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(57) Abstract: Methods and apparatus are described for large substrate flat panel inspection systems. A method includes inspecting
an object using a machine that includes an imaging device having an electronic shutter: scanning the imaging device across a surface
of the object between a first location and a second location; strobing at least one light emitting diode to illuminate the object between
the first location and the second location; and synchronizing operation of the electronic shutter with the strobed at least one light
emitting diode, wherein i) strobing the at least one light emitting diode includes firing the at least one light emitting diode using at
least one index mark located on the machine and i) scanning includes continuously moving the imaging device between the first

location and the second location. An apparatus includes an inspection machine including: an imaging device having an electronic

O shutter; and at least one light emitting diode coupled to the imaging device, wherein i) the at least one light emitting diode is strobed

by firing the at least one light emitting diode using at least one index mark located on the inspection machine while moving the
imaging device continuously between a first location and a second location and i) operation of the electronic shutter is synchronized
with strobing of the at least one light emitting diode.
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DESCRIPTION
LARGE SUBSTRATE FLAT PANEL INSPECTION SYSTEM

BACKGROUND INFORMATION

Field of the Invention

The inventions relates generally to the field of metrology. More particularly,
embodiments of the invention relate to large substrate flat panel inspection systems.

Discussion of the Related Art

Flat panel display inspection systems are known to those of skill in the art. U.S. Pat.
No. 5,764,209 discloses a flat panel display inspection system. U.S. Pat. Appl. No.
2003/014070 discloses a method and apparatus for position-dependent optical metrology
calibration.

There is a need for improved flat panel display inspection equipment and methods.
In particular, as flat panel displays grow larger and more popular, there is an increasing
need for fast inspection systems.

SUMMARY OF THE INVENTION

There is a need for the following embodiments of the invention. Of course, the
invention is not limited to these embodiments.

According to an embodiment of the invention, a process comprises: inspecting an
object using a machine that includes an imaging device having an electronic shutter:
scanning the imaging device across a surface of the object between a first location and a
second location; strobing at least one light emitting diode to illuminate the object between
the first location and the second location; and synchronizing operation of the electronic
shutter with the strobed at least one light emitting diode, wherein i) strobing the at least one
light emitting diode includes firing the at least one light emitting diode using at least one
index mark located on the machine and ii) scanning includes continuously moving the
imaging device between the first location and the second location. According to another
embodiment of the invention, an apparatus comprises an inspection machine including: an
imaging device having an electronic shutter; and at least one light emitting diode coupled to
the imaging device, wherein i) the at least one light emitting diode is strobed by firing the at
least one light emitting diode using at least one index mark located on the inspection
machine while moving the imaging device continuously between a first location and a
second location and ii) operation of the electronic shutter is synchronized with strobing of

the at least one light emitting diode.
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These, and other, embodiments of the invention will be better appreciated and
understood when considered in conjunction with the following description and the
accompanying drawings. It should be understood, however, that the following description,
while indicating various embodiments of the invention and numerous specific details thereof,
is given by way of illustration and not of limitation. Many substitutions, modifications,
additions and/or rearrangements may be made within the scope of an embodiment of the
invention without departing from the spirit thereof, and embodiments of the invention include
all such substitutions, modifications, additions and/or rearrangements.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings accompanying and forming part of this specification are included to
depict certain embodiments of the invention. A clearer conception of embodiments of the
invention, and of the components combinable with, and operation of systems provided with,
embodiments of the invention, will become more readily apparent by referring to the
exemplary, and therefore nonlimiting, embodiments illustrated in the drawings, wherein
identical reference numerals (if they occur in more than one view) designate the same
elements. Embodiments of the invention may be better understood by reference to one or
more of these drawings in combination with the description presented herein. It should be
noted that the features illustrated in the drawings are not necessarily drawn to scale.

FIG. 1 is an orthographic view of a brightfield and/or darkfield illumination and image
acquisition system, representing an embodiment of the invention.

FIG. 2 is a perspective view of a horizontal arrangement tool, representing an
embodiment of the invention.

FIGS. 3A-3C are orthographic views of the horizontal arrangement tool illustrated in
FIG. 2.

FIGS. 4A-4C are orthographic views of a vertical arrangement tool, representing an
embodiment of the invention.

FIG. 5 is a perspective view of the vertical arrangement tool illustrated in FIGS. 4A-
4C.

FIG. 6 is another perspective view of the vertical arrangement tool illustrated in
FIGS. 4A-4C and FIG. 5.

FIG. 7 is a perspective view of the vertical arrangement tool illustrated in FIGS. 4A-
4C, FIG. 5 and FIG. 6 mounted in an enclosure with a control console, representing an
embodiment of the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS
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Embodiments of the invention and the various features and advantageous details
thereof are explained more fully with reference to the nonlimiting embodiments that are
illustrated in the accompanying drawings and detailed in the following description.
Descriptions of well known starting materials, processing techniques, components and
equipment are omitted so as not to unnecessarily obscure the embodiments of the invention
in detail. It shouid be understood, however, that the detailed description and the specific
examples, while indicating preferred embodiments of the invention, are given by way of
illustration only and not by way of limitation. Various substitutions, modifications, additions
and/or rearrangements within the spirit and/or scope of the underlying inventive concept will
become apparent to those skilled in the art from this disclosure.

