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HIGH ENERGY RESOLUTION 
SCINTILLATORS HAVING HIGH LIGHT 

OUTPUT 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional ofU.S. patent appli 
cation Ser. No. 11/ 172,533, entitled “HIGH ENERGY 
RESOLUTION SCINTILLATORS HAVING HIGH LIGHT 
OUTPUT”, ?led Jun. 29, 2005, Which is herein incorporated 
by reference in its entirety. 

BACKGROUND 

[0002] The invention relates generally to the ?eld of imag 
ing systems and, more particularly, to scintillator composi 
tions for use in high-energy radiation detectors. 
[0003] High-energy radiation based imaging systems, such 
as positron emission tomography (PET), generally employ a 
scintillator detector having a plurality of pixels typically 
arranged in a circular array. Each such pixel comprises a 
scintillator cell coupled to a photomultiplier tube. In PET, a 
chemical tracer compound having a desired biological activ 
ity or af?nity for a particular organ is labeled With a radioac 
tive isotope that decays by emitting a positron. Subsequently, 
the emitted positron interacts With an electron giving out tWo 
51 1 keV photons (gamma rays). The tWo photons emit simul 
taneously and travel in almost exactly opposite directions, 
penetrate the surrounding tissue, exit the patient’s body, and 
become absorbed and recorded by the detector. By measuring 
the slight difference in arrival times of the tWo photons at the 
tWo points in the detector, the position of the positron inside 
the target can be calculated. The limitations of this time 
difference measurement are highly dependent on the stopping 
poWer, light output, and decay time of the scintillator mate 
rial. 
[0004] Another application of such scintillators is in Well 
logging tools. The scintillator detector in this application 
functions by capturing radiation from the surrounding geo 
logical formation, and converting it into light. The generated 
light is then transmitted to a photomultiplier tube. The light 
impulses are transformed into electrical impulses. It is desir 
able that the scintillation element in the Well-logging tool be 
able to function at very high temperatures, and under harsh 
shock and vibration conditions. Accordingly, it is desirable to 
have a scintillator material, Which has a combination of many 
of the properties discussed previously, e. g., high light output 
and energy resolution, as Well as fast decay time. 
[0005] Accordingly, a need exists for an improved scintil 
lator material that may address one or more of the problems 
set forth above. 

BRIEF DESCRIPTION 

[0006] In one embodiment, the present technique provides 
a scintillator composition. The scintillator composition 
includes a matrix material, Where the matrix material includes 
an alkaline earth metal and a lanthanide halide. The scintilla 
tor composition further includes an activator ion, Where the 
activator ion is a trivalent ion. 
[0007] In another embodiment, the present technique pro 
vides a scintillator composition having a matrix material rep 
resented by A2LnX7, Where A includes an alkaline earth 
metal, Ln includes a lanthanide ion, and X includes a halide 
ion. Further, the scintillator composition includes an activator 
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ion, Where the activator ion includes cerium, or bismuth, or 
praseodymium, or combinations thereof. 
[0008] In yet another embodiment, the present technique 
provides a scintillator composition having a matrix material 
represented by ALnX5, Where A includes an alkaline earth 
metal, Ln includes a lanthanide ion, and X includes a halide 
ion. Further, the scintillator composition includes an activator 
ion, Where the activator ion includes cerium, or bismuth, or 
praseodymium, or combinations thereof. 
[0009] In further embodiment, the present technique pro 
vides a detector element of an imaging system having a scin 
tillator composition of the present technique. Further, the 
detector element has a photon detector optically coupled to 
the scintillator composition and con?gured to convert the 
photons into electrical signals. 
[0010] In another embodiment, the present technique pro 
vides a method of operation of a detector element. The 
method includes transmitting radiation through an object, 
receiving the radiation by a scintillator material to produce 
photons Which are characteristic of the radiation, and detect 
ing the photons by a photon detector optically coupled to the 
scintillator material and con?gured to convert the photons 
into electrical signals. The scintillator material includes the 
scintillator composition of the present technique. 

DRAWINGS 

[0011] These and other features, aspects, and advantages of 
the present invention Will become better understood When the 
following detailed description is read With reference to the 
accompanying draWings in Which like characters represent 
like parts throughout the draWings, Wherein: 
[0012] FIG. 1 is a diagrammatical representation of an 
exemplary radiation-based imaging system employing a scin 
tillator composition according to certain embodiments of the 
present technique; 
[0013] FIG. 2 is a diagrammatical representation of an 
exemplary positron emission tomography imaging system 
employing a scintillator composition according to certain 
embodiments of the present technique; 
[0014] FIG. 3 is a front vieW of a scintillator ring used in a 
radiation detector of a positron emission tomography imag 
ing system according to certain embodiments of the present 
technique; 
[0015] FIG. 4 is a cross-sectional vieW of an exemplary 
detector element employed in a Well-logging tool according 
to certain embodiments of the present technique; 
[0016] FIG. 5 is a graphical representation of the emission 
spectrum under X-ray excitation for a scintillator composi 
tion represented by A2LnX7 and having a cerium activator 
1on; 
[0017] FIG. 6 is a graphical representation of the emission 
spectrum under X-ray excitation for a scintillator composi 
tion represented by ALnX5 and having a cerium activator ion; 
and 
[0018] FIG. 7 is a How chart illustrating an exemplary 
method of operation of a detector element of an imaging 
system according to certain embodiments of the present tech 
nique. 

