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FLOW CYTOMETER

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U.S. Patent Application No. 17/645,727, entitled “Flow
Cytometer,” filed December 22, 2021, which is a continuation of U.S. Patent Application No.
15/638,477, entitled “Flow Cytometer,” filed June 30, 2017, and issued as 11,255,772, which is a
divisional application of U.S. Patent Application No. 14/455,102 entitled “Flow Cytometer,” filed
November 26, 2014, and issued as U.S. Patent No. 9,746,412, which claims the benefit of priority
of U.S. Provisional Patent Application Serial No. 61/911,859 entitled “Flow Cytometer,” filed on
December 4, 2013. U.S. Patent Application No. 14/455,102 is also a continuation-in-part of
International Patent Application Serial No. PCT/US2013/043453 entitled “Flow Cytometer,” filed
on May 30, 2013, which claims the benefit of priority under 35 U.S.C. 119 to U.S. Provisional
Patent Application Serial No. 61/653,245 entitled “Pulseless Peristaltic Pump,” filed on May 30,
2012, U.S. Provisional Patent Application Serial No. 61/653,328 entitled “Composite Microscope
Objective with a Dispersion Compensation Plate,” filed on May 30, 2012, U.S. Provisional Patent
Application Serial No. 61/715,819 entitled “Wavelength Division Multiplexing for Extended Light
Source,” filed on October 18, 2012, U.S. Provisional Patent Application Serial No. 61/715,836
entitled “Diode Laser Based Optical Excitation System,” filed on October 19, 2012, and U.S.
Provisional Patent Application Serial No. 61/816,819 entitled “A Simple Fluidic System for
Supplying Pulsation Free Liquid to Flow Cell,” filed on April 29, 2013. All of the above-identified

applications are incorporated herein by reference in their entirety.

BACKGROUND
Technical Field

The present disclosure relates generally to the technical field of flow cytometry and, more
particularly, to the structure and operation of an improved flow cytometer together with various
individual subassemblies included therein.

Background

Flow cytometry is a biophysical technique employed in cell counting, sorting, biomarker

detection and protein engineering. In flow cytometry, cells suspended in a stream of liquid pass
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through an electronic detection apparatus. Flow cytometry allows simultaneous multiparametric

analysis of physical and/or chemical characteristics of up to thousands of cells per second.

Flow cytometry has various applications including in the fields of molecular biology,
pathology, immunology, plant biology and marine biology. Flow cytometry also has broad
application in medicine (especially in transplantation, hematology, tumor immunology and
chemotherapy, prenatal diagnosis, genetics and sperm sorting for sex preselection). In marine
biology, the autofluorescent properties of photosynthetic plankton can be exploited by flow
cytometry in characterizing abundance and community composition. In protein engineering, flow
cytometry is used in conjunction with yeast display and bacterial display to identify cell surface-
displayed protein variants with desired properties. A common variation of flow cytometry is

physically sorting particles based on their properties thereby purifying a population of interest.

SUMMARY OF DISCLOSURE

The present disclosure provides an improved flow cytometer together with various

improved components included therein, as well as component groups with interacting components.

In certain embodiments, the present disclosure provides a simple and reliable diode laser
based optical system capable of delivering a focused laser beam of elliptical cross section with a
Gaussian like intensity distribution along its minor axis and a width along major axis optimized

for flow cytometric applications.

In certain embodiments, the present disclosure provides an imaging quality microscope
objective that is easy to manufacture and has long working distance, large numerical aperture,

large field of view and minimal chromatic aberration.

In certain embodiments, the present disclosure provides a simple fluidics system for flow
cytometers that is not only reliable, compact and easy to manufacture, but also capable of
supporting velocity critical applications such as in instruments with multiple spatially separated

excitation laser beams or in droplet sorters.

In certain embodiments, the present disclosure provides a simple design for a peristaltic

pump providing a pulseless liquid flow.
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In certain embodiments, the present disclosure provides a peristaltic pump with minimal

pulsation.

In certain embodiments, the present disclosure provides a peristaltic pump that is simple to

manufacture and operate.

In certain embodiments, the present disclosure provides a device capable of collimating a
light beam from an extended light source over an extended distance without significantly

expanding the beam diameter.

In certain embodiments, the present disclosure provides a Wavelength Division
Multiplexing (WDM) system to separate a light beam into multiple colored bands. The WDM
system may be compatible with low noise semiconductor detectors. In addition, due to the diversity

of fluorescent probes, the WDM system may be reconfigurable.

According to an exemplary embodiment, a flow cytometer may include:

1. a Laser Diode (LD) based optical subsystem for impinging a beam of light upon particles
passing through a viewing zone;

2. a composite microscope objective for gathering and imaging light scattered from or
fluoresced by particles passing through the viewing zone;

3. a fluidic subsystem for supplying a liquid sheath flow to the viewing zone;

4. a peristaltic pump for injecting a liquid sample flow carrying particles that pass together
with the liquid sheath flow through the viewing zone;

5. a multimode optical fiber that receives scattered and fluoresced light from the viewing
zone that the composite microscope objective gathers images; and

6. a wavelength division multiplexer for optically separating light received via the optical

fiber into color bands.

According to an exemplary embodiment, the LD based optical subsystem for illuminating
particles passing through the flow cytometer's viewing zone may generally include:

1. a laser diode oriented with its slow axis parallel to the direction of flow;

2. a collimating lens that converts the diverging beam from the LD into a collimated beam
of elliptical shape with its major axis perpendicular to the flow;

3. a focusing lens system that reduces the laser beam at the viewing zone to an optimal

width in the direction perpendicular to the flow; and
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4. finally a high power cylindrical focusing element placed in the proximity of the viewing

zone with its axis perpendicular to the direction of flow.

The high power cylindrical focusing element may transpose the far field profile of the LD
along its slow axis to its Fourier conjugate at the viewing zone along the direction of flow, while
maintains the transverse beam profile, such that the laser beam profile at the viewing zone is

optimal for flow cytometric applications.

According to an exemplary embodiment, the composite microscope objective may
generally include:

1. a concave spherical mirror;

2. a transparent aberration compensation plate with the flow cytometer's a viewing zone
being located between the mirror and the plate. Scatter and fluorescence light emitted from
particles in the viewing zone is collected by the mirror and reflected back toward the compensation
plate. Optical aberrations originating from the mirror are significantly reduced after light passes
through the compensation plate. In one embodiment of the present disclosure, the viewing zone
may be located inside a flow cell provided by rectangular glass cuvette with a small rectangular
channel through which a particle carrying liquid flows. The concave mirror may be made of an
optically transparent material, such as glass or optical quality plastics, of plano-convex shape with
a highly-reflective coating on the convex side for internal reflection. The plano-side of the mirror
may be either gel-coupled or bonded to one side surface of the cuvette. The plano-aspheric
compensation plate may be made of a transparent material, such as glass or optical quality plastics,
with the plano side gel-coupled or bonded to the opposite side of the cuvette. The plano-convex
shaped mirror and the aspheric compensation plate may also be formed integrally with the cuvettte.
In yet another embodiment of the present disclosure, the viewing zone may be in a jet stream with
both the concave mirror and the compensation plate being free standing from the viewing zone,

and the mirror may be a front surface concave mirror.

According to an exemplary embodiment, the fluidic system may generally include a sheath
liquid reservoir from which a liquid pump draws sheath liquid. Sheath liquid then flows from the
liquid pump to an inlet of a T-coupling. One outlet arm of the T-coupling connects to a bypass that
returns a fraction of the pumped sheath liquid back to the sheath liquid reservoir with the returned

sheath liquid flowing into air within the sheath liquid reservoir. A second outlet arm of the T-
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coupling connects to a sheath route that includes a reservoir capsule followed by a particle filter
and then the flow cell. The sheath liquid exiting the flow cell then goes to the waste tank. The
fluidic resistance along the bypass is designed to be lower than the fluidic resistance along the
sheath route. Consequently, only a small fraction of the sheath liquid goes through the flow cell.
Note that typical sheath flow rate in flow cytometric applications is a few tens of milliliter per
minute. The bypass therefore permits using higher flow rate liquid pumps that not only are much
less expensive and more reliable, but also operates at higher pulsation frequency which is much
easier to attenuate. Since the exit of the bypass route connects to air, it also serves as a large fluidic
capacitor for significantly reducing pulsation in sheath liquid flowing along the sheath route.
During operation, the inlet portion of the filter cartridge is filled with air. Therefore, the filter
cartridge also serves as a fluidic capacitor, for further reducing pulsation in the sheath liquid at the
flow cell to negligible level. Due to the large fluidic resistance at the flow cell, the air trapped near
the inlet of the filter cartridge becomes compressed. If the liquid pump is turned off, the
compressed air in filter cartridge being pushed back towards the sheath liquid reservoir becomes
stored in the reservoir capsule whose size is chosen to prevent the trapped air from reaching the T-

coupling.

According to an exemplary embodiment, the peristaltic pump may generally include a
plurality of rollers located at the periphery of a rotor that moves the rollers circularly inside a
housing's arcuate curved track and a compressible tube that the rollers compress against the track.
In one embodiment of the present disclosure, the track of the peristaltic pump's housing may have
one recess so the compressible tube is progressively decompressed to full expansion then
compressed to full closure every time one of the rollers moves past the recess. The location and
shape of the recess maintains the total volume of liquid within the compressible tube from the
recess to the pump's outlet substantially invariant. The effect of tube expansion as a roller moves
past the pump's outlet is compensated by the tube compression when a different other roller
immediately upstream of the pump outlet moves into the recess' compressing section. In another
embodiment of the present disclosure, the track of the pump housing may contain a plurality of
recesses, providing for a plurality of roller upstream of the pump outlet to progressively modify
the tube compression in multiple sections along the compressible tube. The locations and shapes
of the plurality of recesses are designed such that the modification of tube compression at these

sections substantially compensates the effect due to the tube expansion near the pump outlet. In
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yet another embodiment of the present disclosure, the compressible tube is kept fully closed
underneath the roller except in the inlet and exit sections. A variable speed motor may be used to
drive the pump. When a roller reaches the exit section, the motor's rotation may programmatically

speed up to compensate for the tube's expansion.

According to an exemplary embodiment, a wavelength division multiplexer ("WDM") may
include at least two optical elements. The first optical element collimates a beam of light received
from an extended light source, such as the light from a pinhole or from a multimode optical fiber.
The first optical element magnifies the extended light source, for example, as defined by the
pinhole, or the core of the multimode optical fiber, to an image having a size similar to the effective
cross section of the first optical element thereby creating a collimated light beam between the first
optical element and its image. A second optical element is positioned near the image, and relays
the first optical element with unit magnification down the optical path. In this way, the second
optical element effectively doubles the collimated path length. Additional optical elements in the
same 1:1 image relay configuration may also be included to further extend the collimated optical
path. The cascaded unit-magnification image relay architecture of the present disclosure extends
the collimated optical path length without large beam expansion. As a result, WDM techniques
well-established in the optical communication industry can be readily adapted for fluorescence
light detection. In particular, multiple colored bands present in the beam of light can be separated
using dichroic filters located along the optical path with the separated light being tightly focused

into small spots compatible with low noise semiconductor photodetectors.

In one embodiment of a WDM, the first optical element is a lens and the second element
is a concave mirror, although it is apparent to those skilled in the art that other types of refractive
and/or reflective optical components may also be used to achieve the same design goal. The optical
path in the WDM of the present disclosure may be folded using dichroic filters. In one embodiment
of the present disclosure, the light path may be folded into a zig-zag configuration. To facilitate
the flow cytometer's reliable reconfiguration, each dichroic filter may be bonded to a mechanical
holder having a reference surface that is optically parallel to the filter's reflective surface. As a
result, all of the WDM's filters can be accurately positioned along the optical path by referencing
the filter's holder against a common optical flat. In another embodiment of the present disclosure,
the collimated beam passing through the dichroic filter is further branched out into multiple

colored bands using secondary dichroic filters. It is apparent to those skilled in the art that dichroic
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filters may be inserted anywhere along the long, narrow and collimated beam path afforded by the
present disclosure's relay imaging to thereby permit delivering a tightly focused beam to photo
detectors using a variety of optical configurations, such as the star configuration discussed in
United States Patent no. 6,683,314, the branched configuration discussed in United States Patent
no. 4,727,020 and other types of WDM optical configuration widely practiced in the optical
communication industry. Instead of concave mirrors, the WDM may be replaced by curved

dichroic filters to further increase the number of colored bands selected by the WDM.

According to some exemplary embodiments, an optical system for impinging beams of
light into a viewing zone in which a sample flow carrying objects and a sheath flow pass through
includes a first light source for emitting a first beam of light along a first beam path to illuminate
objects in the viewing zone at a first location, a second light source for emitting a second beam of
light along a second beam path to illuminate objects in the viewing zone at a second location, a
beam compressing optical element for reducing widths of the first and second beams of light on
their major axes to a width less than the width of the sheath flow, and a first chromatic
compensation element located on at least one of the first beam path and the second beam path for
compensating chromatic aberration in the viewing zone such that the first location and the second
locations are on a common plane parallel to the direction of the sample flow. The wavelength of
the second light source is different from the wavelength of the first light source. The chromatic
compensation allows compensating the properties of the different paths, resulting e.g. from the
different wavelengths, the different path lengths, different locations in the flow path etc. This
applies also for multiple compensating elements in different paths, in particular when using two,

three or more wavelengths for illumination.

According to some exemplary embodiments, an optical system includes a first light source
for emitting a first beam of light to illuminate objects at a first location in a viewing zone, a co-
mposite microscope objective for imaging light scattered from and fluoresced by the objects at the
first location in the viewing zone at an image plane external to the composite microscope, and a
beam splitter for reflecting or transmitting scattered and fluoresced light, wherein the light source
and the image plane are on two sides of the beam splitter. The composite microscope includes a
concave mirror and an aberration corrector plate. The aberration corrector plate is an aspheric lens
that has a first zone with negative optical power and a second zone with positive optical power

radially inside the first zone. The viewing zone is positioned between the concave mirror and the
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aberration corrector plate. This allows a compact build-up, as the illumination and the detection of
light scattered from and fluoresced by the objects in the viewing zone may be conducted from the

same side of the microscope objective.

According to some exemplary embodiments, an axial light detection system includes a
concave mirror for reflecting light that propagates from a viewing zone, and a detector for
measuring axial light loss produced by an object in the viewing zone by detecting light reflected
by the concave mirror. This allows an effective detection of light loss which may serve as a base

for better interpretation of the measured values.

According to some exemplary embodiments, a power monitoring system for adjusting
power of a light source includes a first light source for emitting a first beam of light, a second light
source for emitting a second beam of light, a first dichroic filter for reflecting the first beam of
light and passing the second beam of light, a second dichroic filter for reflecting the second beam
of light, a first detector for measuring residual power of the first and second beams of light
downstream of the first dichroic filter on a time-division multiplexing basis, and a control unit
coupled with the first detector and the first and second light sources, wherein the control unit
adjusts power of one or more of the first and second light sources based on measured residual
power of the first and second beams of light by the first detector. This allows an effective detection
of light power which may serve as a base for better interpretation of the measured values, as well
as an effective control procedure, in particular when controlling or adaption respective light

sources.

According to another exemplary embodiment, an optical system includes an objective
adapted for imaging light scattered from and fluoresced by an illuminated object within a viewing
zone, an optical transmission member for propagating light received from the aspheric lens, a
wavelength division multiplexer (WDM) for receiving light propagated by the optical transmission
member. The objective includes an aspheric lens with a first zone with negative optical power and
a second zone inside the first zone with positive optical power, and a concave mirror for reflecting
light scattered from and fluoresced by the illuminated object through the aspheric lens, wherein
the viewing zone is located between said concave mirror and the aspheric lens. The WDM includes
a first optical element that produces a beam of light with an image of substantially the same size

as the effective size of said first optical element, at least one dichroic filter located between said
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first optical element and said image, a second optical element located in one of said branches, and
an image relay optical element located near the image produced by said first optical element in the
other branch. The dichroic filter separates the beam of light into two branches of distinctive colors.
The beam of light in said branch is focused to a spot by said second optical element. The image
relay optical element produces an image of said first optical element at substantially unit
magnification. This allows an adapted combined operation of the microscope objective and the
WDM, as well as the optical coupling there between. In particular the microscope objective and
the WDM as well as the optical coupling may be adapted to match to each other with respect to

wavelength and other parameters.

According to another exemplary embodiment, an optical system includes a light source for
emitting a beam of light to illuminate an object in a viewing zone, a concave mirror for receiving
and reflecting light scattered from and fluoresced by the illuminated object, an aspheric lens with
a first zone with negative optical power and a second zone inside the first zone with positive optical
power, wherein light reflected by the concave mirror passes through the aspheric lens, and wherein
the viewing zone is located between said concave mirror and the aspheric lens, an optical
transmission member for receiving and propagating light from the aspheric lens, and a multiplexer
for receiving light from the optical transmission member and separating the light into at least two
colors. This allows an adapted combined operation of the illumination system, the microscope
objective and the WDM, as well as the optical coupling there between. In particular the
illumination system, the microscope objective and the WDM as well as the optical coupling may

be adapted to match to each other with respect to wavelength and other parameters.

According to another exemplary embodiment, an apparatus for imaging light scattered
from and fluoresced by an illuminated object within a viewing zone includes a fluid delivery
system for delivering an object to a viewing zone, a light source for illuminating the object in the
viewing zone, a concave mirror located on one side of the viewing zone for reflecting light
scattered from and fluoresced by the illuminated object, and an aspheric lens located on another
side of the viewing zone for receiving the light reflected by the concave mirror and forming an
image at an image plane, the aspheric lens having a first zone with negative optical power and a
second zone radially inside the first zone with positive optical power. This allows an adapted

combined operation of the fluid delivery system, the illumination system, and the microscope
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objective. In particular the fluid delivery system, the illumination system, and the microscope

objective may be adapted to match to each other with respect to wavelength and other parameters.

According to other exemplary embodiments, an optical method for impinging beams of
light into a viewing zone includes directing a first beam of light to illuminate objects in a viewing
zone to produce scattered and fluoresced light, reflecting the scattered and fluoresced light using
a concave mirror toward an aberration corrector plate, correcting aberrations in the reflected light
with the aberration corrector plate, wherein the aberration corrector plate has a first zone with
negative optical power a second zone radially inside the first zone with positive optical power, and

reflecting or transmitting the corrected light using a beam splitter.

According to other exemplary embodiments, an optical method for detecting light includes
reflecting light that propagates from a viewing zone using a concave mirror, and measuring axial
light loss produced by an object in the viewing zone by detecting light reflected by the concave

mirror.

According to other exemplary embodiments, a method of gathering and imaging light
scattered from or fluoresced by objects in a viewing includes delivering an object to a viewing
zone, illuminating the object in the viewing zone to produce scattered and fluoresced light,
reflecting the scattered and fluoresced light using a concave mirror toward a transparent aberration
corrector plate, and correcting spherical aberrations in the reflected light with the transparent
aberration corrector plate, wherein the transparent aberration corrector plate has a first zone with

negative optical power and a second zone radially inside the first zone with positive optical power.

According to other exemplary embodiments, a composite microscope objective adapted for
imaging light scattered from and fluoresced by an object present within a viewing zone, comprises
a viewing zone, a concave mirror arrangement, an exit area and an illumination beam forming
arrangement, wherein the viewing zone is arranged between the concave mirror arrangement and
the exit area, and wherein the concave mirror is arranged to reflect scattered and fluoresced light
impinging from an object present in the viewing zone to the exit area, and wherein the illumination
beam forming arrangement is arranged so that an illumination beam entering the illumination beam
forming arrangement is pre-definitely formed at the viewing zone. According to other exemplary
embodiments there may be provided an aberration corrector plate, in particular an aspheric lens in

the exit area. This allows an effective build-up of the microscope objective. It should be noted that
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the aberration corrector plate is not necessary when providing a concave mirror shape allowing a
sufficient imaging of the light scattered and fluoresced from an object in the viewing zone. If
required an aberration corrector plate, in particular an aspheric lens may be arranged in the exit

area.

According to other exemplary embodiments a wavelength division multiplexer (WDM) for
separating light emitted from a light source into multiple colored bands comprises an imaging
optical arrangement, a dichroic filter arrangement, a semiconductor photo detector, and a focusing
optical arrangement, wherein the imaging optical arrangement forms a beam of light from the light
emitted from a light source and produces an image of substantially the same size as the effective
size of said imaging optical arrangement, and wherein the dichroic filter arrangement is located
between said imaging optical arrangement and said image, and separates the beam of light into a
first branch and a second branch of distinctive colors, and wherein the semiconductor photo
detector is located in the first branch, and wherein the focusing optical arrangement is located
between the dichroic filter arrangement and the semiconductor photo detector so as to focus the
beam of light onto the semiconductor photo detector. Thus, an effective detection arrangement
may be provided, which may be operated with a semiconductor detector. The semiconductor
detector may be a semiconductor photo detector. The semiconductor detector may be an avalanche

photo diode or a carbon nanotube detector. Thus, a reduced signal to noise ratio can be achieved.

In first aspect of the disclosure, a flow cytometer includes a laser diode (LD) based optical
subsystem for directing a beam of light into a viewing zone of said flow cytometer through which
a sample liquid carrying particles flows, the sample liquid being hydrodynamically focused within
the viewing zone by a liquid sheath flow that also flows through the viewing zone, a composite
microscope objective for imaging light scattered from and fluoresced by a particle present within
the viewing zone, a fluidic subsystem for supplying the liquid sheath flow to the viewing zone, the
liquid sheath flow lacking pulsations, a peristaltic pump for supplying the sample liquid carrying
the particles, the sample liquid being hydrodynamically focused within the viewing zone by the
liquid sheath flow, a peristaltic pump for supplying the sample liquid carrying the particles, the
sample liquid being hydrodynamically focused within the viewing zone by the liquid sheath flow,
and a wavelength division multiplexer (WDM) for separating into multiple colored bands a beam
of light emitted initially from the viewing zone and imaged by the composite microscope objective

into an optical fiber for transmission to the WDM. The LD based optical subsystem may include
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a LD for emitting a diverging beam of light from an edge thereof, the diverging beam of light
having an elliptically shaped cross-sectional profile with both a major axis and a minor axis, a
collimating lens for converting the diverging beam of light emitted from said LD into a collimated
elliptical beam of light, wherein the minor axis of said collimated elliptical beam of light is oriented
parallel to a direction in which particles pass through the viewing zone, a beam compressing optical
el ement for reducing the size of said elliptical beam of light at the viewing zone whereby a width
of said major axis of said elliptical beam of light oriented perpendicular to the direction in which
particles pass through the viewing zone is less than a width of said liquid sheath flow, a cylindrical
focusing element positioned adjacent to the viewing zone with an axis of said cylindrical focusing
element being oriented perpendicular to the direction in which particles pass through the viewing
zone whereby said minor axis of said beam of light becomes focused at the viewing zone, and the
size of said major axis of said elliptical beam of light at the viewing zone remains essentially
unchanged. The composite microscope objective may include a concave mirror upon which
scattered and fluoresced light impinges and an aberration corrector plate made of optically
transparent material. The aberration corrector plate is an aspheric lens that has a first zone of said
aberration corrector plate having negative optical power outside a neutral zone and a second zone
of said aberration corrector plate inside the neutral zone having positive optical power light. The
neutral zone is the thinnest portion of the aberration corrector plate. Light reflected from the
concave mirror passes through said aberration corrector plate. The viewing zone of said flow
cytometer is located between said concave mirror and said aberration corrector plate. The fluidic
subsystem may include a liquid pump for supplying liquid drawn from a reservoir and a T-coupling
having at least one (1) inlet and two (2) outlets. The inlet of said T-coupling receives liquid from
said liquid pump. A first fraction of the liquid received by the inlet flows via a first one of the
outlets and via a bypass conduit back to the reservoir. A second fraction of the liquid received by
the inlet flows via a second one of the outlets and via a particle filter to the viewing zone of said
flow cytometer. The peristaltic pump may include a pump housing having a arcuate curved track
formed therein that extends between a pump inlet and a pump outlet, a plurality of rollers that are
attached to a rotor, the rollers having a substantially equal angular spacing between each pair of
immediately adjacent rollers, the rotor being rotatable together with the rollers attached thereto
inside said pump housing, and a compressible tube sandwiched between said rollers and the arcuate

curved track of said pump housing. The arcuate curved track includes an exit section and at least
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one pumping section along the arcuate curved track between the pump inlet and the pump outlet.
As a roller rolls through the exit section, said compressible tube adjacent to said roller
progressively expands from fully closed at a beginning of said exit section to fully open at the
pump outlet where said roller breaks contact with said compressible tube. Said compressible tube
is compressed to fully closed by at least one of said rollers. The wavelength division multiplexer
(WDM) may include a collimating optical element that magnifies an to produce an image of
substantially the same size as the effective size of said collimating optical element, at least one
dichroic filter located between said collimating optical element and said image, said dichroic filter
separating the collimated beam of light into two (2) branches of distinctive colors, a focusing
optical element located in one of said branches, the beam of light in said branch being focused to
a spot having a diameter of less than 1.0 mm by said focusing optical element, and an image relay
optical element located near the image produced by said collimating optical element in the other
branch, said image relay optical element producing an image of said collimating optical element

at substantially unit magnification.

In second aspect of the disclosure, said cuvette may have a rectangularly-shaped cross-
section, and the viewing zone of the flow cytometer is located within a channel having a

rectangularly-shaped cross-section that is located within said cuvette.

In third aspect of the disclosure, said cuvette may have a tubularly-shaped cross-section,
and the viewing zone of the flow cytometer is located within a channel having a circularly-shaped

cross-section that is located within said cuvette.

In fourth aspect of the disclosure, the sample liquid and the liquid sheath flow form a jet

stream in which the viewing zone of the flow cytometer is located.

In fifth aspect of the disclosure, said cylindrical focusing element is in optical contact with

an entrance face of said rectangularly-shaped cuvette.

In sixth aspect of the disclosure, said cylindrical focusing element is separated from said

rectangularly-shaped cuvette.

In seventh aspect of the disclosure, said cylindrical focusing element is separated from said

tubularly-shaped cuvette.
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In eighth aspect of the present disclosure, said cylindrical focusing element is separated

from said jet stream.

In ninth aspect of the present disclosure, the flow cytometer further comprises a

polarization conditioning element through which said collimated elliptical beam of light passes.

In tenth aspect of the present disclosure, an optical image of the viewing zone is formed

outside the composite microscope objective.

In eleventh aspect of the present disclosure, the viewing zone is located within a flow

channel included in a rectangularly-shaped cuvette made of optically transparent material.

In twelfth aspect of the present disclosure, said concave mirror is a plano-concave back

surface mirror made from an optically transparent material.

In thirteenth aspect of the present disclosure, the plano-surface of said plano-concave back

surface mirror is optically coupled to a flat surface of said cuvette.

In fourteenth aspect of the present disclosure, an optical adhesive material accomplishes

the optical coupling.

In fifteenth aspect of the present disclosure, an index matching gel accomplishes the optical
coupling.

In sixteenth aspect of the present disclosure, an index matching fluid accomplishes the
optical coupling.

In seventeenth aspect of the present disclosure, optical contact bonding accomplishes the
optical coupling.

In eighteenth aspect of the present disclosure, the plano-concave back surface mirror

formed integrally with said cuvette means.

In nineteenth aspect of the present disclosure, said aberration corrector plate is a plano-

aspherical lens.

In twentieth aspect of the present disclosure, a plano-surface of said aberration corrector
plate is optically coupled to a flat surface of said cuvette opposite of said plano-concave back

surface mirror.
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In twenty-first aspect of the present disclosure, an index matching gel accomplishes the

optical coupling.

In twenty-second aspect of the present disclosure, an index matching fluid accomplishes

the optical coupling.

In twenty-third aspect of the present disclosure, optical contact bonding accomplishes the

optical coupling.

In twenty-fourth aspect of the present disclosure, the plano-aspherical lens is formed

integrally with said cuvette.

In twenty-fifth aspect of the present disclosure, said aberration corrector plate is detached

from said cuvette.
In twenty-sixth aspect of the present disclosure, the viewing zone is inside a jet stream.

In twenty-seventh aspect of the present disclosure, said concave mirror is a front surface

mirror.

In twenty-eighth aspect of the present disclosure, the viewing zone is located on a surface

of a flat, transparent substrate.

In twenty-ninth aspect of the present disclosure, said concave mirror is a plano-concave

back surface mirror made from an optically transparent material.

In thirtieth aspect of the present disclosure, the plano-surface of said plano-concave back

surface mirror is optically coupled to said flat, transparent substrate.

In thirty-first aspect of the present disclosure, an optical adhesive material accomplishes

the optical coupling.

In thirty-second aspect of the present disclosure, an index matching gel accomplishes the
optical coupling.
In thirty-third aspect of the present disclosure, an index matching fluid accomplishes the

optical coupling.

In thirty-fourth aspect of the present disclosure, optical contact bonding accomplishes the

optical coupling.
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In thirty-fifth aspect of the present disclosure, said plano-concave back surface mirror is

formed integrally with said flat, transparent substrate.

In thirty-sixth aspect of the present disclosure, said aberration corrector plate is detached

from said flat, transparent substrate.

In thirty-seventh aspect of the present disclosure, the particle filter has inlet thereto for
receiving liquid from the T-coupling, the inlet of the particle filter being disposed so that air

becomes trapped within the particle filter at the inlet thereto.

In thirty-eighth aspect of the present disclosure when said liquid pump is turned off air

cannot enter into the bypass conduit.

In thirty-ninth aspect of the present disclosure, the flow cytometer further comprises a
small capsule disposed between the second one of the outlets of said T-coupling and the particle

filter for storing air ejected from the particle filter when the liquid pump is turned off.

In fortieth aspect of the present disclosure, the flow cytometer further comprises a length
of tubing disposed between the second one of the outlets of said T-coupling and the particle filter

for storing air ejected from the particle filter when the liquid pump is turned off.

In forty-first aspect of the present disclosure, the flow cytometer further comprises an
adjustable valve located in the bypass conduit between the first one of the outlets of the T-coupling

and the reservoir for restricting liquid flow therebetween.

In forty-second aspect of the present disclosure, the flow cytometer further comprises an
adjustable valve located between the second one of the outlets of the T-coupling and the viewing

zone for restricting liquid flow therebetween.

In forty-third aspect of the present disclosure, the throughput of the liquid pump is

adjustable.

In forty-fourth aspect of the present disclosure, the arcuate curved track of said pump
housing includes at least two (2) pumping sections, the arcuate curved track further including at
least one recess section located between said pumping sections along the arcuate curved track, and
said compressible tube at said recess section becoming decompressed to full expansion then

compressed to fully closed when one (1) of said rollers rolls through said recess section.
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In forty-fifth aspect of the present disclosure, the peristaltic pump includes a plurality of
recess sections along said arcuate curved track upstream of the pump outlet, the angular spacing
between the compression part of said recess section adjacent to the pump outlet and said exit
section of said arcuate curved track being substantially the same as the angular spacing between

each pair of immediately adjacent rollers.

In forty-sixth aspect of the present disclosure, said compression part of said recess section
adjacent to the pump outlet has a shape complementing a shape of said exit section of said arcuate
curved track to maintain the total fluid volume inside a section of said compressible tube extending
from said recess section to the pump outlet substantially invariant when one of said rollers

progressively rolls off said exit section of the arcuate curved track.

In forty-seventh aspect of the present disclosure, the peristaltic pump includes a plurality
of recess sections respectively interspersed between immediately adjacent pairs of a plurality of

pumping sections.

In forty-eighth aspect of the present disclosure, both angular spacing between adjacent
pairs of recess sections, and angular spacing between said exit section of said arcuate curved track
and an adjacent recess section to said exit section are substantially the same as the angular spacing

between each pair of immediately adjacent rollers.

In forty-ninth aspect of the present disclosure, shapes of a plurality of recess sections of
said arcuate curved track complement a shape of said exit section of said arcuate curved track to
maintain a fluid volume in sections of said compressible tube at the plurality of recess sections and
said exit section substantially invariant when one of said rollers progressively rolls off said exit

section of the arcuate curved track.

In fiftieth aspect of the present disclosure, a speed of said rotor is programmably controlled
to vary substantially in inverse proportion to the fluid volume change rate in said compressible

tube due to its changing compression near the exit section of said arcuate curved track.

In fifty-first aspect of the present disclosure, at least one additional dichroic filter is located
between said image relay optical element and the image produced by said image relay optical
clement, said dichroic filter producing two (2) branches of the beam of light having distinctive

colors.
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In fifty-second aspect of the present disclosure, another focusing optical element is located
in one of said branches and focuses the beam of light in the branch into a spot having a diameter

of less than 1.0 mm.

In fifty-third aspect of the present disclosure, wherein successive combinations of said
image relay optical element, dichroic filter, and focusing optical element are cascaded to produce
additional focused spots having a diameter of less than 1.0 mm for multiple colored bands of said

beam of light.

In fifty-fourth aspect of the present disclosure, the dichroic filter is assembled using a
template that include two (2) optically flat glass plates bonded together in optical contact, and the
dichroic filter is bonded to a filter holder using the template such that a coated filter surface of the

dichroic filter is indented and optically parallel to a reference surface of the filter holder.

In fifty-fifth aspect of the present disclosure, the reference surface of the filter holder rests
against an optically flat surface of an reference block included in the WDM thereby providing

consistent optical alignment when installing the dichroic filter into the WDM.

In fifty-sixth aspect of the present disclosure, the LD based optical subsystem includes a
LD for emitting a diverging beam of light from an edge thereof, the diverging beam of light having
an elliptically shaped cross-sectional profile with both a major axis and a minor axis, a collimating
lens for converting the diverging beam of light emitted from said LD into a collimated elliptical
beam of light, wherein the minor axis of said collimated elliptical beam of light is oriented parallel
to a direction in which particles pass through the viewing zone, a beam compressing optical
element for reducing the size of said elliptical beam of light at the viewing zone whereby a width
of said major axis of said elliptical beam of light oriented perpendicular to the direction in which
particles pass through the viewing zone is less than a width of said liquid sheath flow, a cylindrical
focusing element positioned adjacent to the viewing zone with an axis of said cylindrical focusing
clement being oriented perpendicular to the direction in which particles pass through the viewing
zone whereby said minor axis of said beam of light becomes focused at the viewing zone, and the
size of said major axis of said elliptical beam of light at the viewing zone remains essentially

unchanged.

In fifty-seventh aspect of the present disclosure, the optical subsystem may further

comprise a cuvette having a rectangularly-shaped cross-section, and the viewing zone may be
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located within a channel having a rectangularly-shaped cross-section that is located within said

cuvette.

In fifty-eighth aspect of the present disclosure, the optical subsystem further comprises a
cuvette having a tubularly-shaped cross-section, and the viewing zone is located within a channel

having a circularly-shaped cross-section that is located within said cuvette.

In fifty-ninth aspect of the present disclosure, the sample liquid and the liquid sheath flow

form a jet stream in which the viewing zone is located.

In sixtieth aspect of the present disclosure, cylindrical focusing element is in optical contact

with an entrance face of said rectangularly-shaped cuvette.

In sixty-first aspect of the present disclosure, said cylindrical focusing element is separated

from said rectangularly-shaped cuvette.

In sixty-second aspect of the present disclosure, said cylindrical focusing element is

separated from said tubularly-shaped cuvette.

In sixty-third aspect of the present disclosure, said cylindrical focusing element is separated

from said jet stream.

In sixty-fourth aspect of the present disclosure, the optical subsystem (50) further
comprises a polarization conditioning element through which said collimated elliptical beam of

light passes.

In sixty-fifth aspect of the present disclosure, a method for delivering an elliptically shaped
beam of light using a LD based optical subsystem (50), the beam of light having a smooth profile
at a focus of a minor axis thereof that is located at a viewing zone through which a sample liquid
flows, the sample liquid being hydrodynamically focused within the viewing zone by a liquid

sheath flow that also flows through the viewing zone, the method includes the steps of:

providing a LD that emits a diverging beam of light from an edge thereof, the diverging
beam of light having an elliptically shaped cross-sectional profile with both a major axis and a
minor axis, impinging the diverging beam of light emitted by the LD upon a collimating lens for
converting the diverging beam of light emitted therefrom into a collimated elliptical beam of light
wherein the minor axis of said collimated elliptical beam of light is oriented parallel to a direction

in which sample liquid passes through the viewing zone, after passing through said collimating
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lens, impinging the collimated elliptical beam of light upon an beam compressing optical element
for reducing the size of said elliptical beam of light at the viewing zone whereby a width of said
major axis of said elliptical beam of light oriented perpendicular to the direction in which sample
liquid passes through the viewing zone becomes less than a width of said liquid sheath flow, and
after passing through said beam compressing optical element, impinging the beam of light upon a
cylindrical focusing element positioned adjacent to the viewing zone with an axis of said
cylindrical focusing element being oriented perpendicular to the direction in which sample liquid
passes through the viewing zone whereby said minor axis of said beam of light becomes focused
at the viewing zone, and the size of said major axis of said elliptical beam of light at the viewing

zone remains essentially unchanged.

In sixty-sixth aspect of the present disclosure, the viewing zone is located within a channel

having a rectangularly-shaped cross-section that is located within a cuvette.

In sixty-seventh aspect of the present disclosure, the viewing zone is located within a

channel having a circularly-shaped cross-section that is located within a cuvette.

In sixty-eighth aspect of the present disclosure, the viewing zone is located within a jet

stream.

In sixty-ninth aspect of the present disclosure, the method further comprises a step of
establishing an optical contact between said cylindrical focusing element and an entrance face of

said cuvette.

In seventieth aspect of the present disclosure, the method further comprises a step of

establishing a spacing between said cylindrical focusing element and said cuvette.

In seventy-first aspect of the present disclosure, the method further comprises a step of

establishing a spacing between said cylindrical focusing element and said cuvette.

In seventy-second aspect of the present disclosure, the method further comprise a step of

establishing a spacing between said cylindrical focusing element and said jet stream.

In seventy-third aspect of the present disclosure, the method further comprises a step of
inserting a polarization conditioning element between the collimating lens and the beam
compressing optical element whereby the collimated elliptical beam of light passes through the
polarization conditioning element.
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In seventy-fourth aspect of the present disclosure, The composite microscope objective
includes a concave mirror upon which scattered and fluoresced light impinges and an aberration
corrector plate made of optically transparent material. The aberration corrector plate is an aspheric
lens that has a first zone of said aberration corrector plate having negative optical power outside a
neutral zone and a second zone of said aberration corrector plate inside the neutral zone having
positive optical power light. The neutral zone is the thinnest portion of the aberration corrector
plate. Light reflected from the concave mirror passes through said aberration corrector plate. The
viewing zone of said flow cytometer is located between said concave mirror and said aberration

corrector plate.

