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EXCITATION LIGHT SOURCE ASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. Provisional 
Patent Application No. 61/379,282, filed on Sep. 1, 2010, 
which is hereby incorporated herein by reference for all that 
it discloses. 

TECHNICAL FIELD 

This invention relates in general to systems for exciting 
fluorescent materials and more particularly to systems for 
exciting fluorescent materials in molecular imaging applica 
tions. 

BACKGROUND 

Molecular imaging systems are known in the art and are 
commonly used to capture various types or modes of images 
from an object or specimen being analyzed. The objects or 
specimens that are imaged may comprise any of a wide range 
of compositions and objects, as is well-known. Primarily, 
Such imaging systems are configured to detect extremely low 
levels of light emitted by the specimen or object under study. 
The light emitted by the object or specimen may be generated 
by a bio-luminescence process, a fluorescence process, or by 
a combination thereof. Such imaging systems may also be 
capable of capturing reflected light images, in which light 
reflected by the object is captured by the imaging system 
camera. Such a reflected light image is often combined with 
one or more emitted light images to form a single, composite 
image. Such a composite image allows a user to more easily 
correlate features and attributes of the emitted light image(s) 
with physical locations on the specimen or other characteris 
tics that are contained in the reflected light image. 
As is known, light emission by fluorescence results from 

the prior or simultaneous exposure of the fluorescent material 
to excitation light of suitable wavelength. However, not all 
fluorescent materials fluoresce or emit light in response to 
excitation light of the same wavelength. Consequently, the 
wavelength of the particular excitation light must be selected 
so that it will excite the particular fluorescent material 
involved. 

Because most molecular imaging systems seek to detect 
fluorescence from a wide range of fluorescent materials, most 
Such imaging systems are provided with excitation light 
sources 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. 

SUMMARY OF THE INVENTION 

An excitation light source assembly according to one 
embodiment of the invention may include a housing defining 
a central opening therein and a plurality of lamp receptacles 
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 substantially unobstructed by 
the housing. A light Source is positioned within each of the 
plurality of lamp receptacles. A diffuser is positioned adja 
cent the light source in each of the plurality of lamp recep 
tacles so that each of the diffusers diffuses light produced by 
each of the light sources. A control system operatively con 
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2 
nected to each of the light Sources operates selected ones of 
the light Sources to provide a desired excitation illumination 
to an object within the field of view of the camera. 

Also disclosed is an excitation light Source assembly that 
includes a housing and a first connector portion mounted to 
the housing. A lamp receptacle produces light in a first 
defined wavelength band. A second connector portion is 
mounted to the lamp receptacle so that the lamp receptacle 
can be removably engaged with the first connector portion 
mounted to the housing. The housing is mountable to a Sup 
port structure so that a field of view of a camera also mounted 
to support structure is substantially unobstructed by the hous 
ing and by the lamp receptacle. 

Another excitation light source assembly includes a base 
member that defines a central opening therein. A plurality of 
first connector portions are mounted to the base member at 
positions located around the central opening. The light Source 
assembly also includes a plurality of lamp receptacles, at least 
some of which produce light in different wavelength bands. A 
second connector portion mounted to each of the plurality of 
lamp receptacles is releasably engagable with a correspond 
ing one of the plurality of first connector portions mounted to 
the base member. The base member is mountable to a support 
structure so that the central opening is aligned with a camera 
mounted to the support structure and so that a field of view of 
the camera is substantially unobstructed by the base member 
and the lamp receptacles. 

Also disclosed is an assembly that includes a Support struc 
ture and a camera mounted to the Support structure. An exci 
tation light source assembly mounted to the Support structure 
includes a housing that defines a central opening therein and 
a plurality of lamp receptacles that surround the central open 
ing. The housing is mounted to the Support structure so that 
the central opening is aligned with the camera and so that a 
field of view of the camera is substantially unobstructed by 
the housing. At least one narrow-band light source is posi 
tioned within at least one of the plurality of lamp receptacles. 
A diffuser is positioned adjacent the narrow-band light 
Source. A control system operatively connected to each of the 
narrow-band light sources operates selected ones of the nar 
row-band light Sources to provide a desired excitation illumi 
nation to a fluorescent material within the field of view of said 
CaCa. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Illustrative and presently preferred exemplary embodi 
ments of the invention are shown in the drawings in which: 

FIG. 1 is a perspective view of an excitation light source 
assembly according to one embodiment of the present inven 
tion; 

FIG. 2 is a sectional view in perspective of a molecular 
imaging system having the excitation light source assembly 
of FIG. 1 provided therein; 

FIG.3 is a plan view of the support structure of the molecu 
lar imaging system of FIG.2 showing the relative positions of 
the excitation light source assembly and the lens assembly of 
the camera; 

FIG. 4 is an external view in perspective of the molecular 
imaging system of FIG. 2; 

FIG. 5 is a sectional view in perspective of the excitation 
light source assembly taken along the plane 5-5 of FIG. 1; 

FIG. 6 is a sectional view in perspective of the excitation 
light source taken along the plane 6-6 of FIG. 1; 

FIG. 7 is fluorescent image of desert flora obtained with 
excitation light having a wavelength of about 465 nm and 
observed at a wavelength of about 550 nm: 
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FIG. 8 is a fluorescent of the desert flora of FIG. 7 but 
observed at a wavelength of about 735 nm. 

