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In this work, we present the fabrication of chalcogenide photonic crystal fibres (PCFs) with a solid core for three different 
glass composition containing a variety of chalcogens. We show that the Stack and Draw technique currently used for silica 
PCFs can be problematic in the case of chalcogenides glasses. We prove that excess losses are related to the interface between 
the capillaries. We also present correct PCF design enables a significant improvement of final fibre losses. We obtained a 
lowest attenuation of 3 dB/m at 1.55 μm, of 4.5 dB/m at 3.39 μm and 6 dB/m at 9,3 μm.
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1. Introduction
Chalcogenides glasses are based on chalcogen elements 

(Sulphur, Selenium and Tellurium) and other additive elements 
such as Arsenic, Germanium, Antimony, or Gallium. Compared 
to silica glass, they offer several distinctive optical properties:, 
their transmission window extends far in the infrared spectral 
region over the spectral range 0.5–1 μm to 12–18 μm; they 
exhibit a high level of third order non linear optical susceptibility 
χ (3),1)–4) which can be two or three orders of magnitude greater 
than that of silica at 1.55 μm. These properties enable the reali-
sation of a great number of optical devices based on chalco-
genide glass fibres. In terms of passive optical functions, laser 
power transmission,5),6) optical sensing,7) spatial filtering8) and 
imaging9) have already been demonstrated with these fibres. The 
large non linearity in these fibres gives rise to extremely strong 
Kerr, Raman or Brillouin effects.10)–13) These effects have been 
successfully used for the generation of active optical functions 
such as optical signal regeneration, wavelength conversion,14)

switching15) and optical limiting.16) Furthermore, several chalco-
genide glasses offer the possibility of relatively high concen-
tration rare earth doping for amplification and lasing opera-
tions.17)

For many applications, the single mode guiding regime is 
required. The most common single mode fibres are in a core-clad 
step index configuration. They are realised in general using the 
reliable double crucible process.18) These fibres have been widely 
used to study optical functions by many research teams. Another 
kind of fibre offering the possibility of single mode operation is 
the solid core photonic crystals fibre (PCF).19) These fibres 
exhibit several interesting properties such as endlessly single 

mode operation, widely tuneable chromatic dispersion, single 
mode guiding with a large or small effective area. They consist 
of a periodic lattice of holes arranged around a solid core that run 
along the fibre length. The distance between hole centres, Λ, the 
hole diameter d, the number of rings Nr and the index of refrac-
tion n, are the main parameters affecting PCF properties. The 
most common fabrication method is the “Stack and Draw” 
method that has proven reliable for silica glass for more than a 
decade.

Recently, chalcogenides PCFs have been fabricated using this 
technique.20)–22) They present important potential for most of the 
applications note above. One subject of particular interest is the 
generation of non linear effects in the infrared region by com-
bining the large chalcogenide non linearity with a small guiding 
mode propagating in PCF. The generation of a spectrally broad-
band source has already been demonstrated using these fibres.23)

However, the guiding losses of chalcogenide PCFs are still too 
high to realize efficient optical function. They can be two or three 
order larger than the intrinsic chalcogenides material losses.

In this paper, our investigations deal with three compositions 
of glasses containing various chalcogens (S, Se and Te). We 
report PCFs transmission measurements from these three glasses 
compositions and show that the “Stack & Draw” technique can 
be problematic in the case of these glasses. We indicate the origin 
of the main loss generating mechanism and present a correct 
design which enables a significant improvement of final PCF 
losses.

This paper is divided into five sections. Section two is con-
cerned with chalcogenide glass fabrication, including a descrip-
tion of the glass synthesis process. Optical transmission curves 
from three compositions are presented. In section three, we 
describe the PCF fabrication and show their cross section with 
an original design. Transmission values are given for different 
wavelengths. Section four discusses of the origin of losses and 
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why a specific design improves the transmission.

2. Fabrication of chalcogenides glasses
Chalcogenides glasses are based on Sulphur, Selenium, Tellu-

rium and the addition of other elements such as arsenic, germa-
nium, antimony, gallium, etc. In our work, we are interested in 
three compositions including the three chalcogen elements: 
Ge15Sb20S65 (GeSbS), As40Se60 (AsSe) and Te20As30Se50 (TAS). 
They have been chosen for their great stability against crystalli-
sation effect. Their principal optical and thermal properties are 
given in Table 1.

