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Design of a Trench-Assisted Optical Fiber
for Generating Bessel Beams

With Different Shapes
Nan Wang , Yusheng Liu, Wenjuan Li , Xinwei Huo, Yingchao Liu, and Lei Zhang , Member, IEEE

Abstract—We have designed a trench-assisted optical fiber that
can generate Bessel beams with different shapes in the fundamental
mode. The trench-assisted structure is nested by rings with differ-
ent refractive indexes on the cross-section. The fundamental mode
field properties of the trench-assisted fiber are analyzed by using
the finite element method. For the wavelengths from 400 nm to
2500 nm, the fundamental modes appear as Bessel beams with
different shapes. The zero-order Bessel beams exhibit at the longer
wavelength region, and the higher-order Bessel beams show at the
shorter wavelength region. The Bessel beams’ shape can also be
adjusted by tuning the structure parameters on the cross-section
of the designed trench-assisted fiber.

Index Terms—Bessel beam, special optical fiber, trench-assisted.

I. INTRODUCTION

O PTICAL imaging technologies have important applica-
tions in the fields of biomedicine [1]–[3], computer vision

system [4], and industrial testing [5]. Various optical imaging
technologies have been developed, such as synthetic aperture
imaging [6], optical coherence tomography [7], scanning con-
focal microscopy [8], and holographic imaging [9]. In the area
of biomedical photonics imaging, higher resolution and faster
imaging speed are required. Recently, the illumination method
with Bessel beams is investigated to improve the imaging
systems’ performances. Chi Liu et al. stretch the multiphoton
microscopy’s axial point spread function through Bessel beam
illumination [10]. Haydn Martin et al. use the Bessel beam in
optical coherence tomography to extend the system’s depth of
focus [5]. Sota Takanezawa et al. improve light-sheet two-photon
microscopy’s axial resolution by using Bessel beam illumination
[11].
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Fig. 1. Cross-sectional structure of the designed optical fiber.

More than 30 years ago, Durnin first got the diffraction-free
Bessel beam by solving the Helmholtz equation and generated
the zero-order Bessel beam experimentally by using an annular
slit [12], [13]. Then, a bunch of ways are explored to generate
Bessel beams, such as holography [14], [15], resonant cavity
[16], and lens-axicon [17]. Novel fiber technologies also have
been proposed to generate Bessel beams, such as fiber grating
[18], photonic crystal fiber [19], multimode fiber, and hybrid
fiber [20]–[22]. Lee et al. generated a Bessel-like beam using
a three-segments integrated fiber. Deng et al. transformed a
Gaussian beam into a Bessel-like beam by using a circular
array core fiber [20]. Siddharth Ramachandran et al. excited
the Gaussian beam to the Bessel beam with a long period fiber
grating [18].

To further explore the Bessel beams’ advantages, several
kinds of methods have been proposed to generate Bessel beams
in arbitrary order. Vicente et al. summarized the classification of
Bessel beams’ electromagnetic fields and concluded a general
framework to generate arbitrary order Bessel beams by using
hypersurface technology [22]. Xuli Wei et al. generated Bessel
beams with any order in the terahertz frequency range by using
a 3D printed axicon [17]. In this paper, a trench-assisted optical
fiber was designed to generate Bessel beams with different
shapes in the fundamental mode.

II. FIBER STRUCTURE

The cross-section structure of the designed trench-assisted
optical fiber is shown in Fig. 1. Low refractive index or high
refractive index trenches distribute around the core on fiber’s
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Fig. 2. The evolution of the HE11 mode in the designed optical fiber with
wavelengths ranging from 400 nm to 1900 nm.

cross-section, which can play an important role in light-filed reg-
ulation. The materials with relatively higher and lower refractive
index show an interlaced distribution pattern in the cross-section.
The white area denotes the material with a higher refractive index
of N1 = 1.4457, and the gray area denotes the material with a
lower refractive index of N2 = 1.4378. The core is represented
by C1, and the second, third, and fourth rings are represented
by C2, C3, and C4, respectively. The radius of the core is r1
= 2.75 µm, and the outermost radius of the second, third, and
fourth rings are r2 = 5 µm, r3 = 8.5 µm, and r4 = 12.5 µm,
respectively.

