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Photostimulated 1凶 ninescence(PSL) properties of imaging plates， made with SrCh:Eu2+，Na+ photostimulable 
phosphor， have been tested for digital radiography.百lePSL spectrum of the imaging plate showed a broad band 
peaking at 407 nm with a half-width of 16.6 nm.百leimaging plate exhibited linear d巴'pendenceon dose in the range 
of 0.25 ~ 200 mGy.百lePSL intensity ofthe imaging plate faded by approximately 40 % after 120 minutes at room 
temperature. The spatial resolution of the imaging plate was about 2.1 lp/mm. We obtained clear X回rayradiograph of 
an annual ring ofpine甘eefrom our imaging plate. 
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1. lntroduction 

Photostimulable phosphor， which can temporarily store a 
X-ray image， is used in imaging plates to acquire images in 
a digital format and to produce images that may be 

electronically displayed on a screen or printed. Imaging 
plates have some advantages over conventional X-ray films， 
in terms of higher sensitivity， wid巴rdynamical range， the 
direct digitization of the image during the photostimulated 
readout and reusabilityl). 

Various photostimulable phosphor materials for imaging 

plates have different PSL properties， such出 PSLintensity， 
fading characteristics， excitation and PSL emission spectra， 
light scattering， and PSL sensitivity relative to various kinds 
of radiation. Therefor巴asingle phosphor material cannot be 
used ideally for all applications. Therefore various kinds of 
new photostimulable phosphors for radiographic imaging 
have been reported2-4). 

The photoluminescence (PL) properties of SrC12:Eu2+ 
were reported by Kobayasi et a1. 5)ラ andCa1dino et a1.6)ラ and

the formation of defect centers in SrC12 doped with alkali 
metal ions was studied by Rzepka et a17). 

We reported the PSL properties of SrC12:Eu2+ and the 
influence of alkali回metal-ion doping on the photo-
luminescence (PL) and PSL of SrCh:Eu2+，Na+ 8). In order ω 
characterize the optical storage properties of this material， 
we also investigated thermoluminescence σL)， PL and PSL 
of SrC12:EJ!+，~幅十戸

In this paper， imaging plates were fabricated with 
SrClz:Eu2+，Na+ photostimulable phosphor. Th巴 PSL
spectrum， fading characteristics， and dose dependence of 
the fabricated imaging plates were examined. In addition， 
the spatial resolution and the contrast of the imaging plate 
were measured to evaluate its radiographic quality. 
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II. Experi臨 entalmethods 

SrC12:Eu2+，Na+ phosphor powders were prepared by 

firing intimate mixtu.res ofthe starting materia1 SrC12'6H20ラ

EuF3 and NaF at temperature 850 oC for 45 minutes in a 
reducing atmosphere. The optimum concentrations of EuF3 

and NaF were 0.5 and 0.1 mol%， respectivell). 
In the fabrica臼onof SrC12:Eu2+，Na+ imaging plateラ

SrCh:Eu2+，Na+ powder and po1yte仕afluoro巴thylene(PTFE) 

was mixed in a ratio of 8 to 2. The mixture was coated onto 

a 200-/tID圃thicktransparent sheet of polyethylene tere-

phthalate. The plate coated with the mixture was cover巴dby
a sturdy transparent film to protect the photostimuable layer 
企omdamage during handling， and then pressed at 400 

kg/cm2. The thickn田 sof the photostimulable layer was 

about 600 ~凪 and th巴imagingplates fabricated were about 

10 x 10 cm2 in size. 
The s針truお叫cは凶:tu汀reof the S針rCα12:王EJ!+

ray powder analysis. The SrClz lattices have a cubic 
structure with space group Fmjm is isotopic with CaF21O). 
The PSL intensity of SrCh:Eu2+，Na+ was about 1.8 times 

s仕ongerthen that of SrClz:Eu2+， and the PSL巴mission
spectra of SrC12:Eu2+，Nぜwasidentical to that ofSrC12:Eu2+. 
The increas巴inPSL by doping monovalent Na+ ions is due 

to the creation of equiva1ent number of anionic vacancies in 
order to maintain the charge neutrality in the SrClz:Eu2+，Na+， 
and this result in an increase ofF回 centers.
The third harmonic (355 nm) of a pulsed Nd:YAG 