The high purity raw materials (5N) used for glass fabrication 
were placed in a silica tube and pumped under vacuum (10–5 

mbar). A preliminary thermal treatment under vacuum is neces-
sary to remove some residual pollutants present in the raw 
materials. Water is removed by heating sulphur at 120°C and 
oxides are removed by heating As and Se respectively at 290°C 
and 240°C.

After sealing, the silica tube was progressively heated to 
around 800°C or 900°C during 12 h in a rocking furnace. The 
batch was then quenched in water and the glass was annealed at 
the glass transition temperature Tg. At this process stage, some 
static and dynamical distillation under vacuum has to be done to 
obtain high purity glass. Solid particles such as carbon can be 
removed by static distillation. Dynamical distillation enables the 
removal of bubbles and volatile compounds such as C-S, water 
and hydrocarbons. The batch was then placed once again in a 
rocking furnace, quenched and annealed as during the first pro-
cess stage. The rod sizes obtained were typically 12 mm* 12 cm. 
One part of them was then drawn down to 400 μm single index 
fibre (another part was used to make capillaries tube). These 
single index fibres were used to determine intrinsic glass losses 
via the cutback method using a FTIR setup. Figure 1 show the 
attenuation curves of the three chalcogenides glasses studied. 
Table 2 gives the attenuation for different wavelength. For GeSbS 
glass, the lowest attenuation is 0.2 dB/m at 5.2 μm while it is 1,3 
dB/m at 7 μm for TAS glass and it is 0.3 dB/m at 4 μm for AsSe 
glass. One can observe specific absorption bands at 4.1 μm and 
4.5 μm. They are respectively due to S-H and Se-H bonds. With-           out purification, their intensity can reach more than 50 dB/m.

3. Chalcogenide photonics crystals fibre fabrication 
and transmission measurements

Chalcogenides glass tubes of 12 mm outside diameter, 5 mm 
inside diameter and 12 cm length were obtained by a centri-
fugation technique. Chalcogenide glass placed in a sealed silica 
ampoule was heated to liquid temperature (typically 700°C). The 
melt was then spun at around 3000 rpm at ambient temperature 
during several minutes. After few minutes the vitrified tubes 
were formed.

One of these tubes was drawn down to obtain capillaries of 
around 600 μm outside diameter. These were then stacked in a 
hexagonal lattice around a central rod of identical diameter and 
placed in a larger jacket tube. The fibre pre-form was realised by 
applying a depression to perfectly collapse the jacket tube around 
the microstructure via a descent of a few mm/min in the furnace 
of the drawing tower. An important point is to adjust parameters 
of depression and furnace temperature in order to prevent the 
collapse of capillaries holes and interstitials holes between cap-
illaries. Three pre-forms were been realized, each of them corre-
sponding to one of the glass composition studied.

During the fibre drawing process, two independent variable He 
gas pressure (or depression) systems were used. One of them 
maintained pressure inside capillaries holes to prevent their col-        

Table 1. Optical and Thermal Properties of the GaSbS; TeAsSe and 
AsSe Glasses

Glass
composition

(mol%)

Glass transition
temperature,

Tg (°C)

Drawing
Temperature

(°C)

Refractive
index at 
1,55 μm

Refractive
index at
3.39 μm

Refractive
index at
9.3 μm

Ge15Sb20S65

(GeSbS)
250 360 2.30 – –

As40Se60

(AsSe)
185 320 2.83 2.78 –

Te20As30Se50

(TAS)
137 250 – 2.93 2.90

Table 2. Chalcogenide Material and PCF Optical Losses

Glass Wavelength
(μm)

Material losses
(dB/m)

PCFs optical losses
(dB/m) Interstitials

holes collapsed

PCFs optical losses
Interstitials

holes opened

Ge15Sb20S65

(GeSbS)
1.55 
3.39

 0.5+/–0.2 
 0.6+/–0.2

> 20 
> 20

  3+/–0.25 
4.5+/–0.25

As40Se60

(AsSe)
1.55 1.05+/–0.2 > 20   5+/–0.5

Te20As30Se50

(TAS)
3.39 
9.3

 2.5+/–0.2 
 1.5+/–0.2

> 20 
> 20

  9+/–0.5 
  6+/–0.5

Fig. 1. Attenuation curve of single index GeSbS, AsSe and TeASSe 
fibres.

