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MONITORING OF A DETECTION ZONE
UTILIZING ZERO ORDER RADIATION FROM A
CONCAVE REFLECTING GRATING

FIELD OF THE INVENTION

The present invention relates to optical flow systems
wherein gratings are used to disperse radiation signals
into line spectrums for subsequent analysis.

DESCRIPTION OF THE PRIOR ART

Automated optical flow systems are widely used for
observing individual particles as they flow in suspension
sequentially through a small detection volume, in which
they are irradiated with an excitation beam. The irradia-
tion of the particles produces measurable radiation sig-
nals, such as light absorption, fluorescence and light
scatter. These radiation signals provide particle descrip-
tors or parameters which are used to count, identify and
analyze the particles. The radiation signals are trans-
lated by electro-optic means to analog electrical quanti-
ties.

Cytology research has revealed that complex prob-
lems, such as leukocyte differential counting, require
multiple descriptors such as the use of specific stains for
eosinophils, monocytes, basophils, and T and B lympho-
cytes, as well as the determination of DNA content of
each cell, thereby resulting in the use of up to six sepa-
rate fluorochromes. To separate the various fluorescent
radiation signals of differing wavelengths, a holo-
graphic grating, capable of focusing a dispersed spec-
trum onto a photomultiplier tube or like means has been
employed. These various features and considerations
and the present state of the art are set forth in “Devel-
opment of Instrumentation and Fluorochromes for Au-
tomated Multiparameter Analysis of Cells”, R. C. Leif
et al., CLINICAL CHEMISTRY, Vol. 23, No. 8, 1977,
pp. 1492-1498.

The inherent problem in the above described prior art
flow system becomes evident when the operator of the
instrument attempts to align and focus the light collect-
ing optics. The standard procedure requires a mirror to
be interposed across the radiation signal to provide an
alternative optical path for focusing the entire beam
through an eyepiece. Consequently, there is presently
no way to monitor radiation signal reception, or focus
and align the optical system, without interrupting the
signal reception.

The applicant, while developing the hereinafter de-
scribed invention, was employed and supported by the
Papanicolaou Cancer Research Institute of Miami, FL.

SUMMARY OF THE INVENTION

The invention is directed toward monitoring means
for observing a detection zone of an optical flow system
wherein individual particles, which are sequentially
suspended in a fluid flow, are irradiated at the detection
zone with an excitation source to generate radiation
signals, the radiation signals in turn being dispersed by a
grating for subsequent detection and measurement. The
monitoring means intercepts and utilizes heretofore
unused, relatively organized radiation, which has been
reflected from the grating and not dispersed therefrom,
to form a projected image of the detection zone for
subsequent observation either with an eyepiece, or on a
screen or like observation means.

In operation, the monitoring means makes it possible
to directly observe the detection zone, thereby allowing
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the user to focus and align the optical part of the flow
system, without interrupting signal reception. This per-
mits the user to readily optimize optical focusing of the
optical elements in order to obtain maximum efficiency
from the grating. Moreover, the monitoring means can
be employed to observe the detection zone while the
flow system is in operation; therefore permitting the
user to gather data, while the user is able to determine
at all times whether the optical system is functioning.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the present inven-
tion will become apparent as the following description
proceeds, taken in conjunction with the accompanying
drawings in which:

