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DOPED CADMIUM TUNGSTATE SCINTILLATOR 
WITH IMPROVED RADIATION HARDNESS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of and priority to 
provisional application U.S. Ser. No. 60/ , ?led on 
Sep. 3, 2003, entitled Doped CaWO4 Scintillator With 
Improved Radiation Hardness, naming Shifan Chen and 
Yi-Qun Li as inventors, Which is incorporated herein by 
reference in its entirety for all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

[0002] Not Applicable 

FIELD OF THE INVENTION 

[0003] This invention provides neW compositions and 
processing method for making doped cadmium tungstate 
scintillator materials that have a higher radiation hardness 
than that of undoped cadmium tungstate under UV, X-ray 
and other high-energy irradiation. The scintillator materials 
of this invention can be used in a variety of applications 
including, but not limited to X-ray detectors, e.g., for X-ray 
CT, digital panel imaging, screen intensi?er etc. The scin 
tillator materials of the invention can be used in bulk, sheet 
and ?lm forms of ceramics, single crystals, glasses, and 
composites. 

BACKGROUND OF THE INVENTION 

[0004] A scintillator is a material, typically a crystal that 
responds to incident radiation by emitting light (e.g., a light 
pulse). Scintillators and compositions fabricated from scin 
tillator materials are Widely used in detectors for gamma-ray, 
X-rays, cosmic rays, and particles Whose energy is of the 
order of 1 keV and greater. Often scintillators are used in 
X-ray imaging detectors for medical diagnostics, security 
inspection, industrial non-destructive evaluation (NDE), 
dosimetry, and high-energy physics. Using scintillator mate 
rials, it is possible to manufacture detectors in Which the 
light emitted by the scintillator is coupled to a light-detec 
tion means and produces an electrical signal proportional to 
the amount of light received and to intensity of the incident 
radiation. 

[0005] To acquire high resolution and quality picture, high 
dose radiation is required. Unfortunately, high dose radiation 
generally causes radiation damage to the scintillator material 
(i.e., the transmittance of scintillator crystal decreases With 
time), Which inevitably leads to the loss of resolution and 
performance. One approach to solving this problem has been 
to loWer the radiation dose. This approach requires better 
scintillators that provide higher light output to maintain the 
detector resolution and quality. 

[0006] Recently, there has been an increasing demand for 
transparent, high atomic density, high speed and high light 
output scintillator crystals and ceramic materials as detectors 
for computed X-ray tomography (CT) and other real time 
X-ray imaging systems. Many transparent ceramics like 
(Y,Gd)2O3:Eu3+, Gd2O2S:Pr,F,Ce, etc. have been developed 
for this purpose. Their sloW response, hoWever, and lack of 
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single crystal form have limited their applications for X-ray 
explosive detection systems and X-ray panel displays. 

[0007] Another approach to providing improved scintilla 
tor materials has been to improve the radiation hardness of 
the scintillator crystals so they can Withstand high dose 
radiation. Scintillators typically used for x-ray explosive 
detection systems are mainly CsI and CdWO4 single crys 
tals. Even though CsI provides a higher light output, its use 
has been problematic due to sloW scan speeds associated 
With aftergloW problems and loW density for CsI, 

[0008] CdWO4 crystals are more popular for X-ray explo 
sive detection. CdWO4 possesses shorter aftergloW times 
and demonstrates loWer radiation damage than CsI. Unfor 
tunately, the radiation damage of CdWO4 crystal also 
depends on the radiation dose. The higher the dose, the 
greater the radiation damage. For example, the radiation 
damage of CdWO4 crystal can reach as high as 40% When 
radiation dose is high enough. 

[0009] Various approaches have been taken to reduce the 
radiation damage of tungstates. One approach has involved 
doping the scintillator material With other elements. Thus, 
for example, US. Patent Publication US 2003/0020044 A1, 
describes scintillator compositions formed from alkali and 
rare-earth tungstates, that have a general formula of 
AD(WO4)D. The composition CSYO_25GdO_75W2O8 doped 
With Ca, shoWed improved radiation tolerance. 

