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SCINTILLATOR ARRAYS FOR RADIATION
DETECTORS AND METHODS OF MANUFACTURE

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to methods and
apparatus for detecting radiation in CT imaging and other
radiation imaging systems, and more particularly to scintil-
lator arrays having increased reflectivity.

[0002] In at least some computed tomography (CT) imag-
ing system configurations, an x-ray source projects a fan-
shaped beam which is collimated to lie within an X-Y plane
of a Cartesian coordinate system and generally referred to as
the “imaging plane”. The x-ray beam passes through the
object being imaged, such as a patient. The beam, after being
attenuated by the object, impinges upon an array of radiation
detectors. The intensity of the attenuated beam radiation
received at the detector array is dependent upon the attenu-
ation of the x-ray beam by the object. Each detector element
of the array produces a separate electrical signal that is a
measurement of the beam attenuation at the detector loca-
tion. The attenuation measurements from all the detectors
are acquired separately to produce a transmission profile.

[0003] In some known CT systems, the x-ray source and
the detector array are rotated with a gantry within the
imaging plane and around the object to be imaged so that the
angle at which the x-ray beam intersects the object con-
stantly changes. X-ray sources typically include x-ray tubes,
which emit the x-ray beam at a focal spot. X-ray detectors
typically include a collimator for collimating x-ray beams
received at the detector, a scintillator adjacent the collimator,
and photodetectors adjacent the scintillator.

[0004] One or more rows of scintillator cells or scintillator
pixels are provided in a detector array configured to acquire
projection data from which one or more image slices of an
object are reconstructed. One known detector array includes
a two-dimensional array of scintillator cells, with each
scintillator cell having an associated photodetector. An
epoxy material is used to cast the scintillator cells into a
block having specified dimensions for easier handling. To
maximize reflectivity and to prevent cross-talk between
adjacent detector cells, the cast reflector mixture includes a
material having a high refractive index, such as TiO,. Thus,
light generated in the scintillating material by impinging
x-rays is confined to the detector cell in which it is gener-
ated. However, neither the epoxy, the TiO,, nor their mixture
are particularly absorptive of x-rays. Thus, neither the pho-
todetectors nor the cast reflector mixture itself is protected
from damage caused by impinging x-rays.

[0005] In one known cast reflector mixture, a small
amount of an oxide of chromium is also incorporated in the
cast reflector mixture to further reduce cross-talk between
cells. However, inclusion of this material reduces the effi-
ciency of the detector, because the absorbed portion of the
generated visible light is never detected by the photodetec-
tors. Chrome is used to reduce the cross-talk by absorbing
the light transmitting through the cast walls between pixels.
This dopant significantly reduces the reflectivity from 98%
to 82%, thus leading to very low light output. The introduc-
tion of chrome can reduce the light output by as much as
60% or higher. Also, the ability to reduce the cross-talk is
limited. Newer CT applications require higher and higher
resolution which means that the new design will require
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smaller pixels. The light output is further reduced as the
pixel size become smaller because the relative opportunity
of losing light on the surface is higher. The light output will
be reduced by 20 to 25% when the pixel size is reduced by
50%. The low light output can cause image quality problems
because of the low signal to noise ratio.

BRIEF DESCRIPTION OF THE INVENTION

[0006] In one aspect, a pixilated scintillator array for a
radiation detector of an imaging system is provided. The
scintillator array includes a plurality of scintillator pixels
arranged side by side in an array. The scintillator pixels are
separated from adjacent scintillator pixels by gaps. Each
scintillator pixel includes a top surface, a plurality of side
surfaces, and a first layer covering the top surface and the
side surfaces of each scintillator pixel. The first layer is
formed from a smoothing coating. A second layer formed
from a reflective metal coating covers the first layer, and a
third layer formed from a barrier coating covers the second
layer.

[0007] In another aspect, a computed tomographic imag-
ing system that includes a rotating gantry, a detector array on
the rotating gantry, and a radiation source on the rotating
gantry opposite the detector array and configured to direct a
radiation beam through an object towards the detector array.
The detector array includes a scintillator array optically
coupled to a plurality of diodes. The scintillator array
cincludes a plurality of scintillator pixels arranged side by
side in an array. The scintillator pixels are separated from
adjacent scintillator pixels by gaps. Each scintillator pixel
includes a top surface, a plurality of side surfaces, and a first
layer covering the top surface and the side surfaces of each
scintillator pixel. The first layer is formed from a smoothing
coating. A second layer formed from a reflective metal
coating covers the first layer, and a third layer formed from
a barrier coating covers the second layer.

