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second means for imaging the immobilized object In a second imaging mode, different from the first imaging mode, to capture a
second Image. First imaging mode Is selected from the group: x-ray mode and radio isotopic mode. Second Imaging mode
selected from the group: bright-field mode and dark-field mode. Removable phosphor screen is employed when the first image Is
captured and not employed when second image Is captured. Phosphor screen Is adapted to transduce ionizing radiation to visible
ight. Phosphor screen Is adapted to be removable without moving immobilized object. System can further include means for
generating a third image comprised of the first and second image.
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(57) Abstract: Imaging system for imaging an object. Imaging
system includes support member adapted to receive objects in an
immobilized state. System also includes first means for imaging
the immobilized object in a first imaging mode to capture a first
image, and second means for imaging the immobilized object in
a second imaging mode, different from the first imaging mode,
to capture a second image. First imaging mode is selected from
the group: x-ray mode and radio isotopic mode. Second imaging
mode selected from the group: bright-field mode and dark-field
mode. Removable phosphor screen is employed when the first
image is captured and not employed when second image is cap-
tured. Phosphor screen is adapted to transduce ionizing radia-
tion to visible light. Phosphor screen is adapted to be removable
without moving immobilized object. System can further include
means for generating a third image comprised of the first and
second image.
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APPARATUS AND METHOD FOR MULTI-MODAL IMAGING

FIELD OF THE INVENTION
The invention relates generally to the field of imaging
systems, and more particularly to the imaging of objects. More
specifically, the invention relates to an apparatus and method enabling
analytical imaging of objects (for example, small animals and tissue) in
differing modes, including bright-field, dark-field (e.g., luminescence and

fluorescence), and x-ray and radioactive isotopes.

BACKGROUND OF THE INVENTION

Electronic imaging systems are well known for enabling molecular
imaging. An exemplary electronic imaging system (shown in Figure 1 and
diagrammatically 1llustrated 1n Figure 2) 1s the Image Station 2000MM
Multimodal Imaging System 10 available from the Eastman Kodak Company
(reter to www.kodak.com). System 10 includes a light source 12, an optical
compartment 14 which can include a mirror 16, a lens/camera system 18, and a
communication/computer control system 20 which can include a display device,
tfor example, a computer monitor. Camera/lens system 18 can include an emission
filter wheel for fluorescent imaging. Light source 12 can include an excitation
filter selector for fluorescent excitation or bright field color imaging. In operation,
an image of an object 1s captured using lens/camera system 18. System 18
converts the light image into an electronic image, which can be digitized. The
digitized image can be displayed on the display device, stored in memory,
transmitted to a remote location, processed to enhance the image, and/or used to
print a permanent copy of the image.

Applicants have recognized a need for an apparatus and method for

enabling analytical imaging of an object in differing modes.

SUMMARY OF THE INVENTION
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An object of the present invention is to provide an apparatus and
method for enabling analytical imaging of an object.

Another object of the present invention is to provide such an
apparatus and method for enabling analytical imaging of an object in differing
modes.

These objects are given only by way of illustrative example, and
such objects may be exemplary of one or more embodiments of the invention.
Other desirable objectives and advantages inherently achieved by the disclosed
invention may occur or become apparent to those skilled in the art. The invention
1s defined by the appended claims.

According to one aspect of the present invention, there is provided
an 1maging system for imaging an object. The imaging system includes a support
member adapted to receive the object in an immobilized state. The system also
includes first means for imaging the immobilized object in a first 1maging mode to
capture a first image, and second means for imaging the immobilized object in a
second imaging mode, different from the first imaging mode, to capture a second
image. The first imaging mode is selected from the group: x-ray mode and radio
1sotopic mode. The second imaging mode is selected from the group: bright-field
mode and dark-field mode. A removable phosphor screen is employed when the
first image is captured and not employed when the second image is captured. The
phosphor screen is adapted to transduce ionizing radiation to visible light. The
phosphor screen is adapted to be removable without moving the immobilized
object. The system can further include means for generating a third image

comprised of the first and second image.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, features, and advantages of the
invention will be apparent from the following more particular description of the
embodiments of the invention, as illustrated in the accompanying drawings.

The elements of the drawings are not necessarily to scale relative to each other.
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FIG. 1 shows a perspective view of an exemplary prior art
electronic 1tmaging system.

FIG. 2 shows a diagrammatic view of the prior art electronic
imaging system of FIG. 1.

FIG. 3A shows a diagrammatic side view of the imaging system in
accordance with the present invention.

FIG. 3B shows a diagrammatic front view of the imaging system of

FIG. 3A.

FIG. 4 shows a perspective view of the imaging system of FIGS.
3A and 3B.

FIG. 5A shows a diagrammatic side view of the sample object
stage.

FIG. 5B shows a diagrammatic side view of the sample object stage
in the first imaging position P1 wherein the phosphor plate is disposed proximate
the sample object stage.

FIG. 5C shows a diagrammatic side view of the sample object stage
in the second 1maging position P2 wherein the phosphor plate is not proximate the
sample object stage.

FIG. 6 shows a diagrammatic side view of a section taken along
line 6-6 of FIG. 5B.

F1G. 7 shows a diagrammatic side view of a section taken along
line 7-7 of FIG. 5C.

FIG. 8 shows a work flow diagram in accordance with a method of
the present invention.

FIG. 9A shows a first image of an immobilized object in a first
imaging mode.

FIG. 9B shows a second image of the immobilized object of FIG.
9A 1n a second imaging mode.

FIG. 9C shows an image generated by the merger of the images of
FIGS. 9A and 9B.
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FIG. 10A shows a first image of an immobilized object in a first
imaging mode.

FIG. 10B shows a second image of the immobilized object of FIG.
10A in a second 1maging mode.

FIG. 10C shows an image generated by the merger of the images of
FIGS. 10A and 10B.

FIG. 11A shows a first image of an immobilized object in a first
1maging mode.

FIG. 11B shows a second image of the immobilized object of FIG.
11A 1in a second 1maging mode.

FIG. 11C shows an image generated by the merger of the images of
FIGS. 11A and 11B.

FIG. 12 1s a diagrammatic view of a suitable phosphor plate for use
with the apparatus and method of the present invention.

FIG. 13 1s a tlow diagram of a method for making a phosphor plate
of FIG. 12.

DETAILED DESCRIPTION OF THE INVENTION

The following is a detailed description of the preferred
embodiments of the invention, reference being made to the drawings in which the
same reference numerals identify the same elements of structure in each of the
several figures.

Applicants have recognized that the complex pharmaceutical
analyses of small objects/subjects (e.g., small animal and tissue) images are
particularly enhanced by using different in-vivo imaging modalities. Using the
known/current practices of bright-field, dark-ﬁel& and radiographic imaging for
the analysis of small objects/subjects (such as a mouse) can be expensive and may
not provide the precision of co-registered images that is desired.

Using the apparatus and method of the present invention, precisely
co-registered fluorescent, luminescent and/or isotopic probes within an object

(e.g., a live antmal and tissue) can be localized and multiple images can be
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accurately overlaid onto the simple bright-field reflected image or anatomical x-
ray of the same animal within minutes of animal immobilization.