FIG. 9 is a perspective view of a second embodiment of an 
excitation light source assembly having a plurality of remov 
able lamp modules; 

FIG. 10 is a sectional view in elevation of one of the 
plurality of removable lamp modules of the second embodi 
ment of the excitation light source assembly of FIG.9; 

FIG. 11 is an exploded perspective view of one of the 
removable lamp modules of the second embodiment of the 
excitation light source assembly of FIG. 9; 

FIG. 12 is a perspective view of a third embodiment of an 
excitation light source assembly; and 

FIG. 13 is a sectional view in elevation of the excitation 
light source assembly of FIG. 12. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

One embodiment of an excitation light source assembly 10 
is shown in FIGS. 1-3 as it could be used in, or comprise a 
portion of a molecular imaging system 12 (also shown in 
FIG. 4) of the type commonly used in molecular imaging 
applications. Briefly, the excitation light source assembly 10 
may comprise a housing or main body member 14 that defines 
a central opening 16 therein. The housing or main body mem 
ber 14 may also define a plurality of lamp receptacles 18 that 
are arranged around the central opening 16, as best seen in 
FIGS. 1 and 3. The various lamp receptacles 18 are config 
ured to receive various light sources or lamps 20. More spe 
cifically, and as will be described in greater detail below, the 
light sources or lamps 20 may comprise one or more narrow 
band light sources 22 and/or one or more broad-band light 
sources 24, as best seen in FIGS. 5 and 6. Generally speaking, 
the narrow band light sources 22 are used in fluorescent 
imaging applications, whereas the broad-band light sources 
24 are used in reflected light applications (e.g., to capture a 
visible light image), although this need not necessarily be the 
CaSC. 

Some of the lamp receptacles 18 may be provided with one 
or more diffusers 26 and/or one or more filters 28, as best seen 
in FIG. 5. The diffusers 26 are used to diffuse or spread light 
produced by the lamps 20, whereas the filters 28 are used to 
filter or remove light of unwanted or undesirable wave 
lengths. In a typical application, those lamp receptacles 18 
that are provided with narrow band light sources 22 may also 
be provided with diffusers 26 and filters 28, whereas those 
receptacles 18 that are provided with broad-band light 
sources 24 will not be provided with diffusers 26 and filters 
28. Alternatively, other arrangements are possible, as will be 
described herein. 

In an embodiment where in the excitation light source 
assembly 10 is to be used in conjunction with a molecular 
imaging system 12, it will be generally desirable to provide 
the excitation light source assembly 10 with the capability to 
generate or produce excitation light or illumination in a vari 
ety of individual bands or colors that extend over a compara 
tively large wavelength range (e.g., from about 430 nanom 
eters (nm) to about 745 nm). However, other embodiments 
may extend this range to 800 nm or even 900 nm. In the 
particular embodiment shown and described herein, the exci 
tation light Source assembly 10 is capable of producing or 
generating ten (10) individual illumination bands or colors 
having comparatively narrow bandwidths (e.g., in the range 
of about 30-35 nm), although bandwidths having other ranges 
may also be used. The ten (10)individual illumination bands 
or colors (i.e., having relatively narrow bandwidths of about 
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30-35 nm) thus may cover the large wavelength range of from 
about 430 nm to about 745 nm. In another embodiment, the 
wavelength range may be extended to about 900 nm by pro 
viding one or more additional illumination bands or colors 
having wavelengths that extend to 900 nm. 

In addition to the ability to provide illumination via one or 
more narrow illumination bands, the excitation light source 
assembly 10 may also be used to provide broad-band (e.g., 
white light) illumination, which may be desirable in certain 
imaging applications. 

In the particular embodiment shown and described herein, 
each individual illumination band or color is generated or 
produced by light sources 22 provided in lamp receptacles 18 
that are located on opposite sides of the central opening 16. As 
will be described in greater detail below, this arrangement 
provides for more even illumination than would otherwise be 
the case if the individual illumination band or color were 
provided by only a single lamp receptacle 18. 

In an application wherein the excitation light source 
assembly 10 is used in conjunction with a molecular imaging 
system 12, the housing or main body member 14 of the 
excitation light source assembly 10 may be mounted to a base 
member 30 that, in turn, may be mounted to a suitable support 
structure 32 associated with the imaging system 12. See 
FIGS. 2 and 3. More particularly, the excitation light source 
assembly 10 is mounted to the support structure 32 so that the 
central opening of main body 14 is substantially aligned with 
(i.e., concentric to) a lens assembly 34 of a camera 36 asso 
ciated with the imaging system 12. The arrangement is such 
that a field of view (represented schematically by lines 38) of 
camera 36 is substantially unobstructed by the housing 14 
and/or central opening 16 of housing 14 of excitation light 
source assembly 10. 
The excitation light source assembly 10 may be operatively 

connected to a control system 40 (FIG. 2). Control system 40 
may be used to operate selected ones of the various light 
Sources 20 (e.g., narrow-band light sources 22 and broad 
band light Sources 24) provided in the excitation light Source 
assembly 10 to provide a desired illumination to an object or 
specimen 42 located within the field of view 38 of camera 36. 
Camera 36 may then capture an image of fluorescing material 
in the object or specimen 42. It should be noted that different 
fluorescent materials in the specimen 42 may be excited or 
activated by illuminating the specimen 42 with light of vari 
ous colors or wavelength bands. In addition, different fluo 
rescent materials in the specimen 42 may fluoresce or emit 
light of different wavelengths even when illuminated with 
light of the same color or wavelength band. Images of the 
specimen 42 produced by light emitted in such different 
wavelengths may be captured by using an appropriate filter in 
conjunction with the camera 36. 