[0008] In another aspect, a method of making a scintillator
array is provided. The method includes providing a pixilated
scintillator pack preform including a plurality of scintillator
pixels arranged side by side in an array and separated by a
gap, with each pixel having a top surface and a plurality of
side surfaces. The method also includes applying a smooth-
ing coating on the top surface and the side surface of each
scintillator pixel to form a smoothing layer, applying a
reflective metal coating on top of the smoothing layer to
form a reflective metal layer, and applying a barrier coating
on top of the reflective metal layer to form a barrier layer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

[0010] FIG. 2 is a block schematic diagram of the system
illustrated in FIG. 1.

[0011] FIG. 3 is a sectional illustration of the detector
array shown in FIG. 2.

FIG. 1 is a pictorial view of a CT imaging system.

[0012] FIG. 4 is a perspective illustration of a pixilated
scintillator pack preform.

[0013] FIG. 5 is a section illustration of a scintillator pixel
of scintillator pack preform shown in FIG. 4.

DETAILED DESCRIPTION OF THE
INVENTION

[0014] A pixilated scintillator array for a radiation detector
of an imaging system is described below in detail. The
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scintillator array includes a polymer smoothing coating on
the top and side surfaces of the pixels of the scintillator
array. The smoothing coating has a low refractive index of
less than 1.5 and improves adhesion and reflectance of a
reflective metal coating that is deposited on top of the
smoothing coating on the top and side surfaces of the pixels
of the array. A barrier coating is applied on top of the
reflective metal coating and provides for protection of the
reflective coating which increases the durability of the
scintillator array. The design of the pixilated scintillator
array provides for an increase in output of between about 50
percent to about 100 percent over current commercial scin-
tillator arrays. The pixilated scintillator array is described
below in relation to a computed tomography (CT) imaging
system. However, the pixilated scintillator array can be used
in other imaging systems, including imaging systems that
utilize radiation sources other than an x-ray source, for
example, a gamma ray source.

[0015] Turning now to the drawings, and referring to
FIGS. 1 and 2, a computed tomography (CT) imaging
system 10 is shown as including a gantry 12 representative
of a “third generation” CT scanner. Gantry 12 has an x-ray
source 14 that projects a beam of x-rays 16 toward a detector
array 18 on the opposite side of gantry 12. Detector array 18
is formed by detector elements 20 which together sense the
projected x-rays that pass through an object, such as a
medical patient 22. Each detector element 20 produces an
electrical signal that represents the intensity of an impinging
x-ray beam and hence the attenuation of the beam as it
passes through object or patient 22. During a scan to acquire
x-ray projection data, gantry 12 and the components
mounted thereon rotate about a center of rotation 24. In one
embodiment, and as shown in FIG. 2, detector elements 20
are arranged in one row so that projection data correspond-
ing to a single image slice is acquired during a scan. In
another embodiment, detector elements 20 are arranged in a
plurality of parallel rows, so that projection data correspond-
ing to a plurality of parallel slices can be acquired simulta-
neously during a scan.

[0016] Rotation of gantry 12 and the operation of x-ray
source 14 are governed by a control mechanism 26 of CT
system 10. Control mechanism 26 includes an x-ray con-
troller 28 that provides power and timing signals to x-ray
source 14 and a gantry motor controller 30 that controls the
rotational speed and position of gantry 12. A data acquisition
system (DAS) 32 in control mechanism 26 samples analog
data from detector elements 20 and converts the data to
digital signals for subsequent processing. An image recon-
structor 34 receives sampled and digitized x-ray data from
DAS 32 and performs high speed image reconstruction. The
reconstructed image is applied as an input to a computer 36
which stores the image in a mass storage device 38.