[0010] Another approach to improving radiation tolerance 
of scintillators has involved annealing the scintillator crystal 
in a controlled atmosphere. For example, the damage 
mechanism of PbWO4 has been analyZed, and it Was found 
the damage Was caused by oxygen vacancies. By annealing 
the PbWO4 crystal in an oxygen atmosphere, the defects in 
the crystal structure decreased signi?cantly and the resis 
tance to radiation damage improved. 

SUMMARY OF THE INVENTION 

[0011] This invention pertains to the use of doping to 
improve the radiation resistance of CdWO4. It Was a dis 
covery of the present invention that doping provides a better 
method of increasing radiation hardness (e.g., as compared 
to annealing) as the doping can stabiliZe the scintillator 
crystal structure in air, Which is convenient for material 
preparation. Moreover the doping does not substantially 
interfere With the light output and other desirable properties 
of the material. 

[0012] In particular, it Was discovered that doping of 
cadmium tungstate (CdWO4) With trivalent metal ions or 
monovalent metal ions is particularly effective in improving 
radiation hardness of the scintillator material. 

[0013] Thus, in one embodiment this invention provides a 
scintillator composition comprising a cadmium tungstate 
doped With a monovalent metal ion and/ or a trivalent metal 
ion, Wherein said scintillator composition shoWs higher 
radiation tolerance that undoped CdWO4. In certain embodi 
ments, the doped cadmium tungstate is represented by the 
formula: Cd(l_(X+y))AXByWO4, Where A is a monovalent 
metal ion selected from the group consisting of Li, Na, K, 
Rb, Cs, Ag, T1, and combinations thereof; B is a trivalent 
metal ion selected from the group consisting of Bi, Y, La, Ce, 
Pr, Nd, Gd, Pm, Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb, Lu, and 
combinations thereof; X ranges from 0 to about 0.01; Y 
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ranges from 0 to about 0.01; and at least one of X or Y is 
non-Zero. In certain embodiments, X is about 0.0002, 0.0005, 
0.0008, 0.001, 0.003, 0.005, or 0.01 and y is optionally Zero 
or greater than Zero (e.g., 0.0002, 0.0005, 0.0008, 0.001, 
0.003, 0.005, or 0.01). In certain embodiments, y is about 
0.0002, 0.0005, 0.0008, 0.001, 0.003, 0.005, or 0.01 and X 
is optionally Zero or greater than Zero (e.g., 0.0002, 0.0005, 
0.0008, 0.001, 0.003, 0.005, or 0.01). In certain embodi 
ments, B is Gd3+ or Bi3+ and y is Zero or ranges from about 
0.0002 to about 0.001. In certain embodiments, X and y are 
both greater than Zero. In certain embodiments, K1+ or Rb1+ 
and B is Bi3+ and X and y are both greater than Zero. In 
certain embodiments, the doped cadmium tungstate is 
selected from the group consisting of CdO_9995NaO_OOO5WO4, 
CdO_9995Gd0.0005WO4, and Cd0_999 (KBi)O_OOlWO4. 
[0014] In various embodiments this invention also pro 
vides a detector element for an X-ray detector (eg an 
element of an X-ray CT scanner). The detector element 
typically comprises a scintillator as described herein and, 
optionally, a photodetector (e.g.,. photodiode, photomulti 
plier, ?lm, optical guide, etc.). 
[0015] Also provided is a method of making a scintillator 
composition. The method typically involves combining 
essentially equal amounts of CdO and WO3 and minor 
amounts of a dopant that comprises at least one oXygen 
containing compound of a monovalent metal selected from 
the group consisting of Li, Na, K, Rb, Cs, Ag and TL, or/and 
at least one oXygen containing compound of a trivalent 
element selected from the group consisting of Bi, Y, La, Ce, 
Pr, Nd, Gd, Pm, Sm, Eu, Tb, Dy, Ho, Er, Tm and Yb, Where 
the dopant(s) comprise less than about 0.1 mole percent of 
the amount of cadmium; and ?ring the miXture at a tem 
perature and for a time su?icient to convert the miXture to a 
solid solution of cadmium tungstate. Another method of 
making a scintillator composition comprises preparing a 
solution of a cadmium compound, a tungsten compound, 
and an amount of a monovalent metal ion selected from the 
group consisting of Li, Na, K, Rb, Cs, Ag, T, and/or a 
trivalent metal ion selected from the group consisting of Bi, 
Y, La, Ce, Pr, Nd, Gd, Pm, Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb, 
Lu, Where the monovalent ion and the trivalent ion When 
present are less than about 0.1 mole percent of the amount 
of cadmium; precipitating the compounds in a basic solution 
to obtain a miXture of oXygen-containing compounds; cal 
cining the precipitate in an oXidiZing atmosphere; and heat 
ing the precipitate at a temperature and for a time suf?cient 
to convert the miXture to a solid solution of cadmium 
tungstate. 