For example, and with reference now to FIGS. 7 and 8, a 
first fluorescent image 44 of a specimen 42, in this case a 
cactus pad and flowers, may be obtained by using the control 
system 40 to activate those light sources 20 that emit light in 
an individual wavelength band or color that will excite the 
particular fluorescent material of interest in the specimen 42. 
In this particular example, the individual wavelength band or 
color comprised a middle or “center wavelength of about 
465 nm, with a bandwidth of about 30-35 nm. A550 nm filter 
was used to capture the image 44 shown in FIG. 7, which was 
then combined with a visible light image of the specimen 42. 
The emission at 550 nm reveals the fluorescence of the indi 
vidual spines of the cactus. However, no fluorescence of the 
flower appears at this wavelength. In contrast, a second fluo 
rescent image 46 of the specimen 42, depicted in FIG. 8, but 
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captured with a 735 nm filter, reveals emission from the 
leaves of the flowers as well as from the entire surface of the 
cactus pad. 
A significant advantage of the excitation light source 

assembly of the present invention is that it may be used to 
illuminate an object or specimen with light in multiple narrow 
bands or colors, thereby allowing a single excitation light 
Source assembly to be used in imaging applications involving 
a wide range of fluorescent materials that are excited over a 
wide range of wavelengths. Moreover, the excitation light of 
each individual wavelength band or color may be readily 
increased and decreased in brightness by controlling the num 
ber of light sources in each lamp receptacle that are illumi 
nated or activated at any one time. Still further, the ability of 
the excitation light Source assembly to also provide broad 
band illumination allows for the ready capture of conven 
tional reflected light images of the object or specimen, which 
are typically desired in most imaging applications. 

Still other advantages are associated with the paring of the 
lamp receptacles on opposite sides of the central opening, in 
that Such a paring allows for the more even illumination of the 
object or specimen than would otherwise be the case if the 
illumination were provided by only a single lamp receptacle. 

Still yet other advantages are associated with embodiments 
having removable lamp receptacles. In such embodiments, 
the lamp receptacles can be readily removed and replaced in 
the field, thereby allowing users to conveniently and rapidly 
tailor the wavelength bands or colors that may be provided by 
the excitation light source assembly. The present invention 
also dispenses with the need to provide the illumination via 
fiber optic bundles, which is expensive and cumbersome. 
Moreover, such fiber optic bundles must also be carefully 
selected so that they do not contain materials or elements that 
themselves would fluoresce in use. 

Having briefly described one embodiment of the excitation 
light source assembly of the present invention, as well as 
Some of its more significant features and advantages, various 
exemplary embodiments of the excitation light source assem 
bly will now be described in detail. However, before proceed 
ing with the description, it should be noted that while the 
particular embodiments are shown and described herein as 
they could be used to provide illumination over certain wave 
length ranges and in certain narrow illumination bands or 
colors having certain bandwidths, the particular wavelength 
ranges, numbers of illumination bands, as well as the band 
widths of the illumination bands may be varied depending on 
the any of a wide range of factors, including the requirements 
of the particular application. Consequently, the present inven 
tion should not be regarded as limited to the particular 
examples, ranges, wavelength bands, and applications shown 
and described herein. 

Referring back now to FIGS. 1-4, an excitation light source 
assembly 10 according to one embodiment of the present 
invention is shown and described herein as it may be used in 
conjunction with a molecular imaging system 12 of the type 
commonly used in the molecular imaging field. In the par 
ticular embodiment shown and described herein, the imaging 
system 12 may comprise a generally rectangularly-shaped 
chassis or main enclosure 48 configured to house and Support 
the various components and Subsystems required to perform 
various types of molecular imaging processes. In addition, the 
main enclosure 48 also may be provided with various external 
finish panels 50that cover or overlay the underlying chassis or 
main enclosure structure 48. In the particular embodiment 
shown and described herein, the imaging system 12 is 
designed or configured to be connected to separate computer 
system (not shown) to allow a user to operate the imaging 
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6 
system 12 and view images produced by the imaging system 
12 on a suitable display system (also not shown). 
The main enclosure 48 of imaging system 12 may be pro 

vided with an access door 52 that can be moved vertically 
between a closed position (shown in FIG. 4) and an opened 
position (not specifically illustrated in the drawing figures) to 
allow the user to access an imaging compartment or chamber 
54 defined by the main enclosure 48, as best seen in FIG. 2. 
The imaging compartment 54 is sized to receive one or more 
objects or specimens 42 to be imaged. Objects or specimens 
42 Suitable for use with the imaging system 12 include 
samples that may be provided in a well plate 56, as well as 
living organisms (not shown). Other types of objects or speci 
mens 42 may be imaged for other purposes as well, as would 
become apparent to persons having ordinary skill in the art 
after having become familiar with the teachings provided 
herein. 

Referring now primarily to FIG. 2, the imaging system 12 
also may include an imaging system Sub-assembly 58 having 
an object platform or stage 60, as well as a mounting or 
support structure 32. The object platform 60 is moveably 
mounted to the sub-assembly 58 so that the object platform 60 
can be moved vertically toward and away from the support 
structure 32, i.e., generally in the direction indicated by 
arrows 62. The support structure 32 is configured to receive 
camera 36, control system 40, as well as various other com 
ponents and systems required for operation of the imaging 
system 12. However, because Such various other components 
and systems that may be required or desired for the operation 
of the imaging system 12 are not required to understand or 
practice the present invention, such additional components 
and systems will not be described in further detail herein. 
The excitation light source assembly 10 may comprise a 

housing or main body 14 that defines a central opening 16 
therein, as best seen in FIG. 1. The housing or main body 
member 14 may be mounted to a base member 30 to allow the 
excitation light source assembly 10 to be readily mounted to 
the Support structure 32 of the imaging system 12, as best seen 
in FIGS. 2 and 3. As mentioned above, the excitation light 
source assembly 10 is mounted to the support structure 32 so 
that the central opening 16 of main body 14 is substantially 
aligned with the lens assembly 34 of camera 36. The arrange 
ment is such that the field of view 38 of camera 36 is substan 
tially unobstructed by the housing 14 and/or central opening 
16 of housing 14. 

