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CONFOCAL INSPECTION SYSTEM HAVING NON-OVERLAPPING ANNULAR
BLUMINATION AND COLLECTION REGIONS

CROSS-REFERENCE TO RELATED APPLICATION

{0001 This application claims the benefit of US. Provisional Application No. 62/096,270,
titled “CONFOCAL INSPECTION SYSTEM HAVING NON-OVERLAPPING ANNULAR
TLLUMINATION AND COLLECTION REGIONS,” and filed on December 23, 2014, which

18 hereby incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] The present disclosure relates to a confocal inspection system that uses annular
illurnination and annular collection.
BACKGROUND
EHEIRY! Many optical inspection systems deliver light to a sample, collect light reflected or

scattered from the sample, and use the collected light to analyze a portion of the sample. It can

be desirable to improve these optical mspection systems.

SUMMARY OF THE DISCLOSURE

{0004 A confocal inspection system can optically characterize a sample. An objective lens,

which can be a single lens or a combination of separate tHlumination and collection lenses, can

have a pupil. The objective lens can deliver incident light to the sample through an annular
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ilumination region of the pupil, and can collect scattered hight returning from the sample to form
collected light. Confocal optics can be positioned to receive the collected hight. A detector can
be configured with the confocal optics so that the detector generates signals from light received
from a specified depth at or below a surface of the sample and rejects signals from light received
from depths away from the specified depth. An optical element, such as a mask, a
reconfigurable panel, or the detector, can define the annular collection region to be non-
overlapping with the annular illumination region in the pupil. In various embodiments, the
annular collection region is defined by a computer using software.

{0003} Annular iHumination and annular collection can ensure that the optical path length
traversed within the sample is nearly the same for all collected rays, which can be advantageous
for absorptive or scattering samples. The annular Hlumination region and the anoular collection

region can be non-overlapping in the pupil, which can exclude hight retroreflected by the sample.

BRIEF DESCRIPTION OF THE DRAWINGS

{0006] In the drawings, which are not necessarily drawn to scale, like numerals may
describe similar components 1o different views. Like numerals having different letter suffixes
may represent different instances of similar components. The drawings illustrate generally, by
way of example, but not by way of limitation, various examples discussed in the present
document.

{6007} Fi1G. 1 15 a schematic side view of an example of a confocal inspection system, in
which the annular collection region is defined by a mask positioned between the objective lens
and the confocal optics, in accordance with some embodiments.

{6008] FIG. 2 is a schematic side view of another example of a confocal inspection system,
in which the annular collection region 1s defined by a mask positioned between the confocal
optics and the detector, in accordance with some embodiments.

{0009] FIG 3 1s a schematic side view of another example of a confocal inspection system,
in which the annular collection region is defined by a reconfigurable panel positioned between

the objective lens and the detector, in accordance with some embodiments.
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{00190] FIG. 4 13 a schematic side view of another example of a confocal inspection system,
in which the annular collection region s defined in hardware by the detector, in accordance with
some embodiments.

{0011 FI1G. 5 is a schematic side view of another example of a confocal inspection system,
in which the annular collection region 1s defined in software by the computer, in accordance with
some embodiments.

{0012} FIG. 6 1s a schematic side view of another example of a confocal inspection system,
having separate illumination and collection lenses, in accordance with some embodiments.
{0013] FIG. 7 shows a cross-section of an example of an annular dlumination region and an
annular collection region of an ohjective lens pupil, in accordance with some embodiments.
[0014] FIG. 8 is an end-on view of an example of an objective lens pupil, including an
annular tlumination region and an annular collection region formed as azimuthally distinet,
complementary, non-overlapping halves of a single annulus, 1n accordance with some
embodiments.

[0015] FIG. 9 is an end-on view of another example of an objective lens pupil, including an
annular tlummation region and an annular collection region formed as complementary and non-
overlapping portions of a single annulus, 1n accordance with some embodiments.

{0016} FIG. 10 15 an end-on view of another example of an objective lens pupil, including
an annular tHlununation region and an annular collection region formed as non-overlapping
portions of a single annulus, 1n accordance with some embodiments.

{6017} FIG. 11 1s an end-on view of another example of an objective lens pupil, including
an annular illumination region and an annular collection region, each formed as non-contiguous
portions of a single annulus, in accordance with some embodiments.

{0018} FI(3. 12 1s an end-on view of another example of an objective lens pupil, including
an annular illumination region and an annular collection region, each formed as an azimuthally
complete annulus, 1n accordance with some embodiments.

{00619] FIG. 13 15 an end-on view of another example of an objective lens pupil, including
an annular illumination region and an annular collection region, formed as azimuthally complete

and spaced-apart annuli, in accordance with some embodiments.
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{6020} FI(3. 14 1s an end-on view of another example of an objective lens pupil, including
an annular illumination region and an annular collection region, formed as azimuthally
mcomplete and spaced-apart annuli, in accordance with some embodiments.

{6021 FIG. 15 1s an end-on view of an example of pupils of the illumination and collection
lenses, including an annular tllumination region and an annular collection region formed in
respective pupils of the illumination and collection lenses, in accordance with some
embodiments.

{0022] FIG. 16 15 a flow chart of an example of a method of operation for optically

characterizing a sample, in accordance with some embodiments.

DETAILED DESCRIPTION

{6023] FIG. 1 15 a schematic side view of an example of a confocal mmspection system 100
for optically characterizing a sample 102, 10 accordance with some embodiments. The sample
102 1s not part of the confocal inspection systern 100, as the other samples discussed below are
not part of thewr corresponding confocal mspection systems. The configuration of FIG. 115 one
example of a confocal mspection system; other configurations can also be used without departing
from the present subject matter.

[00624] The confocal inspection system 100 mcludes an objective lens 104 having a pupil.

In some examples, the objective lens 104 can include a single lens or mirror, having a single
pupil. In some examples, the objective lens 104 includes multiple cascaded lens elemenis and/or
mirrors, all having a single pupil. In some examples, the objective lens 104 includes separate
ilumination elements and collection elements (see FIG. 6}, with separate puptls for tllumination
and collection. For the purposes of this document, the separate illumination and collection pupils
can be treated as a single pupil. Configurations using separate iHlumination and collection
elements are discussed below with reference to FIG. 15,

{0025} The objective lens 104 has a puptl, which is shown 1n end-on views below in FIGS.
8-14. In some examples, the pupil 15 a physical structure, such as a screen with 3 hole
therethrough, the hole defining the pupil. In other examples, the pupil is not a physical structure,
but 1s a virtual 1image of an aperture stop, where the aperture stop s a physical structure within
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the objective lens 104, In most examples, the pupil 18 circuolar, and is arranged in a plane parallel
to a top surface of the sample 102, In some examples, an incident optical path includes one or
more additional imaging elements, such as relay lenses, which can image a mask or another
suitable plane onto a pupil of the objective lens 104, For simplicity, the Figures are drawn under
the assumption that light bends at a single plane at the objective lens, even though in practice,
light can bend at more than one plane within the objective lens.

