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Local Field Enhancement of Mid-Infrared Light in an
Integrated Photonic-Plasmonic Structure

Andrea Blanco-Redondo, Paulo Sarriugarte, Angel Garcia-Adeva, Joseba Zubia, and Rainer Hillenbrand

Abstract—We numerically study the local field enhancement of
mid-infrared light beating the diffraction limit in an integrated
photonic-plasmonic structure. The light is locally transferred from
a photonic crystal waveguide to a metallic transmission line on
top of it. The transmission line connects the two sections of the
photonic crystal waveguide in a passage configuration. The field
intensity is locally enhanced in the transmission line passage by
a factor larger than 50, with a power transfer efficiency of 33%.
This passage structure holds the promise of enabling highly sensi-
tive miniaturized sensing schemes and mid-infrared spectroscopy
equipment.

Index Terms—Local field enhancement, metallic transmis-
sion lines, mid-infrared photonics, photonic crystal waveguides,
photonic-plasmonic coupling.

I. INTRODUCTION

THE recent progress in photonic-plasmonic integration [1]–
[9] has paved the way towards the hybrid photonic chip.

A new level of functionality may be achieved by combining the
outstanding control capabilities over light signals of photonic
crystal waveguides (PhC-wgs) [10]–[13] with the capacity of
plasmonic waveguides to confine light in a volume much smaller
than its wavelength [14]–[19]. Whereas PhC-wgs suffer from
higher propagation losses than conventional dielectric waveg-
uides (∼5dB/cm for PhC-wgs [20], [21] and up to ∼1 dB/cm
for silicon wires [22], [23]), the design flexibility of PhC-wgs
provides us with more degrees of freedom to achieve effective
coupling to plasmonic waveguides. The field of plasmonics in
the mid-infrared (mid-IR) part of the spectrum [24]–[27] could
particularly benefit from integration with PhC-wgs because new
functionalities for hybrid waveguide-plasmon infrared sensor
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Fig. 1. Schematic of the hybrid structure with the TL passage: the TL, situated
at the center of the surface of the silicon PhC-wg (a = 4.9 μm; r = 0.48 · a;
t = 0.6 · a; nSi = 3.46 and nair = 1 at λ0 = 10 μm), consists of two parallel
gold wires (w = 200 nm, h = 40 nm, Lw = 17 μm, g = 300 nm; nAu =
12.59 + i59 at 10 μm).

might be achieved. PhC-wgs provide further control on the spa-
tial, temporal, and spectral course of photons, increasing the
available on-chip functionality.

We recently demonstrated the efficient coupling of mid-IR
light from a silicon PhC-wg to a metallic transmission line (TL)
formed by two parallel gold nanowires [8]. In [8] an input plane
wave with a wavelength of λ0 = 10 μm was initially coupled to
the transverse magnetic (TM)-like mode of the PhC-wg and then
gradually transferred to the symmetric mode of the TL, along
a coupling length of Lc ≈ 8 μm. Subsequently it showed a
periodic energy transfer between the symmetric mode of the TL
and TM-like PhC-wg mode, with a computed oscillation period
of L0 ≈ 18 μm. Here, building on the basis of our previous
results, we numerically demonstrate that mid-IR light within
the PhC-wg can be locally transformed into a surface wave on
the TL and back to the PhC-wg. To enable this demonstration
we propose a TL passage connecting two sections of a PhC-wg.
Furthermore, we study the optimization of the structure in terms
of power transfer efficiency, providing physical explanations on
the coupling process and the loss mechanisms.

II. A TL PASSAGE

The proposed hybrid structure is depicted in Fig. 1. The PhC-
wg relies on a silicon air-suspended photonic crystal with a
hexagonal lattice constant of a = 4.9 μm, air hole radii of r =
0.48 · a, and silicon slab thickness of t = 0.6 · a. The waveguide
is created by removing a row of holes (W1 type).The TL passage
consists of two parallel gold nanowires of width w = 200 nm,
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Fig. 2. Normalized electric field intensity obtained by exciting the hybrid
structure with a wave polarized in z: on the left, a view of the hybrid structure
with I at two parallel x-z planes at the center of each wire and a x-y plane at
the center of the silicon slab; on the right, individual views of one of the x-z
planes at the center of a wire and a subsection of the x-y plane at the center of
the silicon centered in the PhC-wg (Lc ≈ 8 μm and Lo ≈ 18 μm).

and thickness h = 40 nm, which are separated by an air gap
g = 300 nm.

