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(57) ABSTRACT

A mechanism for moving and positioning a light source so
that its light impinges a target as it moves on or off axis of
an optical system. A detector may receive scattered light at
a same position whether the light impinging the target is on
or off axis due to, for example, a telecentric optical system.
Further, the light may be positioned so that the detector is
maximally impinged with scattered light. An output may go
to a processor that sends a signal to the light source to move
the emitted light so as to continually impinge the target as it
moves on or off axis. An array of light sources may used in
lieu of the moving light source. To move the light beam,
another light at another position in the array may be selected
to replace a previously selected light source.
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CYTOMETER HAVING TELECENTRIC OPTICS

BACKGROUND

[0001] The present invention relates generally to flow
cytometers. More particularly, the present invention relates
to flow cytometers that sense optical properties of micro-
scopic particles or components in a flow stream with light.

[0002] This invention is related to U.S. patent application
Ser. No. 10/225,325, by Bernard Fritz et al., filed Aug. 21,
2002, and entitled “Optical Alignment Detection System”,
which is incorporated herein by reference; and the invention
is related to U.S. patent application Ser. No. 10/304,773, by
Aravind Padmanabhan et al., filed Nov. 26, 2002, and
entitled “Portable Scattering and Fluorescence Cytometer”,
which is incorporated herein by reference. This invention
also is related to U.S. Pat. No. 6,549,275 B1, by Cabuz et al.,
issued Apr. 15, 2003, and entitled “Optical Detection System
for Flow Cytometry”; U.S. Pat. No. 6,597,438 B1, by Cabuz
et al.,, issued Jul. 22, 2003, and entitled ‘“Portable Flow
Cytometer”; U.S. Pat. No. 6,382,228 B1, by Cabuz et al.,
issued May 7, 2002, and entitled “Fluid Driving System for
Flow Cytometry”; U.S. Pat. No. 6,700,130 B2, issued Mar.
2, 2004, by Fritz, and entitled “Optical Detection System for
Flow Cytometry”; and U.S. Pat. No. 6,240,944 B1, by
Ohnstein et al., issued Jun. 5, 2001, and entitled “Address-
able Valve Arrays for Proportional Pressure or Flow Con-
trol”; all of which are incorporated herein by reference. The
above-noted applications and patents are owned by the same
entity. The term “fluid” may be used here as a generic term
that includes gases and liquids as species.

SUMMARY

[0003] The invention may be a mechanism for moving and
positioning a light source so that its light impinges a target
as it moves on or off axis of an optical system. A detector
may receive scattered light at a same position whether the
light impinging the target is on or off axis due to, as an
illustrative example, a telecentric optical system. Further,
the light may be positioned so that the detector is maximally
impinged with scattered light. An output may go to a
processor that sends a signal to the light source to move the
emitted light so as to continually impinge the target as it
moves on or off axis. An array of light sources may used in
lieu of the moving light source. To move the light beam,
another light at another position in the array may be selected
to replace a previously selected light source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIGS. 1a and 15 are diagrams of a beam position
adjuster along with associated optics for a channel of a
cytometer or similar mechanism; and

[0005] FIG. 2 shows another view of the beam adjuster
along with a computer in conjunction with the channel to be
illuminated by the beam.

DESCRIPTION

[0006] FIG. 1a is a schematic of a device that may provide
for the use of an optical telecentricity condition in an optical
layout of a flow cytometer. The condition may allow the use
of off-axis field points for a light source 11 such that the
illumination conditions at the flow channel are similar to that
of an on-axis source. The same may be true for the detector
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or detectors 12 collecting the scattered light from the flow
channel. This condition may allow the use of an array or
moving source to illuminate the flow channel and maintain
similar optical conditions at the detector as those for the
on-axis source position. By allowing the source to move, it
allows one to track the position of the flow activity, espe-
cially particles in the flow stream of a cytometer, and yet
keep the same position of the light impinging the detector
12.

[0007] The telecentric condition is where the aperture stop
22 of an optical system 10 is located at the focal point or
focus of the lens 21 and the focal point of lens 23. Having
the optical system meet this condition on both the source 11
side and the detector 12 side of the flow cytometer allows
equivalence of the optical system for off-axis field points.