{0026} The light source 108 can produce incident light 106, The light sources of the
systems described herein, such as light source 108, can include one or more hight-producing
elements 130. Examples of suitable light-producing elements 130 include, but are not limited to:
a semiconductor laser, a light emitting diode, a quantum cascade laser, a superluminescent light
source, and an amplified spontaneous emission source. The light source 108 can include a
number of combinations of one or more of the suitable light-producing elements 130, In some
examples, one or more of the light-producing elements 130 can be tunable. In some examples,
two or more of the light-producing elements 130 can enut light at different wavelengths. In
some examples, the light source 108 can include one or more collimating or focusing elements
132, which can collimate or focus hight produced by the one or more light-producing elements
130, In some examples, the one or more collimating or focusing elements 132 can be made
itegral with the hHght-producing elements 130, In other examples, the one or more collimating
or focusing elements 132 can be made separately and attached to the hight-producing elements
130. Insome examples, the light source 108 can be controlled by a computer, such as 126,
{6627] In some examples, the light-producing elements can be modulated independently and
simutftaneously at unique assigned frequencies. Modulation of the light source can mclude
switching each light-producing element on and off periodically {e.g., digital modulation), or
periodically varying the cutput intensity of each light-producing element {e.g., analog
modulation), such as between zero and a peak value or between a relatively low value and a
relatively high value.

{0028] In some examples, the light source produces a selectable wavelength, the return
optical path includes one or more wavelength-selective elements, such as a filter or grating, and
the system can perform spectroscopic measurements of the sample. In some examples, the

sample can produce light wavelengths other than the incident wavelength(s), such as through
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fluorescence or Raman scattering; for these examples, the return path can also include a suitable
wavelength-selective element.

{0029} The objective lens 104 can deliver incident hight 106 from a light source 108 to the
sample 102 through an annular tllumination region of the pupil. In some examples, the annular
illumination region extends fully around a central axis of the objective lens. In other examples,
the annular dlumination region extends partially around a central axis of the objective lens. In
still other examples, the annular illumination region includes a plurality of non-contiguous
subregions, the subregions all being equidistant from the central axis of the objective lens. In
some examples, the annular illumination region can be defined by the light source, such as 108,
having an annular shape. In some examples, the annular ilumination region can be defined by a
light source, such as 108, having a plurality of light-producing elements, such as light-emutting
diodes (LEDs) arranged in an annular or circular pattern.  In some examples, the annular
iHumination region can be defined by an anamorphic collimating or focusing lens, such as an
axicon, that collimates or focuses light from the light-producing element(s) in the light source
108. In some examples, the annular tllummnation region can be defined by a mask that receives
fight and blocks a portion of the received hight, where the blocked light 1s absorbed, scattered, or
directed out of a destred optical path by reflection or transmission. In these examples, light
reflected or transmutted by the mask along the desired optical path can have an annular footprint.
In some examples, the annular illumination region can be defined by a combination of two or
more of the above examples.

{06030] The objective lens 104 can further collect scattered light 110 returning from the
sample 102 to form collected light 112, Scattered light 110 can propagate in any direction from
a scattering location at or below a surface of the sample 102, Collected fight 112 includes only
the scattered light 110 that returns through the objective lens 104,

{0031 Confocal optics 114 can be positioned to receive the collected light 112 A detector
116 can be configured with the confocal optics 114 so that the detector 116 generates signals
from light received from a specified depth 118 at or below a surface 120 of the sample 102 and
rejects signals from light received from depths away from the specified depth 118. In some
examples, the specified depth 118 can be selected so that a total optical path length traversed

within the sample can equal, or can be relatively close to, an inverse of an expected scattering
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coefficient of the sample; the Appendix discusses this in detail. There are many possible
configurations for confocal optics 114,

{0632] In some configurations, such as in the example of FIG. 1, the confocal optics
physically block light arising from reflection and/or scattering at depths away from the specified
depth. In the example of FIG. 1, confocal optics 114 are arranged in a pinhole configuration,
where light originating at specified depth 118 15 imaged onto a suitably sized pinhole 122 ina
screen 124, transnuts through the pinhole 122, and is detected by detector 116, Light originating
at depths away from the specified depth 118 appears out-of-focus at the screen 124, The size of
the out-of-focus light at the screen 124 1s significantly larger than the pinhole 122, and the
fraction of light transmitted through the pinhole 122 can be relatively small. In this manner, the
pinhole configuration can retain only light originating from reflection and/or scattering at
specified depth 118, and can extinguish or attenuate light origimating from other depths. In some
configurations, a portion of the confocal optics can be disposed in the incident optical path, in
addition to the portion in the return optical path.

[0033] In other configurations, the light from other depths reaches the detector, and the
system electronically filters out the contributions from the other depths. For instance, the
confocal optics can include one or more modulating elements, such as one or more arrays of
MICTOMIITONS OF one of more arrays of acousto-opiic moduiators or electro-optic modulators.
Incident light in the incident optical path and/or return hight in the return optical path can strike
the modulating elements, which can be configured to modulate different Iateral portions of the
incident and/or reflected light at unique assigned frequencies. By modulating the incident and/or
return light twice, simultaneously, at the same unique assigned frequencies and at two different
longitudinal locations between the light source 108 and the detector 116, inclusive, these
configurations can simultaneously measure multiple lateral locations at specified depth 118,
which can be advantageous over a pinhole configuration that only measures one location at a
time.

{0034] In some examples, detector 116 can be a single-pixel detector, which produces an
electrical signal in response to light incident thereon. In other examples, detector 116 can be a
multi-pixel detector, with each pixel or group of pixels producing a respective electrical signal 1n

response to light incident thereon. In some of these examples, the pixels can be arranged ina
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rectangular pattern. In other of these examples, the pixels can be irregularly shaped and/or
irreguiarly positioned.

{0035] Betector 116 can provide one or more electrical signals to computer 126, In some
examples, the computer 126 can receive at least one electrical signal from the detector, and can
determine a physical property of the sample 102 based on the at least one electrical signal. In
some examples, the detector 116 produces a first electrical signal in response to light at a first
wavelength directed thereon. In these examples, the detector 116 produces a second electrical
signal in response to light at the second wavelength directed thereon. In these examples, the
computer 126 can be configured to produce a single measurement of a physical property of the
sample in response to at least the first and second electrical signals.

[0036] For mnstance, computer 126 can perform a spectroscopic calculation to determine a
concentration value of a particular analyte within the sample. For these calculations, one or
more ratios of measured reflectivity and/or scattering from the sample at two or more specified
wavelengths can be compared with a lookup table of values. The computer 126 can determine a
value of analyte concentration within the sample from the lookup table, and can return the
analyte concentration as a single measurement of a physical property of the sample. Aunalyte
concentration 1s but one example, the confocal ispection system 100 can measure other suitable
physical properties, such as refractive mdex, absorption, presence of a particular analyte,
scattering, scattering amisotropy and others.

