHMODTV “ 1 |
pl—N ANawRunSYaW 1| !
| b 4 1
- | SNOLLDNYLSNI WY¥D0Ud |
b ll SR WILSAS ONILNGWOD  [_gy,
oLl WNIGIW Y3REVD

v/ooF



PCT/US2012/043175

WO 2013/003127

217

102

® O 0 0 9606000600000 000 L N J
® & 0006000 500080000 LR N
® 6 0 005 6060000090000 LN J
LN BN BN BN K BN BN BN BN BN BN BR BN BN BN AN J L 2N BN
® 0 ¢ 00000 0009 Voo L 2 N 4
905 60060009080 ® o000
e G 0000 00608 00 0 00 e o 000
e 0000000000 0 ® 9 0000
® 0000000000 0600 [ ]
[ B BN BN BN BN BN BN BE BN BN BN BN AN ] [ ]
e 6 0000000600060 090 060 ®
® 0 0000 0" 06000 S e e (N ]

® 00 0000850000000 00
® 00906090000 000
® 0 &% 08600068000 00
® O O 0000600000 o
® 0 0006606060000 0900
® 0090066000006 800>

LI B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN J ® 09 <
[ BN BN BN BN BE BN BX BN BN BN BN BN BN BN BN BN * O O (o]
X EEEEEEEEEERYX o0 -
® 0 00000 00 00 [ N ]
L K BN B BN BN R BN BN BN BN ( BN BN J

e O 00000000 00 ® 00 0000

FIG.1B



WO 2013/003127

3/7

NaEOhR .S
L
L
L

X
— -
% \\‘\Q'\\ \\\

NS D

N
L

Nl
\4.\"\\\\& SURARANER \\’3 \s\ X 1\3\\\
.
MRS ]

R \ R

FIG.1C

PCT/US2012/043175



WO 2013/003127 PCT/US2012/043175

4/7

200 \

202\
PROVIDING ONE OR MORE STANDARD PARTICLES

204\ PROVIDING A SUBSTANTIALLY CRYSTALLINE MATERIAL HAVING ONE
OR MORE CHARACTERISTIC SPATIAL PARAMETERS

206\ DISPOSING A PLURALITY OF STANDARD PARTICLES PROXIMATE TO THE
SUBSTANTIALLY CRYSTALLINE MATERIAL

208\ ACQUIRING IMAGERY DATA OF THE PLURALITY OF STANDARD PARTICLES
AND AT LEAST A PORTION OF THE SUBSTANTIALLY CRYSTALLINE MATERIAL

210\ ESTABLISHING A SPATIAL RELATIONSHIP BETWEEN THE PLURALITY OF
STANDARD PARTICLES AND THE PORTION OF THE SUBSTANTIALLY
CRYSTALLINE MATERIAL UTILIZING THE ACQUIRED IMAGERY DATA

DETERMINING ONE OR MORE SPATIAL PARAMETERS OF THE PLURALITY OF
212 STANDARD PARTICLES UTILIZING THE ONE OR MORE CHARACTERISTIC
™~ SPATIAL PARAMETERS OF THE SUBSTANTIALLY CRYSTALLINE MATERIAL
AND THE ESTABLISHED RELATIONSHIP BETWEEN THE PLURALITY OF
STANDARD PARTICLES AND THE PORTION OF THE SUBSTANTIALLY
CRYSTALLINE MATERIAL

FIG.2



WO 2013/003127 PCT/US2012/043175

5/7

300 \

302
™~

PROVIDING ONE OR MORE STANDARD PARTICLES
I

304\ PROVIDING A SUBSTANTIALLY CRYSTALLINE MATERIAL HAVING ONE
OR MORE CHARACTERISTIC SPATIAL PARAMETERS
I
306\ DISPOSING A PLURALITY OF STANDARD PARTICLES PROXIMATE TO THE
SUBSTANTIALLY CRYSTALLINE MATERIAL
I

308\ ACQUIRING IMAGERY DATA OF THE PLURALITY OF STANDARD PARTICLES
AND AT LEAST A PORTION OF THE SUBSTANTIALLY CRYSTALLINE MATERIAL

310\ ESTABLISHING A SPATIAL RELATIONSHIP BETWEEN THE PLURALITY OF
STANDARD PARTICLES AND THE PORTION OF THE SUBSTANTIALLY
CRYSTALLINE MATERIAL UTILIZING THE ACQUIRED IMAGERY DATA

DETERMINING ONE OR MORE SPATIAL PARAMETERS OF THE PLURALITY OF
312 STANDARD PARTICLES UTILIZING THE ONE OR MORE CHARACTERISTIC
N SPATIAL PARAMETERS OF THE SUBSTANTIALLY CRYSTALLINE MATERIAL
AND THE ESTABLISHED RELATIONSHIP BETWEEN THE PLURALITY OF
STANDARD PARTICLES AND THE PORTION OF THE SUBSTANTIALLY
CRYSTALLINE MATERIAL

314\ DISPOSING THE PLURALITY OF STANDARD PARTICLES ON A SURFACE
OF A WAFER

I
CALIBRATING AN OPTICAL SYSTEM UTILIZING THE WAFER

316
™~

FIG.3



WO 2013/003127 PCT/US2012/043175

6/7

400

104
104

104

FIG.4



WO 2013/003127

7/7

500 \

504 — | COMPUTING _

SYSTEM

|

02| INSPECTION

TOOL

—

PCT/US2012/043175

CARRIER MEDIUM
[ PROGRAM |
INSRTUCTIONS

FIG.5



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2012/043175

A. CLASSIFICATION OF SUBJECT MATTER

GOIN 15/02 (2006.01)

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIN 15/00, 15/02,23/00, 23/20, GO1B 9/00, 9/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO internal), Esp@cenet, PAJ, USPTO

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A EP 1475242 A1 (HEWLETT-PACKARD MAGYARORSZAG 1-28
SZAMITASTECHN. ES ELEKTR. BERENDEZESEKET FORGALMAZO ES
SZOLGALTATO KORLATOIT FELELOSSEGU) 10.11.2004
A SU 1775655 A1 (INSTITUT ELEKTROSVARKI E. O. PATONA) 15,11.1992 1-28
A RU 2007108198 A (DZHEI DI ES YUNIFEIZ CORPOREISHN) 10.09.2008 1-28
A JP 59037444 A (SHOWA MFG CO LTD) 29.02.1984 1-28
[—_—] Further documents are listed in the continuation of Box C. [:I See patent family annex.
* Special categories of cited documents: “T later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
“A”  document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
“E”  earlier document but published on or after the international filing date
“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

“X”  document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y”  document of particular relevance: the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents. such combination

being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

25 September 2012 (25.09.2012)

Date of mailing of the international search report

11 October 2012 (11.10.2012)

Name and mailing address of the ISA/  FIPS
Russia, 123995, Moscow, G-59, GSP-5,
Berezhkovskaya nab., 30-1

Facsimile No. +7 (499) 243-33-37

Authorized officer
E. Starostina

Telephone No. 499-240-25-91

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - wo-search-report