III. SIMULATION RESULTS AND DISCUSSIONS

In order to verify that the Bessel beam can be generated by
the designed optical fiber, we simulated the fiber’s HE11 mode
property through the COMSOL Multiphysics software with
the finite element method. During the simulations, scattering
Trench-assisted boundary conditions are used. Fig. 2 shows the
evolution of the fiber’s HE11 mode with the wavelength ranging
from 400 nm to 1900 nm. The Bessel beams with light fields
distributed in rings series can be found. The zero-order Bessel
beams with a bright spot at the central part of the ring-shaped
mode field appear in the longer wavelength region. The high-
order Bessel beams with ring-shaped mode fields appear in the
shorter wavelength region. The arrows on the mode field images
indicate the direction of the electric field.

The energy distributed on C1, C2, C3, and the whole cross-
section regions of the optical fiber is calculated by using the
electromagnetic field theory.

P =

∫
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a =
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Fig. 3. The evolution of the energy ratios for the regions of C1, C2, and C3 in
the fiber cross-section with wavelengths ranging from 400 nm to 2500 nm.

where, P represents the average power,
→

Sav represents the
average energy-flux density, Re[] stands for the real part of the

content in brackets,
→
E represents the electric field,

→
H∗ represents

the complex conjugate of the magnetic field, d
→
a represents an

infinitesimal area vector, and the integral is over C1, C2, C3, or
the whole cross-section region of the optical fiber. Because the
ratio of the average power is the same as the ratio of the average
energy crossing the defined field, the core energy ratio (CER) is
defined as the ratio between the average power in the core region
and the average power in the whole cross-section of the fiber.

CER =
P core

Poverall
(2)

Similarly, the average power in C2 and C3 regions can be
divided by the average power in the whole cross-section of the
fiber, then the C2 energy ratio (C2ER) and C3 energy ratio
(C3ER) can be obtained. For the designed fiber with cross-
section parameters of r1= 2.75 µm, r2= 5 µm, r3= 8.5 µm, and
r4 = 12.5 µm, the evolutions of CER, C2ER, and C3ER versus
the wavelength ranging from 400 nm to 2500 nm are shown
in Fig. 3. The evolution curves of C3ER, C2ER, and CER in
Fig. 3 are distinguished by red, blue, and black, respectively.
In the overall wavelengths from 400 nm to 2500 nm, the two
curves of CER and C2ER rise violently in the early stage, rise
gently in the middle stage, and tend to be stable after 1500 nm
in the later stage. C3ER decreases violently in the early stage
and decreases gently in the later stage. In the short wavelength
region below 500 nm, the C3ER is much higher than the other
two curves, especially at 400 nm, the C3ER is 98% which is very
close to 1. This shows that the energy is mainly concentrated in
the high refractive index ring C3. The high-order Bessel beam
with a ring-shaped mode field is generated. In the wavelength
region over 1500 nm, the sum of CER and C2ER is close to 50%,
and the C3ER has declined to 46% at 2500 nm. It shows that a
substantial part of the energy distributes in the core region, and
the zero-order Bessel beam is generated.
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Fig. 4. (a) The HE11 mode fields at 450 nm for r1 = 2.75 µm, 2.90 µm, 3.00
µm, and 3.15 µm; (b) CER diagram, (c) C2ER diagram, and (d) C3ER diagram
for r1 varying from 1 µm to 4.8 µm.

