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METHODS AND APPARATUS FOR WAVEGUIDE METROLOGY

BACKGROUND
Field

[0001] Embodiments of the present disclosure generally relate to waveguides for
augmented, virtual, and mixed reality and apparatus for characterization of such
waveguides. More specifically, embodiments described herein relate to a metrology

apparatus for determining performance efficiency of waveguide combiners.

Description of the Related Art

[0002] Virtual reality is generally considered to be a computer generated
simulated environment in which a user has an apparent physical presence. A virtual
reality experience can be generated in three dimensions (3D) and viewed with a
head-mounted display (HMD), such as glasses or other wearable display devices
that have near-eye display panels as lenses, to display a virtual reality environment

that replaces an actual environment.

[0003] Augmented reality, however, enables an experience in which a user can
still see through the display lenses of the glasses or other HMD device to view the
surrounding environment, yet also see images of virtual objects that are generated
for display and appear as part of or over-layed onto the environment. Augmented
reality can include any type of input, such as audio and haptic inputs, as well as
virtual images, graphics, and video that enhances or augments the environment that
the user experiences. As an emerging technology, there are many challenges and

design constraints with augmented reality.

[0004] One such challenge is controlling the quality of augmented reality display
devices. Many current augmented reality display devices utilize waveguide
combiners to assist in overlaying virtual images on ambient environments.
Fabricating waveguide combiners can be challenging as waveguides tend to have
non-uniform properties, causing light to be propagated differently from one device to
another. As such, quality control of waveguide combiners post-fabrication is crucial
for maintaining consistent performance between augmented reality display devices.

Conventional waveguide metrology systems are utilized in the characterization of
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and post-fabrication quality control of waveguides. Conventional metrology systems
are configured to illuminate and collect light propagation data from a single spot on a
waveguide. Light collection from a single spot or region results in an incomplete and
inaccurate characterization of waveguide performance as a whole as advanced
waveguides often employ complex grating designs and have multiple different

regions with different light modulation characteristics.

[0005] Accordingly, what is needed in the art are improved methods and

apparatus for characterizing waveguide combiner performance.

SUMMARY

[0006] In one embodiment, a waveguide metrology system is provided. The
waveguide metrology system includes a light source coupled to a first stage, a
sample holder coupled to a second stage, and one or more scanning detectors
disposed on a third stage. The light source is configured to direct light towards the
sample holder. The scanning detectors are disposed orbitally adjacent the sample
holder and opposite the light source, and are configured to collect transmissive light.

A spectrometer is in communication with the scanning detectors.

[0007] In one embodiment, a waveguide metrology system is provided. The
waveguide metrology system includes a light source coupled to a first stage, a
sample holder coupled to a second stage, one or more scatterometers coupled to a
third stage, and one or more reflection detectors coupled to a fourth stage. The light
source is configured to transmit light towards the sample holder. The
scatterometers are disposed adjacent the sample holder opposite the light source,
and are configured to collect light transmitted by the light source. The reflection
detectors are configured to collect reflected light. A spectrometer is in

communication with the scatterometers and the reflection detectors.

[0008] In one embodiment, a waveguide metrology system is provided. The
waveguide metrology system includes a white light source coupled to a first stage, a
sample holder coupled to a second stage, two or more reflection detectors coupled
to a third stage, and two or more transmission detectors coupled to a fourth stage.
The white light source is configured to produce a collimated incident light beam.

The reflection detectors are configured to collect light reflected from the direction of
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the sample holder. The transmission detectors are configured to collect light
transmitted from the white light source. A spectrometer is in communication with the

reflection detectors and the transmission detectors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only exemplary embodiments and are
therefore not to be considered limiting of its scope, and may admit to other equally

effective embodiments.

[0010] Figure 1A illustrates a schematic, side view of a waveguide combiner

according to an embodiment of the disclosure.

[0011] Figure 1B illustrates a schematic, perspective view of the waveguide

combiner of Figure 1A according to an embodiment described herein.

[0012] Figure 2A Iillustrates a schematic, perspective view of a waveguide

metrology system according to an embodiment of the disclosure.