Within this application several publications are cited at the end of the specification
immediately preceding the claims after the section heading References. The disclosures of
all these publications in their entireties are hereby expressly incorporated by reference
herein for the purpose of indicating the background of embodiments of the invention and
illustrating the state of the art.

The below-referenced U.S. Patent and U.S. Patent Application disclose
embodiments that are useful for the purposes for which they are intended. The entire
contents of U.S. Pat. No. 5,764,209 are hereby expressly incorporated by reference herein
for all purposes. The entire contents of U.S. Pat. Appl. No. 20030147070 are hereby
expressly incorporated by reference herein for all purposes.

Overview

The invention can include a large substrate flat panel inspection system. The tool is
designed to inspect large flat glass panels for pattern and particle defects including the
various defect sub-classifications. It can be used for inspection of any form of patterned or
unpatterned flat-panel and is not limited to displays. Typical panels include flat panel
displays (FPD), thin film transistors (TFT), organic light emitting diodes (OLED), photomasks
and the like. The design of the invention is uniquely flexible and modular, allowing single
system architecture for substrate inspection of virtually all panel sizes at various defect
resolutions ranging from 100nm to greater than 10 microns. Customized to inspect various
size panels per customer specification, the machine can accept substrates nominally
ranging from 300 mm x 350 mm (12" x 14”) to 2,500 mm x 3,000 mm (100" x 1207). Of
course, embodiments of the invention can be configured to accommodate larger or smaller
substrates.

Architecture

There are three preferred arrangements of the tool. Each arrangement is a
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designated by the orientation of the target substrate panel during inspection. These are: 1)
horizontal; 2) vertical; and 3) near vertical. FIGS. 2 and 3A-3C illustrate the preferred
‘horizontal’ inspection arrangement of the tool. FIGS. 4A-4C, 5 and 6 illustrate a typical
‘vertical’ arrangement of the tool. FIG. 7 shows the same vertical tool arrangement mounted
in a classified mini-environment with the control console attached. Control console
placement is optional.

The embodied system employs a gantry style motion system for inspection. To
reduce machine footprint for processing very large substrates, the panel is loaded and
parked. The optics are flown over the panel in a boustrophedonic (writing alternate lines in
opposite directions) scan. Dual linear motion axes move the optics along the long panel axis
in a continuous fashion. A second simpler indexed axis steps the optics across the short
axis of the panel between subsequent passes.

The defect detection system employs CCD (charge coupled device) or CMOS
(complimentary metal oxide silicon) digital cameras with brightfield and/or darkfield strobed
(pulsed) LED (light emitting diode) illumination and diffraction limited, readily commercially
available optics as a preferred method. FIG. 1 illustrates a preferred camera-LED-optical
arrangement. Specific illumination color can be derived by individually controlling the
intensity of three LEDs. Using strobed illumination allows the scan motion and velocity to be
continuous thus eliminating stop/start motion with its inherent settling time, position errors
and machine motion complexity. At the same time, the strobe relaxes the gantry
specifications because the fast strobing freezes motion in the image plane. Finally, position
pulses are output directly from the motion controller (at the hardware level) at predetermined
scan coordinates. This direct output is used to trigger the camera exposure and illumination
strobe, thus eliminating the need for calculated positions and precise gantry velocities and
accelerations.

Algorithms

The image processing software can operate in several modes including: cell-to-cell
comparison, die-to-die comparison, and die or cell to database comparison. For ultimate
sensitivity to random defects, the cell-to-cell or die-to-die comparison modes are the
methods of choice. For finding repeating defects and for reduced sensitivity to process
variation, the cell or die-to-database comparison is the favored method and produces
outstanding results for finding repeating defects and eliminating the effects of process
variation.

Performance

The system can inspect substrates with defects at the “standard” defect design size
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of 5um in one pass. Smaller or larger defect sizes can be easily accommodated by changes
in the optics components so that smaller or larger minimum defect sizes are inspected in a
single pass. For defects smaller than the “standard” minimum resolution or for low-contrast
defects a higher resolution is used. This higher resolution is accomplished by reducing the
pixel size through objective / magnification change. Maximum stage velocity is at least 150
mm/sec and is calculated to match the camera size and standard minimum defect resolution
to camera speed. The time required to inspect an 1100mm x 1300mm panel is ~60 seconds
at a standard (5 um) resolution. Inspection time for an 1100mm x 1300mm panel at 2 pm
resolution is ~360 seconds, and the inspection time for 1 um defects on the same panel is
~25 minutes. The standard defect size (smallest magnification) can be reduced and the time
for inspection similarly reduced as alternative embodiments. This requires additional optical
hardware modules.

Options

Engineering defect review at higher resolution and sensitivity (to 100 nm) on the tool.
(Requires a single camera on separate high-speed y-stage.)

Auto focus system automatically keeps the system in-focus regardless of
manufacturer-allowable variations in the substrate.

Customized Calibration Standards for periodic recalibration

Custom software for customer-requested enhancements and factory management
interfacing.

Functional Specifications

The invention can map 5 um and larger pattern or particle defects at standard
resolution. Alternative standard resolutions can be designed.

The invention can map 3 um, and 1 um defects with objective/magnification change.