[6637] Computer 126 can be mcluded in a computer system that includes hardware,
firmware and software. Examples may also be implemented as instructions stored on a
computer-readable storage device, which may be read and executed by at least one processor to
perform the operations described herein. A computer-readable storage device may include any
non-transitory mechanism for storing information i a form readable by a machine (e.g., a
computer). For example, a computer-readable storage device may include read-only memory
(ROM), random-access memory {RAM), magnetic disk storage media, optical storage media,
flash-memory devices, and other storage devices and media. In some examples, computer
systems can include one or more processors, optionally connected to a network, and may be
configured with instructions stored on a computer-readable storage device.

{0038] A mask 128 can be positioned between the objective lens 104 and the detector 116.
The mask 128 can block portions of the collected light 112 located outside an annular collection

8
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region of the pupil. The mask 128 can define the annular collection region to be non-
overlapping with the annular illunmination region in the pupil. In some examples, the mask 128
can be positioned at an internal image of the pupil. In some examples, the mask 128 can be
positioned on a beamsplitter 134, For some of these examples, the beamsplitter 134 can
transmit incident light 100 from the light source 108 to the objective lens 104, and can retlect
collected light 112 from the objective lens 108 to the confocal optics 114, For these examples,
the mask 128 can include an opaque, diffuse, or non-reflective portion shaped to receive hight
outside the annular collection region of the pupil and absorb, scatter, or otherwise redirect the
recetved light away from a desired optical path through the confocal optics 114, The mask can
mclude a reflective portion (or a transmissive portion if the beamsplitter 134 1s reflective) shaped
to recerve light inside the annular collection region of the pupil and direct the received light into
a desired optical path through the confocal optics 114, In these examples, the border between
these two mask portions can define a footprint of the light directed to the confocal optics 114,
which can therefore define the annular collection region. In alternate configurations, the
beamsplitter 134 can reflect incident light 106 and transmit the collected light 112, In these
alternate configurations, the mask 128 can include an opaque, diffuse, or reflective portion to
direct light away from the confocal optics, and a transmussive portion to direct hight toward the
contocal optics 114,

{0039] In some examples, the configuration of FIG. 1 can include one or more optional
relay lenses, which can be located at sustable locations between the light source 108 and the
beamsplitter 134, between the beamsplitter 134 and the confocal optics 114, and/or between the
confocal optics 114 and the detector 116, Relay lenses can be used to form an nternal image of
one particular plane onto another plane. For instance, a relay lens can form an image of the
objective lens pupti onto the beamsphitter 134, so that the mask 128 can be coincident with an
image of the pupil. At this internal image of the pupil, the mask 128 can define the footprint of
the transnutted or reflected light to be shaped as an annulus, a portion of an annulus, or more
than one non-contiguous portion of an annulus. As another example, a relay lens can form an
image of the objective lens pupil onto the detector 116, In some examples, an internal image of
the pupil can be formed in the return optical path without using a relay lens. For instance, one or

more lenses in the confocal optics can form an internal image of the pupil.
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{6040} In the example of FIG. 1, the mask 128 is positioned on the beamsplitter 134, In
other examples, the mask can be positioned at other locations in a return optical path between the
objective lens 104 and the detector 116.

{0041 FI1G. 2 1s a schematic side view of another example of a confocal inspection system
200, m which the annular collection region is defined by a mask 236 positioned between the
confocal optics 214 and the detector 216, in accordance with some embodiments. Elements 202-
234 in FIG. 2 are identical in structure and function to corresponding elements 102-134 in FIG.
1. Other positions for the mask can also be used. In some examples, the mask can be positioned
on another element, such as a beamsplitter or a detector. In other examples, the mask can be
configured as a stand-alone screen. In some examples, the mask can be positioned at an internal
image of the pupil of the objective lens. In some of these examples, an optional relay lens can
form an image of the pupil of the objective lens on the mask. Tn some of these examples, the
mask can be shaped to define a footprint of a transmitted or reflected beam to have an annular
shape, or a shape formed of a plurality of non-contiguous sections that fall along an annulus.
[0042] In the examples of FIGS. 1 and 2, the masks do not change their size or shape over
time. In other examples, the elements that define the annular collection regions can be
reconfigurable in time. For mnstance, FIG. 3 shows a system configuration in which the annular
collection region 1s defined by a reconfigurable panel,

{B043] FIG. 3 15 a schematic side view of another example of a confocal inspection system
300, 1 which the annular collection region 1s defined by a reconfigurable panel 338 positioned
between the objective lens 304 and the detector 310, in accordance with some embodiments.
Elements 302-332 in FI{. 3 are identical in structure and function to corresponding elements
202-232 m FIG. 2. The configuration of FIG. 3 is but one example of a confocal inspection
system; other suitable configurations can also be used.

{6044] The confocal inspection system 300 can include an objective lens 304 having a pupil.
The objective lens 304 can deliver incident light 306 to the sample 302 through an annular
ithumination region of the pupil. The objective lens 304 can further collect reflected or scattered
light 310 returning from the sample 302 to form collected light 312, Confocal optics 314 can be
positioned to receive the collected light 312, A detector 316 can be configured with the confocal

optics 314 so that the detector 3106 generates signals from light received from a specified depth
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318 at or below a surface 320 of the sample 302 and rejects signals from light received from
depths away from the specified depth 318,
{0045} The confocal inspection system 300 can include a reconfigurable panel 338
positioned between the objective lens 304 and the detector 316, In some examples, the
reconfigurable panel 338 is positioned at an internal image of the puptl. The reconfigurable
panel 338 can direct toward the detector 316 at least one portion of the collected hight 312
located within an annular collection region of the pupil. The reconfigurable panel 338 can define
the annular collection region to be non-overlapping with the annular illununation region in the
pupil.
{0046] In some examples, the reconfigurable panel 338 can be an array of micromirrors. In
other examples, the reconfigurable panel 338 can be an array of acousto-optic modulators, an
array of electro-optic modulators, a pixelated hquad crystal panel sandwiched between two
polarizers, multiple instances of any of the above, or other suitable reconfigurable elements.
[60647] In some examples, the reconfigurable panel 338 can be included in the confocal
optics 314, For mstance, in the example of FIG. 3, light from depths other than the specified
depth 318 reaches the detector 316, and the system 300 electronically filters out the contributions
from the other depths. For instance, the confocal optics 314 can include one or more modulating
elements. Incident light in the incident optical path and/or return light in the return optical path
can strike the modulating elements, which can be configured to modulate different lateral
portions of the incident and/or reflected light at unique assigned frequencies. By modulating the
incident and/or return light twice, simultaneously, at the same unique assigned frequencies and at
two different longitudinal locations between the light source 308 and the detector 316, inclusive,
these configurations can simultanecusly measure multiple lateral locations at specified depth
318, which can be advantageous over a pinhole configuration that only measures one location at
a time. One of the modulations can optionally be performed at the light source 308, which can
switch on and off various light-producing elements 330 at unique assigned frequencies. One of
the modulations can optionally be performed at the detector 316, which can produce one or more
electrical signals having various frequencies that can be spectrally analyzed by the computer 326.
In some examples, a beamsplitter can direct the incident light 306 onto the reconfigurable panel
338, so that the reconfigurable panel can modulate both the incident light 306 and the collected
light 312.

il
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{0048} In the examples of FIGS. 1-3, the systems inchide one or more elements that define
the annular collection region in the return optical path before light in the return optical path
strikes the detector. In other examples, the detector itself can define the annular collection
region. For instance, FIG. 4 shows a system configuration in which the annular collection region
is defined by the detector.

