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Abstract—The field of metasurfaces is rapidly growing. Nowa-
days, metasurfaces are considered at the front of artificial optical
materials. With metasurfaces, it is possible to control the properties
of light for variety of applications, from beam shaping, structural
colors, and polarization control to tight focusing, scanning, spatial
and spectral filtering, etc. One of the major challenges in the con-
struction of metasurfaces is the need for precise control over their
dimensions and consequently their spectral response. In this paper,
we demonstrate an approach for postfabrication trimming of di-
electric metasurfaces consisting of amorphous silicon layer on top
of a quartz substrate, by using local oxidation of silicon technique.
The oxidation effectively reduces the radius of the silicon disk, re-
sulting in a blue shift in the observed spectral response. Blue shift
of up to 100 nm is demonstrated. Relaxing fabrication tolerances
and enabling post-processing techniques is expected to play an im-
portant role in promoting the scientific advances of metasurfaces
into viable and useful technology. We thus believe that the demon-
strated approach will provide an additional important tool to the
rapidly developed toolkit of metasurface science and technology.

Index Terms—Dielectric metasurface, Huygens metasurface,
LOCOS, post-process.

I. INTRODUCTION

M ETASURFACES are the subject of flourishing research
with variety of configurations and material systems that

are being explored [1]–[12]. In recent years, resonant, all-
dielectric nanoantennas are researched extensively and the rich-
ness of optical phenomena is explored and utilized [1]–[5], [7],
[8], [13]–[19]. The superior transmission, low loss, and mul-
tiple resonances of such antennas (when compared to metallic
counterparts) makes them promising candidates for future op-
tical devices such as holograms and lenses [9], [20]–[23], and
color printing [3], [6], [24]–[26]. In this context, semiconductor
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nanoantennas are of special interest, primarily due to their high
refractive index, as well as their physical and chemical stability
[7], [8], [13], [14], [27]–[30]. Although semiconductor fabrica-
tion techniques are well established, the realization of semicon-
ductor nanoantennas with accurate and desired spectral response
is still challenging due to their small dimensions and the need
for strict fabrication tolerances dictated by the nanoantennas’
resonant nature.

As shown by Mie [8], [31], [32], dielectric optical nanoan-
tennas support two sets of electromagnetic resonances, being
the electric and magnetic multipole resonances. For excitation
with photon-energies lower than the material band-gap, each
of these resonances is typically characterized by high reflec-
tion, low transmission, and negligible absorption. The perfor-
mance metrics such as resonance frequency and coupling can
be controlled by the antenna’s size and shape, as well as by the
antenna’s refractive index and the index contrast between the an-
tenna and surrounding medium [7], [13], [16], [17], [33]. These
properties are set during the fabrication process and can barely
be changed post fabrication, unless some active approaches are
being used [14], [15], [22], [34], [35].

In this letter we propose and experimentally demonstrate a
fabrication method exploiting the natural chemical properties
of semiconductor material, which allows post fabrication trim-
ming of the spectral characteristics of silicon nanoantennas. The
approach allows to relax the tight fabrication tolerances of di-
electric metasurfaces and provide a “knob” for tailoring their
response based on the design and the desired application. By
doing so, one can either tailor a mis-fabricated device towards
the desired spectral band, or alternatively, modify the device
functionality towards a different spectral band without the need
of fabricating a new device.

II. FABRICATION

Fabrication of dielectric metasurfaces which allow trimming
is sketched in Figure 1. Our method is based on the LOCOS
technique reported previously [30], [36]–[40]. We begin by de-
positing the nanoantenna layer consisting of a 275 nm thick a-Si
layer (PECVD, Oxford) on top of a quartz substrate. Atop the
a-Si layer we deposit a 150 nm thick Si3N4 (silicon nitride)
layer, which will later act as an oxidation mask. The nanoanten-
nae patterns are then defined by spin-coating of an electron beam
resist (ZEP 520A) followed by electron beam lithography (Raith
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Fig. 1. Metasurface fabrication process. (a) a-Si and Si3N4 are deposited on a
quartz substrate and Ebeam resist is spin-coated on top (b) Sample patterning by
Ebeam lithography. (c) The sample is etched, allowing for pattern transfer into
the dielectric layers. (d) Sample oxidization. The Si3N4 layer acts as oxidation
mask to prevent nanoantennas from completely oxidizing. (e) Si3N4 layer is
removed to obtain the final structure.

