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EXCITATION LIGHT SOURCE ASSEMBLY

Technical Field
[0001] The present invention relates in general to systems for
exciting fluorescent materials and more particularly to systems for

exciting fluorescent materials in biomedical imaging applications.

Summary of the Invention

[0002] In one embodiment, a system for producing excitation
light for exciting a fluorescent material may include a support
structure having a camera mounted therete for capturing an image of
the fluorescent material. An excitation light assembly is alsoc
mounted to the support structure at a position adjacent the camera.
The excitation light assembly includes a housing defining a central
opening therein as well as a plurality of elongated holes
surrounding the central opening. The housing is mounted to the
support structure so that a field of view of said camera is
uncbstructed by the central opening in the housing. A narrow-band
light source is positioned within each of the elongated holes
provided within the housing. A diffuser positioned adjacent each
of the narrow-band light sources diffuses light produced by the
corresponding narrow-band light sourxce. A control gystem
operatively connected to each of the narrow-band light sources
operates selected ones of the narrow-band light sources to provide
a desired excitation illumination to the florescent material.

{00031 Also disclosed is an excitation light source assembly
having a housing defining a central opening therein and a plurality
of elongated holes surrocunding the central opening. The housing is
mountable to a support structure having a camera mounted thereto so
that a field of view of the camera is unobstructed by the central
opening in the housing. A light source is positioned within each

of the plurality of elongated holes defined by the housing. A



diffuser positioned adjacent the light source within each of the
plurality of elongated holeg diffuses light produced by each of the
light socurces. A control system operatively connected to each of
the light sources operates selected ones of the light sources to
provide a desired excitation illumination to a fluorescent material

within the field of view of the camera.

Brief Description of the Drawings

[0004] Illustrative and presently preferred exemplary
embodiments of the invention are shown in the drawings in which:
[06005] Figure 1 is a perspective view of one embodiment of an
imaging system that may be provided with an excitation light source
assembly according to the teachings of the present invention;
[0006] Figure 2 1is a front view in elevation of the imaging
system of Figure 1 with the certain of the exterior and interior
panels removed to show an interior imaging region and the
excitation light source assembly of the present invention;

[06007] Figure 3 is a perspective view of the excitation light
source assembly showing the alignment of the central opening of the
housing with a camera of the imaging system;

[0008] Figure 4 is a front view of the excitation light source
assembly showing the central opening and plurality of elongated
holes for housing the various light sources;

[{0009] Figure 5 1is a perspective view of a portion of the
support structure with the excitation light source assembly mounted
thereto;

[6010] Figure 6 ias a cross-gectional view in elevation of the
housing of the excitation light source assembly showing the angled
relationship of the various elongated holes with respect to the
central axis of the housing; and

[0011] Pigure 7 is an enlarged side view in elevation of one of

the elongated holes in the housing showing the arrangement of the
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light source, diffuser, and filter that may be utilized in one

embodiment of the invention.

Detailed Description of the Preferred Embodiments

(0012} An excitation light source assembly according to one
embodiment of the presgsent invention is shown and described herein
as it could be used in, or comprise a portion of, an imaging system
of the type commonly used in biomedical imaging applications.
Briefly, such biomedical imaging systems may be used to capture
various types or modes of images from a biomedical object or
specimen being analyzed. Common image types or modes that may be
captured by such devices include visible light images, wherein
vigible light reflected by the object or specimen is captured by a
camera assocliated with the imaging system. In ancther imaging
mode, the wvisible light comprises light that is emitted by the
object itself. In such cases, the emitted light may be generated
by a bioc-luminescence process, a fluorescence process, or by a
combination thereof. As is known, light emission by fluorescence
results from the prior or simultanecus exposure of the fluorescent
material to excitation light of szuitable wavelength. Not all
fluorescent materials will fluoresce or emit light in response to
excitation light of the same wavelength. Congequently, the
wavelength of the particular excitation light must be selected so
that it will excite the particular fluorescent material involved.
[0013] Because most biomedical imaging systems seek to detect
fluorescence from a wide range of flucorescent materials, most such
imaging systems are provided with excitation light scources that can
be operated to illuminate the fluorescent material with excitation
light of the appropriate wavelength. Unfortunately, however, most
excitation light sources tend to be expensive and/or difficult to
implement in use, and systems are constantly being sought that

improve on existing systems.