DETAILED DESCRIPTION 

[0019] FIG. 1 illustrates an exemplary radiation-based 
imaging system, such as a nuclear imaging detector employed 
in a positron emission tomography, in accordance With cer 
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tain embodiments of the present technique. In the illustrated 
embodiment, the imaging system 10 includes a radiation 
source 12 positioned such that a maj orportion of the radiation 
14 emitted from the radiation source 12 passes through the 
target 16, such as an animal, or a human, or a baggage item, or 
any target having internal features or contents. In certain 
embodiments, the radiation 14 may include electromagnetic 
radiation, such as X-ray radiation, or beta radiation, or 
gamma radiation. A portion of the radiation 14, generally 
termed as attenuated radiation 18, passes through the target 
16. More speci?cally, the internal features of the target 16 at 
least partially reduce the intensity of the radiation 14. For 
example, one internal feature of the target 16 may pass less or 
more radiation than another internal feature. 

[0020] Subsequently, the attenuated radiation 18 impinges 
on one or more radiation detectors 20, Which include a scin 

tillator 22 that produces visible photons in response to the 
impinging attenuated radiation on its surface. In certain 
embodiments, the composition of the scintillator 22 includes 
a matrix material and an activator ion. In some embodiments, 
the matrix material includes an alkaline earth metal and a 
lanthanide halide. In these embodiments, the alkaline earth 
metal may include barium, or strontium, or calcium, or mag 
nesium, or combinations thereof. Further, the lanthanide 
halide may include at least one lanthanide ion and at least one 
halide ion. In these embodiments, the lanthanide ion may 
include rare earth elements, such as lanthanum, or cerium, or 
praseodymium, or neodymium, or samarium, or europium, or 
yttrium, or gadolinium, or terbium, or dysprosium, or hol 
mium, or erbium, or thulium, or lutetium, or scandium, or 
ytterbium, or combinations thereof. In an exemplary embodi 
ment, the lanthanide ion may include lanthanum, or yttrium, 
or gadolinium, or lutetium, or scandium, or combinations 
thereof. 

[0021] Depending on the different applications, in these 
embodiments, the halide ion may include ?uorine, or bro 
mine, or chlorine, or iodine, or combinations thereof. For 
example, it is desirable to have iodine to obtain high light 
output characteristics in the scintillator. Additionally, in some 
embodiments, tWo or more halides may be present in the 
matrix material. In these embodiments, the matrix material 
may be in the form of a solid solution of the tWo or more 
lanthanide halides. As used herein, the term “solid solution” 
refers to a mixture of the halides in solid, crystalline form, 
Which may include a single phase or multiple phases. As Will 
be appreciated, phase transitions may occur Within a crystal 
after its formation, e.g., after subsequent processing steps, 
such as sintering or densi?cation. In an exemplary embodi 
ment, the lanthanide halide may include lutetium chloride, or 
lutetium bromide, or yttrium chloride, or yttrium bromide, or 
gadolinium chloride, or gadolinium bromide, or praseody 
mium chloride, or praseodymium bromide, or combinations 
thereof. 

[0022] Further, in certain embodiments, the relative pro 
portions of the alkaline earth metal and the lanthanide halide 
in the matrix material may vary from about 2.2:1 to about 
1.811. As Will be appreciated, these proportions Will depend 
on the stoichiometric considerations, such as valency, atomic 
Weight, chemical bonding, co-ordination number, and the 
like. 

[0023] As Will be appreciated, oxygen may have a detri 
mental effect on the luminescence of the scintillator compo 
sitions. Accordingly, it is desirable to have the lanthanide 
halide of the matrix material substantially free of oxygen, or 
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oxygen containing compounds. As used herein, “substan 
tially free” indicates a compound containing less than about 
0.1 mole percent oxygen, and preferably, less than about 0.01 
mole percent of oxygen. 
[0024] Further, the scintillator composition includes an 
activator ion, Where the activator ion is a trivalent ion. As Will 
be appreciated, an activator ion is the luminescent center of 
the host matrix, Which produces the luminescence by absorp 
tion of the electrons and releasing the energy of its excitation 
as photons of desired Wavelengths. Hence, it is desirable to 
have a combination of activator ion and scintillator composi 
tion that are mutually amicable. In certain embodiments, the 
activator ion may include trivalent ions, such as cerium, or 
bismuth, or praseodymium, or combinations thereof. Also, it 
may be desirable to have the activator ion in an amount that 
facilitates scintillation of the scintillator composition. As Will 
be appreciated, the amount of the activator ion in the scintil 
lator composition depends on factors such as the matrix mate 
rial, emission properties and decay time, and also the type of 
detection device in Which the scintillator is being employed. 
In some embodiments, the mole percentage of the activator 
ion in the matrix material may range from about 0.1 mole 
percentage to about 20 mole percentage, or from about 0.1 
mole percentage to about 10 mole percentage, or from about 
1 mole percentage to about 10 mole percentage. 