Eline). The pattern is transferred to the Si3N4 and a-Si silicon
by reactive ion etch (Corial) with a mixture of SF6 (etchant)
with CHF3 and O2 (inhibitors). After etching, the remaining
ZEP is stripped, and the sample is oxidized in a furnace in wet
environment, resulting in an oxide ring of about 50–100 nm in
width, as depicted in figure 1(d) and 2(b). The precise trimming
of the resonance is accomplished by controlling the oxidation
time and temperature. The results reported here were obtained
by oxidizing the sample for approx. 30 minutes in a temperature
of ∼900 °C in a H2O atmosphere, which produces a 100 nm
thick oxide layer on a flat crystalline silicon substrate serving
as a reference. SEM micrograph of the fabricated metasurface
(cylindrical nanoantennas in hexagonal lattice) is presented in
Figure 2(a) shows the metasurface etching but before oxidation,
demonstrating the process towards obtaining the final structure.
Finally, Figure 2(b) shows the final metasurface after oxidation
and Si3N4 removal. A close examination of Figure 2(a) shows
thin connection “bridges” between adjacent nanoantennas. This
is a result of the shortcoming of the RIE process to properly etch
trenches of small width. As seen in Figure 2(b), these “bridges”
are likely to be fully oxidized, therefore their effect on the optical
properties is expected to be negligible.

III. CHARACTERIZATION

We have fabricated few sets of samples consisting of cylinders
of amorphous silicon (a-Si) on top of quartz substrate. Each of
the fabricated samples were measured three times during the
fabrication process: 1 - after etching through Si3N4 and a-Si
layers, 2 - after oxidation, and 3 - after removing the Si3N4 layer
(i.e., when the fabrication process is completed). By doing so,
we can isolate the effect of each process step on the transmitted
spectrum.

The optical properties were characterized by transmission
spectroscopy (as reported in ref [30]): white light emerging

Fig. 2. Metasurface SEM micrograph. (a) Nanoantenna array after etching.
Residual silicon “bridges” were not etched and are seen as connections between
adjacent nanoantennas. (b) The same nanoantenna array as in (a), after oxidation
and Si3N4 removal. The disk size (red) is significantly smaller as compared to
the original size (green). Moreover, silicon bridges seem to be fully oxidized.
Scale bar is the same for both images.

from a Tungsten Halogen source illuminates the sample and is
collected through a 50X microscope objective (Nikon) and then
coupled to a multimode fiber leading to the input of a spectrom-
eter (Horiba, microHR). The obtained spectra are compared to
3D FDTD simulations of the fabricated structures (Lumerical
FDTD solver, Lumerical Inc.)

Results of our optical characterization are presented in Fig-
ures 3 and 4. While typically both the dipole and the quadrupole
modes are excited, we have chosen to focus on the quadrupole
mode which is conveniently located within the wavelength band
that is characterized, as can be clearly observed in Figures 3 and
4. The quadrupole mode is denoted by the dashed line (Figure
3(a–e)) which indicates the spectral shift it undergoes as a func-
tion of the nano antenna radius and within the various fabrication
steps. Figure 3 presents the measured (left panel) and simulated
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Fig. 3. Transmission spectra for nanoantenna arrays (color bar for all maps on the right). The dashed lines follow the pronounced electric quadrupole mode of the
nanoantennas, which redshifts as nanoantenna radii grow along the y-axis and blue-shifts as a result of oxidation and nitride removal. (a-b) Measured and simulated
(respectively) spectra for the nanoantenna arrays after the etch step, and before oxidation. (c-d) Measured and simulated spectra for metasurfaces after the etch step
and oxidation. The quadrupole mode is blue-shifted significantly due to the shrinking of the silicon antenna radius. (e-f) Same as (c-d) with the additional step of
Si3N4 layer removal. The quadrupole mode is further blue-shifted. The array is implemented as a hexagonal grid with constant gap of 200 nm between adjacent
cylinders.

(right panel) transmission spectra for different process stages.
The top row (Fig. 3a, b) corresponds to the measured and the
simulated transmission spectra of the sample after etching, prior
to oxidation. The middle row (Fig. 3c, d) corresponds to the
measured and the simulated transmission spectra of the sam-
ple after etching and oxidation, whereas the lower row (Fig. 3e,
f) corresponds to the measured and the simulated transmission
spectra of the sample after etching, oxidation, and nitride re-
moval. In general, one can observe the similarity between the
measured and the simulated spectra for all three cases. Slight

discrepancies are attributed to the detailed shape of the nanoan-
tennas which could not be fully accounted for in the simulations
and to variations in oxide thickness due to change in oxidation
rates for different structures. Nevertheless, the expected blue-
shift of resonant frequencies between the three fabrication steps
can be clearly observed in both measured and simulated spectra.

