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Photonic crystal fibres (PCF) can provide the high confinement needed to enable nonlinear optical
processes to be studied in silicate fibre over short lengths without the need for large pulse ener-
gies. Additionally, the capillary stacking technique for PCF fabrication lends itself to the design
of multiple core fibres and this capability has triggered much work into the properties of dual
core PCF. In this paper, the effect of the dual core interaction on the nonlinear wavelength
conversion is studied using a femtosecond oscillator in the near IR range. Effective supercontinuum
generation in the range 1300–1700 nm is achieved in the anomalous dispersion regime. 
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1. Introduction

Photonic crystal fibres (PCF) are well known to provide the high confinement needed
to enable nonlinear optical processes to be studied in silicate fibre over short lengths
without the need for large pulse energies [1].

Pure silica based PCFs offer low attenuation over a large wavelength range and
have been shown to be the perfect medium for various fibre sensors [2, 3] and active
optoelectronic devices based on liquid crystals [4] as well as a very good medium for
the study of nonlinear supercontinuum effects due to their very high confinement and
long interaction length [5]. 

PCFs made of soft glasses cannot compete with pure silica PCFs in terms of optical
attenuation, but they offer a much broader transmission window in the infrared [6],
a higher refractive index and a much higher nonlinear refractive index [7]. As a conse-
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quence, mid-IR supercontinuum generation is possible in PCFs made of tellurite, heavy
metal oxide and chalcogenide glasses [8–10].

The stack and draw technique for PCF fabrication lends itself to the design of
complex structures such as fibres with nanostructured cores [11] as well as multiple
core fibres [12–15]. This capability has triggered much work into the properties of
dual core PCF for applications in nonlinear switching, frequency conversion and gain
flattening [12, 13]. 

Multi-frequency generation in dual core fibres was initially described in [12] and
the first prediction of the distinct advantages of multi-core PCF over single core in
the context of nonlinear frequency conversion was given by BUGAR et al. [14] and
further developed in [15]. The observed nonlinear properties were due to the complex
nonlinear intermixing processes taking place in the dual core PCFs leading to an en-
hancement in the spectral content of the generated supercontinuum and opening new
ways to control supercontinuum generation (SG). A drawback of this solution is
the lower beam quality, which could potentially be an issue when coupling to standard
single mode fibres.

In this paper, we study the effect of the dual core interaction on the nonlinear
wavelength conversion using a femtosecond oscillator operating at 800 nm and
an femtosecond OPA system operating at 1300 nm. The effects of core coupling and
polarisation are investigated. This paper is a complementary study of the fibre
presented previously in [15], where we focused on operation within the visible and
near infrared ranges up to 1200 nm.

2. Modelling and development of dual core photonic crystal fibre

A two glass dual core PCF was fabricated using the stack and draw technique.
The photonic structure of the cladding was made of the borosilicate soft glass NC21,
developed in-house at ITME, whereas the cores were made from the commercially
available F2 glass from Schott Corp. The fibre consists of three rings of holes arranged
around the dual core. The material properties of NC21 glass are: refractive index
nD = 1.518, density ρ = 2.50 g/cm3, coefficient of thermal expansion α20–300 =
= 82×10–7 K–1, glass transition temperature Tg = 500 °C and dilatometric softening
point DTM = 545 °C. The oxide composition, transmission and viscosity properties
of NC21 glass are shown in [14]. The nonlinear refractive index of the silicate glass
NC21 is very close to that of pure silica [7]. The main advantage of NC21 is its excellent
rheological properties and very good performance at low temperatures that allows
the preparation of complex fibre structures. Since it is thermally matched to the high
index F2 glass, dual glass fibres can be successfully developed with greatly reduced
internal stresses. 

As can be seen in the SEM images (Fig. 1), the core shapes are non-circular and
of different sizes. The major and minor axes of the cores are 3.04 μm and 1.92 μm for
the small core, and 2.42 μm and 1.78 μm for large core. The central air hole between
the cores has a diameter of 1.69 μm. The cores were fabricated with different sizes to
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create dissimilar dispersion curves for four components of the fundamental mode.
The lattice pitch Λ in the fibre was 2.29 μm while the filling factor d /Λ in the photonic
cladding equalled 0.91. The overall diameter of the photonic structure was 21.33 μm. 

The modal and dispersion properties as well as the effective mode areas of the fibre
were calculated with a finite difference method based on the real structure taking into
account the dispersion of the bulk glass by means of Sellmeier coefficients.