[0016] Also provided is an optical ?ber comprising a 
scintillator composition of this invention Where the optical 
?ber is optically coupled to the scintillator composition. 

[0017] In still another embodiment this invention provides 
a method of producing an X-ray image. The method typi 
cally involves providing an X-ray detector comprising a 
scintillator composition as described herein, subjecting the 
scintillator composition to X-ray radiation; and detecting 
light emission from the scintillator composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 schematically illustrates the CZochralski 
method for synthesizing a scintillator material of this inven 
tion. 
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[0019] FIG. 2 schematically illustrates a portion of a CT 
machine comprising a scintillator material according to an 
embodiment of this invention. 

[0020] FIG. 3 schematically illustrates an X-ray detector 
system according to an embodiment of this invention. The 
system can be used for a variety of purposes including, but 
not limited to medical diagnostics, airport scanning, eXplo 
sive detection, and the like. 

DETAILED DESCRIPTION 

[0021] This invention provides novel improved cadmium 
tungstate scintillator materials that shoW increased resis 
tance to radiation damage. In certain embodiments, the 
scintillator materials of this invention comprise a cadmium 
tungstate doped With a monovalent metal ion and/or a 
trivalent metal ion, such that the scintillator composition 
shoWs higher radiation tolerance that undoped CdWO4. 

[0022] In various embodiments the doped cadmium tung 
state is represented by the formula: 

CI1(I,(X+Y))AXBYWO4 I. 
Where A is a monovalent metal ion selected from the group 
consisting of Li, Na, K, Rb, Cs, Ag, T1, and combinations 
thereof; B is a trivalent metal ion selected from the group 
consisting of Bi, Y, La, Ce, Pr, Nd, Gd, Pm, Sm, Eu, Tb, Dy, 
Ho, Er, Tm, Yb, Lu, and combinations thereof; X typically 
ranges from 0 to about 0.01; Y typically ranges from 0 to 
about 0.01; and at least one of X or Y is non-Zero. In certain 
embodiments, the cadmium tungstate is doped only With a 
monovalent metal ion (i.e., X is Zero), in other embodiments, 
the cadmium tungstate is doped only With a trivalent metal 
ion (i.e., y is Zero), and in certain embodiment, the cadmium 
tungstate is doped With both a monovalent metal ion and a 
trivalent metal ion. In certain embodiments, X and/or y are 
about or range up to about 0.008, 0.006, 0.004, 0.002, or 
0.001. In certain embodiments, X and/or y are about, or range 
up to about 0.005. 

[0023] The doped cadmium tungstate scintillator materials 
of this invention can be prepared according to a number of 
methods including, but not limited to the Bridgeman-Stock 
barger method, conventional ceramic processes, a gelation/ 
coprecipitation method, or a single crystal groWth method 
such as the CZochralski method. 

