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Abstract Blue-emitting Li4SrCa(SiO4)2:Eu2+ phosphors
have been synthesized by solid-state reaction. The photolu-
minescence (PL) excitation spectrum shows broad-band ab-
sorption and matches well with the emission of a near-UV
(n-UV) chip. The PL emission spectrum exhibits a broad-
band emission peaking at 430 nm, which is the characteristic
emission of the f–d transition of the Eu2+ ion. The diffuse
reflection spectra, temperature-dependent emission spec-
tra, fluorescence decay, and mechanism of concentration
quenching are also studied in detail. Li4SrCa(SiO4)2:Eu2+
is a candidate blue phosphor for n-UV excited solid-state
lighting.

PACS 78.55.-m

1 Introduction

Phosphor conversion solid-state lighting, with characteris-
tics of compact size, high efficiency, long lifetime, low
power requirement, and energy savings, can be widely used
in various applications such as liquid crystal display back-
lighting, full-color displays, cell phones, and traffic sig-
nals [1–3]. White-light-emitting diodes (LEDs), based on
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blue LED chips coated with a yellow-emitting phosphor
(YAG:Ce) [4], are expected to replace conventional incan-
descent and fluorescent lamps for general lighting applica-
tions in the near future. However, the disadvantage of this
system is that since the resulting light is typically deficient
in one of the primary colors, lamps fabricated in this manner
display a poor color rendering index. White LEDs can also
be made by coating near-UV (n-UV) emitting LEDs with
a mixture of high-efficiency red, green, and blue emitting
phosphors [5, 6]. The visible components of the white light
are generated only by phosphors, exhibiting low color point
variation against the forward-bias currents.

Silicate is a satisfactory host for rare earth doped phos-
phors, and some of them have been used widely in in-
dustry [7]. The structure of Li4SrCa(SiO4)2 and lumi-
nescence properties of Eu2+-doped Li4SrCa(SiO4)2 have
been studied for the first time by Akella and Keszler [8].
In this paper, we report the luminescent properties of
Li4SrCa(SiO4)2:Eu2+ in detail. Li4SrCa(SiO4)2:Eu2+ is a
promising phosphor for n-UV chip excited solid state light-
ing.

2 Experimental

Li4(Sr1 − xEux )Ca(SiO4)2 phosphors were prepared by
conventional solid-state reaction. Stoichiometric amounts
of source materials LiCO3 (Aldrich, 99.99%), SrCO3 (Ald-
rich, 99.99%), CaCO3 (Aldrich, 99.99%), SiO2 (Aldrich,
99.99%), and Eu2O3 (Aldrich, 99.99%) were thoroughly
mixed and then sintered in air at 600°C for 1 h, and re-
sintered in reducing atmosphere (N2:H2 = 95:5) at 1000°C
for 12 h. The resulting powder samples were character-
ized by X-ray powder diffraction (XRD) in the range 10◦ ≤
2θ ≤ 90◦ using a D8 Advance diffractometer (Bruker) with
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Fig. 1 XRD patterns of
Li4(Sr1 − xEux )Ca(SiO4)2
(x = 0, 0.01, 0.04, and 0.10)

Cu Kα radiation at 40 kV, 30 mA. Diffuse reflectance
spectra were taken on a Cary 5000 UV–Vis–NIR spectro-
photometer. The photoluminescence (PL) emission and ex-
citation spectra were measured by a Fluorolog-3 fluores-
cence spectrophotometer with 450-W xenon lamps. Their
PL emission spectra at higher temperature were evaluated
with a PR-650 SpectraScan spectroradiometer. The lumi-
nescence decays were measured by monitoring the given
emission from the samples under 355-nm pulsed laser ex-
citation. Decay profiles were recorded with a LeCroy 9301
digital storage oscilloscope in which the signal was fed from
a photomultiplier tube.