To emphasis this blue-shift, we have plotted (Fig. 4) two se-
lected cross sections of Fig. 1, corresponding to the transmission
spectrum of an array with radii of 300 nm (Fig. 4 top row) and
450 nm (Fig. 4, lower row). As inferred from Figure 4, the major
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Fig. 4. Plots of specific cross sections of Figure 3. (a-b) Measured and sim-
ulated spectra for nanoantenna array with radius of ∼360 nm. Colored arrows
are added as guides to the eye to denote the electric quadrupole resonance in
all measurements and simulations. (c-d) Measured and simulated spectra for
nanoantennas of radius 450 nm. Red – structure after etching and before oxida-
tion. Green – structure after etching and oxidation. Blue, the final structure after
nitride removal.

blue-shift occurs between the non-oxidized stage and the oxi-
dized stage: the oxide layer is fairly large as compared to overall
diameter and its refractive index is drastically different from the
refractive index of a-silicon. Therefore, the resonant wavelength
is blue-shifted by ∼100 nm. This is a major shift in resonance
frequency which corresponds to about 60 nm difference in the
etched disk radius, much larger than needed to accommodate
for fabrication errors. The remaining blue shift occurring by re-
moving the Si3N4 oxidation mask is weaker, as the main effect

is the increase in index contrast between the antenna and the
surrounding air rather than a real change in geometry.

IV. DISCUSSION AND OUTLOOK

We have demonstrated the post fabrication trimming of di-
electric metasurfaces consisting of amorphous silicon layer on
top of a quartz substrate. Trimming is achieved by the use of
local oxidation of silicon (LOCOS) technique [30], [36]–[40],
which effectively reduces the radius of the silicon disk, resulting
in a blue shift in the observed spectral response. Blue shift of
about 100 nm has been achieved via oxidation of about 30 min-
utes at a temperature of ∼900 °C. As current-day metasurface
fabrication relies on advanced fabrication techniques with low
tolerances and limited throughput [20], [23], relaxing fabrication
tolerances and enabling advanced post-processing is expected to
play an important role in promoting the scientific advances of
metasurfaces into viable and useful technology. In the case of
metasurfaces, this has special importance as the resonant phe-
nomena is primarily affected by the radius of the cylinder. We
thus believe that the demonstrated approach will provide another
tool to the rapidly developed toolkit of metasurface science and
technology.

APPENDIX

A supplementary information file is published with this report.
The supplementary contains refractive index measurements of Si
before and after oxidation processes as well as simulation results
of the electric fields of the resonant modes discusses above.

REFERENCES

[1] L. Novotny and N. van Hulst, “Antennas for light,” Nature Photon., vol. 5,
no. 2, pp. 83–90, Feb. 2011.

[2] A. I. Kuznetsov, A. E. Miroshnichenko, M. L. Brongersma, Y. S. Kivshar,
and B. Luk’yanchuk, “Optically resonant dielectric nanostructures,” Sci-
ence, vol. 354, no. 6314, Nov. 2016, Art. no. 2472.

[3] A. Kristensen et al., “Plasmonic colour generation,” Nature Rev. Mater.,
vol. 2, Nov. 2016, Art. no. 16088.

[4] N. Yu and F. Capasso, “Flat optics with designer metasurfaces,” Nature
Mater., vol. 13, no. 2, pp. 139–150, Feb. 2014.

[5] A. B. Evlyukhin et al., “Demonstration of magnetic dipole resonances of
dielectric nanospheres in the visible region,” Nano Lett., vol. 12, no. 7,
pp. 3749–3755, Jul. 2012.

[6] J. S. Clausen et al., “Plasmonic metasurfaces for coloration of plastic
consumer products,” Nano Lett., vol. 14, no. 8, pp. 4499–4504, Aug. 2014.

[7] I. Staude et al., “Tailoring directional scattering through magnetic and
electric resonances in subwavelength silicon nanodisks,” ACS Nano, vol. 7,
no. 9, pp. 7824–7832, Sep. 2013.

[8] P. P. Iyer, N. A. Butakov, and J. A. Schuller, “Reconfigurable semiconduc-
tor phased-array metasurfaces,” ACS Photon., vol. 2, no. 8, pp. 1077–1084,
Jun. 2015.