The invention can work with thin substrates from 0.5 mm to 1.5 mm thick as well as 8
to 15mm thick photomasks. Alternative thickness limits can be embodied.

The invention can employ CCD or CMOS cameras with strobed illumination and
diffraction-limited brightfield and/or darkfield optics architecture.

The invention can inspect full panels at the standard resolution (5 um defects) in 60
seconds, not including load and unload overheads, but including all inspection overheads.
Inspection overheads are all overheads after the substrate is loaded and reaches initial
*home” position under the inspection head.

The invention can include cell-to-database or cell-to-cell/die-to-die image processing

software allows repeating defect or random defect detection modes.
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The invention can include an engineering software mode for inspection recipe
development.

The invention can include inclusion (Area of Interest, AOI) and exclusion software
masks allowing for higher-speed inspection with improved false-count elimination.

The invention can include industry-standard defect file outputs.

The invention can include a graphical User Interface (GUI) for simple operator
interface. GUI software follows industry human / machine interface (HM!) standards.

Optics Module Description

Cameras

The invention can use multiple commercially available area-scan (two-dimensional
array) CCD and/or CMOS high-speed digital cameras. Camera frame rates range from 20
frames per second (FPS) to 500 FPS with array sizes ranging from 1.3 Mpixel to over 14
Mpixels. The presently preferred embodiment uses a 2 Mpixel camera at 30 FPS with
strobed illumination, brightfield illumination, and a continuous boustrophedonic scan.

Imaging Optics

The imaging optics can be readily commercially available lenses from commercial
and industrial suppliers. The objectives can be chosen to be infinity corrected or finity
corrected (telecentric) and typically are plan (flat-field), Apochromatic (color-corrected), and
long-working-distance (LWD). For through the lens illumination (brightfield), a beamsplitter is
used in front of the objective (between the sensors of the camera and the objective) to
introduce the light into the objective from whence it travels to the object. A polarizing
beamsplitter and quarter-wave-plate combination can be used to improve the efficiency to
close to 100% of the light striking the target reaching the camera, even with through-the-
lens illumination. For infinity-corrected objectives a tube-lens may be required to image the
infinity-corrected light from the objective on the camera plane.

Hlumination

The preferred embodiment uses a strobed solid state LED lighting source. These
units have typical rise and fall times of 1 microsecond, so that pulses under 10
microseconds can be used. lllumination color can be tuned for optimum defect detection
with derived chromatics. Colors are created by adjusting intensities of the red, blue and
green LED's.

The illumination optics in general consist of a reflector (in the case of a lamp source),
a condenser to collect light, an aperture to define the light field at the target, and a field lens
to either image the aperture on the target, or to match the aperture to the imaging optic (for
through-the-lens illumination) so that the aperture is imaged through the imaging lens on the
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target at the correct magnification. The illumination optics may incorporate a cylindrical lens
in the case of a line-scan camera to better match the illumination to the target FOV. For
darkfield illumination, considerations are similar except that no beamsplitter is required. In all
cases suitable apertures, baffles, and darkening of structures is used to prevent stray light
and external light sources from reaching the camera.

Optical Example

Referring to FIG. 1, a camera 110 is coupled to a beam splitter prism 120. A
brightfield illumination module 130 is coupled to the beam splitter prism 120. An objective
lens 140 is coupled to the beam splitter prism 120. An upperdarkfield illumination module
150 is coupled to the objective lens 140. A lowerdarkfield illumination module 160 is coupled
to the objective lens 140. The modules 150, 160 can be position at an angle from the
horizontal of from 20 to 50 degrees. Each of the modules 130, 150, 160 includes three
individually output controlied light emitting diodes of different color bands (i.e., red, green,
yellow). It can be appreciated that this embodiment of the invention can be operated in
brightfield and/or darkfield modes.

Mounting Systems

The mounting systems for all the optical components should be thermally stable,
kinematic mounts with high stability. The mounts are all either pinned, cornered, or aligned
against rails so that they can be removed and replaced from/to the optical bridge gantry
structure with high accuracy, thus allowing easy cleaning and replacement of optics.

System Modularity

The camera, imaging, and illumination system is designed as a modular component,
so that additional modules can be easily added or removed in order to inspect different size
components, or to inspect the same-size component with different pixel sizes at similar
speeds.

Auto focus

To obtain short inspection times, and to eliminate the need for “stop and stare”
techniques, on-the-fly auto focus is used for each independent optical string. Feedback from
either external or preferred through-the-lens laser distance sensors is used to drive each
optical Z-Stage to keep optics in focus with regards to the substrate.

Because the auto focus is real time, stage and chuck flatness and repeatability
specifications are more relaxed than those required for a pre-scan type system.

Defect Review Camera System and Stage

A separate defect review camera can be provided. It has the typical system modular

optics architecture and is supplied with camera and imaging optics customized to meet
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system performance specifications.

Mechanical Systems Description

Machine Base

The entire inspection tool can sit on a modular machine base with pneumatic passive
vibration damping mounts. The primary purpose for the base is to damp resultant motion
forces. The base can also aid in elimination of ambient building and other mechanical
vibration sources.