[0013] Figure 2B illustrates a schematic, plan view of the metrology system of

Figure 2A according to an embodiment of the disclosure.

[0014] Figure 3A Iillustrates a schematic, perspective view of a waveguide

metrology system according to an embodiment of the disclosure.

[0015] Figure 3B illustrates a schematic, plan view of the metrology system of

Figure 3A according to an embodiment of the disclosure.

[0016] Figure 4A Illustrates a schematic, perspective view of a waveguide

metrology system according to an embodiment of the disclosure.

[0017] Figure 4B illustrates a schematic, plan view of the metrology system of

Figure 4A according to an embodiment of the disclosure.
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[0018] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements and features of one embodiment may be beneficially

incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0019] Embodiments described herein relate to apparatus for measuring and
characterizing performance of augmented and virtual reality waveguide structures
utilizing glass substrates. The waveguide performance measuring systems include
a light source configured to direct light towards an incoupling grating area on a first
side of a waveguide and one or more light detectors configured to collect light from
an outcoupling grating area on a second side of the waveguide. The light source
and one or more light detectors are disposed on one or more adjustable stages
positioned about the waveguide. In certain embodiments, the one or more
adjustable stages are configured to move in a linear fashion or rotate and/or revolve

about the waveguide in an orbital motion.

[0020] Figures 1A-1B illustrate schematic views of a waveguide combiner 100
(e.g. for VR or AR applications) having three pluralities of gratings 103, 105, and
107. It is to be understood that the waveguide combiner 100 described below is an
exemplary waveguide combiner, and that other waveguide combiners may be used
with or modified to accomplish aspects of the present disclosure. For example, a
waveguide combiner having more than three pluralities of gratings may be used,
such as five or more pluralities of gratings. Alternatively, a waveguide combiner
having less than three pluralities of gratings may be used, such as two pluralities of
gratings. In another example, a waveguide combiner having gratings on both major
planar sides may be used. In yet another example, a waveguide combiner having
more than one input coupling region and more than one output coupling region may

be used.

[0021] Figure 1A Iillustrates a side view of a first side 101 of the waveguide
combiner 100. The waveguide combiner 100 includes an input coupling region 102
defined by the first plurality of gratings 103, an intermediate region 104 defined by
the second plurality of gratings 105, and an output coupling region 106 defined by

the third plurality of gratings 107. In some embodiments, the input coupling region
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102, intermediate region 104, and output coupling region 106 are arranged so as to
achieve substantially total internal reflection of light between the input coupling

region 102 and the output coupling region 106.

[0022] While operating within a display device, the input coupling region 102
receives incident beams of light (shown in Figure 1B) having an intensity from a
microdisplay (not shown). Each grating of the plurality of gratings 103 is angled
relative to a planar face of the waveguide combiner 100, such as the first side 101.
In one embodiment, the plurality of gratings 103 splits the incident beams into a
plurality of reflective and transmissive diffraction orders, for example, a zero-order
mode, a positive first-order mode, or a negative first-order mode. In one
embodiment, the zero-order transmissive mode beams are refracted in and out of
the waveguide combiner 100 and eventually lost in the background. The positive
first-order mode beams are coupled through the waveguide combiner 100 to the
intermediate region 104 by total internal reflection, and the negative first-order mode
beams are propagated in the waveguide combiner 100 in a direction opposite to the

positive first-order beams.

[0023] Figure 1B illustrates a perspective view of the waveguide combiner 100
depicting the travel path of incident light beams 109 within the waveguide combiner
100. The waveguide combiner 100 has a first planar side 101 and a second planar
side 111 arranged in parallel to enable propagation of light within the internal
dimensions of the waveguide combiner 100. The waveguide combiner 100 is
fabricated from an optically transparent material configured to enable a user to see

through major planar sides 101, 111 of the waveguide combiner 100.