The present invention uses the same imaging system to capture
differing modes of imaging, thereby enabling/simplifying multi-modal imaging.
In addition, the relative movement of probes can be kinetically resolved over the
time period that the animal is effectively immobilized (which can be tens of
minutes). Alternatively, the same animal may be subject to repeated complete
1mage analysis over a period of days/weeks required to assure completion of a
pharmaceutical study, with the assurance that the precise anatomical frame of
reference (particularly, the x-ray) may be readily reproduced upon repositioning
the object animal. The method of the present invention can be applied to other
objects and/or complex systems subject to simple planar imaging methodologies.

More particularly, using the 1maging system of the present
invention, an immobilized object can be imaged in several imaging modes without
changing/moving the immobilized object. These acquired multi-modal images
can then be merged to provide a co-registered image for analysis.

Imaging modes supported by the apparatus/method of the
present invention include: x-ray imaging, bright-field imaging, dark-field
imaging (including luminescence 1imaging, fluorescence imaging) and
radioactive 1sotope imaging. Images acquired in these modes can be
merged in various combinations for analysis. For example, an x-ray image
of the object can be merged with a near IR fluorescence image of the
object to provide a new 1mage for analysis.

The apparatus of the present invention is now described with
reference to Figures 3A, 3B, and 4 wherein Figure 3A shows a diagrammatic side
view of an 1imaging system 100 in accordance with the present invention, Figure
3B shows a diagrammatic front view of imaging system 100, and Figure 4 shows a
perspective view of imaging system 100.

Imaging system 100 includes light source 12, optical compartment
14, a lens/camera system 18, and communication/computer control system 20

which can include a display device, for example, a computer monitor.



CA 02579628 2007-03-07

WO 2006/033887 PCT/US2005/032504

10

15

20

25

30

Camera/lens system 18 can include an emission filter wheel for fluorescent
imaging. Light source 12 can include an excitation filter selector for fluorescent
excitation or bright field color imaging.

As best shown in Figure 3A, imaging system 100 includes an x-ray
source 102 and a sample object stage 104. Imaging system 100 further comprises
epi-1llumination, for example, using fiber optics 106, which directs conditioned
light (of appropriate wavelength and divergence) toward sample object stage 104
to provide bright-field or fluorescent imaging.

Sample object stage 104 is disposed within a sample environment
108, which allows access to the object being 1maged. Preterably, sample
environment 108 is light-tight and fitted with light-locked gas ports for
environmental control. Such environmental control might be desirable for
controlled x-ray imaging or for support of particular specimens.

Imaging system 100 can include an access means/member 110 to
provide convenient, safe and light-tight access to sample environment 108.
Access means are well known to those skilled in the art and can include a door,
opening, labyrinth, and the like. Additionally, sample environment 108 1s
preferably adapted to provide atmospheric control for sample maintenance or soft
X-ray transmission (e.g., temperature/humidity/alternative gases and the like).

Sample object stage 104 is disposed within a sample environment
108, which allows 1s access to the object being imaged. Preferably, sample
environment 108 is light-tight and fitted with light-locked gas ports for
environmental control. Environmental control enables practical x-ray contrast
below 8 Kev (air absorption) and aids in life support for biological specimens.

Accordingly, imaging system 100 further includes an access
means/member 110 to provide convenient, safe and light-tight access to sample
environment 19. Access means are well known to those skilled in the art and can
include a door, opening, labyrinth, and the like. Additionally, sample environment
108 1s preferably adapted to provide atmospheric control for sample maintenance

or soft x-ray transmission (e.g., temperature/humidity/alternative gases and the
like).
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Imaging system 100 can be a unitary system. Alternatively,
imaging system 100 can be a modular unit adapted to be used/mated with
electronic 1maging system such as electronic imaging system 10.

Figures 5-7 more particularly illustrate elements of sample object
stage 104 and an optical interface relative with the focal plane of camera/lens
system 18.

Figure SA shows a diagrammatic side view of sample object stage
104 showing the relative movement of the phosphor plate relative to the sample
object stage. Figure 5B shows a diagrammatic side view of the sample object
stage 1n a first imaging position P1 wherein the phosphor plate is disposed
proximate the sample object stage. Figure 5C shows a diagrammatic side view of
the sample object stage in the second imaging position P2 wherein the phosphor
plate 1s not proximate the sample object stage.

Figure 6 shows a diagrammatic side view of a section taken along
line 6-6 of Figure 5B, which corresponds with the first imaging position P1.
Figure 7 shows a diagrammatic side view of a section taken along line 7-7 of
Figure 5C, which corresponds with the second imaging position P2.

Sample object stage 104 includes a frame 120 to support and
stretch a thin plastic support sheet 122. Support sheet 122 is selected so as to
support a sample weight (1.€., the weight of a sample) and is optically clear and
free of significant interfering tluorescence.

A phosphor plate 125 is mounted for motion toward and away from
sample object stage 104. While those skilled in the art might recognize other
configurations, in a preferred embodiment, phosphor plate 125 is mounted for
translation to provide slidable motion (in the direction of arrow A) relative to
frame 120, beneath the sample, in intimate contact with support sheet 122. As
will be more particularly described below, in a first imaging position P1, phosphor
plate 125 1s in overlapping arrangement with sample object stage 104 (Figure 6)
when an x-ray image of the object is captured. A second imaging position P2 is
defined when phosphor plate 125 is translated/moved away from sample object

stage 104 (Figure 7) for capture of an image of the object such that phosphor plate
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125 1s not imaged when an image of the object is captured in second imaging
position P2.

Frame 100 and phosphor plate 125 are mounted for slidable motion
relative to each other. Such motion can be accomplished using methods known to
those skilled in the art, for example, frame 100 and phosphor plate 125 can be
disposed on rails supported by a surface of an optical platen 126.

Figure 6 provides an expanded view of sample object stage 104
including phosphor plate 125 to more particularly show a focal plane (quoting

relevant thickness).

Sample support sheet 122 is preferably comprised of Mylar or
polycarbonate and has a nominal thickness of about 0.1mm:.

A protective layer 128 (for example, reflective Mylar) of about
0.025mm is provided to protect the phosphor surface of phosphor plate 125.
Protective layer 128 promotes/increases the image-forming light output. In a
preferred embodiment, protective layer 128 is reflective so as to prevent object
reflection back into the image-forming screen, reducing the confusing the ionizing
radiation image.

A phosphor layer 130 is provided to transduce ionizing radiation to
visible light practically managed by a lens and a camera (such as a CCD camera).
Phosphor layer 130 can have a thickness ranging from about 0.01mm to about
0.1mm, depending upon the application (i.e., soft x-ray, gamma-ray or fast
electron imaging).

An optical layer 132 is provided for conditioning emitted light from

phosphor layer 130. Optical layer 132 can have a thickness in the range of less
than about 0.001mm.

Particular information about phosphor layer 130 and optical layer
132 are disclosed in US Patent No. 6,444,988 (Vizard).

