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Description

Background of the Invention

[0001] The present invention relates to a rare-earth element oxide phosphor suitable for use in a radiation detector
for detecting X-rays, γ rays and the like and particularly for use in the radiation detector of an X-ray CT apparatus or a
positron camera. The present invention also relates to a radiation detector and an X-ray CT apparatus using the phosphor.
[0002] As the radiation detectors used in X-ray CT apparatuses and the like there have conventionally been used
ones combining a xenon gas chamber or BGO (bismuth germanium oxide) single crystal and a photomultiplier tube or
combining CsI : Tl single crystal or CdWO4 single crystal and a photodiode. Properties generally required of a scintillator
material used in a radiation detector include short afterglow, high luminous efficiency, high X-ray stopping power and
chemical stability. The aforementioned single crystal phosphor, however, has variations in its characteristics and draw-
backs in any of deliquescence, cleavage, afterglow (emission after X-ray irradiation is stopped) phenomenon and lumi-
nous efficiency.
[0003] In recent years, however, rare-earth-system phosphors with high radiation-to-light conversion efficiencies have
been developed as scintillators and radiation detectors combining such a phosphor with a photodiode have been put
into practical use. Rare-earth phosphors consist of rare-earth element oxide or rare-earth element oxysulfide as base
material and an activator as luminescence component. As a rare-earth element oxide phosphor, a phosphor including
yttrium oxide or gadolinium oxide as base material has been proposed (Japanese Patent Publication No. 63(1988)-
59436, Japanese Unexamined Patent Publication No.3 (1991)-50991, for example). As a rare-earth element oxysulfide
phosphor, phosphors including Pr or Ce as the activator have been proposed (Japanese Patent Publication No. 60
(1985)-4856).
[0004] Although these phosphors include a phosphor having a good luminous efficiency, a phosphor having a shorter
afterglow (a time required for light to attenuate to 1/10 after X-ray irradiation is stopped) is required depending on its
application. Specifically, large afterglow of scintillators used for detecting X-rays is particularly problematic in X-ray CT
applications, for example, because it makes information-carrying signals indistinct in the time-axis direction. Very small
afterglow is therefore required for scintillator material. However, the above-mentioned conventional rare-earth-system
phosphors do not satisfy such requirement in afterglow even though they are high in luminous efficiency.
[0005] Although YAG-system phosphors (Y3(Al,Ga)5O12) have been also known as a phosphor for electron beams
(Applied Physics Letters, 15 July 1967), these phosphors have low X-ray stopping power and can not be practiced in
an X-ray detector.
[0006] With regard to photodetectors, the peak response wavelength of PIN photodiodes, which is currently used as
photodetectors in radiation detectors employed in X-ray CT and the like, is in the red region. In order to improve detection
efficiency, phosphors having good wavelength matching with the PIN photodiodes are demanded.
[0007] An object of the present invention is therefore to provide a phosphor with very short afterglow and high luminous
efficiency that is particularly useful as a scintillator in X-ray CT. Another object of the present invention is to provide a
radiation detector that is equipped with the phosphor and is high in detection efficiency. Another object of the present
invention is to provide an X-ray CT apparatus that is equipped with a radiation detector with very small afterglow and
high luminous efficiency as a radiation detector and can provide high-resolution, high-quality tomographic images.

Disclosure of the Invention

[0008] In order to achieve the foregoing objects, the inventors conducted an intense study regarding rare-earth element
oxide phosphors having Ce as luminous component and, discovering as a result that a phosphor having Gd3Al5-yGayO12
as base material and Ce as an activator (luminous component) has high luminous efficiency and markedly low afterglow,
they arrived at present invention. The inventors also conducted an intense study regarding a process for manufacturing
the phosphor. As a result, they found that a phosphor having markedly high luminous efficiency can be obtained when
potassium compounds are used as flux components for baking starting materials therewith to make scintillator powder.
[0009] Specifically, the phosphor of the present invention is a phosphor represented by the general formula