In seventy-fifth aspect of the present disclosure, an optical image of the viewing zone is

formed outside the composite microscope objective.

In seventy-sixth aspect of the present disclosure, the viewing zone is located within a flow

channel included in a rectangularly-shaped cuvette made of optically transparent material.

In seventy-seventh aspect of the present disclosure, said concave mirror is a plano-concave

back surface mirror made from an optically transparent material.

In seventy-eighth aspect of the present disclosure, a plano-surface of said plano-concave

back surface mirror is optically coupled to a flat surface of said cuvette.

In seventy-ninth aspect of the present disclosure, an optical adhesive material accomplishes

the optical coupling.

In eightieth aspect of the present disclosure an index matching gel accomplishes the optical
coupling.

In eighty-first aspect of the present disclosure, an index matching fluid accomplishes the
optical coupling.

In eighty-second aspect of the present disclosure, optical contact bonding accomplishes the

optical coupling.

In eighty-third aspect of the present disclosure, the plano-concave back surface mirror

formed integrally with said cuvette means.
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In eighty-fourth aspect of the present disclosure, said aberration corrector plate is a plano-

aspherical lens.

In eighty-fifth aspect of the present disclosure, a plano-surface of said aberration corrector
plate is optically coupled to a flat surface of said cuvette opposite of said plano-concave back

surface mirror.

In eighty-sixth aspect of the present disclosure, an index matching gel accomplishes the

optical coupling.

In eighty-seventh aspect of the present disclosure, an index matching fluid accomplishes

the optical coupling.

In eighty-eighth aspect of the present disclosure, optical contact bonding accomplishes the

optical coupling.

In eighty-ninth aspect of the present disclosure, the plano-aspherical lens is formed

integrally with said cuvette.

In ninetieth aspect of the present disclosure said aberration corrector plate is detached from

said cuvette.
In ninety-first aspect of the present disclosure, the viewing zone is inside a jet stream.

In ninety-second aspect of the present disclosure, said concave mirror is a front surface

mirror.

In ninety-third aspect of the present disclosure, the viewing zone is located on a surface of

a flat, transparent substrate.

In ninety-fourth aspect of the present disclosure, said concave mirror is a plano-concave

back surface mirror made from an optically transparent material.

In ninety-fifth aspect of the present disclosure, a plano-surface of said plano-concave back

surface mirror is optically coupled to said flat, transparent substrate.

In ninety-sixth aspect of the present disclosure, an optical adhesive material accomplishes

the optical coupling.
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In ninety-seventh aspect of the present disclosure, an index matching gel accomplishes the

optical coupling.

In ninety-eighth aspect of the present disclosure, an index matching fluid accomplishes the

optical coupling.

In ninety-ninth aspect of the present disclosure, optical contact bonding accomplishes the

optical coupling.

In one hundredth aspect of the present disclosure, said plano-concave back surface mirror

is formed integrally with said flat, transparent substrate.

In one hundred first aspect of the present disclosure, said aberration corrector plate is

detached from said flat, transparent substrate.

In one hundred second aspect of the present disclosure, a method for characterizing
microscopic species using a microscope objective device includes a concave mirror, an aberration
corrector plate made of optically transparent material, and a viewing zone located in between said
concave mirror and said aberration corrector plate. The aberration corrector plate is an aspheric
lens that has a first zone of said aberration corrector plate having negative optical power outside a
neutral zone and a second zone of said aberration corrector plate inside the neutral zone having
positive optical power light. The neutral zone is the thinnest portion of the aberration corrector

plate.

In one hundred third aspect of the present disclosure, an optical image of the viewing zone

is formed outside the device.

In one hundred fourth aspect of the present disclosure, the viewing zone is located within
a flow channel contained in a rectangularly-shaped cuvette means made of optically transparent

material.

In one hundred fifth aspect of the present disclosure, said concave mirror is a plano-

concave back surface mirror made from an optically transparent material.

In one hundred sixth aspect of the present disclosure, a plano-surface of said plano-concave

back surface mirror means is optically coupled to a flat surface of said cuvette means.
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In one hundred seventh aspect of the present disclosure, an optical adhesive material

accomplishes the optical coupling.

In one hundred eighth aspect of the present disclosure, an index matching gel accomplishes

the optical coupling.

In one hundred ninth aspect of the present disclosure, an index matching fluid accomplishes

the optical coupling.

In one hundred tenth aspect of the present disclosure, optical contact bonding accomplishes

the optical coupling.

In one hundred eleventh aspect of the present disclosure the plano-concave back surface

mirror is formed integrally with said cuvette.

In one hundred twelfth aspect of the present disclosure, said aberration corrector plate is a

plano-aspherical lens.

In one hundred thirteenth aspect of the present disclosure, a plano-surface of said aberration
corrector plate is optically coupled to a flat surface of said cuvette means opposite of said concave

mirror.

In one hundred fourteenth aspect of the present disclosure an index matching gel

accomplishes the optical coupling.

In one hundred fifteenth aspect of the present disclosure, an index matching fluid

accomplishes the optical coupling.

In one hundred sixteenth aspect of the present disclosure, optical contact bonding

accomplishes the optical coupling.

In one hundred seventeenth aspect of the present disclosure, the plano-aspherical lens is

formed integrally with said cuvette.

In one hundred eighteenth aspect of the present disclosure, said aberration corrector plate

is detached from said cuvette.

In one hundred nineteenth aspect of the present disclosure, the viewing zone is inside a jet

stream.
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In one hundred twentieth aspect of the present disclosure, said concave mirror is a front

surface mirror.

In one hundred twenty-first aspect of the present disclosure, the viewing zone is located on

a surface of a flat, transparent substrate.

In one hundred twenty-second aspect of the present disclosure said concave mirror is a

plano-concave back surface mirror made from an optically transparent material.

In one hundred twenty-third aspect of the present disclosure, a plano-surface of said plano-

concave back surface mirror means is optically coupled to said flat, transparent substrate.

In one hundred twenty-fourth aspect of the present disclosure, an optical adhesive material

accomplishes the optical coupling.

In one hundred twenty-fifth aspect of the present disclosure, an index matching gel

accomplishes the optical coupling.

In one hundred twenty-sixth aspect of the present disclosure, an index matching fluid

accomplishes the optical coupling.

In one hundred twenty-seventh aspect of the present disclosure, optical contact bonding

accomplishes the optical coupling.

In one hundred twenty-eighth aspect of the present disclosure, said plano-concave back

surface mirror is formed integrally with said flat, transparent substrate.

In one hundred twenty-ninth aspect of the present disclosure, said aberration corrector plate

is detached from said flat, transparent substrate.

In one hundred thirtieth aspect of the present disclosure, a fluidic subsystem for supplying
a liquid flow pulsation free to an outlet of the fluidic subsystem includes a liquid pump for
supplying liquid drawn from a reservoir and a T-coupling having at least one inlet and two outlets.
The inlet of said T-coupling receives liquid from said liquid pump. A first fraction of the liquid
received by the inlet flows via a first one of the outlets and via a bypass conduit back to the
reservoir. A second fraction of the liquid received by the inlet flows via a second one of the outlets

and via a particle filter to the viewing zone of said flow cytometer.
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In one hundred thirty-first aspect of the present disclosure, the particle filter has an inlet
thereto for receiving liquid from the T-coupling, the inlet of the particle filter being disposed so

that air becomes trapped within the particle filter at the inlet thereto.

In one hundred thirty-second aspect of the present disclosure, when said liquid pump is

turned off air cannot enter into the bypass conduit.

In one hundred thirty-third aspect of the present disclosure, the fluidic subsystem further
comprises a small capsule disposed between the second one of the outlets of said T-coupling and

the particle filter for storing air ejected from the particle filter when the liquid pump is turned off.

In one hundred thirty-fourth aspect of the present disclosure, the fluidic subsystem further
comprises a length of tubing disposed between the second one of the outlets of said T-coupling
and the particle filter for storing air ejected from the particle filter when the liquid pump is turned

off.

In one hundred thirty-fifth aspect of the present disclosure, the fluidic subsystem further
comprises an adjustable valve located in the bypass conduit between the first one of the outlets of

the T-coupling and the reservoir for restricting liquid flow therebetween.

In one hundred thirty-sixth aspect of the present disclosure, the fluidic subsystem further
comprises an adjustable valve located between the second one of the outlets of the T-coupling and

the outlet of the fluidic subsystem for restricting liquid flow therebetween.

In one hundred thirty-seventh aspect of the present disclosure, the throughput of the liquid

pump is adjustable.

In one hundred thirty-eighth aspect of the present disclosure, a method for supplying a
liquid flow pulsation free to an outlet of the fluidic subsystem includes a liquid pump for supplying
liquid drawn from a reservoir and a T-coupling having at least one (1) inlet and two (2) outlets.
The inlet of said T-coupling receives liquid from said liquid pump. A first fraction of the liquid
received by the inlet flows via a first one of the outlets and via a bypass conduit back to the
reservoir. A second fraction of the liquid received by the inlet flows via a second one of the outlets

and via a particle filter to the viewing zone of said flow cytometer.

In one hundred thirty-ninth aspect of the present disclosure, during normal operation

certain amount of air is trapped near the inlet portion of said filter cartridge means.
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In one hundred fortieth aspect of the present disclosure said reservoir means holds
sufficient amount of liquid such that when said pump means is turned off, portion of the tubing
between said T-coupling means and said reservoir means is still filled with liquid, preventing said

trapped air from leaking into said bypass means.
In one hundred forty-first aspect of the present disclosure, said reservoir means is a capsule.

In one hundred forty-second aspect of the present disclosure, said reservoir means is a piece

of tubing.

In one hundred forty-third aspect of the present disclosure an adjustable flow restrictor

means is placed in the bypass route.

In one hundred forty-fourth aspect of the present disclosure an adjustable flow restrictor

means is placed in the sheath route.

In one hundred forty-fifth aspect of the present disclosure, the throughput of the sheath
pump is adjustable.

In one hundred forty-sixth aspect of the present disclosure, a peristaltic pump includes a
pump housing having an arcuate curved track formed therein that extends between a pump inlet
and a pump outlet, a plurality of rollers that are attached to a rotor, the rollers having a substantially
equal angular spacing between each pair of immediately adjacent rollers, the rotor being rotatable
together with the rollers attached thereto inside said pump housing, and a compressible tube
sandwiched between said rollers and the arcuate curved track of said pump housing. The arcuate
curved track includes an exit section and at least one pumping section along the arcuate curved
track between the pump inlet and the pump outlet. As a roller rolls through the exit section, said
compressible tube adjacent to said roller progressively expands from fully closed at a beginning
of said exit section to fully open at the pump outlet where said roller breaks contact with said
compressible tube. Said compressible tube is compressed to fully closed by at least one of said

rollers.

In one hundred forty-seventh aspect of the present disclosure, the arcuate curved track of
said pump housing includes at least two (2) pumping sections, the arcuate curved track further
including at least one recess section located between said pumping sections along the arcuate

curved track, and wherein said compressible tube at said recess section becomes decompressed to
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full expansion then compressed to fully closed when one (1) of said rollers rolls through said recess

section.

In one hundred forty-eighth aspect of the present disclosure, the peristaltic pump includes
a plurality of recess sections along said arcuate curved track upstream of the pump outlet, the
angular spacing between the compression part of said recess section adjacent to the pump outlet
and said exit section of said arcuate curved track being substantially the same as the angular

spacing between each pair of immediately adjacent rollers.

In one hundred forty-ninth aspect of the present disclosure, said compression part of said
recess section adjacent to the pump outlet has a shape complementing a shape of said exit section
of said arcuate curved track to maintain the total fluid volume inside a section of said compressible
tube extending from said recess section to the pump outlet substantially invariant when one of said

rollers progressively rolls off said exit section of the arcuate curved track.

In one hundred fiftieth aspect of the present disclosure, the peristaltic pump has a plurality
of recess sections respectively interspersed between immediately adjacent pairs of a plurality of

pumping sections.

In one hundred fifty-first aspect of the present disclosure, both angular spacing between
adjacent pairs of recess sections, and angular spacing between said exit section of said arcuate
curved track and an adjacent recess section to said exit section are substantially the same as the

angular spacing between each pair of immediately adjacent roller.

In one hundred fifty-second aspect of the present disclosure, shapes of a plurality of recess
sections of said arcuate curved track complement a shape of said exit section of said arcuate curved
track to maintain a fluid volume in sections of said compressible tube at the plurality of recess
sections and said exit section substantially invariant when one of said rollers progressively rolls

off said exit section of the arcuate curved track.

In one hundred fifty-third aspect of the present disclosure, a speed of said rotor is
programmably controlled to vary substantially in inverse proportion to the fluid volume change
rate in said compressible tube due to its changing compression near the exit section of said arcuate

curved track.
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In one hundred fifty-fourth aspect of the present disclosure, a method for delivering liquid
using a peristaltic pump includes a pump housing having a arcuate curved track formed therein
that extends between a pump inlet and a pump outlet, a plurality of rollers that are attached to a
rotor, the rollers having a substantially equal angular spacing between each pair of immediately
adjacent rollers, the rotor being rotatable together with the rollers attached thereto inside said pump
housing, and a compressible tube sandwiched between said rollers and the arcuate curved track of
said pump housing. The arcuate curved track includes an exit section and at least one pumping
section along the arcuate curved track between the pump inlet and the pump outlet. As a roller
rolls through the exit section, said compressible tube adjacent to said roller progressively expands
from fully closed at a beginning of said exit section to fully open at the pump outlet where said
roller breaks contact with said compressible tube. Said compressible tube is compressed to fully

closed by at least one of said rollers.

In one hundred fifty-fifth aspect of the present disclosure the arcuate curved track of said
pump housing includes at least two (2) pumping sections, the arcuate curved track further including
at least one recess section located between said pumping sections along the arcuate curved track,
and wherein said compressible tube at said recess section becomes decompressed to full ex pansion

then compressed to fully closed when one (1) of said rollers rolls through said recess section.

In one hundred fifty-sixth aspect of the present disclosure, the peristaltic pump includes a
plurality of recess sections along said arcuate curved track upstream of the pump outlet; The
angular spacing between the compression part of said recess section adjacent to the pump outlet
and said exit section of said arcuate curved track being substantially the same as the angular

spacing between each pair of immediately adjacent rollers.

In one hundred fifty-seventh aspect of the present disclosure, said compression part of said
recess section adjacent to the pump outlet has a shape complementing a shape of said exit section
of said arcuate curved track to maintain the total fluid volume inside a section of said compressible
tube extending from said recess section to the pump outlet substantially invariant when one of said

rollers progressively rolls off said exit section of the arcuate curved track.

In one hundred fifty-eighth aspect of the present disclosure, the pump has a plurality of
recess sections respectively interspersed between immediately adjacent pairs of a plurality of

pumping sections.
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In one hundred fifty-ninth aspect of the present disclosure, both angular spacing between
adjacent pairs of recess sections, and angular spacing between said exit section of said arcuate
curved track and an adjacent recess section to said exit section are substantially the same as the

angular spacing between each pair of immediately adjacent roller.

In one hundred sixtieth aspect of the present disclosure, shapes of a plurality of recess
sections of said arcuate curved track complement a shape of said exit section of said arcuate curved
track to maintain a fluid volume in sections of said compressible tube at the plurality of recess
sections and said exit section substantially invariant when one of said rollers progressively rolls

off said exit section of the arcuate curved track.

In one hundred sixty-first aspect of the present disclosure, a speed of said rotor of the
peristaltic pump is programmably controlled to vary substantially in inverse proportion to the fluid
volume change rate in said compressible tube due to its changing compression near the exit section

of said arcuate curved track.

In one hundred sixty-second aspect of the present disclosure, the wavelength division
multiplexer (WDM) includes a collimating optical element that magnifies an to produce an image
of substantially the same size as the effective size of said collimating optical element, at least one
dichroic filter located between said collimating optical element and said image, said dichroic filter
separating the collimated beam of light into two (2) branches of distinctive colors, a focusing
optical element located in one of said branches, the beam of light in said branch being focused to
a spot having a diameter of less than 1.0 mm by said focusing optical element, and an image relay
optical element located near the image produced by said collimating optical element in the other
branch, said image relay optical element producing an image of said collimating optical element

at substantially unit magnification.

In one hundred sixty-third aspect of the present disclosure, at least one additional dichroic
filter is located between said image relay optical element and the image produced by said image
relay optical element, wherein said dichroic filter produces two (2) branches of the beam of light

having distinctive colors.

In one hundred sixty-fourth aspect of the present disclosure, another focusing optical
element is located in one of said branches and focuses the beam of light in the branch into a spot

having a diameter of less than 1.0 mm.
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In one hundred sixty-fifth aspect of the present disclosure, successive combinations of said
image relay optical element, dichroic filter and focusing optical element are cascaded to produce
additional focused spots having a diameter of less than 1.0 mm for multiple colored bands of said

beam of light.

In one hundred sixty-sixth aspect of the present disclosure, the dichroic filter is assembled
using a template that include two (2) optically flat glass plates bonded together in optical contact,
and wherein the dichroic filter is bonded to a filter holder using the template such that a coated
filter surface of the dichroic filter is indented and optically parallel to a reference surface of the

filter holder.

In one hundred sixty-seventh aspect of the present disclosure, the reference surface of the
filter holder rests against an optically flat surface of an reference block included in the WDM

thereby providing consistent optical alignment when installing the dichroic filter into the WDM.

In one hundred sixty-eighth aspect of the present disclosure, a method for separating beam
of light into colored bands using a WDM includes a collimating optical element that magnifies an
to produce an image of substantially the same size as the effective size of said collimating optical
clement, at least one dichroic filter located between said collimating optical element and said
image, said dichroic filter separating the collimated beam of light into two (2) branches of
distinctive colors, a focusing optical element located in one of said branches, the beam of light in
said branch being focused to a spot having a diameter of less than 1.0 mm by said focusing optical
element, and an image relay optical element located near the image produced by said collimating
optical element in the other branch, said image relay optical element producing an image of said

collimating optical element at substantially unit magnification.

In one hundred sixty-ninth aspect of the present disclosure, at least one additional dichroic
filter may be located between said image relay optical element and the image produced by said
image relay optical element, wherein said dichroic filter produces two (2) branches of beam of

light having distinctive colors.

In one hundred seventieth aspect of the present disclosure, another focusing optical element
is located in one of said branches and focuses the beam of light in the branch into a spot having a

diameter of less than 1.0 mm.
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In one hundred seventy-first aspect of the present disclosure, successive combinations of
said image relay optical element, dichroic filter and focusing optical element are cascaded to
produce additional focused spots having a diameter of less than 1.0 mm for multiple colored bands

of said beam of light.

In one hundred seventy-second aspect of the present disclosure, the dichroic filter is
assembled using a template that include two (2) optically flat glass plates bonded together in
optical contact, and wherein the dichroic filter is bonded to a filter holder using the template such
that a coated filter surface of the dichroic filter is indented and optically parallel to a reference

surface of the filter holder.

In one hundred seventy-third aspect of the present disclosure, the reference surface of the
filter holder rests against an optically flat surface of an reference block included in the WDM

thereby providing consistent optical alignment when installing the dichroic filter into the WDM.

In one aspect of the disclosure, a flow cytometer having a wavelength division multiplexer
(WDM), which includes an extended light source providing light that forms an object, a
collimating optical element that captures light from the extended light source and projects a
magnified image of the object as a first light beam, and a first focusing optical element configured
to focus the first light beam to a size smaller than the object of the extended light source to a first

semiconductor detector.

In an additional aspect of the disclosure, a flow cytometer includes a viewing zone where
a particle in a flow stream is illuminated by light, and a composite microscope objective. The
composite microscope objective further includes a concave mirror configured to gather light
scattered from or fluoresced by the illuminated particle and to reflect the light back towards the
viewing zone, and an aberration corrector plate configured to reduce optical aberrations in the

reflected light caused by the concave mirror.

In an additional aspect of the disclosure, a flow cytometer having a fluidic system, which
includes a liquid pump for supplying liquid drawn from a reservoir, and a T-coupling having at
least one inlet and two outlets. The inlet of the T-coupling receives the liquid from the liquid
pump. The first fraction of the liquid received by the inlet flows via a first one of the outlets and
via a bypass conduit back to the reservoir. The second fraction of the liquid received by the inlet
flows via a second one of the outlets and via a particle filter to the outlet of the fluidic system.
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In an additional aspect of the disclosure, a flow cytometer having a peristaltic pump, which
includes a pump housing having an arcuate curved track formed therein that extends between a
pump inlet and a pump outlet, a plurality of rollers that are attached to a rotor, the rollers having a
substantially equal angular spacing between each pair of immediately adjacent rollers, the rotor
being rotatable together with the rollers attached thereto inside the pump housing, a compressible
tube sandwiched between the rollers and the arcuate curved track of the pump housing, and a recess
section located between the at least two pumping sections. The compressible tube at the recess
section is not fully closed. The arcuate curved track further includes an exit section and at least
two pumping sections along the arcuate curved track between the pump inlet and the pump outlet.
As one of the plurality of rollers rolls through the exit section, the compressible tube adjacent to
the roller progressively expands from fully closed at a beginning of the exit section to fully open
at the pump outlet where the roller breaks contact with the compressible tube. The compressible
tube is compressed to fully closed by at least one of the plurality of rollers at the at least two

pumping sections.

In an additional aspect of the disclosure, a flow cytometer having a laser diode (LD)
system, which includes a LD for emitting a diverging beam of light from an edge thereof, the
diverging beam of light having an elliptically shaped cross-sectional profile with both a major axis
and a minor axis, a collimating lens for converting the diverging beam of light emitted from the
LD into a collimated elliptical beam of light, the minor axis of the collimated elliptical beam of
light being oriented parallel to a direction in which particles pass through a viewing zone, a beam
compressing optical element for reducing the size of the elliptical beam of light at the viewing
zone whereby a width of the elliptical beam of light oriented perpendicular to the direction in
which the particles pass through the viewing zone is less than a width of a liquid sheath flow, and
a cylindrical focusing element positioned adjacent to the viewing zone with an axis of the
cylindrical focusing element being oriented perpendicular to the direction in which the particles
pass through the viewing zone whereby the minor axis of the elliptical beam of light becomes
focused at the viewing zone; and the size of the major axis of the elliptical beam of light at the

viewing zone remains essentially unchanged.

The foregoing has outlined rather broadly the features and technical advantages of the
present application in order that the detailed description that follows may be better understood.

Additional features and advantages will be described hereinafter which form the subject of the
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claims. It should be appreciated by those skilled in the art that the conception and specific aspect
disclosed may be readily utilized as a basis for modifying or designing other structures for carrying
out the same purposes of the present application. It should also be realized by those skilled in the
art that such equivalent constructions do not depart from the spirit and scope of the present
application and the appended claims. The novel features which are believed to be characteristic of
aspects, both as to its organization and method of operation, together with further objects and
advantages will be better understood from the following description when considered in
connection with the accompanying figures. It is to be expressly understood, however, that each of
the figures is provided for the purpose of illustration and description only and is not intended as a

definition of the limits of the present claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram schematically illustrating an embodiment of a flow cytometer in
accordance with the present disclosure that includes:

a) a LD based optical illumination subsystem;

b) a composite microscope objective upon which light emitted from the LD based optical
illumination subsystem impinges, the composite microscope objective having a fluid-passing
channel formed therethrough with a particle illumination viewing zone located inside a cuvette
thereof;

¢) a fluidic system for supplying a pulsation free flow of sheath liquid to the fluid-passing
channel formed through the composite microscope objective;

d) a peristaltic pump for introducing a pulsation free flow of sample liquid that carries cells
or particles to be analyzed into the sheath flow of liquid supplied by the fluidic system; and

e) a wavelength division multiplexer ("WDM") having a zig-zag configuration for
separating a beam of light into several different colored bands, the WDM receiving light via an
optical fiber that is scattered from cells or particles as they pass through the composite microscope
objective's fluid passing channel and are illuminated therein by light emitted from the LD based

optical illumination subsystem.

FIG. 2 is a schematic view depicting a typical high power edge emitting LD that illustrates

the fast and slow axes of light emitted therefrom.
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FIG. 2A shows a typical far field profile for a laser beam emitted from the LD chip depicted
in FIG. 2.

FIG. 3A depicts a 3-dimensional view of a conventional LD based optical illumination

subsystem for flow cytometric instruments together with the system's flow cell.

FIG. 3B depicts a typical time dependent profile of light scattering from a cell or particle
passing through the laser beam depicted in FIG. 3A at the focus thereof within the system's flow

cell.

FIG. 4A is an elevational view of an alternative prior art LD based optical illumination
subsystem configuration across the liquid flowing through the fluid-passing channel with the beam

profile at the focus thereof in the flow cytometer system's viewing zone.

FIG. 4B is a plan view along the liquid flowing through the fluid-passing channel of the

alternative prior art LD based optical illumination subsystem depicted in FIG. 4A.

FIG. 5A is an elevational view across liquid flowing through the fluid-passing channel of
the composite microscope objective depicted in FIG. 1, wherein the LD's slow axis oriented

transversely to the liquid flow in accordance with one aspect of the present disclosure.

FIG. 5B is a plan view along liquid flowing through the fluid-passing channel of the
composite microscope objective depicted in FIG. 1, wherein the LD's slow axis oriented

transversely to the liquid flow in accordance with one aspect of the present disclosure.

FIG. 5C depicts a typical time dependent profile of light scattering from a cell or particle
passing through the fluid passing channel of the composite microscope objective depicted in FIG.
1.

FIG. 5D depicts a perspective view of the cylindrical lens of the LD based optical
subsystem coupled with the composite microscope objective in accordance with one aspect of the

present disclosure.
FIG. 5E depicts an enlarged view of the beam profile shown in FIG. 5D.

FIG. 6 is a perspective view of an alternative embodiment of a LD based optical
illumination subsystem in accordance with one aspect of the present disclosure adapted for use in

a flow cytometer system in which a jet stream of liquid passes through the viewing zone.
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FIG. 6A is an enlarged perspective view of the alternative embodiment of a LD based
optical illumination subsystem of Fig. 6 depicting in greater detail the jet stream of liquid passes

through the viewing zone.

FIG. 7 is a perspective view of an alternative embodiment of a LD based optical
illumination subsystem in accordance with one aspect of the present disclosure adapted for use in
a flow cytometer system which orients the LD's slow axis parallel to the direction of liquid flowing

through the fluid-passing channel of the composite microscope objective depicted in FIG. 1.

FIG. 8 is a perspective view of a composite microscope objective in accordance with one
aspect of the present disclosure adapted for use in the flow cytometer system depicted in FIG. 1,
the composite microscope objective having a fluid-passing channel formed therethrough with the

particle illumination viewing zone located inside a cuvette therein.

FIG. 8A is a perspective view of a combined microscope objective in accordance with one

aspect of the present disclosure.

FIG. 8B illustrates the combined microscope objective depicted in FIG. 8A coupled with a

flow cell in accordance with one aspect of the present disclosure.

FIG. 9A is a cross-sectional elevational view of the composite microscope objective taken
along the line 9A-9A in FIG. § that includes ray traces from three (3) spatially separated locations
in the viewing zone to an image plane for the objective illustrating scatter and fluorescence

emission propagation.

FIGs. 9B1-9B3 are spot diagrams near the image plane depicted in FIG. 9A for the three
(3) spatially separated light emission locations depicted in FIG. 9A.

FIG. 10 is a cross-sectional elevational view similar to that of FIG. 9A for an alternative
embodiment composite microscope objective in accordance with one aspect of the present
disclosure that includes ray traces from three (3) spatially separated locations in a viewing zone
therein to an image plane for the objective illustrating scatter and fluorescence emission

propagation.

FIG. 11 is a perspective view of yet another alternative embodiment a composite
microscope objective in accordance with one aspect of the present disclosure adapted for use in
the flow cytometer system depicted in FIG. 1, the alternative embodiment composite microscope
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objective having a fluid-passing channel formed therethrough with the particle illumination

viewing zone located inside a cuvette therein.

FIG. 12 is a perspective view of an embodiment of a composite microscope objective in
accordance with one aspect of the present disclosure adapted for use in the flow cytometer system
depicted in FIG. 1, adapted for use wherein a viewing zone is located inside the jet stream depicted

in FIGs. 6 and 6A.

FIG. 13 is a perspective view of an embodiment of a composite microscope objective in
accordance with one aspect of the present disclosure adapted for use wherein a viewing zone is

located on the surface of a microscope slide.

FIG. 14 is a schematic diagram depicting a fluidic system in accordance with one aspect of
the present disclosure for supplying stable liquid sheath flow to a flow cytometer flow cell that
includes:

1. a small capsule located between a sheath liquid pump and the flow cell; and

2. a particle filter located between the small capsule and the flow cell, both the particle

filter and the small capsule providing air reservoirs for dampening pump pulsations.

FIG. 15 is a schematic diagram depicting an embodiment of a fluidic subsystem similar to
that illustrated in FIG 14 that replaces the small capsule with a length of tubing for providing an

air reservoir.

FIGs. 16A and 16B are histograms that compare measured particle flight times at the flow
cell when the inlet portion of the particle filter has air trapped therein (FIG. 16A), and when there

1s no air within the fluidic subsystem between the sheath liquid pump and the flow cell (FIG. 16B).

FIG. 17 is a perspective view of a 3-roller peristaltic pump in accordance with one aspect

of the present disclosure depicting the pump's rollers, tube and surrounding pump housing.

FIGs. 18A through 18D depict simplified views for several states of the 3-roller peristaltic

pump depicted in FIG. 17 with the rollers in different locations.

FIGs. 19 is a detailed longitudinal cross-sectional view of the peristaltic pump's tube being

partially compressed by the pump's roller.

37
202681568

Cytek Exhibit No. 1003
Page 038



10

15

20

25

FIG. 19A and 19B are detailed cross-sectional views orthogonal to the peristaltic pump's
tube's length taken along the lines 19A and 19B in FIG. 19 illustrating the tube's partial

compression by the roller.

FIGs. 20A and 20B are schematic diagrams illustrating the pump's rollers and tube viewed
along the pump's circular coordinates to depicting the pulseless flow provided by the peristaltic
pump.

FIG. 21 is a graph depicting the functional relationship with respect to the roller position
when it rolls off the exit section of the compressible tube of:

1. the total volume of liquid in the exit half of the pump; as well as

2. the liquid volumes in the pump's:

a. recess section; and

b. exit section.

FIG. 22 is a simplified plan view of a 4-roller peristaltic pump in accordance with one

aspect of the present disclosure.

FIG. 23 is a simplified plan view of a 6-roller peristaltic pump in accordance with one

aspect of the present disclosure.

FIG. 24A is a longitudinal cross-sectional illustration of rollers and a compressible tube for
a pulsation minimizing 3-roller peristaltic pump in accordance with one aspect of the present

disclosure having a rotor with programmable speed.

FIG. 24B is simplified plan view illustrating the pulsation minimizing 3-roller peristaltic
pump in accordance with one aspect of the present disclosure having a rotor with programmable

speed.

FIG. 24C is a graph depicting for the pulsation minimizing peristaltic pump depicted in
FIG. 24B having a programmable speed rotor:

1. negative volume change rate with respect to the roller position;

2. rotor speed; and

3. pump flow rate.
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FIG. 25 is a diagram illustrating optical ray tracing for an exemplary 6 port wavelength
division multiplexer ("WDM") using a zig-zag configuration in accordance with one aspect of the

present disclosure.

FIG. 25A illustrates a top view of a light detection assembly of the WDM illustrated in

FIG. 25 in accordance with one aspect of the present disclosure.

FIG. 25B illustrates a front perspective view of the light detection assembly of the WDM
illustrated in FIGs. 25 and 25A.

FIG. 26 is a diagram illustrating ray tracing of prior art collimating devices showing the

device's limitation in collimating an extended light source.

FIG. 27 is a perspective illustration of an embodiment of a 6 port WDM using a
combination of zig-zag and branched configurations in accordance with one aspect of the present

disclosure.

FIG. 28 is a perspective illustration of another embodiment of a WDM having concave

dichroic filters in accordance with one aspect of the present disclosure.

FIGs. 29A and 29B are perspective illustrations depicting an assembly process for
constructing a replaceable dichroic filter assembly for a reconfigurable WDM in accordance with

the present disclosure.

FIG. 29C is a perspective illustration of a replaceable dichroic filter assembly build in

accordance with the illustrations of FIGs. 29A and 29B.

FIGs. 30A and 30B are perspective illustrations of a WDM in accordance with one aspect
of the present disclosure depicting installing into the WDM the replaceable dichroic filter assembly
depicted in FIG. 29C and its removal therefrom.

FIG. 31 is a diagram schematically illustrating an optical system with a single light source

in accordance with one aspect of the present disclosure.

FIG. 32 is a diagram schematically illustrating an optical system with multiple light sources

in accordance with one aspect of the present disclosure.

FIG. 33 illustrates an enlarged view of beams of light shown in FIG. 32.
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FIG. 34 is a diagram schematically illustrating an optical system with chromatic

compensation elements in accordance with one aspect of the present disclosure.

FIG. 35 is a diagram schematically illustrating a power monitoring system in accordance

with one aspect of the present disclosure.

FIG. 36 is a diagram schematically illustrating an optical system in accordance with one

aspect of the present disclosure.

FIG. 37 is a diagram schematically illustrating an axial light loss detection system in

accordance with one aspect of the present disclosure.

FIG. 38 is a diagram schematically illustrating an axial light loss detection system coupled

with a second light detection system in accordance with one aspect of the present disclosure.

DETAILED DESCRIPTION

Flow Cytometer
A flow cytometer system may include one or more following components.

1. A flow cell through which a liquid stream, usually called a sheath flow, carries and

hydrodynamically aligns cells or particles so that they pass single file through the flow cell.

2. A measuring subsystem system coupled to the flow cell that detects cells or particles

passing through the flow cell and is usually either:

a. an impedance or conductivity measuring subsystem; or

b. an optical illumination subsystem together with an optical sensing subsystem.

3. A conversion subsystem for converting the output signal from the measuring subsystem

into computer processable data.
4. A computer for analyzing the data produced by the conversion subsystem.

The optical illumination subsystem provides a collimated and then focused beam of light,
usually laser light of a single wavelength, that impinges upon the hydrodynamically-focused
stream of liquid passing through the flow cell. Accordingly, the flow cytometer system may have

one or more light sources that may include:
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1. one or more lamps, e.g., mercury or xenon;

2. one or more high-power water-cooled lasers, e.g., argon, krypton or dye laser;

3. one or more low-power air-cooled lasers, e.g., argon (488 nm), HeNe (red-633 nm),
HeNe (green) and HeCd (UV); and/or

4. one or more diode lasers (blue, green, red and violet).

The optical sensing subsystem includes one or more detectors aimed where the focused

liquid stream passes through the light beam. Such detectors may include:

1. detectors in line with the light beam (Forward Scatter or FSC);
2. detectors perpendicular to it (Side Scatter or SSC); and

3. fluorescence detectors.

Each suspended particle passing through the beam scatters the light, and fluorescent
material present in the particle or attached to the particle excited by the impinging light emit light

at a longer wavelength than that of the impinging light.

Detecting and analyzing brightness changes in a combination of scattered and fluorescent
light at each detector (one for each fluorescent emission peak) permits deriving various types of
information about the physical and chemical structure of each
individual particle. FSC correlates with cell volume. Due to light being scattered off of internal
components within a cell, SSC depends on the inner complexity of the particle (i.e., shape of the
nucleus, the amount and type of cytoplasmic granules or the membrane roughness). Some flow
cytometers omit a fluorescence detector and detect only scattered light. Other flow cytometers
form images of each cell's fluorescence, scattered light, and transmitted light. The flow cytometer
system's conversion subsystem, which may include one or more amplifiers which may be either
linear or logarithmic, generally includes one or more Analogue-to-Digital Converters ("ADCs")
for converting the measuring subsystem's output signal into data that is then processed by the

computer.

Modern flow cytometers usually include up to four (4) lasers and numerous fluorescence
detectors. Increasing the number of lasers and detectors permits labeling cells with several
different antibodies, and can more precisely identify a target population by their phenotypic
markers. Some instruments can even capture digital images of individual cells, allowing for the
analysis of a fluorescent signal location within or on the surface of cells.
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FIG. 1 depicts a flow cytometer in accordance with one aspect of the present disclosure

identified by the general reference number 40. The flow cytometer 40 may include:
1. a LD based optical subsystem 50;
2. a composite microscope objective 60;
3. a fluidic subsystem 70 for supplying a liquid sheath flow;

4. a peristaltic pump 80 for injecting a liquid sample flow that contains particles to be
analyzed into the liquid sheath flow supplied by the fluidic subsystem 70, the liquid sample flow
becoming hydrodynamically focused by the liquid sheath flow passes through a viewing zone with
the composite microscope objective 60 gathering and imaging light scattered and/or fluoresced by

particles in the viewing zone;

5. an optical fiber 852 that receives light scattered and/or fluoresced by particles in the

viewing zone that the composite microscope objective 60 gathers and images;

6. a wavelength division multiplexer 90 ("WDM 90") for optically processing scattered

and/or fluoresced light received from the optical fiber 852; and

7. a photodetector system 938 to detect the light processed by the WDM 90.

Optical Subsystem 50

In most of the instruments, particles of interest, such as blood cells or microspheres, are
carried by the sheath flow using hydrodynamic focusing into a viewing zone inside a cuvette or jet
stream and illuminated there by a focused laser beam. The technique provides the means to
accurately identify and count particles of interest without being overwhelmed by background noise
occurring outside a registration time window (Practical Flow Cytometry, Howard M. Shapiro,
Wiley (2003) ISBN 0471411256). To increase detection sensitivity, the cross section of the
focused laser beam is usually elliptical, with the minor axis along the direction of flow. In order to
maintain the threshold integrity, the laser profile must have a smooth or bell shaped profile along
the flow direction. One common method for producing such an beam is to elongate a 5 nearly
collimated circular Gaussian beam along the direction of flow with a beam expander made of either

prism or cylindrical lens pair, then focus the beam down with a spherical lens. Since the shape of
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the beam at the focus is the spatial Fourier transform of the beam at far field, this produces a

Gaussian shaped elliptical spot with minor axis along the flow.