{0049] FIG. 4 is a schematic side view of another example of a confocal inspection system
400, m which the annular collection region s defined in hardware by the detector 440, in
accordance with some embodiments. Elements 402-434 in FIG. 3 are identical in structure and
function to corresponding elements 302-334 in FIG 3. The configuration of FIG. 4 1s but one
example of a confocal inspection system; other suitable configurations can also be used.

[0050] The confocal mspection system 400 can include an objective lens 404 having a pupil.
The objective lens 404 can deliver incident light 406 1o the sample 402 through an annular
ilumination region of the pupil. The objective lens 404 can further collect reflected or scattered
light 410 returning from the sample 402 to form collected light 412, Confocal optics 414 can be
positioned to recetve the collected light 412, A detector 440 can be configured with the confocal
optics 414 so that the detector 416 generates signals from light received from a specitied depth
418 at or below a surface 420 of the sample 402 and rejects signals from hight received from
depths away from the specified depth 418,

{00531 The detector 440 can mclude a sensing area shaped to detect at least one portion of
the collected light located within an annular collection region of the pupil. For mstance, the
sensing area can be shaped like a complete anmulus, a portion of an annulus, or a plurality of
non-contiguous portions of an annelus. In some examples, each portion from the sensing area
can produce its own electrical signal. In other examples, the portions of the sensing area can be
grouped to produce one or more electrical signals. The detector 440 can define the annular
collection region t¢ be non-overlapping with the annular illumination region in the pupil. In
some examples, the detector 440 can be positioned at an mternal image of the puptl

{0052] In the example of FIG. 4, the annular collection region is defined in hardware.
Specifically, in the example of FIG. 4, the shape of one or more elements of a sensing area
defines the annular collection region. In other examples, the annular collection region can be
defined in software. For example, FIG. 5 shows a system configuration in which the detector
can be a multi-pixel detector, the computer can receive electrical signals from the multi-pixel

12
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detector, and the computer can define the annular collection region in software, rather than in
hardware, as in FIG. 4.

{0053] FIG. S 13 a schematic side view of another example of a confocal inspection system
500, i which the annular collection region 1s defined in software by the computer 526, in
accordance with some embodiments. Elements 502-534 in FI(. 3 are identical in structure and
function to corresponding elements 402-434 1n FIG. 4. The configuration of FIG. 5 1s but one
example of a confocal mmspection system; other suitable configurations can also be used.

{0054] The confocal inspection system 500 can include an objective lens 504 having a pupil.
The objective lens 504 can deliver incident light 506 to the sample 502 through an annular
ithumination region of the pupil. The objective lens 504 can further collect reflected or scattered
light 510 returning from the sarmple 502 to form collected light 512, Confocal optics 514 can be
positioned to receive the collected light 512

[B055] A multi-pixel detector 542 can be contigured with the confocal optics 514 s0 that the
multi-pixel detector 5342 generates signals from light received from a specified depth 518 at or
below a surface 520 of the sample S02 and rejects signals from light received from depths away
from the specified depth 518, The multi-pixel detector 542 can be positioned at an internal
image of the pupil.

{0056] A computer 526 can receive a plurality of electrical signals from the multi-pixel
detector 5342, The computer 526 can identify a first subset of pixels of the multi-pixel detector
542, The first subset of pixels can have an outer boundary shaped to define the annular
collection region t¢ be non-overlapping with the annular ilumination region in the pupil. The
computer 526 can identify a first subset of the received electrical signals corresponding to the
first subset of pixels. The computer 526 can average the first subset of the received electrical
signals to form an averaged signal. The computer 526 can determine a physical property of the
sample 502 based on the averaged signal.

{0057] In the examples of FIGS. 1-5, the systems use an objective lens having a single
pupl. In any or all of these examples, the objective lens can be replaced with separate optics for
illumination and collection.

{B058] FIG. 6 is a schematic side view of another example of a confocal inspection system,
having separate ilummation and collection lenses, in accordance with some embodiments.
Elements 602-634 1n FIG. 6 are identical in structure and function to corresponding elements
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102-134 1n FIG. 1. The configuration of FIG. 6 15 but one example of a confocal inspection
system; other suitable configurations can also be used.

{0059} An illumination lens 644 can deliver incident light 606 to the sample 602 through an
ithumination puptl. A collection lens 646, separate from the tllumination lens 644, can collect
reflected or scattered light 610 returning from the sample 602 through a collection puptl to form
collected light 612. For the purposes of this document, the separate illumination and collection
pupils can be treated as a single pupil. Configurations using separate illumination and collection
elements are discussed below with reference to FIG. 15,

{00690] In some instances, using separate lenses can deliver and extract light at higher angles
of incidence and exitance than a single objective lens. Using separate lenses can also allow for
flexibility 10 sizing and positioning some of the optical elements. The dlununation and
collection lenses can have the same focal length or can have different focal lengths. The lens
pupils can be located in the same longitudinal plane or in different longitudinal planes, where the
longitudinal direction is perpendicular to the top surface of the sample.

{0061} FIG. 7 shows a cross-section of an example of an annular dlumination region 702
and an annular collection region 704 of an objective lens pupil 706, taken in a plane 708
perpendicular to both the objective lens pupil 706 and a hine 710 separating the illumination
{(incident) portion 712 from the collection (return} portion 714, 1n accordance with some
embodiments. Incident light 716 strikes objective lens pupil 706 i the region of incident
annulus 702, and focuses as a converging cone 718 to a location 720 at or near the surface of a
sample. The incident light 716 can reflect and/or scatter into many directions, with reflections
and/or scattering originating from many depths within the sample, depending on the properties of
the sample, but not all of the reflected and/or scattered light is detected by the optical system.
Light rays that are detected are constrained to reside within diverging cone 722; all other rays are
either blocked optically by the geometry of the annuli and the confocal optics, or are excluded
electronically from the electrical signal or signals produced by the detector. The detected rays
emerge from annular collection region 704 as collected light 724

{0062] For many of the annular configurations described below, the annular tllumination
region and the annular collection region are said to be azimuthally distinct. For the purposes of
this document, azimuthally distinct regions can be arranged to fall completely on opposite sides
of a dividing line drawn through the center of the pupil. For example, wedges of a pie are said to
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be azimuthally distinct. In the geometry of FIG. 7, line 710 completely separates region 702
from region 704, so that regions 702 and 704 are azimuthally distinct.