3 Results and discussion

The crystal structure of Li4SrCa(SiO4)2 has been refined to
be orthorhombic, space group Pbcm with a = 0.4983(2) nm,
b = 0.9930(2) nm, and c = 1.4057(2) nm [8]. The XRD
patterns of Li4(Sr1− xEux )Ca(SiO4)2 with x = 0,0.01,0.04,
and 0.10 are shown in Fig. 1. In this work, we think that the
Eu2+ ions occupy the Sr2+ ion sites as the two ions show
similar ionic radii (r2+

Sr = 0.126 nm, r2+
Eu = 0.125 nm) and

the same charge. All the reflections are indexed on the ba-
sis of an orthorhombic unit cell of Li4SrCa(SiO4)2 (JCPDS
Card: 83-0763). No crystalline impurity phase could be de-
tected in any sample, indicating that the synthesized phos-
phors are single phase and the doped Eu2+ ions have no
influence on the crystal structure of Li4SrCa(SiO4)2.

The body color of Eu2+-doped Li4SrCa(SiO4)2 phos-
phors is greyish white. The diffuse reflection spectra of the
phosphors were measured and are shown in Fig. 2. It can
be seen that there is a distinct absorption band in the range
of 250–375 nm, and it becomes stronger gradually with in-
creasing Eu2+ concentration. This band is assigned to the
4f–5d transition of Eu2+ ions.

Fig. 2 Diffuse reflection spectra of Li4(Sr1 − xEux )Ca(SiO4)2 with
different Eu2+ concentrations

The PL excitation and emission spectra of
Li4(Sr0.96Eu0.04)Ca(SiO4)2 are shown in Fig. 3. The ex-
citation spectrum exhibits a broad absorption from 250 to
400 nm, which is due to 4f7 → 4f65d1 transitions of Eu2+
and is consistent with the diffuse reflectance spectra. Be-
cause the broad excitation matches well with InGaN chip
emission, Li4(Sr1 − xEux )Ca(SiO4)2 phosphors are suit-
able for n-UV chip excited solid state lighting As it has
a broad excitation, this phosphor can be excited with dif-
ferent wavelengths. It can be seen from Fig. 3a and b that
Li4(Sr0.96Eu0.04)Ca(SiO4)2 phosphor shows a blue emis-
sion band peaking at 430 nm under 280- and 350-nm exci-
tations, which is assigned to the transition from 4f65d1 to
4f7 of Eu2+ ions. The full width at half maximum (FWHM)
of the emission spectra is 60 nm. The CIE chromaticity co-
ordinates of Li4(Sr0.96Eu0.04)Ca(SiO4)2 phosphor are cal-
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culated in terms of the emission spectrum, and the values
are x = 0.17, y = 0.60. Eu2+ ions exhibit broad-band emis-
sion, which is attributed to the 4f65d1–4f7 transition, and
the wavelength positions of the emission bands depend very
much on host, changing from the n-UV to the red. Recently,
the PL properties of Eu2+-activated Li2MSiO4 (M = Ca,
Sr, Ba) phosphors for LEDs have been studied [9–16]. The
crystallographic data of Li2MSiO4 and the emission wave-
lengths of Li2MSiO4:Eu2+ are summarized in Table 1. Al-
though these compounds have similar chemical composi-
tions, their crystal structures are different. The effects of
the host structure on luminescence have been explained as
arising mainly from two factors, the crystal field effect and
the nephelauxetic effect. The center of gravity of the crys-
tal field splitting is affected by the host lattice anion. If
the ligand anions share electrons with Eu2+ ions, the 5d
level of Eu2+ shifts to lower energy. For Li2MSiO4:Eu2+
(M = Ca, Sr, Ba), only O2− anions exist in the crystal struc-

Fig. 3 PL excitation and emission spectra of Li4(Sr0.96Eu0.04)
Ca(SiO4)2

ture; the shift of emission wavelength does not result from
the nephelauxetic effect of O2− ions. Therefore, the lowest
4f65d1 state of the Eu2+ ion dependence is related to the
crystal field strength. In the case of A0.5Zr2(PO4)3 (A =
Ca, Sr, Ba), all of them have the NASICON structure. For
Eu2+-activated A0.5Zr2(PO4)3 (A = Ca, Sr, Ba), Eu2+ ions
have similar bond character to the ligand O2− ions; the crys-
tal field splitting becomes large with decreasing Eu–O bond
length, leading to a decrease in the difference between the
4f and 5d energy levels in Eu2+. The emission bands of
Eu2+ shift from 484 to 435 nm with changing alkaline earth
ions from Ca to Ba [17]. However, the crystal field splitting
in Li2MSiO4:Eu2+ (M = Ca, Sr, Ba) is irregular because
of different crystal structures [9]. In Li4SrCa(SiO4)2:Eu2+,

the Eu2+ site asymmetry leads to strong crystal fields. But,
the Stokes shift is small (2610 cm−1) [18]. The possible
mechanism is that the high concentration of Li+ ions in the
structure constrains the distortion of the emission centers [8,
19]. However, it is not clear at present.