The sole FIGURE shows a schematic diagram of the
flow system in accordance with the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The drawing shows an optical flow system which is
generally indicated by reference character 10. A radia-
tion source 12 provides a light beam 14, which irradi-
ates individual particles suspended in a liquid stream
passing through a detection zone 15, the detection zone
18 being disposed inside of a square orifice 16 of a cube
shaped flow cell 18. The radiation source 12 is slidably
secured on an adjustable mount 19. Radiation signals,
produced by the excitation due to the beam 14, are
collected by conventional collection optics in the form
of a microscope objective arrangement 20, which is
mounted on an adjustable objective mount 22. Typi-
cally, the radiation signals will be a composite of stimu-
lated fluorescent radiation and scattered laser radiation,
although the radiation signals can include other types of
radiation. The radiation signals proceed from the micro-
scope objective arrangement 20 in the collimated beam
24, through a filter aperture 26. The filtering aperture
26 is capable of filtering out stray radiation by limiting
the image to that of the liquid stream and is formed in a
block 27. The above described optical system for parti-
cle illumination and radiation collection is illustrative of
one of several possible optical arrangements that can be
used with a monitoring arrangement of the invention, tc
be described hereinafter. For example, some of the prio:
art arrangements for particle illumination and resultant
light collection therefrom are illustrated in U.S. Pat.
No. 3,710,933 to Fulwyler et al. and U.S. Pat. No.
3,989,381 to Fulwyler. No matter what the optical ar-
rangement, it is necessary for the operator of the instru-
ment to focus and align the optical part of the system.
Depending upon the specific optical arrangement, a
laser beam, a flow cell and/or the light collecting lenses
and mirrors can be adjustably moved for the purposes
of alignment and focusing. For instance, in the illustra.
tive optics of the preferred embodiment, the operator
manually rotates one or more alignment control knobs
28 to align in up to three dimensions the beam 14 to
properly intersect the detection zone 15. Likewise, the
operator manually manipulates one or more focus knobs
30 to adjust in up to three dimensions the spacial rela.
tionship between the detection zone 15 and the collec-
tion lens of the microscope objective arrangement 20 tc
focus the radiation emanating from the detecting zone
1S8. Generally, the other prior art arrangements have
one or more collection lenses or mirrors that must be
aligned and positioned to collect radiation signals.



4,351,611

3

The collimated radiation signals, after passing
through the aperture 26, impinge upon a grating 32,
employed to disperse the radiation into spectrum lines.
The grating 32 is secured on a mount 33. In the pre-
ferred embodiment, the grating 32 is of the reflection
type, and more specifically, is a commercially available,
concave holographic grating, wherein a system of inter-
ference fringes are formed on a photosensitive layer of
a concave surface 34 of the grating 32. It will be appar-
ent to those skilled in the art that other types of known
reflection gratings or transmission gratings can be em-
ployed. Generally, these other gratings are made by
mechanical ruling, with a diamond point, so as to pro-
vide a large number of equidistant, parallel grooves on
a glass or metal surface. Consequently, dispersed radia-
tion is created by interference fringes with holographic
gratings, ruled grooves with reflection gratings and slits
or grooves with transmission gratings. In the drawing,
the grating 32 disperses the radiation signals in a line
spectrum at adjustable entrance slits 36 of a photomuliti-
plier tube 38, as shown by light rays 40. The photomul-
tiplier tube 38 and the grating 32 are positioned along a
radiation dispersion axis 39. The employment of the
grating 32 in the flow system 10 is representative of the
construction of a prior art arrangement.

A unique monitoring means 42 is used with the here-
tofore described optical flow system 10. With most
commercially available gratings, such as the grating 32,
approximately 50 percent of the radiation that strikes
the grating is reflected, rather than being dispersed into
the line spectrum. The reflected radiation signals are
shown in the drawing by light rays 44. Since the colli-
mated beam 24 impinges upon the concave surface 34,
the reflected light rays 44 illustrate relatively organized
radiation converging to a focus 45. An image forming
means, preferably in the form of a concave conjugate
mirror 46, is cooperatively positioned on a radiation
reflection axis 48 to correct at least partially for the
divergence of the radiation signals illustrated by the
rays 44, such divergence being caused by the focusing
action of the grating 32. In the illustrated embodiment,
the conjugate mirror 46 has a substantially spherical
configuration. However, depending upon the configu-
ration of the grating 32, the configuration of the conju-
gate mirror 46 can vary substantially. The conjugate
mirror 46 is constructed to substantially undo the focus-
ing effect of the grating 32 in its zero order. For exam-
ple, if the grating 32 focuses light in only one direction
sO as to create a line focus, then the conjugate mirror 46
could have cylindrical configuration. However, in the
illustrated embodiment, the light is focused in two di-
rections; thereby resulting the preferred spherical con-
figuration. If the conjugate mirror 46 is positioned to
intercept the radiation signals prior to their arrival at
the focus 45, then a convex conjugate mirror 46 would
be required. However, due to the short focal length of
the focus 45 in the illustrated embodiment, this is not the
preferred implementation. In either case, the conjugate
mirror 46 would have a circular cross-sectional configu-
ration. It will be obvious to those skilled in the art, that
other types of reflectors can be used. For example,

instead of a concave spherical mirror 46, a concave.