Conventional lasers are expensive, bulky and power hungry. More recently, laser diodes
(“LD”) have become available. Differing from conventional lasers, the new generation of LDs is
cost effective, compact and power efficient, and shows great promise for new generation of
compact biomedical instruments. A LD emits light having an elliptical cross-section with the
ellipse's major axis, frequently called the fast axis, perpendicular to the LD's junction, and the
ellipse's minor axis, frequently called the slow axis, parallel to the LD's junction. Unfortunately,
the beam quality of a typical LD, particularly along its fast axis, leaves much to be desired,

preventing its wide acceptance in flow cytometric applications.

In principle, the quality of the LD beam can be significantly improved by spatial filtering.
If a small pinhole or a single mode optical fiber is positioned at the focal point of a lens, such that
it only accepts the lowest order spatial mode, the beam passing through the pinhole or single mode
optical fiber will be of nearly perfect Gaussian shape. United States Patent no. 5,788,927 discloses
that such a beam can then be collimated and expanded in the direction of flow through the
cytometer, and finally focused down to an elliptical shaped Gaussian beam with minor axis along
the flow direction. Unfortunately, the size of desktop instrumentation limits the diameter of a
pinhole to less than 5 micron. The core size of a visible wavelength single mode optical fiber also
has a similar dimension. The challenge to manufacture such a precision spatial filter and maintain
its long-term stability not only increases the cost of LD based laser system, but also reduces its

reliability.

More recently, in an effort to reduce the possible side lobes due to the edge effect of limited
numerical aperture of collimating lens, United States Patent no. 6,713,019 (“the ‘019 patent”)
discloses rotating the LD by ninety degrees (90°) such that its slow axis is parallel to the direction
of flow. A beam diffusing section, such as a concave cylindrical lens, is then introduced to diffuse
the collimated beam in the direction perpendicular to the flow, followed by a beam spot forming
section, such as a spherical focusing lens, to form an elliptical spot within the cytometer's particle
viewing zone. As described in detail in the ‘019 patent, the laser beam after the spot forming
section is extremely astigmatic. In particular, the width of the beam at the viewing zone in the

direction perpendicular to the flow is comparable or even wider than the width of the flow channel.
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This not only reduces the amount of laser energy impinging upon the particle and consequently
the signal intensity, but also increases undesired background scattering from the liquid-flow cell
interface. Instead of rotating the LD, United States Patent nos. 7,385,682 and 7,561,267 disclose
using a large numerical aperture aspheric lens for LD collimation. Such a design, however, cannot
correct the fringe effect inherent in the LD’s beam profile. Consequently, there presently exists a
need for a simple LD based optical system for use in flow cytometers that can reliably produce a
focused elliptical beam with near Gaussian shape along its minor axis and a width along major

axis.

In accordance with one aspect of the present disclosure, the optical subsystem 50 may
include a LD 501 that, as depicted in greater detail in FIG. 2, emits a diverging beam of light from
an edge thereof. As more graphically depicted in FIGs 2 and 2A, the diverging beam of light has
an elliptically shaped cross-sectional profile with both a major axis, a.k.a. the fast axis, and a minor
axis, a.k.a. the slow axis. The diverging beam of light emitted from the LD 501 may impinge upon
a collimating lens 502 which converts the diverging beam of light emitted by LD 501 into a
collimated beam of light having an elliptical cross-section. Although not essential, the optical
subsystem 50 may also include an optional mirror 503 positioned to direct the collimated elliptical
beam of light towards the composite microscope objective 60. A plano-convex lens 504, positioned
near the composite microscope objective 60, may reduce the major axis of the elliptically shaped
beam of light that is oriented perpendicular to the direction in which the liquid sample and the
surrounding liquid sheath flow through the viewing zone within the composite microscope

objective 60. At the viewing zone, the width of the elliptically shaped beam of light:

1. perpendicular to the direction in which the liquid sample flow passes through the viewing

zone may be slightly less than the width of the liquid sheath flow; while

2. still sufficiently wide so particles in the sample flow pass through a nearly flat portion

of the elliptically shaped beam of light at the beam's maximum intensity.

In accordance with one aspect of the present disclosure, it is apparent to those skilled in
the art that the plano-convex lens 504 may be replaced by other types of optical elements such as
an achromatic doublet lens or combination of spherical lenses, cylindrical lenses, and/or prism
pairs. Alternatively, the mirror 503 and the lens 504 may also be replaced by a concave mirror.

For polarization sensitive applications of the flow cytometer 40, an optional polarization
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conditioning element, such as a half-wave plate, may also be placed in the collimated section of
the beam of light extending from the collimating lens 502 to the lens 504. Finally, before passing
through the viewing zone the beam of light may pass through a high power cylindrical lens 505,
positioned adjacent to the viewing zone. As depicted in FIG. 1, the axis of the cylindrical lens 505
is oriented perpendicular to the direction in which the liquid sample flow passes through the
viewing zone, and the focal length of the cylindrical lens 505 produces a tight focusing of the beam

of light's minor axis at the viewing zone.

An advantage of the optical subsystem 50 in comparison with conventional LD based
optical subsystem may be discerned more clearly in FIGs. 2 and 2A. Most commercially available
laser diodes suitable for use in a flow cytometer emit a beam
of light from an edge thereof. As depicted in FIG. 2, a gain section 509 of such a LD chip 510 is
highly confined in the transverse direction indicated by an arrow 511. Consequently, to achieve
high output power LD manufacturers often sacrifice beam quality, particularly along the transverse
or fast axis direction that is oriented parallel to the arrow 511. FIG. 2A shows this characteristic
of light emitted from a LD wherein multiple fringes 512 due to gain confinement are clearly visible
at the far field in the minor axis direction of the emitted beam of light. It should be noted that the
fringes 512 appearing in the illustration of FIG. 2A contain only a minor amount of total energy
in the beam of light, and therefore have little impact on the conventional M-square characterization
of the corresponding beam profile. However, as discussed in greater detail below, the fringes 512
do have a detrimental effect on the performance of conventional flow cytometers. Alternatively,
gain confinement along the slow axis direction of an edge emitting LD that is oriented
perpendicular to the arrow 511 is much more relaxed. Consequently, as shown in FIG. 2A, the far

field beam profile is much smoother along the slow axis of the LD's beam of light.

FIG. 3A depicts a conventional LD based optical subsystem for a flow cytometer. Those
clements depicted in FIG. 3A that are common to the optical subsystem 50 illustrated in FIG. 1
carry the same reference numeral distinguished by a prime (') designation. As depicted in FIG. 3A,
the conventional optical subsystem orients the fast axis of the LD 501 parallel to the direction in
which the liquid sample flow passes through the viewing zone. In its most simplified configuration,
the elliptical beam profile of the LD 501" is directly transposed by the spherical focusing lens 504

into the viewing zone. In an attempt to achieve optimal aspect ratio for the focused beam of light,
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various different conventional LD based optical subsystems have also included beam shaping

optical elements in addition to those depicted in FIG. 3A.

The detrimental effect of fringes 512 along the fast axis of the LD 501" for conventional
optical subsystem configurations clearly appears in the light scattering time profile depicted in
FIG. 3B. Since scattering or fluorescence intensity is directly proportional to the local laser power
impinging upon a particle, any fine structure in the beam of light's profile along the direction in
which the liquid sample flow passes through the viewing zone will appear in the time profile of
the signal produced by the flow cytometer. Such structures in the time profile are indistinguishable
from signals generated by small particles, and will therefore cause the flow cytometer to trigger
falsely and misidentify particles. In addition, the fringes 512 will also lead to uncertainty in the
measurement of other cytometric parameters, such as in the area and width of the pulse depicted

in FIG. 3B.

FIGs. 4A and 4B depict a yet another prior art optical subsystem for LD based flow
cytometric applications disclosed in the '019 patent identified previously. Those elements depicted
in FIGs. 4A and 4B that are common to the optical subsystem 50 illustrated either in FIG. 1 or 3A
carry the same reference numeral distinguished by a double prime (") designation. As depicted in
FIGs. 4A and 4B, by orienting the slow axis of the LD 501" parallel to the direction in which the
liquid sample flow passes through the viewing zone the optical subsystem depicted in FIGs. 4A &
4B effectively overcomes the problem caused by the fringes 512 as described above.
Unfortunately, the beam-diffusing element 513" placed before the spherical focusing lens 504" in
FIGs. 4A and 4B to diffuse the beam of light perpendicular to the direction in which the liquid
sample flow passes through the viewing zone produces a highly astigmatic beam of light near the
viewing zone. Specifically, focusing this astigmatic beam of light at the viewing zone in the
direction in which the liquid sample flow passes through the viewing zone increases the width of
the beam of light perpendicular to the direction in which the liquid sample flow passes through the
viewing zone so the beam's width become similar to or even wider than the sheath flow.
Consequently, the optical subsystem depicted in FIGs. 4A and 4B not only diminishes the amount
of light energy impinging upon particles flowing through the viewing zone, the optical subsystem
also increases undesirable scattering of light from the interface between the liquid sheath flow and

adjacent parts of the composite microscope objective 60.
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FIG. 5 highlights the main differences between the optical subsystem disclosed in the '019
patent and the optical subsystem 50 depicted in FIG. 1. Instead of placing an out-of-plane beam-
diffusing element 513" before the spherical beam focusing lens 504 as shown in FIG. 4, the high
power cylindrical lens 505, depicted in FIGs. SA and 5B as a cylindrical plano-convex lens, may
be placed along the beam of light after the spherical beam focusing lens 504 and may be juxtaposed
with the composite microscope objective 60. As shown in FIGs. 5A and 5B, the cylindrical lens
505 may focus the minor axis of the beam of light in the viewing zone while leaving the major
axis of the beam of light essentially unchanged. Consequently, the optical subsystem 50 depicted
in FIGs. 1, 5A and 5B may establish a beam of light profile at the viewing zone which is elliptical

with:

1. a tightly focused minor axis that spans across the combined liquid sample and sheath

flows; and

2. a smooth minor axis profile in the direction of the combined liquid sample and sheath

flows that is the Fourier conjugate of the far field beam profile along the slow axis of LD 501.

Meanwhile, as shown in FIG. 5B, the out-of-plane beam width may be unaffected by the
cylindrical lens 505. FIG. 5C shows a measured time profile of light scattered from a micro particle
using the optical subsystem 50 depicted in FIGs. 1, SA and 5B. The LD 501 used in making the
measurement presented in FIG. 5C is the same as that used in generating the measured time profile
of light scattered from a micro particle appearing in FIG. 3B. As shown in FIG. 5C, the side lobes
caused by the fringes 512 along the fast axis of the LD 501 no longer have any material effect on

performance of the flow cytometer 40.

FIG. 5D illustrates a perspective view of the cylindrical lens 505 of the LD based optical
subsystem 50 coupled with the composite microscope objective 60 in accordance with some
embodiments of the present disclosure. A beam of light may pass through the cylindrical lens 505
and a cuvette 603 of the microscope objective 60 substantially along the z axis and establish a
beam profile 524 on a x-y plane at the viewing zone inside a flow channel 604 of the composite

microscope objective 60.

FIG. 5E illustrates an enlarged view of the beam profile 524 shown in FIG. 5D in
accordance with some embodiments of the present disclosure. FIG. SE shows that the minor axis

of the beam of light may be along the y axis and substantially parallel to the direction of liquid
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sample and sheath flows and the major axis of the beam of light may be along the x axis and

substantially perpendicular to the direction of liquid sample and sheath flows.

FIG. 6 depicts yet another alternative diode laser based optical subsystem in accordance
with some embodiments of the present disclosure adapted for use in a flow cytometer. Those
elements depicted in FIGs. 6 and 6A that are common to the optical subsystem 50 illustrated in
FIGs. 1, 5A and 5B carry the same reference numeral distinguished by a triple prime (')
designation. The optical subsystem 50" depicted in FIGs. 6A and 6B is almost identical to that
shown in FIGs. 1, 5A and 5B except that the viewing zone occurs without a composite microscope
objective 60 because it occurs in a free-flowing jet stream 519 that includes both the sample and
sheath flows that is emitted from a nozzle 518. Consequently, for the configuration of the optical
subsystem 50" depicted in FIGs. 6A and 6B, the high power cylindrical lens 505 is detached from

the viewing zone that is located within the jet stream 519.

In the exemplary embodiments of the present disclosure depicted in FIGs. 1, SA, 5B, 6A
and 6B, the minor axis, i.e. the slow axis, of the LD 501 is substantially oriented perpendicular to
the direction in which the liquid sample flow passes through the viewing zone. However, it will
be apparent to those skilled in the art that using an alternative optical configuration the major axis,
1.e. the fast axis, of the LD 501 may be reoriented to be perpendicular to the direction in which the
liquid sample flow passes through the viewing zone. FIG. 7 depicts one example of such an
alternative configuration of optical elements. Those elements depicted in FIG.7 that are common
to the optical subsystem 50 illustrated in FIGs. 1, 5A, 5B, 6A and 6B carry the same reference

"y

numeral distinguished by a quadruple prime ("") designation. As shown, the slow axis of the LD
501"" is oriented in the z-direction. The beam of light emitted from the LD 501"" is then rotated
to the in-plane y-direction by a pair of ninety degrees (90°) reflection mirrors 523a and 523b. In
the illustration of FIG. 7, a normal to the first elliptically-shaped light beam reorienting mirror
523ais oriented in the x-y plane at forty-five degrees (45°) to the x-axis, and a normal to the second

elliptically-shaped light beam reorienting mirror 523b is oriented in the y-z plane at forty-five

degrees (45°) to the z-axis.

Composite Microscope Objective 60
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Modern flow cytometers include a spatial filter, usually either a mechanical pinhole or a
large core optical fiber, located at an image location of an objective lens to prevent undesired
background light from entering the cytometer's detector(s). Because particles remain in the
cytometer's viewing zone for a few microseconds, microscope objectives with large numerical
aperture must be used to maximize light collection efficiency. To support multiple spatially
separated excitation laser beams in flow cytometers, as disclosed in United States Patent No.
4,727,020, it is also desirable to use an objective with large field of view. In order to achieve these
goals, United States Patent Nos. 6,5100,07 and 7,110,192 disclose an objective design using a
modified apochromat with a gel-coupled or epoxy bonded near hemisphere lens as the optical
element closest to the sample that is followed by multiple meniscus lenses. While such microscope
objectives provide both a satisfactory numerical aperture and field of view, they significantly

sacrificed image quality thereby:
1. limiting effective use of the spatial filter; and
2. exhibiting poor background light discrimination.

Further, such refractive microscope objectives are bulky, expensive to manufacture and
often exhibit severe chromatic aberration. To overcome these limitations, Published Patent
Cooperation Treaty ("PCT") Patent Application No. WO 01/27590 discloses an alternative
objective design based on a spherical concave mirror. The design offers large numerical aperture
and good image quality along the optical axis. However, due to its poor off-axis characteristics,

such a design is unsuitable for flow cytometers having multiple, spatially separated laser beams.

FIG. 8 depicts one embodiment in accordance with the present disclosure for the composite
microscope objective 60 depicted in FIGs. 1, SA, 5B and 7. As depicted in FIG. 8, the composite
microscope objective 60 may image a viewing zone that is located inside a prismatically-shaped
glass cuvette 603 within a small flow channel 604, that may have a rectangular cross-sectional
shape, through which passes the particle carried by combined liquid sample and sheath flows. A
plano-concave back-surface mirror 601 included in the composite microscope objective 60 may
be made of an optically transparent material that may have a refractive index similar to that of the
glass cuvette 603, such as glass or optical quality plastics. To minimize optical loss, the back-
surface mirror 601 may include a flat front surface that is optically coupled to an abutting flat

surface of the prismatically-shaped cuvette 603. Optical coupling of the back-surface mirror 601
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to the cuvette 603 may employ an index-matching gel, optical adhesive or direct optical bonding.

Alternatively, the back-surface mirror 601 may also be formed integrally with the cuvette 603.

The composite microscope objective 60 may also include a plano-aspheric corrector plate
602 that is also made of an optically transparent material that may have a refractive index similar
to that of the glass cuvette 603, such as glass or optical quality plastics. To reduce optical loss, a
flat surface of the corrector plate 602 may be optically coupled to an abutting flat surface of the
prismatically-shaped cuvette 603 on a face thereof that is diametrically opposite to the back-
surface mirror 601. Optical coupling of the corrector plate 602 to the cuvette 603 may employ an
index-matching gel, optical adhesive or direct optical bonding. The aspheric surface of the
corrector plate 602 furthest from the corrector plate 602 may carry an anti-reflective coating to
reduce optical transmission loss, although such a coating is not a mandatory requirement for a
composite microscope objective 60 in accordance with some embodiments of the present
disclosure. The shape of the aspheric surface of the corrector plate 602 is similar to that in a
classical Schmidt camera, (Schmidt, B., Mitt. Hamburg Sternwart 7 (36) 1932). As known by
those skilled in the art, the corrector plate of a Schmidt camera includes a circularly shaped neutral
zone where the corrector plate does not deviate rays of light passing through the plate. For use in
the composite microscope objective 60, outside of the neutral zone of the corrector plate 602,
where the plate thickness is thinnest, the corrector plate 602 may have negative optical power
while inside the neutral zone the corrector plate 602 may have positive optical power. The exact
shape of the aspheric corrector plate 602 may be readily obtained using any commercially available
optical ray tracing tool by any person having ordinary skill in the art. Note that in the flow
cytometer 40, the beam of light generated by the optical subsystem 50 depicted in FIGs. 1, 5A, 5B
and 7 enters the cuvette 603 perpendicularly to the flow channel 604 through one (1) of the two

(2) faces of the cuvette 603 that do not abut the back-surface mirror 601 or corrector plate 602.

Combined Microscope Objective 65

FIG. 8A illustrates a perspective view of a combined microscope objective 65 in
accordance with some embodiments of the present disclosure. The combined microscope objective
65 may include the composite microscope objective 60, as illustrated in FIG. 8 and the cylindrical
lens 505. The cylindrical lens 505 may direct a beam of light to the viewing zone in the flow

channel 604 to illuminate particles in the sample flow. After particles are illuminated in the
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viewing zone, the composite microscope objective 60 then may collect imaging light scattered

from and fluoresced by particles within the view zone.

FIG. 8B illustrates a perspective view of the combined microscope objective 65 coupled
with a flow cell 619 in according with some embodiments of the present disclosure. Liquid sample
623 may be pumped up from a sample tube 621 into a flow section 620 of the flow cell 619 by a
pump 624. The pump 624 may be the peristaltic pump 80, as illustrated in FIG. 17. Liquid sheath
622 may be also pumped into the flow section 620 of the flow cell 619. The pump for pumping
the liquid sheath 622 into the flow cell 619 may be a part of the fluidic system 70, as illustrated in
FIG. 14 or 15. The liquid sample 623 may be combined with the liquid sheath 622 in the flow
section 620 of the flow cell 619 and then hydro-dynamically focused within the viewing zone
inside the flow channel 604 of the combined microscope objective 65. The combined microscope
objective 65 or the composite microscope objective 60 may be positioned on the flow cell 619.
Persons skilled in the art may also refer to a combination of the microscope objective 65 or the
composite microscope objective 60 and the flow cell 619 as a flow cell. The cross-sectional area
of the flow section 620 at the top of the flow cell 619 may be smaller than the cross-sectional area
of the flow section 620 at the bottom of the flow cell 619 to facilitate hydrodynamic focusing of
the liquid sample 623 in the viewing zone. It should be noted that the various aspects of the present
disclosure are not limited to specific direction of liquid sheath or sample flow and specific shape

of the flow cell or the microscope objective.

FIG. 9A depicts the result of ray tracing for the embodiment of composite microscope
objective 60 illustrated in FIG. 8. As depicted in FIG. 9A, scatter and fluorescence emissions from
three (3) spatially separated locations in the flow channel 604 near the center of the cuvette 603

may:

1. initially propagate toward back-surface mirror 601 and pass first through the cuvette 603

to be internally reflected by the back-surface mirror 601;
2. then pass through the cuvette 603;
3. subsequently pass through the aspheric corrector plate 602; and

4. finally forms three (3) distinct images near an image plane 605.
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Note that rays traversing the composite microscope objective 60 depicted in FIG. 9A are
nearly optically-uniform and that light emitted near the center of the cuvette 603 traverses the
corrector plate 602 at near normal incidence. Consequently, the composite microscope objective

60 introduces very little chromatic dispersion in light emitted near the center of the cuvette 603.

Further, it is well known in the astrophysics community that Schmidt camera offers the
unparalleled combination of a fast focal ratio and a large field of view with near diffraction limited
optical performance. The principal drawback in a conventional Schmidt camera is that the image
surface lies inside the instrument. For the composite microscope objective 60, light near the center
of the cuvette 603 propagates opposite to that of a conventional Schmidt camera and therefore the
image surface lies outside the composite microscope objective 60. Consequently, the present
disclosure takes full advantage of the optical performance of the Schmidt camera without
experiencing its limitation. FIGs. 9B1 through 9B3 depict spot diagrams near the image plane 605
for three (3) emission locations, 606, 607, 608 in viewing zone within the flow channel 604 that
may be separated 150 micron from each other. The diameters of all images depicted in FIGs. 9B1

through 9B3 may be less than 35 microns.

Light emitted from the viewing zone within the flow channel 604 of the composite
microscope objective 60 depicted in FIGs. 8 and 9A that traverses the aspheric corrector plate 602
may suffer from a small amount of chromatic aberration. FIG. 10 depicts an alternative
embodiment for the composite microscope objective 60 depicted in FIGs. 1, 5A, 5B and 7 in
accordance with some embodiments of the present disclosure. Those elements depicted in FIG. 10
that are common to the composite microscope objective 60 illustrated in FIGs. 8 and 9A carry the
same reference numeral distinguished by a prime (') designation. The shapes of the back-surface
mirror 601' and the aberration corrector plate 602' depicted in FIG. 10 are modified slightly to
produce collimated afocal images of the emission locations near the viewing zone within the flow
channel 604'. In FIG. 10 the composite microscope objective 60" may include a chromatic
compensating doublet lens 609 inserted between the corrector plate 602" and the image plane 605'.
In addition to focusing the light emitted from the corrector plate 602’ onto the image plane 605,
the doublet lens 609 may also serve to further reduce the residual chromatic aberration introduced

by the aspheric corrector plate 602'.
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It is not essential that the flat surface of the corrector plate 602 to be optically coupled to
the cuvette 603. FIG. 11 depicts an alternative embodiment of the composite microscope objective
60 in accordance with some embodiments of the present disclosure. Those elements depicted in
FIG. 11 that are common to the composite microscope objective 60 illustrated in FIGs. 8 and 9A
carry the same reference numeral distinguished by a double prime (") designation. FIG. 11 depicts
the aberration corrector plate 602" optically decoupled from the cuvette 603". Although not
essential for operation of the composite microscope objective 60", to improve the light
transmission efficiency both surfaces of the corrector plate 602" and the exposed flat surface of
the
cuvette 603" may carry an anti-reflectively coating. It is understood that the corrector plate 602"
shown in FIG. 11 may be held in fixed relationship to the combined back-surface mirror 601 and
cuvette 603 by a mechanical support not depicted in FIG. 11. Similar to the composite microscope
objective 60 and 60" depicted respectively in FIGs. 9A and 10, the composite microscope objective
60" with detached corrector plate 602" may be configured to provide either finite focal length
image, or an afocal system which in turn is focused to a finite distance image plane by an additional

chromatic compensating doublet lens 609.

FIG. 12 depicts yet another alternative embodiment of the composite microscope objective
60. Those elements depicted in FIG. 12 that are common to the composite microscope objective
60 illustrated in FIGs. 8, 9A and 11 carry the same reference numeral distinguished by a triple

m

prime (") designation. The composite microscope objective 60" depicted in FIG. 12 is adapted for
collecting scatter and fluorescence emissions from cells or other microscopic particles carried in
the jet stream 519 emitted by the nozzle 518. The composite microscope objective 60" may include
a concave, spherically shaped, front surface mirror 610 and an aberration corrector plate 612. The
front surface mirror 610 may be made of glass or other types of hard material with a highly
reflective coating on the concave surface 611 or made of metal with polished concave surface 611.
Similar to the corrector plate 602, the plano-aspheric corrector plate 612 may be made of a thin
piece of transparent material, such as glass or optical quality plastics. The aspheric surface may be
formed on either side of the corrector plate 612. Both surfaces of the corrector plate 612 may be
coated with an anti-reflective coating to reduce optical transmission loss, although such a coating

is not a mandatory requirement for a corrector plate 612 in accordance with some embodiments of

the present disclosure. It is understood that the front surface mirror 610 and the corrector plate 612
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may be held in fixed relationship to each other by a mechanical support not depicted in FIG. 12.
Scatter and fluorescence light emitted from cells or other types of microscopic particles in the
viewing zone inside the jet stream 519 may be reflected by the concave surface 611 of the front
surface mirror 610. The aberration due to reflection from the concave surface 611 may be corrected
by the corrector plate 612 after light traverses through the corrector plate 612. It is understood by
those having skill in the art that the composite microscope objective 60" may be configured to
provide either a finite focused image similar to that depicted in FIG. 9A, or a collimated afocal
image which is focused at finite distance from the composite microscope objective 60" by a

chromatic aberration correction doublet similar to the doublet lens 609 depicted in FIG. 10.

FIG. 13 depicts an adaptation of the composite microscope objective 60 for imaging
specimens fixed to the surface of a transparent substrate such as a glass slide. Those elements
depicted in FIG. 13 that are common to the composite microscope objective 60 illustrated in FIGs.
8, 9A and 11 carry the same reference numeral distinguished by a quadruple prime (")
designation. The composite microscope objective 60"" depicted in FIG. 13 may include two (2)
optical elements, one a plano-concave back surface mirror 617 made of a transparent material,
such as glass or optical quality plastics, and an aberration corrector plate 618. As depicted in FIG.
13, the specimen to be imaged may be fixed to a front surface 615 of a transparent, usually glass
slide 616. The slide 616 may be optically coupled, for example, using a thin layer of index
matching fluid, to the flat surface of the back surface mirror 617. Scatter and fluorescence light

emitted by the specimen may:
1. initially propagate through the slide 616 and the back surface mirror 617;
2. be internally reflected by the back surface mirror 617 back through the slide 616;
3. then pass through the corrector plate 618; and

4. finally form an image at an image plane that is located beyond the corrector plate 618.

Fluidic Subsystem 70

The performance of a flow cytometer depends critically on a stable liquid sheath flow. In
particular, flow cytometers that have multiple spatially separated excitation laser beams or perform

droplet sorting rely on a constant velocity of the liquid sheath flow for timing synchronization. As
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disclosed in United States Patent No. 5,245,318, conventional flow cytometers provide a stable

liquid sheath flow by using an airtight fluidic system that either:

1. applies constant air pressure in a sheath liquid reservoir to push the fluid through the

flow cell; or

2. by sucking the fluid from the sheath liquid reservoir through the flow cell using a vacuum
pump.

These systems are bulky, expensive to manufacture, and prone to failure. More recently,
United States Patent No. 8,187,888 discloses including a sheath liquid subsystem that pumps the
liquid sheath flow from the sheath liquid reservoir into the viewing zone and a waste sheath liquid
pump that pumps waste sheath liquid from the viewing zone into the waste tank. Although it
appears that the disclosed sheath liquid subsystem has never been used in velocity critical flow
cytometers, this patent reports that the disclosed sheath liquid subsystem overcomes most of the

drawbacks of conventional sheath liquid flow stabilization by:
1. damping pump pulsations by locating:

a. one fluidic capacitor between the sheath liquid pump and the flow cell; and

b. another fluidic capacitor between the flow cell and the waste pump; and

2. a pump controller whose operation is responsive to a pressure sensor that measures the

pressure difference between the inlet and outlet of the flow cell.

However, the disclosed sheath liquid subsystem has other limitations. For example, the

pressure sensor located near the outlet of the flow cell could be a potential source of contamination.

FIG. 14 depicts a fluidic subsystem 70 in accordance with some embodiments of the
present disclosure that includes a sheath liquid reservoir 702 and a liquid pump 701 that draws
sheath liquid from the sheath liquid reservoir 702. The liquid pump 701 may be a diaphragm pump,
a peristaltic pump, a piston pump, or any types of continuous fluid pump. An outlet of the liquid
pump 701 may connect to an inlet of a T-coupling 703 that receives sheath liquid from the liquid
pump 701. The T-coupling 703 may have two (2) outlets. The first outlet may connect to a bypass
conduit 710 for returning a fraction of the sheath liquid received by the T-coupling 703 from the

liquid pump 701 back to the sheath liquid reservoir 702. Returning a fraction of the sheath liquid
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received by the T-coupling 703 from the liquid pump 701 back to the sheath liquid reservoir 702

is advantageous for two (2) reasons.

1. Asdepicted in FIG. 14, the bypass conduit 710 is left open to the surrounding atmosphere
which effectively dampens pulsation to thereby significantly reducing the pulsation inherent in the

operation of the liquid pump 701.

2. Returning a fraction of the sheath liquid received by the T-coupling 703 from the liquid
pump 701 back to the sheath liquid reservoir 702 also effectively reduces the throughput of the
liquid pump 701 thereby allowing the use of comparatively high flow

rate, low cost pumps in the flow cytometer 40.

Denote the flow resistance of the bypass conduit 710 as "r” and the flow resistance of path
from the T-coupling 703 to the flow channel 604 of the cuvette 603 as "R.” The output resistance
to the sheath pump R}, is then equal to:

R

R
Pr+R

M

Since R >> r, the behavior of the liquid pump 701 is therefore dominated by the resistance
of the bypass conduit 710 whose fluid dynamic properties may be temperature insensitive. Thus,
the configuration of the fluidic subsystem 70 depicted in FIG. 14 may also provide a simple
mechanism for achieving a temperature insensitive sheath liquid flow to the flow channel 604. As
depicted in FIG. 14, the second outlet of the T-coupling 703 connects to the flow channel 604 that
extends through the cuvette 603 first via a small reservoir capsule 704 and then via a filter cartridge
705. As depicted in FIG. 15, a piece of tubing 704', which may be, for example, about 4 ft. long
may be substituted for the small reservoir capsule 704. During initialization of the fluidic
subsystem 70, some air becomes trapped in the filter cartridge 705 near its inlet which as depicted
in FIG. 15 is located above an outlet of the filter cartridge 705. The air trapped in the filter cartridge
705 may act as an additional fluidic capacitor effectively reducing to negligible level the pulsation
in sheath liquid emitted into the flow channel 604. Due to the large fluidic resistance at the flow
channel 604, the air trapped inside the filter cartridge 705 becomes compressed. When the liquid
pump 701 is turned off, a trapped in the filter cartridge 705 is pushed back towards the T-coupling

703 analogous to a discharging capacitor. Without the small reservoir capsule 704, some air ejected
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from the filter cartridge 705 reaches the bypass conduit 710 due to its low fluidic resistance, and
will be pushed out of the fluidic subsystem 70 once the liquid pump 701

is turned on again. Without additional air supply, such a scenario will repeat until most of the air
becomes purged from the fluidic subsystem 70 causing the filter cartridge 705 to lose its
effectiveness as a pulsation damper. The purpose of the small reservoir capsule 704 or the piece
of tubing 704' is therefore to provide a reservoir for isolating the filter cartridge 705 from the
bypass conduit 710 ensuring that air trapped inside the filter cartridge 705 remains within the

fluidic subsystem 70 despite repeated on-off operations of the liquid pump 701.

The pulsation damping effect of the trapped air near the inlet of the filter cartridge 705 is
clearly evident in the histograms depicted in FIGs. 16A and 16B. FIG. 16A depicts measured
particle flight times at the flow channel 604 when a pocket of air is trapped near the inlet of the
filter cartridge 705. FIG. 16B depicts measured particle flight times at the flow channel 604 when
the trapped air is purged from the fluidic subsystem 70. The result depicted in the histograms of
FIGs. 16A and 16B is made using two (2) knife edge shaped laser beams focused near the center
of the flow channel 604 that are spaced approximately 200 micrometers apart. The horizontal axis
of the FIGs. 16A and 16B is the flight time a particle takes from one laser beam to the other
measured by recording the peak arrival time of light scattered from the particle at ninety degrees
(90°) from the excitation beams. In both cases, the average flight time for particles to cross the two
laser beams is the same. As shown in FIG. 16A, when the filter cartridge 705 retains some air, all
particles take about the same amount of time to cross the two laser beams. If the filter cartridge
705 retains no air, as shown in FIG. 16B, the distribution of flight times not only broadens, but
also becomes bimodal. In other words, some particles take less time while others take longer than
average amount of time to cross the two laser beams, a phenomenon that can be easily attributed

to sheath liquid velocity pulsation at the flow channel 604.

In the embodiments of the present disclosure discussed so far, the fluidic resistance along
bypass conduit 710 as well as between the T-coupling 703 and the flow channel 604 may not be
adjustable. As should be apparent to those ordinary skilled in the art, flow restrictors such a fixed
restrictor or adjustable valves 712, 712" and 711, 711" and may be advantageously inserted in the
bypass conduit 710 and between the T-coupling 703 and the flow channel 604 to permit adjusting
the flow rate through the flow channel 604. Alternatively, the velocity of sheath liquid flowing
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through the flow channel 604 may also be adjusted using a liquid pump 701 that is driven by a

variable speed brushless DC motor.

Peristaltic Pump 80

Peristaltic pumps are volumetric pumps in which a set of linearly or circularly moving
rollers progressively compress a compressible tube to propel the fluid through the tube. Peristaltic
pumps are widely used particularly to pump clean/sterile or aggressive fluids to avoid cross
contamination with exposed pump components. Conventional peristaltic pump exhibits a
pulsation. Each time a roller rolls off the tube near the pump outlet, caused by the temporary
increase of tube volume when the compressed tube expands back to its original shape. The
pulsation is undesirable in applications that require smooth flow. Many attempts have been made
in the past to reduce the pulsation. For example, United States Patent Nos. 3,726,613 and 3,826,593
introduced a cam operated pusher which synchronously exerts an external pressure on the tube to
compensate for the tube expansion. In United States Patent No. 4,834,630, a plurality of tubes
mounted on segmented rollers are joined together at the pump inlet and outlet by T-shaped couplers
such that pulsations from individual tubes would be reduced by averaging. United States Patent
No. 7,645,127 proposed a pump tube with slightly larger inner diameter near the inlet so that the
tube decompression near the pump outlet is compensated by the compression of a larger volume
tube near the inlet. The various methods either significantly increased the complexity of the

peristaltic pump or had limited success in reducing the pulsation effect.

A peristaltic pump 80 in accordance with some embodiments of the present disclosure is
illustrated in FIG. 17. The pump may include a housing 809 with arcuate curved track 808, three
rollers 810, 811 and 812 attached to a rotor 816 rotatable within the housing 809, and a
compressible tube 807 sandwiched between the arcuate curved track 808 of the housing 809 and
the rollers 810, 811 and 812, in particular at the surface 814 of rollers 810, 811 and 812. As
depicted schematically in FIGs. 18A through 18D, the rollers 810, 811 and 812 of the peristaltic
pump 80 are spaced at substantially equal angular distances, separations or spacings from each
other around the perimeter of the rotor 816. The rollers 810, 811, 812 may rotate about a
longitudinal axis thereof, so that limited friction occurs between the rollers and the compressible
tube. This may also apply for the subsequently described rollers. For simplicity, it is assumed in

the following discussions that the rotor 816 rotates counterclockwise, although it is to be
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understood that the discussions apply equally well to a peristaltic pump with clockwise rotating

rotor. The compressible tube 807 of the housing 809 may be divided into several sections:

1. an open section between point 801 and point 806 where the compressible tube 807

experiences no compression;

2. a pump inlet section between point 801 and point 802 where the compressible tube 807

is progressively compressed until fully closed when a roller rolls over the section;

3. two pumping sections between point 802 and point 803, as well as between point 8§04

and point 805 wherein the compressible tube 807 is fully closed by the roller;

4. a recess section between point 803 and point 804 in which the compressible tube 807
progressively expands from fully closed to fully open as a roller rolls through the expansion part

of the recess section from point 803 to point 813;

5. then the compressible tube 807 is progressively compressed to fully closed as a roller

rolls through a compression part of the recess section from point 813 to point 804; and

6. the exit section between point 805 and point 806 where the compressible tube 807

progressively expands from fully closed to fully open as a roller rolls through the section.

In other words, when a roller rolls anticlockwise over the compressible tube 807

from inlet point 801 to outlet point 806, the inner gap of the compressible tube 807 may:

1. progressively decrease from fully open at point 801, to fully closed at point 802 and

remain closed until point 803;
2. then progressively expand back to fully open at point 813;

3. then progressively decrease to fully closed at point 804, and remain closed until the roller

reaches point 805; and
4. finally progressively expand back to fully open at point 806.

The size of the gap inside the compressible tube 807 is schematically illustrated
in FIGs. 18A through 18D as the spacing between dashed circle and the solid compressible tube
807. As illustrated in FIGs. 18A through 18D, in this embodiment of the peristaltic pump 80, the
angular distances, separations or spacings between points 801 and 803, points 802 and 813, point

813 and 805, as well as between point 804 and 806 may be identical to the angle between adjacent
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rollers. As a result, when the roller 810 rolls through the pumping section from point 804 to point
805, as depicted in FIGs. 18A through 18B, its interaction with the compressible tube 807 may
completely determine the fluid flow rate of the peristaltic pump 80. Once the roller 810 reaches
the exit section between point 805 and 806, as shown in FIG. 18C, the compressible tube 807
underneath the roller 810 may start to progressively expand and a gap may start to grow.
Meanwhile, the roller 811 may arrive at the compression part of the recess section and start to
progressively compress the compressible tube 807. In the peristaltic pump 80, the shape of the
compression part of the recess section between point 813 and point 804 along the compressible
tube 807 is such that the volume of liquid pushed out by the compression of the underneath roller
811 in the compression part of the recess section between point 813 and point 804 may
substantially fill the volume created by the compressible tube 807 expansion underneath roller 810
in the exit section between point 805 and point 806. During this period, the compressible tube 807
is partially open underneath both rollers 810 and 811 and completely closed underneath roller 812.
Consequently, the pumping action may be mainly delivered by roller 812. In particular, since by
design the total volume of liquid in the section of the compressible tube 807 between point 813
and point 816 remains substantially constant during this period, the flow rate of the peristaltic
pump 80 in the state shown in FIG. 18C may remain substantially the same as that in the state
shown in FIGs. 18A and 18B. Once the roller 810 passes point 806, roller 811 reaches the pumping
section between point 804 and point 805. Note there is no physical difference between the rollers
810, 811 and 812, the flow rate of the peristaltic pump 80 may therefore remain substantially

constant throughout the entire process.