A supporting glass plate 134 is provided. Glass plate 134 is spaced

at a suitable mechanical clearance from an optical platen 126, for example, by an

alr gap/void 136. In the preferred embodiment, the surfaces of clear optical media
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(e.g., a lower surface of glass plate 134 and both surfaces of optical platen 126) are
subject to anti-reflective coating to minimize reflections that may confuse the
image of the object.

Figure 7 provides an expanded view of sample object stage 13
including wherein phosphor plate 125 is removed (i.e., taken along line 7-7 of
Figure 5C). As shown in Figure 7 is frame 120, sample support sheet 122, an air
gap/void 138 (since phosphor plate 125 is removed), and optical platen 126.

Referring now to Figure 8, 1n operation, an object (such as a small
animal) 1s immobilized on sample object stage 104 (step 200). An operator
configures system 100 for imaging in a first mode, and an image of the object is
captured using lens/camera system 18 in the first mode (step 202). System 18
converts the light image into an electronic 1mage which can be digitized. This
digitized 1mage is referred to as Imagel or I1. The digitized image can be
displayed on the display device, stored in memory, transmitted to a remote
location, processed to enhance the image, and/or used to print a permanent copy of
the image. The object remains immobilized on sample object stage 104; no
change 1n the position/location of the object is made. The operator configures
system 100 for imaging in a second mode (step 204), and an image of the object is
captured using lens/camera system 18 in the second mode. The resulting digitized
1mage 18 referred to as Image2 or I2. Since the position of the object was not
moved/changed during the capture of the images, both Imagel and Image2 can
readily be merged or superimposed, using methods known to those skilled in the
art, such that the two 1mages are co-registered. As such, a third image can be
generated comprising Imagel and Image?2.

As indicated above, system 100 can be configured in
several modes, including: x-ray imaging, bright-field imaging, dark-field
imaging (including luminescence imaging, fluorescence imaging) and
radioactive 1sotope 1imaging.

To éonﬁgure system 100 for x-ray imaging or isotope
imaging, phosphor plate 125 is positioned in optical registration with

sample object stage 104 (as shown in Figures 5B and 6). For an x-ray
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image, x-ray source 102 is employed when capturing the image of the
immobilized object.

To configure system 100 for bright-field imaging or dark-
field imaging (including luminescence imaging and fluorescence imaging),
phosphor plate 125 1s removed from optical registration with sample object
stage 104 (as shown 1n Figures 5C and 7), and an 1mage of the
immobilized object is appropriately captured.

The object 1s immobilized on sample object stage 104, and light
emitted from the object (usually diffusive within the turbid constituents of a solid
object) 1s projected to the object surface, which intimately bears upon the upper
surface of sample support sheet 122.

For the purpose of optical imaging, the object surface 1s defined by
a refractive boundary (e.g., the skin of an animal) that delineates the interior of the
object (usually a heterogeneous, turbid media of higher index of refraction) and
air. Light emanating from within an object (e.g., luminescent or transmitted)
projects to the surface from which it scatters, defining the light that may be
productively managed to create an tmage of the object. Conversely, light may be
provided from beneath optical platen 126 and scattered from the object surface,
thereby providing retlective light for imaging the same object.

For optical imaging, the definition of the object boundary may be
moderated by matching the refractive index of the object boundary to support
sheet 122 by introducing an index-matching fluid (e.g., water). The depth to
which good focus can be achieved in optical imaging 1s dependent on minimizing
the surface scatter of the object, and methods such as index matching and
increasing wavelength (e.g., near-infrared, NIR imaging) are is well known in the
art.

The depth to which gobd tocus can be achieved in optical imaging
is dependent on minimizing the surface scatter of the object, and methods such as
index matching and increasing wavelength (e.g., near-infrared, NIR imaging) are

well known in the art.

-10 -
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The emitted sample light can arise from luminescence, fluorescent
or reflection, and the focal plane of the lens can be adjusted to the elevation of
object surface. Alternatively, the “light” can be ionizing radiation passing through
or emitted from the object, or passing into the phosphor and forming an image.
Soft x-rays, consistent with thin objects or small animals, project an image
through the diffusive phosphor onto the optical boundary, adding the depth of the
(more than about 0.02mm) to the depth of focus. More significant is the focal
distance contributed by the phosphor support plate 134 , which may be fractional
millimeters, depending upon the thickness and index of the glass or plastic. The
fractional-millimeter elevation of the best focal plane contributed by the phosphor
support can provide a better coincidence between the phosphor focal plane and the
focal plane used for optical imaging. For NIR optical imaging, the preferred/best
focal plane may be located at millimeter depths into a nominally turbid object.
The phosphor support plate 134 can be thicker to maximize the coincidence of the
optical and phosphor 1maging planes. Those skilled in the art will recognize how
to tune the materials of the present invention to optimally co-locate the preferred
optical and phosphor imaging planes. Currently described materials may be
practically assembled to assure multi-modal focal plane co-location to
accommodate the demands of a fast lens system.

Appropriately fast lens systems for dark-field and x-ray imaging

- applications will likely have sub-millimeter focal depths, necessitating the above

considerations. Accordingly, for a particular embodiment, it may be desirable for
multiple optical elements to enable the location of a common focal plane shared
by differing modes of imaging.

Emitted gamma rays from a thick object (such as 99T¢ emission
from an animal organ) 1s distributed over the plane of the phosphor, diffusing the
image by millimeters, and an appropriately thick phosphor screen (about 0.1mm)
may be preferred for increased detection efficiency. Consequently, the location of
the focal plane at the supporting sheet is not critical to the resolution of the radio
1sotopic 1image. Better resolution and more precise planar projection of the

emitting 1sotope can be achieved by gamma-ray collimation. Collimators of

- 11 -
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millimeter-resolution are available and capable of projecting isotopic location to
millimeter resolution at the focal plane of the phosphor in the present invention.

Of particular relevance to the operation of the present invention 1s
the thickness of the layers in the focal plane of the lens. For example, fast lenses,
(which are essential elements for the practice of 1imaging low-light emissions) will
have a focal depth of focus of about 0.5mm for very fast Ienses. For good
resolution of objects of interest, less than about 0.2mm of spatial resolution is
desirable, and a megapixel CCD camera (cooled) imaging at 100mm field is
suitable. Generally, more resolution is desirable.

Precision registration of the multi-modal image can be
accomplished using methods known to those skilled in the art. By placing the
object on a thin, stretched optical support that allows phosphor plate 125 to be
removed without displacement of the object, co-registered optical imaging is
enabled by the same lens/camera system using epi-illumination methodologies at a
sufficiently similar focal plane.

Examples are now provided.