[0024] In one embodiment, the incident light beams 109 produced by a light
source 110 are directed towards the first plurality of gratings 103 defining the input
coupling region 102. Each grating of the first plurality of gratings 103 is angled
relative to a planar face (i.e. planar side) of waveguide combiner 100 to enhance
desired diffraction orders of light within the waveguide combiner 100. In one
embodiment, each grating of the first plurality of gratings 103 is angled such that
positive first-order mode beams are reflected within the waveguide combiner 100.
For example, each grating of the first plurality of gratings 103 is angled to suppress

zero-order mode beams and negative first-order mode beams.
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[0025] After contacting the first plurality of gratings 103, desired beam modes
from the incident light beams 109 are split and reflected internally within the
waveguide combiner 100 toward the intermediate region 104. Light paths 119A,
119B are the propagation paths (e.g. projections) of the light beams 109 inside the
waveguide combiner 100. The light beams 109 undergo total internal reflection
(TIR) as they are propagated through the intermediate region 104 and make contact
with the second plurality of gratings 105. Similar to the first plurality of gratings 103,
each grating of the second plurality of gratings 105 is angled relative to a planar face
of the waveguide combiner 100 to reflect desired beams of light within the
waveguide combiner 100. In one embodiment, each grating of the second plurality
of gratings 105 is angled such that positive first-order mode beams are reflected
within the waveguide combiner 100. For example, each grating of the second
plurality of gratings 105 is angled to suppress zero-order mode beams. In one
embodiment, each grating of the second plurality of gratings 105 is angled to reflect
positive first-order mode beams towards the output coupling region 106 while

suppressing zero-order mode beams.

[0026] The desired beams reflected by the second plurality of gratings 105 are
then directed to a third plurality of gratings 107 within the output coupling region 106.
Similar to the first plurality of gratings 103 and second plurality of gratings 105, the
third plurality of gratings 107 splits and propagates desired beam modes 113 out of
the waveguide combiner 100 from the first side 101 in order to couple the beams
with ambient light from the surrounding environment on an image plane. Typically,
the image plane is at a focal point distanced apart from the waveguide combiner
100.

[0027] Figures 2A-2B Illustrate schematic views of a waveguide metrology
system 200 according to an embodiment of the disclosure. Figure 2A illustrates a
perspective view of the waveguide metrology system 200. Figure 2B illustrates a
top-down view of the waveguide metrology system 200. Accordingly, Figures 2A
and 2B are discussed simultaneously in order to facilitate understanding of the
disclosure. For reference, x, y, and z axis frames are illustrated in Figure 2A. The y
axis is perpendicular to the planar sides 101, 111 of the waveguide combiner 100.

The z axis is parallel to the planar sides 101, 111 of the waveguide combiner 100 in
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a vertical orientation. The x axis is parallel to the planar sides 101, 111 of the

waveguide combiner in a horizontal orientation.

[0028] The metrology system 200 includes a light source 210, a sample holder
230, and one or more light detectors 212. Examples of suitable light detectors
include optical sensors, active-pixel sensors (APSs), charge-coupled devices (CCD),
photoresistors, photodiodes, semiconductor detectors, and the like. The light source
210 is disposed on a first stage 240 adjacent the planar side 111 and is configured
to produce and direct an incident light beam 209 towards the input coupling region
102 of the waveguide combiner 100. Any suitable type of light may be used for
metrology system 200, including but not limited to a white light source, a light engine
image generator, a laser, or a light emitting diode (LED). In one embodiment, the
light source 210 includes a collimating device (not shown). In some examples, the
light source 210 directs collimated light towards the input coupling region 102 of the
waveguide combiner 100. In other examples, the light source 210 directs non-
collimated or diffuse light towards the input coupling region 102 of the waveguide

combiner 100.