[0008] The optical system 10 of FIG. 1a is shown as a
setup for the telecentric condition for both the source 11 and
detector 12 legs. The case for the source 11 on axis is the
solid line optical path 13. The dotted line 14 and dashed line
15 optical paths may indicate source 11 off-axis light beams.
In going from the on-axis to an off-axis source 11, the
focused spot at the flow channel 16 is displaced laterally but
the cone angle and orientation remain the same as for the
on-axis case. At the detector array 12, the same scattering
angle, solid, dotted or dashed line paths 13, 14 or 15,
respectively, of the light of any position of the source 11,
may be mapped to the same positions 41, 42, and 43 on the
detector array 12.

[0009] TIllumination along the solid line paths 13 may
emanate on axis from a source 17 of array 11 and proceed
through a collimating lens 21. Source 17 illumination may
proceed through an aperture stop 22 onto a lens 23. A source
17 light beam may be focused on flow channel 16 and
detector 12, along solid-line paths 13. Scattered light due to
the beam along paths 13 may proceed through a lens 24 to
be focused on detector array 12 at places 44 and 45 of
detector 12.

[0010] If a core stream in the cytometer channel 16 is
shifted off axis to a position 25 of channel 16, the illumi-
nation may be shifted to off-axis dotted-line paths 14. Light
from a source 18 may proceed along the light paths 14
through lens 21, aperture 22 and lens 23 to channel 16.
Ilumination from paths 14 may be scattered in channel 16
and focused on detector array 12 at positions 44 and 45 of
detector 12.

[0011] Ifthe core stream 38 in the cytometer channel 16 is
at a position 26 of the channel, the focus of illumination may
be shifted to position 26 of the channel. Illumination from a
source 19 of array 11 may proceed along dashed-line paths
15 through lens 21, aperture 22 and lens 23 to position 26 of
channel 16. Scattered light from position 26 may proceed
along paths 15 through lens 24 to be focused on detector
array 12 at positions 44 and 45.

[0012] The optical elements of system 10 are coincident
focal lengths apart. For instance, lens 21 is a focal length (f))
31 from the light source or array 11 and focal length (f,) 32
from aperture stop 22. The lengths 31 and 32 may each be
the focal length (f)) of lens 21. Lengths 33 and 34 of lens 23
from the aperture stop 22 and channel 16, respectively, may
each be the focal length (f,) of lens 23. Lengths 35 and 36
of'lens 24 from channel 16 may each be the focal length (1)
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of'lens 24. Line 46 indicates the conjugate planes 11 and 16
at the light source and the channel. Line 47 indicates the
conjugate planes 22 and 12 at the aperture and detector,
respectively.

[0013] Light array 11 may have light sources 17, 18 and 19
which are turned on one at a time according to the location
of the core stream in channel 16. There may be more light
sources in the array for a more refined adjustment of the
location of the light beam impinging the channel 16. Array
11 may be two-dimensional.

[0014] Instead, detector array 11 may have one source,
e.g., source 17, which moves across the array structure in an
x and/or y direction to provide an adjustment of the location
of the light impinging the channel 16. The light source may
be incremented with a stepper motor like mechanism 37
laterally across the array to move the location of impinging
light in channel 16 laterally.

[0015] Light beams along paths 13, 14 and 15 may be
scattered by particles in channel 16 to portions 44 and 45 of
detector 12. Detector 12 may convert the light detected at
portions 44 and 45, and positions 41, 42 and 43, into
electrical signals which may be sent to a processor 10 which
may process the electrical signals into information about the
particles of flow stream 38 in the channel 16.

[0016] FIG. 15 shows the light, without the light cones,
from the light sources 17, 18 and 19 along paths 13, 14 and
15, respectively. The light beams may be scattered by
particles in channel 16 as shown by cones 51, 52 and 53.
Scattered light may impinge locations 48 and 49 on detector
12.

[0017] FIG. 2 is a diagram showing the optical system 10
with a computer/processor 20 for control of the light source
11. One version of control is to select from an array 11 of
light sources to determine the position of the impingement
of light in the channel 16 of a cytometer. The other version
is having a light source that is moved to provide impinge-
ment of the light beam in alignment with the core stream 38
even though the core stream may be off the axis 28 (which
may be perpendicular to the surface of the paper of FIG. 2)
of the optical system 10 and channel 16. A stepper motor 37
may move the light sources, say, source 17, from side-to-
side to stay aligned with the core stream 38.