The PL emission spectra of Li4SrCa(SiO4)2:Eu2+ phos-
phors as a function of Eu2+ concentration are shown in
Fig. 4. The phosphors show a deep blue emission under
350-nm light excitation, and the emission wavelength does
not shift. The emission intensity of Li4SrCa(SiO4)2:Eu2+
phases as a function of Eu2+ concentration is shown as
an inset in Fig. 4. With increasing Eu2+ concentration, the
emission intensity increases to 0.04 mol of Eu2+; a further
increase in the Eu2+ concentration results in a decrease in
the emission intensity because of concentration quenching.

In order to investigate the concentration quenching
behavior of the 5d–4f transition emission, the fluores-
cence decay curves of the 430-nm emission band for
Li4(Sr1 − xEux )Ca(SiO4)2 excited by a pulsed laser (λex =
355 nm) are shown in Fig. 5. The observed decay times
significantly shortened with concentration. Moreover, for
x < 0.04, the emission decay is a perfect single-exponential
function, whereas for x > 0.04 the decay curves become

Table 1 Crystallographic data of Li2MSiO4 (M = Ca, Sr, Ba) and emission wavelengths of Li2MSiO4:Eu2+

Li2CaSiO4 Li2SrSiO4 Li2BaSiO4 Li4SrCa(SiO4)2

Crystal structure Tetragonal Trigonal Hexagonal Orthorhombic

Unit cell parameters

a/nm 0.5047(5) 0.5030(3) 0.8100346 0.4983(2)

b/nm – – – 0.9930(2)

c/nm 0.6484(6) 1.2470(5) 1.0600450 1.4057(2)

Space group I 4̄2m P 3121 P 63cm Pbcm

Site symmetry 4̄2m 2 m m(Sr), 2 (Ca)

Coordinate number 8 (Ca) 8 (Sr) 9 (Ba) 10 (Sr), 6 (Ca)

Emission wavelength 480 nm (Li2CaSiO4:Eu2+) 560 nm (Li2SrSiO4:Eu2+) 500 nm (Li2BaSiO4:Eu2+) 430 nm (Li4SrCa(SiO4)2:Eu2+)

References [9, 15] [9, 13, 14, 16] [9] This work, [8]
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Fig. 4 PL emission spectra of Li4(Sr1 − xEux )Ca(SiO4)2 (the inset
shows the dependence of PL intensity on Eu2+ concentration)

Fig. 5 Decay curves of Li4(Sr1 − xEux )Ca(SiO4)2 phosphor (λex =
355 nm, λem = 430 nm)

nonexponential and the nonexponential is becoming more
prominent with increasing Eu2+ concentration. The devia-
tion from the single-exponential behavior has been shown
to be due to the nonradiative energy transfer process in-
volving Eu2+ ions and defect impurities [20]. The analysis
of these decay curves shows that energy migration among
Eu2+ ions affects the energy transfer process [20, 21]. The
fit of the fluorescence decays of higher doped samples with
the migration assisted energy transfer modes from Yokota
and Tanimoto [22] and Burshtein [23] indicates that the best
agreement between experimental data and theoretical fits is
obtained with the expression corresponding to the Burshtein
model

I (t) = I0 exp

(
− t

τR
− γ

√
t − Wt

)
, (1)

Fig. 6 Experimental emission decay curves of Li4(Sr0.90Eu0.10)
Ca(SiO4)2 and the calculated fit with (1) (solid line)

where τR is the intrinsic lifetime of the donor ions, γ

characterizes the direct energy transfer, and W represents
the migration parameter. In the case of dipole–dipole in-
teraction, γ is given by the expression γ = 4

3π3/2NC
1/2
DA ,

where N is the concentration and CDA is the energy trans-
fer microparameter. Figure 6 shows the fit for the sample
Li4(Sr0.90Eu0.10)Ca(SiO4)2 phosphor.