Referring to Figures 9A-9C, there 1s shown images captured using
the apparatus and method of the present invention. A mouse was immobilized on
sample object stage 104 (step 200 of Figure 8) of system 100. System 100 was
first configured for near IR fluorescence imaging wherein phosphor plate 125 is
removed trom co-registration with frame 100. A first image was captured and is
displayed in Figure 9A (step 202 of Figure 8). Next, system 100 was configured
for x-ray imaging wherein phosphor plate 125 is placed in co-registration with
frame 100. A second image was captured and 1s displayed in Figure 9B (step 204
of Figure 8). Using methods known to those skilled in the art, the first and second
images were merged (step 206 of Figure 8) and the merged image 1s displayed in
Figure 9C. Note that the fluorescent signals superimposed on the anatomical
reference clarify the assignment of signal to the bladder and an expected tumor in
the neck area of this illustrated experimental mouse.

It 1s noted that the first and/or second image can be enhanced using

known 1mage processing methods/means prior to be merged together.

- 12 -
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Alternatively, the merged image can be enhanced using known image processing
methods/means. Often, false color is used to distinguish fluorescent signal from
gray-scale x-rays in a merged image.

Figures 10A-10C provide a further example using the apparatus
and method of the present invention. Figure 10A is a near IR fluorescence image
of a mouse while Figure 10B is an x-ray image of the same immobilized mouse.
Using methods known to those skilled in the art, the first and second images were
merged and the merged image is displayed in Figure 10C. Prior to being merged,
the first and second images were contrasted. This processing allows particular
areas of the mouse to be visually enhanced for diagnostic purposes. For example,
areas 150,152, and 156 are potential secondary early detection sites, and area 154
shows the primary fumor injection site at the knee.

Figures 11A-11C provide yet a further example using the apparatus
and method of the present invention. Figure 11A is a near IR fluorescence image
of a mouse wrist while Figure 11B is an x-ray image of the same immobilized
mouse wrist. Using methods known to those skilled in the art, the first and second
images were merged and the merged image is displayed in Figure 11C. The
merged image provides a diagnostic image for viewing a potential secondary
tumor site. Note that this image set clearly demonstrates the precision to which
the current invention enables the co-location of objects from differing imaging
modes. The maximum fluorescent signal emanating from a pre-metastatic tumor
on the radius (arm-bone) tip at the wrist is within about 0.1 mm of the suspect
lesion subsequently identified by microscopic histology.

A phosphor plate suitable for use with the apparatus and method of

the present invention is disclosed in US Patent No. 6,444,988 (Vizard).
A description of the phosphor plate described in Vizard is now provided.

Referring now to Figure 12, there is shown a suitable phosphor
plate 125A for use with the apparatus and method of the present invention. As
shown, plate 125A includes a transparent support 210 (such as glass) upon which

is coated an interference filter 220 which 1s a multicoated short-pass filter
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designed to transmit light at a specified wavelength (and below) and reflect light
above that wavelength. Plate 125A also includes a thin phosphor layer 240 and a
removable thick phosphor layer 260. Thin phosphor layer 240 is used for high
resolution 1maging applications of ionizing radiation or for very low energy (self-
attenuating) 1onizing radiation such as low-energy electrons or beta particles.
Thick phosphor layer 260 is used for high energy ionizing radiation that freely
penetrates the phosphor. Thick phosphor layer 260 is removable and is shown in
Figure 12 overlaying thin phosphor layer 240. Layer 260 is removable to the
position shown in dashed lines out of contact with layer 240.

The phosphor preferably used in phosphor layers 240 and 260 is
Gadolinium Oxysulfide: Terbium whose strong monochromatic line output (544-
548 nanometers (NM) is 1deal for co-application with interference optics. This
phosphor has technical superiority regarding linear dynamic range of output,
sufficiently "live" or prompt emission and time reciprocity, and intrascenic
dynamic range which exceed other phosphors and capture media. This phosphor
layer preterably has a nominal thickness of 10-30 micrometers (um) at 5-20
grams/square foot (g/ft2 ) of phosphor coverage, optimally absorbing 10-30 Kev
x-rays. Thick phosphor layer 260 has a nominal thickness of 100 um at 80 g/ft2 of
phosphor coverage.

The duplex phosphor layers impart flexibility of usage for which
the thick phosphor layer 260 may be removed to enhance the spatial resolution of
the image. Thin phosphor layer 240 intimately contacts filter 220, whereas thick
phosphor layer 260 may be alternatively placed on thin phosphor layer 240.

Interference filter 220 transmits light at 551 NM and below and
reflects light above that wavelength. Filter 220 comprises layers of Zinc Sulfide-
Cryolite that exhibits a large reduction in cutoff wavelength with increasing angle
of incidence. The filter has a high transmission at 540-551 NM to assure good
transmission of 540-548 NM transmission of the GOS phosphor. The filter also
has a sharp short-pass cut-off at about 553 NM, that blue shifts at about 0.6 NM
per angular degree of incidence to optimize optical gain.

Glass support 210 should be reasonably flat, clear, and free of
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severe defects. The thickness of support 210 can be 2 millimeters. The opposite
side 280 of glass support 210 is coated with an anti-reflective layer (such as
Magnesium Fluoride, green optimized) to increase transmittance and reduce
optical artifacts to ensure that the large dynamic range of the phosphor emittance
1s captured.

Reterring now to Figure 13, there 1s shown a method of producing
phosphor layer 240. A mixture of GOS:Tb 1n a binder is coated on a
polytetrafluoroethylene (PTFE) support (box 300). The PTFE support enables
release of the coated phosphor layer from the PTFE supportQand subsequent use of
the phosphor layer without support, since conventional supporting materials are an
optical burden to screen performance. For the thin phosphor layer 240, an ultra
thin (about 0.5 g/1t2 , 0.5 um thick) layer of cellulose acetate overcoat can be
applied (box 320) to offer improved handling characteristics of the thin phosphor
layer and to provide greater environmental protection to the underlying optical
filter.

The phosphor layer is removed from the PFTE support (box 340).
The thin phosphor layer overcoated side is overlayed on interference filter 220
(box 360). Clean assembly of the thin phosphor layer 240 and filter 220 assures
an optical boundary that optimizes management of screen light output into the
camera of the lens/camera system. Optical coupling of layer 240 and filter 220 1s
not necessary, since performance reduction may result.

Layer 240 can be sealed around its periphery and around the
periphery of filter 220 for mechanical stability and further protection of the critical
optical boundary against environmental (e.g., moisture) intrusion (box 380).

Advantages of the present invention include: provides anatomical
localization of molecular imaging agent signals in small animals, organs, and
tissues; provides precise co-registration of anatomical x-ray images with optical
molecular and radio isotopic 1mages using one system; promotes improved
understanding of 1maging agent’s biodistribution through combined use of time

lapse molecular imaging with x-ray imaging; and allows simple switching between
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multi-wavelength fluorescence, luminescence, radio-isotopic, and x-ray imaging

modalities without moving the object/sample.
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PARTS LIST
10 electronic 1maging system
12 light source
14 optical compartment
16 MIrror
18 lens/camera system
20 communication/computer control system
100  imaging system of the present invention
102  x-ray source
104  sample object stage
106  epi-illumination; fiber optics
108  sample environment
110 access means/member
120  frame
122 support sheet
125  phosphor plate
126  optical platen
128  protective layer
130  phosphor layer
132 optical layer
134  support plate; glass
136 air gap/void
138  air gap/void
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What is claimed is

2.