Fig. 2. Cross section of GeSbS photonic crystal fibre: interstitials holes 
collapsed. Attenuation at 1,55 and 3,39 μm > 20 dB/m.
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lapse. The other was applied alternatively in a negative or posi-
tive pressure regime inside the interstitial holes. The goal was to 
obtain sections with open or closed interstitial holes and compare 
transmission properties. For the three preforms, sections of sev-
eral meters with interstitials holes collapsed were firstly drawn 
and secondly section with interstitials holes opened.

Figure 2 shows SEM pictures of the central region of a three 
rings GeSbS PCF where interstitial holes were collapsed under 
about 100 mbar of depression while 20 mbar of positive pressure 
was used in maintaining in capillaries holes. The distance 
between the hole centers is Λ = 13.25 μm and the hole diameter 
d is 4.19 μm. Two further three rings AsSe and TAS PCFs (not 
presented here) with interstitials holes either opened or closed 
were realised with conditions of pressure and depression close to 
the same parameters mentioned above. Figures 3 represent the 
PCF cross sections of the three chalcogenide glasses studied with 
a positive pressure (about 10 mbar) applied to open the intersti-
tials holes. The interstitial holes have a triangular form: we 
define r as the base of an equilateral triangle having an area equal 
to the area measured by numerical imaging software. Table 3
gives, for the three PCFs, the average of the geometrical param-
eters, Λ, d and r taken in the first central ring of holes.

These fibres exhibit single mode operation behaviour for sec-
tion longer than 20 cm. The output mode profiles were imaged 
onto infrared cameras using a near field technique for the wave-
lengths indicated in Table 2. For all sections, the output profiles 
were accurately fitted with a Gaussian function indicating single 
mode behaviour. Moreover, by changing injection conditions, no 
higher order modes were observed. As can be seen in reference,22)

the high refractive index of chalcogenide glass ensures a much 
stronger confinement than that of silica. Consequently, fewer 
rings of holes are needed to obtain the same guiding losses. For 
the d/Λ values given Table 3, three rings of holes ensure guiding 
losses below the intrinsic material losses given in Table 2.

The attenuation coefficient of both the section with collapsed 
interstitial holes and the section with opened interstitial holes 
was then measured for different wavelengths using the cut back 

method. Sources used for 1.5 μm, 3.39 μm and 9.3 μm are 
respectively a laser diode connected to a single mode fibre, a CW 
HeNe laser and a CW CO2 laser. Detectors used for 1.5 μm, 3.39 
μm and 9.3 μm are respectively a photodiode, a non cooled pre-
amplified InSb photodiode and a nitrogen-cooled mercury cad-
mium telluride (MCT) detector. An indium coating was applied 
to the fibres to remove cladding modes. Results of attenuation 
measurement are given in Table 2. When the interstitials holes 
are collapsed, the losses are greater than 20 dB/m for all the 
fibres for each wavelength measured. When the interstitials holes 
are opened, the transmission is significantly improved. For the 
GeSbS PCF, the attenuation coefficient is 3 dB/m at 1.55 μm and 
4.5 dB/m at 3.39 μm. For the AsSe PCF, the loss is 5 dB/m at 1.55 
μm and for TAS, it is 9 dB/m at 3.39 μm and 6 dB/m at 9.3 μm.