Referring now primarily to FIGS. 3, 5, and 6, the main 
body member 14 of excitation light source assembly 10 also 
defines a plurality of lamp receptacles 18 therein that are 
arranged around the central opening 16. Each of the lamp 
receptacles 18 is sized or configured to receive one or more 
light sources or lamps 20 (FIGS. 5 and 6). In particular, the 
large diameter lamp receptacles 18 may be sized to receive 
one or more narrow-band light sources 22, as best seen in 
FIG. 5, whereas the small diameter lamp receptacles 18 may 
be sized to receive a single broad-band light source 24, as best 
seen in FIG. 6. 
The various lamp receptacles 18 may be provided at loca 

tions on the main body member 14 So as to provide Substan 
tially uniform illumination to the object or specimen 42 pro 
vided on the imaging platform or stage 60. In the particular 
embodiment shown and described herein, the main body 
member 14 is provided with twenty (20) large diameter lamp 
receptacles 18, each of which is provided with a plurality of 
narrow-band light Sources 22 and, optionally, diffusers 26, 
and filters 28. Moreover, and as will be described in further 
detail below, a given large diameter lamp receptacle 18 (Such 
as receptacle 68).may be matched with a counterpart large 
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diameter receptacle 18 (such as receptacle 68') on the oppo 
site side of central opening 16. See FIG.1. Both the receptacle 
68 and its counterpart receptacle 68' may be configured to 
emit light of the same color or wavelength range. Thus, when 
energized, each Such receptacle 68 and counterpart receptacle 
68' will emit light of the same color or wavelength range. 
Because each Such receptacle 68 and counterpart receptacle 
68" are located on opposite sides of the central opening 16, the 
specimen 42 will be more evenly illuminated with this 
arrangement than would otherwise be the case if the light 
were emitted only by a single receptacle 18. 
As briefly described above, each of the small diameter 

receptacles 18 may be provided with a single broad-band light 
source 24. The various small diameter receptacles 18 also 
may be provided in spaced-apart relation around the central 
opening 16 of body member 14 in order to provide substan 
tially uniform illumination of the object 42 provided on the 
stage 60 when the broad-band light sources 24 are energized. 
The housing or main body member 14 may be fabricated 

from any of a wide range of materials, such as metals or 
plastics, that would be suitable for the intended application. 
Generally speaking, it will be desirable to use a material that 
will not fluoresce in response to the illumination provided by 
the various light sources 20 provided therein, as such fluores 
cence of the material comprising the main body member 14 
will degrade the performance of the imaging system 12. By 
way of example, in one embodiment, the housing or main 
body member 14 is fabricated from a polyoxymethylene ther 
moplastic material, such as Delrin R. Alternatively, other 
materials may also be used, 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 a 
main body member 14 that is fabricated from any particular 
material. 

With reference now primarily to FIG. 5, each of the large 
diameter lamp receptacles 18 defined by the housing 14 of the 
excitation light Source assembly 10 is sized or configured to 
receive at least one, and preferably three (3) narrow-band 
light sources 22 (only two of which are shown in FIG. 5). As 
will be described in greater detail below, the individual nar 
row-band light sources 22 may be individually activated by 
control system 40 to provide illumination of three (3) differ 
ent intensity levels by activating various ones of the three 
narrow-band sources 22 provided to each lamp receptacle. In 
contrast, each of the Small diameter lamp receptacles 18 may 
be sized to receive a single broad-band light source 24. How 
ever, other arrangements 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 any particular configuration with respect to the 
number of light sources 20 that may be provided to each lamp 
receptacle 18. 
The various light sources 20, e.g., comprising narrow-band 

light sources 22 and broad-band light Sources 24, may be 
mounted to a circuit board 64 which, in turn, may be mounted 
or affixed to the main body 14, as best seen in FIGS. 1, 5, and 
6. Circuit board 64 provides a means for physically support 
ing the various light sources 20 within the lamp receptacles 18 
and for electrically connecting the light sources 20 to the 
control system 40. Circuit board 64 may also be provided 
with any of a wide range of ancillary systems and devices, 
Such as light Source drive circuits and connectors, to allow the 
light sources 20 to be activated by control system 40. How 
ever, because such devices and systems are well-known in the 
art and could be readily provided by persons having ordinary 
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8 
skill in the art after having become familiar with the teachings 
provided herein, the circuit board 64 that may be utilized in 
one embodiment of the present invention will not be 
described in further detail herein. 

Each narrow-band light Source 22 is Suitable for producing 
excitation light having a wavelength band or color that com 
prises at least the wavelength or wavelengths required to 
excite or activate fluorescence in the particular material or 
specimen 42 to be imaged or studied. In addition, because it 
will be desirable to use the imaging system 12 to image a wide 
range of fluorescent materials, various ones of which may 
require excitation light having different colors or wavelength 
bands, in one embodiment, each of the larger diameter lamp 
receptacles 18 defined by the housing 14 will hold at least 
one, and preferably three (in one embodiment), narrow-band 
light source 22 that emits light having wavelengths (i.e., a 
wavelength band) that is slightly different from the wave 
lengths produced by the other narrow-band light sources 22 
provided in others of the larger diameter lamp receptacles 18. 
Stated another way, the various lamp receptacles 18 may emit 
light of different colors. In this manner, then, the single hous 
ing 14 of excitation light Source assembly 10 can be used to 
produce excitation light having wavelengths across any 
desired wavelength range. 