[0029] In one embodiment, the first stage 240 further includes one or more
reflection detectors 218 disposed thereon. Examples of suitable reflection detectors
include optical sensors, active-pixel sensors (APSs), charge-coupled devices (CCD),
photoresistors, photodiodes, semiconductor detectors, and the like. The reflection
detectors 218 are configured to detect and collect any light beams reflected or
refracted from the planar side 111 and not internally transmitted through the
waveguide combiner 100. The one or more reflection detectors 218 and the light
source 210 may be arranged in any suitable quantity and configuration on the first
stage 240. For example, two reflection detectors 218 and a single light source 210
may be arranged in a linear configuration or a crescent-like configuration, one
reflection detector 218 on each peripheral side of the light source 210. Further, the
reflection detectors 218 may each be oriented at an angle in relation to the central
light source 210 and a focal point of the reflection detectors 218 and light source
210. Alternatively, a single reflection detector 218 may be disposed on the first
stage 240. In some embodiments, the first stage 240 includes one or more
scanning arms configured to actuate the first stage 240, and thus the single

reflection detector 218, enabling the collection of light reflected at different angles
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with a single reflection detector 218 and eliminating utilization of multiple detectors

disposed at different locations and/or angles.

[0030] The first stage 240 is linearly adjustable about the x, y, and z axes so that
the light source 210 and/or reflection detectors 218 may be moved in both a vertical
and horizontal direction in relation the waveguide combiner 100. For example, the
first stage 240 may include several guide members extending in the x-, y-, and z-
directions upon which the first stage 240 may be moved. In another example, the
first stage 240 may be coupled to a scanning arm configured to linearly move along
the x, y, and z axes. In yet another example, the first stage 240 may be disposed on

a rolling platform configured to linearly move along the x, y, and z axes.

[0031] The first stage 240 is further configured to rotate about the z axis through
a point of the first stage 240. For example, the first stage 240 rotates from about 1
degree to about 360 degrees about the z axis through the first stage 240. In some
embodiments, the first stage 240 is also configured to revolve (e.g. orbit, gyrate)
around the waveguide combiner 100 between about 1 degree to about 180 degrees
on the planar side 111 thereof. For example, the first stage 240 is configured to
revolve about 180 degrees around the waveguide combiner 100 and about the z
axis in a clockwise or counterclockwise direction. The combination of linear,
rotational, and revolutionary adjustability of the first stage 240 enables the light
source 210 to direct the incident light beam 209 towards the input coupling region
102 at different angles and across different distances from the waveguide combiner
100. Additionally, the combination of linear, rotational, and revolutionary
adjustability of the first stage 240 enables the reflection detectors 218 to measure

reflected beams at different angles and distances.

[0032] It is to be noted that the first stage 240, as well as any other stages
described herein, may include one or more movable (e.g. manipulable) support
structures for supporting one or more light sources and/or detectors thereon. For
example, in some embodiments, the stages described herein may include one or
more movable platforms, stands, articulated arms, scanning arms, guides, rails,

tracks, and the like.

[0033] The sample holder 230 is disposed on a second stage 250 and is

configured to secure a sample (e.g., the waveguide combiner 100) for analysis.

8
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.Similar to the first stage 240, the second stage 250 is linearly adjustable about an x,
y, and z axes so that the waveguide combiner 100 may be moved in both a vertical
and horizontal direction. For example, the second stage 250 may include several
guide members extending in the x, y, and z axes upon which the second stage 250
may be moved. In another example, the second stage may be coupled to an
adjustable scanning arm configured to linearly move the second stage 250 in the x,
y, and z axes. In yet another example, the second stage 250 may be disposed on a

rolling platform configured to linearly move along the x, y, and z axes.

[0034] The second stage 250 is further configured to rotate 360 degrees about
the z axis through a central point of the stage. For example, the second stage 250
is rotated about the z axis in a clockwise or counterclockwise direction. The
combination of linear and rotational adjustability of the second stage 250 enables
the waveguide combiner 100 to incouple and outcouple light at a range of horizontal
and vertical angles relative to the light source 210, reflection detectors 218, and light
detectors 212. The capability to measure light incoupled and outcoupled at different
angles enables more precise measurement of the grating characteristics of the
waveguide combiner 100 from which the patterning or etching of those gratings may
be improved. In certain embodiments, a prism (not shown) is mounted onto the
waveguide combiner 100 while secured on the second stage 250 to couple light into
the input coupling region 102 or out of the output coupling region 106. In such
embodiments, a refractive index matching fluid is used as an intermediate between
the waveguide combiner 100 and the prism to prevent unwanted reflection and
refraction of the incoupling and outcoupling light. Examples of refractive index
matching fluids that can be utilized herewith include silica-based matching liquids,

oils, and gels.