The mechanism of the pulseless peristaltic pump in accordance with some embodiments of
the present disclosure may be understood more clearly if it is viewed along a circular coordinate
following the movement of the rollers. Referring to FIG. 19, denote as V the volume of the fluid
inside a compressible tube 819 from the outlet to a nearest roller 820 that closes off the
compressible tube 819, i.e., the amount of fluid represented by the hatched area 8§18 shown in FIG.
19. Clearly, V depends on the angular position, 8, of the roller 8§20, as well as d, the amount of tube

compression exerted by all other downstream rollers.

V=V(6,5,5,..) (2)
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Consequently, the flow rate, F, of a peristaltic pump is related to the time derivative of Ve

oAy v v ds
dt 00 00, dt

- 3)
Here R is the rotational speed of the rotor and the subscripts are used to identify multiple

downstream rollers. The first term on the right hand side of Eqn. (3) represents the contribution
from the roller that closes off the tube. The partial derivative 2—; is therefore independent of 6.

The summation term represents contributions from all other

downstream rollers partially compressing the compressible tube 819. Now let AS be the cross
sectional area change due to the compression of the compressible tube 8§19 by the roller 817, and
L be the length of tube where its cross sectional shape is affected by the tube compression. Then,
it is obvious to a person skilled in the art that L is proportional to the tube compression d, and AS
proportional to its square, 6. Consequently, AV, the volume of fluid lost due to the compression

of the compressible tube 807 by the roller, follows Eqn. (4):
AVaL-ASas® =(D-G)® (4)

where D is the inner diameter of the compressible tube and G is the minimum gap indicated in
FIGs. 19, 19A and 19B which is also represented in FIGs. 18A through 18D by the spacing
between the dashed circle and the solid track 808 of the housing 809. FIG. 19A and 19B are
detailed cross-sectional views orthogonal to the peristaltic pump's tube's length taken along the
lines 19A and 19B in FIG. 19 illustrating the tube's partial compression by the roller. FIG. 19A
shows the cross-sectional area 818a taken along the line 19A in FIG. 19. FIG. 19B shows the
cross-sectional area 818b taken along the line 19B in FIG. 19. Now referring to FIGS. 20A and
20B, in the circular coordinate system, FIG. 20A corresponds to the state of pump shown in FIGs.
18A and 18B. During this period, there is no roller downstream of the roller 810" and the
summation term in Eqn. (3) vanishes. FIG. 20B corresponds to the state of the pump shown in
FIG. 18C. The compressible tube 807 is closed off by roller 812" and partially compressed by the
rollers 810° and 811’. However, volumetric changes introduced by the two rollers 810” and 811’

substantially cancel each other. Consequently, the summation term is Eqn.(3) vanishes as well. As
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a result, the flow rate of the peristaltic pump 80 may remain substantially constant regardless of

roller positions.

The shape of the compressible tube 807 satisfying the above requirement can be readily
derived from Eqn. (4). Referring to FIG. 18C, if the gaps of the arcuate curved track 808 in the
compression part of the recess section between point 813 and point 804, Gi34, and in the exit

section between point 805 and point 806, Gs,6, follow the equation:

(D-G,;,)’ +(D=G,4)’ =D’ (5)
then the total fluid volume in the two sections may remain substantially constant, as shown in FIG.
21. In the peristaltic pump 80, the shape of the pump housing 809 may be symmetrical with respect
to its center line, such that the entrance half of the pump housing 809 is the mirror image of the
exit half of the housing 809, as shown in FIG. 17. The peristaltic pump 80 can therefore be operated
both in counterclockwise and clockwise rotation with very little pulsation, although it is
understood that the symmetry is not required to realize a pulseless peristaltic pump in accordance
with some embodiments of the present disclosure. For example, as long as the gaps of the arcuate
curved track 808 in the section between point 813 and point 803, G133, and in the section between

point 802 and point 801, G2,1, follow Eqn. (6)

(D-G,53)’ +(D-G,,)’ =D’ (6)

a peristaltic pump in accordance with some embodiments of the present disclosure will exhibit

little pulsation when the rotor 816 rotates clockwise.

FIG. 22 depicts an alternative embodiment of a peristaltic pump in accordance with some
embodiments of the present disclosure. Those elements depicted in FIG. 22 that are common to
the peristaltic pump 80 illustrated in FIG. 17 carry the same reference numeral distinguished by a
prime (') designation. The peristaltic pump 80' may include an arcuate curved track 808 having
two (2) recesses 818 and 819, and four (4) rollers 820, 821, 822 and 823. In the embodiment
depicted in FIG. 22, the fluid volume loss due to the tube expansion near the outlet of the pump is
compensated by the combined effect of the compression of the compressible tube by rollers 820

and 823 near the two recesses 818 and 819.

FIG. 23 depicts yet another alternative embodiment of a peristaltic pump in accordance

with the present disclosure. Those elements depicted in FIG. 23 that are common to the peristaltic
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pump 80 illustrated in FIG. 17 and the peristaltic pump 80’ illustrated in FIG. 22 carry the same
reference numeral distinguished by a double prime (") designation. The peristaltic pump 80" may
include six (6) rollers 820, 821, 822, 823, 824, 825 and an arcuate curved track 808 having two
recesses 818" and 819". In the peristaltic pump 80", the fluid volume loss due to the tube expansion
near the outlet of the pump is compensated by the action of the roller immediately upstream of the

one recess 818" or 819" near the pump outlet.

Pulsation due to the expansion of a compressed compressible tube near the outlet of a
peristaltic pump may also be overcome by a peristaltic pump having a programmable rotor speed.
FIGs. 24A through 24C illustrate pertinent aspects of an alternative embodiment mechanism for
minimizing peristaltic pump pulsation in accordance with the present disclosure for a 3-roller
peristaltic pump. As depicted in FIG. 24B, the track 828 is substantially circular between the pump
inlet and pump exit section. Consequently, as indicated by the spacing between the dashed circle
829 and the solid curve of the track 828, the compressible tube is completely closed by various
ones of the pump's three (3) rollers 825, 826, 827 between the pump inlet and pump outlet. FIG.
24A illustrates schematically in a circular coordinate system the roller positions for the peristaltic
pump depicted in FIG. 24B. Since there is only one roller downstream of the one that closes off

the tube, Eqn. (3) is much simplified:

ov. 0oV, dé
-+t —=—2) (D
08 06 do

Here the tube compression d(6) is explicitly expressed as a function of roller position 8. The terms

~F=R(

inside the parentheses represent the change rate of fluid volume with respect to roller position. The
first term is the contribution from the roller that closes off the tube, i.e., roller 827 in FIG. 24A,
and the second term the contribution from the roller in the exit section. Note that by definition, the
volume change rate is negative and the second term inside the parentheses vanishes when there is
no roller in the exit section. The dotted curve in FIG. 24C is a representative plot of the negative
volume change rate with respect to the position of the roller. The bump along the curve, due to the
tube expansion when a roller rolls off the tube near the pump outlet, is the cause for pulsation in
conventional peristaltic pumps having a constant rotor speed. However, for the peristaltic pump
depicted in FIGs. 24A through 24C, the rotor speed, R, shown as dashed curve in FIG. 24C, may
be set to vary in synchronism with the rotor position and inversely proportional to the change rate

of the fluid volume. Consequently, the flow rate of the pump, which is the product of the rotor
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speed and the change rate of the fluid volume, may remain constant, as indicated by the solid line
at the top of FIG. 24C. Note the terms inside the parentheses of Eqn. (7) may be uniquely
determined by the mechanical structure of the pump. The rotor speed profile can therefore be
readily generated from the shape of the track 828 in accordance with Eqn. (4). To those skilled

in the art, there are many ways to realize a programmable rotor, for example, with stepping motor

or DC servo motor.

WDM Device 90

In many multicolor fluorescence detection instrumentations, such as flow cytometers,
(Practical Flow Cytometry, Howard M. Shapiro, Wiley (2003) ISBN 0471411256), the

fluorescence light emitted from the object of interest is:
1. collected by a microscope objective;
2. reimaged through a small pinhole or a multimode optical fiber;
3. then collimated and separated into multiple colored bands; and

4. finally detected by photo detector, such as photomultiplier tube (PMT), PIN photodiode
or avalanche photodiode (APD).

A PMT is essentially a special type of electron tube. This “pre-semiconductor age” device
is bulky and expensive. In addition, it has poorer quantum efficiency and less reproducible spectral
response than silicon based semiconductor detectors, particularly in the biologically important red
to near infrared spectral region. Despite the disadvantages, PMT has excellent noise
characteristics. For example, the dark current of a typical 13mm PMT (e.g., the R9305 from
Hamamatsu Corporation of Japan) is only about 1nA. In contrast, an APD’s dark current would be
10 times greater even if its active area were reduced to 1/20th of that of the PMT. As a result, PMT
has been the de-facto low-level light detector in many commercial fluorescence detection flow
cytometers. Only in certain scientific applications where event rate is low and dark current may be
discriminated against by expensive photon- counting techniques that the PMT has been replaced
by APD detectors. (c.f., High-Throughput Flow Cytometric DNA Fragment Sizing, A.V. Orden,
R.A. Keller, and W. P.Ambrose, Anal. Chem., 2000, 72 (1), p 37-41). More recently, a Geiger

mode APD array was also promoted as PMT replacement. (For example, the multi pixel photon
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counter of Hamamatsu Photonics of Japan and the solid-state photomultiplier of SensL Inc. of
Ireland.) These detectors, however, also have high dark current and are nonlinear at high event

rate.

The only industry where APD has found wide acceptance is in optical communication. It
is known that if the APD’s active area is reduced to less than 1mm?, the corresponding dark current
will be reduced to the same level as a PMT. In optical communication, the light is a laser beam out
of single mode optical fiber. Such a beam can be easily collimated then focused down to an area
much smaller than 1mm? It should be noted that the color separation devices used in the
fluorescence light detection instruments, as described in United States Patent Vo. 6,683,314 and
references therein, are almost identical in function and architecture to the wavelength division
multiplexers (WDM) widely used in optical communication, as described in United States Patent
Nos. 4,482,994, and 5,786,915. A fundamental reasons preventing the use of small area APD in
fluorescence detection instrumentation is the well-known theorem of etendue conservation: the
fluorescence light coming through a pinhole or multimode optical fiber is an extended light source
with an etendue hundreds of times greater than that of a laser beam out of a single mode optical
fiber. Consequently, as illustrated in FIG. 26, it cannot be collimated over an extended distance
unless the diameter of the beam is significantly expanded. Unfortunately, the larger the beam
diameter, the greater the technical challenge to focus it down to a small spot. Since efficient color
separation can only be accomplished economically with collimated light beam, small area APD
has not been considered viable for multicolor fluorescence light detection applications. Clearly, a
technology capable of collimating a large etendue light beam over an extended distance without
significantly expanding the beam diameter would be highly desirable. Such a technology would
enable a WDM like device for fluorescence light detection with characteristics comparable to low

noise semiconductor detectors.

FIG. 25 shows the optical ray trace for an exemplary 6 port wavelength division
multiplexer of the present disclosure using zig-zag configuration. As shown in FIG. 25,
fluorescence light going through a pinhole or emitted from the facet of a multimode optical fiber,
such as the optical fiber 852 depicted in FIG. 1, forms an extended object or light source at location
901, i.e. the optical input of the WDM 90. The size of the object is defined by the diameter of the
pinhole or the core diameter of the multimode optical fiber. Note that the practical size of the

pinhole or the core diameter of the multimode optical fiber is measured in millimeters, in contrast
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to the diameter of single mode optical fibers that are measured in micrometers. Consequently, the
etendue of the fluorescence light source, defined as the product of beam size and its divergence
angle, is hundreds times greater than its counterpart in optical communication. According to the
theorem of the conservation of etendue (Julio Chaves, Introduction to Nonimaging Optics, CRC
Press, 2008 [ISBN 978-1420054293]), light from such an extended source, similar to that from a
flash light, can only be kept collimated for a very limited distance, particularly when the diameter

of the collimated portion needs to be small.

As depicted in FIG. 25, a collimating optical element, in this case an achromatic doublet
lens 902, may capture the light from source 901, and project a magnified image of the object near
a final focusing lens 905. The size of the image near 905 may be kept approximately the same as
the effective size of the collimating optical element 902. Consequently, beam of light propagating
between the collimating optical element 902 and the focusing lens 905 may be effectively
collimated. As shown in FIG. 25, so long as the magnification factor is kept small, for example,
less than around 10, using a simple singlet lens as the focusing lens 905, the collimated beam of
light can readily focused down to a spot smaller than that of the beam of light received by the
WDM 90 at location 901. The ability to focus the beam of light down to such a small size permits
placing a small area semiconductor detector at a focal point 906 of the focusing lens 905 for

efficient photo detection.

A dichroic filter 903, oriented at a slanted angle, may be inserted into the optical path in
between the collimating optical element 902 and the focusing lens 905. The dichroic filter 903
may pass the color band of interest and reflects the remaining colors in the beam of light for further
processing within the WDM 90. An optional band pass filter 904 may be inserted following the
dichroic filter 903 to further improve the color isolation capability of the WDM 90.

Light reflected from the dichroic filter 903 may impinge upon a second optical element
907, such as a concave mirror. The concave mirror 907 may a radius of curvature approximately
equal to the distance between the collimating optical element 902 and the image near focusing lens
905. The concave mirror 907 therefore creates a second image of the collimating lens 902 near a
second focusing lens 908. The light beam between the concave mirror 907 and the second image
at the lens 908 may have substantially the same diameter as the beam of light between the

collimating lens 902 and the first image near the focusing lens 905. The relay imaging concave
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mirror 907 therefore effectively doubles the collimated beam path without expanding the beam's
diameter. Again, the extended yet collimated beam can be easily focused down to a spot smaller
than that of the light source at 901. The diameter of the spot may be smaller than 1mm, for

example, around 600 tom, A second dichroic filter 909 may then be inserted in between the relay

imaging concave mirror 907 and the second image near focusing lens 908. The second dichroic
filter 909 may pass another band of color in the beam of light received by the WDM 90 at location
901 and reflect the remainder of the impinging beam of light for further processing. The first and
second dichroic filters 903 and 909 may be inserted approximately midway between the
collimating optical element 902 and the focusing lens 905 and between the relay imaging concave

mirror 907 and the second image near focusing lens 908, respectively.

As shown in FIG. 25, additional relay collimating optical elements 910, 911, 912, 913 and
dichroic filters 914, 915, 916, 917 can be cascaded in the same way to produce multiple images
near focusing lenses 918, 919, 920 and 921, each of these images corresponding to a specific color
band of light received by the WDM 90 at location 901. As shown in FIG. 25, due to the present
disclosure's 1:1 imaging relay architecture, the spots of light produced by focusing lenses 905, 908,
918, 919, 920 and 921 are all smaller than the source of the beam of light, and therefore can be

easily captured by small area APD’s.

Although FIG 25 illustrates a 6-port wavelength division multiplexer for a beam of light
from the extended light source, it is readily apparent to those skilled in the art that WDM’s having
different numbers of ports can be easily built in accordance with some embodiments of the present
disclosure. It is also apparent to those skilled in the art that although the WDM 90 may use
achromatic doublets as the first collimating optical element, singlet lens can also be used since the
images created before the focusing lenses 905, 908, 918, 919, 920 and 921 are all nearly
monochromatic. Instead of using concave mirrors for relaying the beam of light reflected from the
dichroic filters, one may also use refractive optics, such as a convex lens, as a relay element to
extend the path of the collimated beam of light. One of the advantages of the zig-zag architecture
used in the WDM 90, however, is the possibility for using array detectors, which would lead to a

more compact WDM suitable for portable instrumentation.

FIG. 25A illustrates a top view of a light detection assembly 937 with the WDM 90

illustrated in FIG. 25 in accordance with some embodiments of the present disclosure. The light
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detection assembly 937 may include the WDM 90 and a photodetector system 938. A beam of
light which emits from the facet of the optical fiber 852 may be processed by the WDM 90 and
detected by the photodetector system 938. The concave mirrors 907, 910, 911, 912, and 913 and
the dichroic filters 903, 909, 914, 915, 916, and 917 may be formed on two sides of a reference
block 935. The reference block 935 may be made of glass or any material which allows light to
pass through it. Accordingly, a zig-zag optical pattern, as illustrated in FIG. 25 may be formed
among the collimating optical element 902, the dichroic filters 903, 909, 914, 915, 916, and 917,
the reference block 9335, the concave mirrors 907, 910, 911, 912, and 913, and the focusing lens
905, 908, 918, 919, 920, and 921. After being processed by the WDM 90, the beam of light
emitting from the facet of the optical fiber 852 may split into multiple colored bands with different
wavelengths to be detected by photodetectors 940, 941, 942, 943, 944, and 945, respectively. The
photodetector can be, but is not limited to, a semiconductor detector, an avalanche photodetector

(APD), and a carbon nanotube detector.

In some embodiments, the concave mirrors 907,910,911, 912, and 913 may be structurally
formed on a relaying assembly 939. It should be understood by those having skill in the art that
the concave mirror can be replaced with a convex lens, which is also able to converge and relay

the beam of light.

In some embodiments, the dichroic filter can be replaced with a mirror to prevent the beam
of light from entering a photodetector when a user wants to decrease the number of light signal
channels to be detected. It should be understood by those having skill in the art that the dichroic
filter can also be replaced by a dichroic mirror, a beam splitter, or any optical element which is

able to split or filter a beam of light.

FIG. 25B illustrates a front view of the light detection assembly 937 with the WDM 90
illustrated in FIGs. 25 and 25A in accordance with some embodiments of the present disclosure.
The light detection assembly 937 may have a top cover 940 which is openable. Therefore, the user
can open the top cover 940 to change the dichroic mirrors 903, 909, 914, 915, 916, and 917 and
modify the light detection system 938 or the WDM 90 inside.

FIG. 26 illustrates an optical ray trace for a prior art collimating device. The technique
depicted in FIG. 26 is extensively used in conventional multicolor fluorescence instruments, for

example, in United States Patent No. 6,683,314. As shown in FIG. 26, the beam of light diverges
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rapidly beyond the image 924 created by the collimating optical element 923. Consequently, the
only option for constructing a multi-color device is to insert dichroic filters in between the

collimating element 923 and its image 924.

Due to the constraint of etendue conservation, the diameter of the collimated beam must
be significantly expanded to accept multiple dichroic filters in the section. The expanded beam
creates serious challenge to refocusing the collimated beam down to small spots suitable for small
area semiconductor detectors. To overcome these difficulties, some instrument manufacturers have
chosen to use PMT exclusively for fluorescence detection such as in the main stream flow
cytometers manufactured by Becton-Dickinson, Beckman Coulter and Partec ’s and the
MegaBACE series of DNA sequencers by GE Amersham. Other instruments, such as the Luminex
multiplexed bead analyzers, have selected certain color bands with known bright fluorescence, and

uses large area APD for detecting light in the selected color bands.

FIG. 27 illustrates a perspective view of an alternative embodiment for a 6-port WDM 90
using a combination of zig-zag and branched configurations. The design is a modification of zig-
zag configuration depicted in FIG. 25. In the alternative embodiment depicted in FIG. 27, band
pass filter 904 of FIG. 25 may be replaced by a dichroic filter 904’. The filter 904’ is positioned to
let one color pass through and reflects other colors at ninety degrees (90°). The optical path length
of the beam of light passing through the dichroic filter 904’ and that being reflected from the 904’
are substantially the same, such that one arm is focused by lenses 905 and the other by lens
905’ to small spots compatible with small area semiconductor detectors placed at focal location
906 and 906’. As shown in FIG. 25, the remaining color of the light reflected by dichroic filter 903
is relay imaged by a concave mirror 907 and the configuration including optical elements 903,

904’, 905 and 905’ is cascaded two (2) more times to form a 6 port-WDM.

FIG. 28 illustrates a perspective view of an alternative embodiment for a §-port WDM 90.
By replacing the concave mirrors 907 and 910 in FIG. 27 with concave shaped dichroic filters 907
and 910°, the WDM depicted in FIG. 28 may provide 2 more color bands in comparison with the
WDMs depicted in FIGs. 25 and 27.

Numerous fluorescence probes for use in flow cytometry have been developed over the
years. More recently, multiple fluorescence proteins have also become an important tool in

biomedical studies. To accommodate different types of fluorescence probe, various techniques
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have been developed to enable user selection of dichroic filters suitable for their particular needs.
A significant challenge for replaceable

dichroic filters is avoiding direct contact of the coated filter surface with any hard flow cytometer
reference frame. Repeated direct contact between the coated filter surface and

any hard reference frame may damage a replaceable dichroic filter. Presently, most conventional
solutions addressing this problem use precision-machined mechanical spacers for holding
replaceable dichroic filters in place. One example of such a solution appears in United States Patent
No. 6,683,314. However, such a solution becomes unreliable if the detector's active area is smaller

than 1.0 mm?.

FI1Gs. 29A and 29B depict fabricating a replaceable dichroic filter assembly 934 illustrated
in FIG. 29C suitable for small area detectors. Assembly of the replaceable dichroic filter assembly
934 begins in FIG. 29A which depicts constructing a reference template for its fabrication. The
reference template may be a staircase made of two (2) optically parallel glass plates 925 and 926.
Bonding the two (2) glass plates 925 and 926 together in optical contact can ensure that a surface
929 of the glass plate 925 becomes optically parallel to a surface 930 of the glass plate 926. A
front surface 932 of a replaceable dichroic filter 927 may then be pressed against the surface 929
of the template. A filter holder 928, which loosely fits the dichroic filter 927, may include a
reference surface 931 and a filter slot 933. During assembly of the replaceable dichroic filter, the
filter slot 933 may be partially filled with epoxy adhesive and the reference surface 931 of the filter
holder 928 may be pressed against the surface 930 of the template while filter holder 928 slides
toward the dichroic filter 927. While the epoxy adhesive sets, part of the dichroic filter 927 remains
seated within the filter slot 933 while pressure is applied against the dichroic filter 927 and filter
holder 928. It should be apparent to those skilled in the art that the epoxy adhesive may be either
UV or thermally curable, or made by blending together components of an A/B mixture. FIG. 29C
depicts a dichroic filter fabricated as depicted in FIGs. 29A and 29B and described above. The
assembly process depicted in FIGs. 29A and 29B and described above can ensure that the front
surface 932 of the replaceable dichroic filter assembly 934 can be optically parallel to the reference
surface 931, and indented with respect to the latter at a spacing accurately determined by the
thickness of the glass plate 925. The dichroic filter 927 depicted in FIGs. 29A, 29B, and 29C may
be the dichroic filters 903, 909, 914, 915, 916, or 917 used with the WDM illustrated in FIG. 25
or the dichroic filter 903 or the filter 904’ used with the WDM illustrated in FIG. 27.
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FIGs. 30A and 30B depict an embodiment of the present disclosure where the fore-
mentioned replaceable dichroic filter assembly 934 is used in the WDM 90 for optically processing
a beam of light from an extended light source. A notable feature of the WDM 90 is a glass reference
block 935 having an optically flat surface. As will be apparent to those skilled in the art, the glass
reference block 935 may be made of other materials. As shown in FIG 30B, when installing a
dichroic filter 927 the reference surface 931 of the replaceable dichroic filter assembly 934 may
slide against the flat surface of the glass reference block 935 and be kept in contact therewith by a
spring loaded screw 936. Consequently, the coated front surface 932 of the replaceable dichroic
filter assembly 934 can remain optically parallel to the optical flat and accurately located. In the
meantime, the indentation of front surface 932 with respect to the reference surface 931 may
protect it from in physical contact with any object during filter replacement. It is apparent to those
skilled in the art that many modifications and variations of the described embodiments of the
replaceable dichroic filter assembly 934 are possible. For example, an alternative embodiment of
the present disclosure may be a pedestal assembled using a first and a second round optical flat.
When assembling the replaceable dichroic filter assembly 934, the reference surface of a filter
holder may rest against a surface of the first optical flat and the coated surface of the dichroic filter
may rest against the flat surface of the second optical flat. Epoxy bonding then may hold the coated
surface of the dichroic filter optically parallel to the reference surface of a filter holder, yet indented
at a distance accurately determined by the thickness of the second optical flat.

Optical System with Single Light Source 41

FIG. 31 is a diagram schematically illustrating an optical system with a single light source
41 in accordance with some embodiments of the present disclosure. The optical system with a
single light source 41 may include a LD based optical subsystem 50, a composite microscope
objective 60, a WDM 90, and a light detection system 938. The beam of light may propagate
substantially along the z axis and enter the composite microscope objective 60 from the LD based
optical subsystem 50 to illuminate particles present within the viewing zone inside the composite
microscope objective 60. The light scattered from and fluoresced by particles may then be
reflected by the concave mirror 601, corrected by the corrector plate 602, and collected by the
optical fiber 852 substantially along the x axis. The optical fiber 852 may be fixed by a fiber
holder 940.
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Common wavelengths of light sources may include, but not limited to, 375nm, 405nm,
440nm, 488nm, 502nm, 534nm, 561nm, 591nm, 637nm, and 637nm. The light detection system
938 may be coupled with circuits for processing light signals. The more ports the WDM 90 has,

the more light signal channels the user can use.

Optical System with Multiple Light sources 42

FIG. 32 is a diagram schematically illustrating an optical system with multiple light sources
42 in accordance with some embodiments of the present disclosure. The optical system with
multiple light sources 42 may include multiple LD based optical subsystems 50, multiple WDMs
90, multiple light detection systems 938, and a composite microscope objective 60 with a viewing
zone. The number of WDMs 90 may correspond to the number of LD based optical subsystems
50. In FIG. 32, the optical system with multiple light sources 42 includes three laser diodes 501
for emitting multiple beams of light with different wavelengths, three collimating lenses 502 in
front of the three LDs for collimating the beams of light respectively, three dichroic filters 506,
507, and 508 for passing beams of light with certain wavelength range or reflecting beams of light
with certain wavelength range, a plano-convex lens 504 for shaping the beams of light on the major
axis, a cylindrical lens 505 for focusing the beams of light onto three spatially separated locations
in the flow channel 604, a composite microscope objective 60 for directing the light scattered from
and fluoresced by the illuminated particles at three spatially separated locations to be collected by
three optical fibers 852, respectively, three optical fibers 852 for collecting scatter and fluorescence
emissions and transmitting the emissions to three WDMs 90, respectively, and three WDMs 90
and light detection systems 938 for processing and detecting the scatter and fluorescence light,
respectively. The direction of beams of light entering the composite microscope objective 60 may
be perpendicular to the direction of scatter and fluoresce emissions to be collected by the optical
fiber 852. It should be noted that the plano-convex lens 504 and the cylindrical lens 505 can be
replaced with any conventional beam shaper and any focusing lens. It should also be noted that
the various aspects of the present disclosure are not limited to specific numbers of laser diodes,
collimating lenses, dichroic filters, plano-convex lenses, composite microscope objectives, optical
fibers, WDMs, and light detection systems and specific wavelength and direction of each beam of

light.
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FIG. 33 illustrates an enlarged view of beams of light 509 and 510 shown in FIG. 32. The
beams of light 509 and 510 are emitted from different laser diodes 501 with different wavelengths
and then are focused onto spatially divided locations in the flow channel 604 inside the composite

microscope objective 60.

Optical System with Chromatic Compensation Elements 51

FIG. 34 is a diagram schematically illustrating an optical system with chromatic
compensation elements 51 in accordance with one aspect of the present disclosure in accordance
with some embodiments of the present disclosure. The optical system with chromatic
compensation elements 51 may include the optical system with multiple light sources 42, as shown
in FIG. 32, and multiple chromatic compensation elements 514, 515, and 516. Each of the
chromatic compensation elements 514, 515, and 516 may be positioned on the beam paths of
beams of light emitting from light sources 511, 512, and 513, respectively, and compensate
chromatic aberration in the viewing zone. As such, the beams of light emitting from the light
sources 511, 512, and 513 with different wavelengths may be focused onto three spatially divided
locations on a common plane which is in the viewing zone and substantially parallel to the direction
of a sample flow. The optical properties of chromatic compensation elements 514, 515, and 516
may be different from each other. For example, their thicknesses and shapes may be different to

accommodate various beams of light with different wavelengths.

In some embodiments, the optical system shown in FIG. 34 may only need one or two
chromatic compensation elements to compensate chromatic aberration in the viewing zone. It
should be noted that the various aspects of the present disclosure are not limited to specific

numbers or optical properties of chromatic compensation elements.

Power Monitoring System 43

FIG. 35 is adiagram schematically illustrating a power monitoring system 43 in accordance
with some embodiments of the present disclosure. The power monitoring system 43 may include
a first light source 513 for emitting a first beam of light, a second light source 512 for emitting a
second beam of light, a first dichroic filter 519 for reflecting the first beam of light and passing the

second beam of light, a second dichroic filter 518 for reflecting the second beam of light, a first
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detector 401 for measuring residual power of the first and second beams of light downstream of
the first dichroic filter 519 on a time-division multiplexing basis, and a control unit 522 coupled
with the first detector 401, the first light source 513, and the second light source 512. The first
detector 401 may be positioned near or coupled to the first dichroic filter 519. The first and second

light sources 513 and 512 may emit beams of light with different wavelengths.

In order to reduce interference between the residual power of the first and second beams
of light, the first detector 401 may measure the residual power of the first beam of light when the
second light source 512 is off or measure the residual power of the second beam of light when the
first light source 513 is off. The residual power of the first and second beams of light may include
power of the first beam of light passing through the first dichroic filter 519 and power of the second
beam of light reflected by the first dichroic filter 519.

In some embodiments, the control unit 522 may include a feedback circuit to increase the
power of the light source when residual power of the light source drops below a certain level or to
lower the power of the light source when the residual power of the light source increases above a

certain level.

In some embodiments, a second detector 400 may be applied with the power monitoring
system 43 and positioned near or coupled to the second dichroic filter 518 to measure the residual
power of the second beam of light downstream of the second dichroic filter 518. The residual
power of the second beam of light downstream of the second dichroic filter 518 may include power
of the second beam of light passing through the second dichroic filter 518. The second detector
400 may also be coupled to the control circuit 522. When the second detector 400 is applied to
the power monitoring system 43, the first detector 401 may only need to monitor the residual

power of the first beam of light.

In some embodiments, a third light source 511 for emitting a third beam of light and a third
dichroic filter 517 for reflecting the third light may be also applied with the power monitoring
system 43. The third light source 511 may be also coupled to the control circuit 522. As such, the
first detector 401 may measure residual power of the first, second, and third beams of light

downstream of the first dichroic filter 519 on a time-division multiplexing basis.

In some embodiments, the second detector 400 may measure residual power of the second

and third beams of light downstream of the second dichroic filter 518 on a time-division
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multiplexing basis. The residual power of the second and third beams of light downstream of the
second dichroic filter 518 may include power of the second beam of light passing through the
second dichroic filter 518 and power of the third beam of light reflected by the second dichroic
filter 518.

In some embodiments, a third detector (not shown in FIG. 35) may also be applied with
the power monitoring system 43 and positioned near or coupled to the third dichroic filter 517 to
measure residual power of the third beam of light downstream of the third dichroic filter 517. The
third detector may be also coupled to the control circuit 522. The residual power of the third beam
of light at the downstream of the third dichroic filter 517 may include power of the third beam of
light passing through the third dichroic filter 517.

The second beam of light can either be detected by the first detector 401 or the second
detector 400. The third beam of light can be detected by the first detector 401, the second detector
400, or the third detector which is positioned near or coupled to the third dichroic filter 517. The

control circuit 522 may control the operation of the detectors and light sources.

It should be understood by those having skill in the art that the dichroic filter can also be
replaced by a dichroic mirror or a beam splitter. It should also be noted that the various aspects of
the present disclosure are not limited to specific numbers of light sources, dichroic filters, and

detectors.

Optical System 44

FIG. 36 is a diagram schematically illustrating an optical system 44 in accordance with
some embodiments of the present disclosure. The optical system 44 may include a composite
microscope objective 60, as shown in FIG. 8, a light source 403, and a beam splitter 402. The light
source 403 may emit beams of light to illuminate objects in a viewing zone, which is located in a
flow channel 604 inside a cuvette 603. The composite microscope objective 60 may image light
scattered from and fluoresced by the objects in the viewing zone at an image plane 404 external to
the composite microscope objective 60. The light source 403 and the image plane 404 may be

located on two sides of the beam splitter 402.

The composite microscope objective 60 may include a concave mirror 601 and an

aberration corrector plate 602 coupled to the two sides of the cuvette 603. The aberration corrector
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plate 602 may be an aspheric lens that has a first zone with negative optical power and a second
zone with positive optical power radially inside the first zone. A neutral zone may be the thinnest
portion of the aberration corrector plate 602 and located between the first zone and the second
zone. The aspheric lens may be a plano-aspherical lens. The concave mirror may be a plano-
concave back surface mirror or a front surface mirror. The concave mirror 604 and the aberration

corrector plate 602 may be made of an optically transparent material.

In FIG. 36, the beam of light emitting from the light source 403 may be reflected by the
beam splitter 402 and enter into the composite microscope objective 60 to illuminate objects in the
viewing zone. The light scattered from and fluoresced by objects may be reflected by the concave
mirror 604, transmit through the aberration corrector plate 602 and the beam splitter 402, and form
an image at the image plane 404 external to the composite microscope objective 60. The light
source 403 may include multiple laser diodes 403a, 403b, and 403c emitting multiple beams of
light with different wavelengths to illuminate objects at multiple locations in the flow channel 604.

Accordingly, multiple images 404a, 404b, 404c may be formed at the image plane 404.

In some embodiments, the locations of the light source 403 and the image plane 404 may
be swapped. Accordingly, the beam of light emitting from the light source 403 may transmit
through the beam splitter 402 and enter into the composite microscope objective 60 to illuminate
objects in the viewing zone. The light scattered from and fluoresced by objects may be reflected
by the concave mirror 604, transmit through the aberration corrector plate 602, be reflected by the
beam splitter 402, and form an image at the image plane 404 external to the composite microscope

objective 60.

In some embodiments, the viewing zone may be located in a jet stream or a surface of a
substrate containing objects (not shown in FIG. 36). The objects may be delivered into the viewing

zone by a fluidic system, such as a fluidic system shown in FIG. 14 or 15.

In some embodiments, the scattered and fluoresced light imaged at the image plane 404
may be received by a fiber (not shown in FIG. 36) which transmits the light to a photodetector.
The scattered and fluoresced light may be processed by a wavelength division multiplexer (WDM)
(not shown in FIG. 36) before being detected by the photodetector. The WDM may be configured
as a WDM illustrated in FIGs. 25, 25A, and 25B. The photodetector can be, but not limited to, a

semiconductor photodetector, a multi-pixel photon counter, and a carbon nanotube detector.
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In some embodiments, the light source 403 may emit coherent light or incoherent light.
The light source 403 can be single or multiple laser diodes, light emitting diodes, illumination

devices emitting beam of light, or any combination of them.

In some embodiments, a chromatic compensating lens (not shown in the figure) may be
inserted between the aberration corrector place 602 and the image plane 404 to serve to reduce the

residual chromatic aberration.

Axial Light Loss Detection System 45

FIG. 37 is a diagram schematically illustrating an axial light loss detection system 45 in
accordance with some embodiments of the present disclosure. The axial light loss detection system
45 may include a concave mirror 406 for reflecting light that propagates from a viewing zone and
a detector 408 for measuring axial light loss produced by the object in the viewing zone by
detecting light reflected by the concave mirror 406. The light reflected by the concave mirror 406
may include forward scattered light (FSC) and remaining light of beam of light entering into the
viewing zone from a light source 412 to irradiate the object therein, which is so called axial light
loss (ALL). The axial light loss of the beam of light along its propagation direction may result
from the object passing through the beam of light. The beam of light may be blocked or absorbed
by the object.

The axial light loss detection system 45 may utilize the concave mirror 406 to direct both
FSC and remaining light into the detector 408 in order to determine the size of object. The FSC
and remaining light may have the same wavelength, and therefore the signals of FSC and
remaining light detected by the detector 408 may be proportional to square of the sum of their

electric fields as follows:

(Epse +Eq)” (8)

E s represents the electric field of FSC. E,,, represents the electric field of remaining
light.

On the contrary, a conventional ALL detection system disclosed in prior art usually

requires a pinhole positioned along a laser beam path to block FSC in order to detect remaining

77
202681568

Cytek Exhibit No. 1003
Page 078



10

15

20

25

light of the laser beam. Accordingly, the signals of remaining light detected by an ALL detector

is proportional to square of its electric field as follows:

(Ey)’ (9)

Further, a conventional FSC detection system disclosed in prior art usually requires a mask
positioned along a laser beam path to block remaining light of the laser beam in order to detect
FSC. Accordingly, the light signals of FSC detected by a FSC detector is proportional to square

of its electric field as follows:
(Epse)? (10)

Apparently, neither of the conventional ALL detection system nor conventional FSC

detection system could operate without using a pinhole or a mask.

In some embodiments, the concave mirror 406 may be an ellipsoidal mirror or a
combination of a flat mirror and a lens. The detector 408 may be an axial light loss detector to

determine the size of the object.

In some embodiments, the detector 408 may be in a heterodyne mode detecting the
coherent interference of FSC and the remaining light. The wavelengths of FSC and remaining light

may be the same.

In some embodiments, a light source 412 emitting beam of light may be used to illuminate
the object in the viewing zone. The optical axis of the beam of light is substantially perpendicular

to the flow direction of the object.

In some embodiments, multiple light sources 412 emitting beams of light with different
wavelengths may be used to illuminate the objects in the viewing zone. When multiple light
sources 412 are applied to the axial light loss detection system 45, a filter 407 may be positioned
upstream of the detector 408 to separate the light irradiated by the first light source and reflected
by the concave mirror 406 and the light irradiated by the second light source and reflected by the
concave mirror 406. As such, the detector 408 may measure them separately, for example, on a

time-division multiplexing basis.

In some embodiments, the viewing zone may be located within a microscope objective

410. The viewing zone may be located in a flow channel 409, a jet stream, or a substrate. In some
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embodiments, a cylindrical lens 411 may be coupled to the microscope objective 410 to focus
beams of light emitting from the light source 412 to the viewing zone. The optical axis of the
cylindrical lens 411 is substantially perpendicular to the optical axis of the light reflected by the

concave mirror 406.