{6063} FIGS. 8-14 are end-on views of examples of objective lens pupils having non-
overlapping anmuar tHumination regions and annular collection regions. These are merely
examples; other configurations are also possible.

{0064] FIG. 8 15 an end-on view of an example of an objective lens pupil 800, including an
annular tHumination region 802 and an annular collection region 804 formed as azimuthally
distinct, complementary, non-overlapping halves of a single annulus 806, m accordance with
some embodiments. A central portion 808 of objective lens pupil 800 is excluded from both
annular tHumination region 802 and annular collection region 804,

[0065] FIG. 9 is an end-on view of another example of an objective lens pupil 900,
including an annular lumination region 902 and an annular collection region 904 formed as
complementary and non-overlapping portions of a single annulus 906, in accordance with some
embodiments. Region 904 extends azimuthally more than halfway around the pupid 900, A
central portion 908 of objective lens pupil 900 15 excluded from both annular illumination region
902 and annular collection region 904

{0066] FIG. 10 15 an end-on view of another example of an objective lens pupil 1000,
mecluding an annular dlumination region 1002 and an annular collection region 1004 formed as
non-overlapping portions of a single annulus 1006, 10 accordance with some embodiments.
Regions 1002 and 1004, taken together, do not extend azimuthally fully around the pupil 1000.
A central portion 1008 of objective lens pupil 1000 is excluded from both annular tlumination
region 1002 and annudar collection region 1004,

{6067} FIG. 11 1s an end-on view of another example of an objective lens pupil 1100,
mcluding an annular illumination region 1102 and an annular coliection region 1104, each
formed as non-contiguous portions of a single annulus 1106, in accordance with some
embodiments. A central portion 1108 of objective lens pupil 1100 is excluded from both annular
ithumination region 1102 and annular collection region 1104,

{0068] FIG. 12 1s an end-on view of another example of an objective lens pupil 1200,
mcluding an annular ilumination region 1202 and an annular collection region 1204, each
formed as an azimuthally complete annulus, in accordance with some embodiments. Regions
1202 and 1204 are nested, concentric, and radially adjacent to each other. A central portion
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12012 of objective lens pupil 1200 is excluded from both annular illumination region 1202 and
annular collection region 1204,

{0069} FI(z. 13 15 an end-on view of another example of an objective lens pupil 1300,
mcluding an annular illumination region 1302 and an annular collection region 1304, formed as
azimuthally complete and spaced-apart annuli, in accordance with some embodiments. Regions
1302 and 1304 are nested, concentric, and radially spaced apart from each other. A central
portion 1308 of objective lens pupil 1300 1s excluded from both annular ilumimation region 1302
and annular collection region 1304,

{0070] FIG. 14 1s an end-on view of another example of an objective lens pupil 1400,
mcluding an annular ilumination region 1402 and an annular collection region 1404, formed as
azimuthally incomplete and spaced-apart annuli, 10 accordance with some embodiments. A
central portion 1408 of objective lens pupil 1400 1s excluded from both annular Hlununation
region 1402 and annular collection region 1404,

{0671] In all of the examples of FIGS. 8-14, a central portion of the pupil is excluded from
both the annular llununation region and the annular collection region.

{6072] In all of the examples of FIGS. 8-14, both the annular illunmunation region and the
annular collection region are concentric with a center of the pupil.

{6673 In the examples of FIGS. 8, 9, 11, and 12, the annular collection region and the
annular iHomination region, taken together, form a full annulus.

[6674] In the examples of FIGS. 8-11, the annular collection region and the annular
itlumination region are azimuthally distinct regions of a single annulus.

{067 5] In the examples of FIGS. 12-14, the annular collection region and the annular
ithumination region are regions of different annulis.

{6076} In the examples of FIGS. 12 and 13, the annular coliection region is an azimuthally
complete annulus.

{0077} In the examples of FIGS. 9 and 13, the annular illumination region is an azamuthally
complete annulus.

{0078} In the examples of FIGS. 12 and 13, the annular iHumination region and the annular
collection region comprise different, and azimuthally complete, annult

{0079} In the examples of FIGS. 8-10 and 12-14, at least one of the annular tdlunmination
region and the annular collection region includes a single, contiguous region,
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{6080} In the example of FIG. 13, at least one of the annular tllumination region and the
annular collection region includes a plurality of non-contigucus regions.

{0081} FI(3. 15 15 an end-on view of an example of puptls 1500, 1502 of the illumination
and collection lenses, including an annular dlumination region 1504 and an annuldar collection
region 1506 formed in respective pupils of the illummation and collection lenses, in accordance
with some embodiments. In some examples, annular illumination region 1504 and annular
collection region 1506 are concentric. In some examples, annular illumination region 1504 and
annular collection region 1506 both exclude light directed to the sample or collected from the
sample at normal incidence. In some examples, at least one of annular tllumination region 1504
and annular collection region 1506 includes a single, contiguous region. In some examples, at
least one of the annular lumination region and the annular collection region can include a
plurality of non-contiguous regions.

[0082] FIG. 16 15 a flow chart of an example of a method of operation 1600 for optically
characterizing a sample, in accordance with some embodiments. The method 1600 can be
executed by one or more of the confocal inspection systems shown in FIGS. 1-5, or by any
suitable confocal inspection system. The method 1600 15 but one example; other suitable
methods of operation can also be used.

{6083] At 1602, method 1600 illuminates a sample with annular llumination. At 1604,
method 1600 collects reflected or scattered light returning from the sample. At 1606, method
1600 detects an annular collection portion of the collected light. The annular collection portion
can be non-overlapping with the annular illumination. At 1608, method 1600 determines a
physical property of the sample based on the detected annular collection portion.

{0084] In some examples, method 1600 can further include blocking portions of the
collected light located outside the annular collection region with a mask. In some examples,
method 1600 can further include directing with a reconfigurable panel toward a detector at least
one portion of the collected light located within the annular collection portion. In some
examples, method 1600 can further include detecting the annular collection portion of the
collected light with a detector, the detector including a sensing area shaped to detect at least one
portion of the collected light located within the annular collection portion.

{0085] Using non-overlapping annular itlumination and collection regions 1s but one
technique for narrowing a range of optical path lengths traversed within the sample, which can
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be advantageous for absorptive or scattering samples. Other techniques are also possible.

{0086] Another technique for narrowing a range of optical path lengths traversed within the
sample can use tllumination and collection regions of the pupil, which, combined, have a surface
area that 1s a fraction of the full pupil surface area (e.g., using angularly narrow illumination and
collection). Inthis example, a confocal inspection system can optically characterize a sample.
An objective lens, having a pupil, can deliver incident light from a light source through at least
one dlumination region of the pupi! to the sample, and can collect light reflected or scattered
from the sample through at least one collection region of the puptl. The illununation and
collection regions are all non-overlapping in the pupil. In some examples, the illumination and
collection regions, combined, have a surface area less than or equal to 50% of a surface area of
the pupil. In some examples, the illunmination and collection regions each have a surface area
less than or equal to 10% of a surface area of the pupil. Confocal optics and a detector generate
signals from light received from a specified depth at or below a surface of the sample and reject
signals from light received from depths away from the specified depth.