The length of the TL passage is initially fixed to Lw = Lc +
Lo/2 = 17 μm, since the periodic energy transfer observed in
[8] suggests that this length could maximize the energy transfer
from the TL back to the PhC-wg. At a distance Lw from the
beginning of the TL, the field energy is mostly within the PhC-
wg and thereby it is foreseeable that this scheme minimizes the
amount of loss at the TL termination.

The propagation of mid-IR light along the proposed structure
is investigated using the COMSOL Multiphysics implementa-
tion of the finite element method (FEM) [28] and complemented
by the Opti finite differences in time domain (FDTD) implemen-
tation of the FDTD method. In Fig. 2 the electric field intensity
in the structure is shown at several spatial planes. As expected
from the results in [8], the maximum energy transfer to the TL
occurs at a distance of Lc = 8 μm from the beginning of the TL.
At the end of the TL, the energy is efficiently coupled back to
the PhC-wg and continues its propagation towards the end of
the hybrid structure. Specifically, 33% of the power present
in the PhC-wg before the TL passage is confined in a cross
section of area 1400 nm × 500 nm centered in the TL, demon-
strating a clear beating of the diffraction limit.

By evaluating the distribution of the electric field z-
component (Re(Ez/Ez,0)) in Fig. 3(a) and (b), we verified
that the effective wavelength in the PhC-wg is the same before
and after the TL, λw ≈ 3.46 μm, whereas the effective wave-
length in the TL is λt ≈ 3.32 μm. Fig. 3(c) shows three cross
sections of the field distribution Re(Ez/Ez,0) along the propa-
gation direction, before the TL (cross section C), at the position
of maximum energy transfer to the TL (cross section D) and af-
ter the TL (cross section E). At cross section D, the field nearly
vanishes inside the PhC-wg, indicating that most of the energy
is converted to the TL mode. After back-coupling to the PhC-
wg, the field distribution reveals the typical TM-like mode of
the PhC-wg (cross section E). The field magnitude, however, is
reduced from (C) to (E) due to radiation loss along the PhC-wg
and energy dissipation in the metal wires of the TL. The portion

Fig. 3. Normalized real part of the electric field z-component (Re(Ez /Ez ,0 ))
in: (a) two x-z slices at the center of each gold wire, (b) x-y slices at the center
of the PhC-wg (A) and below the surface of the wires (B); (c) y-z slices before
(C), in the middle (D), and after (E) the TL.

of the electric field that is radiated to the substrate and cladding
in the PhC-wg is observed in (C) and (E) by the red stripes at
the silicon-air interfaces.

The local intensity enhancement factor (LIEF) is computed
as the maximum value of the electric field intensity on the sur-
face of the TL in contact with air at the point of maximum
energy transfer, normalized to the maximum value of the field
intensity at the surface of the PhC-wg just before the TL pas-
sage. Large local field enhancements have demonstrated huge
potential to provide strong light-matter interaction for enhanced
optical nonlinearities [29] or surface-enhanced molecular spec-
troscopy [30] amongst others. For our TL passage we calculate
an LIEF � 53, indicating potential to become an efficient mid-
IR sensing device and to contribute to the miniaturization of
mid-IR spectroscopy equipment.

III. THE OPTIMIZATION OF THE STRUCTURE

We next study the x-component of the normalized Poynting
vector Sx(x) in the 17 μm-long TL passage for a better under-
standing of the power loss mechanisms and for optimization of
the TL length in terms of power transference. Fig. 4(a) shows Sx
at several cross sections xi along the propagation direction. Be-
fore and after the TL (x1 , x2 , x5 , x6), the energy flows within the
PhC-wg. Along the TL passage (x3 , x4), the energy propagates
as a surface mode and is strongly concentrated around the TL.
The energy transfer to the TL reaches its maximum at a distance
of Lc from the beginning of the TL (point x3 in Fig. 4(b)) before
the energy couples gradually back into the PhC-wg.