[0024] In a conventional ceramic process, essentially 
equal amounts of CdO and WO3 are combined, and to this 
combination is added the desired amount of the desired 
dopant(s), e.g., oXygen-containing compounds of at least 
one trivalent element selected from the group consisting of 
Bi, Y, La, Ce, Pr, Nd, Gd, Pm, Sm, Eu, Tb, Dy, Ho, Er, Tm 
and Yb (e.g. Bi2O3, Y2O3, La2O3, Ce2O3, Pr2O3, Nd2O3, 
Gd2O3, Pm2O3, Sm2O3, Eu2O3, Tb2O3, Dy2O3, H0203, 
Er2O3, Tm2O3, Yb2O3, and the like), or/and at least one 
oxygen-containing compound of at least one monovalent 
metal selected from the group consisting of Li, Na, K, Rb, 
Cs, Ag and T1 (e.g., Li2O, Na2O, K2O, Rb2O, Cs2O, Ag2O, 
T120, and the like). In certain embodiments, the compounds 
With are Wet-miXed together With ethanol alcohol to form a 
slurry. The slurry is dried, e.g., at 1000 C. for 2 hours. The 
miXture is then ?red at temperature and for a time suf?cient 
to convert the miXture to a solid solution of cadmium 
tungstate (e. g. at a temperature from 9000 C. to 11000 C., for 
several hours). 
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[0025] In a gelation/coprecipitation process, a solution 
comprising a compound of Cd, a compound of tungsten, and 
the desired dopant(s), e.g., at least one trivalent element 
selected from the group consisting of Bi, Y, La, Ce, Pr, Nd, 
Gd, Pm, Sm, Eu, Tb, Dy, Ho, Er, Tm and Yb, or/and at least 
one monovalent metal selected from the group consisting of 
Li, Na, K, Rb, Cs, Ag and T1 is prepared With dilute HNO3 
solvent, and then gelatiniZed by adding ammonia to the 
solution to obtain a gel of oxygen-containing compounds. 
The gel is dried, e.g., at 100° C. for 3 hours and then 
calcined, e.g., at 700° C. for 1 hour in an oxidizing atmo 
sphere. The calcined sample is ?red at a temperature ranging 
from 9000 C. to 1200° C. and for a time suf?cient to convert 
the mixture to a solid solution of cadmium tungstate. 

[0026] The single crystal groWth process for producing a 
scintillator composition include, but are not limited to, the 
Bridgeman-Stockbarger method and the CZochralski 
method. A schematic of the CZochralski crystal groWth 
method is illustrated in FIG. 1. 

[0027] Typically, seed crystal of CdWO4 is introduced into 
a saturated solution containing appropriate compounds and 
neW crystalline material is alloWed to groW and add to the 
seed crystal using CZochralski method. 

[0028] The starting materials, typically comprising a cad 
mium compound, a tungsten compound and one or more of 
the dopant materials described herein are placed in a cru 
cible 534 and heated to form a reactant melt 530. The 
crucible is typically located in a housing, such as a quartz 
tube 520, and heated, eg by r.f. or resistance heaters 522. 
The melt temperature is determined by a thermocouple 532. 
A single crystal seed 526 (e.g., a CdWO4 seed crystal) 
attached to a seed holder 524 is loWered into the melt (the 
melt is the high temperature Zone). As the seed 526 is rotated 
about its axis and lifted from the melt 530, a single crystal 
scintillator boule 528 forms beloW the seed. The siZe of the 
crystal boule 528 increases as the seed 526 is lifted further 
aWay from the melt 530 toWard the loW temperature Zone 
above the heaters 522. The boule can then be sliced and 
polished into scintillator crystals. 

[0029] The scintillator compositions of this invention can 
be used in many different applications. For example, the 
materials can be used as phosphors in lamps, in cathode ray 
tubes, in plasma display devices, or in a liquid crystal 
display. The material may also be used as scintillators in 
electromagnetic calorimeters, in gamma ray cameras, in 
computer tomography scanners, in x-ray detectors, in image 
intensi?ers, in a lasers, and the like. These uses are meant to 
be merely illustrative and not exhaustive. 

[0030] In certain preferred embodiments, the tungstate 
scintillator materials of this invention are fabricated to form 
sintered bodies that can then be incorporated into any of a 
number of devices; Methods of forming scintillator materi 
als into sintered bodies are Well knoWn to those of skill in the 
art (see, e.g., U.S. Pat. Nos. 6,740,262, 5,013,696, 6,458, 
295, 6,384,417, and the like). 

[0031] Thus, for example, in one approach, a poWdered 
scintillator materials of this invention can be subjected to a 
cold isostatic pressing, e.g., under a pressure of about 200 
MPa and then shaped. The resulting cold pressed material 
can be covered, e.g., With molybdenum foil, and charged 
into a capsule, eg a cylindrical capsule of tantalum for hot 

Oct. 18, 2007 

isostatic pressing. After the internal air is exhausted from the 
capsule the airtight capsule is completely sealed, eg by 
electron beam Welding. Thereafter, the airtight vessel is 
subjected to a hot isostatic pressing (HIP), e.g., under the 
conditions of 1000° C. to 1500° C. and 150 MPa in an inert 
atmosphere, e.g., argon. After this is cooled, the resulting 
sintered ingot can be removed the metal container and, 
optionally, cut or machined into the desired shape. Finally 
the surface of the resulting material scintillator can be 
polished, e.g., With the abrasive poWder of silicon carbide 
GC2000. 