{0087] Another technique for narrowing a range of optical path lengths traversed within the
sample can use angularly narrow tlumination and anoular collection. In this example, a confocal
mspection system can optically characterize a sample. An objective lens, having a puptl, can
deliver incident light from a light source through an iltumination region of the pupil to the
sample. The incident light can have a reduced range of propagation angles at the sample. The
objective lens can collect light from the sample through an annular collection region of the pupil.
In alternate configurations, the incident and collected hight can pass through separate incident
and return lenses. Confocal optics can direct the collected light onto a detector, so that the
detector generates signals from light received from a specified depth at or below a surface of the
sample and rejects signals from light received from depths away from the specified depth. The
angularly narrow incident light and annular collection region can narrow a range of optical path
lengths traversed within the sample, which can be advantageous for absorptive or scattering
samples.

{0088 Another technique for narrowing a range of optical path lengths traversed within the
sample can use annular illumination and angularly narrow collection. In this example, a confocal
mspection system can optically characterize a sample. An objective lens, having a puptil, can
deliver incident light from a light source through an annular illumination region of the pupil to
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the sample. The objective lens can collect light from the sample through a collection region of
the pupil. The collected light can have a reduced range of propagation angles leaving the
sample. In alternate configurations, the incident and collected light can pass through separate
incident and return lenses. Confocal optics can direct the collected light onto a detector, so that
the detector generates signals from light received from a specified depth at or below a surface of
the sample and rejects signals from light received from depths away from the specified depth.
The annular incident hight and angularly narrow collected light can narrow a range of optical
path lengths traversed within the sample, which can be advantageous for absorptive or scattering
samples.

{0089] For structured or inhomogeneous samples, it can be advantageous to average the
mncident and/or the return light. In this example, a confocal inspection system can optically
characterize a sample. An objective lens, or separate incident and return lenses, can deliver
meident light from a light source to the sample, and can collect light from the sample. Confocal
optics can direct the collected light onto a detector. The system can average the incident light
over multiple locations at the sample, for example, by scanning the incident light with a
pivotable mirror in the incident and return optical paths, or by illuminating and collecting with
multiple spaced-apart confocal apertures. The system can average the collected hight, for
example, by directing the collected light onto a single-pixel detector, or by directing the collected
light onto a multi-pixel detector and averaging the pixel output signals to form a single electronic
signal. Averaging the mcident and/or return hight can be advantageous for structured or
inhomogensous samples.

|6696]  APPENDIX

{0091 The optical properties of a particular type of sample, such as human tissue, can vary
from sample-to-sample, but often fall into a well-defined range of numerical values. For
instance, a scattering coefficient of a particular sample typically falls within a particular range of
scattering coefficients, where the range can represent a distribution of values of the scattering
coefficient for a population of samples of the same type as the particular sample. The range can
be centered around a so-called expected value, such as an expected scattering coefficient. In
some examples, the expected values can be used when designing a geometry for an optical
mspection system, with the expectation that most actual measured values will be relatively close
to, but different from, the expected value.
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{6092} In an optical inspection system designed to inspect a particular type of non-
transparent sample, so that light propagating through the sample scatters and/or 1s absorbed by
the sample as it propagates, the amount of scattering and/or absorption of the sample can
influence the amount of light that reaches a detector in the optical mspection system. In other
words, sample-to-sample variation of a scattering and/or absorption coefficient can produce a
sample-to-sample variation in the optical power reaching a detector. Such sample-to-sample
variation can be undesirable, and can underutilize a full dynamic range of the detector. Itis
possible to design the optical inspection system to have a decreased sensitivity of detected
optical power to sample-to-sample variation in scattering coefficient.

{0093] An analvtical model of the optical inspection system can assume that a light ray
enters the sample at an input point, scatters a single tume at a scattering location, changes
direction just once at the scattering location, and exits the sample at an output point. In
propagating from the mput point to the scattering location, an input beam 1s attenuated by a
factor expf-A{ustua}], where quantities gs and pa are the scattering and absorption coefficients of
the sample, respectively, and quantity A is an optical path length between the input point and the
scattering location. At the scattering location, a fraction yus of the remaining input beam is
scattered towards the output, where factor v accounts for a scattering phase function. The light
scattered toward the output location 1s further attenuated by an amount expl-B{ustua)] before
exiting the sample, where quantity B 15 an optical path length between the scattering location and
the cutput point. A fraction of optical power exiting the sample at the output location, divided
by optical power entering the sample at the input location, is given by the quantity vus expf-
L{pstpa}], where quantity L equals quantity A+B, and s a total optical path length traversed
within the sample.

{0094} The fraction of optical power exiting the sample is relatively insensitive when its
derivative equals zero, e.g., when the total optical path length traversed within the sample, L,
equals an mverse of the scattering coefficient of the sample, 1/us. When L = 1/us, the optical
power reaching the detector 1s maximized, which is beneficial, and is relatively insensitive to
sample-to-sample variations in the amount of scattering, which is also beneficial.

{0095] To take advantage of this relative insensitivity, the optical inspection system can be
designed so that a total optical path length traversed within the sample can equal, or can be
relatively close to, an inverse of an expected scattering coefficient of the sample. For instance,
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the total optical path length traversed within the sample can be within 0.1%, within 1%, within
10%, or within 50% of an inverse of an expected scattering coefficient of the sample. Other
suitable values can also be used. The expected scattering coefficient can represent a distribution
of values of the scattering coefficient for a population of samples of the same type as the
particular sample, such as human tissue.

{0096] The above analysis assumes a single scattering event within the sample. For
geometries in which a detector element receives light that is largely due to a single high-angle
scattering event, the above analysis also holds for multiple scattering events and finite positional
and angular resolutions. The above analysis can also apply to confocal detection with a narrow
collimated input and angularly-constrained output.

[0097] The above Detailed Description and Appendix are intended to be illustrative, and not
restrictive. For example, the above-described examples {or one or more aspects thereof) may be
used in combination with each other. Other embodiments may be used, such as by one of
ordinary skill in the art upon reviewing the above description. The Abstract 1s provided to allow
the reader to quickly ascertain the nature of the technical disclosure. Tt 1s submitted with the
understanding that 1t will not be used to interpret or limit the scope or meaning of the claims.
Also, in the above Detatled Description, various features may be grouped together to streamline
the disclosure. This should not be mterpreted as intending that an unclaimed disclosed feature 1s
essential to any claim. Rather, mventive subject matter may lie in less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby mcorporated mto the
Detailed Description as examples or embodiments, with each claim standing on its own as a
separaie embodiment, and it is contemplated that such embodiments may be combined with each
other in various combinations or permutations. The scope of the invention should be determined
with reference to the appended claims, along with the full scope of equivalents to which such

claims are entitled.
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CLAIMS

What 1s claimed 1s:

1. An optical inspection system for optically characterizing a sample, comprising:

an objective lens having a pupil,

the objective lens configured to deliver incident light to the sample through an annular
illumination region of the pupil,

the objective lens further configured to collect reflected or scattered light returning from
the sample to form collected light;

confocal optics positioned to receive the collected light; and

a detector configured with the confocal optics so that the detector generates signals from
light recetved from a specified depth at or below a surface of the sample and rejects signals from
light received from depths away from the specified depth; and

a mask positioned between the objective lens and the detector, the mask blocking
portions of the collected light located outside an annular collection region of the pupil, the mask
defining the annular collection region to be non-overlapping with the annular illumination region
in the pupil.
2. The optical inspection system of claim 1, further comprising a beamsplitter disposed
between the objective lens and the confocal optics, wherein the mask 1s disposed on the

beamsplitter.