The fundamental mode of the dual core PCF is composed of four components that
differ in electrical field symmetry (even and odd) and in polarization (along main axis). 

The calculated phase birefringence is B = 0.2×10–3 and B = 0.7×10–3 for both pairs
of components with a similar type of symmetry in the electrical field. The calculated
effective mode area for every component of fundamental mode was 6.3 μm2. The zero
dispersion wavelength (ZDW) was calculated to be 1.22, 1.37, 1.38 and 1.51 μm for
the four components of the fundamental mode (Fig. 2). The obtained dispersion does
not allow the use of a femtosecond Ti:sapphire oscillator in the range of 750–900 nm
to pump in the anomalous dispersion region as was shown in our previous paper [15].

Fig. 1. SEM micrographs of the dual core photonic crystal fibre: photonic structure of the fibre (a); core
area of the fibre (b). Light grey indicates area made of  F2 lead-silicate glass, while dark grey area indicates
an area made of low index NC21 borosilicate glass. Cores are intentionally different in size.

a b

Fig. 2. Dispersion characteristics for the four components of the fundamental mode of the dual core
photonic crystal fibre.
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3. Near infrared transmission properties
The linear transmission properties of the fibre were studied in the third telecommu-
nication window. An amplified spontaneous emission (ASE) source based on erbium
doped fibre was used as a broadband source in the spectrum range 1550–1580 nm.
The following schematic (Fig. 3) depicts the setup used. A small core silica fibre
(Sumitomo HNLF Φ 3.5 μm) was used to butt-couple to the test fibre. A set of two
micropositioners with submicrometer precision allowed highly efficient coupling into
the test fibre cores and selective collection of the signal from the core area without
scattered light in the fibre cladding. A test sample 50 cm long of the dual core PCF
was used for tests.

The output modes for different launch conditions are shown in Fig. 4. The inner
cladding tube in which the capillaries are stacked during fabrication can be seen in
Figs. 4a and 4b as these structures guide the cladding modes and can act as multimode
waveguides when the input fibre is offset from the core region. When input light is
properly aligned against the test PCF all of the incident light can be effectively coupled
into both cores as shown in Fig. 4c. Energy transfer into cladding was not observed in
this case.

The transmission spectrum for both the ASE source and the light transmitted
through the PCF fibre were recorded and shown in Fig. 5. This spectrum was observed

ASE source
Splice

Small core 
fibre

Micro-
positioners

Dual core 
PCF

OSA

Small core 
fibre

Fig. 3. Schematic of setup used to study near IR transmission.

Fig. 4. Near field images of the photonic crystal fibre output under different coupling conditions at
1550 nm: light is coupled into fibre cladding (a), light is coupled into inner cladding tube in which
the capillaries are stacked during fabrication (b), light is coupled into both cores (c).

a b c
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for the case where the output from one core is collected for a single core excitation.
The spectral modulation results from a combination of the inter core and polarization
mode coupling.

Attenuation of 6.7 dB/m for the PCF was measured using cut back technique at
1550 nm. This is typical attenuation possible to achieve in PCF made of silicate glass.
It limits practical use of this type fibre up to a few tens of centimeters and determines
its application to some specific purposes as nonlinear medium.

4. Propagation of femtosecond pulses in dual core PCF

A schematic of the system used to study femtosecond pulse propagation in the dual
core fibre is given in Fig. 6. Microscope objectives with high numerical aperture
(NA = 0.65) were used to generate the spot sizes required to excite each core
separately. The linear polarisation of the optical parametric amplifier (OPA) source
was adjusted using a half-wave plate and the output spectra were recorded using
a multimode silica fibre coupled to a USB spectrometer. 

The signal output from the OPA was tuned to 1330 nm and the transmitted
spectra were recorded for a 500 nJ incident pulse energy for a 18 cm section of
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Fig. 5. Normalised ASE transmission before and after the dual core fibre (a). The modulation from inter
core coupling is shown in (b).

Fig. 6. Experimental arrangement for femtosecond pulse propagation measurements.
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Epulse = 50 μJ



80 H.T. BOOKEY et al.

the dual core PCF. The coupling efficiency was estimated to be 40%. The amount of
broadening observed was optimised by rotating the half-wave plate, since the PCF is
birefringent and the polarization components of fundamental mode possess different
dispersion characteristics. Spectra are shown for the wave plate angle producing
the largest extent of continuum and also the polarisation orthogonal to this (Fig. 7).
The dependence was found to be greater in the larger core and corresponds to the higher
birefringence present in this core.