4. Discussion
Compared to the intrinsic material losses, the transmission 

measurements show an excess loss of around 20 dB/m for PCF 
sections with no interstitial holes. However, when the interstitials 
holes are present, excess losses is reduced to a few dB/m for the 
three compositions of chalcogenide glass studied. These results 
indicate that the excess losses are related to the interface between 
the capillaries. To validate this assumption, we applied 100 mbar 
of negative pressure to the interstitials holes during the jacketing 
operation for the GeSbS glass. This value of pressure is enough 
to perfectly collapse the jacket tube on the microstructure and to 
partially collapse the interstitials holes. One of the advantages of 
this glass is its transparency in the visible spectral region. A sec-
tion of several mms thickness of this perform was then observed 
using an optical microscope. Figure 4 shows a superposition of 
several pictures of the centre of the GeSbS pre-form. A great 
number of bubbles appear at the capillary interfaces causing sig-
nificant scattering loss. We believe that the higher the level of 
negative pressure for a given temperature the higher the number 
of bubbles which are present. On the other hand, we observe a 
colour contrast at the capillary interfaces that suggests a change 
in the refractive index leading to excess loss. At the present time, 
we do not know the precise nature of this contrast. It may be 
crystals, very small bubbles or volatile material deposition. We 
think the same drawbacks happen for the AsSe and TAS glasses. 
For these two glasses, any observation of the bubbles and index 
contrast at interfaces in visible spectral region is not possible due 
to the electronic edge absorption. However, the transmission 
behaviour is the same for the three compositions glasses studied 
when the interstitials holes are opened or closed.

The reduction in loss when the interstitial holes are opened is 
explained by a reduction in the surface area of direct contact 
between capillaries and in the reduction of the overlap between         

Fig. 3. Cross sections of chalcogenides photonic crystals fibers ((a) GaSbS, (b) AsSe, (c) TAS): interstitials holes opened.

Table 3. Photonic Crystal Fibre Parameters

Glass Λ (μm) d (μm) d/Λ r (μm)

Ge15Sb20S65

(GeSbS)
13.25+/–0.1 4.19+/–0.05 0.316 3.6

As40Se60

(AsSe)
13.35+/–0.1 5.85+/–0.05 0.438 3.55

Te20As30Se50

(TAS)
13.77+/–0.1 6.14+/–0.05 0.446 2.92
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the electric field and the region of the glass interface (the inter-
stitial holes provide supplementary optical confinement). The 
guided mode therefore encounters a smaller area of glass-glass 
interface with a consequential reduction in scattering loss. As 
can be seen from Table 2, the fibre losses are still a few dB/m 
greater than the intrinsic material losses because a small fraction 
of the electric field overlaps the glass interfaces. Numerical mod-
elling would allow an optimised PCF design to minimize this 
overlapping.

5. Conclusion
We have realized photonic crystal fibres with three different 

compositions of chalcogenide (GeSbS, AsSe and TAS) glass. 
The “Stack and Draw” technique was used to make the fibre pre-
forms. Using a differential pressurisation technique during the 
fibre drawing process, we have shown that the presence of inter-
stitials holes greatly improves the transmission of chalcogenide 
glasses PCFs. For the GeSbS and AsSe PCFs, the best transmis-
sion was respectively 3 dB/m and 5 dB/m at 1.55 μm. For the 
TeAsSe PCF, the best transmission was 6 dB/m at 9.3 μm. How-
ever, when the interstitials holes were collapsed, the transmission 
of all the PCFs was greater than 20 dB/m. We have demonstrated 
that excess losses are related to the glass interface region. On a 
GeSbS perform cross-section of a few mm, we observed the 
presence of a great number of bubbles and an induced refractive 
index variation at the glass interface region causing significant 
scattering losses. Parameters of temperature and depression have 
a significant influence on formation of theses bubbles.

Further work will involve detailed investigation of this inter-
face problem. Firstly, we think the applied depression and draw 
temperature could be adjusted to limit bubble formation. Sec-
ondly, calculations could help to diminish the overlap between 
the electric field and the interface glass region.

Acknowledgements This work was financially supported by 
the Agence Nationale pour la Recherche (FUTUR project) and the 
Délégation Générale pour l’Armement (grant N°0734031004707565).

References
1) F. Smektala, C. Quemard, V. Couderc and A. Barthélémy, J. 

Non-Cryst. Solids, 274, 232–237 (2000).
2) G. Boudebs, F. Sanchez, J. Troles and F. Smektala, Opt. 

Comm., 199, 425–433 (2001).
3) M. Asobe, T. Kanamori, K. Naganuma, H. Itoh and T. Kaino, 

J. Appl. Phys., 77, 5518 (1995).
4) H. Nasu, K. Kubodera, H. Kobayashi, M. Nakamura and K. 

Kamiya, J. Am. Ceram. Soc., 4, 1794 (1990).
5) T. Arai, M. Kikuchi, M. Saito and M. Takizawa, J. Appl. 