(Gd1-z-xLzCex)3Al5-yGayO12

where L represents La or Y, and x, y and z are values falling in the ranges of 0 ≤ z < 0.2, 0.0005 ≤ x ≤ 0.015, 0 < y < 5.
[0010] The phosphor of the present invention is a phosphor represented by the above-described general formula and
containing a very small amount of potassium.
[0011] The phosphor of the present invention is a phosphor represented by the above-described general formula and
obtainable by sintering the press-molded starting materials, or by baking starting materials together with a flux component
to make scintillator powder and sintering the scintillator powder after the scintillator powder is press molded.
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[0012] The phosphor of the present invention includes Gd3Al5-y GayO12 as base material and Ce as an activator
(luminous component). It absorbs radiation such as X-rays and gamma rays, exhibits yellowish emission due to Ce ion.
When such a phosphor is used as a scintillator of a radiation detector, matching with the photodiode is relatively good
and a luminous output can be obtained that is 1.6 times or more than that of the CdWO4 currently widely used as a
scintillator for X-ray CT.
[0013] The phosphor is markedly low in afterglow since it contains Ce as luminous ion and its emission attenuates to
10% by about 220ns (nano-seconds) after X-ray irradiation is stopped and to 2 X 10-5 by about 30ms. Generally phosphor
afterglow includes primary afterglow and secondary afterglow (long-afterglow component). In X-ray CT, the secondary
afterglow is problematic because information-carrying signals (X-ray) become indistinct in the time-axis direction. The
phosphor is markedly low in the secondary afterglow (afterglow after 30ms), i.e., 2 X 10-5, and therefore excellent in
properties suitable for scintillators of X-ray CT.
[0014] In the phosphor of the present invention, part of the element Gd (gadolinium) can be replaced with the element
La (lanthanum) and/or the element Y (yttrium). In this case, the phosphor remains markedly low in afterglow. However,
the content of La or Y (ratio z replacing Gd) should be less than 0.2, preferably less than 0.1, since as the content
increases, the luminous efficiency and X-ray stopping power are degraded. The luminous efficiency and X-ray stopping
power can be maximized when La or Y is not included.
[0015] By using Al (aluminum) together with Ga (gallium), high luminous efficiency can be obtained. According to the
inventors’ investigation, it was found that when Gd-oxide-system phosphors containing Ce as luminous component
include only one of Al and Ga, that is, base material is Gd3Al5O12 or Gd3Ga5O12, they do not exhibit practical amount
of emission contrary to YAG-system. However, once Al and Ga were coexistent in the phosphor, the phosphor becomes
to exhibit emission and, in addition, have markedly low afterglow. The total content of Al (5-y) and Ga (y) is 5 to (Gd+L+Ce)
=3 in atomic ratio, and y satisfies 0 < y < 5, preferably 1.7 < y < 3.3, more preferably 2 ≤ y ≤ 3. When the Al content and
Ga content are within the range of from 1.7 to 3.3 respectively, a luminous output that is 1.5 times or more than that of
the CdWO4 can be obtained.
[0016] Ce(Cerium) is an element that serves as an activator (luminous component) in the phosphor of the present
invention. The Ce content for generating Ce emission (x) is 0.0005 or greater, preferably 0.001 or greater. A luminous
output because a luminous output 1.5 times that of CdWO4 cannot be obtained when the Ce content (x) exceeds 0.05.
The Ce content (x) is defined as 0.015 or less.
[0017] While the aforementioned elements Gd, Al, Ga and Ce are indispensable element in the phosphor of the present
invention, it may contain a very small amount of potassium in addition to these elements. The luminous efficiency can
be further increased by addition of a very small amount of potassium. The content of potassium for obtaining such an
effect is 10wtppm or more. It is preferably in the range of from 50 to 500wtppm, more preferably in the range of from
100 to 250wtppm. When a phosphor including potassium in the above-mentioned range is used as a scintillator of a
radiation detector, the luminous output twice or more than that of the CdWO4 can be obtained.
[0018] The phosphor of the present invention may contain other elements inevitably included therein. For example,
when Gd2O3 is used as a starting material for manufacturing the phosphor of the present invention, Gd2O3 having purity
of 99.99% may include 5wtppm or less of such impurities as Eu2O3, Tb4O7 and, therefore, the phosphor may include
such impurities. The phosphors including such impurities are also within the scope of the present invention.
[0019] The phosphor of the present invention is not particularly limited with regard to crystal morphology. It may be
single crystal or polycrystal. The polycrystal is preferred in view of easiness of producing and small variation in charac-