In addition, and as was also mentioned above, each of the 
larger diameter lamp receptacles 18 (e.g., lamp receptacle 68, 
FIG. 1) may be paired with a counterpart receptacle (e.g., 
lamp receptacle 68') on the opposite side of the central open 
ing 16 in order to provide more even illumination of the 
specimen 42 provided on the imaging platform or stage 60. 
For example, if a particular lamp receptacle 68 is provided 
with a narrow-band light source 22 that is capable of emitting 
light having middle or center wavelength of about 465 nm, 
then its counterpart receptacle 68 should also be provided 
with a narrow-band light Source 22 having a middle or center 
wavelength of about 465 nm. 

In the particular embodiment shown and described herein, 
the excitation light Source assembly 10 is capable of emitting 
excitation light in a plurality of individual bands or colors 
over a wavelength range from about 430 nm to about 745 nm. 
Therefore, it will be generally desirable to use for each light 
source 20 a comparatively narrow-band light source 22 that 
emits light having wavelengths over a fairly narrow-band. By 
way of example, narrow-band light sources 22 having band 
widths in the range of about 30-35 nm can be used to advan 
tage in the present invention. If Such narrow-band light 
Sources 22 are used, ten (10) Such narrow-band light Sources 
22, properly selected, will be sufficient to cover the exem 
plary wavelength range. In accordance with this objective, 
then, the main body member 14 is provided with twenty (20) 
large diameter receptacles 18 that are arranged in ten pairs of 
two on opposite sides of the central opening 16. The corre 
sponding receptacle pairs (e.g., 68 and 68, FIG. 1) are then 
provided with narrow-band light sources 22 of the same 
wavelengths so that the excitation light source assembly 10 is 
capable of providing illumination in ten different narrow 
band wavelength ranges or colors. 

Alternatively, another embodiment of the invention may 
produce light having a wavelength of 800 nm by providing 
one or more light sources 22 capable of producing light hav 
ing wavelengths of around 800 nm. In still another embodi 
ment, the range could be extended to wavelengths of 900 nm 
or even longer by providing the excitation light source assem 
bly 10 with light sources 22 capable of producing light having 
wavelengths of around 900 nm. 

Each narrow-band light source 22 may comprise a light 
emitting diode (LED) that emits light in the desired wave 
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length band, and ideally, with the desired bandwidth (e.g., of 
about 30-35 nm). Light emitting diodes having Such narrow 
bandwidths (e.g., about 30-35 nm) along the desired wave 
length range (e.g., 430 nm to about 745 nm) are readily 
commercially available and can be used as the narrow-band 
sources 22. However, 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 may be necessary to use 
broader-band LEDs, i.e., that emit light having wavelengths 
outside the desired wavelength range. If so, such LEDs or 
broad-band light Sources may be used in combination with a 
filter element 28 to filter or remove the undesired wave 
lengths, as will be described in greater detail below. 

Regardless of the particular light source 22 that may be 
used, it is also generally preferred, but not required, to provide 
a diffuser 26 within each lamp receptacle 18. The diffuser 26 
may be provided at any convenient position within lamp 
receptacle 18. In one embodiment, diffuser 26 is located at a 
position immediately adjacent the light source 20, as best 
seen in FIG.5. A sleeve 66 provided in the lamp receptacle 18 
may be used to support diffuser 26, although other arrange 
ments are possible. As its name implies, the diffuser 26 dif 
fuses or spreads light produced by the light source 20, thereby 
generally providing for more even illumination than would be 
provided by the light source 22 alone. 
The diffuser 26 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 per 
Sons 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. 
As mentioned above, the light output characteristics of the 

various light sources 20 (e.g., LEDs) that may be utilized in 
the excitation light source assembly 10 may be such that it 
may be required, or at least desirable, to further limit the 
wavelength range of excitation light produced by each light 
source 20. This may be the case regardless of whether the 
particular light source 20 involved is a narrow-band light 
Source 22. Accordingly, in one embodiment, each of the large 
diameter lamp receptacles 18 (e.g., containing or housing the 
narrow-band light sources 22) may also be provided with a 
filter element 28. Filter element 28 may remove or filter 
undesired wavelengths produced by the light source 20, 
regardless of whether the light source 20 comprises a narrow 
band light source 22. In the particular embodiment shown and 
described herein, each Such filter may be positioned adjacent 
the diffuser 26, as best seen in FIG. 5, although other arrange 
ments are possible. 

In the particular embodiment shown and described herein, 
each filter element 28 may comprise a “notch' type filter 
having a relatively narrow wavelength bandpass range of 
about 30 nm around the desired center wavelength or color. 
Such notch type filters are available over a wide range of 
wavelengths or colors. In one embodiment of the invention, a 
separate notch filter 28 is provided for each light source 22, 
and the notch filter wavelength is selected as appropriate for 
the particular light source 22 with which it is paired. Thus, 
when individually activated, each light source/filter combi 
nation will emit excitation light having a bandwidth of about 
30 nm at a desired color or wavelength band within the 
desired overall wavelength range (e.g., from about 430 nm to 
about 745 nm). 