FIG. 38 is a diagram schematically illustrating an axial light loss detection system 45
coupled with a second light detection system 413 in accordance with some embodiments of the
present disclosure. The axial light loss detection system 45 may utilize a composite microscope
objective 60, as illustrated in FIG. 8 The composite microscope objective 60 may include a second
concave mirror 415 and an aberration corrector plate 414 located on two sides of the viewing zone
of the composite microscope objective 60. The optical axes of the second concave mirror 415 and
the aberration corrector plate 414 are substantially parallel to the optical axis of the light reflected
by the concave mirror 406. The FSC and remaining light propagating from the viewing zone may
be reflected by the concave mirror 406 and detected by the detector 408 while the side-scattered
fluoresced light may be reflected by the second concave mirror 415, propagate out of the composite
microscope objective 60 via the aberration corrector plate 414, and be detected by the second light

detection system 413.

In some embodiments, one or more control circuits may be coupled with one or more of
the detector 408, the second light detection system 413, and the light source 412 to process detected
light signals. As known by one skilled in the art, the control circuit may include an amplifier to
amplify detected light signals, a noise filter to reduce noise interference, and a processor to process
detected light signals and generate corresponding information regarding the properties of the

object.

Alternative Combined Microscope Objective

FIGs. 11, 12 and 13 illustrate the build-up of a composite microscope objective 60 adapted
for imaging light scattered from and fluoresced by an object present within a viewing zone. The
illustrated composite microscope objective comprises a viewing zone, a concave mMmirror
arrangement 601, 610, 617, an exit area and an illumination beam forming arrangement 503, as
illustrated in FIG. 8A. It should be noted that in Fig. 11, 12 and 13 the beam forming arrangement

is not illustrated. The viewing zone in Fig. 11 may be located in e.g. a channel 604 of a cuvette
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603. In FIG. 12, the viewing zone may be located e.g. along the droplets of the jet stream 519
leaving the nozzle 518. In FIG. 13, the viewing zone maybe located e.g. in the plane of the
substrate. The exit area of the microscope objective is an area through which scattered light and
fluoresced light impinging from an object present in the viewing zone passes, which scattered and
fluorescent light is reflected by the concave mirror of the microscope objective. The aberration
corrector plate 602 in FIG. 11, 612 in FIG. 12 and 618 in FIG. 13 may be located in the exit area.
It should be noted that the corrector plate may be used, in particular in combination with a spherical
mirror 601, 610, 617. However the corrector plate may be omitted when using a concave mirror
having already implemented a correcting shape. Thus, the exit area does not have to include a
corrector, if a concave mirror has an appropriate shape and the gain of the corrector plate is not
required. As can be seen in FIGs. 11, 12 and 13, the viewing zone is arranged between the concave
mirror arrangement and the exit area. The concave mirror 601, 610, 617 is arranged to reflect
scattered and fluoresced light impinging from an object present in the viewing zone to the exit
area. The illumination beam forming arrangement 505 is illustrated e.g. in FIG. 8A. Fig. 8A
illustrates an arrangement of FIG. 11 having attached illumination beam arrangement 505 to the
cuvette 603. The illumination beam arrangement 505 is arranged so that an illumination beam
entering the illumination beam forming arrangement is pre-definitely formed at the viewing zone.
A path of an illumination beam from an illumination system can be seen e.g. in FIG. 1 or 3A. FIGs
11, 12 and 13 as well as FIG. 8A illustrate that the concave mirror arrangement, the viewing zone
and the exit area are arranged along a first axis, also referred to as x-axis. FIG. 9A illustrated that
an optical image of the viewing zone, e.g. within channel 604 in FIG. 9A is formed outside the
composite microscope objective in the image plane 605 with image locations 606, 607 and 608.
The illumination beam forming arrangement 505 is arranged so that an illumination beam impinges
the viewing zone along a second axis, also referred to as z-axis, which is substantially
perpendicular to said x-axis. The above described cuvette 603 may be manufactured of an optical
transparent material, wherein the viewing zone is formed in the cuvette, in particular in the channel
604 of the cuvette 603. The channel extends along a third axis, also referred to as y-axis being
substantially perpendicular to the x-axis and the z-axis, so that a liquid flow in the channel flows
along the y-axis, as illustrated e.g. in FIG. 5D, wherein the viewing zone is located within the
channel. FIG. 8 and 8A illustrated that the cuvette 603 may be of rectangular cross section in a

plane of the first axis/x-axis and second axis/z-axis. It should be noted that the cross section of the
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cuvette 603 may also be of a form, that a sheath flow covering the sample flow forces the sample
flow into a rectangular cross section. The cross section of the channel 604 may be constant along
the y-axis, but may also vary along the y-axis. In particular the channel may have a focused cross
section in the area of the viewing zone. The viewing area may include a plurality of predefined
viewing points distributed along the y-axis for different illumination wavelengths, as can be seen
in FIG. 33, or along the z-axis, which may be a varying focal point varying along the z-axis, when
adjusting the objective 60 with respect to the illumination system 50, as will described later.
Although element 505 may be allocated to the illumination system 50, element 505 may also be
part of the objective 60, in particular it may be attached to the cuvette 603. The illumination beam
forming arrangement 505 is adapted to compress an illumination beam, so that the illumination
beam in the viewing zone has a compressed dimension along the y-axis. The illumination beam
forming arrangement 505 may be a cylindrical lens, in particular having a cylindrical axis parallel
to the x-axis, as can be seen in FIGs. 5D and 5E. It should be noted that the illumination beam
forming arrangement can be assembled by a plurality of optical elements, so that the arrangement
505 may not have a defined axis. The aberration corrector arrangement 602, 612, 618 may be
arranged in the exit area, as can be seen in FIGs. 11, 12 and 13. The aberration corrector
arrangement may be an aspheric lens made of optically transparent material. As can be seen in
FIG. 9A, said aberration corrector arrangement may have a first zone with negative optical power,
a second zone radially inside the first zone with positive optical power, and a neutral zone between
the first zone and the second zone. The neutral zone in FIG. 9A is thinner than each of the first
zone and the second zone, so that light reflected from the concave mirror arrangement passing
through said aberration corrector arrangement forms a focal area. Although FIG. 9A illustrates a
corrector plate with convex and concave portions, it should be noted that the positive and negative
optical power may be achieved by using different optical materials at different locations of the
corrector plate. The concave mirror arrangement 601, the viewing zone and the aberration
corrector arrangement 602 form a reversed Schmidt camera. The concave mirror arrangement may
be formed by plane-convex lens, as can be seen in FIG. 11. The concave mirror may be a plano-
concave back surface mirror. The plano-concave back surface mirror may be made from an
optically transparent material. As can be seen in FIG. 8A a plano-surface of said plano-concave
back surface mirror is optically coupled to a flat surface of said cuvette. Plano-concave back

surface mirror means that although the optical lens body is a plano-convex lens body, the surface
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when seeing into the mirror, which is the inside of the optic body, is concave. The plano-surface
of said plano-concave back surface mirror may also be optically coupled to said flat, transparent
substrate, as can be seen in FIG. 13. Said concave mirror may also be a front surface mirror, as
can be seen from FIG. 12. It should be noted that the mirror of FIG. 12 can also be used in
combination with a cuvette, and the mirror of FIG. 11 can also be used for a jet stream. The concave
mirror arrangement, the aberration corrector arrangement and the illumination beam forming
arrangement may be attached to the cuvette by at least one of index matching gel, index matching
fluid, optical adhesive material and optical contact bonding. It should be noted that also a

combination may be used for attaching.

As can be seen in FIGs. 1, 3A, 31, 32 or 34-38, the composite microscope objective 60
may be combined with or comprise an illumination system. Although not mandatory, the
illumination may be an illumination system as described above, in particular with a laser source
501, an collimating optical arrangement 502 to form a collimated laser beam and a beam shaping
arrangement 504, 505 being adapted to shape a collimated beam, wherein the beam shaping
arrangement includes the illumination beam forming arrangement 505. The laser source may be a
laser diode and the collimating arrangement may be arranged with respect to the laser diode so as
to form a collimated beam. As an alternative, the laser source may be a conventional laser with an
optic arrangement to form a collimated beam of a desired cross section. The laser diode and the
collimation optical arrangement, or alternatively the conventional laser with the optics are adapted
to form a beam having an elliptical cross section having a major axis and a minor axis, wherein
the minor axis is oriented substantially along the y-axis and the major axis is oriented substantially
along the x-axis, as can be seen in FIG. S5E. The beam shaping arrangement may include a major
axis optical beam compressing arrangement 504 being adapted to compress at least the major axis
of the collimated elliptical beam. The illumination beam forming arrangement 505 is adapted to
compress at least the minor axis of the collimated elliptical beam. This can be seen for example in

FIGs 1, 3A or 6.

The viewing zone may be movable along the z-axis with respect to the illumination system
so as to vary a focus of the compressed elliptical beam within the viewing zone along the z-axis.
This allows a scanning along the z-axis. In particular this allows to sense or scan properties of a
cell in the viewing zone at different locations. It should be understood, that either the objective 60

may be controllably moved or the illumination system 50 or both. It should also be understood that
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the variation of the focus may also be achieved by moving single components of the illumination
system, e.g. one of the mirrors 523b, 523a or the element 504, as illustrated in FIG. 7. Also single
components of the objective may be moved to vary the focus along the z-axis. The actuation can
be conducted by e.g. piezo actuators or acoustic actuators. In particular the varying focus can be
achieved by a modulation or an sinusoidal oscillation of the respective component. Thus the
cuvette is movable with respect to the laser source so as to spatially vary a focus of the laser source
in the channel. For this purpose, a control unit can be provided being adapted to control the
movement of components of the composite microscope objective along the z-axis so as to spatially
vary a focus of the laser source in the channel. It should be noted that likewise also a variation of

the focus can be achieved along the y-axis or even the x-axis.

Combined Wavelength Division Multiplexer (WDM) with Semiconductor Photo Detector

FIGs. 25, 27, and 28 illustrate a wavelength division multiplexer (WDM) for separating
light emitted from a light source into multiple colored bands. The wavelength division multiplexer
may comprise an imaging optical arrangement 902, a dichroic filter arrangement 903, 904, a
semiconductor photo detector 906 and a focusing optical arrangement 905. The imaging optical
arrangement 902 forms a beam of light from the light emitted from a light source 901 and produces
an image of substantially the same size as the effective size of said imaging optical arrangement.
The light source may be an outlet of an optical fiber, which fiber may transfer detected light from
the microscope objective 60 to the WDM. The dichroic filter arrangement 903, 904 may be located
between said imaging optical arrangement 902 and said image, and separates the beam of light
into a first branch and a second branch of distinctive colors. As can be seen in FIG. 25, the first
branch travels toward element 905, whereas the second branch travels toward element 907. The
semiconductor photo detector 906 is located in the first branch behind the focusing optical
arrangement 905, which is located between the dichroic filter arrangement 903, 904 and the
semiconductor photo detector 906 so as to focus the beam of light onto the semiconductor photo
detector. Light means an electromagnetic wave, coherent or non-coherent, particularly having a
wavelength which transits the used optical elements. In particular, the term light is not limited to
the visible part of light, e.g., light between 380nm and 780nm. It should be noted that also infrared

light and ultraviolet light may be used, if the used optical components are capable of being operated
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with such wavelengths. The focusing optical element arrangement 905 is located in or in proximity
to an image plane of said image. It should be noted that the imaging arrangement 902 as well as
the focusing arrangement 905 may be composed of more than one optical element. In particular, a
plurality of lenses may be combined so as to form the imaging arrangement 902 or the focusing
arrangement 905. Likewise the dichotic filters may be composed of more than one filter or optic
element. In particular to compose particular properties of the respective arrangements. The
focusing optical arrangement and the semiconductor photo sensor may be arranged to each other
that the beam of light is focused to a spot having a diameter of less than 1.0 mm, particularly of
less than 0.6 mm. In particular when using semiconductor sensors the signal to noise ration SNR
can be significantly reduced. As can be seen in FIG. 25, the wavelength division multiplexer as
described above may further comprise an image relay optical arrangement 907. This image relay
optical arrangement may be located in or in proximity to an image plane produced by said imaging
optical arrangement in the second branch, wherein said image relay optical arrangement is adapted
to produce an image of said imaging optical arrangement in a third branch having substantially the
same size as the image in the second branch. The third branch in FIG. 25 is the beam traveling
from the element 907 toward element 909. The effective size of the optical element is the area
where beams from the object transit the optical element. Consequently, producing an image of
substantially the same size as the effective size of said optical element means that between the
optical element and the image the beam is within a virtual parallel tube. For illustration purposes,
in the hypothetical case the object is a pinhole the optical element produces a collimated beam.
The image relay optical arrangement 907 may be a concave mirror. Alternatively the image relay
optical arrangement 907 may be a combination of a lens and a mirror, in particular a plane mirror.
The wavelength division multiplexer as described above may further comprise an additional
dichroic filter arrangement 909, wherein the additional dichroic filter arrangement is located
between said image relay optical arrangement 907 and an image produced by said image relay
optical arrangement 907. Said additional dichroic filter arrangement 909 from the third branch
produces a fourth branch and a fifth branch of the beam of light having distinctive colors. The
fourth branch in FIG. 25 is the beam traveling from the dichroic filter 909 toward the focusing
element 908, whereas the fifth branch is the beam traveling from the dichroic filter toward the
element 910. The above described wavelength division multiplexer further may comprise an

additional focusing optical arrangement 908 and an additional semiconductor photo detector,
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wherein the additional focusing optical arrangement 908 is located in the fourth branch and focuses
the beam of light in the fourth branch so as to focus the beam of light onto the additional
semiconductor photo detector. The wavelength division multiplexer may further comprise a
plurality of image relay optical arrangements 910, 911, 912, 913, a plurality of dichroic filter
arrangements 914, 915, 916, 917, a plurality of semiconductor photo detectors and a plurality of
focusing optical arrangements 918, 919, 920, 921, wherein each of the plurality of focusing optical
arrangements is arranged between a respective one of the plurality of dichroic filter arrangements
and a respective one of the plurality of semiconductor photo detectors so as to form a cascaded
arrangement, as can be seen in FIG. 25. The additional focused spots may have a diameter of less
than 1.0 mm, particularly of less than 0.6 mm for multiple colored bands of said beam of light.
The plurality of dichroic filter arrangements are arranged in a common plane, as can be seen in
FIG. 25A. The wavelength division multiplexer may further comprise a plan-parallel optical basis
having a first surface and second surface parallel thereto, wherein the plurality of dichroic filter
arrangements are arranged parallel, preferably in abutment to the first surface of the plan-parallel
optical basis, as described with respect to the WDM 90. The dichroic filter arrangements are
assembled using a template that includes two optically flat glass plates bonded together in optical
contact, wherein the dichroic filter arrangements are bonded to a filter holder using the template
such that a coated filter surface of the dichroic filter arrangements are indented and optically
parallel to a reference surface of the filter holder, as can be seen in FIGs 29A, B and C. The
reference surface of the filter holder rests against an optically flat surface of an reference block
included in the wavelength division multiplexer thereby providing consistent optical alignment
when installing the dichroic filter arrangements into the wavelength division multiplexer. The
respective image relay optical arrangements may be formed into the second surface of the plan-
parallel optical basis, as can be seen in FIG. 25A. At least one of the semiconductor photo detectors
is an avalanche photo diode detector. As an alternative or in addition, at least one of the

semiconductor photo detectors is a carbon nanotube detector.

Industrial Applicability

Although an embodiment of the present disclosure of an LD based optical system for flow
cytometric application has been described in some detail, and equally advantageous embodiments
have also been described for a stream based flow cytometric instrument, it will be apparent to those
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of ordinary skill in the art that many modifications and variations of the described embodiment are
possible in the light of the above teachings without departing from the principles and concepts of

the disclosure as set forth in the claims.

Although an embodiment of the present disclosure of wavelength division multiplexing
device for separating light beam from an extended light source into multiple color bands has been
described in some detail, and several other equally advantageous embodiments have also been
described, it will be apparent to those ordinary skilled in the art that many modifications and
variations of the described embodiments are possible in the light of the above teachings without

departing from the principles and concepts of the disclosure as set forth in the claims.

Although the present disclosure describes certain exemplary embodiments, it is to be
understood that such disclosure is purely illustrative and is not to be interpreted as limiting.
Consequently, without departing from the spirit and scope of the disclosure, various alterations,
modifications, and/or alternative applications of the disclosure will, no doubt, be suggested to
those skilled in the art after having read the preceding disclosure. Accordingly, it is intended that
the following claims be interpreted as encompassing all alterations, modifications, or alternative

applications as fall within the true spirit and scope of the disclosure.
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WHAT IS CLAIMED IS:

1. A flow cytometer comprising:
an optical fiber; and
a wavelength division multiplexer (WDM) configured to receive light from the optical
fiber, wherein the WDM comprises:
an array of mirrors;
an array of filters; and
an array of avalanche photodiodes (APDs) configured to receive light that passed
through one or more filters in the array of filters;
wherein each of the filters in the array of filters is configured to receive light such
that:
a portion of the light passes through the filter; and
another portion of the light is reflected; and
wherein each of the mirrors in the array of mirrors is configured to:
receive light reflected by a filter in the array of filters; and

reflect light to another filter in the array of filters.

2. The flow cytometer of claim 1, wherein:
the array of mirrors is substantially linear;
the array of filters is substantially linear; and

the array of APDs is substantially linear.

3. The flow cytometer of claim 2, wherein at least one of the mirrors in the array of mirrors

1S a concave mirror.

4, The flow cytometer of claim 3, wherein the array of mirrors includes more than one

concave mirror.

5. The flow cytometer of claim 3, wherein the WDM is configured such that a portion of an

optical path between the array of mirrors and the array of filters forms a zig-zag pattern.
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The flow cytometer of claim 5, further comprising a laser that is configured to emit blue

light, yellow-green light, violet light, or ultraviolet light.

7. The flow cytometer of claim 6, wherein the flow cytometer is a benchtop flow cytometer.
8. The flow cytometer of claim 6, wherein the flow cytometer is compact.
9. The flow cytometer of claim 8§, wherein the WDM is capable of detecting a substantially
full spectrum of visible light.
10.  The flow cytometer of claim 6, wherein:
the WDM further comprises a block comprising a first surface; and
each of the filters in the array of filters is coupled to the first surface of the block.
11.  The flow cytometer of claim 10, wherein the flow cytometer is a benchtop flow cytometer.
12.  The flow cytometer of claim 10, wherein the flow cytometer is compact.
13. The flow cytometer of claim 6, wherein the WDM further comprises:
an array of focusing lenses, wherein each of the focusing lenses in the array of focusing
lenses is configured to focus light that passed through a filter in the array of filters
to a spot on an APD in the array of APDs, wherein the spot has a diameter that is
smaller than a diameter of a core of the optical fiber.
14. The flow cytometer of claim 13, wherein for each of the focusing lenses in the array of
focusing lenses, the diameter of the spot is less than 1 mm.
15. The flow cytometer of claim 14, wherein an active area of each of the APDs in the array
of APDs is less than 1 mm?.
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16.

A flow cytometer comprising:
a flow cell configured to permit liquid to flow through the flow cell;
a laser configured to project light into the flow cell;
a multimode optical fiber configured to receive light from the flow cell; and
a wavelength division multiplexer (WDM) configured to receive light from the multimode
optical fiber, wherein the WDM comprises:
a plurality of mirrors, wherein at least one of the mirrors is a concave mirror;
a plurality of filters; and
a plurality of avalanche photodiodes (APDs) configured to receive light that passed
through one or more filters of the plurality of filters;
wherein each of the plurality of filters is configured to receive light such that:
a portion of light passes through the filter; and
another portion of light is reflected; and
wherein each of the plurality of mirrors is configured to:
receive light reflected by a filter of the plurality of filters; and

reflect light to another filter of the plurality of filters.

17. The flow cytometer of claim 16, wherein the WDM further comprises:
a plurality of focusing lenses, wherein each of the plurality of focusing lenses is configured
to focus light that passed through a filter of the plurality of filters to a spot on an
APD of the plurality of APDs, wherein the spot has a diameter that is smaller than
a diameter of a core of the multimode optical fiber.
18. The flow cytometer of claim 17, wherein for each of the plurality of focusing lenses, the
diameter of the spot is less than 1 mm.
19.  The flow cytometer of claim 18, wherein an active area of each of the plurality of APDs is
less than 1 mm?.
20.  The flow cytometer of claim 16, wherein the plurality of mirrors includes more than one
concave mirror.
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The flow cytometer of claim 20, wherein the WDM is configured such that a portion of an

optical path between the plurality of mirrors and the plurality of filters forms a zig-zag

pattern.
22. The flow cytometer of claim 21, wherein the laser is configured to emit blue light, yellow-
green light, violet light, or ultraviolet light.
23. The flow cytometer of claim 22, wherein the flow cytometer is a benchtop flow cytometer.
24. The flow cytometer of claim 22, wherein the flow cytometer is compact.
25.  The flow cytometer of claim 24, wherein the WDM is capable of detecting a substantially
full spectrum of visible light.
26.  The flow cytometer of claim 22, wherein:
the WDM further comprises a block comprising a first surface; and
each of the plurality of filters is coupled to the first surface of the block.
27.  The flow cytometer of claim 26, wherein the flow cytometer is a benchtop flow cytometer.
28.  The flow cytometer of claim 26, wherein the flow cytometer is compact.
29. The flow cytometer of claim 28, wherein the WDM is capable of detecting a substantially
full spectrum of visible light.
30.  The flow cytometer of claim 29, wherein:
the plurality of mirrors comprise five or more mirrors; and
the plurality of filters comprise six or more filters.
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ABSTRACT

The disclosed flow cytometer includes a wavelength division multiplexer (WDM). The WDM
includes an extended light source providing light that forms an object, a collimating optical
element that captures light from the extended light source and projects a magnified image of the
object as a first light beam, and a first focusing optical element configured to focus the first light
beam to a size smaller than the object of the extended light source to a first semiconductor detector.
The disclosed flow cytometer further includes a composite microscope objective to direct light
emitted by a particle in a flow channel in a viewing zone of the composite microscope to the
extended light source, a fluidic system and a peristaltic pump configured to supply liquid sheath
and liquid sample to the flow channel, and a laser diode system to illuminate the particle in the

flow channel.
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patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here.
Organization Name

Beckman Coulter, Inc.

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 250 South Kraemer Boulevard

Address 2

City Brea State/Province CA
Countryi us Postal Code 92821

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).
This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Michael Pohl/ Date (YYYY-MM-DD)| 2024-09-03

First Name | Michael Last Name | Pohl Registration Number | 72,871

Additional Signature may be generated within this form by selecting the Add button.

EFS Web2.2.13

Cytek Exhibit No. 1003
Page 099



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | BECC.P0002US.CIP.D2C3

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention FLOW CYTOMETER

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e.,, GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Title: FLOW CYTOMETER
Appl. No.: Not yet assigned

Applicant: Beckman Coulter, Inc.
Filed: Herewith

Group Art Unit:  Not yet assigned

Examiner: Not yet assigned

Docket No.: BECC.P0002US.CIP.D2C3

Confirmation No.: Not yet assigned

CERTIFICATE OF ELECTRONIC TRANSMISSION (37 C.F.R. § 1.8)
I, Sarah Calzia, hereby certify that this correspondence is being electronically filed with the United States Patent and Trademark
Office via Patent Center on September 3, 2024. Signed: /Sarah Calzia/

INFORMATION DISCLOSURE STATEMENT

In compliance with the duty of disclosure under 37 C.F.R. § 1.56, it is respectfully
requested that this Information Disclosure Statement be entered and the documents listed on
attached Form PTO-1449 be considered by the Examiner and made of record.

In accordance with 37 C.F R §§ 1.97(g), (h), this Information Disclosure Statement is not
to be construed as a representation that a search has been made, and is not to be construed to be an
admission that the information cited is, or is considered to be, material to patentability as defined
in37 CF.R. § 1.56(b).

Timing and Fees

X Under 37 CFR. § 1.97(b), no fee or statement is required for filing this Information
Disclosure Statement because it is filed:

X  within three months of the filing date of a national application other than a CPA under
§ 1.53(d); OR

[0  within three months of the actual filing date of the national phase of a PCT
application; OR

[0 before the mailing of a first substantive office action (including after filing of an
RCE).

[J Under 37 CFR. § 1.97(c), this Information Disclosure Statement is filed after the periods
specified in 37 C.F R. § 1.97(b), but before the mailing date of’

0 afinal rejection under 37 C.F.R. § 1.113; OR

]  termination of prosecution, e.g. Ex Parte Quayle, M.P.E.P. § 609(B)(2); OR

0 anotice of allowance under 37 C.FR. § 1.311;
AND is accompanied by:

[ the statement as specified in 37 C.F.R. § 1.97(e) set out below; OR
[0 payment covering the fee of $260.00 - Large Entity under 37 C.F.R. § 1.17(p).

202682800.1 -1-
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O Under 37 C.F.R. § 1.97(d), this Information Disclosure Statement is filed after the mailing
date of the following actions which have not been withdrawn:

]  afinal action under 37 C.FR. § 1.113; OR
[J termination of prosecution; e.g. Ex Parte Quayle, M.P.E.P. § 609(B)(2); OR

0 anotice of allowance under 37 C.F.R. § 1.311 and is filed on or before payment of
the issue fee;
AND is accompanied by:
the statement as specified in 37 C.F.R. § 1.97(e) as set forth below, AND payment
covering the fee of $260.00 - Large Entity under 37 C.F.R. § 1.17(p).

Statements Under 37 C.F.R. § 1.97(e) (if applicable)

O Each item of information contained in this Information Disclosure Statement was first cited
in any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of the present Information Disclosure Statement;

Copies of Cited Materials (if applicable)

O Copies of materials listed but not attached were cited in benefit (35 U.S.C. § 120) ancestor
application Serial No. 17/645,727 on Form 892 by the Examiner and/or Form 1449 by the
applicant; see 37 C.F.R. § 1.98(d).

L] This application may be related by inventorship and/or subject matter to co-pending U.S.
application Serial No. , filed

Pavment of Fees Due (if applicable)

O Payment is made by credit card via Patent Center for $260.00 - Large Entity covering the fee
identified above.

X The Commissioner is hereby authorized to charge or credit any overpayment to Deposit
Account 50-1212/BECC.P0002US.CIP.D2C3/1001284506.

Respectfully submitted,

/Michael Pohl/
Michael Pohl
Reg. No. 72,871
NORTON ROSE FULBRIGHT US LLP Attorney for Applicant
Phone: 512-536-3113
Date:  September 3, 2024
202682800.1 -2-
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Page 1 of 15

Form PTO-1449 @modified)

List of Patents and Publications for Applicant’s

INFORMATION DISCLOSURE STATEMENT

Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 Not yet assigned
Applicant:

Beckman Coulter, Inc.

Filing Date: Group:
(Use several sheets if necessary) Herewith Not yet assigned
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A1 2385495 9/25/45 Brian
A2 2669709 2/16/54 Glancy et al.
A3 2764147 9/25/56 Brunner
Ad 315667 4/14/85 Serdinko
A5 3199341 08/10/65 Heuer Jr. et al.
AB 3411293 11/19/68 Akins
A7 3542491 11/24/70 Newman
A8 3661460 5/9/72 Elking et al.
A9 3726613 4/10/73 von Casimir
A10 3826593 7/30/74 von Casimir
A11 3873204 3/25/75 Friedman et al.
A12 3946239 3/23/76 Salzman et al.
A13 3953727 4/27/76 d’Auria et al.
A14 3989381 11/2/76 Fulwyler
A15 4073574 2/14/78 Clarke et al.
A16 4188543 2/12/80 Brunsting et al.
A17 4189236 2/19/80 Hogg et al.
A18 4244045 1/6/81 Nosu et al.
A19 4482994 11/13/84 Ishikawa
A20 4515274 5/7/85 Hollinger et al.
A21 4564342 1/14/86 Weber et al.
202682800.1
EXAMINER: DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)
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Page 2 of 15

Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 Not yet assigned
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) Herewith Not yet assigned
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A22 4576556 3/18/86 Thompson
A23 4623225 11/18/86 Forkner
A24 4673289 06/16/87 Gaucher
A25 4727020 2/23/88 Recktenwald
A26 4745285 5/17/88 Recktenwald et al.
A27 4778253 10/18/88 Siga et al.
A28 4834630 5/30/89 Godwin
A29 4871249 10/3/89 Watson
A30 4920275 4/24/90 Itoh
A31 4950136 8/21/90 Haas et al.
A32 4976590 12/11/90 Baldwin
A33 4997275 3/5/91 Gaucher et al.
A34 5050963 9/24/91 Murakami
A35 5142462 8/25/92 Kashima
A36 5157917 10/27/92 Liang et al.
A37 5177641 1/5/93 Kobayashi et al.
A38 5230614 7/27/93 Zanger et al.
A39 5245318 9/14/93 Tohge et al.
A40 5251060 10/5/93 Uenishi et al.
A41 5257917 11/02/93 Minarik et al.
A42 5299066 3/29/94 Rombult
202682800.1
EXAMINER: DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)
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Page 3 of 15

Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 Not yet assigned
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) Herewith Not yet assigned
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A43 5317162 5/31/94 Pinsky et al.
A44 5369476 11/29/94 Bowers et al.
A45 5373395 12/13/94 Adachi
A46 5396487 3/7/95 Abe et al.
A47 5467225 11/14/95 Manabe
A48 5470211 11/28/95 Knott et al.
A49 5475210 12/12/95 Taguchi et al.
A50 5548395 8/20/96 Kosaka
A51 5583683 12/10/96 Scobey
A52 5615200 3/25/97 Hoshino et al.
A53 5746585 5/5/98 McDunn et al.
Ab54 5748372 5/5/98 Kitagawa
A55 5777674 7/7/98 Ohmuro
A56 5781351 7/14/98 Murakami et al.
A57 5786915 7/28/98 Scobey
A58 5788927 8/4/98 Farrell et al.
A59 5805363 9/8/98 Okuda et al.
ABO 5850292 12/15/98 Braun
AB1 5915925 6/29/99 North Jr.
AB2 5971713 10/26/99 North Jr.
AB3 6008920 12/28/99 Hendrix
202682800.1
EXAMINER: DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)
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Page 4 of 15

Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 Not yet assigned
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) Herewith Not yet assigned
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14

U.S. Patent Documents

Exam. | Ref. Document Date Name
Init. Des. Number

A64 6017194 1/25/00 North Jr.
AB5 6102678 8/15/00 Peclat
AB6 6135734 10/24/00 Isozumi et al.
AB7 6159686 12/12/00 Kardos et al.
AB8 6200101 3/13/01 North Jr.
AB9 6252719 6/26/01 Eichenbaum
AT0 6315952 11/13/01 Sklar et al.
AT1 6510007 1/21/03 Blasenheim
A72 6542306 4/1/03 Goodman
AT3 6572255 6/3/03 Husher
A74 6608682 8/19/03 Ortyn et al.
AT5 6618143 9/9/03 Roche et al.
AT6 6638481 10/28/03 Sklar et al.
AT7 6647175 11/11/03 LoRegio et al.
A78 6683314 1/27/04 Oostman Jr. et al.
AT9 6713019 3/30/04 Ozasa et al.
A80 6748133 6/8/04 Liu et al.
A81 6767188 7/27/04 Vrane et al.
A82 6768593 7/27/04 Jutamulia
A83 6788409 9/7/04 Goodwin
A84 6794671 9/21/04 Nicoli et al.

202682800.1

EXAMINER:

DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.
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Page 5 of 15

Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 Not yet assigned
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) Herewith Not yet assigned
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14

U.S. Patent Documents

Exam. | Ref. Document Date Name
Init. Des. Number

A85 6813017 11/2/04 Hoffman et al.
A86 6839367 1/4/05 Nagamatsu et al.
A87 6870679 3/22/05 Randall et al.
A88 6870976 3/22/05 Chen et al.
A89 6897954 5/24/05 Bishop et al.
A90 6941047 9/6/05 Capewell et al.
A91 6954722 10/11/05 Parks et al.
A92 6975400 12/13/05 Ortyn et al.
A93 7038778 5/2/06 Yamauchi
A94 7072540 7/4/06 Szapiel et al.
A95 7110192 9/19/06 Sauter et al.
A96 7113266 9/26/06 Wells
A97 7127356 10/24/06 Nicoli et al.
A98 7129505 10/31/06 Oostman Jr. et al.
A99 7212343 5/1/07 He et al.
A100 7260328 8/21/07 Kropp
A101 7262838 8/28/07 Fritz
A102 7268953 9/11/07 Matthae et al.
A103 7305018 12/4/07 Otoma
A104 7381565 6/3/08 Kurabayashi et al.
A105 7385682 6/10/08 Chu et al.

202682800.1

EXAMINER:

DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)
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Page 6 of 15

Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 Not yet assigned
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) Herewith Not yet assigned
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14

U.S. Patent Documents

Exam. | Ref. Document Date Name
Init. Des. Number

A106 7430048 9/30/08 Reel et al.
A107 7450229 11/11/08 Ortyn et al.
A108 7453915 11/18/08 Imai
A109 7456960 11/25/08 Cerni et al.
A110 7496463 2/24/09 Nicoli et al.
A111 7505131 3/17/09 Roth
A112 7507588 3/24/09 Mehrpouyan et al.
A113 7561267 7/14/09 Luo et al.
A114 7580120 8/25/09 Hamada et al.
A115 7623243 11/24/09 Kato
A116 7630147 12/08/09 Kar et al.
A117 7645127 1/12/10 Hagen et al.
A118 7668422 2/23/10 Kropp
A119 7758324 6/20/10 Baumann et al.
A120 7768120 8/3/10 Takashima
A121 7781227 8/24/10 Mehrpouyan et al.
A122 7787197 8/31/10 Chen
A123 7835000 11/16/10 Graves et al.
A124 7876436 1/25/11 Chu
A125 7889263 02/15/11 Ortyn et al.
A126 7894047 2/22/11 Hamada et al.

202682800.1

EXAMINER:

DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.
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Page 7 of 15

Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 Not yet assigned
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) Herewith Not yet assigned
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A127 7952981 3/31/11 Suzuki
A128 7981661 7/19/11 Rich
A129 8009189 8/30/11 Ortyn et al.
A130 8049185 11/1/11 Hayashi et al.
A131 8149525 4/3/12 Do
A132 8157547 4/17/12 Vrielink
A133 8187888 5/29/12 Rich
A134 8213472 7/3/112 Hirai et al.
A135 8229707 7/24/12 Olson et al.
A136 8233146 7/31/12 Chen
A137 8253938 8/28/12 Vacca et al.
A138 8270098 9/18/12 Fukuta et al.
A139 8284402 10/9/12 Frazier et al.
A140 8337096 12/25/12 Shen et al.
A141 8345237 1/1/13 Tsukii et al.
A142 8405048 3/26/13 Hayashi
A143 8432541 4/30/13 Rich
Al144 8436371 5713 Medendorp Jr., et al.
A145 8436993 5/7/113 Kaduchak et al.
A146 8488244 7/16/13 Li et al.
A147 8507279 8/13/13 Ball et al.
202682800.1
EXAMINER: DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.
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Page 8 of 15

Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 Not yet assigned
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) Herewith Not yet assigned
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14

U.S. Patent Documents

Exam. | Ref. Document Date Name
Init. Des. Number

A148 20020081744 06/27/02 Chan et al.
A149 20020067895 06/06/02 Flanders
A150 20020141902 10/3/02 Ozasa et al.
A151 20030142720 7/31/03 Bradburn et al.
A152 20040031521 02/19/04 Vrane et al.
A153 20040218184 11/4/04 Joregenson et al.
A154 2004165828 08/26/04 Capewell et al.
A155 20050084402 4/21/05 Vanek
A156 20050134836 06/23/05 Paldus et al.
A157 20060221325 10/5/06 Wells
A158 20060245964 11/2/06 Koslov
A159 20060256333 11/16/06 Bloom et al.
A160 20060256335 11/16/06 Chen
A161 20060292021 12/28/06 Tu
A162 20070124947 6/7/07 Munroe et al.
A163 20070212784 09/13/07 Okun
A164 20070296744 12/27/07 Kubota et al.
A165 20080024758 1/31/08 Tabata
A166 20080241911 10/2/08 Ueno et al.
A167 20090091746 4/9/09 Fukuda et al.
A168 20090131859 05/21/09 DelCastillo et al.

202682800.1

EXAMINER:

DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.
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Page 9 of 15

Form PTO-1449 @modified)

Atty. Docket No.:
BECC.P0002US.CIP.D2C3

Serial No.:
Not yet assigned

List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) Herewith Not yet assigned
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14

U.S. Patent Documents

Exam. | Ref. Document Date Name
Init. Des. Number
A169 20090174881 07/09/09 Rich
A170 20090190128 7/30/09 Cemni et al.
A171 20090310122 12/17/09 Hamada et al.
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and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.
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any request for an extension of fime will cause an culstanding Track | reguest to be dismissed.

3. The applicable box is checked below:

L vl Original Application (Track Onel - Prioritized Examination under § 1.102{s}{1}

. {a) The application is an original nonprovisional utility application filed under 35 US.C. 111(a).
This certification and request is heing filed with the utility application via USPTO patent electronic
filing system. e OF

{b} The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a}).
This certification and request is being filed with the plant application in paper.

i, A executed inventor's oath or declaration under 37 CFR 1.83 or 37 CFR 1.84 for sach
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.83(H){(3Xi is
filed with the application.

i [ 1 Regquest for Continued Examination - Pricritized Examination under § 1.102{e}{2)

i Arequest for continued examination has been filed with, or prior {0, this form.

i, I the application is a ulility application, this certification and request is being filed via USPTO
patert slectronic filing system.

fit. The application is an original nonprovisional ulility application filed under 35 US.C. 111{a), oris
a national stage entry under 35 U.8.C. 371.

fv. This certification and request is being filed prior {0 the mailing of a first Office action responsive
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under 37 CFR 1.102{e}{2}.

snate! MiChael Pohl/ nee SEPIEMber 3, 2024
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Filing Date Herewith

First Named inventor Yong Qin Chen
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SIGNATURE of Applicant or Patent Practitioner
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Applicant Name (if Applicant is a juristic endity) %@ﬁkma 1 @ Qu Eie r i ﬂC
s »

NOTE: This form must be signed in accordancs with 37 CFR 1.33. Bee 37 CFR 1.4{d} for signature requiraments and centificalions. f
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Application Number Filing Data
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{ heraby appoint the Patent Praciitioner{s) associated with the following Cusiomer Number as myfour ali ':-ay(s)
1o transact all business in the Uniled Slales Patent and Trademark Office connacled therewiih for the application
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D i heraby appoint Practitioner(s) named in the altached tist (form PTO/AIABZC) as my/our alforney(s) or agent{s}, and to transact
aif business in the United Siates Patent and Trademark Office connected therewith for the patent application referenced in the
aftached transmiital lefler {form PTO/AIA/BZA) or identified above. (Note: Compilete form PTO/AIANEZC)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to!