teristics. The process for producing other phosphors as single crystal reported in J. Appl. Phys., vol.42, p3049 (1971)
can be applied as the process for preparing the phosphor of the present invention as single crystal. The phosphor is
obtained as a sintered material by hot-pressing (HP) process which adds an appropriate sintering agent to scintillator
powder (starting material) and presses it under conditions of a temperature of 1,400-1,700°C, and a pressure of about
30.4-142 MPa (300-1,400atm) or by hot-isostatic pressing (HIP) process under the same condition as that of the HP.
This enables the phosphor to be obtained as a dense sintered body of high optical transmittance. Since the phosphor
of the present invention is cubic crystal and not anisotropic in refractive index, it becomes to have high optical transmittance
when it is made into a sintered body.
[0020] The phosphor (scintillator powder) before sintering can be prepared as follows: mixing Gd2O3, Ce2
(C2O4)3·9H2O, Al2O3 and Ga2O3, for example, as starting material powder in a stoichiometric ratio, occasionally adding
an appropriate flux component, and conducting baking in an alumina crucible at a temperature of from 1,550°C to 1,700°C
for several hours.
[0021] The flux component is added in order to lower the melting temperature of the starting materials and expedite
crystallization. As the flux component, BaF2 used for sintering the YAG-systemphosphor and potassium compounds
such as potassium salts can be used alone or as a mixture. The potassium compounds such as K2SO4, KNO3, K2CO3,
K3PO4 are preferable.
[0022] As a result of the inventors’ investigation concerning the flux components used for producing the phosphor of
the present invention, it was found that when the starting materials were baked using potassium compounds as the flux
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component, phosphors having markedly high luminous efficiency can be obtained. It is considered that the luminous
efficiency is enhanced because the potassium compounds expedite crystallization of Gd3(Al, Ga)5O12 phase during
baking and a very small amount of the compounds is included into the crystal.
[0023] The amount of the potassium compounds used as the flux may be 0.2-1.8mol as potassium atom to 1mol of
the phosphor to be produced, preferably 0.4-1. 6mol, more preferably 0.8-1.2mol. With regard to compounds containing
2 potassium atoms in a molecule, e.g., potassium sulfate, the amount may be 0.1-0.9mol as potassium atom to 1mol of
the phosphor to be produced, preferably 0.2-0.8mol, more preferably 0.4-0.6mol.
[0024] When the amount of the flux is less or more than the aforementioned range, deposition of crystal having another
crystal phases which are different from the expected crystal phase (Gd3(Al,Ga)2O12), for example GdAlO3, tend to
increase. In the aforementioned range of the potassium compound as the flux, a very small amount (500wtppm or less)
of potassium is included in the produced phosphor and, as a result, the phosphor has high luminous efficiency.
[0025] The sintered body is prepared as aforementioned by using the scintillator powder baked in this way. The
phosphor produced in this manner is dense, high in optical transmittance, and small variations in its characteristics. A
radiation detector of large luminous output can therefore be obtained.
[0026] Although the phosphor of the present invention can be used in intensifying screens, fluorescent screens,
scintillators and other general phosphor applications, it is particularly suitable for use in X-ray CT detectors, which require
high luminous output and small afterglow.
[0027] The radiation detector of the present invention is equipped with a ceramic scintillator and a photodetector for
detecting scintillator emission. The phosphor described in the foregoing is used as the ceramic scintillator. A photodiode
such as a PIN photodiode is preferably used as the photodetector. These photodiodes have high sensitivity and short
response. Moreover, as they have wavelength sensitivity from the visible light to near infrared region, they are suitable
for their good wavelength matching with the phosphor of the present invention.
[0028] The x-ray CT apparatus of the present invention is equipped with an X-ray source, an X-ray detector disposed
facing the X-ray source, a revolving unit for holding the X-ray source and the X-ray detector and revolving them about
the object to be examined, and image reconstruction means for reconstructing a tomographic image of the object based
on the intensity of the X-rays detected by the X-ray detector, which CT apparatus uses as the X-ray detector a radiation
detector combining the aforesaid phosphor and a photodiode.
[0029] High-quality, high-resolution images can be obtained by utilizing this X-ray detector because the high X-ray
detection rate makes it possible to achieve an approximate doubling of sensitivity compared with an X-ray CT apparatus
using a conventional scintillator (such as CdWO4) and also because its afterglow is extremely small.