Table

Because system design allows for scanning and imaging with continuous motion and
relaxed velocity requirements, the table mass and the ratio of moving mass to stationary
mass can be reduced from traditional machine designs. Additionally, due to the extreme
sizes of Generation 7 and Generation 8 substrate panels it is highly desirable for the table to
be of modular design and construction. The typically used granite table construction does
not lend itself to meet either of these requirements. Two embodiment options are a
composite honeycomb structure and a steel weldment structure. Both can be modular and
both can be designed to exhibit high stifiness and favorable damping characteristics.

Gantry

Motion of the target panel past the camera array is provided by ‘flying’ the support
bridge and optics over the stationary substrate. The X-Stage structure and its motion

devices can be designed to be rigid and highly vibration damped using sheer-damping and

.other appropriate techniques in its construction. This motion is provided by a high resolution,

relatively low accuracy, smooth gantry system with dual motor drive X-Axes. The X-Axes
includes support beams, linear bearings, linear motors, and robust non contact optical
encoders. The linear bearings may be either recirculating precision ball bearings, or air
bearings. The specific type of bearing used is chosen to be compatible with the tolerance
requirements of the optical detection system which dictates the required smoothness.
Gantry X direction power is provided by dual linear motors mounted to the linear bearing
assembly.

The Y-Stage is used to provide incremented transverse travel distance offsets to all
of the optics modules in unison for subsequent passes by the X-Stage.

Bridge

The optics bridge beam itself is rigid and damped. Two high stiffness damped
carbon fiber channels are constructed and then joined with sheer vibration damping
techniques to provide a stiff, light, and highly damped bridge beam. The application of
structural carbon fiber results in a very stiff light weight beam structure with very low mass.
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The low mass is critical fo high speed accurate positioning of the attached optical
components.

Load/Unload and Support Chuck

The system is optionally capable of operating in either a ‘through system’ mode
where the panel is loaded on one end of the system and unloaded on the opposite end, or in
a ‘return to first position’ mode where the panel is input and output on the same end of the
system. Mechanical interfaces may be provided to accommodate either on-edge or flat
arrival of panels and can include the ability to directly connect to other flat panel
manufacturing machines. Panels are transferred on either porous air bearings or air
bearings with discrete air jets depending upon vertical stability requirements of the particular
optics and resulting depth of field. Air bearings act as both load unioad conveyors as well as
support chucks.

Theta-adjustment

Once loaded, the panel can be automatically aligned through an active positioning
system. This active positioning system can mechanically align the panel with the inspection
system within relatively course limits. Its travel can be limited to a few degrees. The
preferred construction of the Theta-adjustment is to provide a motor to drive a single corner
of the panel support frame in a rotary direction about its horizontal axis. The Theta-
adjustment axis rotation can be controlled by the system controller in response to optical
measurements of alignment marks or other patterns detected by optical detectors focused
on the target FPD panel.

Cable Management

The necessary cables (electric, mechanical, and pneumatic) servicing the moving
components are be routed through a commercial cable track or carrier.

Horizontal Example

Referring to FIGS. 2 and 3A-3C, a horizontal example of the invention is depicted. A
Y-stage 210 includes crossed roller bearings. An X-stage 220 include synchronized linear
motors. Five cameras are mounted on a shear damped carbon fiber beam 230. A set of
control cabinets and user interface 240 are depicted in close proximity, but the location is
optional.

Vertical Example

Referring to FIGS. 4A-4C and 5-6, a vertical example of the invention is depicted. A
translating panel stage 410 is coupled to a mass damping frame 420. An X-stage drive
cable carrier 510 is located in the frame 420. An illumination and camera enclosure 520 is

mounted on the frame 420.
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Environmental Controls Description and Operation

Referring to FIG. 7, a freestanding clean room classified mini-environment 710 can
be optionally provided for the inspection system. The mini-environment can be constructed
from non-particulating static dissipative materials and equipped with the appropriate fan filter
units to deliver ~90 linear feet/minute vertical airflow over the entire enclosed area. Optional
flow, air ionization and particle monitor controls can be provided and interfaced to the GUI or
factory management controllers. The mini-environment can be equipped with appropriate
passive vibration isolation to eliminate transmission of undesirable vibrations to the
inspection system.

GUI Systems Description

Operator Interface

The operator interface functions of the Graphical User Interface (GUI) allow the
operator to start and stop inspections, or load and unload recipes from a database for
application to particular parts to be inspected. It also provides defect-map and defect size
binning for the part under inspection during an inspection and for review after the inspection
is complete.

Engineering Interface

The engineering interface functions of the GUI allow complete control of all individual
digitally controlled automated components of the system. It also allows creation and saving
to a database of recipes dedicated to inspection of a particular part or type of part. Pixel
sizes (magnification), inspection speed, frame rates, include and exclude areas, care areas,
inspection type (cell-to-cell, cell-to-database, . . .), etc. The Engineering Interface also
allows image processing and image diagnostics to be run to verify operation of the software
and hardware. All sub-systems under the system control (e.g., auto focus) can be controlled
and adjusted through the Engineering Interface of the GUL. Similarly, all parameters are
saved to a recipe. A default reset is available to return all parameters to their defaults in
case out of range settings are achieved that make the system inoperable.