In order to optimize the length of the TL passage we have to
consider two competing aspects: maximum field enhancement
requires maximum power transfer to the TL, which occurs at
Lc ; on the other hand, as energy propagating along metallic
TLs suffers from dissipation, we should minimize the length
of the TL. Bearing this compromise in mind, we calculated
the power as a function of the propagation distance P(x) for
several TL lengths, Lw , between Lc = 8 μm and the end of
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Fig. 4. Optimization of the transmission line length. (a) X-component of the
normalized Poynting vector Sx (x) at several cross sections along the propaga-
tion x-direction (x1 -x6 ) for the 17 μm-long TL passage; (b) Detail of the Sx (x)
around the TL (for x3 and x4 ); (c) Power P(x) passing through the cross section
in x-direction as a function of the position x for TL lengths of: 8 μm (olive
green), 9 μm (cyan), 10 μm (dark green), 13 μm (blue), 15 μm (purple), 17 μm
(red), and 0 μm (black).

the first power transference period Lc + Lo/2 = 17 μm (curves
in color in Fig. 4(c)). P(x) is computed by integrating Sx(x)
at every step of the propagation distance. For comparison, the
black curve in Fig. 4(c) shows the power P(x) in the PhC-
wg without a metallic TL on its surface. When the energy is
being transferred from the PhC-wg to the TL, the slope of P(x)
significantly increases due to dissipation of energy in the metal

wires. Conversely, the slope of P(x) decreases when the light
is coupling back to the PhC-wg, since in absence of the metal
wires only radiation losses occur. This general trend of P(x) is
similar for all TL lengths. Nevertheless the quantitative behavior
of P(x) differs significantly depending on the TL length. When
Lw decreases, the P(x) curves shift to smaller values and the
total loss ΔP = P (x1) − P (x6) increases. This fact may seem
counterintuitive since the dissipation is expected to decrease
for shorter propagation distances along the metallic TL. This
observation can be explained by back-reflection at the open-end
termination of the TL, which becomes more significant as the
amount of power concentrated around the TL at its termination
increases. The back-reflection has two noticeable effects. First,
it shifts the P(x) curves to lower values, as now back-reflected
energy is transferred in the backward propagating direction and
therefore contributes negatively to the power flow. Second, the
slope of P(x) along the TL becomes steeper. The explanation for
this is that the energy back-reflected at the open-end termination
eventually reaches the other open-end TL termination where, in
turn, part of the energy will be back-reflected. This results in
energy passing several times through the TL, where dissipation
in the metal wires occurs, thus increasing the total loss per
length unit, i.e. the slope of P(x), along the TL. Indeed, we
find that ΔP is minimized for the 17 μm-long TL, confirming
that Lw= Lc + Lo/2 is the optimum TL length. The efficient
coupling from the PhC-wg to the TL and vice versa can be
explained by making use of the directional coupling principle.
A detailed application of such principle to the coupling between
these two particular structures was presented in [8].

We define the power transfer efficiency (PTE) of the hy-
brid structure as the ratio between the output and input power:
PTE = P (x6)/P (x1). The PTE allow us to compare the perfor-
mance of the TL passage for the different TL lengths: in the best
case we obtain PTE = 0.2 but this figure gradually decreases
towards the worst case (Lw = Lc = 8 μm) where PTE = 0.05.
Note that the PTE not only depends on the coupling efficiency
from the PhC-wg to the TL and vice versa, but also from the
overall power loss, including radiation loss and dissipation along
the metal length. In the best case we obtain 20% of end-to-end
energy transfer, even after the wave has undergone strong local
field enhancement in the TL. This finding holds great promise
for the development of infrared waveguides with enhanced sen-
sitivity to their immediate environment (e.g. low-concentration
analytes), since this level of output power is readily measurable
with optical detection schemes.