The address associated with the above-mentioned Custorner Number
OR
The address associated with Custornsr Numbear

OR

Fima or
individual Name

Address

City | State | zi

3

Country

Telephaene § Emai E

{ am the Applicant {if the Applicant is a juristic entity, list the Appilicant name in the box):

Beckman Coulter, Inc.

inveniar or Joint inventor {itle nol raguired below)

Legal Heprasantative of o Deceased o Legally Incapaciiated Inventor {(iitle not required beiaw)

Assignes of Person in Whonm the fnhventor is Under an Obligatinn to Assign {provide signes's Bitle f applinant is a juristic entity)

Parson Who Clherwise Shows Sufficient Proprintary interest (e, 8 pﬂiit‘on under 37 CFR 1.46{(6)2} was granted in the
appiication ar is concuwrently being fled with this document) {provida signer’s title § applicant is a junistic enlity)

SIGNATURE of Applicant for Patent

The undersigned {whose J‘tifc\

wiis ;alithtw.:e\ ta act on kehslf of the appicant {e.g., where the spplicant is a jurdstic entfity).

Signabire E Pate {Optionad}

Name

Title Ass;sﬁam Sacretary Beckman Coulter, Inc.

NOTE: Signatura - This form miust be signed by the applinant in accordance with 37 GFR 1.33. See 37 CFR 1.4 for signature remuirements

and certifications. If more than one applicant, use multiple forms.

E_:E? olal of forras are subrmitted.
al agency may nr

3nd & person is not reguired tu re ymd to, nor shaif 3 pcr:.cr be obb}GC' a3 pcra(ty for fnil ure tc c-"mply with an information

+ : g on | uraper. The OMB Contrad
3 minutes ;:»e respor‘se incit ﬂng trc time for reviewing instructions,
& \_wing the informat ton. Send comments regarding this burden
1g this burden to the Chief Adm « Cfficer, United States Patent and
Trademark Office, P.O. Box 1450, Alexandria, VA 22313-148C or email informationColiaction@uspte.gov. DO NGT $E*38 FEES OR COMPLETED FORMS TQ THIS
ADDRESS. §f filing this compieted form by mai, send o Commissisner for Patents, #.0. Box 1450, Aiexandria VA& 223131480,

if you need sssistance in campleting the form, call 1-8300-PTG-Q198 and sefect ogtion Z.

hmg existing data scurces, gathering a'}d maintaining a neaded,
te or any other sspect of this information celiection, including suggestor
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Ted o) fa ) UNITED STATES i, VA 530X 1480
SRSy SRR (iriiT AN TRADEMARK OFFICE Ao, N i e

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/823,596 09/03/2024 08:43:33 PM Z ET BECC.P0002US.CIP.D2C3

Title of Invention
FLOW CYTOMETER

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 6561 FILEDBY Sarah Calzia
PATENT CENTER # 67030360 FILING DATE
CUSTOMER # 129381 FIRST NAMED  Yong Qin Chen
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  Michael Ponhl
ADDRESS
Documents TOTAL DOCUMENTS: 8
SIZE

DOCUMENT PAGES DESCRIPTION (KB)
2024.09.03_ADS_BECC.P00 L
02US.CIP.D2C3.pdf 9 Application Data Sheet 1227 KB
2024.09.03_Declaration_BE ..
CC.P0002US.CIP.D2C3.pdf 1 Oath or Declaration filed 144 KB
2024.09.03_IDS_BECC.P00 i
02US.CIP.D2C3 pdf 17 328 KB

2024.09.03_IDS_BECC.PO (1-2) > Information Disclosure 147 KB

002US.CIP.D2C3-IDS.pdf Statement (IDS) Form (SB08)

2024.09.03_IDS_BECC.PO i Information Disclosure

002US.CIP.D2C3-IDS.paf 17 15 Statement (IDS) Form (SBO8) 288 KB
2024.09.03_Track_1_BECC. 1 Track One Request 498 KB

P0002US.CIP.D2C3.pdf
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2024.09.03_POA_BECC.P00
02US.CIP.D2C3.pdf

2024.09.03_Figures_BECC.
P0002US.CIP.D2C3.pdf

2024.09.03_Application_BEC
C.P0002US.CIP.D2CS-
APP.TEXT.docx

Digest

DOCUMENT

2024.09.03_ADS_BECC.P0002
US.CIP.D2C3.pdf

2024.09.03_Declaration_BECC.
P0002US.CIP.D2C3.pdf

2024.09.03_IDS_BECC.P0002
US.CIP.D2C3.pdf

2024.09.03_IDS_BECC.P0002
US.CIP.D2C3-IDS.pdf

2024.09.03_IDS_BECC.P0002
US.CIP.D2C3-IDS.pdf

2024.09.03_Track_1_BECC.PO
002US.CIP.D2C3.pdf

2024.09.03_POA_BECC.P0002
US.CIP.D2C3.pdf

2024.09.03_Figures_ BECC.P0O
002US.CIP.D2C3.pdf

2024.09.03_Application_BECC.
P0002US.CIP.D2C3-
APP.TEXT.docx

Page 2 of 3

2 Power of Attorney 1407 KB

35 I;)rawmgs;only black and white 1748 KB
line drawings

91 Application body structured 97 KB

text document

MESSAGE DIGEST(SHA-512)

2519B6942AD1CA1AEE9C13116907C7C93C78242739072A6A4
C53BD474451DCB716C76C9755B00191BBAOB1AC37A9FB219
467D09A83831F2898EC617099697488

2035D3FF6C65C1CA1003BA9F9324948EA4663C31C371FE21D
238C6D3360EF622CD4232352F7C8755D86820CEOFAD8658D1
2F78E276DBOEC2384BDA4DAD565830

461A05B4D6167FD9F913636A2F52DE3E3F6CEE2FCDD6ESD1
OEEB2A13CE3F718A94CBBF372990CAEQ019D59A8A53EBC167
6984C6FODFDF0B27C5F7218839CCB60D

5234BA434C48521098636631B6A8986A76492EA9269345E505F
AB3E60DDC24CD80E2821CCCF936D2F5E7C6E79DB3CBACC
170728FF43611A0596E03455E87EF1F

CB1803E2A3A5F6875925EE7AE9A2399A66124A1FBCOF6E044
99489C4EASFD2E84F5756 CDDED1519F85DD3B69A44A01F52
AF916E872DE19042CD4528BED20C5F 1

1C5B7CBA3108B85354EF286B50510F04517C8106CC39A71F0
ED6C25060ECBB6C361A04680560249F10B2C2A665C477849E
CC2BDE2498DE4FE8E974959FE5B278

ECD5263DFA84AF5EC6F576C7548B53DC8D126E47D7B1C9A
C427B3D90813832E14587EE1A9A2A584E44FCC94EA81B9B53
625DED2C908CFE77964414450BEA58B2

E8237C646F4F3F989F4D945D12B94F7589236165DC1BB6C30
BAF4AF7EB6DC5AD4BF1278D498D8E2F17E57188F658E51A405
D9F9A82F76DFBCBCD5CE7C9D7C3ADF

CB1336FD26C41AC85B6DFDOEC128F3500815BA9BOEFBEAC3
C555E5C9C30D776A348BF6603D98D3464B5E7EB76E691DCD
2E7AEEAFA083B1BC6ED495A8C525E020

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
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by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 5083.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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PTOMANGT {08-12)

Approved for use through 01/31/2014. OMB 0851-0032

U.S, Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1888, no persons are required to respond fo a colfection of information unless it displays 8 valid OMB controf number.

DECLARATION {37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of
tvention {FLOW CYTOMETER

As the below named inventor, | hemby dedlare that

This declaration

is directad {o: L] The aitached application, or

United States application or PCT international application numbsr 14/855 102
filed on November 28, 2014

The above-identified application was made or authorized {0 be made by ms.

f believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fineg or imprisonment of not more than five (8) years, or both.

WARNING:

Petitionar/applicant is caulionad to avoid submitting personal information in documenis filed in a patent application that may
contribute o identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PT(G-2038 submitted for payment purposes) is never required by the USPTO
io support a petition or an application. If this type of personal information is included in documenis submitied o the USPYQ,
patitioners/applicants should consider redacting such personal information from the documents before submitting them fo the
USPTO. Petitioner/applicant is advised that the record of 3 patent application is avaiiable to the public after publication of the
application {unless a non-publication request in complignce with 37 CFR 1.213(a) is made in the application) or issuance of 8
patent. Furthermore, the record from an abandoned application may also be availabie to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credif card authorization forms
PTG-2038 submitied for payment purposes are not relained in the application file and thersfore are not publicly available.

LEGAL NAME OF INVENTOR

inventor: Yong Qin Chen Date (Optional) : % / 6 / 2 f

Signature: “W ,/’77
A ,

Note: An application data sheet (PTO/SBM4 or equivalent), including naming the entire inventive antity, must accompany this form or must have
been previously filsd. Use an additional PTOAIADT form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.83. The information is requirad to obtain or ratain a benefit by the public which is 1o file {and
by the USPTO {o process) an application. Confidentisfity is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This coliection is estimated to take 1 minute to
complete, including gathering, preparing, and submilting the completed application form to the USPTO, Time will vary depending upon ths individual case. Any
carmments on the amount of time you require to compiete this form andfor suggestions for reducing this burden, should be sent to the Chief information Officer, U8,
Patent and Trademark Oflice, U.5. Depariment of Commerce, PO, Box 1450, Alexandria, VA 22313-1480, DO NOT SEND FEES OR COMPLETEDR FORMS TC

THIS ADDRESS, SEND TO: Commissioner for Patents, P.O. Box 1480, Alexandria, VA 22313-1480.
¥ you need assistence in completing the form, cali 1-800-PTO-8199 and select aption 2.
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Ted o) fa ) UNITED STATES i, VA 530X 1480
oY SIRO N CTEhT AND TRADEMARK OFFICE AN, Y eto.goy

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/823,596 09/03/2024 08:43:33 PM Z ET BECC.P0002US.CIP.D2C3

Title of Invention
FLOW CYTOMETER

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)

CONFIRMATION # 6561 FILED BY Sarah Calzia
PATENT CENTER # 67030360 AUTHORIZED BY  Michael Pohl
CUSTOMER # 129381 FILING DATE -
CORRESPONDENCE - FIRST NAMED  Yong Qin Chen
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY

CARD / 6496 E202493K44245614 Sarah Calzia

FEE CODE DESCRIPTION ITEM PR|CE($) QUANTITY ITEM TOTAL($)
PROCESSING FEE, EXCEPT IN

1830 PROVISIONAL APPLICATIONS 140.00 1 140.00
REQUEST FOR PRIORITIZED

1817 B TNATION 4200.00 1 4200.00

1 UTILITY PATENT APPL. SEARCH 00,00 1 200,00
FEE
BASIC FILING FEE - UTILITY
(PAPER FILING ALSO REQUIRES

1011 NON-ELECTRONIC FILING FEE 320.00 1 320.00
UNDER 1.16(T))

.y PATENT APPL. EXAMINATION 500,00 1 500,00
FEE

1202 EACH CLAIM IN EXCESS OF 20 100.00 10 1000.00
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TOTAL

AMOUNT: $7,160.00

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450
exandria, Virginia 22313-1450
.gov

APPLICATION FILING or GRP ART -
NUMBER | 371(c) DATE | UNIT | FIL FEE REC'D ATTY.DOCKET.NO |TOT CLAIMS | IND CLAIMS |
18/823,596 09/03/2024 2820 BECC.P0002US.CIP.D2C3 30 2
CONFIRMATION NO. 6561
129381 FILING RECEIPT

NORTONROSE FULEFIGHT Us AP o0 IRy

Austin, TX 78701
Date Mailed: 09/16/2024

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Yong Qin Chen, San Jose, CA;
Applicant(s)

Beckman Coulter, Inc., Brea, CA;
Assignment For Published Patent Application

Beckman Coulter, Inc., Brea, CA

Power of Attorney: The patent practitioners associated with Customer Number 129381

Domestic Priority data as claimed by applicant

This application is a CON of 17/645,727 12/22/2021
which is a CON of 15/638,477 06/30/2017 PAT 11,255,772
which is a DIV of 14/555,102 11/26/2014 PAT 9,746,412
which is a CIP of PCT/US2013/043453 05/30/2013

and claims benefit of 61/911,859 12/04/2013

and said PCT/US2013/043453 05/30/2013 claims benefit of 61/653,245 05/30/2012

and claims benefit of 61/653,328 05/30/2012

and claims benefit of 61/715,819 10/18/2012

and claims benefit of 61/715,836 10/19/2012

and claims benefit of 61/816,819 04/29/2013

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

page 10of4
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Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 09/12/2024

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 18/823,596
Projected Publication Date: 12/26/2024
Non-Publication Request: No

Early Publication Request: No
Title

FLOW CYTOMETER
Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the

section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
page 2 of 4
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patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http//www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 4
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SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 4 of 4

Cytek Exhibit No. 1003
Page 166



PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 18/823,596
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (b, or (c) N/A N/A N/A N/A 320
SEARCH FEE
(37 GFR 1.16(K, ), or (m) N/A N/A N/A N/A 700
EXAMINATION FEE
(37 GFR 1.16(0). (). or (a) N/A N/A N/A N/A 800
TOTAL CLAIMS *
(87 CFR 1.16(1)) 30 minus 20 = 10 OR |x 100 - 1000
INDEPENDENT CLAIMS . *
(37 GFR 1.16(h)) 2 minus 3 = X = 0

If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16())) 0
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2820

APPLICATION AS AMENDED - PART Il

OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE() FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
L Total * Mi ** =
s (37 CFR 1.16(i}) s X = OR |x =
[m] ~ - =
E [:Isgtg?F%e? ?g(?mt)) Minus X = OR |« =
3 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
o AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus | ** = X "
g (37 CFR1.16(i) OR |x -
Independent * Minus | *** = B -
5 (37 CFR 1.16(h}) X = OR [« -
<§[ Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
he i Previo Paid Eor (Tata gpende i g.highe L 8.4

Highest Numbe

iate box incolumn ]
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United States Patent and Trademarlk Office

Under Sacretary of Commerce for intellectual Property and
Director of the United States Patent and Trademark Office

WELCOMETO THE UNITED STATES PATENT AND TRADEMARK OFFICE (USPTO)

Congrotulations on taking the first step to protect your invention. You can now advertise or mark any products
covered by this application for your invention as “Patent Pending’ for as long as this application is pending!

We are here to help you on the rest of your journey.

New to the process? The Patent Basics pags will take vou from Conlact us:
“What is a patent?” to assistance with the application process. s General information: USPTO Contact Center

*  www.usplo.gov/PateniBasics - www.uspto.gov/help

*  Patent Cenier:
Patent Electronic Business Center
- www.uspiogov/EBC

Consider cost savings. You might qualify for small entity or
micro entity status, which means a discount on most USPTC
patent fees.
o www.uspto.gov/EntityStatus = Pre or post-examination: Application Assistance Unit
- www.uspto.gov/PatentAssistance
Become a registered electronic filer (eFiler). You'll gain access

. s ~ A . o 3 re?
to the full capabilities of Patent Center. As a registered eFiler, Want to learn more

you can electronicaily view your submission, track the progress * Access our free services all in one spot. Find all of our
of your application, and respond to USPTO correspondence. cortact centers, nationwide services, events, education,

and training.
- www.uspto.gov/FreeServices

» www.usplo.gov/ NewPatentFilers

Learn how to identify which of your creative ideas might be
intellectual property assets and how to protect them by using
the USPTO Intellectual Property (IP) Identifier.

»  Connect with us on Instagram, Linkedln, Twitier,
Facebook, and YouTube.

° ipidentifieruspto.gov »  Hear about resources for startups, inventors, and
We also provide Pro Se Assistance, support specifically entrapreneurs, as well as our initiatives engaging women,
gearad for independent inventors without an attorney or the military community, and others. These programs offer
agent, Follow the link below, call us at R66-767-3848, or email helpful tips and tricks on identifying and managing your IF,
proseassistancecenter@uspto.gov. finding options for funding, and expanding vour network to

= www.ispto.gov/ProSePatents support your business.
- www.usplo.gov/startups
Mead help near you? Wa have regional offices across the
country, as well as Patent and Trademark Rescurce Centers in
libraries in nearly every state, with specialists standing by to - www.usplo.gov/initiatives

- www.uspto.gov/inventors

help you at no cost. R . . _ .
Py = We hope you connect with us by subscribing to receive
* www.uspto.gov/locations important notifications by amail,

T www.uspto.gov/piec - www.usplo.gov/subscribe

. T g
e Vidal_ ya 7~ /ﬁ”

Kathi Vidal Derrick Brent
Under Secretary of Commerce for Intellectual Property and Deputy Under Secretary of Commerce for Intellectual Property and
Director of the United States Patent and Trademark Office Deputy Director of the United States Patent and Trademark Office

Cytek Exhibit No. 1003
Page 168



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
18/823,596 09/03/2024 BECC.P0002US.CIP.D2C3 6561
129381 7590 10/02/2024 | EXAMINER

NORTON ROSE FULBRIGHT US LLP - BCI

98 San Jacinto Blvd., Suite 1100
Austin, TX 78701

CENTRAL, DOCKET

| ART UNIT | PAPER NUMBER
OPAP
| NOTIFICATION DATE | DELIVERY MODE
10/02/2024 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

PatentDocket @Beckman.com
aoipdocket@nortonrosefulbright.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

18/823,596 Chen, Yong Qin
Decision Granting Request for
Prioritized Examination (Track /) Examiner Art Unit AlA (FITF) Status
FIKIRTE A GEREMEW OMBL No

1. THE REQUEST FILED 03 September 2024 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A for an original nonprovisional application (Track I).
B. O for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four
independent claims, more than thirty total claims , or a multiple dependent claim;

C. filing a request for continued examination ;

D. filing a notice of appeal;

E. filing a request for suspension of action;

F. mailing of a notice of allowance;

G. mailing of a final Office action;

H. completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to FIKIRTE GEREMEW at (703)
756-1930. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

/FIKIRTE A GEREMEW/
PROGRAM SUPPORT SPECIALIST, OMBL

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Title: FLOW CYTOMETER

Appl. No.: 18/823,596

Applicant: Beckman Coulter, Inc.

Filed: September 3, 2024

Group Art Unit: 2877

Examiner: Isiaka O. Akanbi

Docket No.: BECC.P0002US.CIP.D2C3/1001284506

Confirmation No.: 6561

CERTIFICATE OF ELECTRONIC TRANSMISSION (37 C.F.R. § 1.8)
1, Jennifer Ringer, hereby certify that this correspondence is being electronically filed with the United States Patent and Trademark
Office via Patent Center on October 25, 2024. Signed: /Jennifer Ringer/

INFORMATION DISCLOSURE STATEMENT

In compliance with the duty of disclosure under 37 C.F.R. § 1.56, it is respectfully
requested that this Information Disclosure Statement be entered and the documents listed on
attached Form PTO-1449 be considered by the Examiner and made of record.

In accordance with 37 C.F.R §§ 1.97(g), (h), this Information Disclosure Statement is not
to be construed as a representation that a search has been made, and is not to be construed to be an

admission that the information cited is, or is considered to be, material to patentability as defined
in37 CF.R. § 1.56(b).

In addition, Applicant notes that in Beckman Coulter Inc. v. Cytek Biosciences, Inc., No.
24-945 (D. Del.), Plaintiff Beckman Coulter Inc. asserts that claims of Patent No. 10,330,582 and
Patent No. 11,703,443 are infringed by Cytek Aurora flow cytometers & Cytek Aurora CS cell
sorters, which are sold by Defendant Cytek Biosciences, Inc.

Timing and Fees

X Under 37 CFR. § 1.97(b), no fee or statement is required for filing this Information
Disclosure Statement because it is filed:

[J  within three months of the filing date of a national application other than a CPA under
§ 1.53(d); OR

[0 within three months of the actual filing date of the national phase of a PCT
application; OR

X before the mailing of a first substantive office action (including after filing of an
RCE).

0  Under 37 CF.R. § 1.97(c), this Information Disclosure Statement is filed after the periods
specified in 37 C.F R. § 1.97(b), but before the mailing date of’

[  afinal rejection under 37 C.F.R. § 1.113; OR
[0 termination of prosecution, e.g. Ex Parte Quayle, M.P.E.P. § 609(B)(2); OR
[J  anotice of allowance under 37 CF.R. § 1.311;

-1-
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AND is accompanied by:
[ the statement as specified in 37 C.F.R. § 1.97(e) set out below; OR
O payment covering the fee of Shaoss an tem, under 37 C.F.R. § 1.17(p).
L] Under 37 C.ER. § 1.97(d), this Information Disclosure Statement is filed after the mailing
date of the following actions which have not been withdrawn:

]  afinal action under 37 C.FR. § 1.113; OR
[J termination of prosecution; e.g. Ex Parte Quayle, M.P.E.P. § 609(B)(2); OR

[J anotice of allowance under 37 C.FR. § 1.311 and is filed on or before payment of
the issue fee;
AND is accompanied by:
the statement as specified in 37 C.F.R. § 1.97(e) as set forth below, AND payment
covering the fee of $260.00 - Large Entity under 37 C.F.R. § 1.17(p).

Statements Under 37 C.F.R. § 1.97(e) (if applicable)

[0 Each item of information contained in this Information Disclosure Statement was first cited

in any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of the present Information Disclosure Statement;

Copies of Cited Materials (if applicable)

O Copies of materials listed but not attached were cited in benefit (35 U.S.C. § 120) ancestor

application Serial No. on Form 892 by the Examiner and/or Form 1449 by the
applicant; see 37 C.F.R. § 1.98(d).

] This application may be related by inventorship and/or subject matter to co-pending U.S.
application Serial No. , filed

Payment of Fees Due (if applicable)

O Payment is made by credit card via Patent Center for $260.00 - Large Entity covering the fee
identified above.

L] The Commissioner is hereby authorized to charge or credit any overpayment to Deposit
Account 50-1212/1001284506.

Respectfully submitted,

/Michael Pohl/
Michael Pohl
Reg. No. 72,871
NORTON ROSE FULBRIGHT US LLP Attorney
Phone: (512) 474-5201
Date:  October 25, 2024
-0
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Page 1 of 1

Form PTO-1449 (modifieqd) Atty. Docket No.: Serial
BECC.P0002US.CIP.D2C3/1001284506 | No.:18/823,596
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
. Filing Date: Group:
(Use several sheets if necessary) S ept ember 3’ 2024 2877
U.S. Patent Documents Foreign Patent Documents Other Art
None None See Page 1
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
Foreign Patent Documents
Exam. | Ref. Document Date Country Language
Init. Des. Number

Other Art (Including Author, Title, Date, Pertinent Pages, Etc.)

Exam. Ref. Citation
Init. Des.
c1 INTERNATIONAL SOCIETY FOR ADVANCEMENT OF CYTOMETRY, “CYTO 2012”,
ISAC XXVII International Congress, Leipzig, Germany, June 2012, 272 pages.
EXAMINER: DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)
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Page 1 of 2

Ted o) fa ) UNITED STATES i, VA 530X 1480
SRSy SRR (iriiT AN TRADEMARK OFFICE Ao, N i e

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/823,596 10/25/2024 03:47:45 PM Z ET BECC.P0002US.CIP.D2C3

Title of Invention
FLOW CYTOMETER

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 6561 FILED BY  Jennifer Ringer
PATENT CENTER # 67727484 FILING DATE  09/03/2024
CUSTOMER # 129381 FIRST NAMED  Yong Qin Chen
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  Michael Pohl
ADDRESS
Documents TOTAL DOCUMENTS: 3
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
BECC.P0002US.CIP.D2C3
SIDS.pdf 3 ) 234 KB
BECC.P0002US.CIP.D2C3 .
SIDS-TRAN.LET.pdf (1-2) 2 Transmittal Letter 167 KB
BECC.P0002US.CIP.D2C3 (3-3) 1 Information Disclosure 204 KB
SIDS-IDS.pdf Statement (IDS) Form (SB08)
NPL_CYTO_2012.pdf 272 Non Patent Literature 6058 KB
Digest
DOCUMENT MESSAGE DIGEST(SHA-512)
BECC.P0002US.CIP.D2C3 14FF87CC864D2A817A7B38A8C2E6F82882B2655ECF59574FC
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Page 2 of 2

DD7FF596554130B2E8123303BB0758809DA2956562D9FAAS08

SIDS.paf 48EF678CF153E64CDF20491284398

0957DE1E74A1ED213151B6CB3C27FE6F21F50975F4025BB0B
43CCD6D88470EDA101658B50EB776D62F2245EBDECBE4761
695DC05B70A9616773F049510FBF513

BECC.P0002US.CIP.D2C3
SIDS-TRAN.LET.pdf

04282317E6254B74A445DC76B33BE4ESEF0727EES869FEB45E
86D75FE9D500DEA18F95C3204FB7BC747443138EBA76B2F91
4A0B70EO0F6BA489A29374FAD2EGFAC

BECC.P0002US.CIP.D2C3
SIDS-IDS.pdf

2499F72F05521D35F40307D5C191FO8CCABFBC6A1A05BES83
NPL_CYTO_2012.paf A6A4E70FB2E2A5F4564D98034B5F58BA18C5B67B8ESOFF178
4B3294D1C0C244BBB67B6941CEGES84

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.

Cytek Exhibit No. 1003
Page 175



Application/Control No. Applicant(s)/Patent Under
18/823,596 Reexamination
. . Chen, Yong Qin
Notice of References Cifed Examiner A URT
ISIAKA O AKANBI 2877 Page 1 of 1

U.S. PATENT DOCUMENTS

Coumgoggggilrjn’:‘bfrzi; Code YYY\?—aI\t/I?VI—DD Name CPC Classification US Classification

A [ US-20070195310-A1 2007-08-23 Kanda; Masahiko GO1N15/1433 356/73
B | US-20180024040-A1 2018-01-25 Yan; Ming G01J3/021 435/288.7
C | US-20100290041-A1 2010-11-18 GRAHAM; Marshall Donnie C03B23/0476 356/246
D | US-7423751-B2 2008-09-09 Hairston; Peter P. G01J3/02 356/417
E | US-20080010019-A1 2008-01-10 Thomas; Richard A. G01J3/021 702157
F | US-20030048539-A1 2003-03-13 Oostman, Clifford A. JR. G01J3/10 359/634
G

H

|

J

K

L

M

FOREIGN PATENT DOCUMENTS
County Gadeumoar Kind Cace | vvvyhipp_ | County Name GPC Classification

N

o)

P

Q

R

S

T

NON-PATENT DOCUMENTS
Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

U

\

w

X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in YYYY-MM-DD format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office

PTO-892 (Rev. 11-2023) Notice of References Cited Part of Paper No. 20241018
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 18/823,596 Chen, Yong Qin
T
ISIAKA O AKANBI 2877
CPC - Searched*
Symbol Date Examiner
(GO1N15/1436 or F04B11/0025 or GO1N15/1434 or GO1N15/1459 or I0A
GO01N35/1095 or G02B6/26 or G02B6/29365 or G02B21/04 or 10/18/2024
G02B21/361 or G02B27/0025 or GO1N2015/1006 or GO1N2015/144
or G0O1N2015/1452).cpc.
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner
356 338, 335, 339, 336, 340, 625 10/18/2024 IOA

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Primary Examiner, Art Unit 2877

Search Notes Date Examiner
PE2E Search (US-PGPUB; USPAT; USOCR; EPO CPC)- See 10/18/2024 IOA
Search History Printout

Inventor Search 10/18/2024 IOA
Interference Search 10/18/2024 IOA
Interference Search

US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

See .CLM

Query Search 10/18/2024 I0A
/ISIAKA O AKANBI/

U.S. Patent and Trademark Office
Page 1 of 2

Part of Paper No.: 20241018
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Search Nofes

Application/Control No.

18/823,596

Applicant(s)/Patent Under Reexamination

Chen, Yong Qin

Examiner

ISIAKA O AKANBI

/ISIAKA O AKANBI/

Primary Examiner, Art Unit 2877

U.S. Patent and Trademark Office

Page 2 of 2

Part of Paper No.: 20241018
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |gg3 596 Chen. Yong Qin

H “ H |‘|| Examiner Art Unit

ISIAKA O AKANBI 2877
CPC
Symbol Type Version
GO1N F 2013-01-01
GO1N | 2013-01-01
G02B | 2013-01-01
G02B | 2013-01-01
GO1N | 2013-01-01
F04B | 2013-01-01
GO1N | 2013-01-01
G02B | 2013-01-01
G02B | 2013-01-01
G02B | 2013-01-01
GO1N A 2013-01-01
GO1N A 2013-01-01
GO1N A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version

Use images from artifact folder? “:Yes @ No

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 30
/ISIAKA O AKANBI/ 18 October 2024 . , .
Primary Examiner, Art Unit 2877 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Page 1 of 3 Part of Paper No.: 20241018
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |gg3 596 Chen. Yong Gin

H “ H |‘|| Examiner Art Unit
ISIAKA O AKANBI 2877

INTERNATIONAL CLASSIFICATION

CLAIMED

G02B21/04

NON-CLAIMED

US ORIGINAL CLASSIFICATION
CLASS SUBCLASS
356 337

CROSS REFERENCES(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
356 338 335 339 340 625

Use images from artifact folder? “:Yes @ No

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 30
/ISIAKA O AKANBI/ 18 October 2024 . , .
Primary Examiner, Art Unit 2877 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Page 2 of 3 Part of Paper No.: 20241018
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

18/823,596 Chen, Yong Qin
Examiner Art Unit
ISIAKA O AKANBI 2877

(O Claims renumbered in the same order as presented by applicant (J CPA (O T.D. {J R.1.47

CLAIMS
Final |Original|Final OriginaI|FinaI Original|Final |Original|Final OriginallFinaI OriginallFinaI Original|Final |Original

1 1 10 10 19 19 28 28

2 2 11 11 20 20 29 29

3 3 12 12 21 21 30 30

4 4 13 13 22 22

5 5 14 14 23 23

6 6 15 15 24 24

7 7 16 16 25 25

8 8 17 17 26 26

9 9 18 18 27 27

Use images from artifact folder? i Yes & No
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 30
/ISIAKA O AKANBI/ 18 October 2024 0.G. Print Clai 0.G. Print Fi
Primary Examiner, Art Unit 2877 -G. Print Claim(s) | ©.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Page 3 of 3 Part of Paper No.: 20241018
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PE2E SEARCH - Search History (Prior Art)

Ref #

Hits

Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

L1

L2

L3

L4

L5

L6

1617

14

14

14

38

14

((("CHEN") near3
("Yong"))).INV.

L1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

L2 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L3 AND (fiber$1 fibre$1
wave $6)

((("IRIS") near3
("INTERNATIONAL")
near3
("INC")).AS,AANM.

L5 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6

division multiplexer

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT)
(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(USPAT)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2024/02/08
09:01 AM

2024/02/08
09:12 AM

2024/02/08
09:20 AM

2024/02/08
09:21 AM

2024/02/08
12:34 PM

2024/02/08
12:35 PM

10/18/2024 09:01:30 PM
Workspace: 18823596

Page 1 of 51

1A
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L7

L8

L9

L10

L11

L12

14

14

31

(WDM)))

L6 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

I7 AND (fiber$1 fibre$1
wave$6)

(isiaka NEAR akanbi)
AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L9 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L9 AND (fiber$1 fibre$1
wave$6)

(Hoa NEAR Pham)
AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

2024/02/08
12:35 PM

ON ON

2024/02/08
12:36 PM

2024/02/08
12:36 PM

ON ON

ON ON

2024/02/08
12:38 PM

ON ON

2024/02/08
12:38 PM

2024/02/08
02:35 PM

ON ON

ON ON

10/18/2024 09:01:30 PM
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L13

L14

L15

L16

L17

L18

29

10

10

103967

charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L12 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L12 AND (fiber$1
fibre$1 wave$6)

L14 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (split$4 dichroic
half$5 mirror filter$3)
SAME (detector$1
sensor$ 1 receiver$1
imag$3))

L14 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(diverg$4 collimat$3
converg$5) SAME
(split$4 dichroic half$5
mirror filter$3) SAME
(detector$1 sensor$1
receiver$1imag$3))

L14 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(diverg$4 collimat$3
converg$5) SAME
(split$4 dichroic half$5
mirror filter$3 concave
convex) SAME
(detector$1 sensor$1
receiver$1imag$3))

(GO1N15/1436 or
F04B11/0025 or
GO01N15/1434 or
GO01N15/1459 or
GO01N35/1095 or
G02B6/26 or
G02B6/29365 or
G02B21/04 or
G02B21/361 or

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT,JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,

OR

OR

OR

OR

OR

OR

ON ON 2024/02/08

02:36 PM

ON ON 2024/02/08

02:36 PM

2024/02/08
02:38 PM

ON ON

2024/02/08
02:38 PM

ON ON

2024/02/08
02:40 PM

ON ON

2024/02/08
05:11 PM

ON ON

10/18/2024 09:01:30 PM
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L19

L20

L21

L22

L23

902

14

14

21

46

G02B27/0025 or
G01N2015/1006 or
GO1N2015/144 or
G01N2015/1452).cpc.

118 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$ 1 receiver$1
imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$1 receiver$1
imag$3))

L19 AND ((color$1
colour$1 spectrum$1

MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

2024/02/08
05:12 PM

ON ON

2024/02/08
05:13 PM

ON ON

2024/02/08
05:13 PM

ON ON

2024/02/08
05:14 PM

ON ON

2024/02/08
05:14 PM

ON ON

10/18/2024 09:01:30 PM
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L24

L25

L26

L27

L28

45

15

spect$3 ) SAME fluo$8
SAME (concave curv$7
convex diverg$4
collimat$3 converg$5)
SAME (split$4 dichroic
half$5 mirror filter)
SAME (detector$1
sensor$ 1 receiver$1
imag$3))

123 AND (fiber$1 fibre$1
wave $6)

("5411029" | "5540494"
| "6573991" | "7471393"
| "20050151968" |
"20080010019" |
"20080215297" |
"20080221711" |
"20080319680").pn. OR
("9025145").urpn. AND
(PGPB | USPT |
USOC).dbnm.

L25 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division dichroic filter$1
multiplexer (WDM) ))

L26 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (concave curv$7
convex diverg$4
collimat$3 converg$5)
SAME (split$4 dichroic
half$5 mirror filter)
SAME (detector$1
sensor$1 receiver$1
imag$3))

L26 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$s
mirror filter) SAME

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

2024/02/08
05:15 PM

2024/02/09
08:01 AM

ON ON

ON ON

2024/02/09
08:08 AM

ON ON

2024/02/09
08:09 AM

ON ON

2024/02/09
08:10 AM

ON ON

10/18/2024 09:01:30 PM
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L29

L30

L31

L32

79

(detector$1 sensor$1
receiver$1 imag$3))

L25 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L29 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division dichroic filter$1
multiplexer (WDM) ))

L29 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

("2816479" | "3695765"
| "3710933" | "3873209"
| "4263508" | "4360270"
| "4765737" | "4794806"
| "4857451" | "5007737"
| "5041733" | "5056918"
| "5090808" | "5104221"
| "5105093" | "5138170"
| "5325168").pn. OR
("5540494").urpn. AND
(PGPB | USPT |

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OR

ON ON 2024/02/09

08:12 AM

ON ON 2024/02/09

08:13 AM

ON ON 2024/02/09

08:14 AM

ON ON 2024/02/09

08:15 AM

10/18/2024 09:01:30 PM
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L33 46

L34 33

L35 11208

L36 2413

L37 593

USOC).dbnm.

132 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L33 AND ((low$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L36 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

ON ON

ON ON

ON ON

ON ON

ON ON

2024/02/09
08:16 AM

2024/02/09
08:16 AM

2024/02/09
09:13 AM

2024/02/09
09:13 AM

2024/02/09
09:14 AM

10/18/2024 09:01:30 PM
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L38

L39

L40

L41

L42

L43

L44

L45

L46

581

14

249

108

107

multiplexer (WDM) ))

L37 AND (fiber$1
fibre$1 wave$6)

L38 AND ((fiber$1
fibore$1) SAME
((plural$3 second first
multiple$1) near5
(dichroic filter$1
detector$1)) SAME
collimat$3)

"20120019825,"

L40 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L41 AND ((low$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

142 AND (fiber$1 fibre $1
wave $6)

"6683314," "4727020"

L44 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$s
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L45 AND (fiber$1
fibore$1 wave$6)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2024/02/09
09:14 AM

2024/02/09
09:17 AM

2024/02/09
10:06 AM

2024/02/09
10:06 AM

2024/02/09
10:07 AM

2024/02/09
10:07 AM

2024/02/09
07:17 PM

2024/02/09
07:17 PM

2024/02/09
07:18 PM

10/18/2024 09:01:30 PM
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L47

L48

L49

L51

L52

L53

L54

72

68

54

46

46

L46 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

"6683314"

L48 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$s
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

149 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
beam$1 radiat$3)
SAME (detect$3
determin$3 measur$3
estimat$3 charact$7
analy$4 sens$3) SAME
(prism wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L51 AND (fiber$1
fibre$1 wave$6)

"20030048539"

L53 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME

(US-PGPUB; USPAT;
USOCR; EPO)

(USPAT)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

OR

ON ON 2024/02/09

07:18 PM

ON ON 2024/02/09

07:43 PM

2024/02/09
07:48 PM

ON ON

2024/02/09
07:49 PM

ON ON

ON ON 2024/02/09

07:50 PM

2024/02/09
07:52 PM

2024/02/09
07:53 PM

ON ON

ON ON

10/18/2024 09:01:30 PM
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L55 1

L56 1

L58 207

L59 116

L60 59

L61 34

L62 59

L63 6

(detector$1 sensor$1
receiver$1 imag$3))

L54 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
beam$1 radiat$3)
SAME (detect$3
determin$3 measur$3
estimat$3 charact$7
analy$4 sens$3) SAME
(prism wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L55 AND (fiber$1
fibre$1 wave$6)

"5317162"

L58 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L59 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
beam$1 radiat$3)
SAME (detect$3
determin$3 measur$3
estimat$3 charact$7
analy$4 sens$3) SAME
(prism wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L60 AND ((fiber$1
fibre$1) SAME wave$6)

L60 AND ((fiber$1
fibre$1) wave$6)

L60 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

OR

OR

ON ON

ON ON

ON ON

ON ON

ON ON

ON ON

ON ON

ON ON

2024/02/09
07:53 PM

2024/02/09
07:53 PM

2024/02/10
08:07 AM

2024/02/10
08:08 AM

2024/02/10
08:09 AM

2024/02/10
08:09 AM

2024/02/10
08:11 AM

2024/02/10
08:12 AM

10/18/2024 09:01:30 PM
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L64 6

L65 11

L66 11

L67 14

L68 1635

L69 14

SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1 imag$3))

L60 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave convex
curv$2) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L60 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5
concave convex
curv$2) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L60 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5
concave convex
curv$2) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$ 1 receiver$1
imag$3))

L3 AND (fiber$1 fibre$1
wave $6)

(("CHEN") near3
("Yong"))).INV.