[0032] The scintillator materials of this invention can be 
incorporated into any of a number of devices such as gamma 
ray cameras/ detectors, computer tomography scanners, 
x-ray detectors, image intensi?ers, and the like using meth 
ods Well knoWn to those of skill in the art (see, e.g., U.S. Pat. 
Nos. 6,458,295, 6,384,417, 6,340,436, 5,558,815, and the 
like). 
[0033] By Way of illustration, FIG. 2 schematically illus 
trates a computer tomography (CT) scanning system 210 
utiliZing a scintillator according to this invention. In certain 
embodiments, this scanning system 210 comprises a cylin 
drical enclosure 220 in Which the patient or object to be 
scanned is placed. A support 212 typically surrounds the 
cylinder 220 and is con?gured for partial or full rotation 
about the cylinder’s axis. The support 212 can be designed 
to revolve for one full revolution and then return or it can be 
designed for continuous rotation, depending on the system 
used to connect the electronics on the support to the rest of 
the system. Typically, the support includes an x-ray source 
214 that, in certain embodiments produces a fan-shaped 
x-ray beam that encompasses a scintillation detector system 
226 mounted on the support on the opposite side of the 
cylinder 220. The pattern of the x-ray source is generally 
disposed in the plane de?ned by the x-ray source 214 and the 
scintillation detector system 226. 

[0034] The scintillation detector system 224 is typically 
narroW or thin in the direction perpendicular to the plane of 
the x-ray fan beam. Each cell 226 of the scintillation detector 
system incorporates a solid transparent bar of a scintillator 
material of this invention and a photodetector, eg a diode, 
optically coupled to that scintillator bar. 

[0035] The output from each photodetector is generally 
connected to an operational ampli?er Which is mounted on 
the support 212. The output from each operational ampli?er 
is connected either by individual Wires 228 or by other 
electronics to the main control system 218 for the computed 
tomography (CT) system. In the illustrated embodiment, 
poWer for the x-ray source and signals from the scintillation 
detector are carried to the main control system 218 by a 
cable 216. The use of the cable 216 may limit the support 
212 to a single full revolution before returning to its original 
position. 
[0036] Alternatively, Where continuous rotation of the 
support 212 is desired, slip rings or optical or radio trans 
mission may be used to connect the support electronics to 
the main control system 218. In CT scanning systems of this 
type, the scintillator material is used to convert incident 
x-rays to luminescent light Which is detected by the photo 
detector and thereby converted to an electrical signal as a 
means of converting the incident x-rays to electrical signals 
that can be processed for image extraction and other pur 
poses. 
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[0037] FIG. 3 schematically illustrates a a fast response 
x-ray detector system incorporating one or more of the 
scintillator materials of this invention. In certain embodi 
ments, the x-ray detector system includes an x-ray scintil 
lator material of this invention 306. The scintillator material 
306 absorbs x-ray photons 312 and emits scintillating radia 
tion Which is detected by the scintillating radiation photo 
detector 308. The scintillating radiation photodetector 308 
may be, for example, a photodiode, a photomultiplier, ?lm, 
other solid state photo detectors, and the like. Preferably the 
response time of photodetector 308 is faster than the primary 
decay time of the scintillating radiation in the scintillator 
material 306 to take advantage of the short primary decay 
time of the scintillator material 306. 

[0038] Typically the scintillator material 306 is optically 
coupled to the photodetector 308. The scintillator material 
306 can be optically coupled to the photodetector 308 
simply by positioning the scintillator material 306 physi 
cally adjacent to the photodetector 308. In certain embodi 
ments, the scintillator material 306 can be optically coupled 
to the photodetector 308 by lens and/or mirrors and/or 
optical ?ber(s) to focus the scintillating radiation upon the 
photodetector 308. In certain embodiments, the scintillator 
material 306 can be optically coupled to the photodetector 
308 by means of optical ?bers that transmit the scintillating 
radiation from the scintillator material 306 to the photode 
tector. Another alternative is to bond the scintillator material 
directly to the photodetector With an optical glue. 