[0035] The one or more light detectors 212 are disposed on a third stage 260
adjacent the planar side 101 and opposite the second stage 240 and light source
210. The light detectors 212 are arranged in any suitable quantity and configuration
on the third stage 260. For example, three light detectors 212 are arranged in a
crescent-like configuration, the distal light detectors each positioned at an angle of
about 45 degrees in relation to a central detector and around a focal point of the
three light detectors 212. In another embodiment, three light detectors 212 are

arranged in a linear configuration, equally spaced from one another on the third
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stage 260. Alternatively, a single light detector 212 may be disposed on the third
stage 260. The third stage 260 may be coupled to a scanning arm, thus enabling
the collection of light diffracted at different angles by a single light detector 212 and

eliminating utilization of multiple detectors.

[0036] The third stage 260 is configured to revolve around the waveguide
combiner 100 between about 1 degree to about 180 degrees on the planar side 101
thereof. For example, the third stage 260 is configured to revolve about 180
degrees around the waveguide combiner 100 and about the z axis in a clockwise or
counterclockwise direction. The revolutionary adjustability of the third stage 260
enables the light detectors 212 to measure the transmission light beams 213 exiting
the output coupling region 106 at different angles in relation to the waveguide

combiner 100.

[0037] In the embodiment illustrated in Figure 2A, the light detectors 212 are
further coupled to a spectrometer 220, although any suitable light metrology system
may be used in characterizing waveguide combiner performance. The light
detectors 212 may further include any suitable kind of light sensor, including but not
limited to scanning scatterometers or conoscopic scatterometers. The light
detectors 212 are configured to detect and collect transmission light beams 213

propagated from the output coupling region 106 of the waveguide combiner 100.

[0038] In measuring the performance characteristics of the waveguide combiner
100, light scattering data is collected by the reflection detectors 218 and light
detectors 212 and relayed to the spectrometer 220 for data analysis. Upon analysis
by the spectrometer 220, results are relayed to and displayed on a graphical user
interface (GUI) (not shown). In one embodiment, performance characteristics of the
sample waveguide combiner 100 are displayed as a two-dimensional grid

corresponding to one of the planar sides 101, 111 of the waveguide combiner 100.

[0039] The adjustability of the stages 240, 250, 260 and the quantity of detectors
212, 218 utilized in metrology system 200 enables a user to more accurately
measure a wide range of performance characteristics of the waveguide combiner
100. In one embodiment, the metrology system 200 is configured to measure and

analyze a reflective diffraction efficiency of the waveguide combiner 100. In another

10
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embodiment, the metrology system 200 is configured to measure and analyze the

transmissive diffraction efficiency of the waveguide combiner 100.

[0040] Figures 3A-3B Iillustrate schematic views of a metrology system 300
according to an embodiment of the disclosure. Figure 3A illustrates a perspective
view of the waveguide metrology system 300. Figure 3B illustrates a top-down view
of the waveguide metrology system 300 with stages 240, 250 offset from stages
260, 370 for purposes of clarity. Accordingly, Figures 3A and 3B are discussed
simultaneously in order to facilitate understanding of the disclosure. For reference,
X, ¥, and z axis frames are illustrated in Figure 3A, having substantially similar

orientations to Figure 2A.

[0041] The metrology system 300 is similar in configuration to metrology system
200. However, unlike in metrology system 200, the one or more reflection detectors
218 of metrology system 300 are disposed on a fourth stage 370 adjacent the planar
side 111 of the waveguide combiner 100. The fourth stage 370 is configured to
revolve around the waveguide combiner 100 between about 1 degree to about 180
degrees on the planar side 111 thereof, similar to the third stage 260. For example,
the fourth stage 370 is configured to revolve about 180 degrees around the
waveguide combiner 100 and about the z axis in a clockwise or counterclockwise
direction. The revolutionary adjustability of the fourth stage 370 enables the
reflection detectors 218 to measure reflected beams at different angles in relation to

the waveguide combiner 100.