[9] Z. Bomzon, G. Biener, V. Kleiner, and E. Hasman, “Space-variant
Pancharatnam–Berry phase optical elements with computer-generated
subwavelength gratings,” Opt. Lett., vol. 27, no. 13, pp. 1141–1143, Jul.
2002.

[10] Z. Bomzon, V. Kleiner, and E. Hasman, “Pancharatnam–Berry phase in
space-variant polarization-state manipulations with subwavelength grat-
ings,” Opt. Lett., vol. 26, no. 18, pp. 1424–1426, Sep. 2001.

[11] G. Li et al., “Metasurface holograms reaching 80% efficiency,” Nature
Nanotechnol., vol. 10, no. 4, pp. 308–312, Apr. 2015.

[12] S. Keren-Zur, O. Avayu, L. Michaeli, and T. Ellenbogen, “Nonlinear beam
shaping with plasmonic metasurfaces,” ACS Photon., vol. 3, no. 1, pp. 117–
123, Jan. 2016.

[13] M. Decker et al., “High-efficiency dielectric Huygens’ surfaces,” Adv. Opt.
Mater., vol. 3, no. 6, pp. 813–820, Jun. 2015.

Authorized licensed use limited to: Hebrew University. Downloaded on July 29,2020 at 20:25:31 UTC from IEEE Xplore.  Restrictions apply. 



BAR-DAVID et al.: RESONANCE TRIMMING IN DIELECTRIC RESONANT METASURFACES 4700705

[14] T. Lewi, P. P. Iyer, N. A. Butakov, A. A. Mikhailovsky, and J. A. Schuller,
“Widely tunable infrared antennas using free carrier refraction,” Nano
Lett., vol. 15, no. 12, pp. 8188–8193, Dec. 2015.

[15] I. Brener, X. Miao, E. A. Shaner, B. S. Passmore, and Y. C. Jun, “Mid-
infrared tunable metamaterials,” U.S. Patent 9018 642 B1, Apr. 28, 2015.

[16] N. A. Butakov and J. A. Schuller, “Designing multipolar resonances in
dielectric metamaterials,” Sci. Rep., vol. 6, Dec. 2016, Art. no. 38487.

[17] A. I. Kuznetsov, A. E. Miroshnichenko, Y. H. Fu, J. Zhang, and B.
Luk’yanchuk, “Magnetic light,” Sci. Rep., vol. 2, Jul. 2012, Art. no. 492.

[18] P. Moitra et al., “Realization of an all-dielectric zero-index optical meta-
material,” Nature Photon., vol. 7, no. 10, pp. 791–795, Oct. 2013.

[19] P. Moitra et al., “Large-scale all-dielectric metamaterial perfect reflectors,”
ACS Photon., vol. 2, no. 6, pp. 692–698, Jun. 2015.

[20] W. T. Chen et al., “Immersion meta-lenses at visible wavelengths for
nanoscale imaging,” Nano Lett., vol. 17, no. 5, pp. 3188–3194, May 2017.

[21] B. Desiatov, N. Mazurski, Y. Fainman, and U. Levy, “Polarization selec-
tive beam shaping using nanoscale dielectric metasurfaces,” Opt. Express,
vol. 23, no. 17, pp. 22611–22618, Aug. 2015.

[22] J. Bar-David, L. Stern, and U. Levy, “Dynamic control over the optical
transmission of nanoscale dielectric metasurface by alkali vapors,” Nano
Lett., vol. 17, no. 2, pp. 1127–1131, Feb. 2017.

[23] R. Paniagua-Dominguez et al., “A metalens with near-unity numerical
aperture,” Nano Lett., vol. 18, pp. 2124–2132, Mar. 2018.

[24] X. Zhu, W. Yan, U. Levy, N. A. Mortensen, and A. Kristensen, “Resonant
laser printing of structural colors on high-index dielectric metasurfaces,”
Sci. Adv., vol. 3, no. 5, May 2017, Art. no. e1602487.

[25] K. Kumar et al., “Printing colour at the optical diffraction limit,” Nature
Nanotechnol., vol. 7, no. 9, pp. 557–561, Sep. 2012.

[26] Y. Nagasaki, M. Suzuki, I. Hotta, and J. Takahara, “Control of Si-based
all-dielectric printing color through oxidation,” ACS Photon., vol. 5, no. 4,
pp 1460–1466, Jan. 2018.