Referring now primarily to FIG. 6, the excitation light 
source assembly 10 may also be provided with a plurality of 
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10 
small diameter lamp receptacles 18 therein that are sized to 
receive a broad-band light source 24. In the particular 
embodiment shown and described herein, each Small diam 
eter lamp receptacle 18 receives a single broad-band light 
source 24, although other embodiments may be provided with 
a plurality of broad-band light sources 24 for each receptacle 
18. Broad-band light source 24 may comprise any of a wide 
range of broad-band light sources now known in the art or that 
may be developed in the future that are, or would be, suitable 
for the intended application. By way of example, in one 
embodiment, each broad-band light Source 24 may comprise 
a “white' LED of the type that are readily commercially 
available. In another embodiment, one or more of the broad 
band light Sources 24 may be mounted at other locations 
within the imaging system 12. 

Each of the various light Sources 20, i.e., comprising nar 
row-band sources 22 and broad-band sources 24, provided in 
the various lamp receptacles 18 defined by the housing 14 
may be operatively connected to a control system 40 (FIG. 2) 
via the circuit board 64. Control system 40 may be used to 
operate or energize the various light sources 20 to turn them 
on and off. In one embodiment, each of the various light 
Sources 20 (i.e., comprising narrow-band Sources 22 and 
broad-band sources 24) may be individually controlled so that 
a single light source 20, emitting excitation light in a desired 
wavelength band or color, may be used to excite the desired 
fluorescent material contained in the object or specimen 42 
being studied. Alternatively, other arrangements are possible. 
For example, in another embodiment, the control system 40 
may operate two or more light sources 20 simultaneously. 
The excitation light source 10 may be operated as follows 

to capture a fluorescent image of a specimen 42, for example 
a cactus pad and flowers. Once the specimen 42 has been 
properly positioned on the platform or stage 60 and the imag 
ing system 12 otherwise prepared for operation, the control 
system 40 may operate selected ones of the various light 
Sources 20 (e.g., narrow-band light sources 22 and broad 
band light sources 24) to illuminate the specimen 42 with a 
desired wavelength band or color. Camera 36 may then cap 
ture an image of fluorescing material in the object or speci 
men 42. As described earlier, different fluorescent materials 
in the specimen 42 may be excited or activated by illuminat 
ing the specimen 42 with light of various colors or wavelength 
bands. In addition, different fluorescent materials in the 
specimen 42 may fluoresce or emit light of different wave 
lengths even when illuminated with light of the same color or 
wavelength band. Images of the specimen 42 produced by 
light emitted in such different wavelengths may be captured 
by using an appropriate filter in conjunction with the camera 
36. 

For example, and with reference now to FIGS. 7 and 8, a 
first fluorescent image 44 of specimen 42 may be obtained by 
using the control system 40 to activate those light sources 20 
that emit light having a middle or center wavelength of about 
465 nm (and with a bandwidth of about 30-35 nm). Certain 
materials contained within the specimen 42 will fluoresce in 
response to this excitation illumination. However, the mate 
rials may not all fluoresce or emit light of the same wave 
length. Different materials will fluoresce or emit light of 
different wavelengths, as is known. The particular fluorescent 
image 44 depicted in FIG.7 was captured with a 550 nm filter 
adjacent the camera 36 and is shown combined with a visible 
light image of the specimen 42. The emission at 550 nm 
reveals the fluorescence of the individual spines of the cactus. 
However, no fluorescence of the flower appears at this wave 
length. In contrast, the second fluorescent image 46 depicted 

Case 4:22-cv-00043   Document 1-1   Filed on 01/06/22 in TXSD   Page 21 of 24

21



US 8,901,516 B2 
11 

in FIG. 8, but captured with a 735 nm filter, reveals emission 
from the leaves of the flowers as well as from the entire 
Surface of the cactus pad. 

Other variations and configurations are possible for the 
excitation light source according to the present invention. For 5 
example, a second embodiment 110 of an excitation light 
Source assembly according to the teachings of the present 
invention is illustrated in FIGS. 9-11. The second embodi 
ment 110 differs from the first embodiment 10 in that the 
second embodiment 110 comprises a plurality of lamp recep 
tacles 118 that are removable from corresponding main bod 
ies 114. The removable lamp receptacles 118 allow the exci 
tation light source 110 to be readily configured (and 
reconfigured) to produce light of any desired wavelength 
band or color by simply removing one or more of the lamp 
receptacles 118 and replacing it or them with another lamp 
receptacle 118 that configured to produce light in the desired 
wavelength band or color. 

The second embodiment 110 may comprise a base member 20 
130 to which are mounted a plurality of main bodies 114. In 
the particular embodiment illustrated in FIGS. 9-11, the base 
member 130 comprises a C-shaped member having a central 
opening 116. Alternatively, the base member 130 could com 
prise other shapes and configurations, such as the circular 25 
shape of the first embodiment 110. The overall configuration 
of the C-shaped base member 130 is such that the central 
opening 116 thereof will be substantially aligned with the 
lens assembly 34 of camera 36 when mounted to the support 
structure 32 of imaging system 12. See FIGS. 2 and 3. As was 30 
the case for the first embodiment 10, the arrangement of the 
second embodiment 110 is such that the field of view 38 of 
camera 36 is substantially unobstructed by the central open 
ing 116 of base member 130, as well as the various light 
receptacles 118 associated with excitation light source 35 
assembly 110. 

With reference now primarily to FIG. 10, each main body 
114 may be substantially identical to the others and may 
comprise an opening 115 therein sized to receive the corre 
sponding removable lamp receptacle 118. Main body 114 40 
may also be configured to receive a connector assembly 117 
that is sized to removably receive a mating portion 119 pro 
vided in the removable lamp receptacle 118. The connector 
assembly 117 and mating portion 119 provide physical and 
electrical engagement with the removable lamp receptacle 45 
118. Connector assembly 117 may be electrically connected 
to an electrical connector assembly 165 provided in the main 
body 114. See also FIG.9. 

