
Open Access

Dispersion Engineering in Single-Polarization
Single-Mode Photonic Crystal Fibers for a
Nearly Zero Flattened Profile
Volume 9, Number 5, October 2017

Dunke Lu
Xiaohang Li
Guohui Zeng
Jin Liu

DOI: 10.1109/JPHOT.2017.2740951
1943-0655 © 2017 IEEE



IEEE Photonics Journal Dispersion Engineering in Single-Polarization

Dispersion Engineering in
Single-Polarization Single-Mode Photonic

Crystal Fibers for a Nearly Zero
Flattened Profile

Dunke Lu, Xiaohang Li, Guohui Zeng, and Jin Liu

School of Electronic and Electrical Engineering, Shanghai University of Engineering
Science, Shanghai 201620, China

DOI:10.1109/JPHOT.2017.2740951
1943-0655 C© 2017 IEEE. Translations and content mining are permitted for academic research only.

Personal use is also permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

Manuscript received March 22, 2017; revised August 11, 2017; accepted August 14, 2017. Date of
publication August 21, 2017; date of current version August 29, 2017. Corresponding author: Dunke
Lu (e-mail: ludunke@163.com).

Abstract: We propose a systematic solution to the problem on dispersion engineering
in single-polarization single-mode (SPSM) photonic crystal fibers (PCFs) for a nearly zero
flattened profile. Based on dispersion-approximating and -normalizing methods as well as a
clever engineering strategy, we have succeeded in a design of SPSM PCF with nearly zero
flattened dispersion 0.82 ± 0.30 ps/nm/km over a broad band of 1.12 ∼ 1.51 μm. Moreover,
such a fiber presents a very low confinement-loss level, which is less than 0.001 dB/km over
the operation band.

Index Terms: Photonic crystal fibers, nearly zero flattened dispersion, single-polarization
single mode, normalized disperson.

1. Introduction
Single-Polarization single-mode (SPSM) fibers support only one linearly polarized fundamental
mode over a certain wavelength band, thus are free of the adverse crosstalk effect. Already these
fibers have found important applications in optical systems, e.g., optical gyroscopes [1], [2] , fiber
lasers with single-polarization output [3]–[5], Band-rejection filtering [6], polarization splitters [7], [8],
and so on. In recent years, photonic crystal fibers (PCFs) as novel mediums are preferred to achieve
broadband SPSM guidance [9]–[15], since their high index contrast between silica and air account
for an appreciably high birefringence. Moreover, PCFs are generally composed of homogenous
constituent (except for air), ensuring a more stable nature against temperature variation and stress
imposition.

To date, controlling of chromatic dispersion for SPSM PCFs is still an ongoing challenge, imposing
application restrictions in coherent communication systems as well as some nonlinear fields. It is
well known that, flattening the dispersion in PCFs involves adjustments of structural parameters
[16]–[25], including the lattice pitch and air-hole diameters. Nevertheless, varying these parameters
is bound to shift the SPSM band, making troubles in dispersion flattening for such fibers. Although
for the design in [15] we have observed a flattened dispersion profile by chance, but it is not broad
as well as not close to zero. Since two airholes in the left and right side of the fiber core is not fixed
for purpose of broadband SPSM operation, their variations will influence both the SPSM range
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Fig. 1. (a) The cross-sectional schematic of the proposed SPSM PCF; (b) The equivalent refractive
index profile of the fiber cross section.

and dispersion behaviour simultaneously, so it is hard to tailor the dispersion in such a design.
Admittedly, there may exist some design parameter sets delivering a broad band of nearly-zero
flattened profile, but it needs a lot of trial works to find them.

In this paper, we systematically describe a clever strategy integrating dispersion-approximating
and -normalizing methods to design SPSM PCFs with nearly-zero flattened dispersion. The valida-
tion is done by using a full-vectorial finite element method, which has been proved highly accurate
in mode calculations. Notice that the following design just considers all circular airholes arranged in
a hexagonal lattice, thus it can be readily manufactured via the well-known stack and draw process.

