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Controlled Transport of Particles Using
Graphene Patterns

Zhihao Li", Jinfeng Li

Abstract—We propose the graphene film with trapezoid-shaped
nanoparticles (GTNAs) to transport particles. In our design, the
conversion of plasmon surface resonances can be realized without
changing the excitation light source. By sequentially activating
three closely packed potential wells, nanoparticles can be trans-
ported between adjacent traps in a creeping manner. Three adja-
cent potential wells form a linearly repeating array structure, form-
ing a nano-optical conveyor belt. When the resonant wavelength is
5.5 pum, and the power density is 0.4 mW/um?, we verified that
the target particle can move along the direction of the hot spots.
In addition, the movement of nanoparticles in a liquid environ-
ment will be interfered with by viscous resistance and the random
Brownian motion process. Since particles produce hysteresis or
derailment during transmission, we also analyzed the time interval
of switching the Fermi level to manipulate the particle in real-time.
The three-dimensional finite-difference time-domain method has
been used to verify that the design of this paper provides a conveyor
belt in tunable graphene without rotating the polarization angle of
the light source and has broad application prospects in biomedical
diagnostics.

Index Terms—Graphene, metasurfaces, nanoparticle, optical
trap, tunable.

1. INTRODUCTION

PTICAL tweezers (OTs), which focus laser beams tightly,
() are powerful tools for trapping and manipulating tar-
get particles and have wide applications in biological and
nanoscience and technology [1]. Conventional OTs usually rely
on diffraction to focus the light spot [2] but require very high
optical power to generate optical gradient forces, which can
generate a large amount of heat and cause sample damage
[3]. In addition, traditional diffraction-limited architectures also
limit practical applications because it is difficult to position
the target particles precisely when trapping them. Plasmonic
metasurfaces have been extensively studied in recent decades
because they can confine nanoparticles to the most intense hot
spots created by metasurface structures. Usually, researchers use
two methods to excite the plasmonic metasurfaces to generate
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highly localized light fields (i.e., the hot spots). One method
is to sequentially adjust the incident wavelength of the light
source sequentially [4], and the other is to continuously switch
the polarization angle of the light source [5], [6], [7]. Jiang et al.
proposed a gold plasmonic nano-ellipses array structure that
continuously rotates the polarization angle of the light source
so that the trapped particles are transported around the edge of
the nano-ellipses [8]. Hansen et al. designed a C-aperture array
of conveyor belt to transport polystyrene particles by switching
different wavelengths [9]. In addition, researchers have pro-
posed various nanostructures designed to generate sufficiently
sizeable optical gradient forces at low power, such as nano-
disks [10], non-concentric nano-rings [11], gold stripe [12], and
nano-antenna [13]. Nevertheless, their fixed structure usually
limits the performance of metal plasmonic optical tweezers. This
results in the inability to flexibly change optical properties, such
asresonant frequencies or the location of local field enhancement
during design and experimentation. Furthermore, monitoring
and observing nanoparticles is a challenge due to the opaque
nature of metal structures.

Using graphene instead of metal materials can solve the above
problems because graphene has electrical tunability, efficient
thermal conductivity and excellent light transmittance [14], [15].
The carrier density in graphene can be changed by adjusting the
gate voltage, thereby affecting the position of the Fermi level
and ultimately modulating the local field enhancement factor
[16], [17], [18]. In the past decade, researchers have proposed
various graphene plasmonic metasurface structures, such as
rings [19], [20], [21], disks [22], [23], [24], ribbons [25], [26],
[27], and so on [28], [29], [30], [31]. Liu et al. designed a two-
dimensional conveyor belt network of graphene metasurfaces
that can trap many particles and transport them independently
to any target area [32]. Khorami et al. presented a lab-on-a-chip
tweezer device based on an isosceles-triangle-shaped graphene
nano-taper that can trap sub-wavelength nanoparticles [33]. Kim
et al. proposed nanohole to trap target particles [34]. Comparing
graphene nanoholes with gold nanoholes proves that graphene
nanoholes have more substantial trapping power and verifies that
graphene has an advantage in generating minimal heat.