Recipe Setup

The recipe setup interface allows (under the Engineering Interface) specific
inspection recipes to be set up and saved. Control items include the (0,0) Home location for
the inspection; parameters to be used for auto-aligning the system; parameters defining the
areas to be inspected and those to be excluded; parameters defining the operation of the
auto focus system; parameters defining the cell and/or die size; image processing

parameters defining filters or other algorithms to be used in processing the images, etc.
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Cell to Cell or Die-to-Die Inspection

Under cell-to-cell or die-to-die inspection, individual and identical cells/dies are
subtracted from one another after suitable image processing (filtering, equalization,
alignment, etcetera) to identify differences or defects.

Cell or Die to Database Inspection

Suitable descriptions (effectively processed images) of a cell or die are saved to a
database and the cell or die under inspection is subtracted from the database cell or die.

An embodiment of the invention can also be included in a kit-of-parts. The kit-of-
parts can include some, or all, of the components that an embodiment of the invention
includes. The kit-of-parts can be an in-the-field retrofit kit-of-parts to improve existing
systems that are capable of incorporating an embodiment of the invention. The kit-of-parts
can include software, firmware and/or hardware for carrying out an embodiment of the
invention. The kit-of-parts can also contain instructions for practicing an embodiment of the
invention. Unless otherwise specified, the components, software, firmware, hardware and/or
instructions of the kit-of-parts can be the same as those used in an embodiment of the
invention.

Advantages

Embodiments of the invention can be cost effective and advantageous for at least
the following reasons. Embodiments of the invention can include modular and scaleable
optics and boustrophedonic scan for balance of defect size, TACT time and system cost.
Embodiments of the invention can include an architecture the lends itself to through system
in-line or off-line applications. Embodiments of the invention can include fixed panel and
flying optics for small machine footprint. Embodiments of the invention can include
horizontal, vertical, or near vertical architectures for integration in to a range of fabrication
facilities. Embodiments of the invention can include strobed illumination and fast exposure
for continuous scan. Embodiments of the invention can include strobed illumination and fast
exposure for non-standard machine design with light table. Embodiments of the invention
can include hardware based position triggering for reduced velocity stability. Embodiments
of the invention can include a modular design and a relatively lighter table for improved
logistics. Embodiments of the invention can include a stiff and damped bridge beam for
focus stability. Embodiments of the invention can include independent on-the-fly auto focus
for relaxed stage and chuck positioning specifications. Embodiments of the invention can
include non-contact air bearing rails act as conveyor and chuck. Embodiments of the
invention can include long working distance and long depth of field optics for robust focus.

Embodiments of the invention can include independently controlled illumination LED’s for
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derived colors and improved defect detection. Embodiments of the invention can include
powerful image processing software operating in cell-to-cell, die-to-die and die or cell to
database comparisons. Embodiments of the invention improve quality and/or reduces costs
compared to previous approaches.

Definitions

The phrase brightfield illumination is intended to mean through the lens illumination,
such as multi-LED lighting that is routed through a beamsplitter so as to shines through an
objective lens before being reflected/scattered back through the objective lens by a sample.
The phrase darkfield illumination is intended to mean illumination that does not shine
through an objective lens before being scattered (e.g., reflected) through an objective lens
by a sample (grazing darkfield illumination can cause specular reflections from abrupt
surface irregularities). The phrase diffraction limited is intended to mean that the
performance of a set of optics, such as the lens assembly coupled to a CCD, is limited by
the diffractive nature of light, and not by other factors such as the quality of the optics. The
term program and/or the phrase computer program are intended to mean a sequence of
instructions designed for execution on a computer system (e.g., a program and/or computer
program, may include a subroutine, a function, a procedure, an object method, an object
implementation, an executable application, an applet, a servlet, a source code, an object
code, a shared library/dynamic load library and/or other sequence of instructions designed
for execution on a computer or computer system). The term substantially is intended to
mean largely but not necessarily wholly that which is specified. The term approximately is
intended to mean at least close to a given value (e.g., within 10% of). The term generally is
intended to mean at least approaching a given state. The term coupled is intended to mean
connected, although not necessarily directly, and not necessarily mechanically. The term
proximate, as used herein, is intended to mean close, near adjacent and/or coincident; and
includes spatial situations where specified functions and/or results (if any) can be carried out
and/or achieved. The term deploying is intended to mean designing, building, shipping,
installing and/or operating.

The terms first or one, and the phrases at least a first or at least one, are intended to
mean the singular or the plural unless it is clear from the intrinsic text of this document that it
is meant otherwise. The terms second or another, and the phrases at least a second or at
least another, are intended to mean the singular or the plural unless it is clear from the
intrinsic text of this document that it is meant otherwise. Unless expressly stated to the
contrary in the intrinsic text of this document, the term or is intended to mean an inclusive or

and not an exclusive or. Specifically, a condition A or B is satisfied by any one of the
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following: A is true (or present) and B is false (or not present), A is false (or not present) and
B is true (or present), and both A and B are true (or present). The terms a or an are
employed for grammatical style and merely for convenience.

The term plurality is intended to mean two or more than two. The term any is
intended to mean all applicable members of a set or at least a subset of all applicable
members of the set. The term means, when followed by the term “for” is intended to mean
hardware, firmware and/or software for achieving a result. The term step, when followed by
the term “for” is intended to mean a (sub)method, (sub)process and/or (sub)routine for
achieving the recited result.