2. Dispersion Engineering
The cross section of the proposed PCF architecture is schematically shown in Fig. 1(a). Circular
airholes with diameters d, hexagonally latticed in silica background with pitch �, construct the
typical photonic crystal cladding. In order to create a form birefringence, the fiber core is perturbed
to resemble an oblong shape by introducing three contiguous airhole defects with diameters φ. It is
worth saying that, assembling of airholes in the core can serve functions of, apart from tailoring the
waveguide dispersion, heightening the birefringence so as to broaden the SPSM band. Additionally,
ten airholes surrounding the core are enlarged with constant diameters of 0.9� to serve as a
depressed inner cladding. The equivalent refractive index profile of such a configuration, as shown
in Fig. 1(b), presents a W type accounting for the SPSM operation. When the fiber operates in
the SPSM band, the effective index of outer cladding lies between that of the two orthogonally
polarized fundamental modes, the one with higher effective index (slow mode, dashed red curve)
can be preserved while the other one (fast mode, dashed blue curve) will leak out.

As for the outer cladding, its effective index is defined by the concept of fundamental space-
filling mode (FSM) and can be calculated by imposing pairs of perfect electric/magnetic conditions
on an elementary piece as depicted by a dashed area in Fig. 1(a). In the confining region, it is
apparent that the dielectric interfaces predominately coincide with the x axis, thus the x-polarized
fundamental mode L P x

01 must have the highest effective index and should be preserved in case of
SPSM operation. So, we stress here that, the following discussions on dispersion engineering only
refer to the L P x

01 mode.
In pursuing the SPSM design with nearly-zero flattened dispersion, we start with an assumption

that, the size variation of outer-cladding airholes should takes very little effect on the dispersion
profile at wavelengths far from the cutoff for a bound mode. This can be easily deduced from a
fact that, the mode will only sees inner cladding as the effective fiber cladding when the mode
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Fig. 2. The normalized waveguide dispersion (red curves) and negative normalized material dispersion
(blue curves) as functions of the normalized wavelength λ/� for the L P x

01 mode.

field is tightly confined over the band of interest. Prior to the achievement of SPSM operation,
outer-cladding airholes are first enlarged with d = 0.9� to ensure all-band guidance for both the
two orthogonally polarized fundamental modes. In such a case, adjustments of parameters φ and
� can be made limitlessly to engineer a band of nearly-zero flattened dispersion for the L P x

01 mode.
Then we will gradually decrease the size of outer-cladding airholes to generate and blue-shift cutoffs
for the two fundamental modes, until the y-polarized fundamental mode L P y

01 vanishes over the
dispersion-flattened band, leaving the only existent linearly polarized mode L P x

01. If the dispersion-
flattened property of this only existent mode can be verified to remain, we will succeed in the SPSM
design with nearly-zero flattened dispersion.

Preliminarily, we use an approximating method to engineer a nearly-zero flattened dispersion
profile for the PCF with d = 0.9�. In this method, the total dispersion D can be approximated as an
algebraic sum of waveguide dispersion D w and material dispersion D m , i.e., D ∼= D w + D m , which
can be transformed to D � ∼= D w � − (−D m�), where D w � and D m� represents the normalized
waveguide dispersion and normalized material dispersion, respectively. The transformed expres-
sion explicitly shows that, if the D w � and −D m� curves can be tailored as such that they nearly
overlap, namely, D w � ∼= (−D m�) over a certain bandwidth, we will approximately meet the goal
of nearly-zero flattened dispersion. In Fig. 2 we have shown the influence of parameter variations
on the D w � and −D m� responses as functions of the normalized wavelength λ/� for the L P x