[0014] Referring now primarily to Figures 1-5, an excitation
light source assembly according to one embodiment of the present
invention is shown and described herein as it may be used in
conjunction with an imaging system of the type commonly used in the
biomedical imaging field. In the particular embodiment shown and
described herein, the imaging system may comprise a generally
rectangularly-shaped housing that defines an imaging chamber
therein that is configured to hold the object or specimen to be
studied and imaged. In many instances, the object or specimen will
contain one or more different kinds of fluorescent materials.
[0015] The housing may be provided with a door therein that may
be moved between an opened and closed position. When in the opened
position, the door will allow a user (not shown) to readily add or
remove the object or specimen to or from an imaging platform or
stage provided within the chamber. When the door is closed, it
provides a light-tight seal that substantially prevents ambient or
external light from entering the chamber. In the particular
embodiment shown and described herein, the imaging system is
provided with a camera that is mounted to a top plate or support
structure associated with the imaging system. The camera defines
a field of view {(not illustrated in the drawing figures) that may
be substantially coextensive with the imaging platform or stage,
thereby allowing the camera to capture an image of the object or
gpecimen and/or the fluorescent material associated with the object
or specimen.

0016} In the embodiment shown and described herein, the
excitation light source assembly may alsco be mounted to the top
plate or support structure of the imaging system. In one
embodiment, the excitation light source assembly comprises a “C7-
shaped housing that defines a central opening. The housing also
defines a plurality of elongated holes that are arranged around the

central opening, as best seen in Figures 3-6. The housing of the



excitation light source assembly 1s mounted to the support
structure so that the camera is located within the central openin
defined by the housing. The arrangement is such that the field of
view of the camera is substantially unchatructed by the housing
and/or central opening of the housing of the excitation light
source assembly. As will be described in greater detail below, a
light source (typically a narrow-band light source} may be
positioned or mounted in each of the elongated holeg provided in
the housing. A diffuser may also be positioned within each of the
elongated holes, generally at a position adjacent the light source.
Each diffuser diffuses light produced by the corresponding light
source. In addition, and as will be described in greater detail
below, each elongated hole may alsc be provided with a filter, if
desired or required, to remove or fillter any undesired light
wavelengths that may be produced by the light source or narrow-band
light s=ource.

(0017} Referring now primarily to Figure 6, the C-shaped housing
of the excitation 1light source assembly allows each of the
elongated holes provided therein to be conveniently angled {(i.e.,
with respect to the central axis of the housing), so that light
from the light sources may be directed to a desired area within the
field of view of the camera--that is, directed to a degired area of
the imaging platform or stage so that a desired portion of the
obiect or specimen provided thereon (i.e., the fluorescent
material) will be properly illuminated by the excitation light
produced by the excitation light source assembly.

[0018] In the particular embodiment shown and described herein,
each of the elongated holes defined by the housing are each angled
inward, toward the central axis of the housing, by an angle 8, as
best seen in Figure 6. Such an arrangement allows the excitation
light produced by the various light sources provided within the

various holes to roughly converge at a point on the central axis
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some distance “L7 from the excitation light source assembly. The
distance L will generally correspond to the positicn of the object
being imaged. Alternatively, other arrangements for aiming or
directing elongated openings, thus excitation light emitted
thereby, could alsoc be used, as would become apparent to persons
having ordinary skill in the art after having become familiar with
the teachings provided herein.

{00191 The housing for the excitation light source assembly may
be fabricated from any of a wide range of materials, such as metals
or plastics, that would be suitable for the intended application.
Conseqguently, the present invention should not be regarded as
limited to housings made from any particular materials. However,
by way of example, in one embodiment, the housing is fabricated as
a single piece from any of a polvoxymethylene thermoplastic
material, e.g., Delrin®.

foo20] As mentioned above, each of the elongated holes defined
by the housing of the excitation light source assembly 1is
configured to receive a light source suitable for producing
excitation light having a wavelength band that comprises at least
the wavelength or wavelengths required to excited fluorescence in
the particular fluorescent material to be imaged or studied. In
addition, because it will be desirable to use the imaging system
with a wide range of fluorescent matervials, various ones of which
will require excitation light having different wavelengths oxr
wavelength bands, in one embodiment, each of the elongated holes
defined by the housing will hold a narrow-band light source that
emits light having wavelengths {(i.e., a wavelength band) that is
slightly different from the wavelengths produced by the other light
sources. That is, the single housing of the excitation light
gsource assembly can be used to produce excitation light having

wavelengths across any desired band.
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[0021] By way of example, in one embodiment, the excitation
light source assembly is capable of emitting excitation light over
a wavelength range from about 430 nanometers (nm) to about 745 nm.
Therefore, it will be generally desirable to use for each light
source a comparatively “narrow-band” light source that emits
wavelengths over a fairly narrow band. Generally speaking, narrow-
band light sources having wavelength bands in the range of about 30
nm to about 35 nm could be used to advantage in the present
invention. If such narrow-band light sources are used, ten (10)
such narrow-band light sources, properly selected, and positioned
in the ten (10) elongated holes defined by the C-shaped housing
will be sufficient to cover this excitation light range.