[0042] The one or more reflection detectors 218 may be arranged in any suitable
quantity and configuration on the fourth stage 370. For example, three reflection
detectors 218 may be arranged in a linear or crescent-like configuration. The distal
reflection detectors may each be oriented at an angle 45 degrees in relation to the
central reflection detector around a focal point of the three reflection detectors 218.
Alternatively, in another embodiment, a single reflection detector 218 may be
disposed on the fourth stage 370. The fourth stage 370 may be coupled to a
scanning arm, thus enabling the collection of light reflected at different angles by a

single reflection detector 218 and eliminating utilization of multiple detectors.

[0043] The addition of the fourth stage 370 with one or more reflection detectors

218 coupled thereto enables the metrology system 300 to perform additional types

11
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of performance characteristic analyses of the waveguide combiner 100 as compared
to the metrology system 200. For example, the addition of the fourth stage 370
enables the metrology system 300 to measure field of view characteristics, as well
as the overall coupling efficiency of the waveguide combiner 100. In one
embodiment, the first stage 240 and the second stage 250 are synchronized to be
spatially adjusted simultaneously. Simultaneous adjustment of the spatial position
and orientation of the first and second stages 240, 250 enables the metrology
system 300 to also measure angular uniformity and spatial uniformity of the
waveguide combiner 100. In another embodiment, the metrology system is further
configured to measure the color uniformity of the waveguide combiner 100. In yet
another embodiment, the metrology system 300 utilizes a light engine as a light
source 210 and is configured to measure image resolution and contrast

characteristics of the waveguide combiner 100.

[0044] Figures 4A-4B Iillustrate schematic, perspective views of a metrology
system 400 according to an embodiment of the disclosure. Figure 4A illustrates a
perspective view of the waveguide metrology system 400 and Figure 4B illustrates a
top-down view of the waveguide metrology system 400 with stages 240 and 250
offset from stages 480 and 490 for purposes of clarity. Accordingly, Figures 4A and
4B are discussed simultaneously in order to facilitate understanding of the
disclosure. For reference, x, y, and z axes frames are illustrated in Figure 4A,

having substantially similar orientations to Figure 2A.

[0045] The metrology system 400 is similar in configuration to metrology system
300. However, unlike in metrology system 300, the third stage 260 and the fourth
stage 370 are replaced with a fifth stage 480 and a sixth stage 490. The fifth stage
480 and the sixth stage 490 are disposed opposite one another, each facing a
different planar side of the waveguide combiner 100. In one embodiment, the fifth
stage 480 is disposed adjacent the planar side 111 and the sixth stage 490 is

disposed adjacent to planar side 101.

[0046] Further, the fifth stage 480 and sixth stage 490 are linearly adjustable
about the x, y, and z axes. For example, the fifth stage 480 and sixth stage 490 may
include several guide members extending in the x, y, and z directions upon which

the stages may be moved. In another example, the fifth stage 480 and sixth stage

12
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490 may be coupled to adjustable scanning arms configured to linearly move the
stages along the x, y, and z axes. In yet another example, the fifth stage 480 and
the sixth stage 490 may be disposed on rolling platforms configured to linearly move
along the x, y, and z axes. The linear adjustability of the fifth stage 480 and the sixth
stage 490 enables the reflection detectors 218 and the light detectors 212 to
measure reflected and transmitted light beams at different vertical and horizontal

angles and distances.

[0047] The one or more light detectors 212 are disposed on the fifth stage 480.
The light detectors 212 may be arranged in any suitable quantity and configuration
on the fifth stage 480. For example, three light detectors 212 may be arranged in a
linear or crescent-like configuration. Further, the distal light detectors may each be
positioned at an angle in relation to a central light detector around a focal point of
the three light detectors 218. Alternatively, in another embodiment, a single light
detector 212 may be disposed on the fifth stage 480. The fifth stage 480 may be
coupled to a scanning arm, thus enabling the collection of light diffracted at different

angles by a single light detector 212 and eliminating utilization of multiple detectors.