An imaging system for imaging an object, comprising:

a support member adapted to receive the object in an immobilized state;
an imaging unit;

for imaging the immobilized object in a first imaging mode to
capture a first image, the first imaging mode being selected from the group
consisting of: x-ray mode and radio isotope mode; and

for imaging the immobilized object in a second imaging mode that
uses light from the immobilized object, different from the first imaging
mode, to capture a second image, the second imaging mode being
selected from the group consisting of. bright-field mode, fluorescence
mode, and luminescence mode;
a movable phosphor plate to transduce ionizing radiation to visible light,
the phosphor plate being mounted to be moved, without moving the
iImmobilized object and the support member, between

a first position proximate the support member for and during
capture of the first image and

a second position not proximate the support member during
capture of the second image; and

a capture system for capturing either the first image or the second

image of the object.

An imaging system for imaging an object, comprising:

a support member adapted to receive the object in an immobilized state;
an imaging unit:

for imaging the immobilized object in a first imaging mode to
capture a first image, the first imaging mode being selected from the group

consisting of: x-ray imaging mode and isotope imaging mode; and
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for imaging the immobilized object in a second imaging mode that
uses light from the object to capture a second image, the second imaging
mode being selected from the group consisting of. bright-field imaging
mode and dark-field imaging mode;
a movable phosphor plate mounted to be disposed in a first position
proximate the support member when capturing the first image;
means for removing the phosphor plate from the first position proximate
the support member, after capturing the first image and without moving
the immobilized object and the support member, and for moving the
phosphor plate to a second position not proximate the support member
prior to capturing the second image; and
a capture system for capturing either the first image or the second image

of the object.

3. A method of imaging an object, comprising the steps of:
providing a support member adapted to receive the object in an
Immobilized state;
providing a phosphor plate adapted to be disposed proximate the support
member when capturing a first image;
disposing the phosphor plate proximate the support member;
imaging the immobilized object in a first imaging mode to capture the first

image, the first imaging mode being selected from the group consisting of: x-ray

mode and radio isotope mode;

removing the phosphor plate from proximate the support member, after
capturing the first image and without moving the immobilized object and the
support member; and

with the phosphor plate removed from proximate the support member,
imaging the immobilized object in a second imaging mode that uses light from
the object to capture a second image, the second imaging mode being selected

from the group consisting of: bright-field mode and dark-field mode.

19
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4. A method of imaging an object, comprising the steps of:

providing a support member adapted to receive the object in an immobilized
state;

providing a phosphor plate movable relative to the support member, without
moving the immobilized object and the support member, between a first position
wherein the phosphor plate is in optical registration with the support member and a
second position wherein the phosphor plate is not in optical registration with the support
member;

disposing the phosphor plate in the first position;

capturing a first, x-ray image or a first, radio isotopic image of the immobilizea
object when the phosphor plate is disposed in the first position;

moving the phosphor plate to the second position; and

using light from the object, capturing a second, dark-field image or a second,
bright-field image of the immobilized object when the phosphor plate is disposed in the

second position.

5. The imaging system of claim 1, further comprising an image merging unit for

generating a third image by merging the first and second images.

6. The imaging system of claim 1, further comprising multiple optical elements to

enable the location of a common focal plane shared by the first and second imaging

modes.

/. The imaging system of claim 2, further comprising an image merging unit for

generating a third image by merging the first and second images.

8. The imaging system of claim 2, further comprising multiple optical elements to
enable the location of a common focal plane shared by the first and second imaging

modes.

20
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9. The method of claim 3, further comprising the step of generating a third image by
merging the first and second images.

10. The method of claim 4, further comprising the steps of. generating a third image

by merging the first and second images; and displaying, transmitting, processing, or

printing, the third image.

21



CA 02579628 2007-03-07
WO 2006/033887 PCT/US2005/032504

1/8

(PRIOR ART)

16 18 20

= N[

4 FIG. 2

(PRIOR ART)

102

100
;.

108

100
J

20

18

FIG. 3A “~ FIG. 3B



CA 02579628 2007-03-07
WO 2006/033887 PCT/US2005/032504

2/8

108

110

14




CA 02579628 2007-03-07
WO 2006/033887 PCT/US2005/032504

104
o0~ O /

122
125
126

120
122

W,

O N NN

N

SN

= NNARNNNRN

LN AN AN AN N ANARANNANANNNNA NN NN
F ' / LSS

&
oooooooooooo
f . P & 'V 4K 4 & e SO SES S S S
F / ? y) ) e L eI v S S S S
| . o e v i Ly é F l‘ 4 c' 0' o' ./"
# . % o fe o £ S 4
y A " " o" "' "' ’ ’ ’ ' ‘ ..
. | . 7 ', ' A & . [ ’ "' 4 v e L &
. o) g s ) 4
A f " " . “ F 4 l'4 + 2 7. ’ ¥ 7 =4
y f EpESS ’ .
: &S, s
’ ' r ¢ Al y ) y y

+—_138

FIG. 6 FIG. 7



CA 02579628 2007-03-07
WO 2006/033887 PCT/US2005/032504

4/3

l POSITION SUBJECT lf\, 200

IMAGE IN MODE 1
IMAGE IN MODE 2 |
20
20

MERGE IMAGES I1 AND I2 5

FIG. 8



CA 02579628 2007-03-07
WO 2006/033887 PCT/US2005/032504

‘.
l‘i‘:‘-'n
o
S

2
"
5

)
)
-
»
.
-

-~

k)
+
Vo
S
4:-

L]
% O'
» &
LA S
7

v
-

"0. =& w
’6
[ )

=,

s
)

£

| ]
)
L)
2
C‘.

t.:.
A
..0"_
o %
2 f'-‘;"
S
' ;.. My :
&
o
3.
.'.
3

CA
*
- -

S
ATt

o
o:v'
i‘c

-+

0 '::o
e
'-:*

t‘

o«

0."

*,
-
R
» v w
Ay
e
s
':':'c
LJ
Yo s"s
.
‘-’.