The collated spectra are shown on a log scale in Fig. 8. At this energy and fibre
length, there appears to be little improvement in the extent of the continuum when
coupling to either the large or both cores simultaneously whereas coupling to the small
core produces significantly less broadening. This is thought to be due to a decrease in
the coupling efficiency to this smaller core in a manner similar to that observed
previously when the dual core fibre was excited at 806 nm [15]. In this case, however,
the general character of spectrum is different. We can identify several separate
peaks and a very asymmetric spectrum with respect to the pump wavelength shifted
into the longer wavelength regime. This is typical of the spectrum that might be
observed during soliton generation when the fibre is pumped in the anomalous
dispersion regime [5]. 

The generated spectrum had a bandwidth of 400 nm red shifted with respect to
the pump wavelength. However, further simulations have shown that the registered
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Fig. 7. Nonlinear spectral broadening and wavelength generation in dual core fibre for different angles
of the half-wave plate for coupling to the small (a), large (b) and both (c) cores.
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spectrum is limited to 1700 nm due to the sensitivity limit of the USB spectrometer,
not the generated spectrum (Fig. 9).

To confirm the solitonic origin of the spectral broadening we numerically
investigated SG in the dual core PCF by solving numerically a nonlinear Schroedinger
equation (NLSE) with the split step Fourier method implemented by TRAVERS et al. [16].
For this set of simulations we considered all four components of the fundamental mode
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Fig. 8. Normalised output spectra for three launch conditions with input spectrum shown for comparison.
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and introduced an optical pulse with a pump wavelength of 1330 nm, a pulse length
of 100 fs and total pulse energy 200 nJ. Three of four components of the fundamental
mode have normal dispersion at pump wavelength (Fig. 2). The obtained broadening
is symmetric and narrow since self phase modulation is the dominant nonlinear
mechanism in this case. These components are responsible for the symmetric broad-
ening of the peak related to the pump wavelength at 1330 nm. The fourth component
of the fundamental mode with ZDW = 1220 nm is responsible for the large non-sym-
metric broadening. Simulation results for this component allow the identification of
the generation of two solitons. We observe a red shift of their intensity peaks during
propagation in the fibre (Fig. 9a) and have calculated that the two main peaks lie at
1566 nm and above 1900 nm. Similar results were observed in the experimental results
when the large core was excited (Fig. 8), although the soliton peak was at 1620 nm in
this case.

The agreement between simulation and experiment is not perfect for several
reasons. Firstly, the numerical solution of the nonlinear Schroedinger equation is
performed for a single dispersion characteristic, while in the experiment all four
components with different dispersion characteristics contribute to the spectrum
generation [16]. Moreover, some additional errors are introduced by the estimation of
the nonlinear coefficient and the attenuation of the fibre as well as the peak power
of the pulse coupled into fibre’s core. The simulations do provide a qualitative
explanation of the origin of the observed spectral broadening and allow an approximate
prediction of the generated spectral bandwidth. 

5. Conclusions
The transmission properties of a dual core photonic crystal fibre fabricated with a lead
silicate glass have been studied in the near infrared range. The inter core coupling has
been confirmed by observing the transmission of a broadband source. Supercontinuum
generation in the anomalous dispersion regime is observed under illumination with
a 100 fs pulse at 1330 nm. The effects of incident polarisation on the nonlinear spectral
broadening have been introduced.

Acknowledgements – This work was supported by the Polish Ministry of Science and Higher Education
research grants R0204302 and NN515523738. HTB is supported by a Royal Society of Edinburgh Scottish
Government Personal Research Fellowship.

References
[1] BJARKLEV A., BROENG J., BJARKLEV A.S., Photonic Crystal Fibres, Principles of Optics, 1st Edition,

Kluwer Academic, Dordrecht, 2003.
[2] SZCZUROWSKI M.K., MARTYNKIEN T., STATKIEWICZ-BARABACH G., URBANCZYK W., WEBB D.J., Mea-

surements of polarimetric sensitivity to hydrostatic pressure, strain and temperature in birefringent
dual-core microstructured polymer fiber, Optics Express 18(12), 2010, pp. 12076–12087.

[3] SKOROBOGATIY M., Microstructured and Photonic Bandgap fibers for applications in the resonant
bio- and chemical sensors, Journal of Sensors 2009, article 524237.