Then, the evolutions of the energy ratios are systematically
investigated by adjusting the parameters of the cross-sectional
structure of the trench-assisted fiber. For the case of r2= 5.0 µm,
r3 = 8.5 µm, r4 = 12.5 µm, and the core radius r1 is set at 1 µm,
1.6 µm, 2.2 µm, 2.75 µm, 2.9 µm, 3 µm, 3.15 µm, 3.9 µm, 4.5
µm, and 4.8 µm respectively, the evolutions of the energy ratios
for CER, C2ER, and C3ER with the wavelength increasing from
450 nm to 1550 nm are shown in Fig. 4(b)–(d) respectively. The
HE11 mode fields at 450 nm for r1 = 2.75 µm, 2.90 µm, 3.00
µm, and 3.15 µm are shown in Fig. 4(a). While r1 is less than
2.9 µm, the Bessel beams can be generated. When r1 is greater
than 3.0 µm, it becomes difficult to generate Bessel beams with
the structure. The CER and C3ER curves in Fig. 4(b) and (d)
have a sudden change with r1 varying from 2.9 µm to 3.0 µm.
For the cases of r1 ≤ 2.9 µm, the trends of the CER, C2ER, and
C3ER curves in Fig. 4 are the same as those in Fig. 3. With the
increase of r1 from 1 µm to 2.9 µm, the energy in the ring region
declines, and the energy in the core region raises. This is because
a relatively larger core can provide stronger confinement to the
light field. When r1 ≥ 3.0 µm, the trends of the curves in Fig. 4
are opposite to that in Fig. 3. With the further increase of r1,
the area of the C2 region becomes smaller and smaller, and the
light field is difficult to be regulated to generate Bessel beams
by the trench-assisted structure. The energy ratios of the Bessel
beams at different cross-section parts of the fiber also can be
widely tuned by adjusting the wavelength. For example, when
r1 is 2.5 µm, with the wavelength tuned from 450 nm to 1550
nm, the CER energy ratio increases from 0.01% to 10.3%, the
C2ER energy ratio raises from 1.25% to 19.67%, and the C3ER
energy ratio declines from 97.5% to 59.8%. This shows that at
the shorter wavelength region more energy can be concentrated
in the C3 high refractive index ring. This is because the numerical

Fig. 5. (a) The HE11 mode fields at 450 nm for r2 = 5.0 µm, 5.2 µm, 5.3 µm,
and 5.5 µm; (b) CER diagram, (c) C2ER diagram, and (d) C3ER diagram for r2
varying from 3 µm to 7.5 µm.

aperture for the shorter wavelength is relatively larger, and the
light is relatively easy to spread into the high refractive ring in
the cross-section of the fiber.

For the case of r1 = 2.75 µm, r3 = 8.5 µm, r4 = 12.5 µm,
and the r2 is set at 3 µm, 3.5 µm, 4 µm, 4.5 µm, 4.6 µm,
5 µm, 5.2 µm, 5.3 µm, 6.5 µm, and 7.5 µm respectively, the
evolutions of the energy ratios for CER, C2ER, and C3ER, with
the wavelength increasing from 450 nm to 1550 nm, are shown in
Fig. 5(b)–(d) respectively. C2ER increases and C3ER decreases,
at each specified wavelength when r2 is increased from 4 µm
to 5.2 µm. And the corresponding CER decreases with the r2
increasing from 4 µm to 4.6 µm, and then increases with the
r2 increasing from 4.6 µm to 5.2 µm. The CER curves of r2 =
4.5 µm and r2 = 4.6 µm almost coincides. Bessel beams can be
generated in the above radius range. With r2 changing from 5.2
µm to 5.3 µm, CER increases from 1.5% to 95% at 450 nm, and
the corresponding C3ER drops from 96% to 2.9%. This analysis
is consistent with the HE11 mode fields at 450 nm for r2 = 5.0
µm, 5.2 µm, 5.3 µm, and 5.5 µm in Fig. 5(a). The concentration
region of energy changes from ring to core, and it is difficult
to generate Bessel beams. When r2 is increased from 5.3 µm
to 7.5 µm, CER increases, and C3ER decreases at each speci-
fied wavelength. CER decreases from about 100%, and C3ER
gradually increases from about 0% with the wavelength ranging
from 450 nm to 1550 nm, it is also difficult to generate Bessel
beams. Obviously, the generation of Bessel beams is affected by
r2, and the increase of r2 means that the area of the low refractive
index region decreases. Consequently, the narrow low refraction
region is difficult to play the role of light field regulation. When
r2 is increased from 3 µm to 4 µm, CER decreases, C2ER and
C3ER increase, at each specified wavelength. This is because a
wider low refractive region prevents the light field energy from
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Fig. 6. (a) The HE11 mode fields at 450 nm for r3 = 8.1 µm, 8.2 µm, 8.3 µm,
and 8.5 µm; (b) CER diagram, (c) C2ER diagram, and (d) C3ER diagram for r3
varying from 5.5 µm to 12 µm.

spreading to the C3 ring, which leads to most of the energy being
bound in the core.