The terms “comprises,” “comprising,” “includes,” “including,” “has,” “having” or any
other variation thereof, are intended to cover a non-exclusive inclusion. For example, a
process, method, article, or apparatus that comprises a list of elements is not necessarily
limited to only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. The terms “consisting” (consists,
consisted) and/or “composing” (composes, composed) are intended to mean closed
language that does not leave the recited method, apparatus or composition to the inclusion
of procedures, structure(s) and/or ingredient(s) other than those recited except for
ancillaries, adjuncts and/or impurities ordinarily associated therewith. The recital of the term
"essentially” along with the term "consisting" (consists, consisted) and/or “composing”
(composes, composed), is intended to mean modified close language that leaves the recited
method, apparatus and/or composition open only for the inclusion of unspecified
procedure(s), structure(s) and/or ingredient(s) which do not materially affect the basic novel
characteristics of the recited method, apparatus and/or composition.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. In case of conflict, the present specification, including definitions, will
control.

Conclusion

The described embodiments and examples are illustrative only and not intended to
be limiting. Although embodiments of the invention can be implemented separately,
embodiments of the invention may be integrated into the system(s) with which they are
associated. All the embodiments of the invention disclosed herein can be made and used
without undue experimentation in light of the disclosure. Although the best mode of the
invention contemplated by the inventor(s) is disclosed, embodiments of the invention are not
limited thereto. Embodiments of the invention are not limited by theoretical statements (if
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any) recited herein. The individual steps of embodiments of the invention need not be
performed in the disclosed manner, or combined in the disclosed sequences, but may be
performed in any and all manner and/or combined in any and all sequences. The individual
components of embodiments of the invention need not be formed in the disclosed shapes,
or combined in the disclosed configurations, but could be provided in any and all shapes,
and/or combined in any and all configurations.

It can be appreciated by those of ordinary skill in the art to which embodiments of the
invention pertain that various substitutions, modifications, additions and/or rearrangements
of the features of embodiments of the invention may be made without deviating from the
spirit and/or scope of the underlying inventive concept. All the disclosed elements and
features of each disclosed embodiment can be combined with, or substituted for, the
disclosed elements and features of every other disclosed embodiment except where such
elements or features are mutually exclusive. The spirit and/or scope of the underlying
inventive concept as defined by the appended claims and their equivalents cover all such
substitutions, modifications, additions and/or rearrangements.

The appended claims are not to be interpreted as including means-plus-function
limitations, unless such a limitation is explicitly recited in a given claim using the phrase(s)
“means for” and/or "step for." Subgeneric embodiments of the invention are delineated by
the appended independent claims and their equivalents. Specific embodiments of the

invention are differentiated by the appended dependent claims and their equivalents.
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CLAIMS
What is claimed is:
1. A method, comprising inspecting an object using a machine that includes an imaging

device having an electronic shutter:

scanning the imaging device across a surface of the object between a first location and
a second location;

strobing at least one light emitting diode to illuminate the object between the first
location and the second location; and

synchronizing operation of the electronic shutter with the strobed at least one light
emitting diode,

wherein i) strobing the at least one light emitting diode includes firing the at least one
light emitting diode using at least one index mark located on the machine and ii) scanning
includes continuously moving the imaging device between the first location and the second

location.

2. The method of claim 1, wherein a) strobing includes repeatedly turning the at least one
light emitting diode on and then off, b) the imaging device includes a plurality of sensors and c)
synchronizing includes erasing the plurality of sensors before the at least one light emitting
diode is switched on, then recording light scattered by the object with the plurality of sensors
while the at least one light emitting diode is switched on and then reading data from the plurality

of sensors after the at least one light emitting diode is switched off.

3. The method of claim 1, wherein scanning includes moving a gantry upon which the

imaging device is mounted through a plane defined by the surface of the object.

4. The method of claim 3, wherein scanning includes moving the imaging device relative to

the gantry to define a boustrophedonic scan.

5. The method of claim 3, further comprising high resolution imaging the surface of the

object using another imaging device.
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6. The method of claim 1, wherein using the at least one index mark includes using a

plurality of index marks located on a motion platform of the machine.

7. The method of claim 1, wherein strobing includes individual output control of a plurality
of light emitting diodes, each of the plurality of light emitting diodes emitting a different

spectrum of color, to operate in a derived color mode.

8. The method of claim 1, wherein strobing includes brightfield illumination of the object by

the at least one light emitting diode through an objective lens of the imaging device.

0. The method of claim 8, wherein brightfield illumination includes illuminating the object
through a) an s polarizer located between the at least one light emitting diode and a
beamsplitter and b) % wavelength plate located between the beamsplitter and an objective lens,
wherein the beamsplitter substantially reflects S polarized light and substantially transmits P

polarized light.

10. The method of claim 1, wherein strobing includes darkfield illumination of the object by

the at least one light emitting diode.

11. The method of claim 10, wherein strobing includes darkfield illumination of the object by

at least another light emitting diode.

12. The method of claim 11, wherein the at least one light emitting diode illuminates the
object at afirst angle to a plane defined by the surface of the object and the at least another
light emitting diode illuminates the object at a second angle to the plane defined by the surface

of the object

13. The method of claim 12, wherein the first angle is substantially different than the second

angle.