[0025] In certain embodiments, the scintillator composi 
tion of the present technique may be represented by a chemi 
cal formula A2LnX7, Where A includes an alkaline earth 
metal, Ln includes a lanthanide ion, and X includes a halide 
ion. As Will be appreciated, A, or Ln, or X may be a combi 
nation of tWo or more different ions in these embodiments. 
Further, in these embodiments, each alkaline earth metal has 
a valence state of +2, each lanthanide usually has a valence 
state of +3, and each halogen has a valence state of —l to 
maintain the stoichiometric balance. In these embodiments, A 
may include barium, or strontium, or calcium, or magnesium, 
or combinations thereof. In addition, Ln may include lantha 
num, or cerium, or praseodymium, or neodymium, or 
samarium, or europium, or yttrium, or gadolinium, or ter 
bium, or dysprosium, or holmium, or erbium, or thulium, or 
lutetium, or scandium, or ytterbium, or combinations thereof 
in these embodiments. Finally, X may include ?uorine, or 
chlorine, or bromine, or iodine, or combinations thereof in 
these embodiments. 

[0026] Further, in some embodiments, Ln may include 
yttrium, or gadolinium, or lutetium, or lanthanum, or combi 
nations thereof. In these embodiments, X may include chlo 
rine, or bromine, or iodine, or combinations thereof. In some 
of these embodiments With cerium as the activator ion, the 
scintillator composition may be represented by a chemical 
formula A2Lnl_mCemX7. In these embodiments, m ranges 
from about 0.02 to about 1. Further, in an exemplary embodi 
ment, In ranges from about 0.1 to about 1. In an exemplary 
embodiment, the scintillator composition Ba2Yl_mCemCl7 
having cerium as an activator ion may include Ba2YO_98CeO_ 
02Cl7, and Ba2YO_95CeO_O5Cl7. LikeWise, in other embodi 
ments, the scintillator composition Ba2Gd1_mCemCl7 having 
Ce as an activator ion may include Ba2GdO_98CeO_O2Cl7, 
Ba2GdO_98CeO_O2Cl6_94BrO_O6, and Ba2GdO_95CeO_O5Cl7. In fur 
ther embodiments, the scintillator composition may include a 
combination of alkaline earth metals. In these embodiments, 
the scintillator composition may be represented by Ba2_ 
xAxLnl_mCemX7, Where A may be strontium, or calcium, or 
magnesium. In these embodiments, the proportion of A is 
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such that the crystal structure of the scintillator composition 
is retained. As With cerium, in an exemplary embodiment, 
other activator ion, such as bismuth, may replace about 0.1 
mole percentage to about 10 mole percentage of Ln in the 
scintillator composition. 
[0027] In some embodiments, the scintillator composition 
may be represented by a chemical formula ALnX5, Where A 
includes an alkaline earth metal, Ln includes a lanthanide ion, 
and X includes a halide ion. As discussed above, With refer 
ence to scintillator composition A2LnX7, each alkaline earth 
metal has a valence state of +2, each lanthanide usually has a 
valence state of +3, and each halogen has a valence state of —1 , 
to maintain the stoichiometric balance. In these embodi 
ments, A may include barium, or strontium, or calcium, or 
magnesium, or combinations thereof. In addition, Ln may 
include lanthanum, or cerium, or praseodymium, or neody 
mium, or samarium, or europium, or yttrium, or gadolinium, 
or terbium, or dysprosium, or holmium, or erbium, or thu 
lium, or lutetium, or scandium, or ytterbium, or combinations 
thereof in these embodiments. Finally, X may include ?uo 
rine, or chlorine, or bromine, or iodine, or combinations 
thereof in these embodiments. 