L1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

ON ON

ON ON

ON ON

ON ON

ON ON

ON ON

2024/02/10
08:12 AM

2024/02/10
08:13 AM

2024/02/10
08:13 AM

2024/04/28
07:55 AM

2024/04/29
10:33 AM

2024/04/29
10:33 AM

10/18/2024 09:01:30 PM
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L70

L71

L72

L73

14

105898

925

14

measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L2 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

(GO1N15/1436 or
F04B11/0025 or
GO01N15/1434 or
GO01N15/1459 or
GO01N35/1095 or
G02B6/26 or
G02B6/29365 or
G02B21/04 or
G02B21/361 or
G02B27/0025 or
G01N2015/1006 or
GO01N2015/144 or
G01N2015/1452).cpc.

118 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

2024/04/29
10:33 AM

ON ON

2024/04/29
10:33 AM

ON ON

ON ON 2024/04/29

10:33 AM

2024/04/29
10:34 AM

ON ON

10/18/2024 09:01:30 PM
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L74

L75

L76

L77

L78

L79

L80

11261

2424

599

587

14

1668

14

dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1 imag$3))

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$s
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L36 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L37 AND (fiber$1
fibre$1 wave$6)

L38 AND ((fiber$1
fibore$1) SAME
((plural$3 second first
multiple$1) near5
(dichroic filter$1
detector$1)) SAME
collimat$3)

((("CHEN") near3
("Yong"))).INV.

L1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2024/04/29
10:34 AM

2024/04/29
10:34 AM

2024/04/29
10:34 AM

2024/04/29
10:34 AM

2024/04/29
10:34 AM

2024/08/09
09:32 AM

2024/08/09
09:32 AM

10/18/2024 09:01:30 PM
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L81 14

L82 14

L83 107992

L84 952

L85 14

(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L2 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L3 AND (fiber$1 fibre$1
wave$6)

(GO1N15/1436 or
F04B11/0025 or
GO01N15/1434 or
GO01N15/1459 or
GO01N35/1095 or
G02B6/26 or
G02B6/29365 or
G02B21/04 or
G02B21/361 or
G02B27/0025 or
G01N2015/1006 or
GO01N2015/144 or
G01N2015/1452).cpc.

118 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT,JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

ON ON

ON ON

ON ON

ON ON

ON ON

2024/08/09
09:32 AM

2024/08/09
09:32 AM

2024/08/09
09:32 AM

2024/08/09
09:32 AM

2024/08/09
09:32 AM

10/18/2024 09:01:30 PM
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L86

L87

L88

L89

L90

L91

14

21

11336

11336

2442

2442

collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1 imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$1 receiver$1
imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$ 1 receiver$1
imag$3))

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$s
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1 imag$3))

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2024/08/09
09:33 AM

2024/08/09
09:33 AM

2024/08/09
09:33 AM

2024/08/09
09:33 AM

2024/08/09
09:33 AM

2024/08/09
09:33 AM

10/18/2024 09:01:30 PM
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L92 2442

L93 607

L94 595

L95 15

L96 0

L97 2

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1 imag$3))

L36 AND ((low$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L37 AND (fiber$1
fibre$1 wave$6)

L38 AND ((fiber$1
fibre$1) SAME
((plural$3 second first
multiple$1) nearb
(dichroic filter$1
detector$1)) SAME
collimat$3)

(collimating AND optical
AND element AND
separate AND collecting
AND optical AND
element AND arranged
AND receive AND
fluorescent AND light
AND collected AND
collecting AND optical
AND element AND
collimating AND optical
AND element AND
configured AND
collimate AND
fluorescent AND
light).CLM.

"20180024040" AND
((fiber$1 fibre$1) SAME
((plural$3 second first
multiple$1) near5
(dichroic filter$1

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

ON ON

ON ON

ON ON

ON ON

ON ON

ON ON

2024/08/09
09:33 AM

2024/08/09
09:33 AM

2024/08/09
09:33 AM

2024/08/09
09:33 AM

2024/08/09
09:37 AM

2024/08/09
10:26 AM

10/18/2024 09:01:30 PM
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L98

L99

L100

L101

L102

detector$1)) SAME
collimat$3)

L97 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

L97 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3) )

L99 AND ((prism split$4
wave$6 division
multiplexer (WDM) ) )

L100 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$1 receiver$1
imag$3))

L100 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (split$4 dichroic
half$5 mirror filter)
SAME (detector$1
sensor$ 1 receiver$1
imag$3))

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2024/08/09
10:26 AM

2024/08/09
10:26 AM

2024/08/09
10:27 AM

2024/08/09
10:27 AM

2024/08/09
10:28 AM

L103

L104

487

10

(Yan NEAR Ming).in.

L103 AND ((fiber$1
fibre$1) SAME

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

ON

ON

ON

ON

2024/08/09
10:54 AM

2024/08/09
10:54 AM

10/18/2024 09:01:30 PM
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L105

L106

L107

L108

L109

24

1671

((plural$3 second first
multiple$1) nearb
(dichroic filter$1
detector$1)) SAME
collimat$3)

("4954972" | "5394237"
| "6097485" | "6201908"
| "6563976" | "6683314"
| "7245374" | "7280204"
| "7605989" | "7724298"
| "8184208" | "8284402"
| "9746412" |
"20030190113" |
"20050162648" |
"20050285020" |
"20060273260" |
"20120050533" |
"20150247950" |
"20150271380" |
"20160154318" |
"20160169809" |
"20170307505" |
"20190064535").pn. OR
("11169076").urpn.
AND (PGPB | USPT |
USOC).dbnm.

L105 AND ((fiber$1
fibore$1) SAME
((plural$3 second first
multiple$1) near5
(dichroic filter$1
detector$1)) SAME
collimat$3)

L106 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3) )

L105 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (split$4 dichroic
half$5 mirror filter)
SAME (detector$1
sensor$1 receiver$1
imag$3))

((("CHEN") near3
("Yong")).INV.

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;

2024/08/09
10:55 AM

OR ON ON

2024/08/09
10:57 AM

OR ON ON

OR ON ON 2024/08/09

10:58 AM

2024/08/09
10:58 AM

OR ON ON

OR ON ON 2024/08/26

01:12 PM

10/18/2024 09:01:30 PM
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L110

L111

L112

L113

108291

956

L1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

L2 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

(GO1N15/1436 or
F04B11/0025 or
GO01N15/1434 or
GO01N15/1459 or
GO01N35/1095 or
G02B6/26 or
G02B6/29365 or
G02B21/04 or
G02B21/361 or
G02B27/0025 or
G01N2015/1006 or
GO01N2015/144 or
G01N2015/1452).cpc.

118 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME

DERWENT)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT,JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; EPO)

2024/08/26
01:12 PM

OR ON ON

2024/08/26
01:12 PM

OR ON ON

2024/08/26
01:12 PM

OR ON ON

OR ON ON 2024/08/26

01:13 PM

10/18/2024 09:01:30 PM
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L114

L1156

L116

L117

L118

956

14

14

11339

2443

(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

118 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1 imag$3))

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$s
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

ON ON 2024/08/26

01:13 PM

ON ON 2024/08/26

01:13 PM

2024/08/26
01:13 PM

ON ON

ON ON 2024/08/26

01:13 PM

2024/08/26
01:13 PM

ON ON

10/18/2024 09:01:30 PM
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L119

L120

L121

L123

L124

L125

L126

L127

607

595

15

1685

1685

1685

14

L36 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L37 AND (fiber$1
fibre$1 wave$6)

L38 AND ((fiber$1
fibre$1) SAME
((plural$3 second first
multiple$1) near5
(dichroic filter$1
detector$1)) SAME
collimat$3)

(collimating AND optical
AND element AND
separate AND collecting
AND optical AND
element AND arranged
AND receive AND
fluorescent AND light
AND collected AND
collecting AND optical
AND element AND
collimating AND optical
AND element AND
configured AND
collimate AND
fluorescent AND
light).CLM.

((("CHEN") near3
("Yong"))).INV.

(("CHEN") near3
("Yong"))).INV.

((("CHEN") near3
("Yong"))).INV.

L1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB)

(US-PGPUB; USPAT;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT;
USOCR; EPO)

OR ON ON 2024/08/26
01:13 PM

OR ON ON 2024/08/26
01:13 PM

OR ON ON 2024/08/26
01:13 PM

OR ON ON 2024/09/04
11:46 AM

OR ON ON 2024/10/16
03:13 PM

OR ON ON 2024/10/16
03:13 PM

OR ON ON 2024/10/16
03:21 PM

OR ON ON 2024/10/16
03:21 PM

10/18/2024 09:01:30 PM
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L128

L129

L130

L131

L132

L133

14

14

40

14

14

14

(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L2 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L3 AND (fiber$1 fibre$1
wave$6)

((("IRIS") near3
("INTERNATIONAL")
near3
("INC")).AS,AANM.

L5 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

L6 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

I7 AND (fiber$1 fibre$1

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(USPAT)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;

OR

OR

OR

OR

OR

OR

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

ON ON 2024/10/16

10/18/2024 09:01:30 PM
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L134 7

L135 0

L136 7

L137 32

L138 0

wave $6)

(isiaka NEAR akanbi)
AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

L9 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L9 AND (fiber$1 fibre$1
wave $6)

(Hoa NEAR Pham)
AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

L12 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)

USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON 2024/10/16

03:21 PM
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SAME filter SAME
(detector$1 sensor$1
receiver$1 imag$3))

L139 30 L12 AND (fiber$1 (US-PGPUB; USPAT; |OR ON ON 2024/10/16
fibre$1 wave$6) USOCR; EPO) 03:21 PM

L140 0 L14 AND ((color$1 (US-PGPUB; USPAT; [OR ON ON 2024/10/16
colour$1 spectrum$1 USOCR; EPO) 03:21 PM
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)

SAME (split$4 dichroic
half$5 mirror filter$3)
SAME (detector$1
sensor$1 receiver$1
imag$3))

L141 10 L14 AND ((color$1 (US-PGPUB; USPAT; |OR ON ON 2024/10/16
colour$1 spectrum$1 USOCR; EPO) 03:21 PM
spect$3 fluo$8) SAME
(diverg$4 collimat$3
converg$5) SAME
(split$4 dichroic half$5
mirror filter$3) SAME
(detector$1 sensor$1
receiver$1 imag$3))

L142 10 L14 AND ((color$1 (US-PGPUB; USPAT; |OR ON ON 2024/10/16
colour$1 spectrum$1 USOCR; EPO) 03:21 PM
spect$3 fluo$8) SAME
(diverg$4 collimat$3
converg$5) SAME
(split$4 dichroic half$5
mirror filter$3 concave
convex) SAME
(detector$1 sensor$1
receiver$1imag$3))

L143 110458 (GO1N15/1436 or (US-PGPUB; USPAT; [OR ON ON 2024/10/16
F04B11/0025 or USOCR; FIT (AU, AP, 03:21 PM
GO01N15/1434 or AT, BE, BG, BR, BY,

GO01N15/1459 or CA, CH, CN, CS, CU,
GO01N35/1095 or CZ, DD, DE, DK, EA,
G02B6/26 or EE, EP, ES, FI, FR, GB,
G02B6/29365 or HR, HU, ID, IE, IL, IS,
G02B21/04 or IT,JP, KR, LT, LU, LV,
G02B21/361 or MA, OA, RU, SU, WO,
G02B27/0025 or MC, MD, MY, NL, NO,
G01N2015/1006 or NZ, PH, PL, PT, RO,
GO01N2015/144 or RS, SE, SG, SlI, SK,
GO01N2015/1452).cpc. |TH, TN, TR, TW, UA,
VN); FPRS; EPO,;
JPO; DERWENT;
IBM_TDB)

L144 971 118 AND ((flow$5 (US-PGPUB; USPAT; |OR ON ON 2024/10/16
cyto$5 fliud$5 aerosol ) |USOCR; EPO) 03:21 PM
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
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L1456

L146

L147

L148

L149

L150

14

14

21

49

48

15

laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$1 receiver$1
imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$ 1 receiver$1
imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (concave curv$7
convex diverg$4
collimat$3 converg$5)
SAME (split$4 dichroic
half$5 mirror filter)
SAME (detector$1
sensor$1 receiver$1
imag$3))

123 AND (fiber$1 fibre$1
wave$6)

("5411029" | "56540494"
| "6573991" | "7471393"

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OR

OR

OR

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

ON ON

10/18/2024 09:01:30 PM
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L151

L1562

L1563

L154

L1566

3

| "20050151968" |
"20080010019" |
"20080215297" |
"20080221711" |
"20080319680").pn. OR
("9025145").urpn. AND
(PGPB | USPT |
USOC).dbnm.

L25 AND ((low$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division dichroic filter$1
multiplexer (WDM) ))

L26 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (concave curv$7
convex diverg$4
collimat$3 converg$5)
SAME (split$4 dichroic
half$5 mirror filter)
SAME (detector$1
sensor$1 receiver$1
imag$3))

L26 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1 imag$3))

L25 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L29 AND ((low$5

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;

OR

OR

OR

OR

OR

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

10/18/2024 09:01:30 PM
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L156

L1567

L1568

L159

80

47

34

cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division dichroic filter$1
multiplexer (WDM) ))

L29 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

("2816479" | "3695765"
| "3710933" | "3873209"
| "4263508" | "4360270"
| "4765737" | "4794806"
| "4857451" | "5007737"
| "5041733" | "5056918"
| "5090808" | "5104221"
| "5105093" | "5138170"
| "5325168").pn. OR
("5540494").urpn. AND
(PGPB | USPT |
USOC).dbnm.

132 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1 imag$3))

L33 AND ((flow$5
cyto$5 fliud$5 aerosol )

USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

03:21 PM

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

10/18/2024 09:01:30 PM
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L160

L161

L162

L163

L164

L165

11363

2452

608

596

16

SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$s
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L36 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L37 AND (fiber$1
fibre$1 wave$6)

L38 AND ((fiber$1
fibre$1) SAME
((plural$3 second first
multiple$1) near5
(dichroic filter$1
detector$1)) SAME
collimat$3)

"20120019825,"

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON

ON ON 2024/10/16

03:21 PM

10/18/2024 09:01:30 PM
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L166

L167

L168

L169

L170

L171

L172

251

109

108

73

L40 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1 imag$3))

L41 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

142 AND (fiber$1 fibre$1
wave$6)

"6683314," "4727020"

L44 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L45 AND (fiber$1
fibre$1 wave$6)

L46 AND ((low$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

OR

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

ON ON
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L173

L174

L1756

L176

L177

L178

L179

68

54

46

46

dichroic filter$1
multiplexer (WDM) ))

"6683314"

L48 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$s
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

149 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
beam$1 radiat$3)
SAME (detect$3
determin$3 measur$3
estimat$3 charact$7
analy$4 sens$3) SAME
(prism wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L51 AND (fiber$1
fibre$1 wave$6)

"20030048539"

L53 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1 imag$3))

L54 AND ((low$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
beam$1 radiat$3)
SAME (detect$3
determin$3 measur$3

(USPAT)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

OR

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON

ON ON 2024/10/16

03:21 PM

10/18/2024 09:01:30 PM
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L180

L181

L182

L183

L184

L185

L186

L187

210

119

60

34

60

estimat$3 charact$7
analy$4 sens$3) SAME
(prism wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L55 AND (fiber$1
fibre$1 wave$6)

"5317162"

L58 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1 imag$3))

L59 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
beam$1 radiat$3)
SAME (detect$3
determin$3 measur$3
estimat$3 charact$7
analy$4 sens$3) SAME
(prism wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L60 AND ((fiber$1
fibre$1) SAME wave$6)

L60 AND ((fiber$1
fibre$1) wave$6)

L60 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L60 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

OR

OR

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON

ON ON 2024/10/16

03:21 PM
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L188

L189

L190

L191

L192

L193

11

11

14

1685

14

14

SAME (concave convex
curv$2) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1 imag$3))

L60 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5
concave convex
curv$2) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L60 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5
concave convex
curv$2) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$ 1 receiver$1
imag$3))

L3 AND (fiber$1 fibre$1
wave $6)

((("CHEN") near3
("Yong"))).INV.

L1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L2 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

10/18/2024 09:01:30 PM
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L194

L195

L196

L197

L198

110458

971

14

11363

2452

dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1 imag$3))

(GO1N15/1436 or
F04B11/0025 or
GO01N15/1434 or
GO01N15/1459 or
GO01N35/1095 or
G02B6/26 or
G02B6/29365 or
G02B21/04 or
G02B21/361 or
G02B27/0025 or
G01N2015/1006 or
GO01N2015/144 or
G01N2015/1452).cpc.

118 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1 imag$3))

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

ON ON

10/18/2024 09:01:30 PM
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L199

L200

L201

L202

L203

608

596

16

1685

14

collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1 imag$3))

L36 AND ((low$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L37 AND (fiber$1
fibre$1 wave$6)

L38 AND ((fiber$1
fibre$1) SAME
((plural$3 second first
multiple$1) nearb
(dichroic filter$1
detector$1)) SAME
collimat$3)

((("CHEN") near3
("Yong"))).INV.

L1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR ON ON 2024/10/16

03:21 PM

OR ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

OR ON ON

OR ON ON 2024/10/16

03:21 PM

OR ON ON 2024/10/16

03:21 PM

L204

L2 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4

(US-PGPUB; USPAT;
USOCR; EPO)

OR ON ON 2024/10/16

03:21 PM

10/18/2024 09:01:30 PM
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L205

L206

L207

L208

L209

14

110458

971

14

14

dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1 imag$3))

L3 AND (fiber$1 fibre$1
wave $6)

(GO1N15/1436 or
F04B11/0025 or
GO01N15/1434 or
GO01N15/1459 or
GO01N35/1095 or
G02B6/26 or
G02B6/29365 or
G02B21/04 or
G02B21/361 or
G02B27/0025 or
G01N2015/1006 or
GO01N2015/144 or
G01N2015/1452).cpc.

118 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

2024/10/16
03:21 PM

2024/10/16
03:21 PM

ON ON

ON ON

2024/10/16
03:21 PM

ON ON

ON ON 2024/10/16

03:21 PM

ON ON 2024/10/16

03:21 PM

10/18/2024 09:01:30 PM
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L210

L211

L212

L213

L214

L215

L216

21

11363

11363

2452

2452

2452

608

dichroic half$5 mirror
filter) SAME (detector$1
sensor$1 receiver$1
imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$1 receiver$1
imag$3))

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$s
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1 imag$3))

L36 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR ON ON 2024/10/16

03:21 PM

OR ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

OR ON ON

OR ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

OR ON ON

2024/10/16
03:21 PM

OR ON ON

OR ON ON 2024/10/16

03:21 PM

10/18/2024 09:01:30 PM
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L217

L218

L219

L220

L221

596

16

dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L37 AND (fiber$1
fibre$1 wave$6)

L38 AND ((fiber$1
fibre$1) SAME
((plural$3 second first
multiple$1) nearb
(dichroic filter$1
detector$1)) SAME
collimat$3)

(collimating AND optical
AND element AND
separate AND collecting
AND optical AND
element AND arranged
AND receive AND
fluorescent AND light
AND collected AND
collecting AND optical
AND element AND
collimating AND optical
AND element AND
configured AND
collimate AND
fluorescent AND
light).CLM.

"20180024040" AND
((fiber$1 fibre$1) SAME
((plural$3 second first
multiple$1) near5
(dichroic filter$1
detector$1)) SAME
collimat$3)

L97 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

ON ON 2024/10/16
03:21 PM

ON ON 2024/10/16
03:21 PM

ON ON 2024/10/16
03:21 PM

ON ON 2024/10/16
03:21 PM

ON ON 2024/10/16
03:21 PM

10/18/2024 09:01:30 PM
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L222

L223

L224

L225

L226

L227

L228

499

10

24

(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L97 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3) )

L99 AND ((prism split$4
wave$6 division
multiplexer (WDM) ) )

L100 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$ 1 receiver$1
imag$3))

L100 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (split$4 dichroic
half$5 mirror filter)
SAME (detector$1
sensor$1 receiver$1
imag$3))

(Yan NEAR Ming).in.

L103 AND ((fiber$1
fibre$1) SAME
((plural$3 second first
multiple$1) nearb
(dichroic filter$1
detector$1)) SAME
collimat$3)

("4954972" | "5394237"
| "6097485" | "6201908"
| "6563976" | "6683314"
| "7245374" | "7280204"
| "7605989" | "7724298"
| "8184298" | "8284402"
| "9746412" |
"20030190113" |
"20050162648" |

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR)

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2024/10/16
03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

10/18/2024 09:01:30 PM
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L229

L230

L231

L232

L233

1685

14

"20050285020" |
"20060273260" |
"20120050533" |
"20150247950" |
"20150271380" |
"20160154318" |
"20160169809" |
"20170307505" |
"20190064535").pn. OR
("11169076").urpn.
AND (PGPB | USPT |
USOC).dbnm.

L105 AND ((fiber$1
fibore$1) SAME
((plural$3 second first
multiple$1) near5
(dichroic filter$1
detector$1)) SAME
collimat$3)

L106 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3) )

L105 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (split$4 dichroic
half$5 mirror filter)
SAME (detector$1
sensor$ 1 receiver$1
imag$3))

((("CHEN") near3
("Yong"))).INV.

L1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

10/18/2024 09:01:30 PM
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L234

L235

L236

L237

110458

971

971

SAME (prism wave$6
division multiplexer
(WDM) ))

L2 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

(GO1N15/1436 or
F04B11/0025 or
GO01N15/1434 or
GO01N15/1459 or
GO01N35/1095 or
G02B6/26 or
G02B6/29365 or
G02B21/04 or
G02B21/361 or
G02B27/0025 or
G01N2015/1006 or
GO01N2015/144 or
G01N2015/1452).cpc.

118 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

118 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2024/10/16
03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

2024/10/16
03:21 PM

10/18/2024 09:01:30 PM
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L238

L239

L240

L241

L242

14

14

11363

2452

608

measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L36 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

2024/10/16
03:21 PM

ON ON

ON ON 2024/10/16

03:21 PM

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

2024/10/16
03:21 PM

ON ON

10/18/2024 09:01:30 PM
Workspace: 18823596

Page 41 of 51
1A

Cytek Exhibit No. 1003
Page 222




L243

L244

L245

L246

L247

L248

596

16

1685

14

dichroic filter$1
multiplexer (WDM) ))

L37 AND (fiber$1
fibre$1 wave$6)

L38 AND ((fiber$1
fibre$1) SAME
((plural$3 second first
multiple$1) near5
(dichroic filter$1
detector$1)) SAME
collimat$3)

(collimating AND optical
AND element AND
separate AND collecting
AND optical AND
element AND arranged
AND receive AND
fluorescent AND light
AND collected AND
collecting AND optical
AND element AND
collimating AND optical
AND element AND
configured AND
collimate AND
fluorescent AND
light).CLM.

(collimating AND optical
AND element AND
separate AND collecting
AND optical AND
element AND arranged
AND receive AND
fluorescent AND light
AND collected AND
collecting AND optical
AND element AND
collimating AND optical
AND element AND
configured AND
collimate AND
fluorescent AND
light).CLM.

(("CHEN") near3
("Yong"))).INV.

1125 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB)

(US-PGPUB)

(US-PGPUB; USPAT,;
USOCR; EPO; JPO;
DERWENT)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

ON ON 2024/10/16
03:21 PM

ON ON 2024/10/16
03:21 PM

ON ON 2024/10/16
03:21 PM

ON ON 2024/10/16
03:21 PM

ON ON 2024/10/16
03:21 PM

ON ON 2024/10/16
03:22 PM
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L249

L250

L251

L252

L253

L254

L255

14

11363

98

82

51

11

measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ) SAME (fiber$ 1
fibore$1 waveguide$1))

L248 AND ((fiber$1
fibre$1 wave$6) SAME
filter$1)

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625, 260/458.100

L250 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ) SAME (fiber$ 1
fibore$1 waveguide$1))

L251 AND ((fiber$1
fibre$1 wave$6) SAME
filter$1)

1252 AND ((spherical
lens$2 cylindrical prism
concave mirror$1
reflect$3) SAME
(split$4 dichroic prism
divid$3 separat$3)
SAME (fiber$1 fibre$1
waveguide$1))

"20070195310,"
"20060197033,"
"20100290041,"
"20150115174,"
"2016011098,"

"20200278285,"

1254 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2024/10/16
03:23 PM

2024/10/16
03:26 PM

2024/10/16
03:26 PM

2024/10/16
03:27 PM

2024/10/16
03:30 PM

2024/10/16
04:44 PM

2024/10/16
04:44 PM
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L256

L257

L258

38

emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ) SAME (fiber$ 1
fibore$1 waveguide$1))

L255 AND ((fiber$1
fibre$1 wave$6) SAME
filter$1)

1256 AND ((spherical
lens$2 cylindrical prism
concave mirror$1
reflect$3) SAME
(split$4 dichroic prism
divid$3 separat$3)
SAME (fiber$1 fibre$1
waveguide$1))

((US-20170307506-A1
OR US-20220113241-
A1 OR US-
20230073269-A1 OR
US-20080010019-A1
OR US-20200018684-
A1 OR US-
20170059485-A1 OR
US-20200340999-A1
OR US-20160091484-
A1 OR US-
20160091424-A1 OR
US-20130308122-A1
OR US-20120019825-
A1 OR US-
20030048539-A1 OR
US-20180024040-A1
OR US-20230266227-
A1 OR US-
20070195310-A1 OR
US-20100290041-A1
OR US-20150115174-
A1 OR US-
20200278285-A1).did.
AND PGPB.dbnm.) OR
((US-10330582-B2 OR
US-11703443-B2 OR
US-9025145-B2 OR
US-10876955-B2 OR
US-6798508-B2 OR
US-5540494-A OR US-
5872627-A OR US-
10613096-B2 OR US-
10324019-B2 OR US-
9746412-B2 OR US-
4727020-A OR US-

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT,JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2024/10/16
04:45 PM

2024/10/16
04:45 PM

2024/10/16
04:47 PM
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L259

L260

L261

L262

L263

15

15

9900

28

5760900-A OR US-
10261080-B2 OR US-
11169076-B2 OR US-
11333597-B2 OR US-
6683314-B2 OR US-
5317162-A OR US-
7417734-B2 OR US-
8189187-B2 OR US-
7423751-B2).did. AND
USPT.dbnm.)

L258 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ) SAME (fiber$1
fibre$1 waveguide$1))

1259 AND ((fiber$1
fibre$1 wave$6) SAME
filter$1)

1260 AND ((spherical
lens$2 cylindrical prism
concave mirror$1
reflect$3) SAME
(split$4 dichroic prism
divid$3 separat$3)
SAME (fiber$1 fibre $1
waveguide$1))

((wavelength ADJ
division ADJ
multiplexer) ("WDM")
SAME (zig$5 zig-zag)
SAME configur$6)

L262 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR ON ON 2024/10/16

04:48 PM

OR ON ON 2024/10/16

04:48 PM

OR ON ON 2024/10/16

04:48 PM

OR ON ON 2024/10/18

11:21 AM

OR ON ON 2024/10/18

11:21 AM
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SAME (prism wave$6
division multiplexer
(WDM) ) SAME (fiber$1
fibore$1 waveguide$1))

L264 16 L263 AND (mirror$1 (US-PGPUB; USPAT; [OR ON ON 2024/10/18
near10 (reflect$3 USOCR; EPO) 03:13 PM
compact))

L265 8 L263 AND (mirror$1 (US-PGPUB; USPAT; [OR ON ON 2024/10/18
near10 (reflect$3 USOCR; EPO) 03:13 PM
compact)).CLM.

L266 1686 ((("CHEN") near3 (US-PGPUB; USPAT; [OR ON ON 2024/10/18
("Yong"))).INV. USOCR; EPO; JPO; 08:53 PM

DERWENT)

L267 14 L1 AND ((flow$5 cyto$5 | (US-PGPUB; USPAT; [OR ON ON 2024/10/18
fliud$5 aerosol ) SAME |USOCR; EPO) 08:53 PM
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)

SAME (prism wave$6
division multiplexer
(WDM) ))

L268 14 L2 AND ((color$1 (US-PGPUB; USPAT; [OR ON ON 2024/10/18
colour$1 spectrum$1 USOCR; EPO) 08:54 PM
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)

SAME (concave
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L269 110470 (GO1N15/1436 or (US-PGPUB; USPAT; [OR ON ON 2024/10/18
F04B11/0025 or USOCR; FIT (AU, AP, 08:54 PM
GO01N15/1434 or AT, BE, BG, BR, BY,

GO01N15/1459 or CA, CH, CN, CS, CU,
GO01N35/1095 or CZ, DD, DE, DK, EA,
G02B6/26 or EE, EP, ES, FI, FR, GB,
G02B6/29365 or HR, HU, ID, IE, IL, IS,
G02B21/04 or IT,JP, KR, LT, LU, LV,
G02B21/361 or MA, OA, RU, SU, WO,
G02B27/0025 or MC, MD, MY, NL, NO,
G01N2015/1006 or NZ, PH, PL, PT, RO,
G01N2015/144 or RS, SE, SG, SI, SK,
G01N2015/1452).cpc. [TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
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L270

L271

L272

L273

L274

L275

972

14

14

11363

2452

608

118 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror)
SAME filter SAME
(detector$1 sensor$1
receiver$1imag$3))

L19 AND ((color$1
colour$1 spectrum$1
spect$3 ) SAME fluo$8
SAME (diverg$4
collimat$3 converg$5)
SAME (concave curv$7
convex) SAME (split$4
dichroic half$5 mirror
filter) SAME (detector$1
sensor$ 1 receiver$1
imag$3))

356/337, 356/338,
356/335, 356/339,
356/336, 356/340,
356/625

L35 AND ((color$1
colour$1 spectrum$1
spect$3 fluo$8) SAME
(concave curv$7
convex diverg$4
collimat$3 converg$5
split$4 dichroic half$5
mirror filter) SAME
(detector$1 sensor$1
receiver$1imag$3))

L36 AND ((flow$5
cyto$5 fliud$5 aerosol )
SAME (mist particle$1
droplet$1 gas$4 aerosol

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

OR

OR

OR

OR

OR

OR

ON ON 2024/10/18

08:54 PM

ON ON 2024/10/18

08:54 PM

ON ON 2024/10/18

08:54 PM

ON ON 2024/10/18

08:54 PM

ON ON 2024/10/18

08:54 PM

ON ON 2024/10/18

08:54 PM
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L276

L277

L278

L279

L280

596

16

57

dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7 analy$4
sens$3) SAME (prism
wave$6 division
dichroic filter$1
multiplexer (WDM) ))

L37 AND (fiber$1
fibre$1 wave$6)

L38 AND ((fiber$1
fibre$1) SAME
((plural$3 second first
multiple$1) nearb
(dichroic filter$1
detector$1)) SAME
collimat$3)

(wherein AND each
AND mirrors AND array
AND mirrors AND
configured AND receive
AND light AND reflected
AND filter AND array
AND filters AND reflect
AND light AND another
AND filter AND array
AND filters).CLM.

((WDM) AND wherein
AND each AND mirrors
AND array AND mirrors
AND configured AND
receive AND light AND
reflected AND filter
AND array AND filters
AND reflect AND light
AND another AND filter
AND array AND
filters).CLM.

(flow AND cytometer
AND (WDM) AND
wherein AND each AND
mirrors AND array AND
mirrors AND configured
AND receive AND light
AND reflected AND
filter AND array AND
filters AND reflect AND
light AND another AND
filter AND array AND
filters).CLM.

(US-PGPUB; USPAT;
USOCR; EPO)

(US-PGPUB; USPAT,;
USOCR; EPO)

(US-PGPUB)

(US-PGPUB)

(US-PGPUB)

OR

OR

OR

OR

OR

ON ON 2024/10/18
08:55 PM

ON ON 2024/10/18
08:55 PM

ON ON 2024/10/18
08:58 PM

ON ON 2024/10/18
09:00 PM

ON ON 2024/10/18
09:00 PM

PE2E SEARCH - Search History (Interference)
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Ref #

Hits

[search Query

DBs

Default
iOperator

Plurals

British
Equivalents

Time Stamp

N1

N2

N3

N4

N5

N6

N7

N8

1486

14

14

1489

14

14

1491

14

((("CHEN") near3
("Yong"))).INV.

N1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

N2 AND (fiber$1 fibre$1
wave $6)

((("CHEN") near3
("Yong"))).INV.

N1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM) ))

N2 AND (fiber$1 fibre$1
wave $6)

((("CHEN") near3
("Yong"))).INV.

N1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)
(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)
(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2024/08/09
09:37 AM

2024/08/09
09:37 AM

2024/08/09
09:38 AM

2024/08/26
01:13 PM

2024/08/26
01:14 PM

2024/08/26
01:14 PM

2024/09/04
11:46 AM

2024/09/04
11:46 AM
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N9

N10

N11

N12

N13

N14

N15

N16

N17

14

1503

14

14

1503

14

14

1503

14

charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

N2 AND (fiber$1 fibre$1
wave $6)

((("CHEN") near3
("Yong"))).INV.

N1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

N2 AND (fiber$1 fibre$1
wave $6)

(("CHEN") near3
("Yong"))).INV.

N1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light
laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

N2 AND (fiber$1 fibre$1
wave $6)

(("CHEN") near3
("Yong"))).INV.

N1 AND ((flow$5 cyto$5
fliud$5 aerosol ) SAME
(mist particle$1
droplet$1 gas$4 aerosol
dust grain$1) SAME
(illuminat$3 light

(US-PGPUB; USPAT)
(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)
(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)
(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON ON 2024/09/04

11:46 AM

2024/10/18
08:55 PM

2024/10/18
08:55 PM

ON ON

ON ON

ON ON 2024/10/18

08:55 PM

2024/10/18
08:55 PM

2024/10/18
08:55 PM

ON ON

ON ON

ON ON 2024/10/18

08:55 PM

2024/10/18
08:55 PM

2024/10/18
08:55 PM

ON ON

ON ON
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laser$1 diode$1
emitter$1 emit$4
radiat$3) SAME
(detect$3 determin$3
measur$3 estimat$3
charact$7) SAME
(receiv$3 collect$3)
SAME (prism wave$6
division multiplexer
(WDM)))

N18 14 N2 AND (fiber$1 fibre$1 [ (US-PGPUB; USPAT) [OR ON ON 2024/10/18
wave $6) 08:55 PM
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date of the following actions which have not been withdrawn:

]  afinal action under 37 C.FR. § 1.113; OR
[J termination of prosecution; e.g. Ex Parte Quayle, M.P.E.P. § 609(B)(2); OR

0 anotice of allowance under 37 C.F.R. § 1.311 and is filed on or before payment of
the issue fee;
AND is accompanied by:
the statement as specified in 37 C.F.R. § 1.97(e) as set forth below, AND payment
covering the fee of $260.00 - Large Entity under 37 C.F.R. § 1.17(p).

Statements Under 37 C.F.R. § 1.97(e) (if applicable)

O Each item of information contained in this Information Disclosure Statement was first cited
in any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of the present Information Disclosure Statement;

Copies of Cited Materials (if applicable)

O Copies of materials listed but not attached were cited in benefit (35 U.S.C. § 120) ancestor
application Serial No. 17/645,727 on Form 892 by the Examiner and/or Form 1449 by the
applicant; see 37 C.F.R. § 1.98(d).

L] This application may be related by inventorship and/or subject matter to co-pending U.S.
application Serial No. , filed

Pavment of Fees Due (if applicable)

O Payment is made by credit card via Patent Center for $260.00 - Large Entity covering the fee
identified above.

X The Commissioner is hereby authorized to charge or credit any overpayment to Deposit
Account 50-1212/BECC.P0002US.CIP.D2C3/1001284506.

Respectfully submitted,

/Michael Pohl/

Michael Pohl

Reg. No. 72,871
NORTON ROSE FULBRIGHT US LLP Attorney for Applicant
Phone: 512-536-3113
Date:  September 3, 2024

/ISTIARA O AKANBI/ 10/18/2024
202682800.1 -2-
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Bibliographic Data
Application No: 18/823,596

Foreign Priority claimed: O Yes ®No

35 USC 119 (a-d) conditions met: [ Yes No [ Met After Allowance

Verified and Acknowledged: /ISIAKA O AKANBI/ |

Examiner's Signature Initials

Title: |FLOW CYTOMETER
FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
09/03/2024 250 2877 BECC.P0002US.CIP.D2C3
RULE

APPLICANTS

Beckman Coulter, Inc., Brea, CA, UNITED STATES
INVENTORS
Yong Qin Chen, Brea, CA, UNITED STATES
CONTINUING DATA
This application is a CON of 17645727 12/22/2021
17645727 isa CON of 15638477 06/30/2017 PAT 11255772
15638477 isa DIV of 14555102 11/26/2014 PAT 9746412
14555102 has PRO of 61911859 12/04/2013
14555102 is a CIP of PCT/US2013/043453 05/30/2013
PCT/US2013/043453 has PRO of 61816819 04/29/2013
PCT/US2013/043453 has PRO of 61715836 10/19/2012
PCT/US2013/043453 has PRO of 61715819 10/18/2012
PCT/US2013/043453 has PRO of 61653328 05/30/2012
PCT/US2013/043453 has PRO of 61653245 05/30/2012
FOREIGN APPLICATIONS
IF REQUIRED, FOREIGN LICENSE GRANTED**
09/12/2024
STATE OR COUNTRY
UNITED STATES
ADDRESS

NORTON ROSE FULBRIGHT US LLP - BCI
98 San Jacinto Blvd., Suite 1100
Austin, TX 78701
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UNITED STATES
FILING FEE RECEIVED
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
129381 7590 10/30/2024
NORTON ROSE FULBRIGHT US LLP - BCI AKANBI, ISIAKA O
98 San Jacinto Blvd., Suite 1100
Austin, TX 78701 | ART UNIT | parsrxumser |
2877
DATE MAILED: 10/30/2024
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
18/823,596 09/03/2024 Yong Qin Chen BECC.P0002US.CIP.D2C3 6561

TITLE OF INVENTION: FLOW CYTOMETER

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 01/30/2025

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

1. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

It the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3

PTOL-85 (Rev. 11/23)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system.