[0018] When the light sensor is aligned with the core
stream 38, the light beam impinging particles in the core
stream 38 may be scattered by the particles. Detector 12 may
be a scattered light detector and a direct light detector, such
as a linear array or an annular-shaped detector array. Detec-
tor 12 may have independent detector portions for various
angles of scattered light and for non-scattered light. The
annular array may provide a 360 range of detection by the
various portions for the telecentricity system. Detector 12
may provide an electrical signal representative of the scat-
tered light impinging the detector. If the light beam from the
light source of assembly 11 is not impinging particles of the
core stream 38, then there may be little scattered light
detected by detector 12 with little electrical signal from this
detector but rather non-scattered light. Detector 12 may
detect forward-angle light scatter (FALS), small-angle light
scatter (SALS), and large-angle light scatter (LALS).

[0019] The electrical signal from detector 12 may go to a
computer/processor 20. The computer/processor 20 may
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send a signal to light source array 11 to indicate the selection
of another light source or the movement of a single light
source to shift the position of where the light beam is
impinging in the channel 11. The position may be located
and the light beam moved so that there is a maximum signal
at the output of detector 12. That may mean that the light
beam is creating a maximum scattering signal at detector 12.
The computer 20 may send a signal that changes the position
or location of the light beam in channel 16 by selecting a
different light source of array 11 or moving a light source to
seek out a maximum scattering signal from detector 12 to
computer 20. Effectively, there is a feedback loop consisting
of computer 20 to light source 11, light beam from the source
scattering in the channel 16, a detector 12 providing the
electrical representation of the scattered light to the com-
puter. The computer 20 may send a signal to light source 11
to maximize the scattering signal which tends to keep the
light beam focused on the core stream 38, whether on-axis
or not.

[0020] Although the invention has been described with
respect to at least one illustrative embodiment, many varia-
tions and modifications will become apparent to those
skilled in the art upon reading the present specification. It is
therefore the intention that the appended claims be inter-
preted as broadly as possible in view of the prior art to
include all such variations and modifications.

What is claimed is:
1. An illumination apparatus comprising:

a light source;

an optical system, having an axis, at least partially situ-
ated between the light source and a target; and

a detector situated on the axis and proximate to the target;
and

wherein:
the target may move on axis or off axis;

the light source may provide a light beam that is
moveable to illuminate the target on axis or off axis;

light from the light beam may be mapped to a first
position on the detector when the light source is on
axis;

light from the light beam may be mapped to a second
position on the detector when the light source is off
axis; and

the second position is equivalent to the first position.
2. The apparatus of claim 1, wherein the optical system
comprises:

a first lens between the light source and the target; and

an aperture situated between the first lens and the target.

3. The apparatus of claim 2, wherein the optical system
further comprises a second lens situated between the aper-
ture and the target.

4. The apparatus of claim 3, wherein the optical system
further comprises a third lens situated between the target and
the detector.

5. The apparatus of claim 4, wherein:

the light source is situated substantially at a focal point of
the first lens;
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the aperture is situated substantially at a focal point of the
first lens and a focal point of the second lens;

the target is situated substantially at a focal point of the
second lens and a focal point of the third lens; and

the detector is situated substantially at a focal point of the

third lens.

6. The apparatus of claim 1, wherein at least some of the
light mapped on the first position and the second position of
the detector is light scattered by the target.

7. The apparatus of claim 1, further comprising:

a mechanism connected to the light source to provide
various positions of the light source that may move the
light beam; and

a processor connected to the detector and the mechanism.

8. The apparatus of claim 7, wherein a signal from the
detector via the processor indicates a position to be selected
of the various positions of the light source to maximally
impact the detector with light.

9. The apparatus of claim 1, wherein the light source is an
array of a plurality of lights that are individually selectable
to move the light beam.

10. The apparatus of claim 9, further comprising a pro-
cessor connected to the detector and the mechanism.

11. The apparatus of claim 10, wherein a signal from the
detector via the processor indicates a light to be selected of
the array of the plurality of lights to maximally impact the
detector with light.

12. A telecentric light source position aligner system,
comprising:

a light source, moveable for various positions, situated
proximate to a channel;

a detector having the channel situated between the detec-
tor and the light source; and

a processor connected to the light source and the detector.
13. The system of claim 12, wherein:

the light source has an optical path from the light source
through the channel; and

the light path is from the channel to a specific location on

the detector.

14. The system of claim 13, wherein for the various
positions of the light source, the light path from the light
source at each of the various positions is to the specific
location on the detector.