[0028] Further, in some embodiments, Ln may include 
yttrium, or gadolinium, or lutetium, or lanthanum, or combi 
nations thereof. In these embodiments, X may include chlo 
rine, or bromine, or iodine, or combinations thereof. In some 
of these embodiments, the scintillator compositions may be 
represented by a formula ALn1_nCenX5. In these embodi 
ments, n ranges from about 0.02 to about 1. Further, in an 
exemplary embodiment, n ranges from about 0.02 to about 
0.2. In another exemplary embodiments, n ranges from about 
0.02 to about 0.1. In an exemplary embodiment, the scintil 
lator composition along With the activator ion is represented 
by BaYO_98CeO_O2Cl5, or BaGdO_98CeO_O2Cl5. In further 
embodiments, the scintillator composition may include a 
combination of alkaline earth metals. In these embodiments, 
the scintillator composition may be represented by Ba1_ 
xAxLn1_mCemX5, Where A may be strontium, or calcium, or 
magnesium. Further, in these embodiments, the proportion of 
A is such that the crystal structure of the parent material is 
maintained. As With cerium, in an exemplary embodiment, 
other activator ion, such as bismuth, may replace about 0.1 
mole percentage to about 10 mole percentage of Ln in the 
scintillator composition. 
[0029] In certain embodiments, the scintillator composi 
tion may comprise a substantially monocrystalline form. As 
Will be appreciated, monocrystalline scintillator crystals have 
a greater tendency for transparency and, hence, are especially 
useful for high-energy radiation detectors, e. g., those used for 
gamma rays. HoWever, the scintillator composition may also 
be used in other forms, such as poWder form, depending on 
the end use. Also, as Will be appreciated, the scintillator 
composition may contain small amounts of impurities. These 
impurities usually originate from the starting material and 
constitute less than about 0.01 percent by Weight of the com 
position. Further, the scintillator composition may also 
include additives in an amount of less than about 1 volume 
percentage. Usually, additives are added to facilitate higher 
sintered density of the scintillator upon compaction, as 
described in detail beloW. Moreover, additives may facilitate 
optimiZation of the crystal ?eld environment to enhance scin 
tillation ef?ciency and reduce rise and decay times of the 
scintillator composition, thereby facilitating effective proton 
yield per unit time. Accordingly, a scintillator With higher 
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density results in increased absorption of the incident photons 
by the scintillator. Also, a scintillator having a higher density 
results in less scattering of the photons produced by the scin 
tillator and, therefore, enhances the signal produced by the 
scintillator. Moreover, minor amounts of other materials may 
be purposefully included in the scintillator composition to 
enhance speci?c functionalities in the scintillator composi 
tion. 

[0030] Referring again to FIG. 1, once the scintillator 22 
produces the photons, they are detected by employing a pho 
ton detector or counter 24. In some embodiments, the photon 
counter 24 includes a photodiode con?gured to convert the 
photons into respective electronic signals. In some of these 
embodiments, the photon counter 24 is coupled to a photo 
multiplier tube to proportionately enhance the signals pro 
duced by the photon counter 24. The imaging system 10 then 
processes this data to construct an image of the internal fea 
tures Within the target 16. Although not illustrated, the radia 
tion detector 20 may employ a collimator for collimating 
beams directed toWards the radiation detector 20 and, thereby, 
enhance the absorption percentage of the incident light on the 
radiation detector 20. In addition, the imaging system 10 of 
FIG. 1 may include a variety of control circuits and devices. 
For example, as illustrated, the radiation detector 20 is 
coupled to detector acquisition circuitry 26, Which controls 
acquisition of the signals generated in the radiation detector 
20. In certain embodiments, the imaging system 10 includes 
a motor subsystem (not shoWn) to facilitate motion of the 
radiation source 12 and/or the detector 20. In these embodi 
ments, image processing circuitry 28 is employed to execute 
examination of protocols and to process acquired image data 
from the detector acquisition circuitry 26. These and various 
other control mechanisms may be incorporated into the imag 
ing system 10 in accordance With certain embodiments of the 
present technique. 
[0031] As an interface to the imaging system 10, one or 
more operator Workstations 30 may be included for output 
ting system parameters, requesting examination, vieWing 
images, and so forth. The operator Workstation 30 is con?g 
ured to enable an operator, via one or more input devices 
(keyboard, mouse, touchpad, etc.), to control one or more 
components of the imaging system 10. The illustrated opera 
tor Workstation 30 is coupled to an output device 32, such as 
a display or printer, to output the images generated during 
operation of the imaging system 10. In general, displays, 
printers, operator Workstations, and similar devices may be 
local or remote from the imaging system 10. For example, 
these interface devices may be positioned in one or more 
places Within an institution or hospital, or in an entirely dif 
ferent location. Therefore, the interface devices may be 
linked to the image system 10 via one or more con?gurable 
netWorks, such as the internet, virtual private netWorks, and 
so forth. These and other input/output devices or interfaces 
may be incorporated into the imaging system 10 in accor 
dance With embodiments of the present technique. 
[0032] FIG. 2 illustrates an exemplary positron emission 
tomography (PET) imaging system 34 in accordance With 
certain embodiments of the present technique. In the illus 
trated embodiment, the PET imaging system 34 includes a 
radioactive sub stance 3 6 disposed Within a target. In an exem 
plary embodiment, the target may be a human having an 
injection of a radioactive isotope. Typically, the radioactive 
isotope is administered to desired locations inside a human by 
tagging it along With a natural body compound, such as glu 
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cose, ammonia, Water, etc. In general, after the dose of the 
radioactive isotope is administered inside the target, the 
radioactive substance, during its lifetime, emits radiation 38 
that is detected by the radiation detector 40 (scintillator 42 
and photon detector 44). Once inside the target (e. g., body of 
human), the radioactive substance 36 localiZes the radioac 
tivity in the biologically active areas or other areas to be 
detected. In an exemplary embodiment, Where the target is a 
human or an animal, the biologically active areas may include 
a cerebral or cardiac profusion, Alzheimer, Parkinson, epi 
lepsy, hibernating myocardium, cancer, or tumor. Typically, a 
dose of the radioactive substance 36 includes a radioactive 
isotope, Which emits positrons and is disposed inside a target 
in a function-speci?c or tissue-speci?c manner. As Will be 
appreciated by those skilled in the art and as described in 
detail beloW, the positron emitted from the radioactive isotope 
annihilates by reaction With electrons to produce tWo photons 
or tWo gamma rays each having energy of 511 KeV. These 
photons then penetrate out of the target and are detected via 
the radiation detector 40, i.e., PET scanner. 