In the particular embodiment shown and described herein, 
each main body 114 has an angled base portion 121 so that the 50 
each lamp receptacle 118 is angled inward, toward the central 
axis 151 of the housing 114, by an angle 0, as best seen in FIG. 
10 (central axis 151 is shown in a displaced position in FIG. 
10 for clarity). Such an arrangement allows the excitation 
light produced by the various lamp receptacles 118 to roughly 55 
converge at a point on the image platform or stage 60 where 
the specimen 42 is to be located during the imaging operation. 
Alternatively, other arrangements for aiming or directing the 
lamp receptacles 118, thus excitation light emitted thereby, 
could also be used, as would become apparent to persons 60 
having ordinary skill in the art after having become familiar 
with the teachings provided herein. 

The base member 130 and each of the main bodies 114 may 
be fabricated from any of a wide range of materials (e.g., 
metals and plastics) that would be suitable for the intended 65 
application. By way of example, in one embodiment the base 
member 130 may comprise aluminum. Each of the main 
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bodies 114 may be fabricated from a polyoxymethylene ther 
moplastic material, such as Delrin R. Alternatively, other 
materials may also be used. 

Connector assembly 117 and its mating portion 119 may 
comprise any of a wide range of connector assemblies 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, by way of example, in one embodiment, connector 
assembly 117 and its mating portion 119 may comprise a type 
“FGG” connector assembly available from LEMO USA, Inc. 
of Rohnert Park, Calif. Alternatively, other types of connec 
tors may be used. 

Referring now to FIGS. 10 and 11 simultaneously, each 
lamp receptacle 118 may be substantially identical to the 
others and may comprise first and second barrel sections 123 
and 125 that may be connected or joined together by a 
threaded nipple or sleeve section 127. Sleeve section 127 is 
also configured to receive mating connector portion 119, as 
best seen in FIG. 10. The upper barrel section 125 may be 
configured to receive one or more narrow-band light Sources 
122 (only a single narrow-band light source 122 is illustrated 
in FIGS. 10 and 11), which may be mounted to a circuit board 
164 that is electrically connected to mating connectorportion 
119 via wires (not shown) or other suitable means. Barrel 
section 125 may also be configured to receive a diffuser 126 
and/or a filter 128, as best seen in FIG. 11. A sleeve 166 may 
be used to position the diffuser 126 and/or filter 128 with 
respect to the light source 122. A foam spacer 131 or other 
elastomeric material may be provided between circuit board 
164 and sleeve 127, as best seen in FIG. 10. 
The upper and lower barrel sections 123 and 125 may be 

fabricated from any of a wide range of materials, such as 
metals or plastics, that would be suitable for the intended 
application. Consequently, the present invention should not 
be regarded as limited to any particular material. However, by 
way of example, in one embodiment, the upper and lower 
barrel sections 123 and 125 are fabricated from aluminum. 
The aluminum may be provided with a suitable non-reflective 
coating. 

Still other variations are possible. For example, and with 
reference now to FIGS. 12 and 13, a third embodiment 210 of 
the excitation light source assembly may comprise a “C”- 
shaped housing or main body 214 that defines a central open 
ing 216. The housing 214 also defines a plurality of lamp 
receptacles 218 that are arranged around the central opening, 
as best seen in FIG. 12. The housing 214 of the excitation light 
source assembly 210 is also configured to be mounted to the 
Support structure 32 of imaging system 12, so that the lens 
assembly 34 of camera 36 is generally concentric with the 
central opening 216 defined by the housing 214. See FIGS. 2 
and 3. As was the case for the other embodiments, the 
arrangement is such that the field of view 38 of the camera 36 
is substantially unobstructed by the housing 214 and/or cen 
tral opening 216 of housing 214 of the excitation light source 
assembly 214. 

Referring now to FIG. 13, each of the lamp receptacles 218 
may be provided narrow-band light source 222 that, in one 
embodiment, may be mounted to a circuit board 266. A dif 
fuser 226 may also be positioned within each of the lamp 
receptacles 218, generally at a position adjacent the light 
source 222. Each diffuser 226 diffuses light produced by the 
corresponding light Source 222 and may be held in position by 
a sleeve 266. As was the case for the other embodiments, each 
lamp receptacle 218 may also be provided with a filter 228, if 
desired or required, to remove or filter any undesired light 
wavelengths that may be produced by the light source 222. 
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The C-shaped housing 214 of the excitation light source 
assembly 210 allows each of the lamp receptacles 218 pro 
vided therein to be conveniently angled (i.e., by an angle 0 
with respect to the central axis 251 of housing 214), so that 
light from the light sources 222 may be directed to a desired 
area within the field of view 38 of camera 36. 
The housing 214 for the excitation light source assembly 

210 may be fabricated from any of a wide range of materials, 
such as metals or plastics, that would be suitable for the 
intended application. Consequently, 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 polyoxymethylene thermoplastic material, e.g., Del 
rin(R). 

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: 
The invention claimed is: 
1. An excitation light source assembly, comprising: 
a housing defining a central opening therein and a plurality 

of lamp receptacles 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 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 
lamp receptacles, wherein at least one of said light 
Sources comprises a narrow-band light source; and 

a diffuser positioned within at least some of the plurality of 
lamp receptacles, 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 said control system operating selected ones of 
said light sources to provide a desired excitation illumi 
nation to an object within the field of view of said cam 
era, the object fluorescing in response to the excitation 
illumination provided by said light sources. 

2. The excitation light source assembly of claim 1 wherein 
said narrow-band light source emits light having a bandwidth 
of about 35 nm. 