[0048] Similarly, the one or more reflection detectors 218 are disposed on the
sixth stage 490 and may be arranged in any suitable quantity and configuration on
the sixth stage 490. For example, three reflection detectors 218 may be arranged in
a linear or crescent-like configuration, the distal reflection detectors each positioned
at an angle in relation to a central reflection detector around a focal point of the three
reflection detectors 218. Alternatively, in another embodiment, a single reflection
detector 218 may be disposed on the sixth stage 490. The sixth stage 490 may be
coupled to a scanning arm, thus enabling the collection of light reflected at different
angles by a single reflection detector 218 and eliminating utilization of multiple

detectors.

[0049] By utilizing the fifth stage 480 and sixth stage 490 in place of the third
stage 260 and fourth stage 370, the metrology system 400 is capable of performing
additional forms of characteristic analyses of the waveguide combiner 100 beyond
those of the metrology systems 200, 300. For example, by detecting the
convergence of the transmission light beams 213 or reflection beams 414 with the

light detectors 212 or the reflection detectors 218, the metrology system 400 can
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measure the overall optical power of the waveguide combiner 100. In another
example, by moving the fifth stage 480 along the x, y, and z axes and measuring the
light beams 213 at multiple positions with the light detectors 212, the metrology
system 400 can measure the spatial uniformity of the waveguide combiner 100 at
different angles. In yet another example, by utilizing a collimated light source 210
which produces a collimated incident light beam 209, the metrology system 400 can
measure the entrance and exit pupil size, thus determining pupil replication

characteristics of the waveguide combiner 100.

[0050] In summation, an adjustable and flexible metrology system for measuring
waveguide combiner performance is described herein. Waveguide combiners have
non-uniform properties throughout and utilize multiple diffraction gratings to refract
and reflect light beams. The utilization of multiple translation, revolution, and/or
rotation stages, as well as multiple light detectors, enables the metrology system to
collect data at a wider range of locations and angles. Thus, metrology systems
utilizing multiple translation and rotation stages, as well as multiple light detectors,
provide for improved waveguide combiner characterization which enables improved

quality control in the fabrication of waveguide combiners.

[0051] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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What is claimed is:

1. A waveguide metrology system, comprising:

a light source coupled to a first stage, the light source configured to direct
light towards a sample holder disposed on a second stage;

one or more scanning detectors disposed on a third stage, the one or more
scanning detectors disposed orbitally adjacent to the sample holder and opposite
the light source, the one or more scanning detectors configured to collect light
transmitted from the light source; and

a spectrometer in communication with the one or more scanning detectors.

2. The metrology system of claim 1, wherein the first stage is configured to

move linearly about an x, y, or z axis.

3. The metrology system of claim 1, wherein the first stage is further configured

to revolve around the second stage.

4. The metrology system of claim 1, wherein the second stage is configured to

rotate about a vertical axis.

. The metrology system of claim 1, further comprising:

a reflection detector disposed on the first stage adjacent to the light source.

6. A waveguide metrology system, comprising:

a light source coupled to a first stage, the light source configured to transmit
light towards a sample holder disposed on a second stage;

one or more scatterometers coupled to a third stage, the one or more
scatterometers disposed adjacent the sample holder opposite the light source, the
one or more scatterometers configured to collect light transmitted by the light
source;

one or more reflection detectors coupled to a fourth stage, the reflection
detectors configured to collect light reflected towards the fourth stage from a

direction of the sample holder; and
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a spectrometer in communication with the one or more scatterometers and

the one or more reflection detectors.

7. The metrology system of claim 6, wherein the first stage is configured to

move linearly about an x, y, and z axis.

8. The metrology system of claim 7, wherein the first stage is further configured

to revolve around the sample holder.

9. The metrology system of claim 6, wherein the second stage is configured to

move linearly about an x, y, and z axis.

10. The metrology system of claim 9, wherein the second stage is further

configured to rotate about the z axis.

11.  The metrology system of claim 6, wherein the third stage and the fourth stage

are configured to revolve around the sample holder.

12. The metrology system of claim 6, wherein the first stage and the second
stage are synchronized to measure angular and spatial uniformity characteristics of

a sample.

