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SCINTILLATOR PANEL, RADIATION IMAGE 
SENSOR, AND METHODS OF MAKING THE 

SAME 

RELATED APPLICATIONS 

[0001] This is a Continuation-In-Part application of Inter 
national Patent Application serial No. PCT/JP99/03267 ?led 
on Jun. 18, 1999 noW pending. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a scintillator panel 
and a radiation image sensor Which are used for medical 
X-ray photography and the like, and methods of making 
them. 

[0004] 2. Related Background Art 

[0005] While X-ray sensitive ?lms have been used in 
medical and industrial X-ray photography, radiation imaging 
systems using radiation detecting devices have been coming 
into Wider use from the vieWpoint of convenience and their 
storability of photographed results. In such a radiation 
imaging system, piXel data caused by tWo-dimensional 
radiation are acquired by a radiation detecting device as an 
electric signal, Which is then processed by a processing unit, 
so as to be displayed onto a monitor. 

[0006] Conventionally knoWn typical radiation detecting 
devices include those disclosed in Japanese Patent Applica 
tion Laid-Open No. HEI5-196742 and No. SHO 63-215987. 
Such a radiation detecting device forms a scintillator on an 

imaging device or a ?ber optical plate (FOP), i.e., an optical 
part constituted by a plurality of optical ?bers bundled 
together, such that the radiation incident thereon from the 
scintillator side is converted by the scintillator into light, so 
as to be detected. 

[0007] Here, CsI, Which is a typical scintillator material, is 
high in moisture absorbency and deliquesces by absorbing 
vapor (moisture) in the air, thereby deteriorating character 
istics of the scintillator such as the resolution in particular. 
Therefore, a moisture-resistant barrier impermeable to Water 
is formed on the upper side of the scintillator layer in the 
above-mentioned radiation detecting device, so as to protect 
the scintillator against the moisture. 

SUMMARY OF THE INVENTION 

[0008] As radiation detecting devices are in Wider use, 
there are cases Where it is desirable to use a radiation 
detecting device having a structure in Which a scintillator is 
formed not on an imaging device or FOP but on a substrate 
having a favorable X-ray transmissivity such as a substrate 
made of Al, While the imaging device is disposed so as to 
face the scintillator. 

[0009] In such a case, since X-rays are incident from the 
substrate side, a metal ?lm aimed at moisture resistance 
cannot be formed on the surface of scintillator, and the 
moisture resistance has been problematic When a transparent 
organic ?lm is simply formed on the surface of scintillator 
for the purpose of moisture resistance. 

[0010] It is an object of the present invention to provide a 
scintillator panel and a radiation image sensor Which are 
eXcellent in moisture resistance, and methods of making 
them. 
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[0011] The scintillator panel of the present invention is 
characteriZed in that it comprises a radiation-transparent 
substrate, a scintillator formed on the substrate, a ?rst 
transparent organic ?lm covering over the scintillator, and a 
transparent inorganic ?lm formed on the ?rst transparent 
organic ?lm. According to the present invention the trans 
parent inorganic ?lm is formed on the ?rst transparent 
organic ?lm covering over the scintillator, the moisture 
resistance of scintillator can remarkably be improved by the 
transparent inorganic ?lm. 

[0012] The radiation image sensor of the present invention 
is characteriZed in that it comprises a radiation-transparent 
substrate, a scintillator formed on the substrate, a ?rst 
transparent organic ?lm covering over the scintillator, a 
transparent inorganic ?lm formed on the ?rst transparent 
organic ?lm, and an imaging device disposed so as to face 
the scintillator. According to the present invention the trans 
parent inorganic ?lm is formed on the ?rst transparent 
organic ?lm covering over the scintillator, the moisture 
resistance of scintillator can remarkably be improved by the 
transparent inorganic ?lm. 

[0013] The method of making the scintillator panel of the 
present invention is characteriZed in that it comprises steps 
of forming a scintillator on a radiation-transparent substrate, 
forming a ?rst transparent organic ?lm covering over the 
scintillator, and forming a transparent inorganic ?lm on the 
?rst transparent organic ?lm. Since the transparent inorganic 
?lm is formed on the ?rst transparent organic ?lm, the 
present invention can make a scintillator panel in Which the 
moisture resistance of scintillator is remarkably improved. 

[0014] The method of making an image sensor according 
to the present invention is characteriZed in that it comprises 
steps of forming a scintillator on a radiation-transparent 
substrate, forming a ?rst transparent organic ?lm covering 
over the scintillator, forming a transparent inorganic ?lm on 
the ?rst transparent organic ?lm, and disposing an imaging 
device opposite the scintillator. Since the transparent inor 
ganic ?lm is formed on the ?rst transparent organic ?lm, the 
present invention can make a radiation image sensor in 
Which the moisture resistance of scintillator is remarkably 
improved. 
[0015] The scintillator panel according to the present 
invention may further comprise a second transparent organic 
?lm formed on the transparent inorganic ?lm of the scintil 
lator panel. Since the second transparent organic ?lm is 
formed on the transparent inorganic ?lm, the present inven 
tion can prevent the transparent inorganic ?lm from peeling. 