3. The optical inspection system of claim 1, wherein the mask is positioned between the

confocal optics and the detector.

4 The optical inspection system of claim 1, wherein the mask is positioned at an internal

image of the pupil.

S. The optical inspection system of claim 1, further comprising a computer configured to:
recetve at least one electrical signal from the detector; and
determine a physical property of the sample based on the at least one electrical signal.
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6. An optical inspection system for optically characterizing a sample, comprising:

an objective lens having a pupil,

the objective lens configured to deliver incident hight to the sample through an annular
ilumination region of the pupil,

the objective lens further configured to collect reflected or scattered light returning from
the sample to form collected light;

confocal optics positioned to receive the collected light; and

a detector configured with the confocal optics so that the detector generates signals from
light recetved from a specified depth at or below a surface of the sample and rejects signals from
light received from depths away from the specified depth; and

a reconfigurable panel positioned between the objective lens and the detector, the
reconfigurable panel directing toward the detector at least one portion of the collected hight
located within an annular collection region of the pupil, the reconfigurable panel defining the
annular collection region to be non-overlapping with the annular illurination region in the pupil.
7. The optical inspection system of claim 6, wherein the reconfigurable panel 1s included o

the confocal optics.

3. The optical ispection system of claim 6, wherein the reconfigurable panel 15 an array of
MICTOMITTors.
9. The optical inspection system of claim 6, wherein the reconfigurable panel 1s positioned

at an internal image of the pupil.
10. The optical inspection system of claim 6, further comprising a computer configured to:

receive at least one electrical signal from the detector; and

determine a physical property of the sample based on the at least one electrical signal.
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11 An optical inspection system for optically characterizing a sample, comprising:

an objective lens having a pupil,

the objective lens configured to deliver incident light to the sample through an annular
itlumination region of the pupil,

the objective lens further configured to collect reflected or scattered light returning from
the sample to form collected hight;

confocal optics positioned to receive the collected hight; and

a detector configured with the confocal optics so that the detector generates signals from
light received from a specified depth at or below a surface of the sample and rejects signals from
light recetved from depths away from the specified depth, the detector including a sensing area
shaped to detect at least one portion of the collected hight located within an annular collection
region of the pupil, the detector defining the annular collection region to be non-overlapping

with the annular tllumination region in the pupil.

12. The optical inspection system of claim 11, wherein the detector is positioned at

positioned at an 1nternal image of the pupil.
13. The optical imspection system of claim 11, further comprising a computer configured to:

recerve at least one electrical signal from the detector; and

determine a physical property of the sample based on the at least one electrical signal.
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14. An optical inspection system for optically characterizing a sample, comprising:

an objective lens having a pupil,

the objective lens configured to deliver incident light to the sample through an annular
itlumination region of the pupil,

the objective lens further configured to collect reflected or scattered light returning from
the sample to form collected light;

confocal optics positioned to receive the collected light;

a multi-pixel detector configured with the confocal optics so that the multi-pixel detector
generates signals from hight recetved from a specified depth at or below a surface of the sample
and rejects signals from light received from depths away from the specified depth, the multi-
pixel detector positioned at an internal 1mage of the pupil; and

a computer configured to:

receive a plurality of electrical signals from the multi-pixel detector;

identify a first subset of pixels of the multi-pixel detector, the first subset of pixels
having an outer boundary shaped to define the annular collection region to
be non-overlapping with the annular tlumination region in the pupil;

identify a first subset of the received electrical signals corresponding to the first
subset of pixels;

average the first subset of the received electrical signals to form an averaged
signal; and

determine a physical property of the sample based on the averaged signal.

15. The optical inspection system of claim 14, wherein the annular illumination region and
the annular collection region are disposed at the same radial distance away from a center of the

pupl.
16, The optical inspection system of claim 14, wherein the annular llunination region and

the annular collection region are disposed at different radial distances away from a center of the

puml.
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17. A method for optically characterizing a sample, comprising;

tluminating a sample with annular illumination;

collecting reflected or scattered hight returning from the sample;

detecting an annular collection portion of the collected light, the annular collection
portion being non-overlapping with the annular llumination; and

determining a physical property of the sample based on the detected annular collection

portion.

18 The method of claim 17, further comprising:
blocking portions of the collected light located outside the annular collection region with

a mask.

19, The method of claim 17, further comprising:
directing with a reconfigurable panel toward a detector at least one portion of the

collected light located within the annular collection portion.

20, The method of claim 17, further comprising:
detecting the annular collection portion of the collected hight with a detector, the detector
mcluding a sensing area shaped to detect at least one portion of the collected light located within

the annuldar collection portion.

26



PCT/US2015/067445

WO 2016/106350

116

d4010313d
9i1

\/%

e

A3 LNdWOD

AR

cel
$OILd0

TWO04NOO
121

0El

F1dAYS

201

904
SNTT

JAILOrE0
y0l
M3 LTSS

pel

394N0S y//

wmwj W31SAS
NOILLOZdSNI
TWOO4NOO

001



PCT/US2015/067445

WO 2016/106350

2116

d4010313d
91

HSYIN
9€¢

e

454

0E¢

F1dAYS

202

907
SNTT

JAILOrE0
702
M3 LTSS

pez

N
$11d0
! T¥O04NOD
4ILNINOD | e
922

394N0S y//

wMMMJ W31SAS
NOILLOZdSNI
TWOO4NOO

00¢



PCT/US2015/067445

WO 2016/106350

316

d4010313d
9i¢

SN
JALLOETE0

\/%

A3 LNdWOD

gz

140

¢lE
4%
SOILdO
TW204NOOD
pig 0eg
i
TANYd
F1EVENDIANOD3Y

gee

A04N0S
LHOT
B0E

]

W31SAS
NOILLOZdSNI
TWOO4NOO

00€



PCT/US2015/067445

4/16

WO 2016/106350

d4010313d
OFp

A3 LNdWOD
9cy

.

oonmacoocoat

T1dIVS
207
0zy P
w~_ 4 R oo
| N SNT
IALOINE0
70Y
NEIR L
ey

T4
NS 76y I0N0S wf/
SolLdO 1HOI
TWI04NOO : a0y WNILSAS
Ly ey NOILDIdSNI

TWOO4NOD

00¥



PCT/US2015/067445

516

WO 2016/106350

TS
208
078 75
s ~_ 4 D g
EN SNTT
JALDIME0
708
HILLTdSAY3g
78S
MO103L30
X @ —— 909
SRy =
avs = B
NS 765 08NS N
SOILdO THO
WI04NOD ; 905 NILSAS
v 15 05 NOILOTJSNI
MALNANOD | TWI04NOD