IV. CONCLUSION

We proposed and theoretically studied an integrated photonic-
plasmonic structure that allows for local field enhancement of
mid-IR light on a metallic TL passage on a PhC-wg. The inter-
est in this hybrid structure lies in the fact that light can travel a
long distance along the relatively low-loss PhC-wg, be locally
confined in the TL, to finally couple back to the PhC-wg and
continue its low-loss propagation. The intensity of the field is en-
hanced by a factor of 53 on the TL passage, facilitating strong
interaction of the mid-IR light with matter. With a coupling
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efficiency of 33%, this scheme presents an exciting potential for
practical applications in biosensing [31], [32], optical intercon-
nects [33], and IR spectroscopy [34] among others.

We have considered the PhC-wg TM-mode coupling to the
symmetric mode of the TL, for different TL lengths. The best
performance, in terms of the energy transferred to end of the
hybrid structure, occurs when the TL is terminated at the point
where most energy is transferred back into the PhC-wg, even if
this is the longest TL considered. This configuration minimizes
back-reflection and radiation at the TL termination.

This type of hybrid structure comprising PhC-wgs and metal-
lic TL passages could become a basic building block for wave-
guide sensors in the mid-IR and contribute to the miniaturization
of mid-IR spectroscopy equipment.
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[24] M. Schnell, P. Alonso-González, L. Arzubiaga, F. Casanova, L. E. Hueso,
A. Chuvilin, and R. Hillenbrand, “Nanofocusing of mid-infrared energy
with tapered transmission lines,” Nature Photon., vol. 5, pp. 283–287,
2011.

[25] P. Krenz, R. Olmon, B. Lail, M. Raschke, and G. Boreman, “Near-field
measurement of infrared coplanar strip transmission line attenuation and
propagation constants,” Opt. Exp., vol. 18, no. 21, pp. 21678–21686, 2010.

[26] S. Law, D. Adams, A. Taylor, and D. Wassermann, “Mid-infrared designer
metals,” Opt. Exp., vol. 20, no. 11, pp. 12155–12165, 2012.

[27] R. Stanley, “Plasmonics in the mid-infrared,” Nature Photon., vol. 6,
pp. 409–411, 2012.

[28] I. Andonegui and A. J. Garcia-Adeva, “The finite element method applied
to the study of two-dimensional photonic crystals and resonant cavities,”
Opt. Exp., vol. 21, pp. 4072–4092, 2013.

[29] P.-Y. Chen, C. Argyropoulos, and A. Alu, “Enhanced nonlinearities using
plasmonic nanoantennas,” Nanophotonics, vol. 1, pp. 221–233, 2012.

[30] Y. Li, L. Su, C. Shou, C. Yu, J. Deng, and Y. Fang, “Surface-enhanced
molecular spectroscopy (SEMS) based on perfect-absorber metamaterials
in the mid-infrared,” Sci. Rep., vol. 3, pp. 1–8, 2013.

[31] P. Debackere, S. Scheerlinck, P. Bienstman, and R. Baets, “Surface plas-
mon interferometer in silicon-on-insulator: Novel concept for an integrated
biosensor,” Opt. Exp., vol. 14, no. 16, pp. 7063–7072, 2006.

[32] R. Adato, A. Yanik, J. Amsden, D. Kaplan, F. Omenetto, M. Hong, S. Er-
ramilli, and H. Altug, “Ultra-sensitive vibrational spectroscopy of protein
monolayers with plasmonic nanoantenna arrays,” Proc. Nat. Academy Sci.
United States Amer., vol. 106, no. 46, pp. 19 227–19 232, 2009.

[33] D. Miller, “Device requirements for optical interconnects to silicon chips,”
Proc. IEEE, vol. 97, no. 7, pp. 1166–1185, Jul. 2009.

[34] F. Huth, A. Chuvilin, M. Schnell, I. Amenabar, R. Krutokhvostov, S.
Lopatin, and R. Hillenbrand, “Resonant antenna probes for tip-enhanced
infrared near-field microscopy,” Nano Lett., vol. 13, no. 3, pp. 1065–1072,
2013.

Authors’ biographies not available at the time of publication.



<<
  /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