[0016] The transparent inorganic ?lm may be formed by a 
material including a substance selected from the group 
consisting of SiO2, A1203, TiO2, In2O3, SnO2, MgO, SiN, 
MgF2, LiF, CaF2, AgCl, and SiNO. 

[0017] The ?rst transparent organic ?lm may cover all 
over the substrate for securely protecting the scintillator 
from moisture. 

[0018] The present invention Will become more fully 
understood from the detailed description given hereinbeloW 
and the accompanying draWings Which are given by Way of 
illustration only, and thus are not to be considered as limiting 
the present invention. 

[0019] Further scope of applicability of the present inven 
tion Will become apparent from the detailed description 
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given hereinafter. However, it should be understood that the 
detailed description and speci?c examples, While indicating 
preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a sectional vieW of a scintillator panel in 
accordance With an embodiment of the present invention; 

[0021] FIG. 2 is a sectional vieW of a radiation image 
sensor in accordance With an embodiment of the present 
invention; and 

[0022] FIGS. 3A, 3B, 3C, 4A, and 4B are vieWs shoWing 
sequential steps of making the scintillator panel in accor 
dance With an embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] In the folloWing, embodiments of the present 
invention Will be explained With reference to FIGS. 1 to 4B. 
FIG. 1 is a sectional vieW of a scintillator panel 2 in 
accordance With an embodiment, Whereas FIG. 2 is a 
sectional vieW of a radiation image sensor 4 in accordance 
With an embodiment. 

[0024] As shoWn in FIG. 1, one surface of a substrate 10 
made of Al in the scintillator panel 2 is formed With a 
scintillator 12 having a columnar structure adapted to con 
vert incident radiation into visible light. Tl-doped CsI is used 
in the scintillator 12. 

[0025] All surfaces of the scintillator 12 formed on the 
substrate 10, together With the substrate 10, are covered With 
a ?rst polyparaxylylene ?lm (?rst transparent organic ?lm) 
14, Whereas the surface of ?rst polyparaxylylene ?lm 14 on 
the scintillator 12 side is formed With an SiO2 ?lm (trans 
parent inorganic ?lm) 16. Further, the surface of SiO2 ?lm 
16 and the surface of ?rst polyparaxylylene ?lm 14 on the 
substrate 10 side not covered With the SiO2 ?lm 16 are 
formed With a second polyparaxylylene ?lm (second trans 
parent organic ?lm) 18, so that all surfaces are covered With 
the second polyparaxylylene ?lm 18. The radiation image 
sensor 4, on the other hand, has a structure in Which an 
imaging device 20 is attached to the scintillator panel 2 on 
the scintillator 12 side as shoWn in FIG. 2. 

[0026] With reference to FIGS. 3A to 4B, steps of making 
the scintillator panel 2 Will noW be explained. On one 
surface of the substrate 10 (having a thickness of 1.0 mm) 
made of Al, such as the one shoWn in FIG. 3A, columnar 
crystals of CsI doped With Tl are groWn by vapor deposition 
method, so as to form the scintillator 12 (see FIG. 3B). 

[0027] CsI forming the scintillator 12 is high in moisture 
absorbency so that it Will deliquesce by absorbing vapor in 
the air if left exposed. For preventing this from occurring, 
the ?rst polyparaxylylene ?lm 14 is formed by CVD 
method. Namely, the substrate 10 having formed the scin 
tillator 12 is put into a CVD apparatus, and the ?rst 
polyparaxylylene ?lm 14 is formed by a thickness of 10 pm. 
As a consequence, the ?rst polyparaxylylene ?lm 14 is 
formed over all surfaces of the scintillator 12 and substrate 
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10 (see FIG. 3C). Since the tip portion of scintillator 12 is 
uneven, the ?rst polyparaxylylene ?lm 14 also acts to ?atten 
the tip portion of scintillator 12. 

[0028] Subsequently, the SiO2 ?lm 16 is formed With a 
thickness of 300 nm by sputtering on the ?rst polyparaxy 
lylene ?lm 14 on the scintillator 12 side (see FIG. 4A). 
Since the SiO2 ?lm 16 is aimed at improving the moisture 
resistance of scintillator 12, it is formed in an area covering 
over the scintillator 12. Since the tip portion of scintillator 
12 is ?attened by the ?rst polyparaxylylene ?lm 14 as 
mentioned above, the SiO2 ?lm 16 can be formed thinner 
(With a thickness of 100 nm to 200 nm) so as to prevent the 
output light quantity from decreasing. 