8¢S 004




PCT/US2015/067445

WO 2016/106350

6/16

9 9l

ITdINVS
mP@//// 209
029 By a el
019 7 A 909
SN o
SNTT
NOILOFTI00 NOLLYNIANT
o9 79
AT y
MILITdSWY3E
ye9
219 4
229

40103130
319 a;/a@;

N@
N 760 394N0S y//
SOILdO 7 LHOM
WI04NOD ; 909 NILSAS
¥ oo 089 NOLLDTSNI
YILNANOD | WO04NOD

9¢9 009




WO 2016/106350 PCT/US2015/067445

716

AZIMUTHAL

FIG. 7



WO 2016/106350 PCT/US2015/067445

8/16

800
AZIMUTHAL

FIG. 8



WO 2016/106350

900

906

cQ
[
oo

9

{
/

16

904

902

PCT/US2015/067445

FIG. 9



PCT/US2015/067445

WO 2016/106350

10/16

y001

9001 7

0l

Ol

0001

¢001



PCT/US2015/067445

WO 2016/106350

11716

b9

0041

vOoLL

Al

* 9011



WO 2016/106350 PCT/US2015/067445

12116

<o
<
N
iy

1204

1200

1202

FiG. 12



WO 2016/106350 PCT/US2015/067445

13/16

1304

<o
[ ]
o
hilig

1300

1302

FIG. 13



WO 2016/106350

1400

<o
o
=¥
—

14

{
f

16

1404

1402

PCT/US2015/067445

FiG. 14



WO 2016/106350

15/16

1502

1500

1508

PCT/US2015/067445

FiG. 15



PCT/US2015/067445

WO 2016/106350

16/16

91 Ol

STYNDIS TvORILOATE QANNIE QZLHDIEM IHL NO
d38v8 1dWYS dHL JO AL¥3d0ud TWOISAHd ¥V ININYF 130

——— 809

X

LHON memwﬁ,«_dw d41031100
AHL 40 NOLLHOd NOLLDZTIO0 dYINNNY NY 104130

= 9091

)

A1dAYS FHL WOHA ONINMNLAY LHON G344 L1V08 1041100

~— 7091

A

NOILYNIANTH UV INNNY HLIM 31dWVS Vv JLYNINNTT

~ ¢091

0081



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/067445

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO2B21/00 GO2B21/08
ADD.

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

B. FIELDS SEARCHED

GO2B GOIN

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

7 March 1989 (1989-03-07)
figures 1-3

column 1, line 16 - line 20
column 4, line 21 - line 65
column 7

A figure 15

X US 4 810 077 A (STING DONALD W [US])

paragraph [0100] - paragraph [0109]

17-20

X US 2014/192355 Al (FROIGNEUX EMMANUEL [FR] 17
ET AL) 10 July 2014 (2014-07-10)

_/__

Further documents are listed in the continuation of Box C.

See patent family 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 application or patent 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 particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 March 2016

Date of mailing of the international search report

01/04/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Beutter, Matthias

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/067445

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

X

KE SI ET AL: "Three-dimensional coherent
transfer function for a confocal
microscope with two D-shaped pupils",
APPLIED OPTICS, OPTICAL SOCIETY OF
AMERICA, WASHINGTON, DC; US,

vol. 48, no. 5,

10 February 2009 (2009-02-10), pages
810-817, XP001521730,

ISSN: 0003-6935, DOI: 10.1364/A0.48.000810
page 810 - page 811

figure 1

EP 0 943 950 Al (GF MESSTECHNIK GMBH [DE])
22 September 1999 (1999-09-22)

figure 5

paragraph [0029] - paragraph [0032]

EP 0 168 983 Al (IBT DUBILIER LTD [GB])

22 January 1986 (1986-01-22)

page 2 - page 3

figures 1-16

US 2004/113059 Al (KAWANO YOSHIHIRO [US]
ET AL) 17 June 2004 (2004-06-17)

the whole document

US 2014/146159 Al (LIU ZHIWEN [US] ET AL)
29 May 2014 (2014-05-29)

the whole document

ROSENBLUTH A E ET AL: "CONFOCAL FILTERING
OF THE INSTANTENEAOUS IMAGE IN SCANNED
DARKFIELDALIGNMENT",

JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY:
PART B, AVS / AIP, MELVILLE, NEW YORK, NY,
us,

vol. 11, no. 6,

1 November 1993 (1993-11-01), pages
2183-2190, XP000423397,

ISSN: 1071-1023, DOI: 10.1116/1.586453

the whole document

IPPOLITO S B ET AL: ™"Annular illumination
and collection in solid immersion",
CONFERENCE PROCEEDINGS FROM THE 35TH
INTERNATIONAL SYMPOSIUM FOR TESTING AND
FATLURE ANALYSIS : NOVEMBER 14 - 19, 2009,
SAN JOSE MCENERY CONVENTION CENTER, SAN
JOSE, CALIFORNIA, USA, ASM INTERNAT, USA,
15 November 2009 (2009-11-15), pages
60-64, XP009189153,

ISBN: 978-1-61503-008-8

the whole document

1-5,17,
18,20

6-16

6-10

11-16

6-10

6-10

11-16

1,6,11,
14,17,20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/067445

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A MIN GU ET AL: "EFFECT OF AN ANNULAR PUPIL
ON CONFOCAL IMAGING THROUGH HIGHLY
SCATTERING MEDIA",

OPTICS LETTERS, OPTICAL SOCIETY OF
AMERICA, US,

vol. 21, no. 5, 1 March 1996 (1996-03-01),
pages 312-314, XP000559748,

ISSN: 0146-9592

the whole document

1,6,11,
14,17,20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/067445
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4810077 A 07-03-1989 DE 3704239 Al 20-08-1987
GB 2186711 A 19-08-1987
JP 562196615 A 31-08-1987
US 4810077 A 07-03-1989
US 2014192355 Al 10-07-2014  EP 2734884 Al 28-05-2014
FR 2978255 Al 25-01-2013
US 2014192355 Al 10-07-2014
WO 2013014379 Al 31-01-2013
EP 0943950 Al 22-09-1999 DE 19811202 Al 16-09-1999
EP 0943950 Al 22-09-1999
EP 0168983 Al 22-01-1986  EP 0168983 Al 22-01-1986
JP 561105521 A 23-05-1986
US 2004113059 Al 17-06-2004  EP 1431795 Al 23-06-2004
JP 4723806 B2 13-07-2011
JP 2004199063 A 15-07-2004
US 2004113059 Al 17-06-2004
US 2014146159 Al 29-05-2014 US 2014146159 Al 29-05-2014
WO 2014085748 Al 05-06-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report