[0017] Computer 36 also receives commands and scan-
ning parameters from an operator via console 40 that has a
keyboard. An associated cathode ray tube display 42 allows
the operator to observe the reconstructed image and other
data from computer 36. The operator supplied commands
and parameters are used by computer 36 to provide control
signals and information to DAS 32, x-ray controller 28 and
gantry motor controller 30. In addition, computer 36 oper-
ates a table motor controller 44 which controls a motorized
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table 46 to position patient 22 in gantry 12. Particularly,
table 46 moves portions of patient 22 through gantry open-
ing 48.

[0018] As explained above, each detector element 20 of
array 18 produces a separate electrical signal that is a
measurement of the beam attenuation at the detector loca-
tion. Particularly, and referring to FIG. 3, each x-ray detec-
tor element 20 includes a scintillator element 50, and sides
of adjacent scintillator elements 50 are separated by non-
scintillating gaps 52. Scintillator elements 50 are also
referred to herein as scintillator pixels 50 and are arranged
in an array 53. In addition, although FIG. 3 depicts a cross
section through a row of detector elements 20, FIG. 3 is
intended to be representative of both linear and two-dimen-
sional (e.g., rectangular) arrays of detector elements 20.
When struck by x-rays, scintillator elements 50 convert at
least a portion of energy of the x-rays into light that can be
detected by photo-detectors 54 positioned adjacent scintil-
lator elements 50. Photo-detectors 54 (for example, photo-
diodes or photocells) optically coupled to the backs of
scintillator elements 50 generate electrical signals represen-
tative of the light output by scintillator elements 50. The
attenuation measurements from all detector elements 20 in
detector array 18 are acquired separately to produce a
transmission profile.

[0019] FIG. 4 is a perspective illustration of a pixilated
scintillator pack preform 60. In an exemplary embodiment,
scintillator pack preform 60 is a two dimensional array of
scintillator pixels 50. Each pixel 50 has a top surface 62 and
a plurality of side surfaces 64. Preform 60 is formed by using
geometric cutting methods such as OD saw dicing or wire
saw dicing techniques to cut pixels 50 into a block scintil-
lator material. Preform 60 can also be formed with other
near net shape processes such as injection molding. Pixels
50 are temporarily held together by a portion 66 of scintil-
lator material that is not cut. After the pixel coating pro-
cesses described below, portion 66 is ground away and
pixels 50 are coupled to photo-detectors 54 (shown in FIG.
3).

[0020] Referring also to FIG. 5, each scintillator pixel 50
includes a smoothing layer 68 covering top surface 62 and
each side surface 64 of scintillator pixel 50. Smoothing layer
68 is formed from a smoothing coating material. The coating
material that forms smoothing layer 68 has a refractive index
of less than 1.5. The smoothing coating material is applied
in one or more coats in sufficient quantity so that in one
embodiment, the dry film thickness of the coating material,
and thus, of smoothing layer 68 is about 0.5 micrometer
(um) to about 3.0 um. In another embodiment, the thickness
of smoothing layer 68 is about 1.0 um to about 2.0 um. The
smoothing coating is applied by any suitable coating tech-
nique, for example, dip and spin coating. Suitable smoothing
coating materials include, but are not limited to, silicone
hard coatings, including UV curable silicone hard coatings,
for example, UVHC8558 commercially available from Gen-
eral Electric Company, and styrene acrylate coatings.

[0021] A reflective metal layer 70 is formed on top of
smoothing layer 68. Metal layer 70 is formed by depositing
a metal coating on to top surface 62 and side surfaces 64 that
have been previously coated with a smoothing coating that
forms smoothing layer 68. Reflective metal layer 70 has a
high reflective surface that is capable of reflecting greater
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than about 95 percent of the light produced by scintillator
pixel 50 back from all incident angles to be detected by
photo-detector 54 (shown in FIG. 3). Any suitable metal
coating can be used, for example, silver, gold, or aluminum.
In the exemplary embodiment, a silver coating is used. In
one embodiment, the metal coating is deposited to produce
a metal layer 70 thickness of about 0.1 ym to about 3.0 um.
In another embodiment, the metal coating is deposited to
produce a metal layer 70 thickness of about 0.5 um to about
2.0 ym. A minimum thickness of about 0.1 um is needed to
achieve 0% transmission for low cross-talk and high reflec-
tivity for high light output from scintillator pixels 50. The
deposition of the metal coating can be done by any suitable
method, for example, sputtering techniques (vacuum vapor
deposition), chemical vapor deposition (CVD), plasma
assisted CVD, or electroless coating techniques. It is impor-
tant that a uniform thickness of the metal coating is depos-
ited across all surfaces of scintillator pixels 50.