P
o J
)
d’.t
'
)
v

»
¢

v ae
»

M

Y -
o

-‘.
* &
e
O‘.‘O ()
& &
- a

a2
P ety
)
s
c'uk
X
.
R
NS
"i;-.‘.'-.d'o.
RO
» -
L)
Ul )
e
Py
o'y
e
)

L

2

2l

=
s
&
o
o

-
Qe
\. ..‘:'
4 et
A Al
G

.. w ¢
- pa
LR

v
we s
q
«
o
o
L
@
CWORS
) 0"
*.
N
o
a

Py

o
o
[ ]
‘:.‘ . 4
“ .
"

S,
e
et
.f .l

o
K, 4
0y
AT
.!’
R
‘0

- 1*'
Ll

:CE?-

vy
e

&
L

o
-
Y

«
)

%
cfv:v
o
o
T

oy

L)
o
d.c 4
-

” y&hw
o ':7&"
el Rk
o
s
o ':-:0
f:"; e

. o°::c :::-.
o

"
LIC I UL A )
-t...i .l...'.. )

)
e

S

.:. ..v ()

() LY
%+ 8 A J
MMM R SRS

. °
\ o (R R R
RS SR A ‘
OO0 O ) » Aw
- OO0 v e e . - » DO )
B ) » v e
o .'b.o.lb .o:..!. (LN O o e L) - * »-e e Q’.’-I‘ﬂ:l.!,.!' . -y 3
\.b PR . O =
» v, X OO ".'.':. e TR
iy .':“‘:‘:’:".’:‘0‘0.. PN o Tty
-

A IR O S0

SN . -
e
LI o¥a"e" e .,::‘."‘." A A v , SOSOOACOE WA 2 - RN ‘.:d‘ . Tave w4 ele LSRG
x =" “ore’ s’ o ¢ . x X SO l.. B » x & :a:a "y LR
W, ‘-.0 A * :‘.~ (oSS MO oo’ - e SOOOOOOGT MO . o o
a ) LR - . P (R A NS v 1.-.0350.%.0000000a: n - .

o WA . A - SOGOOOURNE
P .'n‘o OGO () v’ v - A S I S
AT . * (o N o . a"e". %’o’o’o’o‘o‘-‘a.:’v'b'
SO . LI OO ® a SOOI
X B A IO
ORI SO
- - lK‘ L L )
ane UL L
e e et e
Yate e 0% Y

agCLasas®an - - - . ¢ - X > 00000:"\:0.'.
L -

IR IOCHCOC RO NI R LAl TN 2®a . . IO ) DO
YOO

"'.‘.'b'.':"‘:‘:...:’:':’..:.:’.”:.:':':'. o¥eate e o e v a ¢ e R O N O * 0P b = .‘ .:V:b:vzozozizozo.-:h: .v - D.. 0.‘.0.0.0 -

. o'o-o-oocooa**o - wen - LU RC OO Y * a0t o e vt & S xS A MO OO - » @
a‘c.oo.oo.o.o..o.. * &8 a 898 ¢a -> " - ‘nvtstt
- ) » X ooles a X
B - »

..-
ve
r:..:.o\:.:::. AN
AN IR AR s

“»
'h“...
OO -d

L)
:':....l... b ) : . ™ ‘:‘.“..
a PO A BN S S .
R O 22

: . .E::' .i.o‘l';’ozl.-.. » ) At

e O
e
L) 0.0 L) .::...0.0.g‘:. ~ -‘.
KRR I,
.t » c.t* ’t Tk N ..Q".O... .
R R

- e

:'::: >, “i:c".'b'.:o'o\‘
. o SRS

» b‘b'il.\l':: AL IC D) "o

L) .........":‘::a' a‘ » @& '- X

- » A - - (™) *» > e '.Q o’

* &

: ':iﬁf::':
' A . ...‘ .' .... .
A o

COC UM 0 N
i','f a’ 'o‘c‘:.' WY, B A :0- .t.
L L :c.o .s'o'o<' LR e
& - -
b c"'*. h LS .0 (N
g : W)
A L
a0

.-' TR
s mAEYVY




CA 02579628 2007-03-07
WO 2006/033887 PCT/US2005/032504

162

R
. .‘o'-';"':“:‘. Yoh ’ S W o e v Y »
. : ()

o' .' v Y o:o': ..':... . . . . X :.°o:::§::n' ..l:i‘ » o‘l;p
- ¢°¢..’. o ) -.Q.... 0 Q::::.:.h.-.:- A AN 0:.':. - o‘v:g.s

- - sass e eiee sy A - » >
R O, N A

e e R , e:

- - - P »

-

. ..0
o
o .u ° o.u ":’:':.' ;0: L

» +

ae*bSbvgnanrd
LR )
- AR P I

P A0 Iaaww c'o.b
LSOOI R OO .0-000.3-0.
5 oaa“ a: anh X“’}C‘ an‘o’b‘:\
..'."; H o'uoncboooa‘l. > |

0’7’0
- ® 9
LK

..
ey

'Qndgo'o.oqoqovoaa'vvov 0’0’0’.’5‘ -
UL U UL L L ......0.l..‘Q.O.OOd.B‘O’l’.‘l‘.‘.‘\"
- c.v.voo.o‘b.r. pov.v.v 'v.o .v‘vtv 0‘0’-‘0‘.’0’0’0’.‘a.a.a ‘l.‘_'d .0.
» » > * LA LK J » - »
L) %a-..b 9’0‘0 i’ t'b’ t’v v aw c-. b'. v‘bﬁb.b. ‘t. S .Q
L) boOabanewibraehh
vabthasbh s
A

o - 2
(L)
AL 4
»

O u"y e

'. ' -h:.~%.... ... PSR o
A ﬁ,.. X ;}. .:‘:’-.O . vy . s ‘o:c:vzoho e
e BOGE AR OO D A el . .:.:...:::::. vt

FIG. 10C

150

. ru -_P
* 0 LR 4 *, 4+ P AN
PR T AOCOOCIOC KR

- !.0 L) .A X
X
'.:. 't...
» &
R
*» - L)

»,
2T SARMUMICH AL e

*a - L) by
.:::::..b}:.l :’:‘:’:‘:’:‘0 X ..:.0.0.....-.~'¢. M .‘. e - - L .: . * :’.:. \J

> & LU/ - 9
S R ORI o s - Tt .ate o
' i : e e : : e
Py A i o o S Mt
» > - q.:-bb l. ...’. LK)
- (SO S OOONS 'uco.bu:»
rée o e ... LR M L ) - n Q’Q‘.’b‘c'....hbo\ ] * LS ‘S.b .!-3‘0% ...
OO ML NI U O OO0 ) 4 O RO A (A X X '_o‘
U I L N N L LU R L U O L ) hevawrs * »_» . l& L) - .
LI EE MO OO YOG L O DO 0 D AL LM L) ‘~ . \ .
C o dP b o P sl Aas Y su e LR J - [ ] oatete’s
SILICM ORI IC I L E R M SO AR A o' A SO S DOOOOOOOOOOOCIO OO
'q’.’.".’.’.‘q’q.oo‘q...'4..Qio‘h‘b.oo. LU L I K 000}. LA U I A O D L L )
G aaaaere E SO O 0 0 I O LU ) AL R X > P4 % P ¢t g A0 ks LA UL K R LI L O R O N
G 00+ R e a0t wwd Pttt ARNANF PR ‘.. 0...0‘0.0.0O!l0_0‘0‘0.0‘003.9.0‘0.....0. .9.0‘ 'I-I.OOO‘.Q‘O‘.C bt.b...l...l.c..'.‘l. o he b
S B ot a0 0avanvredatbryvarpe ’.’n'.‘.".’.'.‘......‘)"’.b”q.t .Q..hgyyo.oo..oogg g..n.‘.’g’.,"-aaaaa‘ca-con-’ob.-bcnoocv .10\0.-0.600.0 .t.-.‘.
..aﬂﬁaﬂa.......‘.p",..p M X XXX XD N D - 00‘ q.ob.t.!OOOOO w4 oe 000.00000000‘.00’0.0.0'0.30 'CI.COO.O.Oh..O.h C.C.-.I.DOO.‘I..'-.
S A ¢ IBP PO bpLBEBAaAaBDCTTan ba o a » .‘0.’....0.0‘.% - b\‘ﬁltv.vv -dh s * @ LA DL DO R L L D N L a e ‘ L * e o A - >
PO P P PA A BB PP EA RS0 s h s Pab .l...l"’l\vc'C..’O....."....'C-QU.GOQO * PR
Cr t R Pttt et ot PR OoRAgErTsIansans - v v - e * b v asbevw b@...OO“'0.0.....!. * e - A
- L L DR B S B L L L L L A J - - - - * >80 8sv *