[0033] In the illustrated embodiment, the radiation detector 
or the PET scanner 40 includes a scintillator 42 having the 
scintillator composition as described above With reference to 
FIG. 1. Further, the radiation detector 40 includes a photon 
detector 44, such as a photodiode. Further, the PET imaging 
system 34 may include detector acquisition circuitry 26, 
image processing circuitry 28, operator Workstation 30, and 
an output device 32 as described With reference to imaging 
system 10 of FIG. 1. 

[0034] As Will be appreciated by those skilled in the art, in 
case of living targets, such as human beings or animals, in 
order to avoid any adverse affects of the radioactive isotope, 
it is desirable to administer a minimal amount of the radioac 
tive substance 36 inside the target. The amount of photons 
produced by this minimal amount of radioactive substance 36 
is best detected by scintillators With relatively higher sensi 
tivity, higher density, and higher luminous e?iciency. Also, a 
short decay time advantageously reduces the integration time 
during the determination of the intensity of the input radia 
tion, so that the image rate for the generation of images and/or 
projections can be signi?cantly increased. As a result, the 
occurrence of artifacts, such as shadoW image, is reduced. 
Moreover, examination time is reduced for the patient, 
because more single images can be measured Within a shorter 
period of time. Also, it is desirable to have a scintillator 42 
Which has effective stopping poWer, because the high density 
of the scintillator 42 facilitates absorption of a relatively 
greater number of photons Without losing them as a result of 
scattering in the scintillator. The scintillator compositions 
described in detail above advantageously have some or all of 
these characteristics. 

[0035] FIG. 3 is a cross sectional vieW of the radiation 
detector 40 employed in a PET imaging system 34 (see FIG. 
2) in accordance With certain embodiments of the present 
technique. In the illustrated embodiment, the radiation detec 
tor 40 employs a plurality of detector elements 46 arranged in 
a cylindrical con?guration With a circular cross section, such 
that the detector elements 46 surround the target object. In this 
circular or cylindrical con?guration, the tWo photons pen 
etrated out of the target can reach any tWo opposite detector 
elements 46 located on the scintillator ring 48. In some 
embodiments, the scintillator ring 48 may include one or 
more layers of the scintillator 42, Which in turn is disposed 
over a layer including photon detectors 44 (not shoWn). In 
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other embodiments, the scintillator 42 may be in the form of 
an array of pixels, Where each individual pixel is coupled to a 
pixel of the photon detector (not shoWn). In other Words, one 
or more layers having an array formed by the pixels of the 
scintillator 42 may be disposed over another layer formed by 
an array formed by the pixels of the photon detector 46. 

[0036] In the illustrated embodiment, a target having a 
radioactive isotope localiZed in a biologically active region 50 
is disposed inside the scintillator ring 48 of the radiation 
detector 40. As described above, the radioactive isotope emits 
a positron upon decay. In certain embodiments, the decay is a 
beta decay. The emitted positron travels at a very high speed 
and is usually sloWed doWn due to collisions With one or more 
neighboring atoms. Once the positron is sloWed doWn, the 
annihilation reaction takes place betWeen the positron and an 
outer-shell electron of one of the neighboring atoms. As Will 
be appreciated by those skilled in the art, the annihilation 
reaction produces tWo 511 KeV photons or gamma rays, 
Which travel in almost exactly opposite directions as shoWn 
by arroWs 54 and 56 due to conservation of energy and 
momentum. More speci?cally, the tWo detector points along 
With the origin point 52 of the photon in the biologically 
active site 50 form a straight line. In other Words, the origin 
point 52 in the biologically active site 50 occurs along a 
straight line connecting the tWo detector elements 62 and 64. 
For example, in the illustrated embodiment, the tWo photons 
traveling in the direction shoWn by the arroWs 54 and 56 reach 
the detector elements 62 and 64 respectively, such that the 
points 52, 62, and 64 lie on the same straight line. Hence, 
detection of photons on tWo points of the scintillator ring 48 
indicates existence of the radioactive isotope in the desired 
location, such as a biologically active area in a human target. 