Brief Description of Drawings

[0030] Figure 1 is a diagram showing the configuration of an X-ray CT apparatus that is an embodiment of the present
invention, Figure 2 is a diagram showing the structure of a radiation detector (X-ray detector) that is an embodiment of
the present invention, Figure 3 is a graph showing how detector luminous output varies with Ce concentration in a
phosphor of the present invention, Figure 4 is a graph showing how detector luminous output varies with Ce concentration
in a phosphor of the present invention, Figure 5 is a graph showing how detector luminous output varies with Ga
concentration in a phosphor of the present invention, Figure 6 is a graph showing how detector luminous output varies
with kinds of flux components added during production of the phosphor of the present invention, Figure 7 is a graph
showing how detector luminous output varies with the flux (potassium sulfate) amount, and Figure 8 is a graph showing
how detector luminous output varies with the flux (potassium nitrate) amount.

Best Mode for Carrying Out the Invention

[0031] The X-ray CT apparatus equipped with the radiation detector of the present invention will now be explained
with reference to an embodiment.
[0032] Figure 1 is a schematic view of an X-ray CT apparatus of the present invention. The apparatus comprises a
scanner gantry section 10 and an image reconstruction section 20. The scanner gantry section 10 comprises a revolving
disk 11 having an open section 14 into which the patient (the object to be examined) is conveyed, an X-ray tube 12
mounted on the revolving disk 11, a collimator 13 attached to the X-ray tube 12 for controlling the direction of the X-ray
beam, an X-ray detector 15 mounted on the revolving disk 11 to face the X-ray tube 12, a detector circuit 16 for converting
the X-rays detected by the X-ray detector 15 into a prescribed signal, and a scan control circuit 17 for controlling revolution
of the revolving disk 11 and the width of the X-ray beam.
[0033] The image reconstruction section 20 comprises an input device 21 for inputting the patient’s name, date and
time of the examination, examination conditions and the like, an image processing circuit 22 for processing measurement
data S1 sent from the detector circuit 16 to effect CT image reconstruction, image information adding section 23 for
adding to the CT image produced by the image processing circuit 22 the patient’s name, date and time of the examination,
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examination conditions and other information input through the input device 21, and a display circuit 24 for adjusting the
display gain of the image-information-added CT image signal S2 and outputting it to a display monitor 30.
[0034] X-rays are radiated from the X-ray tube 12 of the X-ray CT apparatus with the patient resting on a table (not
shown) installed in the open section 14 of the scanner gantry section 10. The X-rays are imparted directivity by the
collimator 13 and are detected by the X-ray detector 15. By revolving the revolving disk 11 around the patient at this
time, the X-rays are detected while changing the direction of the X-ray beam. In the case of a full scan, one scan is
defined as one rotation (360 degrees) of the revolving disk. The image of one slice is reconstructed from the measurement
data for one scan. The tomographic image produced by the image reconstruction section 20 is displayed on the display
monitor 30.
[0035] The X-ray detector 15 has many (e.g., 960) scintillator elements, each a combination of a scintillator and a
photodiode, disposed in an arcuate array. As shown in Figure 2, each scintillator element has a structure combining a
scintillator 151 and a PIN photodiode 152, and the p-layer side of the PIN photodiode 152 is connected to the detector
circuit 16. The whole element other than the p-layer of the PIN photodiode 152 is covered by a shield 153 to prevent
light emitted by the scintillator 151 from escaping to the exterior. The shield 153 is made of a material such as aluminum
that passes X-rays and reflects light.
[0036] The scintillator 151 is a phosphor that emits light upon absorbing X-rays reaching it from the X-ray tube 12
after passing through the patient. It consists of the phosphor of the present invention. The scintillator 151 is higher in
luminous output than conventional scintillators. Moreover, since its emission has emission peaks straddling the high-
photosensitivity wavelength region of the PIN photodiode 152, it is photoelectrically converted by the PIN photodiode
152 with high efficiency.
[0037] During the taking of tomographic images with this configuration, the X-ray tube 12 continuously emits a fan
beam of X-rays as the X-ray tube executes one revolution about once every 1 second to 4 seconds. During this period,
the X-rays passing through the object are detected, with the detector circuit 16 side being turned ON and OFF several
hundred times. An X-ray detector 15 with high output and short afterglow is therefore required. As the X-ray CT apparatus
of the invention utilizes an X-ray detector 15 with high output and low afterglow, it can provide high-quality CT images.
Owing to the high luminous output, moreover, the same image can be obtained with a smaller amount of X-rays, whereby
the X-ray dosage received by the patient can be reduced.
[0038] Although the foregoing explanation with reference to the drawing was made regarding an X-ray CT apparatus
using an X-ray tube, the X-ray source is not limited to an X-ray tube but can instead be a beam-type X-ray device that
effects beam scanning.