01
mode. Here, the waveguide dispersion is calculated assuming a constant silica index 1.45, while
the material dispersion is calculated based on the Sellmeier equation. Notice that, in the normal-
ized coordinate system, the lattice pitch � takes no effect on the normalized waveguide dispersion
D w � (red curves), since it do not affect the mode effective index as a function of the normalized
wavelength λ/�. Whereas, varying � can serve to alter −D m� (blue curves) when the material
index is transformed to be a function of λ/�. It can be seen from Fig. 2 that, the � variation mainly
causes the −D m� curves, which are concave in the band of interest, to move in verticality, but
takes a slight effect on their slopes. On the other hand, varying airhole diameters φ/� in the core
makes remarkable adjustments for the normalized waveguide dispersion D w �. More importantly, a
relative large φ/� value can produce a concave D w � curve in accord with −D m� curves, strongly
contrasting a convex shape presented by a plain core ( φ/� = 0). Hence, we can fairly conclude
that, it is precisely the existence of core airholes that make possible the overlap between the
D w � and −D m� curves, inferring the potential achievement of a flattened total dispersion curve
close to zero. In Fig. 3 we have shown a suitable parameter pair for the overlap attempt, that is,
� = 2.1 μm and φ/� = 0.27. To exam these two approximate values, we have shown, in the inset
of Fig. 3, the exact total dispersion D as a function of λ, for which the mode calculation directly
take into account the wavelength dependence of the material index. Evidently, this curve presents a
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Fig. 3. The D w � response for φ/� = 0.2 (red curve) and −D m � response for � = 2.1 μm (blue curve).
The inset shows the exact total dispersion D as a function of λ for the fiber with φ/� = 0.27 and
� = 2.1 μm.

Fig. 4. (a) Total dispersion curves for φ/� = 0.27 PCFs with different lattice pitches �; (b) total dispersion
curves for � = 2.1 μm PCFs with different defect diameters φ/�.

quasi-cubic profile with two extrema, implying the broadband flatness for the total dispersion.
Moreover, the dispersion interval between these two extrema is centered at a low value of
−6.6 ps/nm/km, indicating the potential of nearly-zero characteristic.

In order to improve the nearly-zero flattened behavior, we investigate the influences of parameters
� and φ/� on the total dispersion. Fig. 4(a) shows total dispersion curves for φ/� = 0.27 PCFs with
different � values. It can be seen that, increasing the lattice pitch can move the flattened segment of
the dispersion curve, which is delimited by its extrema, towards anomalous regions, accompanied
by increments in both the dispersion interval and wavelength band of the flattened segment. Fig. 4(b)
shows total dispersion curves for � = 2.1 μm PCFs with different φ/� values. It can be seen that,
increasing the defected diameter will extend both the dispersion interval and wavelength band of
the flattened segment, which is mainly caused by a downwards movement of the lower extremum
as well as a redshift of its corresponding wavelength. Conclusively, an increment in lattice pitch
or defect diameter can broaden the flattened band, however, at the cost of flatness degradation.
Besides, the wavelength band of flattened dispersion should not be broadened to exceed that
of SPSM operation. On the other hand, too small values of lattice pitch or defect diameter, e.g.
the red lines in Fig. 4, will transform the dispersion curve to be monotonous, hence completely
destroying the flattened property. In view of the above observations, structural parameters are
optimized to be � = 2.2 μm and φ/� = 0.26, corresponding to a flattened dispersion profile of
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Fig. 5. The total dispersion for a PCF with � = 2.2 μm and φ/� = 0.26. The inset displays the mode
intensity distribution at λ = 1.31 μm.

Fig. 6. Dispersive relations for a PCF with d/� = 0.548, including two fundamental modes L P x
01 and

L P y
01, the first higher-order mode L P x

11, and the FSM. The inset is a blowup of the short-wavelength
response.

0.84 ± 0.27 ps/nm/km within a wavelength band of 1.12 ∼ 1.50 μm; this result is plotted in Fig. 5,
which additionally comprises an inset displaying the mode intensity distribution at λ = 1.31 μm.

3. SPSM Design
In what follows, we will decrease the size of outer-cladding airholes to generate differential cutoffs
for the two fundamental modes, and hence to produce a wavelength band of SPSM operation.
Notice the other two parameters, i.e. the lattice pitch and defect diameter is maintained to be
� = 2.2 μm and φ/� = 0.26. In view of the abovementioned assumption, which implies that the
dispersion profile can remain unchanged at short wavelengths far from the cutoff, and in order to
reduce the confinement loss as much as possible for the only existent mode L P x

01, the flattened
band should be kept away as far as possible from the cutoff of this mode. It is therefore better
to diminish the airhole diameter d/� to such a value that the L P y

01 mode is cut off just before
the flattened band. In Fig. 6 we have shown dispersive relations for a PCF with such a desired
value d/� = 0.548, including two fundamental modes and the first higher-order mode L P x

11, as well
as the FSM for predicting mode cutoffs. In regard of PCFs, a mode is cut off when its effective
index falls through the FSM. Firstly, the L P x

11 mode is cut off at λ = 0.64 μm, which can be clearly
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Fig. 7. Total dispersion curves for PCFs with d/� = 0.548 and d/� = 0.9, respectively, while other
structural parameters share the same values � = 2.2 μm and φ/� = 0.26. The inset displays the mode
intensity distribution for the PCF with d/� = 0.548 at λ = 1.31 μm.