[0037] FIG. 4 is a cross sectional vieW of an exemplary 
Well-logging tool 66 employing a detector assembly 68 
coupled to a tool housing 70. In the illustrated embodiment, 
the detector assembly 68 employs a scintillator crystal 72 and 
a light-sensing device 74 (e.g., photomultiplier tube) opti 
cally coupled together by an optical interface 76. As Will be 
appreciated, the light-sensing device 74 converts the light 
photons emitted from the crystal 72 into electrical pulses that 
are shaped and digitiZed by the associated electronics as 
described beloW. In certain embodiments, the scintillator 
crystal 72 may employ a scintillator composition of the 
present technique as described in detail above. The detector 
assembly 68 functions by capturing radiation from the sur 
rounding geological formation, and converting it into light. 
The generated light is then transmitted to the light-sensing 
device 74. The light impulses are transformed into electrical 
impulses. In the illustrated embodiment, the crystal 72, the 
light-sensing device 74, and the optical interface 76 are her 
metically sealed inside a detector housing 78. Further, the 
optical interface 76 includes a WindoW 80 hermetically sealed 
into the detector housing 78. Typically, the WindoW 80 facili 
tates radiation-induced scintillation light to pass out of the 
detector housing 78 for measurement by the light-sensing 
device 74. As Will be appreciated, the optical WindoW 80 is 
made of a material that is transmissive to scintillation light 
given off by the scintillator crystal 72. In addition, in certain 
embodiments, the detector casing 78 may be made of stain 
less steel, or aluminum. In the illustrated embodiment, a 
detector cable 82 connects the detector assembly 68 to a 
poWer source 84 and data processing circuitry 86. Data based 
on the impulses from the photomultiplier tube 74 may be 
transmitted “up-hole” to analyZing equipment, such as data 
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processing circuitry 86. Alternatively, the data may be stored 
locally doWnhole. Furthermore, in the illustrated embodi 
ment, the data processing unit 86 may be electrically coupled 
to an operator Workstation 88, Which in turn is coupled to an 
output device 90. 
[0038] Sometimes the data may be obtained and transmit 
ted While drilling, i.e., “measurements While drilling” 
(MWD). As Will be appreciated, the scintillation element in 
the Well-logging tool is con?gured to function at very high 
temperatures and under harsh shock and vibration conditions. 
Accordingly, the scintillator material has many of the prop 
erties discussed previously, e.g., high light output and energy 
resolution, as Well as fast decay time. Also, in the illustrated 
embodiment of FIG. 4, the scintillator is generally small 
enough to be enclosed in package suitable for a very con 
strained space. The threshold of the acceptable properties has 
been raised considerably as drilling is undertaken at much 
greater depths. For example, the ability of conventional scin 
tillators to produce strong light output With high resolution 
can be seriously imperiled as drilling depth is increased. 
Thus, the scintillator materials described in detail above are 
particularly advantageous for the Well-logging tool 66 illus 
trated in FIG. 4. 
[0039] FIG. 5 is a graphical representation of an exemplary 
emission spectrum 92 underX-ray excitation for a scintillator 
composition represented by A2LnX7 and having cerium as an 
activator ion. In the illustrated ?gure, the abscissa 94 repre 
sents the Wavelength values, Whereas the ordinate 96 repre 
sents the emission intensity. In the illustrated embodiment, 
the emission spectrum 92 peaks at a Wavelength of around 
350 nm as represented by peak 98. Similarly, FIG. 6 is a 
graphical representation of an exemplary emission spectrum 
100 under X-ray excitation for a scintillator composition 
represented by ALnX5 and having cerium as an activator ion. 
In the illustrated embodiment, the emission spectrum 100 
peaks at about 350 nm as shoWn by peak 102. 
[0040] In certain embodiments, the scintillator composi 
tion may be prepared by a variety of techniques. As Will be 
appreciated, the scintillator compositions may also contain a 
variety of reaction products of these techniques. Typically, the 
scintillator composition is prepared by mixing the different 
precursor poWders in the predetermined proportions folloWed 
up by operations, such as calcinations, die forming, sintering, 
and/ or hot isostatic pressing. In some embodiments, the pre 
cursors may include salts, oxides, halides, oxalates, carbon 
ates, nitrates, or combinations thereof. In other embodiments, 
the lanthanide halide may be provided as a single reactant, for 
example, a lanthanide halide, such as lanthanum chloride, 
Which is commercially available. In certain embodiments, 
one or more lanthanide halides may be combined With one or 
more alkali metal halides in a desirable proportion. Further, a 
precursor of the activator ion may be mixed With this mixture. 
[0041] The mixing of the reactants may be carried out by 
any suitable techniques, Which ensure thorough and uniform 
blending. For example, mixing may be carried out in an agate 
mortar and pestle. Alternatively, the mixing may be achieved 
by a blender or pulveriZation apparatus, such as a ball mill, a 
boWl mill, a hammer mill, or a jet mill. In some embodiments, 
the mixture may contain various additives, such as ?uxing 
compounds and binders. Depending on compatibility and/or 
solubility, various liquids, e.g., heptane, or an alcohol, such as 
ethyl alcohol, may sometimes be used as a medium during 
milling. As Will be appreciated, suitable milling media 
include materials that do not unacceptably contaminate the 
scintillator composition, because contamination could 
adversely affect the scintillator properties, such as light-emit 
ting capability. 
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[0042] Once blended, the precursor mixture may be ?red 
under temperature and time conditions su?icient to convert 
the mixture into a solid solution. As Will be appreciated, these 
conditions depend in part on the speci?c type of matrix mate 
rial and activator being used. In certain embodiments, the 
?ring may be carried out in a furnace, at a temperature in a 
range from about 500° C. to about 10000 C. In these embodi 
ments, the ?ring time may range from about 15 minutes to 
about 10 hours. As Will be appreciated, it is desirable to 
perform ?ring in an atmosphere Which is free of oxygen and 
moisture. In an exemplary embodiment, the ?ring may be 
carried out in a vacuum, or in an atmosphere of inert gas, such 
as nitrogen, helium, neon, argon, krypton, and xenon. Upon 
completion of ?ring, the resulting material may be pulveriZed 
to convert it into poWder form. Further, a variety of techniques 
may be employed to process the poWder into radiation detec 
tor elements. 
[0043] FIG. 7 is a How chart illustrating an exemplary pro 
cess 104 or method of operation of a detector element e.g., 
radiation detector 20 (see FIG. 1) or radiation detector 40 (see 
FIG. 2). As illustrated, the process 104 begins When the radia 
tion is transmitted through an object (block 106). As 
described With reference to FIG. 1, in certain embodiments, 
the act of transmitting radiation may involve disposing a 
radioactive element in the target, such as human being. The 
transmitted radiation is then received by a scintillator mate 
rial, Which then converts the radiation into visible photons 
(block 108). In certain embodiments, the scintillator material 
may include the scintillator composition of the present tech 
nique as described in detail above. In these embodiments, the 
scintillator may be in the form of pixels, Wherein each scin 
tillator is coupled to a photon detector, such as photon detec 
tor 24 (see FIG. 1) or photon detector 44 (see FIG. 2). The 
photon detector then detects the visible radiation and converts 
it into electrical signals (block 110). In certain embodiments, 
the photon detector may include a photomultiplier tube, or a 
photodiode. 
[0044] As With nuclear imaging detectors, such as PET and 
Well-logging tools, the composition of other devices employ 
ing the scintillator depends largely on the scintillator charac 
teristics, Which in turn are directly related to scintillator com 
position. Generally, for scintillators responsive to high 
energy radiation such as, gamma rays and X-rays, it is 
desirable to have high light output (LO), short decay time, 
reduced aftergloW, high “stopping poWer”, and acceptable 
energy resolution. Hence, although the scintillator composi 
tions of the present technique are described mainly With ref 
erence to the PET imaging system and Well-logging tool, it 
may be employed in other applications Where similar prop 
erties are desirable. 
[0045] While only certain features of the invention have 
been illustrated and described herein, many modi?cations 
and changes Will occur to those skilled in the art. It is, there 
fore, to be understood that the appended claims are intended 
to cover all such modi?cations and changes as fall Within the 
true spirit of the invention. 