Examples

Example 1

[0039] Gd2O3, Ce2 (C2O4)3·9H2O, Al2O3 and Ga2O3 were used as raw materials, and they were mixed with a flux
component, BaF2. The mixture was packed in an alumina crucible, and, after covering the crucible, subjected to baking
at 1,600°C for 3 hours. The baked materials were treated with 2N HNO3 aqueous solution for 1 hour to remove the flux
component, washed with water, and then dried to obtain scintillator powder.
[0040] The scintillator powder obtained in this manner was press molded and, then, the molded material was subjected
to hot pressing under the condition of 1700°C and 50.7 MPa (500 atm.) to obtain sintered body.
[0041] According to the method described above, (Gd1-xCex)3Al3Ga2O12 ceramic scintillators with different Ce con-
centrations (x) were produced (thickness of 2.5 mm). A detector was produced by using each scintillator together with
a photodiode, and placed at a distance of 15 cm from an X-ray source (120 kV, 0.5 mA), and its luminous output was
measured.
[0042] The results are shown in Fig. 3, which are plotted with luminous output as ordinate and Ce concentration (x)
as abscissa. The luminous output was represented with relative values based on the luminous output of a CdWO4
detector defined to be 1.
[0043] As clearly seen from the results shown in the figure, luminous output 1.5 times or more than that of the CdWO4
detector could be obtained in the range of Ce concentration (x) 0.005-0.015, and 2.0 times or more in the Ce concentration
(x) of 0.002.

Example 2

[0044] Gd2O3, Ce2Ce2(C2O4)3·9H2O, Al2O3 and Ga2O3 were used as rawmaterials, and they were mixed with a flux
component, BaF2. Then, (Gd1-x Cex)3Al2Ga3O12 ceramic scintillators with different Ce concentrations (x) were produced
(thickness of 2.5 mm) in the same manner as in Example 1. A detector was produced by using each scintillator together
with a photodiode, and its luminous output was measured in the same manner as in Example 1. The results are shown
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in Fig. 4, which are plotted with luminous output as ordinate and Ce concentration (x) as abscissa.
[0045] As clearly seen from the results shown in the figure, in this Example also luminous output 1.5 times or more
than that of the CdWO4 detector could be obtained in the range of Ce concentration (x) 0.005-0.015, and 1.9 times or
more in the Ce concentration (x) of 0.002.

Example 3

[0046] Gd2O3, Ce2(C2O4)3·9H2O, Al2O3 and Ga2O3 were used as raw materials, and they were mixed with flux
components, BaF2. Then, (Gd0.998Ce0.002)3Al5-yGayO12 ceramic scintillators with different Al and Ga concentrations (y)
were produced (thickness of 2.5 mm) in the same manner as in Example 1. A detector was produced by using each
scintillator together with a photodiode, and its luminous output was measured in the same manner as in Example 1. The
results are shown in Fig. 5, which are plotted with ere luminous output as ordinate and Ga concentration (y) as abscissa.
[0047] As clearly seen from the results shown in the figure, while little emission was observed when only one of Al
and Ga was included in the scintillator, emission became to be observed both of Al and Ga were included. When Ga
concentration (y) was in the range of 2-3, the highest luminous output (twice that of the CdWO4 detector) could be obtained.

Comparative Example 1

[0048] Gd2O3, La2O3, Ce2(C2O4)3·9H2O, Al2O3 and Ga2O3 were used as raw materials, and they were mixed with
flux components, BaF2. Then, (Gd0.898La0.1Ce0.002)3Al3Ga2O12 ceramic scintillator was produced (thickness of 2.5 mm)
in the same manner as in Example 1. A detector was produced by using the scintillator together with a photodiode, and
its luminous output was measured in the same manner as in Example 1. As a result, the luminous output was 0.8 based
on that of the CdWO4 detector, which was very lower than in the case that La was not added.