Phys., 63, 4359 (1988).
6) E. Papagiakoumou, D. N. Papadopoulos and A. A. Serafetinides, 

Opt. Comm., 276, 80–86 (2007).
7) K. Michel, B. Bureau, C. Boussard-Plédel, T. Jouan, J. L. 

Adam, K. Staubmann and T. Baumann, Sens. Act. B, 101, 
252–254 (2004).

8) P. Houizot, C. Boussard-Plédel, A. J. Faber, L. K. Cheng, B. 
Bureau, P. A. Van Nijnatten, W. L. M. Gielesen, J. Pereiro do 
Carmo and J. Lucas, Opt. Exp., 19, 12529–12538 (2007).

9) J. S. Sanghera, L. B. Shaw and I. D. Aggarwal, Comptes 
rendus Chimie, 5, 873–883 (2002).

10) R. E. Slusher, G. Lenz, J. Hodelin, J. Sanghera, L. B. Shaw 
and I. D. Aggarwal, J. Opt. Soc. Am. B, 21, 1146–1155 (2004).

11) K. S. Abedin, Opt. Lett., 31, 1615–1617 (2006).
12) L. B. Fu, M. Rochette, V. G. Ta’eed, D. J. Moss and B. J. 

Eggleton, Opt. Express, 13, 7637–7644 (2005).
13) D. P. Wei, T. V. Galstian, I. V. Smolnikov, V. G. Plotnichenko 

and A. Zohrabyan, Opt. Express, 13, 2439–2443 (2005).
14) V. G. Ta’eed, M. R. E. Lamont, D. J. Moss, B. J. Eggleton, D. 

Y. Choi, S. Madden and B. Luther-Davies, Opt. Express, 14, 
11242–11247 (2006).

15) M. Asobe, T. Ohara, I. Yokohama and T. Kaino, Electron. 
Lett., 32, 1396 (1996).

16) J. Troles, F. Smektala, G. Boudebs, A. Monteil, B. Bureau and 
J. Lucas, Opt. Mat., 25, 231–237 (2004).

17) M. F. Churbanov, I. V. Scripachev, V. S. Shiryaev, V. G. 
Plotnichenko, S. V. Smetanin, E. B. Kryukova, Y. N. Pyrkov and 
B. I. Glagan, J. Non-Cryst. Solids, 326&327, 301–305 (2003).

18) J. Kobelke, J. Kirshof, M. Scheffer and A. Schwuchov, J. Non-
Cryst. Solids, 255&256, 226–231 (1999).

19) T. A. Birks, J. C. Knight and P. St. J. Russel, Opt. Lett., 22, 
961–963 (1997).

20) T. M. Monro, Y. D. West, D. W. Hewak, N. G. R. Broderick 
and D. J. Richardson, Electron. Lett., 36, 1998–2000 (2000).

21) J. Le Person, F. Smektala, L. brilland, T. Chartier, T. Jouan, J. 
Troles and D. Bosc, Mat. Res. Bull., 41, 1303–1309 (2006).

22) L. Brilland, F. Smektala, G. Renversez, T. Chartier, J. Troles, 
T. N. Nguyen, N. Traynor and A. Monteville, Opt. Express, 
14, 1280–1285 (2006).

23) L. B. Shaw, P. A. Thielen, F. H. Kunk, V. Q. Nguyen, J. S. 
Sanghera and I. D. Aggarwal, Advanced Solid State Photonics, 
98 OSA proceedings, 864–868 (2005).

Fig. 4. Cross section of GeSbS preform: Interface problems.

Laurent Brilland was born in 1971. He received the Ph D degree in physics in 2000. In the years 
1998-2002, he worked on the processing of writing Bragg Gratings on optical fiber at the research 
department of Highwave Optical Technologies. He has developed solutions to produce gain flatten-
ing filters. Since 2004, he joined PERFOS where he is currently working on the realization of chal-
cogenide microstructured fibers. He has strong research links with colleagues of the Equipe Verres 
and Ceramiques from Rennes.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50444
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [596.000 795.000]
>> setpagedevice