Near infrared transmission... 83

[4] WOLINSKI T.R., ERTMAN S., CZAPLA A., LESIAK P., NOWECKA K., DOMANSKI A.W., NOWINOWSKI-
-KRUSZELNICKI E., DABROWSKI R., WOJCIK J., Polarization effects in photonic liquid crystal fibers,
Measurement Science and Technology 18(10), 2007, pp. 3061–3069.

[5] DUDLEY J.M., GENTY G., COEN S., Supercontinuum generation in photonic crystal fiber, Reviews of
Modern Physics 78(4), 2006, pp. 1135–1184.

[6] STEPIEN R., BUCZYNSKI R., PYSZ D., KUJAWA I., FILIPKOWSKI A., MIRKOWSKA M., DIDUSZKO R.,
Development of thermally stable tellurite glasses designed for fabrication of microstructured optical
fibers, Journal of Non-Crystalline Solids 357(3), 2011, pp. 873–883.

[7] LORENC D., ARANYOSIOVA M., BUCZYNSKI R., STEPIEN R., BUGAR I., VINCZE A., VELIC D., Nonlinear
refractive index of multicomponent glasses designed for fabrication of photonic crystal fibers,
Applied Physics B 93(2–3), 2008, pp. 531–538. 

[8] DOMACHUK P., WOLCHOVER N.A., CRONIN-GOLOMB M., WANG A., GEORGE A.K., CORDEIRO C.M.B.,
KNIGHT J.C., OMENETTO F.G., Over 4000 nm bandwidth of mid-IR supercontinuum generation
in sub-centimeter segments of highly nonlinear tellurite PCFs, Optics Express 16(10), 2008,
pp. 7161–7168.

[9] BUCZYNSKI R, BOOKEY H.T., PYSZ D., STEPIEN R., KUJAWA I., MCCARTHY J.E., WADDIE A.J.,
KAR A.K., TAGHIZADEH M.R., Supercontinuum generation up to 2.5 μm in photonic crystal fiber
made of lead-bismuth-gallate glass, Laser Physics Letters 7(9), 2010, pp. 666–672.

[10] FATOME J., KIBLER B., EL-AMRAOUI M., JULES J.-C., GADRET G., DESEVEDAVY F., SMEKTALA F.,
Mid-infrared extension of supercontinuum in chalcogenide suspended core fibre through soliton
gas pumping, Electronics Letters 47(6), 2011, pp. 398–400.

[11] BUCZYNSKI R., PYSZ D., STEPIEN R., KASZTELANIC R., KUJAWA I., FRANCZYK M., FILIPKOWSKI A.,
WADDIE A.J., TAGHIZADEH M.R., Dispersion management in nonlinear photonic crystal fibres
with nanostructured core, Journal of the European Optical Society – Rapid Publications 6, 2011,
article 11038.

[12] BETLEJ A., SUNTSOV S., MAKRIS K.G., JANKOVIC L., CHRISTODOULIDES D.N., STEGEMAN G.I., FINI J.,
BISE R.T., DIGIOVANNI D.J., All-optical switching and multifrequency generation in a dual-core
photonic crystal fiber, Optics Letters 31(10), 2006, pp. 1480–1482.

[13] KHAN K.R., WU T.X., CHRISTODOULIDES D.N., STEGEMAN G.I., Soliton switching and multi-fre-
quency generation in a nonlinear photonic crystal fiber coupler, Optics Express 16(13), 2008,
pp. 9417–9428.

[14] BUGAR I., FEDOTOV I.V., FEDOTOV A.B., KOYS M., BUCZYNSKI R., PYSZ D., CHLPIK J., UHEREK F.,
ZHELTIKOV A.M., Polarization-controlled dispersive wave redirection in dual-core photonic crystal
fiber, Laser Physics 18(12), 2008, pp. 1420–1428.

[15] BUCZYNSKI R., PYSZ D., MARTYNKIEN T., LORENC D., KUJAWA I., NASILOWSKI T., BERGHMANS F.,
THIENPONT H., STEPIEN R., Ultra flat supercontinuum generation in silicate dual core
microstructured fiber, Laser Physics Letters 6(8), 2009, pp. 575–581.

[16] TRAVERS J.C., FROSZ M.H., DUDLEY J.M., Nonlinear fibre optics overview, [In] Supercontinuum
Generation in Optical Fibers, [Eds.] Dudley J.M., Taylor J.R., 1st Edition, Cambridge University
Press, 2010.

Received September 28, 2011
in revised form December 1, 2011



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