(yttrium aluminum garnet) laser was used for the excitation 
of the PSL. The light source for stimulation was used a 10聞

mW  He-Ne 1回目 (632.8nm)， and the PSL of the samples 
was detect怠dwith a Hamamatsu R928 photomultiplier tube 

plac巴datth巴巴xitslit of a 25岨 cmmonochromater司 TheX-ray 
generation system田 edin these experiments was a model 
DXG-325R produced by DongA Co. The X-ray radiographs 
were obtained using the reading system BAS-I000 

produced by F可iPhotofilm Co. 
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111. Results and Discussion 
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Fig. 2 Fading curves ofthe SrC12:Eu2+，Nぷimagingplate at (a) 30 
OC， (b) 40 oC and (c) 50 oC after X-ray irradiation. The ordinate is 
normalized at the time of zero. 
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Figure 1 showsthe PSL spec加lID.ofthe SrC!z:Eu2+，Na+ 
imaging plate. The PSL emission spec佐田nofthe imaging 

plate is located in the range of 380~440 nm， peaking at 
407 nm. The PSLin SrC!z:E~+，Na+ is due to the 4f5d→ 
4f transition ofEu2+. 

The peak of this PSL emission spectrum well matches the 
peak spec仕al sensitivity of the photomultiplier 印be.
Futl¥ermore， the image reading light source， such as a H巴幽

Ne laser and a red semiconductor laser， can easily be 
separated from the PSL. This imaging plate can also be 
used in commercial Computed Radiography (CR) system 
without any modifications. 

1. PSL spectrum 
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Fig. 3 Dose depend阻 .ceof PSL intensity of SrCh:Eu2+，Na+ 
imaging plate irradiated with X-rays. 

Fig. 1 PSL emission spec仕umof SrCI2:Eu2+，N a + imaging plate. 

In order to detぽminethe叩副alresolution of白e
fabricated imaging plate， modulation transfer function 
(MT町ofthe imaging plate was measured. The MTF was 
obta也edusing the spatial resolution test slit. The test slit 
used in these experiments was a model Nr 45663 produced 
by Nuclear Associate Co. 

Figure 4 (a) shows the X-ray radiograph of the spatial 
resolution test slit obtained企omSrClz:Eu2+，Na+ plate. The 
spatial frequency of this test slit is企om1.0 to 2.0 lp/mm. 
Exposure setting were 42 kVp， 3 mAs. Figure 4 (b) shows 
the line profile of the pixel density along the line A-B in 
Figure 4 (a). 
Figure 5 shows the MTF of the imaging plate obta担ed

from Figure 4 (b). The maximum sp副alresolution is 
determined by the spatial frequency at MTF eq回 1ω0.1.As 
shown in Figure 5， the spatial resolution of the 
SrC12:Eu2+，Na+ imaging plate is foundωbe about 2.1 
lp/mm. 

4. Radiograpbic quaJity 

2. Fading of the PSL signal 

Figure 2 shows the e能 ctof storage tempera旬reofthe 
irradiated imaging plate on the PSL intensity. The vertical 
axis is the ratio between the PSL intensity of the im喝ing
plate measured immediately a託erirradiation and measured 
after storing for various periods. The imaging plates were 
stored at 30， 40 and 50 oC in a d紅kplace for different 
periods. As shown in Figure 2， when the imaging plate was 
stored at 30 oC for about 120 minutes， the PSL intensity was 
reduced to about 60 % of the initial value. The imaging 
plat回 wereexposedωx-rays (80 kVp， 200 mA) for 0.1 s. 

3. Relationship between the dose and PSL intensity 

The linearity of the PSL intensity of the imaging plate to 
radiation dose is one of the important propぽ tiesforaX圃ray
radiography. Figure 3 shows the relationship between the 

dose and the PSL intensity of the imagii1g plate. The x圃

irradiation w邸 performedat 80 kVp. As shown in Figure 3， 
the linearity of the PSL intensity holds over a wide range 
企omabout 0.25 to 200 mGy. Its linearity allows accurate 
q田 凶fic甜onofthe radiation dose司
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Fig. 4 (a) X-ray radiograph of the spatial resolution test slit 
obtained using SrCh:Eu2+，Nぶimagingplate and (b) line profile of 
白epixel density along the line A-B in (a). 
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Fig. 5 MTF of SrC12:Eu2+，Na+ imaging plate. 

For the quantitative determination ofradiographic quality 

of the imaging plate， the aluminum step wedge is used. 

Figure 6 (a) shows the photograph of aluminum st巴pwedge 

which hav巴11steps in th巴rangeof5.0 to 20.0 mm. Figure 
6 (b) shows the X回目yradiograph of the step wedge 

obtained from SrCh:Eu2+，Na+ imaging plate. The X幽

rradiation was performed at 42 kVp， 10 mAs. We can 
clearly distinguish the contrast of all 11 steps of different 

thickness. Fig阻re6 (c) shows the relationship between log 
pixel density obtained from Figure 6 (b) and the thickness 
ofth巴 stepwedge. The log pixel density linearly increases 

as aluminum thickness incr巴ases.