Fig. 8. The spectral confinement loss αconf of the PCF with φ/� = 0.26, d/� = 0.548 and � = 2.2 μm.

observed in the blowup of short-wavelength responses. Subsequently, the L P y
01 and L P x

01 modes
successively find their cutoffs at λ = 1.12 μm and λ = 1.80 μm, yielding a wide spectrum of 680 nm
for SPSM operation, which completely covers the originally flattened band. This SPSM PCF should,
as assumed, maintain the nearly-zero flattened property for the dispersion of the only existent mode
L P x

01. The verification is done by a comparison of dispersion curves between the SPSM PCF with
d/� = 0.548 and the original one with d/� = 0.9, which is shown in Fig. 7. It can be confirmed
from this figure that, the size variation of outer-cladding airholes indeed takes very little effect on
the dispersion profile far from the cutoff. In particular at short wavelengths, the dispersion curve of
the SPSM PCF almost overlaps with that of the original one, since both their mode fields are tightly
confined in fiber cores, which share the same configuration. Whereas at long wavelengths, a small
deviation can be observed between these two dispersion curves. This is because the SPSM PCF
suffers a relatively stronger mode-field penetration into outer cladding over the long wavelengths,
which are relatively closer to the cutoff. Since its outer cladding has been raised on account of
decrements in airhole diameters, the mode effective index of this fiber is accordingly increased in
comparison to that of the original one, thus yielding a slower decline in dispersive curve and hence
a lower dispersion magnitude. Now we have succeed in the design of an SPSM PCF with a broad
band of nearly zero flattened dispersion, that is 0.82 ± 0.30 ps/nm/km within 1.12 ∼ 1.51 μm. For
this fiber, the inset of Fig. 7 has additionally displayed the intensity distribution of the only existent
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mode L P x
01 at λ = 1.31 μm, which appears almost identical to that of the original one shown in

Fig. 5. It is worth saying that, the dispersion behavior can be further improved, but it need more
precise controls of structural parameters.

Finally, we calculate the confinement loss αconf for the above designed dispersion-flattened SPSM
PCF with a total number of eleven airhole rings, which is performed by imposing a perfect matched
layer on the fiber boundary. Fig. 8 has shown the spectral loss for this fiber, which presents a very
low level over the band of interest. Specially over the dispersion-flattened band, the confinement-
loss level turns out to be lower than 0.001 dB/km. On the other hand, the presence of core airholes
should give rise to scattering losses, whose accurate values can be measured through experiments.

4. Conclusion
In conclusion, we have described a systematic solution to the problem on dispersion engineering
in W-type SPSM PCFs for a nearly zero flattened profile. Prior to the achievement of SPSM
characteristic, outer-cladding airholes are first enlarged to share the same size as inner-cladding
airholes. In such a case, the lattice pitch and core airholes can be limitlessly adjusted to engineer
the dispersion property. Based on dispersion-approximating and -normalizing methods, a broad
band of nearly zero flattened dispersion is preliminarily obtained in the fundamental mode with
higher effective index. Then we decrease the size of outer-cladding airholes, which have been
verified with very little effect on dispersion profile, to cut off other modes just before the nearly zero
flattened band, leaving an only existent fundamental mode with dispersion 0.82 ± 0.30 ps/nm/km
over the 1.12 ∼ 1.51 μm band. The confinement-loss level of such a fiber proves extremely low,
even less than 0.001 dB/km over the operation band. Predictably, our design promise highly desired
mediums in coherent communication systems as well as some nonlinear fields like supercontinuum
generation with single-polarization output.
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[25] T. Martynkien, D. Pysz, R. Stepień, and R. Buczyński, “All-solid microstructured fiber with flat normal chromatic
dispersion,” Opt. Lett., vol. 39, no. 8, pp. 2342–2345, 2014.

Vol. 9, No. 5, October 2017 2700708



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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

  /CreateJDFFile 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 (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