reflecting paraboloidal mirror, having a parabolical
cross-sectional configuration, can be used and instead of
a convex spherical mirror, a convex reflecting ellipsoi-
dal mirror, having an elliptical cross-sectional configu-
ration, can be used. All of the possible reflectors, to be
used for image forming, have conic cross-sectional con-

—

5

20

25

35

40

45

50

60

65

4

figurations. The use of reflectors, as compared to refrac-
tors, is preferred since refractors have chromatic aber-
ration problems. However, a lens could be used in place
of the conjugate mirror 46. The angle the radiation
reflection axis 48 forms with the radiation dispersion
axis 39 is dependent upon the relative angle of the in-
coming collimated beam 24. As illustrated by light rays
50, the radiation signals reflect from the conjugate mir-
ror 46 in a relatively collimated or slightly divergent
beam with the focusing, caused by the concave grating
32, being substantially corrected. The image forming
means can be modified to provide any beam configura-
tion desired. Moreover, if a planar grating is used in
place of a concave grating 32, the image forming means
can be eliminated. With at least one commercially avail-
able, holographic grating, there is some focusing of the
reflected light in two perpendicular, spaced-apart line
focuses. In such a case, a spherical mirror or cylindrical
mirror for undoing the first line focus has been found to
be sufficient. The radiation signals from the concave
grating 32 are projected to an observation means 52
which can take the form of a conventional microscope
eyepiece arrangement, a projection screen or like obser-
vation means. In summary, it will also be apparent to
those skilled in the art that other types of gratings will
reflect radiation in different ways, so that different opti-
cal elements other than the conjugate mirror 46, or in
some cases no optical elements, will be needed to appro-
priately correct for radiation modification caused by the
grating.

Additionally, conventional fiber optics can be used in
place of the conjugate mirror 46. In such a case, one end
of the fiber bundle would preferably be positioned at
the focus 45 with, for example, a magnifying lens at the
other end of the fiber bundle.

In operation, the operator of the flow system 10 will
observe the projected image of the detection zone 15 on
the screen or through the eyepiece, without interrupt-
ing signal reception by the photomultiplier tube 38.
Hence, the user can observe the focusing of the collec-
tion lens of the microscope objective arrangement 20
and can continue to monitor the focusing during opera-
tion. If the projected image proves to be undesirably
disorganized, then further focusing can be undertaken
or the operation of the flow system 10 can be termi-
nated.

Heretofore, the flow system 10 has been described as
being used for the study of particles, such as biological
cells. Another implementation of the flow system 10 is
in the art of chromatography, wherein optical flow cells
commonly are used to analyze a fluid chromatographic
effluent. The term ‘“particle” is defined herein to in-
clude the fluorescing or absorbing molecules of the
fluid chromatographic effluent.

Although particular embodiments of the invention
have been shown and described here, there is no inten-
tion thereby to limit the invention to the details of such
embodiments. On the contrary, the intention is to cover
all modifications, alternatives, embodiments, usages and
equivalents of the subject invention as fall within the
spirit and scope of the invention, specification and the
appended claims.

What is claimed is:

1. An optical flow system, wherein means are pro-
vided for measuring radiation signals generated when
particles, which are suspended in a fluid flow, are irradi-
ated in a detection zone, said flow system having a
concave reflecting grating disposed to intercept the



4,351,611

5 6
radiation signals and disperse the radiation signals into a concave surface oriented to receive the reflected
spectrum, said concave reflecting grating substantially radiation from the grating;

said monitoring means includes observation means,

having a line focus for “zero order” reflected radiation, . ” e
disposed to receive the reflected radiation from

the improvement of the flow system comprising:

monitoring means, disposed to receive the reflected 5 :’;g ;t:)i;l;ctor, for observing an image of the detec-
r.adlatlon ’from the grating, for observing the detec- 2. The optical flow system according to claim 1
tion zone; _ ) ) wherein said observation means includes a screen.
said monitoring means including a reflector, the line 3. The optical flow system according to claim 1
focus of the grating being disposed between the 10 wherein said observation means includes an eyepiece.
grating and said reflector, said reflector having a LA
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