The result indicates that the electronic mechanism of en-
ergy transfer is a dipole–dipole interaction between Eu2+
ions. For the Li4(Sr0.90Eu0.10)Ca(SiO4)2 phosphor, the
Eu2+ concentration N = 5.75 × 1020 cm−3. The γ value
is determined to be 5947. So, the calculated CDA = 1.94 ×
10−36 cm6/s. The critical distance R0 calculated by R6

0 =
τRCDA is 9.95 Å, which is smaller than 20 Å that is usu-
ally observed in other phosphors, and is consistent with the
concentration quenching occurring at low doping levels in
Li4SrCa(SiO4)2:Eu2+.

Thermal quenching is one of the important technolog-
ical parameters for phosphors used in solid-state lighting.
The temperature dependence of PL emission spectra of
Li4Sr0.96Ca(SiO4)2:0.04Eu2+ excited by 365-nm UV light
is illustrated in Fig. 7. With increasing temperature, the
emission intensity decreases markedly. When the tempera-
ture is 150°C at which the solid-state lighting usually works,
the emission intensity remains only 55% of that at room tem-
perature, which can be explained by the thermal quenching
at the configurational coordinate diagram. Through phonon
interaction, the excited luminescent center is thermally acti-
vated and then released through the crossing point between
the excited state and the ground state in the configurational
coordinate diagram [7, 24], which quenches the lumines-
cence. In addition, a slight blue shift from 430 to 425 nm
is observed with increasing temperature from 25 to 200°C.
This blue shift can be explained in terms of the thermally ac-
tive phonon assisted excitation from a lower energy sublevel
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Fig. 7 Dependence of PL
emission of
Li4Sr0.96Ca(SiO4)2 : 0.04Eu2+
on temperature (the inset shows
the relation between the relative
intensity and temperature)

Fig. 8 Activation energy for thermal quenching of Li4Sr0.96
Ca(SiO4)2:0.04Eu2+

to a higher energy sublevel in the excited state of Eu2+ [7].
This temperature-induced blue shift phenomenon has been
reported by many authors [25–28].

In order to better understand the relationship between
temperature and photoluminescence and to determine the
activation energy for thermal quenching, the Arrhenius
equation was fitted to the thermal quenching data [25, 29]:

I (T ) = I0

1 + c exp(−E
kT

)
, (2)

where I0 is the initial intensity, I (T ) is the intensity at a
given temperature T , c is a constant, E is the activation en-
ergy for thermal quenching, and k is Boltzmann’s constant.
Figure 8 plots ln[(I0/I)−1] vs. 1/T . When performing lin-
ear regression, the activation energy for thermal quenching
is found to be 0.35 eV.

4 Conclusions

Single-phase Li4SrCa(SiO4)2:Eu2+ phosphors have been
synthesized by solid-state reaction. The absorption band in
the range of 250–375 nm in the diffuse reflection spectra is
assigned to the 4f–5d transition of the Eu2+ ion. The PL
excitation spectrum shows broad-band absorption extend-
ing to the n-UV region and is consistent with the diffuse
reflectance spectra. The PL emission spectrum exhibits a
broad-band emission peaking at 430 nm, which is the char-
acteristic emission of the f–d transition of the Eu2+ ion. The
optimum Eu2+ doping concentration is 4 mol%. The con-
centration quenching is made evident by the change from
exponential to nonexponential decays of the Eu2+ d–f tran-
sition emission with increasing doping concentration. The
study of decay curves indicates that the electronic mecha-
nism of energy transfer is a dipole–dipole interaction be-
tween Eu2+ ions. The emission intensity decreases with
temperature increasing, and the emission intensity at 150°C
remains at 55% of that at room temperature. Because the PL
excitation of Li4SrCa(SiO4)2:Eu2+ phosphors matches well
with the emission of an n-UV chip, Li4SrCa(SiO4)2:Eu2+
phosphor is a promising blue component for n-UV excited
solid-state lighting.