Here, we report a plasmonic metasurface optical conveyor
belt with tunable functionality. It is constructed from a pair of
graphene trapezoid-shaped nanoapertures (GTNAs). Its work-
ing principle and particle transmission characteristics are ana-
lyzed by controlling the local field enhancement by adjusting
the back-gate voltage at the appropriate incident wavelength.
Polystyrene nanoparticle (PS-NP) will move along the hot spots
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Fig. 1. Schematic illustration of (a) a three-dimensional view and (b) a view
of the cross-section of GTNAsS. (¢) The parameters of GTNAs.

path due to the tightly packed local field gradient force pro-
vided by graphene. The optical gradient force field distribu-
tion is analyzed using the three-dimensional finite-difference
time-domain (FDTD) method, and the Volumetric Technique is
used to measure the force on the trapped target. The modeling
results fully support the feasibility of our design. On this basis,
simulation and statistical analysis were conducted on the motion
distribution of particles in a liquid solution environment under
different Fermi level switching intervals. Undoubtedly, this has
broad application prospects in the medical field.

II. GRAPHENE METASURFACE DESIGN AND METHOD

Fig. 1(a) shows that a graphene plasmonic metasurface
consists of a pair of trapezoidal nanoapertures symmetrical about
the Y-axis, arranged sequentially to form a periodic array struc-
ture. The GTNAs are encapsulated between a silicon dioxide
substrate and a dielectric layer to protect GTNAs from the liquid
environment. The thickness of substrate and dielectric layer is
200 nm and 5 nm, respectively. Fig. 1(b) shows the application
of an external voltage on the metal back-gate at the bottom of
the structure to change the Fermi level of graphene and cause
it to excite resonance. The structural device is wholly placed
in water, with the particle having a diameter of 400 nm and
located 10 nm above the graphene film. Fig. 1(c) shows the
structural dimensions of graphene as follows. The base length
of the nanoaperture is 300 nm, the heights on both sides are
79 nm and 86.5 nm, respectively, and the intervals between
a pair of symmetrical nanoapertures are 42 nm and 27 nm,
respectively. The pair of nanoapertures are periodically arranged
on the Y-axis, with a 50 nm interval between each pair.

Fig. 2 shows the two-dimensional local field intensity distri-
bution of the GTNA structure. The incident light is an X-axis
polarized plane wave of 5.5 pum, and the light source is irradiated
from top to bottom perpendicular to the Z-axis. The Fermi level
of graphene is adjusted to 0.41 eV, 0.36 eV, and 0.31 eV in
sequence, and the plasmonic metasurface excites resonance at
two symmetrical GTNA gaps, forming a transmission channel
with three hot spot areas. At a given resonance wavelength,
the intensity of the hot spots depends on the Fermi level and

IEEE PHOTONICS JOURNAL, VOL. 16, NO. 3, JUNE 2024

Ei=0.36eV

= = E=0.31eV :
b) c) X
(5] 350
(- 175
c | - ]
£ X E o
= =
5 175
X]
.35 5} -350
525 0 525 0
%50 125 0 125 250 550 125 0 12
X(om) X(om)

250 5 250

o 126 250
X(nm)

Fig. 2. (a), (b), and (c) are two-dimensional schematics of the normalized
electric field intensity distribution on the GTNAs and 10 nm above the surface,
respectively.
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Fig. 3. (a) Forces on particles passing through GTNAs with the Fermi level

of 0.41 eV. (b) with the Fermi level of 0.36 eV. (c) with the Fermi level of 0.31
eV. (d) The distribution of the potential well with different Fermi levels.

the width of the transmission channel gap. We extensively
debugged the structure and selected an optimal gap width to
reduce crosstalk between adjacent structures and create an
effective hot spot area. As the Fermi level decreases, the hot
spots change continuously, guiding the particles forward in the
transmission channel.

We calculate the optical gradient force experienced by the
particle to discuss the reliability of the design. When the Fermi
level Ep = 0.41 eV, GTNAs resonate in the lower part (first
region) of a transmission period, as shown in Fig. 3(a). The
horizontal optical gradient force F'y and vertical optical gradient
force F; of the PS-NP are calculated through the volumetric
technique, where the target particle material is polystyrene, and
the refractive index is 1.59. Fig. 3(b)—(c) shows the components
of the optical force exerted by the incident light on the particle in
the Y and Z directions when the Fermi level is Er = 0.36 eV and
Er =0.31 eV, respectively. It is worth noting that the horizontal
force F'y changes significantly on the resonance GTNAs. Fy at
zero indicates that the PS-NP will be trapped in the resonance
area because there is a robust localization of the field. On the
other hand, a negative value for the vertical force F'; means that
the target is dragged above the surface of the GTNAs.