[0022] To protect reflective metal layer 70, a barrier layer
72 is formed by the deposition of a barrier coating material
on top of metal layer 70. The barrier coating material is
applied in one or more coats in sufficient quantity so that in
one embodiment, the dry film thickness of the coating
material, and thus, of barrier layer 72 is about 0.5 um to
about 15.0 um. In another embodiment, the thickness of
barrier layer 72 is about 2.0 um to about 10.0 um. The barrier
coating is applied by any suitable coating technique, for
example, dip and spin coating. Suitable barrier coating
materials include, but are not limited to, silicone hard
coatings, including UV curable silicone hard coatings, for
example, UVHC8558 commercially available from General
Electric Company, and epoxy coatings, for example, EpoTek
301 commercially available from Epoxy Technology, Inc.

[0023] After smoothing layer 68, reflective metal layer 70
and barrier layer 72 have been formed on each scintillator
pixel 50, an adhesive material 74 (shown in FIG. 3) con-
taining, in one embodiment, about 15 weight percent to
about 60 weight percent TiO, is cast into pack preform 60 to
fill gaps 52. In another embodiment, adhesive material
contains about 20 weight percent to about 50 weight percent
TiO,. It should be understood that the filler material of
adhesive material 74 is not limited to TiO,, and can, in other
embodiments, include other high-Z oxide materials, for
example, Ta,05, Bi,05, WO3, PbO, and HfO,, and/or metal
powders, for example, tungsten. Adhesive material 74 is a
low viscosity radiation resistant epoxy that can be cured at
room temperature or higher. After the epoxy material is
cured, pack preform 60 is machined into its final dimen-
sions.

[0024] To make a finished scintillator array 53, pixilated
scintillator preform 60 is cleaned, for example with an acid
cleaning solution, and then dried. A smoothing coating
composition is applied to top surface 62 and side surfaces 64
of scintillator pixels 50. The deposited smoothing coating is
cured to form smoothing layer 68. Next a reflective metal
coating is applied on top of smoothing layer 68, covering all
surfaces of pixels 50 to form reflective metal layer 70. Then
a barrier coating is applied on top of metal layer 70 and
cured to form barrier layer 72. Adhesive material 74 is then
cast onto preform 60 filling all gaps 52 and covering all
surfaces of scintillator pixels 50. Adhesive material is then
cured and preform 60 is then machined to its final dimen-
sions.
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[0025] While the invention has been described in terms of
various specific embodiments, those skilled in the art will
recognize that the invention can be practiced with modifi-
cation within the spirit and scope of the claims.

What is claimed is:
1. A pixilated scintillator array for a radiation detector of
an imaging system, said scintillator array comprising:

a plurality of scintillator pixels arranged side by side in an
array, said scintillator pixels separated from adjacent
scintillator pixels by gaps, each said scintillator pixel
comprising:

a top surface and a plurality of side surfaces;

a first layer covering said top surface and said side surface
of each said scintillator pixel, said first layer formed
from a smoothing coating;

a second layer covering said first layer, said second layer
formed from a reflective metal coating; and

a third layer covering said second layer, said third layer

formed from a barrier coating.

2. A scintillator array in accordance with claim 1 wherein
said reflective metal coating comprises at least one of silver,
gold and aluminum.

3. Ascintillator array in accordance with claim 1 wherein
said smoothing coating has a refractive index less than 1.5.

4. A scintillator array in accordance with claim 1 wherein
said first layer is about 0.5 um to about 3.0 um in thickness.

5. A scintillator array in accordance with claim 4 wherein
said first layer is about 1.0 um to about 2.0 um in thickness.

6. A scintillator array in accordance with claim 1 wherein
said second layer is about 0.1 um to about 3.0 um in
thickness.

7. A scintillator array in accordance with claim 6 wherein
said second layer is about 0.5 um to about 2.0 um in
thickness.