1. A scintillator composition comprising: 
a matrix material comprising: 

an alkaline earth metal; 
a rare earth element halide, Wherein the rare earth ele 
ment halide comprises at least one rare earth element 
and at least one halide ion; and 

Wherein the matrix material is represented by A2LnX7, 
Wherein A comprises the alkaline earth metal, 
Wherein Ln comprises the rare earth element ion, and 
Wherein X comprises the halide ion; and 
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an activator ion for the matrix material, wherein the acti 
vator ion comprises a trivalent ion. 

2. The scintillator composition of claim 1, Wherein the 
scintillator composition is represented by A2Lnl_mCemX7, 
WhereinA comprises barium, Wherein Ln comprises yttrium, 
or gadolinium, or both, and Wherein X comprises chlorine, or 
bromine, or both, and Wherein m ranges from about 0.02 to 
about 1. 

3. The scintillator composition of claim 1, WhereinA com 
prises barium, Wherein Ln comprises yttrium, or gadolinium, 
or both, and Wherein X comprises chlorine, or bromine, or 
both, and Wherein the activator ion comprises cerium. 

4. The scintillator composition of claim 1, Wherein the 
scintillator composition produces visible photons in response 
to impinging radiation, Wherein the impinging radiation 
includes X-ray radiation, or beta radiation, or gamma radia 
tion, or combinations thereof. 

5. The scintillator composition of claim 1, Wherein the at 
least one halide ion comprises chlorine and bromine, or bro 
mine and iodine, or chlorine and iodine, or chlorine and 
bromine and iodine. 