Integrating Fy along the Y direction can calculate the
potential well Uy. As shown in the golden star line segment
in Fig. 3(d), the hot spots intensity at the narrowest position of
GTANS has a small excitation efficiency. Under the irradiation
of the incident power of 1 W/um?, its potential well is about



LI et al.: CONTROLLED TRANSPORT OF PARTICLES

@, ®),
l‘,.:. S
. ool
05 e e
0 ]
- 4 Ko, 02mwium?"ef 100
; tomd g !
> 5 0.3mW/um® | S
D 15 \ S ggettsese® ’
% / 50
2 . 0,4mWI;1mf
25 0
; -100 [ 100 200 0 100 200
Y(nm) Y(nm)
() i 1=0.2mW/um? (d) o _1=0.4mW/um?
P UL o —
2 2
® 8
° o
€05 § 05
H H
3 3
w w
—-02s -e-0.2s
—8-0.4s —8-04s
0.6s 0.6
0 0
1 2 3 4 1 2 3 4

Switching times Switching times

Fig. 4. (a) The potential well depth under different incident light power.
(b) Comparison between numerical simulation (green histogram) and theoretical
steady-state distribution (red line). When 7 is set as (c) 0.2 mW/um? and (d) 0.4
mW/pum?, the function of the following rate and switching times when switching
interval (AT) is 0.2 s (blue circles), 0.4 s (orange squares), and 0.6 s (yellow
triangles).

5000 KgT, equivalent to 0.2 mW/um? power required for a
1 KgT potential well. In addition, many GNTAs are periodically
arranged to form a channel with long-distance transmission
capability, allowing target particles to be transmitted backward.

III. PARTICLE TRANSPORT

We used statistical methods to calculate the effects of Brow-
nian motion and viscous resistance of 1000 PS-NPs to simulate
the actual scene of the particle transport process. According to
Einstein’s Brownian motion theory, the random disturbance,
diffusion, and force behavior of nanoparticles in liquids are
predicted, thereby optimizing the design and operation of OTs.
Fig. 4(a) shows that the potential well depth becomes more
profound with the increased incident light intensity. We also cal-
culate the distribution of 1000 nanoparticles at an optical power
of 0.4 mW/um?. As shown in Fig. 4(b), the actual distribution of
these particles roughly presents a Gaussian distribution, which
is no different from the theoretical curve.

The following rate refers to the total number of particles that
can be effectively transmitted to a specified location as a per-
centage of the total number. When the incident optical power is
fixed at 0.2 mW/um?, the transport effect of particles through one
transmission period was tested. A single transmission period is
the time (AT) for three switching hot spots, as shown in Fig. 4(c).
However, as the number of switches increases, particles fol-
lowing rate decrease significantly because the incident light
power is too weak to provide sufficient optical gradient force,
and particles cannot be wholly attracted to the next adjacent
potential well during transmission. Therefore, Fig. 4(d) shows
increasing the power to 0.4 mW/um? to test the relationship
between the switching interval and the following rate. When the
switching interval is 0.2 s, the following rate drops significantly
after four intervals, while 0.4 s and 0.6 s can effectively maintain
the following rate above 95%. In order to transport particles more
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Fig. 5. Particle distribution and transportation at intervals of switching Fermi
levels when 7 is 0.4 mW/um?. (a) with a switching interval of 0.2 s, (b) with a
switching interval of 0.6 s.

quickly and efficiently, the final switching interval of the Fermi
level is set to 0.6 s.

When the time interval for a single switching of the Fermi
level is 0.2 s, the position distribution of 1000 particles observed
within one transmission period is shown in Fig. 5(a). We found
that the particles could not all follow, and some gradually dis-
persed; this echoes the increasingly lower following rate shown
in Fig. 4(c). This situation is because when the switching interval
is too short and the number of switches is increasing, some
particles cannot follow up in time before the current hot spot
disappears, causing them to be pulled to the left of the potential
well, so these particles always lag behind the moving potential
well even derail. In contrast, Fig. 5(b) shows that setting the
switching interval to 0.6 s can ensure that the nanoparticles move
toward the expected position and that the following rate is nearly
100%. Among them, the yellow trapezoidal nanoapertures in
the background of Fig. 5 represent graphene, the white gaps
between graphene are transmission channels, and the colored
squares represent hot spots generated by graphene resonance.

Practical applications require lower power because too high
a power will cause thermal effects, and the stability of the
optical system will also decrease. Therefore, we used the
abovementioned lower optical power of 0.4 mW/um? and
switching interval of 0.6 s to obtain the particle position dis-
tribution of 100 transmission periods. Fig. 6(a) shows that given
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Fig. 6. Particle distributions when (a) 100 transmission periods, (b) 140
transmission periods, and 160 transmission periods have been experienced when
I'is 0.4 mW/um?.