13. A waveguide metrology system, comprising:

a collimated light source coupled to a first stage;

a sample holder disposed on a second stage;

a reflection detector coupled to a third stage and configured to collect light
reflected from the direction of the sample holder;

a transmission detector coupled to a fourth stage and configured to collect
light transmitted from the light source; and

a spectrometer in communication with the reflection detector and the

transmission detector.
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14. The metrology system of claim 13, wherein the first stage and the second

stage are configured to move linearly about an x, y, and z axis and rotate about the
Z axis.

15. The metrology system of claim 13, wherein the third stage and the fourth

stage are configured to move linearly about an x, y, and z axis.

17



WO 2020/096794

PCT/US2019/058313

)
107

\
)
106

100
™
103 et bt

102 i

101

FIG. 1B

FIG. 1A



WO 2020/096794 PCT/US2019/058313

2/4

24Qme <
FIG. 2A



WO 2020/096794 PCT/US2019/058313

3/4
d
= od N
8 2 \Y o
{ / %%t o0
%[ !
N
— Q)
i ™
S S
[N

FIG. 3A




PCT/US2019/058313

WO 2020/096794




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2019/058313

A. CLASSIFICATION OF SUBJECT MATTER
GO1M 11/00(2006.01)i, GO1J 3/28(2006.01)i

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)
GO1M 11/00; GO1B 011/06; GO1B 11/06; GO1B 11/25; G01J 3/18; GOIN 021/41; HO1J 3/14; HO1L 21/66; GO1J 3/28

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: waveguide, light source, detectors, spectrometer, sample holder

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y US 2003-0025899 A1 (AMARA et al.) 06 February 2003 1-15
paragraphs [0020]-[0048]; claim 18; and figures 1-4.

Y US 6118119 A (RUSCHIN, SHLOMO) 12 September 2000 1-15
claim 1; and figures 1-2, 3a-3b.

A KR 10-2004-0010091 A (SOLUTIONIX CORP.) 31 January 2004 1-15
claims 1-19; and figures 1-3, 11-16.

A US 5359409 A (WILDNAUER et al.) 25 October 1994 1-15
column 6, line 4 - column 10, line 16; and figures 1-6.

A JP 2018-021761 A (DISCO ABRASIVE SYST LTD.) 08 February 2018 1-15
paragraphs [0012]-[0033]; and figures 1-3.

. . . . N7 .
|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be
"E" earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive

filing date step when the document is taken alone
"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be

cited to establish the publication date of another citation or other considered to involve an inventive step when the document is

special reason (as specified) combined with one or more other such documents,such combination
"O" document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

18 February 2020 (18.02.2020) 19 February 2020 (19.02.2020)

Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office BAHNG, Seung Hoon
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsnnile No. +82-42-481-8578 Telephone No. +82-42-481-5560
Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2019/058313
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2003-0025899 Al 06/02/2003 US 6731380 B2 04/05/2004
US 6118119 A 12/09/2000 IL 116583 B 14/06/2001
WO 97-26514 A2 24/07/1997
KR 10-2004-0010091 A 31/01/2004 AU 2003-241194 Al 16/02/2004
CN 1300551 C 14/02/2007
CN 1672013 A 21/09/2005
JP 2005-534026 A 10/11/2005
JP 4226550 B2 18/02/2009
KR 10-0502560 Bl 20/07/2005
WO 2004-011876 Al 05/02/2004
US 5359409 A 25/10/1994 EP 0540966 Al 12/05/1993
EP 0540966 Bl 12/02/1997
EP 0671615 A2 13/09/1995
EP 0671615 A3 20/09/1995
EP 0671615 Bl 22/07/1998
JP 06-050813 A 25/02/1994
JP 10-325754 A 08/12/1998
JP 2004-251916 A 09/09/2004
JP 3214743 B2 02/10/2001
JP 3791620 B2 28/06/2006
US 5233405 A 03/08/1993
JP 2018-021761 A 08/02/2018 CN 107677210 A 09/02/2018
KR 10-2018-0014668 A 09/02/2018
TW 201805590 A 16/02/2018

Form PCT/ISA/210 (patent family annex) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report