[0039] In certain embodiments, the photodetector 308 can 
be a single detector or it can comprise an array of detectors/ 
detector elements. In the instance that the photodetector 308 
is an array of detectors/detector elements, it is preferable that 
the scintillator material include some means of channeling 
the scintillating radiation from a region of the scintillator 
emitting scintillating radiation directly to the detector ele 
ment directly underlying that region of the scintillator mate 
rial. For instance, as With the embodiment of the invention 
of FIG. 2, the scintillator material can be made up of 
separate solid transparent bars. These bars can be coated 
With a material to prevent the scintillation radiation from 
passing betWeen the bars. 

[0040] The electronic signal output of the photodetector 
can ultimately be connected to control electronics 310. The 
electronic signal output may be ampli?ed by a appropriate 
electronics, e.g., an operational ampli?er (not shoWn), prior 
to being input to the control electronics. The control elec 
tronics 310 typically collects the output signal(s) from the 
photodetector(s) 308 corresponding to detection of scintil 
lating radiation. The collected output signals can be further 
processed to produce an image corresponding to the detected 
x-rays as is Well knoWn in the art. 

[0041] The x-ray detector system of this embodiment can 
also include an x-ray source 302 that directs x-rays 312 
toWards the scintillator material 306. HoWever, it is not 
necessary that the x-ray detector system include an x-ray 
source 302. Instead, the x-ray source can be external to the 
x-ray detector system, or the x-rays may emanate from the 
object to be studied. For example, in x-ray detection appli 
cations such as astrophysics applications, x-rays may ema 
nate from a body beyond the earth. If the x-ray detector 
system includes an x-ray source 302, the control electronics 
310 can optionally include a poWer source for supplying 
poWer to the x-ray source. 
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[0042] The x-ray detector system can also include a com 
partment or holder 304 for holding an object to be studied. 
The compartment 304 is typically located betWeen the x-ray 
source 302 and the scintillator material 306. The dimensions 
of the compartment/holder 304 Will depend upon the par 
ticular application. For instance, an x-ray detector system for 
baggage inspection should be of a siZe to accommodate 
baggage, While an x-ray detector system for medical imag 
ing should be of a siZe to accommodate a human being or 
animal. 

[0043] In still another embodiment, this invention con 
templates one or more light guides (optical ?ber) optically 
coupled to a scintillator material of this invention. The signal 
produced by the scintillator material can be transmitted 
along the optical guide to one or more detector(s) as desired. 
In certain embodiments, a single optical guide is optically 
coupled to a scintillator material, While in other embodi 
ments, multiple optical guides are optically coupled to a 
scintillator material. In the latter embodiment, it can be 
desirable for each optical guide to “sample” a discrete and 
independent region of the scintillator. In other embodiments, 
the optical guides may sample overlapping areas of the 
scintillator material. 

[0044] The scintillator material can be optically coupled to 
the optical guide simply by positioning the scintillator 
material physically adjacent to the optical guide. In certain 
embodiments, the scintillator material can be optically 
coupled to the optical guide by lens and/ or mirrors. Another 
alternative is to bond the scintillator material directly to the 
photodetector With an optical glue or to Weld the scintillator 
material to the optical guide. In certain embodiments, the 
scintillator material can be fabricated as an integral compo 
nent of the light guide. Methods of optically coupling the 
scintillator material to an optical guide (e.g., optical ?ber) 
are Well knoWn to those of skill in the art (see, e.g., U.S. Pat. 
Nos. 6,504,156, 6,384,417, 5,558,815, 5,391,876, 5,386, 
797, 5,360,557, 5,318,722, and the like). 

EXAMPLES 

[0045] The folloWing examples are offered to illustrate, 
but not to limit the claimed invention. 

Example 1 

[0046] Doped cadmium tungstates having the formulas 
CdO_9995NaO_OOO5WO4, Cd0.9995GdO_OOO5WO4, and 
Cd0_999(KBi)O_OO1W04 Were fabricated Were fabricated using 
conventional ceramic processing methods. Brie?y, proper 
amounts of raW materials from CdO, W3, Na2CO3, K2CO3, 
Gd2O3, and Bi2O3 Were selected according to the desired 
formula (C(10.9995Na0.0005WO4> Cdo9995Gd0o005WO4’ and 
CdO_999(KBi)O_OOlWO4). The compounds Were Wet-mixed 
together With ethanol alcohol to form a slurry. The slurry 
Was dried at 1000 C. for 2 hours. The mixture Was then ?red 
at 11000 C. for 3 hours in air. 