100 transmission periods, most particles are mainly concentrated
at 70-80 transmission periods and, therefore, require extra time
to reach the designated location. If 40 additional transmission
periods are added, 85% of the particles can be effectively trans-
ported, as shown in Fig. 6(b). Fig. 6(c) shows that for a specified
100 transmission period, 160 transmission periods are needed to
transmit all particles. Therefore, these features are also optional
for relatively low-time requirements scenarios.

IV. CONCLUSION

In conclusion, we proposed a graphene film metasurface
structure with trapezoid-shaped nanoapertures to form a trans-
mission channel for transporting polystyrene particles over long
distances. The GTNAS structure is mirror symmetric along the
Y-axis, and by periodically changing the Fermi level, we can
trap and transport nanoparticles in a one-way forward transfer
step. At the same time, based on Brownian motion analysis, the
conditions for stable particles following under different incident
light powers are given, confirming that this design can ensure
stable transmission of particles at lower incident light power.
Finally, we also demonstrate the ability of this design to transport
particles over long distances. Our investigations have broad
application prospects in the field of biomedical diagnostics.

ACKNOWLEDGMENT

Data underlying the results presented in this paper are not
publicly available at this time but may be obtained from the
authors upon reasonable request.

REFERENCES

[1] D. G. Grier, “A revolution in optical manipulation,” Nature, vol. 424,
no. 6950, pp. 810-816, Aug. 2003.

[2] D.G. Kotsifaki and S. N. Chormaic, “Plasmonic optical tweezers based on
nanostructures: Fundamentals, advances and prospects,” Nanophotonics,
vol. 8, no. 7, pp. 1227-1245, 2019.

[3] T. T. Perkins, “Optical traps for single molecule biophysics: A primer,”
Laser Photon. Rev., vol. 3, no. 1/2, pp. 203-220, 2009.

[4] G. Wang, Z. Ying, H.-P. Ho, Y. Huang, N. Zou, and X. J. O. l. Zhang,
“Nano-optical conveyor belt with waveguide-coupled excitation,” Opt.
Lett., vol. 41, no. 3, pp. 528-531, 2016.

[S] M. Jiang et al., “Integrated optofluidic micro-pumps in micro-channels
with uniform excitation of a polarization rotating beam,” Opt. Lett., vol. 44,
no. 1, pp. 53-56, 2019.

[6] C.Zhang et al., “Optical conveyor belt based on a plasmonic metasurface
with polarization dependent hot spot arrays,” Opt. Lett., vol. 46, no. 7,
pp. 1522-1525, Apr. 2021.

[7]1 E Xu et al., “Optically levitated conveyor belt based on polarization-
dependent metasurface lens arrays,” Opt. Lett., vol. 47, no. 9,
pp- 2194-2197, May 2022.

(8]
[91
[10]

[11]

[12]

[13]

[14]
[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

IEEE PHOTONICS JOURNAL, VOL. 16, NO. 3, JUNE 2024

M. Jiang et al., “Two-dimensional arbitrary nano-manipulation on a plas-
monic metasurface,” Opt. Lett., vol. 43, no. 7, pp. 1602-1605, Apr. 2018.
P. Hansen, Y. Zheng, J. Ryan, and L. Hesselink, “Nano-optical conveyor
belt, part I: Theory,” Nano Lett., vol. 14, no. 6, pp. 2965-2970, Jun. 2014.
Z.Kang, H. Lu, J. Chen, K. Chen, F. Xu, and H. P. Ho, “Plasmonic graded
nano-disks as nano-optical conveyor belt,” Opt. Exp., vol. 22, no. 16,
pp. 19567-19572, Aug. 2014.

M. Jiang et al., “Plasmonic non-concentric nanorings array as an unidirec-
tional nano-optical conveyor belt actuated by polarization rotation,” Opt.
Lett., vol. 42, no. 2, pp. 259-262, Jan. 2017.

K. Wang, E. Schonbrun, P. Steinvurzel, and K. B. Crozier, “Scannable
plasmonic trapping using a gold stripe,” Nano Lett., vol. 10, no. 9,
pp. 3506-3511, Sep. 2010.

W. Zhang, L. Huang, C. Santschi, and O. J. Martin, “Trapping and sensing
10 nm metal nanoparticles using plasmonic dipole antennas,” Nano Lett.,
vol. 10, no. 3, pp. 1006-1011, Mar. 2010.

F. J. Garcia de Abajo, “Graphene plasmonics: Challenges and opportuni-
ties,” ACS Photon., vol. 1, no. 3, pp. 135-152, 2014.