This result strongly suggests that our imaging plates are 
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able to distinguish a smal1 difference of absorption 

properties of 0町民ts，caused by the differences in densityラ

atomic number， electron density and thickness ofthe objects. 
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(c) 
Fig. 6 (a) The aluminum step wedge但ld(b) its X-ray radiograph 
obtained using SrC12:Eu2+，Na+ imaging plate. (c)百lerelations of 
the log pixel density and the step thickness of the aluminum step 
wedge. 

Figure 7 shows X酬rayradiograph of an annual ring of 

pine tree obtained from our imaging p1ate. The tree was 
exposed to X回rays(42 kVp， 100 mA) for 0.1 s. As shown in 
Figure 7ラ theX-ray radiograph of an annual ring of pine 

仕eeis clear. This result indicates that our imaging plate can 

be used for X-ray radiography such as X田raydiagnostics， X匝

ray diffraction， etc. 

Fig. 7 X-ray Radiograph of an annual ring of pine tree. Exposure 
setting were 42 kVp， 10 mAs. 



266 

IY. Condusion 

It was found t白:ha幻.tthe fabricated S針rC12:ぶ:Eu2

p判la幻t巴巴既xh刷ib制it総sa high s巴n鴎副s討i抗悩t討i竹lV1吋i勺勿Fラ a good spatial resolution， an 
available PSL spect四m and a good linearity between the 

PSL intensity and X圃rayirradiation dose. These resu1ts 

make possible the imaging plate for use in various scientific 

applications. The imaging plate also can be used in a 

conventional Computed Radiography system. 

Admowledgmenis 

The authors wish to acknowledge the full financial 

support from KOSEF Engineering Research Center 

program ofthe lnnovative Technology Center for Radiation 

Safety (iTRS) at Hanyang University， Seoul， Korea. 

Referenc的

1) M. Sonoda， M Takano， J. Miyahara and H. Kato， "Computed 
radiography utilizing scanning laser stimulated luminescence，" 
Radiology， 148 833 (1983). 

2) A. R. Lakshmanan， "Radiation induced defects and photo回

stimulated luminescence process in BaFBr:Eu2+，" Phys. Stat. 
Sol.(a)， 153 3 (1996). 

3) K. J. K1せtel，P. Dorenbos， C. M. Corrbes， J. Andriessen， and C 
W. E. van E討に "Luminescence and storage properties of 
LiYSi04:Ce，" J. Limun.， 69 325 (1996). 

4) U. Rogulis， S. Schweizer， S. Assmann阻 dJ. M. Spae血， "Ga2+ 
hole centers and photostimulated luminescence in the x-ray 
storage phosphors RbBr:Ga +，" J. Appl. Phys.， 84[8] 4537 (1998). 

5)工 Kobayasi，S. Mroczkowski and J. F. Owen，叩luorescence
lifetune and quantum e伍ciencyfor 5d→4ftransitions in Eu2+ 
doped chloride and :fluoride c巧rstals，"J. Lur凶n.，21 247 (1980). 

6) U. Caldino， M局E.Villafuerte and J. Rubio， "Spectral dis-
仕ibutionand decay times of Eu2+ luminescence in SrC12 

particles embedded in the alkali chloride material，" Cryst. Latt. 
Def andAmorph. Mat. 18511 (1989). 

7) E. Rzepka， S. Le企ant，L. Taurel and J. P. Chapel1e， "Re-
combination luminescence between trapped electrons and self-
trapped holes SrC12 doped with alkali cation a食erx-irradiation，" 
J. Phys. C:Solid state Phys.， 102285 (1977). 

8) S. H. Kitn， C. J. Kim， W. Kim， et al， "Luminescence and photo-
stimulated luminescence of SrCh:Eu2+ doped with Na+ ions，" 
Jpn. J. Appl. Phys.， 42 4390 (2003). 

9) S. H. Kim， C. J. Kim， W. Kim， et al.， "Thermoluminesc田 ceand 
photω08討ti泊I立mulat飴巴dlumine8cence in S針rCαlz:沼Eu2十

Korean Phys. Soc.， 42[5] 606 (2003). 
10) W. Li and M. Leskela， "Luminescence ofCe3+ in alkaline e紅白

chloride lattices，" Material Lett.， 28 491 (1996) 

JOURNAL OF NUCLEAR SCIENCE AND TECHNOLOGY 