DDQI.
LN A A A L T T L T PUL T PPt Rl S g v s oee boccoccoloobc0900leOOO.OtObO.O.O0.000.0.0.0.0.0.0.0.00.0.0'0."0.000’5".5’.....
aah s umaaocaan ° * . A ° - o’.‘}.‘g’.'g‘o‘.'o‘a’.'o’.'o'a‘"" OO SO AR OO IO OO I SO OCHOCMOCMCM S |
. " BOOOOOOT ntetas el e’ T e w b Wy #, %, o, T P b e
..aggqc:q.'.‘....‘..‘....‘*'..*0.. o ".’...'.‘o'u...oqq.a.o.ao-b aaBhsgsasrsassbeban v - b%bb.boc‘vooo.bt a9
O O R D e O M ) PP P o0 P P00 RPN RASAPSLAAG ST YT RATEsas - \’0 bbbv.vttv‘ov!
S S 000 svvavew sttt bbtew -.0 0%06.00.0000000-0000’00000’0‘00.00 > 0..DIICODD -
A AU SO DO - LA LN » 8N L
'..’..-..ﬂa..l’...Q’Qd..ll. QQ.rQO L] - -»a L L N )
» ‘00000 »

[
OO
DO XU
- L)
PRI AL ICI I I A A
..o OO o".v 0.0.3.9-'
- . LUK )
» »

- .’0‘0
» - LJ
o
sy R
>

+
v

e " %y \'0\'%
L N ] .:::. ... .... .‘ oo h e ‘. ::’

FIG. 10B

X ’. ::.. -'c.g. *,3,0
W)

9 *O 4049
.h () “v'-. 'a'n’o‘g‘aaaaa‘qoouc.o.

"s"s"s N R I I TN Oy

I R IO :“.""*"5"' I I

DO e .':'.":. .I' ..a: tete’eta"ats
SR

LR 2

- 00. n' [ ] .t.o'
oeao

weie
aee
oY

.b.... ... L]
o te At
o e e gepnlt
AL A A A e e e

AN
s .3':_5:‘3:3:33:1:1:5::*-:-:-

)
® d9 00

() .- .:.- ) .. ..0 ‘f.-
e

.‘C‘Q:.:htéhhhh:,
':‘0’0‘0.0.: o ®
) E o
3 , L J !.
» LR 4
.

‘:}'- c': ae X ote”e'a"e"s
e e
SR R

: e
A Ty R




CA 02579628 2007-03-07
WO 2006/033887 PCT/US2005/032504

o - : . ¢ o0
..a.nob"._ LA J : R. .oa - o:-f ",,. 3 0° PO

*

L a'a
000--0’-.'10: "ot
o
o

* o

AP N
a

>

>

*
13

* :

*
otesa o X
00.0
‘
o

Y
o
a
a
L)
o -
+
<
-
-

a
o
*
* 49 &L o0 0P

Ll
49499 %00 00w
S N L

°
* <
a

3

% 96

* .
-
-
o
oo
.&
*
o
o
4

* 4 0 S a o0 a
L

[ ]
LU N

Lo Y e

o

-0
a
*
*
o
a
LY
°
9
a

L

1
o
-
*
'
]
‘o
o
.ﬁ
'
Ll
*
o

»
W B4 B
3

o

o

o
o wo ew o
°

o

- o

o

LI -

o

L)

L% 0400

13

L N

o
a
a
*
*

a o
' 0'.

0.
*

.D
o

-
o
e o e
°
‘o
o -

.
4
-
-
o
S
[
te*e*s o0
“eTe
h'a.oo
T 4T e
o &
3
[

-

o
o

a
o
..d

o

OR)
D:..

- <
13 R 2

o
DOOCC
»

LR )

PO
LI EE N )

*+ae*seccoD0
¢ 00N

“«a el

o bwvee

"+ #® 00O GO0 0OO o ® @

. e
o g o0& b

*

"y
LD DR - IR N - DR N

G & &0 &0
O 9+ SEacCOCOL O T e

..'....hdhh.bbb..a..bQ

v
G 4+#&0L"S0C0LDO

LR R 2R JE 2N -2 -8

0O & 400
0O & CAESSSPTOLOLOL SO

o
..n
o
*he e
LY
’
L]
0 et e e 0% %% n e : Ta®
o a

e 49 eSS OO OO0

LY
o
»
»
©

-
o

BOUEROOODODO0L S
o
»
[ ]
-
[
[
[
»
o

oo
OO0
‘_O.GOO
c o k4
*

*

n‘.c
-

»

L

[ ]

o
*
»
o
[
o
L
o
©
©
o
o

o LB A T
Ql‘!h
o

o b

a
o
o

[
*

©

c.o® .0
*

[ ]

»

a

[

[

[

*

[ ]

*a

I I R R R O
a3 e eaae o

I O O - B
MG a

a'a e a3 a e+ seacesed

*a e e a
L O N Y
-

*
*
*
*
»
L
+
*
L
a

*
L)
L )

a
o
p’
»
0:0
[ R J
-
)

L
»
o
o
*
3
c
3
o
L
*
*
©
a

*
a
¢
*
*
L4
o
*
*
o
a
*
a
a
‘
a
a

3
*
o
v
»
a
o
o
o
*
o

oo
o
o
o
o
o
o

03 &S0 GAAACASSAAA N a
aoooooaoonaaaauoo
a

»
*
L
vQ
v
o
L4
o
L4
*
o
o
\J
*
o

o

o

o

o

o

. ¢

LJ
o
LY
3
o
*
L]
o
L]
*
L)
o

L)
4
’
ot
L]
L)
*
& % 0% 00 e
-
o
o
*
*
o
-
*
*
*
3
L4
L4
o
LG 0boOoLOGGOGDGOG
o
*
*

a
4
»
*
*
*
o
)
o
3
-
o
*
©
)
»
*
o

-
o % e 00
* 3 %+ 0LAAasaa

védaees
EOCICE N

4
o9 ¢ w0

OOO:D:O
C'ﬂ‘0"
SFCOCC N M M Y
* ¢ $ea3 e e 0wnn
vvva.uoouqovo

QO #4440 40030

o
[ ]

o ow.C
o

L]

o
5
.0

[

a

a

*

o

©

o

&.

o

o

[

o

*

*

’
*
L
*
»
L

o
LICJE L L L N )