[0029] Further, on the surface of SiO2 ?lm 16 and the 
surface of ?rst polyparaxylylene ?lm 14 on the substrate 10 
side not formed With the SiO2 ?lm 16, the second polypar 
axylylene ?lm 18 is formed With a thickness of 10 pm again 
by CVD method (see FIG. 4B). When this step is completed, 
the making of scintillator panel 2 ends. 

[0030] The radiation image sensor 4 is made by attaching 
the imaging device (CCD) 20 to thus completed scintillator 
panel 2 on the scintillator 12 side. 

[0031] Thus made scintillator panel 2 and a conventional 
scintillator panel, i.e., a scintillator panel having only one 
layer of polyparaxylylene ?lm on a scintillator, Were sub 
jected to a moisture resistance test under a condition With a 
relative humidity of 93% at a temperature of 40° C. 

[0032] While the conventional scintillator panel deterio 
rated its resolution characteristic by 10% to 15% relative to 
the initial value thereof When left in this environment for 100 
hours, no change Was observed in the resolution character 
istic of the scintillator panel 2 in accordance With this 
embodiment even When left for 2800 hours in the above 
mentioned environment. Hence, it Was possible to elongate 
the moisture resistance life performance to 30 times that of 
the conventional scintillator panel by using the structure of 
scintillator panel 2. 

[0033] As explained in the foregoing, the scintillator panel 
2 in accordance With this embodiment can remarkably 
improve the moisture resistance of scintillator panel 2 by 
forming the SiO2 ?lm 16 on the ?rst polyparaxylylene ?lm 
14 on the scintillator 12 side. Also, since the second poly 
paraxylylene ?lm 18 is formed on the SiO2 ?lm 16, the latter 
can be prevented from peeling. 

[0034] Though the SiO2 ?lm is used as a transparent 
inorganic ?lm in the above-mentioned embodiment, it is not 
restrictive; and inorganic ?lms made from SiO2, A1203, 
TiO2, In2O3, SnO2, MgO, SiN, MgF2, LiF, CaF2, AgCl, 
SiNO, and the like may also be used. 

[0035] Though CsI(Tl) is used as the scintillator in the 
above-mentioned embodiment, it is not restrictive; and 
CsI(Na), NaI(Tl), LiI(Eu), KI(Tl), and the like may also be 
used. 

[0036] Though a substrate made of Al is used as the 
substrate in the above-mentioned embodiment, any substrate 
may be used as long as it has a favorable X-ray transmis 
sivity, Whereby substrates made of amorphous carbon, sub 
strates made of C (graphite), substrates made of Be, sub 
strates made of SiC, and the like may also be used. 
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[0037] Though the SiO2 ?lm 16 is formed on the surface 
of ?rst polyparaXylylene ?lm 14 on the scintillator 12 side 
in the above-mentioned embodiment, it may be formed not 
only on the surface of polyparaXylylene ?lm 14 on the 
scintillator 12 side, but over all surfaces of the ?rst poly 
paraXylylene 14. 

[0038] While the polyparaXylylene ?lm 18 is formed on 
the surface of SiO2 ?lm 16 and the surface of polyparaXy 
lylene ?lm 14 on the substrate 10 side, i.e., over all surfaces, 
in the above-mentioned embodiment, the material for poly 
paraXylylene ?lm 18 is not limited as long as it is a ?lm 
made of a transparent material, since it acts to prevent the 
SiO2 ?lm 16 from peeling, and it may be formed in an area 
covering over the SiO2 ?lm 16. 

[0039] In the above-mentioned embodiment, polyparaXy 
lylene encompasses not only polyparaXylylene but also 
polymonochloroparaXylylene, polydichloroparaXylylene, 
polytetrachloroparaXylylene, poly?uoroparaXylylene, poly 
dimethylparaXylylene, polydiethylparaXylylene, and the 
like. 

[0040] Since the scintillator panel of the present invention 
has a transparent inorganic ?lm formed on the ?rst trans 
parent organic ?lm covering over the scintillator, the mois 
ture resistance of scintillator can remarkably be improved by 
this transparent inorganic ?lm. Also, in the case Where a 
second transparent organic ?lm is formed on the transparent 
inorganic ?lm, this second transparent organic ?lm can 
prevent the transparent inorganic ?lm from peeling. 

[0041] Since the radiation image sensor of the present 
invention has a transparent inorganic ?lm formed on the ?rst 
transparent organic ?lm covering over the scintillator, the 
moisture resistance of scintillator can remarkably be 
improved by this transparent inorganic ?lm. Also, in the case 
Where a second transparent organic ?lm is formed on the 
transparent inorganic ?lm, this second transparent organic 
?lm can prevent the transparent inorganic ?lm from peeling. 