Comparative Example 2

[0049] Gd2O3, Y2O3, Ce2(C2O4)3·9H2O, Al2O3 and Ga2O3 were used as raw materials, and they were mixed with flux
components, BaF2. Then, (Gd0.898Y0.1Ce0.002)3Al3Ga2O12 ceramic scintillator was produced (thickness of 2.5 mm) in
the same manner as in Example 1. Adetector was produced by using the scintillator together with a photodiode, and its
luminous output was measured in the same manner as in Example 1. As a result, the luminous output was 1.36 based
on that of CdWO4, which was lower than in the case that La was not added.

Example 4

[0050] Gd2O3, Ce2(C2O4)3·9H2O, Al2O3 and Ga2O3 were used as raw materials, and they were mixed in stoichimetric
ratio. Potassium sulfate was added to the mixture as a flux component, and the mixture was packed in an alumina
crucible, and, after covering the crucible, subjected to baking at 1,600°C for 2 hours. The amount of the flux was 0.5mol
per 1mol of the phosphor to be obtained. The baked materials was washed thoroughly with water to remove the flux
component, and then dried to obtain scintillator powder.
[0051] The scintillator powder obtained in this manner was press molded and, then, the molded material was subjected
to hot pressing under the condition of 1500°C and 30.4 MPa (300 atm.) to obtain sintered body having a composition of
(Gd0.998Ce0.002)3Al3Ga2O12.
[0052] A detector was produced by using the scintillator (thickness of 2.5 mm) together with a photodiode, and placed
at a distance of 15 cm from an X-ray source (120 kV, 0.5 mA), and its luminous output was measured.
[0053] The results are shown in Fig. 6, where ordinate is the luminous output represented with relative values based
on the luminous output of the CdWO4 detector defined to be 1. The luminous output of the detector obtained in Example
3, which used a scintillator having the same composition (but used BaF2 as a flux component), is also shown in the figure.

Example 5, 6

[0054] Gd2O3, Ce2(C2O4)3·9H2O, Al2O3 and Ga2O3 were used as raw materials, and sintered bodies having a com-
position of (Gd0.998Ce0.002)3Al3Ga2O12 were produced in the same manner as in Example 4 except that another flux
component, potassium nitrate (Example 5) or potassium carbonate (Example 6), was used. The potassium nitrate was
used in an amount of 1 mol per 1 mol of the phosphor to be obtained and the potassium carbonate was used in an
amount of 0.5 mol.
[0055] Using each sintered body, a detector was produced similarly to Example 4 and its luminous output was meas-
ured. The results are shown in Fig.6.
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Comparative Example 3

[0056] Gd2O3, Ce2(C2O4)3·9H2O, Al2O3 and Ga2O3 were used as raw materials, and sintered body having a compo-
sition of (Gd0.998Ce0.002)3Al3Ga2O12 was produced in the same manner as in Example 4 except that the flux component
was not used. A detector was produced similarly to Example 4 using this sintered body and its luminous output was
measured. The results are shown in Fig.6.
[0057] As clearly seen from the results shown in the figure, high luminous output was obtained in the sintered body
which was produced after baking with a flux component. Particularly, when potassium salt was used as the flux component,
the luminous output was higher (about 2.2 times that of CdWO4) than in a case that BaF2, a flux generally used for such
as YAG-system phosphors, was used.

Example 7

[0058] Sintered bodies having a composition of (Gd0.998Ce0.002)3Al3Ga2O12 were produced using potassium sulfate
as a flux in the same manner as in Example 4 while changing an amount of the flux component. Potassium content was
analyzed for the obtained sintered bodies. Using each sintered body, a detector was produced similarly to Example 4
and its luminous output was measured. The results are shown in Fig.7. In the figure, numbers indicated at each point
on the graph represent the potassium content (wtppm).
[0059] As clearly seen from the figure, the potassium content increased approximately linearly as more was added
and when the content was in the range of 100-200wtppm, luminous output 1.5 times or more than that of CdWO4 was
obtained. Particularly, it showed 2 times or more with the potassium content around 150wtppm.