14, The method of claim 13,wherein the first angle is approximately 50 degrees and the

second angle is approximately 30 degrees.
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15. The method of claim 10, wherein darkfield illumination includes illuminating the object
through a p polarizer located between the at least one light emitting diode and the object,
wherein light scattered from the object passes through an S polarizer located between the

object and a plurality of sensors of the imaging device.

16. The method of claim 1, wherein strobing includes brightfield illumination of the object by
the at least one light emitting diode through an objective lens of the imaging device and

darkfield illumination of the object by at least another light emitting diode.

17. A computer program, comprising computer or machine readable program elements

translatable for implementing the method of claim 1.

18. A machine readable medium, comprising a program for performing the method of claim
1.

19. An apparatus, comprising an inspection machine including:

an imaging device having an electronic shutter; and

at least one light emitting diode coupled to the imaging device,

wherein i) the at least one light emitting diode is strobed by firing the at least one light
emitting diode using at least one index mark located on the inspection machine while moving
the imaging device continuously between a first location and a second location and ii) operation

of the electronic shutter is synchronized with strobing of the at least one light emitting diode.

20. The apparatus of claim 19, wherein a) the at least one light emitting diode is strobed by
repeatedly turning the at least one light emitting diode on and then off, b) the imaging device
includes a plurality of sensors and c) operation of the electronic shutter is synchronized by
erasing the plurality of sensors before the at least one light emitting diode is switched on, then
recording lighf scattered by the object with the plurality of sensors while the at least one light
emitting diode is switched on and then reading data from the plurality of sensors after the at

least one light emitting diode is switched off.
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21. The apparatus of claim 19, further comprising a gantry upon which the imaging device is

mounted, the gantry moving the imaging device through a plane.

22. The apparatus of claim 21, wherein the imaging device is movable relative to the gantry,

the imaging device moving to define a boustrophedonic scan.

23. The apparatus of claim 21, further comprising another imaging device mounted on the

gantry.

24. The apparatus of claim 19, wherein using the at least one index mark includes a plurality

of index marks located on a motion platform of the inspection machine.

25. The apparatus of claim 19, wherein the at least one light emitting diode includes a
plurality of light emitting diodes, each of the plurality of light emitting diodes emitting a different

spectrum of color and being individually output controlled to operate in a derived color mode.

26. The apparatus of claim 19, wherein the at least one light emitting diode illuminates an

object of inspection through an objective lens of the imaging device.

27. The apparatus of claim 26, wherein the imaging device includes a) an s polarizer located
between the at least one light emitting diode and a beamsplitter and b) a % wavelength plate
located between the beamsplitter and an objective lens, wherein the beamsplitter substantially

reflects S polarized light and substantially transmits P polarized light.

28. The apparatus of claim 19, wherein the at least one light emitting diode illuminates an

object, not through an objective lens of the imaging device.

29. The apparatus of claim 28, further comprising another light emitting diode that

illuminates the object, not through an objective lens.

30. The apparatus of claim 29, wherein the at least one light emitting diode illuminates the
object at a first angle to a plane defined by a surface of the object and the at least another light
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emitting diode illuminates the object at a second angle to the plane defined by the surface of

the object

31. The apparatus of claim 30, wherein the first angle is substantially different than the

second angle.

32. The apparatus of claim 31,wherein the first angle is approximately 50 degrees and the

second angle is approximately 30 degrees.

33. The apparatus of claim 28, further comprising a p polarizer located between the at least
one light emitting diode and the object and an S polarizer located between the object and a

plurality of sensors of the imaging device.

34. The apparatus of claim 19, wherein the at least one light emitting diode illuminates an
object through an objective lens of the imaging device and further comprising a another light

emitting diode that illuminates the object, not through the objective lens.

35. The apparatus of claim 19, further comprising i) an enclosure defining a classified mini-

environment and ii) a control console.



PCT/US2005/026142

WO 2006/012551

1/7

H1vd NOILYNIWNTII
QEENAYA 344N GIANIE

INIOd NOILDISHAINI
ONIHOIT NOWWOD

~

H1Vd NOILYNOWN T
G1EHIHOE AIANIIX3

HLYd NOWYNIWNNTT
\ Am_n_v.m«d mm>>O._n_m_DZm.§m

3LvaIsans
NO ONIgN3d3d
.05-.0C
NMOHS
o05°LC

FINAOW NOILYNIWNTIE ATBENE VA 33MOTT

1274

ALvd1sans 40 401

-

«“

oy

N\
, //\

|
L

3LvyLsans
NO ONIAN3d3d
.05-,0C

NMOHS
«00'917

FNAOW NOILYNIANNTI Q1FHIHOINE

os/

I 'Old

|
__W+ —t
)

FINAOW NOLLYNIWNTIE
134N AVQ3ddn

o5/

SN3TIALOArA0
o4/

WSId 3311NdS Wv3g

7244

ol

VHEWYD



WO 2006/012551 PCT/US2005/026142

2/7

AND USER INTERFACE
(LOCATION OPTIONAL)