[0042] Since a transparent inorganic ?lm is formed on the 
?rst transparent organic ?lm by the third step, the method of 
making a scintillator panel of the present invention can make 
a scintillator panel in Which the moisture resistance of 
scintillator is remarkably improved. Also, in the case Where 
a second transparent organic ?lm is formed on the transpar 
ent inorganic ?lm by the fourth step, a scintillator panel 
Which can prevent the transparent inorganic ?lm from peel 
ing can be made. 

[0043] Since a transparent inorganic ?lm is formed on the 
?rst transparent organic ?lm by the third step, the method of 
making a radiation image sensor of the present invention can 
make a radiation image sensor in Which the moisture resis 
tance of scintillator is remarkably improved. Also, in the 
case Where a second transparent organic ?lm is formed on 
the transparent inorganic ?lm by the fourth step, a radiation 
image sensor in Which this second transparent organic ?lm 
can prevent the transparent inorganic ?lm from peeling can 
be made. 

[0044] From the invention thus described, it Will be obvi 
ous that the invention may be varied in many Ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modi?cations 
as Would be obvious to one skilled in the art are intended for 
inclusion Within the scope of the folloWing claims. 
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What is claimed is: 
1. A scintillator panel comprising: 

a radiation-transparent substrate; 

a scintillator formed on said substrate; 

a ?rst transparent organic ?lm covering over said scintil 
lator; 

and a transparent inorganic ?lm formed on said ?rst 
transparent organic ?lm. 

2. A scintillator panel according to claim 1, further 
comprising a second transparent organic ?lm formed on said 
transparent inorganic ?lm. 

3. A scintillator panel according to claim 1, Wherein said 
transparent inorganic ?lm is made of a material including a 
substance selected from the group consisting of SiO2, A1203, 
TiO2, In2O3, SnO2, MgO, SiN, MgF2, LiF, CaF2, AgCl, and 
SiNO. 

4. A scintillator panel according to claim 1, Wherein said 
?rst transparent organic ?lm covers all over said substrate. 

5. A radiation image sensor comprising: 

a radiation-transparent substrate; 

a scintillator formed on said substrate; 

a ?rst transparent organic ?lm covering over said scintil 
lator; 

a transparent inorganic ?lm formed on said ?rst transpar 
ent organic ?lm; and 

an imaging device disposed so as to face said scintillator. 
6. A radiation image sensor according to claim 5, further 

comprising a second transparent organic ?lm formed on said 
transparent inorganic ?lm. 

7. Aradiation image sensor according to claim 5, Wherein 
said transparent inorganic ?lm is made of a material includ 
ing a substance selected from the group consisting of SiO2, 
A1203, TiO2, In2O3, SnO2, MgO, SiN, MgF2, LiF, CaF2, 
AgCl, and SiNO. 

8. Aradiation image sensor according to claim 5, Wherein 
said ?rst transparent organic ?lm covers all over said sub 
strate. 

9. A method of making a scintillator panel, said method 
comprising step of: 

forming a scintillator on a radiation-transparent substrate; 

forming a ?rst transparent organic ?lm covering over said 
scintillator; and 

forming a transparent inorganic ?lm on said ?rst trans 
parent organic ?lm. 

10. A method of making a scintillator panel according to 
claim 9, further comprising a step of forming a second 
transparent organic ?lm on said transparent inorganic ?lm. 

11. A method of making a scintillator panel according to 
claim 9, Wherein said transparent inorganic ?lm is made of 
a material including a substance selected from the group 

consisting of SiO2, A1203, TiO2, In2O3, SnO2, MgO, SiN, 
MgF2, LiF, CaF2, AgCl, and SiNO. 

12. A method of making a scintillator panel according to 
claim 9, Wherein said ?rst transparent organic ?lm covers all 
over said substrate. 

13. A method of making a radiation image sensor com 
prising steps of: 

forming a scintillator on a radiation-transparent substrate; 
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forming a ?rst transparent organic ?lm covering over said 
scintillator; 

forming a transparent inorganic ?lm on said ?rst trans 
parent organic ?lm; and 

disposing an imaging device opposite said scintillator. 
14. Amethod of making a radiation image sensor accord 

ing to claim 13, further comprising a step of forming a 
second transparent organic ?lm on said transparent inor 
ganic ?lm. 
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15. Amethod of making a radiation image sensor accord 
ing to claim 13, Wherein said transparent inorganic ?lm is 
made of a material including a substance selected from the 
group consisting of SiO2, A1203, TiO2, In2O3, SnO2, MgO, 
SiN, MgF2, LiF, CaF2, AgCl, and SiNO. 

16. A method of making a scintillator panel according to 
claim 13, Wherein said ?rst transparent organic ?lm covers 
all over said substrate. 