3. The excitation light source assembly of claim 2 wherein 
said at least one narrow-band light source comprises a light 
emitting diode. 

4. The excitation light source assembly of claim 1, further 
comprising at least one filter positioned adjacent at least one 
diffuser in at least one of the lamp receptacles defined by said 
housing. 

5. The excitation light source assembly of claim 4, wherein 
said at least one filter comprises a notch filter having a wave 
length bandpass range of about 30 nm. 

6. The excitation light source assembly of claim 1, wherein 
at least one of the light sources comprises a broad-band light 
SOUC. 

7. The excitation light source assembly of claim 1, wherein 
at least some of said plurality of lamp receptacles comprise 
opposed pairs of lamp receptacles on opposite sides of said 
central opening, each opposed pair of lamp receptacles pro 
ducing light of the same color. 

8. The excitation light source assembly of claim 7, further 
comprising ten opposed pairs of lamp receptacles on opposite 
sides of said central opening. 

9. The excitation light source assembly of claim 1, wherein 
the light source positioned within each of the plurality of lamp 
receptacles does not extend beyond the lamp receptacle. 
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10. The excitation light source assembly of claim 1, further 

comprising a plurality of light sources positioned within at 
least some of the lamp receptacles so that the plurality of light 
Sources do not extend beyond the lamp receptacles. 

11. The excitation light source assembly of claim 10, 
wherein said plurality of light sources is three light sources. 

12. The excitation light source assembly of claim 1, 
wherein the plurality of light receptacles defined by said 
housing comprise a plurality of large diameter receptacles 
and a plurality of Small diameter receptacles. 

13. The excitation light source assembly of claim 1, 
wherein the plurality of light receptacles defined by said 
housing comprise generally cylindrically shaped openings 
having first and second open ends, said excitation light source 
assembly further comprising a circuitboard mounted to a first 
side of said housing, said light sources being mounted to said 
circuit board so that said light sources extend through the first 
open ends of the generally cylindrically-shaped light recep 
tacles. 

14. An assembly, comprising: 
a Support structure; 
a camera mounted to said Support structure; 
an excitation light source assembly mounted to said Sup 

port structure, said excitation light Source assembly 
comprising: 
a housing defining a central opening therein and a plu 

rality of lamp receptacles Surrounding the central 
opening, said housing being mounted to said Support 
structure so that the central opening is aligned with 
said camera and so that a field of view of said camera 
is Substantially unobstructed by said housing: 

at least one narrow-band light source positioned within 
at least one of the plurality of lamp receptacles; and 

a diffuser positioned within at least some of the plurality 
of lamp receptacles, 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, said control system operat 
ing selected ones of said narrow-band light sources to 
provide a desired excitation illumination to a fluorescent 
material within the field of view of said camera, the 
fluorescent material fluorescing in response to the exci 
tation illumination. 

15. The assembly of claim 14, further comprising a light 
filter positioned adjacent each of the diffusers. 

16. The assembly of claim 14, wherein each of the lamp 
receptacles defined by said housing are angled with respect to 
a central axis of said housing so that light emitted from each 
of said narrow-band light Sources is directed to a desired area 
within the field of view of said camera. 

17. The assembly of claim 14, wherein each of said narrow 
band light sources is selected to provide desired number of 
illumination bands over a desired spectral range. 

18. The assembly of claim 17, wherein the desired spectral 
range is from about 430 nm to about 745 nm. 

19. The assembly of claim 17, wherein the desired number 
of illumination bands is 10. 

20. The assembly of claim 17, wherein each desired illu 
mination band has a bandwidth ranging from about 30 nm to 
about 35 nm. 

21. The assembly of claim 17, wherein the desired spectral 
range is from about 430 nm to about 900 nm. 

22. The assembly of claim 17, wherein the desired spectral 
range is from about 430 nm to about 800 nm. 

23. The assembly of claim 14, wherein each of said narrow 
band light sources comprises a light emitting diode. 
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24. The assembly of claim 14, wherein said housing com 
prises a polyoxymethylene thermoplastic material. 

25. An excitation light source assembly, comprising: 
a housing defining a central opening therein and a plurality 

of lamp receptacles therein surrounding the central 5 
opening, said housing being mountable to a Support 
structure so that the central opening is aligned with a 
camera also mounted to the Support structure so that a 
field of view of the camera is unobstructed by said hous 
ing: 

a light source positioned within each of the plurality of 
lamp receptacles so that said light sources do not extend 
beyond the lamp receptacles, wherein at least one of said 
light sources comprises a narrow-band light source; and 

a control system operatively connected to each of said light 15 
Sources, said control system operating selected ones of 
said light sources to provide a desired excitation illumi 
nation to an object within the field of view of the camera, 
th excitation illumination causing fluorescent materials 

10 

16 
in the object to fluoresce, the camera capturing an image 
of the fluorescing material in the object. 

26. The excitation light source assembly of claim 25, 
wherein said plurality of lamp receptacles defined by said 
housing comprise a plurality of large diameter lamp recep 
tacles and a plurality of small diameter lamp receptacles, said 
large diameter lamp receptacles receiving a plurality of said 
light sources, said Small diameter receptacles receiving a 
single light source. 

27. The excitation light source assembly of claim 25, 
wherein the plurality of light receptacles defined by said 
housing comprise generally cylindrically shaped openings 
having first and second open ends, said excitation light source 
assembly further comprising a circuitboard mounted to a first 
side of said housing, said light sources being mounted to said 
circuit board so that said light sources extend through the first 
open ends of the generally cylindrically shaped light recep 
tacles. 
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