[27] S. Law, L. Yu, A. Rosenberg, and D. Wasserman, “All-semiconductor
plasmonic nanoantennas for infrared sensing,” Nano Lett., vol. 13, no. 9,
pp. 4569–4574, Sep. 2013.

[28] J. H. Lee et al., “A semiconductor metasurface with multiple functionali-
ties: A polarizing beam splitter with simultaneous focusing ability,” Appl.
Phys. Lett., vol. 104, no. 23, Jun. 2014, Art. no. 233505.

[29] S. Liu, G. A. Keeler, J. L. Reno, M. B. Sinclair, and I. Brener, “III-V semi-
conductor nano-resonators-a new strategy for passive, active, and nonlin-
ear all-dielectric metamaterials,” Adv. Opt. Mater., vol. 4, pp. 1658–1658,
2016.

[30] J. Bar-David, N. Mazurski, and U. Levy, “In situ planarization of Huygens
metasurfaces by nanoscale local oxidation of silicon,” ACS Photon., vol. 4,
no. 9, pp. 2359–2366, Sep. 2017.

[31] G. Mie, “Beiträge zur Optik trüber Medien, speziell kolloidaler Metallö-
sungen,” Ann. Phys., vol. 330, no. 3, pp. 377–445, Jan. 1908.

[32] C. F. Bohren and D. R. Huffman, Absorption and Scattering of Light by
Small Particles. Hoboken, NJ, USA: Wiley, 2008.

[33] K. E. Chong et al., “Observation of Fano resonances in all-dielectric
nanoparticle oligomers,” Small, vol. 10, no. 10, pp. 1985–1990, May 2014.

[34] Y.-W. Huang et al., “Gate-tunable conducting oxide metasurfaces,” Nano
Lett., vol. 16, no. 9, pp. 5319–5325, Sep. 2016.

[35] A. Forouzmand, M. M. Salary, S. Inampudi, and H. Mosallaei, “A tunable
multigate indium-tin-oxide-assisted all-dielectric metasurface,” Adv. Opt.
Mater., vol. 6, no. 7, Apr. 2018, Art. no. 1701275.

[36] A. Naiman et al., “Ultrahigh-Q silicon resonators in a planarized local
oxidation of silicon platform,” Opt. Lett., vol. 40, no. 9, pp. 1892–1895,
May 2015.

[37] I. Goykhman, B. Desiatov, J. Khurgin, J. Shappir, and U. Levy, “Locally
oxidized silicon surface-plasmon Schottky detector for telecom regime,”
Nano Lett., vol. 11, no. 6, pp. 2219–2224, Jun. 2011.

[38] I. Goykhman, B. Desiatov, and U. Levy, “Experimental demonstration of
locally oxidized hybrid silicon-plasmonic waveguide,” Appl. Phys. Lett.,
vol. 97, no. 14, Oct. 2010, Art. no. 141106.

[39] F. Y. Gardes et al., “Sub-micron optical waveguides for silicon photonics
formed via the local oxidation of silicon (LOCOS),” Proc. SPIE, vol. 6898,
2008, Art. no. 68980R.

[40] M. P. Nezhad, O. Bondarenko, M. Khajavikhan, A. Simic, and Y. Fainman,
“Etch-free low loss silicon waveguides using hydrogen silsesquioxane ox-
idation masks,” Opt. Express, vol. 19, no. 20, pp. 18827–18832, Sep. 2011.

Jonathan Bar-David received the B.Sc. degree in physics and the M.Sc. degree
in applied physics from The Hebrew University of Jerusalem, Jerusalem, Israel,
where he is currently working toward the Ph.D. degree in applied physics with
the NanoOpto Group.

Noa Mazurski received the B.E. degree in chemical engineering and the M.E.
degree in environmental engineering from the Technion – The Israeli Institute
of Technology, Haifa, Israel.

She is currently a Process Engineer and Nanofabrication Expert with the
NanoOpto Research Group, The Hebrew University of Jerusalem, Jerusalem,
Israel .

Uriel Levy received the B.E.Sc. degree in physics and material engineering from
the Technion – The Israeli Institute of Technology, Haifa, Israel, and the Ph.D.
degree in electrical engineering from Tel Aviv University, Tel Aviv, Israel.

He conducted postgraduate research at the University of California, San-
Diego, CA, USA. Since 2006, he has been a Professor in applied physics and
the Head of the NanoOpto Research Group with The Hebrew University of
Jerusalem, Jerusalem, Israel.

Authorized licensed use limited to: Hebrew University. Downloaded on July 29,2020 at 20:25:31 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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