[0047] The susceptibility to radiation damage of these 
materials Was calculated based on the percentage change of 
scintillating peak intensity before and after X-ray exposure 
(145 KeV) for 5 hours. The distance betWeen the samples 
and the x-ray source Was 10 cm. After irradiation, the 
samples Were immediately measured for luminescence prop 
erties immediately to eliminate any recovery effect. 
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[0048] Table 1 lists the light output before radiation and 
radiation damage of One CdWO4 single crystal sample 
(milled to powder), one commercial CdWO4 and the three 
different doped tungstates. Radiation damage Was de?ned as 
the difference in light output before and after radiation 
divided by the light output before radiation. 

[0049] Table1. light output and radiation damage data of 
various CdWO4 poWder samples. 

Sample Peak value (no rad.) Radiation damage 

Single Crystal 888 37.5% 
Polycrystalline Powder 342 30% 
Cd0.9995Na0.0005WO4 416 13.1% 
Cd0.9995Gd0.00o5WO4 414 2.2% 
Cd0.999 (KBi)0.0o1WO4 571 6.8% 

[0050] The doped samples Were sintered at 10000 C. for 3 
hours. 

[0051] Emission spectra of the poWdered samples before 
and after irradiation Were determined by exciting the sample 
With an X-ray source having peak energy of 8 keV produced 
from a copper anode at a poWer of 40 kV and 20 mA. Since 
all emission spectra of all of the samples had almost the 
same peak position and shape, We used peak height as the 
measure of light output. 

[0052] Usually the radiation damage of scintillator crys 
tals is measured from the change of transmittance of visible 
light before and after irradiation. PoWder samples, hoWever, 
are not transparent and thus this method is not feasible. 

[0053] The high intensity radiation caused defects in crys 
tal structure, and these defects trap the visible light excited 
by X-ray. Consequently the radiation damage loWers the 
light output of the scintillator materials. Therefore, the 
radiation damage can also be measured by the change of 
light output of the scintillator(s) (When exposed to a de?ned 
energy source) before and after irradiation. From the data in 
table 1, the radiation damage, up to 37.5% for the single 
crystal poWder sample, Was consistent With the data mea 
sured by transmission method, indicates that the data pre 
sented in the Table is a valid measure of radiation damage. 

[0054] The light output of crystal samples Was much 
higher than the other poWder samples indicating that the 
radiation-induced defects in the in single crystals Was less 
than the poWder samples. The light output of all of the doped 
samples Was greater than the commercial CdWO4 poWder 
sample indicating that the doping reduced radiation damage. 

[0055] As shoWn in Table 1, Gd3+ doping Was the most 
effective. Co-doping of K1+ and Bi3+ Was better than single 
Na1+ doping. Without being bound to a particular theory, it 
is believed the doping of trivalent ions can introduce excess 
oxygen ions to the crystal lattice, Which later supplements 
the oxygen vacancy caused by radiation and thereby reduces 
the radiation damage. In conclusion, the doping described 
herein, especially trivalent ion doping of CdWO4 improves 
the radiation hardness of the tungstate scintillator While 
maintaining the scintillator light output and other desirable 
properties. 
[0056] It is understood that the examples and embodi 
ments described herein are for illustrative purposes only and 
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that various modi?cations or changes in light thereof Will be 
suggested to persons skilled in the art and are to be included 
Within the spirit and purvieW of this application and scope of 
the appended claims. All publications, patents, and patent 
applications cited herein are hereby incorporated by refer 
ence in their entirety for all purposes. 

What is claimed is: 
1. A scintillator composition comprising a cadmium tung 

state doped With a monovalent metal ion and/or a trivalent 
metal ion, Wherein said scintillator composition shoWs 
higher radiation tolerance that undoped CdWO4. 