{00221 Still referring to Figure 6, each narrow-band light
source provided in each elcongated hole should be selected to cover
a specific wavelength range or band within the desired overall
wavelength range or band (e.g., 430-745 nm} desired to be covered
by the excitation light source assembly. Generally speaking, light
emitting diodes (LEDg) that emit light in various narrow wavelength
bands (e.g., bands having widths of about 30-35 nm)are available.
Accordingly, various narrow-band LED light sources may be selected
to cover the desired wavelength range. However, in this regard it
should be noted that suitable LEDs that emit or produce light in
each of the desired wavelength bands may not be available . If so,
it mav be necessary to use broader-band LEDs, i.e., that emit light
having wavelengths outside the desired wavelength range. If so,
gsuch LEDs or broad-band light sources may be used in combination
with a filter element to filter or remove the undesired
wavelengths, as will be described in greater detail below.

[0023] The wvarious LEDs that may be used with the present
invention may comprise any of a wide range of LEDs that are now
known in the art or that may be developed in the future that

produce light in the desired wavelength ranges. However, because
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such LEDs are well-known in the art and could be readily provided
by persons having ordinary skill in the art after having become
familiar with the teachings provided herein, the particular LEDs
that may be utilized in one embodiment of the invention will not be
described in further detail herein.

(0024} It is alsc generally preferred, but not required, to
provide a diffuser within each elongated opening, generally at a
position immediately adjacent the light source. As its name
implies, the diffuser diffuses light produced by the light source,
thereby generally providing more even illumination of the object
{i.e., fluorescent material)than that provided by the light source
alone. The diffuser may comprise any of a wide range of optical
diffusers that are now known in the art or that may be developed in
the future that are or would be suitable for the particular
application. However, because optical diffusers are well-known in
the art and could be readily provided by persons having ordinary
skill in the art after having become familiar with the teachings
provided herein, the particular diffusers that may be used in one
embodiment of the invention will not be described in further detail
herein.

[0025] As briefly mentioned above, the light output
characteristics of the various light sources (e.g., LEDg) that may
be utilized in the excitation light source assembly may be such
that it is required, or at least degirable, to further limit the
wavelength range of excitation light produced by each light source.
This may be the case regardless of whether the particular light
source involved is a “narrow-band? light source. Accordingly, in
one embodiment, each elongated hole defined by the housing may also
be provided with a filter element therein that is configured to
remove or filter undesired wavelengths produced by the
corresponding light socurce. In the particular embodiment shown and

described herein, each such filter may be positioned adjacent the
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diffuser, as best seen in Figures 6 and 7. Alternatively, other
arrangements are possible.

{00261 In the particular embodiment shown and described herein,
each filter element comprises a “notch” type filter having a
relatively narrow wavelength bandpass range of about 30 nm. Such
notch type filters are available over a wide range of wavelengths.
In one embodiment o©of the invention, a separate notch filter is
provided for each light source, narrow-band or otherwise and the
notch filter wavelength is selected as appropriate for the
particular light source with which it is paired. Thus, when
individually activated, each light socurce/filter combination will
emit excitation light having a bandwidth of about 30 nm somewhere
within the desired overall wavelength range (e.g., from about 430
nm to about 745 nm) desired to be covered by the excitation light
gource assembly.

[0027] Each of the wvarious 1light sources provided in the
elongated holes defined by the housing may be operatively connected
to a control system (not shown) suitable for operating the various
light sources, i.e., turning them “on* and “off.” In one
embodiment, the light sources may be individually controlled, so
that a single light source, emitting excitation light in a single
wavelength range or band, may be used to excite the desired
fluorescent material contained in the object or specimen being
studied. Alternatively, other arrangements are possible. For
example, in another embodiment, the control system may operate two
or more light sources simultaneocusly. Such an operational mode may
be used to simultaneously excite two or more different kinds of
flucrescent materials, which will then fluoresce. Still other
arrangements and variations are possible, as would become apparent
to persons having ordinary skill in the art after having become
familiar with the teachings provided herein. Consequently, the

present invention should not be regarded as limited to the
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particular elements, applications, and methods shown and described
herein.