Acknowledgements This work was supported by the Pukyong Na-
tional University Research Fund in 2009 (PK-2009-24). This work was
also supported by the Scientific Research Foundation for Advanced
Talents of Central South University of Forestry and Technology, under
Grant No. 07Y023.

References

1. S. Chawla, N. Kumar, H. Chander, J. Lumin. 129, 114 (2009)
2. R. Zheng, J. Light Vis. Environ. 32, 230 (2008)



284 X.M. Zhang et al.

3. K. Inoue, N. Hirosaki, R.J. Xie, T. Takeda, J. Phys. Chem. C 113,
9392 (2009)

4. K. Yamada, Y. Imai, K. Ishii, J. Light Vis. Environ. 27, 70 (2003)
5. X.M. Zhang, H. Chen, W.J. Ding, H. Wu, J.S. Kim, J. Am. Ceram.

Soc. 92, 429 (2009)
6. H. Sakuta, T. Fukui, T. Miyachi, K. Kamon, H. Hayashi, N. Naka-

mura, Y. Uchida, S. Kurai, T. Taguchi, J. Light Vis. Environ. 32,
39 (2008)

7. S. Shionoya, W.M. Yen, Phosphor Handbook (CRC, Berlin,
1999)

8. A. Akella, D.A. Keszler, Inorg. Chem. 34, 1308 (1995)
9. C. Kulshreshtha, A.K. Sharma, K.S. Sohn, J. Electrochem. Soc.

156, J52 (2009)
10. C. Kulshreshtha, N. Shin, K.S. Sohn, Electrochem. Solid-State

Lett. 12, J55 (2009)
11. X.L. Zhang, H. He, Z.S. Li, T. Yu, Z.G. Zou, J. Lumin. 128, 1876

(2008)
12. H. He, R.L. Fu, H. Wang, X.F. Song, Z.W. Pan, X.R. Zhao, X.L.

Zhang, Y.G. Cao, J. Mater. Res. 23, 3288 (2008)
13. K. Toda, Y. Kawakami, S. Kousaka, Y. Ito, A. Komeno, K. Ue-

matsu, M. Sato, IEICE Trans. Electron. E 89, 1406 (2006)
14. M.P. Saradhi, U.V. Varadaraju, Chem. Mater. 18, 5267 (2006)

15. J. Liu, H.Y. Sun, C.S. Shi, Mater. Lett. 60, 2830 (2006)
16. B. Haferkorn, G. Meyer, Z. Anorg. Allg. Chem. 624, 1079 (1998)
17. M. Hirayama, N. Sonoyama, A. Yamada, R. Kanno, J. Solid State

Chem. 182, 730 (2009)
18. P. Dorenbos, J. Lumin. 104, 239 (2003)
19. G. Blasse, J. Solid State Chem. 27, 3 (1979)
20. K.B. Eisenthal, S. Siegel, J. Chem. Phys. 41, 652 (1964)
21. M. Inokuti, F. Hirayama, J. Chem. Phys. 43, 1978 (1965)
22. M. Yokota, O. Tanimoto, J. Phys. Soc. Jpn. 22, 779 (1967)
23. A.I. Burshtein, Sov. J. Exp. Theor. Phys. 35, 882 (1972)
24. J.S. Kim, Y.H. Park, S.M. Kim, J.C. Choi, H.L. Park, Solid State

Commun. 133, 445 (2005)
25. R.J. Xie, N. Hirosaki, N. Kimura, K. Sakuma, M. Mitomo, Appl.

Phys. Lett. 90, 191101 (2007)
26. W.J. Ding, J. Wang, M. Zhang, Q.H. Zhang, Q. Su, Chem. Phys.

Lett. 435, 301 (2007)
27. Y.Q. Li, H.T. Hintzen, J. Light Vis. Environ. 32, 129 (2008)
28. J. Liu, Z. Wu, M. Gong, Appl. Phys. B, Lasers Opt. 93, 583 (2008)
29. C.C. Lin, R.S. Liu, Y.S. Tang, S.F. Hu, J. Electrochem. Soc. 155,

J248 (2008)


	Photoluminescence properties of blue-emitting Li4SrCa(SiO4)2:Eu2+ phosphor for solid-state lighting
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