AYO
CONTROL CABINETS

& ‘ ;ggk\\
=N

25
e 7
NS
ml.Ll
94 2 o
O e / ], O
z <
- \§§f ) \ 3
< iGN \ \ n
5 2
Q J i pis %
£ N/ NE 2
Z \‘.... q ;
Z
Q
= 1
| M T )
= ) Al
fi .l}&\{ A
\\_ F
] TP \\'/ f
2 7\
2 /
AN i N4
» b ooy ‘!/ H
(D :.J: 'Y
— .’r";""' )
L. &7
= ..&\..;i
vy
w
0 ' 9
O =
(%]
= o, & 8 b
5 50 o 3 50
B O<< Qo [ mb
o Z 5 = < <0
2T &N o w o
5z ses 3 2
£5 <{hin z Lo
%5 EE, [a)a) =3 o4
g $Z27 2 =0
X L [ %]
wo Sk N >
=20 % e
wn Z Z Wy E 8
ox Sx
,‘E% 1519
9P
xXwn



WO 2006/012551

3/7

~ |||

T

= b
) L[]
© 111
" LI

T :

“t 3. o .t

PCT/US2005/026142

A YC 7

FIG. 3C

FIG. 3B




PCT/US2005/026142

WO 2006/012551

4/7

avy old
—
< /
>
ZoR
IWVYd ONIdWVA SSYW mo
07 @ S*,
m
NOILISOd
NV OS-QIW NI NMOHS
JOVIS TANVd DONILVISNVL
2/47
37IS TANVd
00026
[ce9e]
B 00°006C
[ZUvit]
—— A
Y/ \
J— |

V¥ "Old

00099
[8e'52]




WO 2006/012551 PCT/US2005/026142

577

SERVICE PANEL

FIG. 5

X-STAGE DRIVE
CABLE CARRIER

S0
ILLUMINATION AND
CAMERA ENCLOSURE—



PCT/US2005/026142

WO 2006/012551

6/7

¥IXIANI VIIWYD moém-»\\

39ai¥g IMmNoNYag—— |
JANSOTONT

VIIWVOI ANV ZO_.F<Z_<<D._.=|/

0rs

9 Old

SONRYIE ANV JAIIA
NOILVISNVYL 3OVIS-X

AWV
JOVLS ONILYISNVal

o/ F7



PCT/US2005/026142

WO 2006/012551

7/7

Ggréiclt

L ©Old L1'8V0E

FOVH43INI dOLVdIdO

ANV 13NigvD TO¥LNOD
JINSOTONT INIWNONIANS _z_,zéoa
ol4 [8928]
TYNOILJO

DONIAYO1 INOd4 dO
HONOYHL-SSVd

SNVH/33014—




INTERNATIONAL SEARCH REPORT

Application No

/US2005/026142

A. CLASSIFICeBION OF SUBJECT MATTER

1IN21/88 GOIN21/47 G0963/00

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

GO2F1/13

B. FIELDS SEARCHED

Minimum documentation searched (classificalion system followed by classification symbols)

GOIN GO9G GOZF

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

Electronic data base consulied duting the international search (name of data base and, whete practical, search terms used)

EPO-Internal, WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 6 297 513 B1 (OLIVER THOMAS C ET AL) 1,17-19
2 October 2001 (2001-10-02)

A column 3, Tine 7 — column 4, line 5; 2,7,20,
figure 1 25,28

Y US 2004/114135 Al (EDWARDS RUSSELL J ET 1,17-19
AL) 17 June 2004 (2004-06-17)
paragraph €0031! - paragraph ‘0035!
paragraph €0073! - paragraph ‘0074!

Y WO 2004/029674 A (RCA METROLOGY, INC) 1,17-19
8 April 2004 (2004-04-08)

A page 19, line 1 - page 25, line 18; figure 2,5-16,
5 20,24~35

Sy -

Further documents are fisted in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

*A" document defining the general state of the art which is not
considered 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

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*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 paricular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
Irnenls, such combination being obvious to a person skilled
n the art.

*&" document member of the same patent family

Date of the actual completion of the international search

6 December 2005

Date of mailing of the international search report

12/12/2005

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswilk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Stuebner, B

Form PCT/ISA/210 {second sheet) (January 2004)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Application No

/US2005/026142

C{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ©

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 5 500 732 A (EBEL ET AL)

19 March 1996 (1996-03-19)

column 17, 1ine 55 - column 20, Tine 31;
figures 28-34

US 6 671 397 Bl (MAHON JAMES ET AL)

30 December 2003 (2003-12-30)

column 3, line 22 - Tine 67

column 5, line 11 - Tine 20

1,17-19

1,17-19

Form PCT/ISA/210 (continuation of second sheet) (January 2004)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Application No

/US2005/026142

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

US 6297513 B1 02-10~2001  NONE

US 2004114135 Al 17-06-2004  NONE

WO 2004029674 A 08-04~2004 AU 2003275356 Al 19-04-2004
US 2004207836 Al 21-10-2004

Us 5500732 A 19-03-1996 AT 250756 T 15-10-2003
AU 706790 B2 24-06-1999
AU 2057795 A 21-12-1995
BR 9502751 A 16-01-1996
CA 2151344 Al 11-12-1995
CZ 9501460 A3 16-04-1997
DE 69531805 D1 30-10-2003
DE 69531805 T2 01-07-2004
EP 0686842 A2 13-12-1995
JP 3560694 B2 02-09-2004
JP 8050081 A 20-02-1996
ZA 9504809 A 09-12-1996

US 6671397 Bl 30-12-2003  NONE

Form PCT/ISA/210 {patent family annex) {January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