[0028] Having herein set forth preferred embodiments of the
present invention, it is anticipated that suitable modifications
can be made thereto which will nonetheless remain within the scope
of the invention. The invention shall therefore only be construed

in accordance with the following claims:

ERY
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CLAIMS:
1. An assembly, comprising:
a support structure;
a camera mounted to said support structure;
an excitation light source assembly mounted to said
support structure, sald excitation light source assembly
comprising:

a housing defining a central opening therein and a
plurality of elongated holes surrounding the central
opening, said housing being mounted to said support
structure so that the central opening is aligned with
said camera, so that a field of view of said camera is
unobstructed by said housing;

a narrow-band light source positioned within each of
the plurality of elongated holes; and

a diffuser positioned adjacent said narrow-band
light source positioned within each of the plurality of
elongated holes, each of said diffusers diffusing light
produced by each of said narrow-band light sources; and
a control system operatively connected to each of said

narrow-band light sources positioned within said plurality of
elongated holes, said control system operating selected ones
of said mnarrvow-band light sources to provide a desired
excitation illumination te a fluorescent material within the

field of view of said camera.

2. The assembly of claim 1, further comprising a light

filter positioned adjacent each of the diffusers.

3. The assembly of claim 1, wherein each of the elongated
holes defined by said housing are angled with respect to a central

axig of said housing so that light emitted from each of said

11
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narrow-band light sources is directed to a desired area within the

field of view of said camera.

4, The agsembly of claim 1, wherein each of said narrow-band
light sources ig selected to provide desired number of illumination

bands over a desired spectral range.

5. The assembly of claim 4, wherein the desired spectral

range is from about 430 nm to about 745 nm.

6. The assembly of claim 4, wherein the desired number of

illumination bands is 10.

7. The asgsembly of claim 4, wherein each desired
illumination band has a spectral width ranging from about 30 nm to

about 385 nm.

8. The assembly of claim 1, wherein each of said narrow band

light scurces comprises a light emitting diocde.

9. The assembly of claim 1, wherein said housing comprisesg

a polyoxymethylene thermoplastic materiasl.

16. The assenbly of claim 9, wherein said polyoxymethylene

thermoplastic material comprises Delrin.

1l. An excitation light source assembly, comprising:

a housing defining a central opening therein and a
plurality of elongated holes surrounding the central opening,
said housing being mountable to a support structure so that

the central opening is aligned with a camera also mounted to
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the support structure, so that a field of view of the camera
is unobstructed by said housing;
a light source positioned within each of the
plurality of elongated holes; and
a diffuser positioned adjacent said light source
positioned within each of the plurality of elongated
holes, each of said diffusers diffusing light produced by
each of said light sources; and
a control system operatively connected to each of said
light sources positioned within said plurality of elongated
holes, =said control system operating selected ones of said
light sources to provide a desired excitation illumination to

an object within the field of view of said camera.

12. The excitation light source assembly of claim 11 wherein
at least one of said light sources comprises a narrow-band light

gource that emits light in a wavelength range of about 35 nm.

13. The excitation light source assembly of claim 12 wherein
said at least one narrow-band light source comprises a light

emitting diode.

14. The excitation light scurce assembly of claim 11, further
comprising at least one light filter positioned adjacent at least
one diffuser in at least one of the elongated holes defined by said

housing.
15. The excitation light source assembly of claim 14, wherein

said at least one light filter comprises a notch filter having a

wavelength bandpass range of about 30 nm.
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ABSTRACT OF THE DISCLOSURE

An excitation light source assembly having a housing defining
a central opening therein and a plurality of elcngated holes
surrounding the central opening. The housing is mountable to a
support structure having a camera mounted thereto so that a field
of view of the camera is unobstructed by the central opening in the
housing. A light source is positioned within each of the plurality
cf elongated heoles defined by the housing. A diffuser positioned
adjacent the light source within each of the plurality of elongated
holes diffuses light produced by each of the light socurces. A
control system operatively connected to each of the light sources
cperates gelected ones of the light sources to provide a desired
excitation illumination to a flucrescent material within the field

of view of the camera.
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