By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

129381 7590 10/30/2024 Certificate of Mailing or Transmission
NORTON ROSE FULBRIGHT US LLP - BCI I hereby certify that this Fee(s) Transmittal is being deposited with the United
98 San Jaci Blvd.. Suite 1100 States Postal Service with sufficient postage for first class mail in an envelope
an Jacinto Blvd., Suite addressed to the Mail Stop ISSUE FEE address above, or being transmitted to the
Austin, TX 78701 USPTO via the USPTO patent electronic filing system or by facsimile to (571)

273-2885, on the date below.

(Typed or printed name’

(Signature
(Date’
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
18/823,596 09/03/2024 Yong Qin Chen BECC.P0002US.CIP.D2C3 6561
TITLE OF INVENTION: FLOW CYTOMETER
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 01/30/2025
| EXAMINER | ART UNIT [ crasssuscLass |
AKANBI, ISIAKA O 2877 356-337000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

e . L 2 registered patent attorneys or agents. If no name is
() "Fee Address” indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

M| Change of correspondence address (or Change of Correspondence
Address form PTO/AIA/122 or PTO/SB/122) attached.

|83}

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individuat [ Corporation or other private group entity [ Government

4a. Fees submitted: (Jissue Fee (Jpublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via the USPTO patent electronic filing system [J Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

M| Applicant certifying micro entity status. See 37 CFR 1.29

NOTE: If the application was previously under micro entity status, checking this box will be taken

d Applicant asserting small entity status. See 37 CFR 1.27 to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

M| Applicant changing to regular undiscounted fee status. entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (11/23) Approved for use through 03/31/2026 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
18/823,596 09/03/2024 Yong Qin Chen BECC.P0002US.CIP.D2C3 6561
| EXAMINER |
129381 7590 10/3012024
NORTON ROSE FULBRIGHT US LLP - BCI AKANBI, ISIAKA O
98 San Jacinto Blvd., Suite 1100
Austin, TX 78701 | ART UNIT PAPER NUMBER |

2877

DATE MAILED: 10/30/2024

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the ATA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(1) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3

PTOL-85 (Rev. 11/23)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Actof 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. The United States Patent and Trademark
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO’s system of
records is used to manage all applicant and owner information including name, citizenship, residence, post office
address, and other information with respect to inventors and their legal representatives pertaining to the applicant's/
owner’s activities in connection with the invention for which a patent is sought or has been granted. The applicable
Privacy Act System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013).

N

hitpsiwww govindo.eovicontent/pke/FR-2013-03-29/0dl/201 3-07341 ndf

Routine uses of the information in this record may include disclosure to:

1) law enforcement, in the event that the system of records indicates a violation or potential violation of law;
2) afederal, state, local, or international agency, in response to its request;
3) a contractor of the USPTO having need for the information in order to perform a contract;

4) the Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires
disclosure of the record;

5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record;

6) a court, magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to
opposing counsel in the course of settlement negotiations;

7) the Administrator, General Services Administration (GSA), or their designee, during an inspection of records
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations
and any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals;

8) another federal agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c));

9) the Office of Personnel Management (OPM) for personnel research purposes; and
10)the Office of Management and Budget (OMB) for legislative coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine
your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration
of the patent.
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Application No. Applicant(s)
i - 18/823,596 Chen, Yong Qin
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
ISIAKA O AKANBI 2877 No

- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.
1.4) This communication is responsive to 09/03/2024.

Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2 An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3.} The allowed claim(s) is/are 1-30 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4.7 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)y LJAl by (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. {1 Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5.] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.} Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 09/03/2024 and 10/25/2024.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date. .

/ISIAKA O AKANBI/
Primary Examiner, Art Unit 2877

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20241018
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Application/Control Number: 18/823,596 Page 2
Art Unit: 2877

Notice of Pre-AlA or AIA Status
The present application is being examined under the pre-AlA first to invent

provisions.

DETAILED ACTION

Information Disclosure Statement
The information disclosure statement filed on 09/03/2024 and 10/25/2024

has/have been entered and considered by the examiner.

Drawings

The drawings filed on 09/03/2024, has been accepted for examination.

Additional Prior Art
The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure. The references listed in the attached form PTO-892 teach of

other prior art flow cytometer.
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Application/Control Number: 18/823,596 Page 3
Art Unit: 2877

Allowable Subject Matter

Claims 1-30 are allowed.

As to claims 1 and 16, the prior art of record, taken alone or in combination, fails
to disclose or render obvious wherein each of the mirrors in the array of mirrors is
configured to: receive light reflected by a filter in the array of filters; and reflect light to
another filter in the array of filters, in combination with the rest of the limitations of the
claim. Claims 2-15 and 17-30 are allowable by virtue of their dependency.

The closest prior art reference of Oostman, JR. et al. (2003/0048539 A1) and
Kanda (2007/0195310 A1) discloses a flow cytometer.

However, Oostman, JR. and Kanda fail to disclose, teach or suggest wherein
each of the mirrors in the array of mirrors is configured to: receive light reflected by a
filter in the array of filters; and reflect light to another filter in the array of filters, as

claimed and as specified in the present application specification.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Isiaka Akanbi whose telephone number is (571) 272-
8658. The examiner can normally be reached on 8:00 a.m. - 4:30 p.m.
If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Tarifur R. Chowdhury can be reached on (571) 272-2287. The fax phone
number for the organization where this application or proceeding is assigned is 703-

872-9306.
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Application/Control Number: 18/823,596 Page 4
Art Unit: 2877

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).

/ISIAKA O AKANBI/
Primary Examiner, Art Unit 2877
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Ted o) fa ) UNITED STATES i, VA 530X 1480
US s 0 PATENT AND TRADEMARK OFFICE AN, Y eto.goy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/823,596 11/07/2024 04:43:32 PM Z ET BECC.P0002US.CIP.D2C3

Title of Invention
FLOW CYTOMETER

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 6561 FILED BY Susan Lien
PATENT CENTER # 67884521 FILING DATE 09/03/2024
CUSTOMER # 129381 FIRST NAMED  Yong Qin Chen
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  Michael Pohl
ADDRESS
Documents TOTAL DOCUMENTS: 1
SIZE
DOCUMENT PAGES  DESCRIPTION KB)
BECCPO002USCIPD2CS Iss 1 Issue Fee Payment (PTO-85B) 1666 KB

ue_Fee_Transmittal.pdf

Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

168B5A9E337AE759398A7CA5F2B42523A436CEG90E3EF86B9
A350CA4A804364EBB68F46E7BEAFED741EE7FA08A5B79459
4C3D69FE76E1706D2E530ECCABESAAQ

BECCP0002USCIPD2C3_lssue
_Fee_Transmittal.pdf

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.
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Page 2 of 2

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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Ted o) fa ) UNITED STATES i, VA 530X 1480

oY SO N i AN TRADEMARK OFFICE AN, Y eto.goy
APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/823,596 11/07/2024 04:43:32 PM Z ET BECC.P0002US.CIP.D2C3
Title of Invention
FLOW CYTOMETER
Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -

under 35 USC 111(a)
CONFIRMATION # 6561 FILED BY Susan Lien
PATENT CENTER # 67884521 AUTHORIZED BY  Michael Pohl
CUSTOMER # 129381 FILING DATE  09/03/2024
CORRESPONDENCE - FIRST NAMED  Yong Qin Chen
ADDRESS INVENTOR
Payment Information
PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
CARD / 3346 E2024A7G43476021 Susan Lien
FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
1501 UTILITY ISSUE FEE 1200.00 1 1200.00
ArOTAL $1,200.00

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
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New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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PART B - FEE(S) TRANSMITTAL
Coraplete and sead this form, together with applicable fee(s), by mail or fax, or via the USPTC patent electronic filing

By mail, send to:  Mail Stop ISSUE FEE By fax, send tor  (5713-273-2885
Corarissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
INSTRUCTIONS: This form should bt‘ used for trausmitting the ISSUE FEE and PUBLICATION FEE uﬁc‘qu-?ed) Blocks 1 through 5 shouid be completed where appropriz
Al furthg e will be 1 to the current correspondence address as indicated corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and ( 2 a separate "TEE ADDRESS" for maintenance fee itions. Beeause electronic patent issuance may sccur shortly after issue
fee pavment, any desived mmmumg application should preferably be filed priovr to payment of this issue fee tu order not to jeopardize copendeney.
te of ‘mai can only be used for domestic n
cannot be uscd for any qtk‘el ac

systen.

8 e
ngs of the

CURRENT CORRESPONDENCE ADDRESS {Note: Use Block ! for any change of address) %mpdnyiqg

&
C u’taﬁs‘au of Matling ot 'i'rqmsmisssdm
1\ h‘e(%} I*dn\,mi s beww d::posm:o with the United
an cm’cl\)pc
0o JL

129381 7590 1073072024
NORTON ROSE FULBRIGHT US LLP - BCL
98 San Jacinto Bivd., Suite 1100
Austin, TX 78701

273-2885, on the date belo
Michael Pohl {Typed oF prinied name)
/Michael Pohlf (Signuture)

November 7. 2024 (Date)
APPLICATION KO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NG
18/823,596 09/33/2024 Yong Qin Chen BECC.POOOZUS.CIP D2C3 6561
TITLE OF INVENTION: FLOW CYTOMETER
E APPLN. TYPE ENTITY STATUS i g PUBLICATION FEE DUE i PREV. PAID ISSUE FI TOTA DATE DUE
aonprovisional UNDISCOUNTED #3200 $0.00 $0.00 $1200 OU30/2025
E EXAMBIER I ART UNIT E CLASS-SURCLASS !
AKANBI, ISIAKA © 2877 356-337000

ion of "Fee Address” (37 2. For printing on the patent front page,
(1) The names ot up to 3 registered
or agents OR. dhemdmclv

1. Change of correspondence address or indic
CFR 1.363).

i Norion Rose Fuibright US LLP

1,,5 Change of cotrespondence address (or Change of Correspon
Address form PTO/ATAM22 or PTO/SR/122) attached.

{3 "Pee Address” indication (or "Fee Address” Indication form PTO/
ALAMT or PTOYSBIAT, Rev 03-02 or more recent) attached. Use of 3
Customer Number is veguired.

3. ASSIGNEE NAME AND RESIDENCE DATA TC BE PRINTED ON THE PATENT (print or type}
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CPR 3.11 and 37 CFR 3.81 i(a). Completion of this for JOT 2 substitute for fii ling an assigni

(53

(A} NAME OF ASSIGNEE (B) RESIDENCE: Y and STATE OR COUNTRY)
BECKMAN COULTER, INC. Brea, va"‘a‘o'nia
Please check the appropriate assignee category or categories {will not be printed on the patent; : § ¢ bk Inclividual bl Corporation or other private group entity - L Government

X}Issue

wdPublication Fee (if required)

43. 5 subri
4b. Method of Payment: {Please first reapply any previously paid fee shown above}
& Tlectronic Payment via the USFTO patent electronic *"iiing syster [d Enclosed check - Non-eiectronic payment by credit card (Ai{ach form PTG-2038;

5. Change in Eniity Status (fiom status indicated above)

PTO/SB/1SA and 15B), issue

" o v ae 37 . .
(ol Applicant certifying micro entity us. See 37 CFR 1.29 cepted at the tisk of application donment.
™ . . . o - NOTE: If the application was previously under micro entity status, checking this box will be taken
: plicant asserfing smail entity status. See 37 CFR 1.2 s - : : ; ’ ? ©
4 Applicant asserfing smail entity status. See 37 CFR 1.27 to be a notification of loss of entitlement to micro eatity status.

ca to be a potification of loss of entitlement to smal! or micro

j S, . . Lo el ) NOTE: Checking this box will be take
L3 Applicant changing to regular undiscounted fee status. “—entity status, as applicable.

ccordance with 37 CEFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

NOTE: This form must be signed in

Authorized Signature Michael Pohlf Date November 7, 2024
Typed or printed name Michael Pohi Regtstration No, 871
Page 2 0of 3
PTOL-83 Part B (11/23) Approved for use through 03/31/2026 OMR 06510033 U.S. Parent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Cytek Exhibit No. 1003
Page 250



Receipt date: 08/03/2024

18/823,596 - GAU:

Page 1 of 15

Form PTO-1449 @modified)

Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 ~Noryer-assiened

List of Patents and Publications for Applicant’s Applicant:

INFORMATION DISCLOSURE STATEMENT

Beckman Coulter, Inc.

(Use several sheets if necessary) Filing Date:Herewith El%gm
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A1 2385495 9/25/45 Brian
A2 2669709 2/16/54 Glancy et al.
A3 2764147 9/25/56 Brunner
A4 315667 4/14/85 Serdinko
A5 3199341 08/10/65 Heuer Jr. et al.
AB 3411293 11/19/68 Akins
A7 3542491 11/24/70 Newman
A8 3661460 5/9/72 Elking et al.
A9 3726613 4/10/73 von Casimir
A10 3826593 7/30/74 von Casimir
A11 3873204 3/25/75 Friedman et al.
A12 3946239 3/23/76 Salzman et al.
A13 3953727 4/27/76 d’Auria et al.
Al14 3989381 11/2/76 Fulwyler
A15 4073574 2/14/78 Clarke et al.
A16 4188543 2/12/80 Brunsting et al.
A17 4189236 2/19/80 Hogg et al.
A18 4244045 1/6/81 Nosu et al.
A19 4482994 11/13/84 Ishikawa
A20 4515274 5/7/85 Hollinger et al.
A21 4564342 1/14/86 Weber et al.
202682800.1
EXAMINER:;  /ISIAKA G AKANBI/ DATE CONSIDERED: 10/18/2024

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH

CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /I.0.Aa/
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Receipt date:

08/03/2024

18/823,596 - GAU:

Page 2 of 15

Form PTO-1449 @modified)

Atty. Docket No.:
BECC.P0002US.CIP.D2C3

Serial No.:
==Rot Ve assigned

List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) Filing Date:HereWith M
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A22 4576556 3/18/86 Thompson
A23 4623225 11/18/86 Forkner
A24 4673289 06/16/87 Gaucher
A25 4727020 2/23/88 Recktenwald
A26 4745285 5/17/88 Recktenwald et al.
A27 4778253 10/18/88 Siga et al.
A28 4834630 5/30/89 Godwin
A29 4871249 10/3/89 Watson
A30 4920275 4/24/90 Itoh
A31 4950136 8/21/90 Haas et al.
A32 4976590 12/11/90 Baldwin
A33 4997275 3/5/91 Gaucher et al.
A34 5050963 9/24/91 Murakami
A35 5142462 8/25/92 Kashima
A36 5157917 10/27/92 Liang et al.
A37 5177641 1/5/93 Kobayashi et al.
A38 5230614 7/27/93 Zanger et al.
A39 5245318 9/14/93 Tohge et al.
A40 5251060 10/5/93 Uenishi et al.
A41 5257917 11/02/93 Minarik et al.
A42 5299066 3/29/94 Rombult
202682800.1
EXAMINER: /ISIAKA O AFANBI/ DATE CONSIDERED: 10/18/2024

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /I.C.A/S
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Receipt date:

08/03/2024

18/823,596 - GAU:

Page 3 of 15

Form PTO-1449 @modified)

Atty. Docket No.:
BECC.P0002US.CIP.D2C3

Serial No.:

List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) Filing Date:HereWith %W
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A43 5317162 5/31/94 Pinsky et al.
A44 5369476 11/29/94 Bowers et al.
A45 5373395 12/13/94 Adachi
A46 5396487 3/7/95 Abe et al.
A47 5467225 11/14/95 Manabe
A48 5470211 11/28/95 Knott et al.
A49 5475210 12/12/95 Taguchi et al.
A50 5548395 8/20/96 Kosaka
A51 5583683 12/10/96 Scobey
A52 5615200 3/25/97 Hoshino et al.
A53 5746585 5/5/98 McDunn et al.
Ab54 5748372 5/5/98 Kitagawa
A55 5777674 7/7/98 Ohmuro
A56 5781351 7/14/98 Murakami et al.
A57 5786915 7/28/98 Scobey
A58 5788927 8/4/98 Farrell et al.
A59 5805363 9/8/98 Okuda et al.
ABO 5850292 12/15/98 Braun
AB1 5915925 6/29/99 North Jr.
AB2 5971713 10/26/99 North Jr.
AB3 6008920 12/28/99 Hendrix
202682800.1
EXAMINER:  /ISIAKA O AKANBI/ DATE CONSIDERED: 10/18/2024

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /I.C.A/S
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Receipt date:

08/03/2024

18/823,596 - GAU:

Page 4 of 15
Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 Not-yerassigred
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) Filing Date:H erewith r ...........................
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
AB4 6017194 1/25/00 North Jr.
ABS 6102678 8/15/00 Peclat
ABB 6135734 10/24/00 Isozumi et al.
AB7 6159686 12/12/00 Kardos et al.
AB8 6200101 3/13/01 North Jr.
AB9 6252719 6/26/01 Eichenbaum
A70 6315952 11/13/01 Sklar et al.
AT71 6510007 1/21/03 Blasenheim
A72 6542306 4/1/03 Goodman
A73 6572255 6/3/03 Husher
A74 6608682 8/19/03 Ortyn et al.
A75 6618143 9/9/03 Roche et al.
A76 6638481 10/28/03 Sklar et al.
AT7 6647175 11/11/03 LoRegio et al.
AT8 6683314 1/27/04 Oostman Jr. et al.
AT79 6713019 3/30/04 Ozasa et al.
A80 6748133 6/8/04 Liu et al.
A81 6767188 7/27/04 Vrane et al.
A82 6768593 7/27/04 Jutamulia
A83 6788409 9/7/04 Goodwin
A84 6794671 9/21/04 Nicoli et al.
202682800.1
EXAMINER: /ISIAKA O AKANBI/ DATE CONSIDERED: 10/18/2024

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /I.C.A/S
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Receipt date: 08/03/2024

18/823,596 - GAU:

Page 5 of 15
Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 “Not yerassigired
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) Filing Date:Herewith Group ' e
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A85 6813017 11/2/04 Hoffman et al.
A86 6839367 1/4/05 Nagamatsu et al.
A87 6870679 3/22/05 Randall et al.
A88 6870976 3/22/05 Chen et al.
A89 6897954 5/24/05 Bishop et al.
A90 6941047 9/6/05 Capewell et al.
A91 6954722 10/11/05 Parks et al.
A92 6975400 12/13/05 Ortyn et al.
A93 7038778 5/2/06 Yamauchi
A94 7072540 7/4/06 Szapiel et al.
A95 7110192 9/19/06 Sauter et al.
A96 7113266 9/26/06 Wells
A97 7127356 10/24/06 Nicoli et al.
A98 7129505 10/31/06 Oostman Jr. et al.
A99 7212343 5/1/07 He et al.
A100 7260328 8/21/07 Kropp
A101 7262838 8/28/07 Fritz
A102 7268953 9/11/07 Matthae et al.
A103 7305018 12/4/07 Otoma
A104 7381565 6/3/08 Kurabayashi et al.
A105 7385682 6/10/08 Chu et al.
202682800.1
EXAMINER:  /ISIAKA O ARANBI/ DATE CONSIDERED: 10/18/2024

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /I.C.A/S
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Receipt date: 08/03/2024 18/823,596 -~ GAU:
Page 6 of 15
Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 ~NotyerTssiened
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) Filing Date:HereWith
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A106 7430048 9/30/08 Reel et al.
A107 7450229 11/11/08 Ortyn et al.
A108 7453915 11/18/08 Imai
A109 7456960 11/25/08 Cerni et al.
A110 7496463 2/24/09 Nicoli et al.
A111 7505131 3/17/09 Roth
A112 7507588 3/24/09 Mehrpouyan et al.
A113 7561267 7/14/09 Luo et al.
A114 7580120 8/25/09 Hamada et al.
A115 7623243 11/24/09 Kato
A116 7630147 12/08/09 Kar et al.
A117 7645127 1/12/10 Hagen et al.
A118 7668422 2/23/10 Kropp
A119 7758324 6/20/10 Baumann et al.
A120 7768120 8/3/10 Takashima
A121 7781227 8/24/10 Mehrpouyan et al.
A122 7787197 8/31/10 Chen
A123 7835000 11/16/10 Graves et al.
A124 7876436 1/25/11 Chu
A125 7889263 02/15/11 Ortyn et al.
A126 7894047 2/22/11 Hamada et al.
202682800.1
EXAMINER: /ISIAKA © AKANBI/ DATE CONSIDERED: 10/18/2024

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /I.C.A/S
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Receipt date: 08/03/2024 18/823,596 -~ GAU:
Page 7 of 15
Form PTO-1449 @modified) Atty. Docket No.: Serial No.:

BECC.P0002US.CIP.D2C3 ROt Vet assigned

List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT

Filing Date: Group:
(Use several sheets if necessary) Herewith | ™ AT A R P T
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14

U.S. Patent Documents

Exam. | Ref. Document Date Name
Init. Des. Number

A127 7952981 3/31/11 Suzuki
A128 7981661 7/19/11 Rich
A129 8009189 8/30/11 Ortyn et al.
A130 8049185 111111 Hayashi et al.
A131 8149525 4/3/12 Do
A132 8157547 4/17M12 Vrielink
A133 8187888 5/29/12 Rich
A134 8213472 7/3/12 Hirai et al.
A135 8229707 7/24/12 Olson et al.
A136 8233146 7/31/12 Chen
A137 8253938 8/28/12 Vacca et al.
A138 8270098 9/18/12 Fukuta et al.
A139 8284402 10/9/12 Frazier et al.
A140 8337096 12/25/12 Shen et al.
A141 8345237 1113 Tsukii et al.
A142 8405048 3/26/13 Hayashi
A143 8432541 4/30/13 Rich
Al144 8436371 5713 Medendorp Jr., et al.
A145 8436993 5/7/13 Kaduchak et al.
A146 8488244 7/16/13 Liet al.
A147 8507279 8/13/13 Ball et al.

202682800.1

EXAMINER: /ISIAXA O ARANBI/ DATE CONSIDERED: 10/18/2024

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /I.C.A/S
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Receipt date:

08/03/2024 18/823,598 ~ GAU:
Page 8 of 15
Form PTO-1449 @modified) Atty. Docket No.:

Serial No.:
BECC.P0002US.CIP.D2C3 A LU A

List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) Filing Date:H erewith r ............................
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A148 20020081744 06/27/02 Chan et al.
A149 20020067895 06/06/02 Flanders
A150 20020141902 10/3/02 Ozasa et al.
A151 20030142720 7/31/03 Bradburn et al.
A152 20040031521 02/19/04 Vrane et al.
A153 20040218184 11/4/04 Joregenson et al.
A154 2004165828 08/26/04 Capewell et al.
A155 20050084402 4/21/05 Vanek
A156 20050134836 06/23/05 Paldus et al.
A157 20060221325 10/5/06 Wells
A158 20060245964 11/2/06 Koslov
A159 20060256333 11/16/06 Bloom et al.
A160 20060256335 11/16/06 Chen
A161 20060292021 12/28/06 Tu
A162 20070124947 6/7/07 Munroe et al.
A163 20070212784 09/13/07 Okun
A164 20070296744 12/27/07 Kubota et al.
A165 20080024758 1/31/08 Tabata
A166 20080241911 10/2/08 Ueno et al.
A167 20090091746 4/9/09 Fukuda et al.
A168 20090131859 05/21/09 DelCastillo et al.
202682800.1
EXAMINER: /ISIAKA O AKANBI/ DATE CONSIDERED:  10/18/2024

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /I.C.A/S
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Receipt date:

08/03/2024 18/823,598 ~ GAU:
Page 9 of 15
Form PTO-1449 @modified) Atty. Docket No.:

BECC.P0002US.CIP.D2C3

Serial No.:

List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) Filing Date:HereWith _ .....................
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A169 20090174881 07/09/09 Rich
A170 20090190128 7/30/09 Cerni et al.
A171 20090310122 12/17/09 Hamada et al.
A172 20100165341 07/01/10 Babico et al.
A173 20100188559 07/29/10 Ortyn et al.
A174 20110014075 1/20/11 Reif et al.
A175 20110032522 211011 Graves et al.
A176 20120156074 6/21/12 Kusch et al.
A177 20120211679 08/23/12 Heng et al.
A178 20120274925 11112 Chen et al.
A179 20120281204 11/8/12 Hoshishima et al.
A180 20120282126 11/8/12 Brandt et al.
A181 20120287419 11/15/12 Sharpe et al.
A182 20130010181 1/10/13 Baba
A183 20130020498 1/24/13 Ebi et al.
A184 20130050782 2/28/13 Heng et al.
A185 20130070243 3/21113 Goehde
A186 20130094102 4/18/13 Baba
A187 20130204538 8/8/13 Rich
A188 20130214176 08/22/13 Graves et al.
A189 20030044967 03/06/03 Heffelfinger et al.
202682800.1
EXAMINER: /ISIARA O AKANRI/ DATE CONSIDERED: 10/18/2024

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
CITATION IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /I.C.A/S
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Receipt date: 09/03/2024 18/823,596 - GAU:
Page 10 of 15
Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 ROt Vet assighed
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) Filing Date:HereWith %w
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
U.S. Patent Documents
Exam. | Ref. Document Date Name
Init. Des. Number
A190 20110089328 04/21/11 Li
A191 20040033010 12/19/04 McGuire, Jr.
A192 20050002425 01/06/05 Govorkov et al.
A193 20050274890 12/15/05 Anderton et al.
A194 20070195310 08/03/07 Kanda
A195 20100067079 03/18/10 Rathjen
A196 20110216401 09/08/11 Curry
A197 8928881 01/06/15 Swalwell
A198 9746412 08/29/17 Chen
A199 11255772 02/02/22 Chen
A200 11333597 05/17/22 Yan et al.
A201 20030048539 03/13/03 Oostman Jr., et al.
A202 6198864 3/6/01 Lemoff et al.
A203 2002131180 9/9/19 Goodman
A204 2004101247 05/27/04 Chen et al.
Foreign Patent Documents
Exam. | Ref. Document Date Country Language
Init. Des. Number
B1 CN 102087198 6/8/11 China Chinese (English abstract)
B2 CN 102087198 06/08/11 China Chinese (English Abstract)
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Receipt date: 038/03/2024 18/823,596 ~ GAU: 2877

Page 11 of 15

Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 Not Vet assigiea—

List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT

Filing Date: Group:
(Use several sheets if necessary) Herewith mw
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14

Foreign Patent Documents

Exam. | Ref. Document Date Country Language
Init. Des. Number

B3 CN 102282453 12/14/11 China Chinese (English Abstract)
B4 CN 102449525 05/09/12 China Chinese (English Abstract)
B5 CN 102818794 12112112 China Chinese (English abstract)
B6 CN 102818794 12/12/12 China Chinese (English Abstract)
B7 CN 102818795 12/12/12 China Chinese (English abstract)
B8 CN 102818795 12/12/12 China Chinese (English Abstract)
B9 CN 102818796 12/12/12 China Chinese (English abstract)

B10 CN 102818796 12/12/12 China Chinese (English Abstract)

B11 CN 1199177 11/18/98 China Chinese (English Abstract)

B12 CN 201917509U 8/3/11 China Chinese (English abstract)
B13 CN 201936066U 8/1711 China Chinese (English abstract)
B14 CN 201984209U 9/21/11 China Chinese (English abstract)
B15 EP 0889319 1/7/99 EPO German (English abstract)
B16 EP 1004907 4/22/09 EPO English

B17 EP 1953526 8/6/08 EPO English

B18 EP 2381475 3/4/15 EPO English

B19 EP 459764A2 12/4/91 EPO English

B20 EP 459764B1 12/11/96 EPO English

B21 EP 757346A1 2/5/97 EPO English

B22 EP 757346B1 11/14/01 EPO English

B23 EP 758755A2 2/19/97 EPO English

202682800.1
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Receipt date: 08/03/2024

18/823,596 - GAU:

Page 12 of 15
Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 —Noryerassiomed
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) Filing Date:Herewith s
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
Foreign Patent Documents
Exam. | Ref. Document Date Country Language
Init. Des. Number
B24 JP 05333245 12/17/93 Japan Japanese (English abstract)
B25 JP 2003-505707 | 02/12/03 Japan Japanese (English Abstract)
B26 JP 2004-341204 12/02/04 Japan Japanese (English Abstract)
B27 JP 2004-500572 | 01/08/04 Japan Japanese (English Abstract)
B28 JP 2008-534960 08/28/08 Japan Japanese (English Abstract)
B29 JP 2010-085194 04/15/10 Japan Japanese (English Abstract)
B30 JP 2012-026837 | 02/09/12 Japan Japanese (English Abstract)
B31 JP 829726 2/2/96 Japan Japanese (English
translation)
B32 JP H03-197641 08/29/91 Japan Japanese (English Abstract)
B33 JP H04-184241 07/01/92 Japan Japanese (English Abstract)
B34 JP H05-119035 05/14/93 Japan Japanese (English Abstract)
B35 JP H09-502794 03/18/97 Japan Japanese (English Abstract)
B36 JP HIO-73528 03/17/98 Japan Japanese (English Abstract)
B37 JP S55-144226 11/11/80 Japan Japanese (English Abstract)
B38 JP S61-184427 08/18/86 Japan Japanese (English Abstract)
B39 WO 0057173 9/28/00 WIPO English
B40 WO 0127590 4/19/01 WIPO English
B41 WO 0140764 6/7/01 WIPO English
B42 WO 03012403 2/13/03 WIPO French (English abstract)
B43 WO 2005033654 | 4/14/05 WIPO English
B44 WO 2006013316 2/9/06 WIPO English
202682800.1
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Receipt date:

08/03/2024 18/823,596 - GAU:
Page 13 of 15
Form PTO-1449 @modified) Atty. Docket No.: Serial No.:

BECC.P0002US.CIP.D2C3

List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) Herewith _____ C SRR S Yo
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14
Foreign Patent Documents
Exam. | Ref. Document Date Country Language
Init. Des. Number
B45 WO 2009095358 8/6/09 WIPO German (English abstract)
B46 WO 2009098867 8/13/09 WIPO Japanese (English abstract)
B47 WO 2011026942 3/10/11 WIPO English
B48 WO 2012056217 5/3/12 WIPO English
B49 WO 2012177367 | 12/27/12 WIPO English
B50 WO 2013/181453 | 12/05/13 WIPO English
B51 WO 2013013229 1/24/13 WIPO English
B52 WO 2013093035 6/27/13 WIPO English
B53 WO 9307471 4/15/93 WIPO English
B54 WO 9316368 8/16/93 WIPO English
B55 WO 9429695 12/22/94 WIPO English
B56 WO 9714066A2 4/17/97 WIPO English
B57 JP 2005-315799 11/10/05 Japan Japanese
(with Corresponding US
2007/0195310)
B58 JP S57-116215 07/19/82 Japan Japanese
(with Machine Translation)
202682800.1
EXAMINER: /ISIAKA O AKANBI/ DATE CONSIDERED: 10/18/2024
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Receipt date: 08/03/2024 18/823,596 -~ GAU:
Page 14 of 15
Form PTO-1449 @modified) Atty. Docket No.: Serial No.:
BECC.P0002US.CIP.D2C3 ROt et assigned
List of Patents and Publications for Applicant’s Applicant:
Beckman Coulter, Inc.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) Herewith "N'ﬁi"fé’f”ﬁ?ﬂ‘@'ffé"ﬂ"
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14

Other Art (Including Author, Title, Date Pertinent Pages, Etc.)

Exam. | Ref. Citation
Init. Des.

Brogioli et al., “Heterodyne near-field scattering,” Applied Physics Letters 81(22):4109-

C1
4111, 2002.

Cc2 Extended European Search Report for EP 13796734.5, mailed March 18, 2016

c3 Goda et al., “Serial time-encoded amplified imaging for observation of fast dynamic
phenomena,” Nature 458:1145-1149. 2009

ca International Search Report and Written Opinion for PCT/US2013/043453 mailed
December 20, 2013.

c5 International Search Report and Written Opinion for PCT/US2014/067682 mailed April
9, 2015.

cé Office Action issued in Chinese Patent Application No. 201380039184.6, dated
February 12, 2018 (Attorney Docket No. BECC.PO002CN)
Office Action issued in Corresponding Chinese Application No. 201611102428.2,

Cc7 dated May 18, 2020 (English Translation provided) (Attorney Docket No.
BECC.P0002CN.D1).

cs Office Action issued in Corresponding Chinese Patent Application No. 201480074396,
dated June 10, 2019 (English Translation) (Attorney Docket No. BECC.PO003CN)

co Office Action issued in corresponding Chinses application no. 201611102428.2, dated
September 30, 2019 (Attorney Docket no. BECC.P0O002CN.D1).

c10 Office Action issued in Japanese Patent Application No. 2015-515208, issued May 29,
2017 (English Translation Provided) (Attorney Docket No. BECC.P0002JP)

c11 Office Action issued in Japanese Patent Application No. 2015-515208, dated May 02,
2018 (Attorney Docket No. BECC.P0002JP)

c12 Office Action issued in Japanese Patent Application No. 2016-216891, dated
December 04, 2017 (English Translation) (Attorney Docket No. BECC.P0002JP.D1)

c13 Schmidt, B., “Ein lichtstarkes komafreies Spiegelsystem,” Mitteilungen der Haburger
Sternwarte in Bergedorf 7(36):15-17, 1932.

202682800.1
EXAMINER: /ISIARA O ARANBI/ DATE CONSIDERED: 10/18/2024
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Receipt date: 038/03/2024 18/823,596 ~ GAU: 2877

Page 15 of 15

Form PTO-1449 @modified) Atty. Docket No.: Ser

BECC.P0002US.CIP.D2C3

List of Patents and Publications for Applicant’s Applicant:

INFORMATION DISCLOSURE STATEMENT

(Use several sheets if necessary)

Beckman Coulter, Inc.

Filing Date: Group:
Herewith | =k VTSSO

U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 10 See Page 14

Other Art (Including Author, Title, Date Pertinent Pages, Etc.)

Exam. | Ref. Citation
Init. Des.
C14 Smiley, C. H., “The Schmidt Camera,” Popular Astronomy 44:415-421, 1936.
English translation of Office Action issued in corresponding Japanese Patent
C15 | Application No. 2020-206548 on dated November 29, 2021. (Attorney Docket No.
BECC.P0002JP.D3)
c16 Office Communication issued in U.S. Patent Application No. 17/980,669, dated March
27,2023. (Attorney Docket No. BECC.P0002US.CIP.D2C2)
c17 Extended European Search Report issued by the European Patent Office in
corresponding European Application No. 24151670.7 dated April 9, 2024.
C18 | Shapiro, H. M. (2003). Practical Flow Cytometry Fourth Edition. John Wiley & Sons.
202682800.1
EXAMINER: /ISIARA O AKANRI/ DATE CONSIDERED: 10/18/2024

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH
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INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /I.C.A/S

Cytek Exhibit No. 1003
Page 265



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
18/823,596 12/24/2024 12174107 BECC.PO002US.CIP.D2C3 6561
129381 7590 12/04/2024

NORTON ROSE FULBRIGHT US LLP - BCI
98 San Jacinto Blvd., Suite 1100
Austin, TX 78701

ISSUE NOTIFICATION

The projected patent number and issue date are specified above. The patent will issue electronically. The
electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed
on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in
both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent,
or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197.

The USPTO is implementing electronic patent issuance with a transition period, during which period the
USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of
record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the
USPTO’s Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center
may be reached at (800)972-6382.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Center (https://
patentcenter.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

IR103 (Rev. 10/09)
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INVENTOR(S) (Please see PATENT CENTER site https://patentcenter.uspto.gov for additional inventors):

Yong Qin Chen, San Jose, CA;

APPLICANT(s) (Please see PATENT CENTER site https://patentcenter.uspto.gov for additional applicants):

Beckman Coulter, Inc., Brea, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
18/823,596 09/03/2024 BECC.P0002US.CIP.D2C3 6561
129381 7590 12/24/2024 | EXAMINER

NORTON ROSE FULBRIGHT US LLP - BCI

98 San Jacinto Blvd., Suite 1100
Austin, TX 78701

AKANBI, ISIAKA O

| ART UNIT | PAPER NUMBER
2877
| NOTIFICATION DATE | DELIVERY MODE
12/24/2024 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

PatentDocket @Beckman.com
aoipdocket@nortonrosefulbright.com

PTOL-90A (Rev. 04/07)
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APPLICATION NO. ISSUE DATE PATENT NO.
18/823,596 24-Dec-2024 12174107
NORTON ROSE FULBRIGHT US LLP - BCI
98 San Jacinto Blvd., Suite 1100
Austin, TX 78701
EGRANT NOTIFICATION

Your electronic patent grant (eGrant) is now available, which can be accessed via Patent Center at https:/

patentcenter.uspto.gov

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit

https://www.uspto.gov/electronicgrants

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450
exandria, Virginia 22313-1450
gov

www.uspto
| APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
18/823,596 09/03/2024 Yong Qin Chen BECC.P0002US.CIP.D2C3
CONFIRMATION NO. 6561
129381 PUBLICATION NOTICE
NORTON ROSE FULBRIGHT US LLP - BCI
98 San Jacinto Bivd., Suite 1100 OO AT
0C000000082395223

Austin, TX 78701
Date Mailed: 12/26/2024

Title:FLOW CYTOMETER

Publication No.US-2024-0426740-A1
Publication Date:12/26/2024

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be viewed using the USPTO's publicly available Searchable Databases via the Patent
Public Search tool at www.uspto.gov. The direct link to access the Patent Public Search tool is currently
https://ppubs.uspto.gov/pubwebapp/static/pages/ppubsbasic.html.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTQO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the dates
of receipt of correspondence filed in the Office, may also be accessed via the Internet through Patent Center,
the USPTO’s electronic patent application filing and management system. The direct link to access this status
information is currently https://patentcenter.uspto.gov/. Prior to publication, such status information is confidential
and may only be obtained by applicant using the private side of Patent Center.

Further assistance in electronically accessing the publication, or about Patent Center, is available by calling the
Patent Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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