Example 8

[0060] Sintered bodies having a composition of (Gd0.998Ce0.002)3Al3Ga2O12 were produced using potassium nitrate
as a flux in the same manner as that of Example 4 while changing an amount of the flux component. Potassium content
was analyzed for the obtained sintered bodies. Using each sintered body, a detector was produced similarly to Example
4 and its luminous output was measured. The results are shown in Fig.8. In the figure, numbers indicated at each point
on the graph represent the potassium content (wtppm).
[0061] As clearly seen from the figure, similarly to Example 7 in which potassium sulfate was used, when potassium
nitrate was used as the flux component, high luminous output was obtained with the potassium content of 100wtppm or
more. Particularly, it showed about 2 times or more than that of CdWO4 with the potassium content around 130-150wtppm.

Industrial Applicability

[0062] According to the present invention, there is provided a phosphor having a composition of
(Gd1-z-xLzCex)3Al5-yGayO12 and showing high luminous efficiency and very short afterglow. According to the present
invention, there is also provided a sintered body having the aforementioned composition and high optical transmittance.
A radiation detector comprising this sintered body in combination with a silicon photodiode advantageously shows
markedly increased luminous output compared with a conventional detector.

Claims

1. A phosphor represented by the general formula

(Gd1-z-xLzCex)3Al5-yGayO12

wherein L represents La or Y, and x, y and z are values falling in the ranges of 0.0005 ≤ x ≤ 0.015, 0 < y < 5, and
0 ≤ z < 0.2.

2. The phosphor according to claim 1, wherein z is 0.

3. The phosphor according to claim 1, wherein z is a value falling in the range of 0 < z < 0.2.

4. A process for preparing the phosphor as defined in claim 3 comprising press molding the starting material powder
and sintering the molded material.



EP 1 043 383 B2

8

5

10

15

20

25

30

35

40

45

50

55

5. A process for preparing the phosphor as defined in claim 1 comprising baking the starting material powder with flux
components to obtain scintillator powder, press molding the scintillator powder, and sintering the molded material.

6. The process of claim 5, wherein the flux components are potassium compounds.

7. The process of claim 6, wherein the potassium compound is selected from the group of potassium sulfate, potassium
nitrate and potassium carbonate.

8. The phosphor or process of any one of claims 1 - 7, wherein the phosphor contains potassium in an amount of 10
wtppm or more.

9. The phosphor or process of claim 8, wherein the phosphor includes potassium in an amount of 50 - 500 wtppm.

10. A radiation detector comprising a ceramic scintillator and a photodetector for detecting scintillator emission, wherein
the phosphor of any one of claims 1-3 and 8-9 is used as a ceramic scintillator.

11. The radiation detector of claim 10, wherein the photodetector is a photodiode.

12. An X-ray CT apparatus comprising an X-ray source, an X-ray detector disposed facing the X-ray source, a revolving
unit for holding the X-ray source and the X-ray detector and revolving them about the object to be examined, and
image reconstruction means for reconstructing a tomographic image of the object based on the intensity of the X-
rays detected by the X-ray detector,
wherein the X-ray detector is the radiation detector of any one of claims 10 and 11.

Patentansprüche

1. Leuchtstoff, dargestellt durch die allgemeine Formel:

(Gd1-z-xLzCex)3Al5-yGayO12

worin L La oder Y darstellt und x, y und z Werte im Bereich von 0,0005 ≤ x ≤ 0,015, 0 < y < 5 und 0 ≤ z < 0,2 sind.

2. Leuchtstoff gemäss Anspruch 1, worin z 0 ist.

3. Leuchtstoff gemäss Anspruch 1, worin z ein Wert im Bereich von 0 < z < 0,2 ist.

4. Verfahren zur Herstellung des Leuchtstoffs gemäss Anspruch 3, umfassend das Druckformen des Ausgangsma-
terialpulvers und Schmelzen des geformten Materials.

5. Verfahren zur Herstellung des Leuchtstoffs gemäss Anspruch 1, umfassend das Härten des Ausgangsmaterialpul-
vers mit Flussmittelkomponenten zum Erhalt eines Szintillatorpulvers, Druckformen des Szintillatorpulvers und Sin-
tern des geformten Materials.