8. A scintillator array in accordance with claim 1 wherein
said third layer is about 0.5 um to about 15.0 um in
thickness.

9. A scintillator array in accordance with claim 8 wherein
said third layer is about 2.0 um to about 10.0 um in
thickness.

10. A scintillator array in accordance with claim 1 further
comprising an adhesive material filling said gaps between
said scintillator pixels, said adhesive material comprising
about 15 weight percent to about 60 weight percent of a filler
material comprising at least one of TiO,, Ta,Os, Bi,Oj,
WO3, PbO, HfO,, and tungsten, the weight percent based on
the total weight of the adhesive material.

11. A scintillator array in accordance with claim 10
wherein said adhesive material comprises about 20 weight
percent to about 50 weight percent of the filler material, the
weight percent based on the total weight of the adhesive
material.

12. A computed tomographic imaging system comprising:

a rotating gantry;
a detector array on said rotating gantry; and

a radiation source on said rotating gantry opposite said
detector array and configured to direct a radiation beam
through an object towards said detector array;
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said detector array comprising a scintillator array opti-
cally coupled to a plurality of diodes, said scintillator
array comprising:

a plurality of scintillator pixels arranged side by side in an
array, said scintillator pixels separated from adjacent
scintillator pixels by gaps, each said scintillator pixel
comprising:

a top surface and a plurality of side surfaces;

a first layer covering said top surface and said side surface
of each said scintillator pixel, said first layer formed
from a smoothing coating;

a second layer covering said first layer, said second layer
formed from a reflective metal coating; and

a third layer covering said second layer, said third layer

formed from a barrier coating.

13. An imaging system in accordance with claim 12
wherein said reflective metal coating comprises at least one
of silver, gold and aluminum.

14. An imaging system in accordance with claim 12
wherein said smoothing coating has a refractive index less
than 1.5.

15. An imaging system in accordance with claim 12
wherein said first layer is about 1.0 um to about 2.0 um in
thickness.

16. An imaging system in accordance with claim 12
wherein said second layer is about 0.5 um to about 2.0 um
in thickness.

17. An imaging system in accordance with claim 12
wherein said third layer is about 2.0 um to about 10.0 um in
thickness.

18. An imaging system in accordance with claim 12
wherein said scintillator array further comprises an adhesive
material filling said gaps between said scintillator pixels,
said adhesive material comprising about 20 weight percent
to about 50 weight percent of a filler material comprising at
least one of TiO,, Ta,0s, Bi, 05, WO3, PbO, HfO,, and
tungsten, the weight percent based on the total weight of the
adhesive material.
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19. A method of making a scintillator array comprising:

providing a pixilated scintillator pack preform comprising
a plurality of scintillator pixels arranged side by side in
an array and separated by a gap, each pixel having a top
surface and a plurality of side surfaces;

applying a smoothing coating on the top surface and the
side surface of each scintillator pixel to form a smooth-
ing layer;

applying a reflective metal coating on top of the smooth-
ing layer to form a reflective metal layer; and

applying a barrier coating on top of the reflective metal

layer to form a barrier layer.

20. A method in accordance with claim 19 wherein
applying a smoothing coating comprises applying a smooth-
ing coating on the top surface and the side surface of each
scintillator pixel to form a smoothing layer of about 1.0 um
to about 2.0 um in thickness.

21. A method in accordance with claim 19 wherein
applying a reflective metal coating comprises applying a
reflective metal coating on top of the smoothing layer to
form a reflective metal layer of about 0.5 um to about 2.0 um
in thickness.

22. A method in accordance with claim 19 wherein
applying a barrier coating comprises applying a barrier
coating on top of the reflective metal layer to form a barrier
layer of about 2.0 um to about 10.0 um in thickness.

23. A method in accordance with claim 19 wherein the
smoothing coating has a refractive index less than 1.5.

24. A method in accordance with claim 19 further com-
prising casting an adhesive material on top of the barrier
coating and filling the gaps between the scintillator pixels,
the adhesive material comprising about 15 weight percent to
about 60 weight percent of a filler material comprising at
least one of TiO,, Ta,0,, Bi,0,, W03, PbO, HfO,, and
tungsten, the weight percent based on the total weight of the
adhesive material.