R. R. Nair et al., “Fine structure constant defines visual transparency of
graphene,” Science, vol. 320, no. 5881, pp. 1308-1308, 2008.

T. Low and P. J. A. Avouris, “Graphene plasmonics for terahertz to mid-
infrared applications,” ACS Nano, vol. 8, no. 2, pp. 1086-1101, 2014.

C. Zhou et al., “Tunable Fano resonator using multilayer graphene in
the near-infrared region,” Appl. Phys. Lett., vol. 112, no. 10, 2018,
Art. no. 101904.

L. Ju et al., “Graphene plasmonics for tunable terahertz metamaterials,”
Nature Nanotechnol., vol. 6, no. 10, pp. 630-634, 2011.

M. Jiang, Z. Guo, H. Li, X. Liu, F. Xu, and G. Wang, “Optical Conveyor
Belt With Electrically Tunable Graphene Plasmonic Nanorings,” IEEE
Photon. Technol. Lett., vol. 35, no. 10, pp. 549-552, May 2023.

Y. Qi et al., “A tunable terahertz metamaterial absorber composed of
elliptical ring graphene arrays with refractive index sensing application,”
Results Phys., vol. 16, 2020, Art. no. 103012.

C. Cen et al., “A dual-band metamaterial absorber for graphene surface
plasmon resonance at terahertz frequency,” Physica E: Low-Dimensional
Syst. Nanostructures, vol. 117, 2020, Art. no. 113840.

J. Zhang, Z. Zhu, W. Liu, X. Yuan, and S. J. N. Qin, “Towards photode-
tection with high efficiency and tunable spectral selectivity: Graphene
plasmonics for light trapping and absorption engineering,” Nanoscale,
vol. 7, no. 32, pp. 13530-13536, 2015.

M. Fan, Y. Zhang, D. Chen, L. Ren, Q. Yang, and C. Zhou, “Tunable
light trapping in the graphene metasurface,” Appl. Opt., vol. 61, no. 36,
pp. 10694-10699, Dec. 2022.

Z. Fang et al., “Active tunable absorption enhancement with graphene
nanodisk arrays,” Nano Lett., vol. 14, no. 1, pp. 299-304, 2014.

V. W. Brar, M. S. Jang, M. Sherrott, J. J. Lopez, and H. A. Atwater, “Highly
confined tunable mid-infrared plasmonics in graphene nanoresonators,”
Nano Lett., vol. 13, no. 6, pp. 2541-2547, 2013.

Z.H.Zhuetal., “Electrically tunable polarizer based on anisotropic absorp-
tion of graphene ribbons,” Appl. Phys. A, vol. 114, no. 4, pp. 1017-1021,
2014.

H. Li, C. Ji, Y. Ren, J. Hu, M. Qin, and L. J. C. Wang, “Investigation of
multiband plasmonic metamaterial perfect absorbers based on graphene
ribbons by the phase-coupled method,” Carbon, vol. 141, pp. 481-487,
2019.

J. Chen et al., “Optical nano-imaging of gate-tunable graphene plasmons,”
Nature, vol. 487, no. 7405, pp. 77-81, Jul. 2012.

A. A. Saleh and J. A. Dionne, “Toward efficient optical trapping of sub-
10-nm particles with coaxial plasmonic apertures,” Nano Lett., vol. 12,
no. 11, pp. 5581-5586, Nov. 2012.

B. Xiao, Y. Wang, S. Tong, J. Qin, D. Zhang, and L. Xiao, “Graphene elec-
tromagnetically induced transparent polarization-insensitive sensors in the
mid-infrared frequency band,” Appl. Opt., vol. 62, no. 30, pp. 8178-8183,
Oct. 2023.

Z. Fang et al., “Gated tunability and hybridization of localized plasmons
in nanostructured graphene,” ACS Nano, vol. 7, no. 3, pp. 2388-2395,
Mar. 2013.

P. Q. Liu and P. Paul, “Graphene nanoribbon plasmonic conveyor belt
network for optical trapping and transportation of nanoparticles,” ACS
Photon., vol. 7, no. 12, pp. 3456-3466, 2020.

A. A. Khorami, B. Barahimi, S. Vatani, and A. S. Javanmard, ‘“Tun-
able plasmonic tweezers based on graphene nano-taper for nano-bio-
particles manipulation: Numerical study,” Opt. Exp., vol. 31, no. 13,
pp. 21063-21077, Jun. 2023.

J.-D. Kim and Y.-G. Lee, “Graphene-based plasmonic tweezers,” Carbon,
vol. 103, pp. 281-290, 2016.




<<
  /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 true
  /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 true
  /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 true
  /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