2. The scintillator composition of claim 1, Wherein the 
doped cadmium tungstate is represented by the formula: 

A is a monovalent metal ion selected from the group 
consisting of Li, Na, K, Rb, Cs, Ag, T1, and combina 
tions thereof; 

B is a trivalent metal ion selected from the group con 

sisting of Bi, Y, La, Ce, Pr, Nd, Gd, Pm, Sm, Eu, Tb, 
Dy, Ho, Er, Tm, Yb, Lu, and combinations thereof; 

X ranges from 0 to about 0.01; 

Y ranges from 0 to about 0.01; and 

at least one of X or Y is non-Zero. 

3. The scintillator composition of claim 2, Wherein X is 
about 0.005. 

4. The scintillator composition of claim 2, Wherein X is 
about 0.001. 

5. The scintillator composition of claims 3 or 4, Wherein 
Y is 0. 

6. The scintillator composition of claim 2, Wherein Y is 
about 0.005. 

7. The scintillator composition of claim 2, Wherein Y is 
about 0.001. 

8. The scintillator composition of claims 6 or 7, Wherein 
X is 0. 

9. The scintillator composition of claim 2, Wherein X is 
Zero, and Y is greater than Zero. 

10. The scintillator composition of claim 9, Wherein B is 
Gd3+. 

11. The scintillator composition of claim 10, Wherein B is 
Gd3+ and Y ranges from about 0.0002 to about 0.001. 

12. The scintillator composition of claim 2, Wherein X and 
Y are both greater than Zero. 

13. The scintillator composition of claim 12, Wherein A is 
K1+ or Rb1+ and B is Bi3+. 

14. The scintillator composition of claim 2, Wherein X is 
greater than Zero, and Y is Zero. 

15. The scintillator composition of claim 2, Wherein said 
doped cadmium tungstate is selected from the group con 
sisting of Cd0.9995Na0.0005WO4: Cdo9995Gdo0005WO4: and 
Cdo.999 (KBi)0.001WO4 

16. A detector element of an X-ray CT scanner comprising 
a scintillator composition of any of claims 1 through 15. 

17. A sintered body comprising a comprising a scintillator 
composition of any of claims 1 through 15. 

18. An x-ray detector comprising: 

a scintillator composition of any of claims 1 through 15; 
and 
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a photodetector disposed to detect light emitted by said 
scintillator composition. 

19. The detector of claim 18, Wherein said photodetector 
is selected from the group consisting of a photomultiplier, a 
photodiode, and photographic ?lm. 

20. A method of making a scintillator composition, said 
method comprising: 

combining essentially equal amounts of CdO and WO3 
and minor amounts of a dopant that comprises at least 
one oxygen-containing compound of a monovalent 
metal selected from the group consisting of Li, Na, K, 
Rb, Cs, Ag and TL, or/and at least one oxygen con 
taining compound of a trivalent element selected from 
the group consisting of Bi, Y, La, Ce, Pr, Nd, Gd, Pm, 
Sm, Eu, Tb, Dy, Ho, Er, Tm and Yb, Where said dopants 
comprise less than about 0.1 mole percent of the 
amount of cadmium; and 

?ring the mixture at a temperature and for a time suf?cient 
to convert the mixture to a solid solution of cadmium 
tungstate. 

21. A method of making a scintillator composition, said 
method comprising: 

preparing a solution of a cadmium compound, a tungsten 
compound, and an amount of a monovalent metal ion 
selected from the group consisting of Li, Na, K, Rb, Cs, 
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Ag, T, and/or a trivalent metal ion selected from the 
group consisting of Bi, Y, La, Ce, Pr, Nd, Gd, Pm, Sm, 
Eu, Tb, Dy, Ho, Er, Tm, Yb, Lu, Wherein said monova 
lent ion and said trivalent ion When present are less than 
about 0.1 mole percent of the amount of cadmium; 

precipitating said compounds in a basic solution to obtain 
a mixture of oxygen-containing compounds; 

calcining said precipitate in an oxidiZing atmosphere; and 

heating said precipitate at a temperature and for a time 
suf?cient to convert the mixture to a solid solution of 
cadmium tungstate. 

22. An optical ?ber comprising a scintillator composition 
of any of claims 1 through 15. 

23. A method of producing an X-ray image, said method 
comprising: 

providing an x-ray detector comprising a scintillator com 
position of any of claims 1 through 15; 

subjecting said scintillator composition to X-ray radia 
tion; and 

detecting light emission from said scintillator composi 
tion. 