&G o0oG e
»
»
-
o
*
3
o
L]
o
o
*
a

[

e
o
»
-

o ¢ b0 s e
b .

c
-

u
h:‘. »
o

c

-

L)

L R 2R 2R N 2N
o LCoo9eay

LR R K 28 2N )

L.+ 0%

L)
+
‘
o
L )
L)

Ooq

a4

'

o

oo
*
-
0

¢t to®oo
)
o
o
o
.a
R
L]
-
a
ot
)
“0
*
L]
o
o
)
a‘
n.
)
)
L)
.q
Q.q

L
o
o
»
*
‘
o
o
»
*
o
o
o
o
o
*
!’.0

-
-

*

o
c o 0n

o
L
o
o
o
-
*
o
o
L4
L
c
o
o
o
*
‘

o
C I I N " &S 0 a3 a0
0O00DOo0DOoO &S0 g a0 e+anm
.Dﬂﬂ..h&ﬂ.ﬂdﬂﬂd
g #0049 %00
0O fh #4433 400006+

4 30039 %040 4497 0F&a*ae*a
RO 03 S C*a ®*HAJaaa
L I R N D - D D - O )
#0343 % e & ¢ G 3 a3 &

)
0.0

O'o
o
o

06 aod &b ad GO g a e s

C N O ) LU

4 ¥ 00 % * 0384800068

"n‘aaaa LY ooc.c. .

k4 ..0.000053‘00' LR DN J L3
¢, %0,

e *a:ea e o
RS .A’dﬂ."
- RO OO OO RO
“aoess o
ﬁ 5..0‘0°°00.0’

o
o
*

v .
- e
- G

o e e
- %
e o

a
4 4 # P CCOO0G®A0 % 0GP

'] -G

4

)
Od.UOQD‘QO.ﬁG

.o asanevaeq

L ]
-
a
.
a.n.‘
500.000
GG a e
a

L

\J
o
\J
O':.0.0
.C."t’.OaO.bO o
U )
O OO0
* &0y
4 a3 ceneca "o CcCc e
9% e+ 0 0Le0CO " oags e
9 %4 tLea®*OO CR R
#3 +*000L® 0O ® pPA SO OLEDLS
O e s s LEBD N 44 * 0
¢ &4 00 000.}.6:0’..
.‘:n’o..ﬁoo

0‘0‘0’0 -
e tet "
** 3 e

u_o - . . :
L] e 'e s v e 24t 40 am st oo P oanD D awRen 00
LA R UL D D L D I L D D D - N
LR I DL L DL R L R U D D D L B
IR L L L DE IR DR R K LD DL R O L

P S AP R S SIASA0CRAEII A0S SA0LESPANISI TS0
C O CRPWAAA0eEacdoo S0 e o ¢ M3 80 Saa0 s e0
» “«e*haceesca G ¢ A ¢ A PPN A GG 43 006 aaeac o
-9 baaaa-oa.o.a..y.ooc‘a Gaecedsasan
00.0.0.0.0.0.0 000. .‘oaah’n.u.o .0“'.060.
0800 8% &3 S 800 KADGSsGaDa
P 40 0O P P *aD LR OGN
0.000.0.a.¢'a.o°a’o.a‘0° 0.000.0.0°0°0.0.t ©
* LI D L B DR A D L O
®# oo 0owva®Plreaw o000 0P a0
9 494900 e oo o0 % Paa b oo o banotlh
$3an00pppocorhoresdercrocee 000 ¢dace
$44o000QpCec PP 0Y" D0 ®*aerc00a9d0 ¢ood o
.4 %3 w000 P o4 0o wana btect w0 4ot "
¢ ¥#°0aa 0 PL®ADAISCSP0IPOADOTa AT
00400 AAS S OSDOO0 A0SO CrSeD O SO0 e
LC UL L D R LG U DL D S I D
¢ 440 edo0preLPOap o0 03 feraewbPaanwaae
UL D D D D - B e a0 00 e
P BB AIACS OSSO QA0 0004 S PO PAAAdA
00 +00J0L+ 00 OLOLA0RAAI*E+AS0CS*I0C0CA S
0,300,007 04 ¢#49 0000 A SSSCSSDORAC0 A
LU N R N N D D D D D e D
# 0 #0000 darca ° P 0 A3 9 ¢ 0000300 %aa
000000 RS OO0 OO0 O CAAAACTA O IO ARS
LI L DL L D R - - D D D DD e O O
o0 % %00 b0 * ¢ 0 v dA0 0 OSAPA G0 O®aa
4 4000+ e ¢ o e 0 T Cod 490 o000 0 00
* b b0 b o P v a e ee : o a o % %0 2%
L L L T 4 ¢ v 0 A AA. ACC®*AA P S0 ew
C o408 0AY 0D 0,0 PP AA0ANIA0IOE A
LC L DU <& o o a H I DD JERRL A
LD L D ) T o racsaceerdoa o d o
- 0o ¢ ée a .0 ? a onvweo ¢obpo 40
AU DL o T o, T " - -G ¢ "0 g 9
LA N * ? ? ERTIE N B bl
* » - ¢ a e . °.a C LTI K- PR
'» .0 > o 00_-. o ,a.4_o
.a '-.a CICCN °0,=é
s °
o Lo a
M e 2 a0 %
¢ b o b o ®aa
¢ re a oo ®a
4 o0 oaaa
a . o & ¢ =
. ¢ 0 wna
R o”o"oao
c o ¢ o
O]
“0“e%0 w
L]
LG
o a z a
o9 aa
0 aaa
- a.a

FIG. 11B

oo R
[ a«are vVaea oo
L AL U LA U
0'0 0’0.0.0.0 .—.0.0
0:0:0:4:0:5:0 :9:0:(
o a’o
.0.0’ . .0. .l°0°0
o e s0 A R
LA L U - & &
0000:’0'000 q "D.DQQ
0.9. .‘.0 Q..’..,,..:
¢ o0 w ¢ v ve
*e 4 a p o
0 . e YO
0‘0 QQOOD.OG
Lo E
X “e¥: %%
N
G aea e
aaa
LA
o.ooooc.‘o
0.0.0‘0‘0
O.Q.O.G'.
Ovu.O‘O.v
¢ 0 aaa
o 0w e
0o a9,
caas
.. a w0
o 2 4 +a
c®0ae
T 4 e e

FIG. 11A

%

A
.1
5

\J

"

.4
L)

‘0 L

>
o dw
) 0‘0‘:‘
4‘6
o _*

A
.:’:‘. :.
L)
> -
oLx




CA 02579628 2007-03-07
WO 2006/033887 PCT/US2005/032504

8/8

IONIZING RADIATION IMAGE

S e g
L e ————————
520
20~ 1+~280
l 1254
LIGHT IMAGE
FIG. 12

' REMOVE PHOSPHOR LAYER 340

OVERLAY PHOSPHOR LAYER ON FILTER 360
SEAL PHOSPHOR LAYER PERIPHERY 380

FIG. 13






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - abstract drawing