6. Verfahren gemäss Anspruch 5, worin die Fliessmittelkomponenten Kaliumverbindungen sind.

7. Verfahren gemäss Anspruch 6, worin die Kaliumverbindung ausgewählt ist aus der Gruppe aus Kaliumsulfat, Kali-
umnitrat und Kaliumcarbonat.

8. Leuchtstoff oder Verfahren gemäss einem der Ansprüche 1 bis 7, worin der Leuchtstoff Kalium in einer Menge von
10 Gew.-ppm oder mehr enthält.

9. Leuchtstoff oder Verfahren gemäss Anspruch 8, worin der Leuchtstoff Kalium in einer Menge von 50 bis 500
Gew.-ppm enthält.

10. Strahlungsdetektor, umfassend einen keramischen Szintillator und einen Photodetektor zum Detektieren von Szin-
tillatorstrahlung, worin der Leuchtstoff gemäss einem der Ansprüche 1 bis 3 und 8 bis 9 als keramischer Szintillator
verwendet wird.
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11. Strahlungsdetektor gemäss Anspruch 10, worin der Photodetektor eine Photodiode ist.

12. Röntgenstrahlungs-CT-Apparatur, umfassend eine Röntgenstrahlenquelle, einen Röntgenstrahlendetektor, der ge-
genüber der Röntgenstrahlenquelle angeordnet ist, eine Dreheinheit, die die Röntgenstrahlenquelle und den Rönt-
genstrahlendetektor trägt, und Drehen derselben um das zu untersuchende Objekt, und Rekonstruktionsmittel zum
Rekonstruieren eines tomographischen Bildes des Objekts auf Basis der Intensität der durch den Röntgenstrahlen-
detektor detektierten Röntgenstrahlen,
worin der Röntgenstrahlendetektor der Strahlungsdetektor gemäss einem der Ansprüche 10 und 11 ist.

Revendications

1. Luminophore représenté par la formule générale suivante

(Gd1-z-xLzCex)3Al5-yGayO12

où L représente La ou Y, et x, y et z sont des valeurs se trouvant dans les plages 0,0005 ≤ � ≤ 0,015,0 < y < 5, et
0 ≤ z < 0,2.

2. Luminophore selon la revendication 1, dans lequel z est égal à 0.

3. Luminophore selon la revendication 1, dans lequel z est une valeur se trouvant dans la plage de 0 < z < 0,2.

4. Procédé pour préparer le luminophore selon la revendication 3, comportant un moulage à la presse de la poudre
de matériau de départ et le frittage du matériau moulé.

5. Procédé pour préparer le luminophore selon la revendication 1, comportant la cuisson de la poudre de matériau de
départ avec des composants de fondant pour obtenir une poudre de scintillateur, le moulage à la presse de la
poudre de scintillateur, et le frittage du matériau moulé.

6. Procédé selon la revendication 5, dans lequel les composants de fondant sont des composés de potassium.

7. Procédé selon la revendication 6, dans lequel le composé de potassium est sélectionné parmi le groupe constitué
de sulfate de potassium, nitrate de potassium et carbonate de potassium.

8. Luminophore ou procédé selon l’une quelconque des revendications 1 à 7, dans lequel le luminophore contient du
potassium selon une quantité de 10 ppm en poids ou plus.

9. Luminophore ou procédé selon la revendication 8, dans lequel le luminophore comporte du potassium selon une
quantité de 50 à 500 ppm en poids.

10. Détecteur de rayonnement comportant un scintillateur en céramique et un photodétecteur pour détecter une émission
de scintillateur, dans lequel le luminophore selon l’une quelconque des revendications 1 à 3 et 8 et 9 est utilisé en
tant que scintillateur en céramique.

11. Détecteur de rayonnement selon la revendication 10, dans lequel le photodétecteur est une photodiode.

12. Dispositif de tomodensitométrie (CT) à rayons X comportant une source de rayons X, un détecteur de rayons X
positionné en vis-à-vis de la source de rayons X, une unité de rotation pour maintenir la source de rayons X et le
détecteur de rayons X et les faire tourner autour de l’objet à examiner, et des moyens de reconstruction d’image
pour reconstruire une image tomographique de l’objet sur la base de l’intensité des rayons X détectés par le détecteur
de rayons X,
dans lequel le détecteur de rayons X est le détecteur de rayonnement selon l’une quelconque des revendications
10 et 11.
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