6. The scintillator composition of claim 1, Wherein the 
activator ion comprises cerium and bismuth, or bismuth and 
praseodymium, or cerium and bismuth and praseodymium. 

7. The scintillator composition of claim 1, Wherein the 
alkaline earth metal comprises barium, or strontium, or cal 
cium, or magnesium, or combinations thereof. 

8. The scintillator composition of claim 1, Wherein the rare 
earth element ion comprises lanthanum, or yttrium, or gado 
linium, or lutetium, or scandium, or combinations thereof. 

9. The scintillator composition of claim 1, Wherein the 
halide ion comprises ?uorine, or bromine, or chlorine, or 
iodine, or combinations thereof. 

10. The scintillator composition of claim 1, Wherein the 
trivalent ion comprises cerium, or bismuth, or praseody 
mium, or combinations thereof. 

11. The scintillator composition of claim 1, Wherein the 
molar ratio of the alkaline earth metal to the rare earth element 
halide ranges from about 2.2:1 to about 1.8: l. 

12. The scintillator composition of claim 1, Wherein a mole 
percentage of the activator ion in the matrix material ranges 
from about 0.1 mole percentage to about 20 mole percentage. 

13. The scintillator composition of claim 1, Wherein the 
scintillator composition comprises a substantially monocrys 
talline form. 

14. The scintillator composition of claim 1, Wherein the 
scintillator composition is substantially free of oxygen and 
oxygen containing compounds. 

15. A scintillator composition comprising: 
a matrix material represented by A2LnX7, WhereinA com 

prises an alkaline earth metal, Wherein Ln comprises a 
rare earth element ion, and Wherein X comprises a halide 
ion; and 

an activator ion for the matrix material, Wherein the acti 
vator ion comprises cerium, or bismuth, or praseody 
mium, or combinations thereof, 

Wherein the scintillator composition produces visible pho 
tons in response to impinging radiation, Wherein the 
impinging radiation includes X-ray radiation, or beta 
radiation, or gamma radiation, or combinations thereof. 

16. The scintillator composition of claim 15, Wherein the 
scintillator composition is represented by A2Lnl_mCemX7, 
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WhereinA comprises barium, Wherein Ln comprises yttrium, 
or gadolinium, or both, and Wherein X comprises chlorine, or 
bromine, or both, and Wherein m ranges from about 0.02 to 
about 1. 

17. The scintillator composition of claim 15, Wherein A 
comprises barium, or strontium, or calcium, or magnesium, 
or combinations thereof, Wherein Ln comprises lanthanum, 
or yttrium, or gadolinium, or lutetium, or scandium, or com 
binations thereof, and Wherein X comprises bromine, or chlo 
rine, or iodine, or combinations thereof. 

18. The scintillator composition of claim 15, Wherein the 
scintillator composition is substantially free of oxygen and 
oxygen containing compounds. 

19. The scintillator composition of claim 15, Wherein the 
halide ion comprises chlorine and bromine, or bromine and 
iodine, or chlorine and iodine, or chlorine and bromine and 
iodine. 

20. The scintillator composition of claim 15, Wherein the 
activator ion comprises cerium and bismuth, or bismuth and 
praseodymium, or cerium and bismuth and praseodymium. 

21. A detector element, comprising: 
a scintillator material con?gured to convert an incident 

radiation into photons, Wherein the scintillator material 
comprises: 
a matrix material represented by A2LnX7, Wherein A 

comprises an alkaline earth metal, Wherein Ln com 
prises a rare earth element ion, and Wherein X com 
prises a halide ion; 

an activator ion for the matrix material, Wherein the 
activator ion comprises cerium, or bismuth, or 
praseodymium, or combinations thereof; and 

a photon detector optically coupled to the scintillator mate 
rial and con?gured to convert the photons into electrical 
signals. 

22. The detector element of claim 21, Wherein the alkaline 
earth metal comprises strontium, or calcium, or magnesium, 
or combinations thereof. 

23. The detector element of claim 21, Wherein the detector 
element comprises a nuclear imaging detector. 

24. The detector element of claim 21, Wherein the detector 
element comprises a positron emission tomography detector. 

25. The detector element of claim 21, Wherein the detector 
element comprises a Well-logging tool. 

26. A method of operation of a detector element compris 
ing: 

transmitting radiation through an object; 
receiving the radiation by a scintillator material to produce 

photons Which are characteristic of the radiation, 
Wherein the scintillator material comprises: 
a matrix material represented by A2LnX7, Wherein A 

comprises an alkaline earth metal, Wherein Ln com 
prises a rare earth element ion, and Wherein X com 
prises a halide ion; 

an activator ion for the matrix material, Wherein the 
activator ion comprises cerium, or bismuth, or 
praseodymium, or combinations thereof; and 

detecting the photons by a photon detector optically 
coupled to the scintillator material and con?gured to 
convert the photons into electrical signals. 

* * * * * 