15. The system of claim 12, wherein:

the light source emanates light;
the light impinges the channel; and
some of the light becomes scattered light; and

the detector detects the scattered light.
16. The system of claim 15, wherein:

the amount of scattered light varies with the an alignment
of the incident light with a core stream within the
channel of a cytometer; and

a varying position of the light source varies the alignment
of the incident light with the core stream.
17. The system of claim 16, wherein a varying position of
the light source does not vary the location of impingement
of light on the detector from the light source.
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18. The system of claim 16, wherein:

the detector converts detected scattered light into an
electrical signal;

the electrical signal goes to the processor; and

the processor sends a signal to the light source to adjust
a position of the light source to optimize the electrical
signal from the detector.

19. The system of claim 18, wherein light on the detector
from the light source has a cone angle and orientation that
remains the same.

20. A light beam alignment system comprising:

a detector proximate to a channel; and

a light source having an alignment adjuster relative to the
channel; and

wherein the alignment adjuster provides a projection of
the light source on a moveable target in the channel
without affecting a projection of the light source rela-
tive to the detector.

21. The system of claim 20, wherein the alignment
adjuster comprises an optical structure for focusing the light
source on the moveable target in the channel and at a
consistent location on the detector;

22. The system of claim 21, wherein light from the light
source to the detector has a cone angle and orientation that
remains the same.

23. The system of claim 21, wherein:

the detector is connected to a processor; and

the processor is connected to the alignment adjuster.
24. The system of claim 23, wherein:

light from the light source may impinge the target;

the target may scatter the light that may impinge the
target;

the detector may convert the scattered light into a first
electrical signal; and

the processor may measure an amplitude of the first
electrical signal and send a second electrical signal to
the alignment adjuster to provide the projection of the
light source on a moveable target in the channel.

25. The system of claim 24, wherein the amplitude of the
first electrical signal from the detector may indicate an
amount of projection of the light source relative to the target.

26. The system of claim 25, wherein:

the greater the amplitude of the first electrical signal, the
projection of the light source is closer to the target; and

the lesser of the amplitude of the first electrical signal, the
projection of the light source is farther from the target.
27. The system of claim 26, wherein the target is in a core
stream in the channel of a cytometer.
28. The system of claim 27, wherein the core stream has
a location that may change within the channel.
29. A means for alignment comprising:

means for providing a light beam having a direction;
means for adjusting the direction of the light beam;

means for providing a target;
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means for measuring the amount of light scattered by the
target; and

wherein the direction of the light beam is adjusted to
increase the amount of light scattered by the target.

30. The means of claim 29, wherein:

the light scattered by the target is mapped to a first
position of the means for measuring the amount of light
scattered by the target; and

upon an adjustment of the direction of the light beam, the
light scattered by the target remains mapped to the first
position of the means for measuring the amount of light
scattered by the target.
31. The means of claim 30, wherein the target is a core
stream in a flow channel of a cytometer.
32. A method for alignment of a light beam with a core
stream in a flow channel of a cytometer, comprising:

directing a light beam towards the flow channel;

measuring an amount of light scattered by the core stream
in the flow channel; and

adjusting the direction of the light beam towards the core
stream to change the amount of light scattered by the
flow stream.

33. The method of claim 32, wherein the direction of the
light beam towards the core stream is adjusted to maximize
the amount of light scattered by the flow stream.

34. The method of claim 33, wherein the direction of the
light beam is adjusted with a change of position of a light
source relative to the core stream.

35. The method of claim 34, wherein light on the core
stream from the light source has a cone angle and orientation
that remains the same.
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36. The method of claim 35, wherein:
the light source comprises a plurality of lights; and

the change of position of the light source is effected by a

selection of a light from the plurality of lights.

37. The method of claim 36, wherein the measuring an
amount of light scattered by the core stream is effected by a
detector.

38. The method of claim 37, wherein the scattered light is
continually mapped to a same position on the detector when
the change of position of the light source is effected.

39. A telecentricity apparatus comprising:

a light source having various positions;

a detector having a target situated between the light source
and the detector; and

an optical arrangement situated between the light source
and the detector; and

wherein the optical arrangement maintains the same
impact position of a light beam from the light source on
the detector for the various positions the light source.
40. The apparatus of claim 39, wherein a position of the
various positions of the light source is selected to maximally
impinge the target with the light beam.
41. The apparatus of claim 40, further comprising:

a processor connected to the detector and the light source;
and

wherein a signal from the detector via the processor
indicates a position to be selected of the various posi-
tions of the light source to maximally impinge the
target with the light beam.
42. The apparatus of claim 41, wherein the target is a core
stream in a flow channel.
43. The apparatus of claim 42, wherein the flow channel
is of a cytometer.