For the case of r1 = 2.75 µm, r2 = 5.0 µm, r4 = 12.5 µm, the
r3 is set at 5.5 µm, 6.5µm, 7.5 µm, 8.1 µm, 8.2 µm, 8.3 µm, 8.5
µm, 10 µm, 11 µm, and 12 µm respectively, the evolutions of the
CER, C2ER and C3ER energy ratios versus the wavelength are
shown in Fig. 6(b)–(d) respectively. When r3 is increased from
8.3 µm to 12 µm, CER and C2ER decrease, and C3ER increases,
at each specified wavelength. CER gradually increases from
about 0%, and C3ER gradually decreases from about 100% with
the wavelength ranging from 450 nm to 1550 nm. As r3 is in
the range of 8.3 µm-12 µm, C3ER decreases to 52.6% at the
wavelength of 1550 nm, and Bessel beams can still be generated
under this condition. That’s because the wider high refraction C3
ring can promote the propagation of light energy from the fiber
core to the C3 ring. Drastic change at the short wavelength edge
appears near the point of r3 = 8.2 µm. This also can be observed
from the HE11 mode fields at 450 nm for r3 = 8.1 µm, 8.2 µm,
8.3 µm, and 8.5 µm in Fig. 6(a). When r3 is increased from
5.5 µm to 8.2 µm, CER gradually decreases from about 100%,
and C3ER gradually increases from about 0% with the wave-
length increasing from 450 nm to 1550 nm. Bessel beams are
difficult to be generated in the circumstances. Because the light
energy is difficult to be constrained in the narrow high refractive
C3 ring.

These evolution curves reflect that the energy ratios is sig-
nificantly related to the cross-section structure of the designed
optical fiber. No matter which parameter is changed, the CER,
C2ER, and C3ER energy ratios will be affected. The increases
of r2 and r3 have opposite effects on the evolutional trends of the
energy ratios for generating of the Bessel beams’ range. Fig. 7
shows the HE11 mode fields at 600 nm for r2 = 5.0 µm, r3= 8.5
µm, r4 = 12.5 µm, and r1 increasing from 2.7 µm to 3.05 µm.

Fig. 7. The distributions of the fundamental mode field at 600 nm with r1
tuning from 2.7 µm to 3.05 µm.

With the increase of r1, the energy gradually concentrates from
the C3 ring to the core region. It reflects that the Bessel beam’s
shape at a defined wavelength can also be adjusted by tuning the
cross-section parameter of the designed trench-assisted fiber.

IV. CONCLUSION

In conclusion, a trench-assisted optical fiber has been de-
signed to generate Bessel beams with different shapes. The
cross-section structure of the trench-assisted optical fiber in-
cludes two low refractive index rings and a high refractive
index ring, which are concentric and surround the core. The
HE11 mode fields are calculated for the wavelengths from 400
nm to 1900 nm. For the longer wavelength, more energy is
concentrated in the core region. When the wavelength decreases
from 2500 nm to 400 nm, the energy ratio in the high index
ring increases from 46% to 98%, and the zero-order Bessel
beam are converted to the higher-order Bessel beam. For a fixed
wavelength, the Bessel beam’s shape can also be changed by
adjusting the structure parameters of the trench-assisted optical
fiber. In a word, Bessel beams with different shapes can be
generated in the trench-assisted optical fiber.

REFERENCES

[1] D. Sheyn et al., “Bone-chip system to monitor osteogenic differentiation
using optical imaging,” Microfluidics Nanofluid, vol. 23, no. 8, Jul. 2019,
Art. no. 99, doi: 10.1007/s10404-019-2261-7.

[2] H. Mostafavi, L. Ghassemifard, A. Rostami, M. Alipour,
and S. Nadri, “Trabecular meshwork mesenchymal stem
cell transplantation improve motor symptoms of parkinso-
nian rat model,” Biologicals, vol. 61, pp. 61–67, Sep. 2019,
doi: https://doi.org/10.1016/j.biologicals.2019.06.006.

[3] D. D. Chen et al., “Bright polymer dots tracking stem cell engraft-
ment and migration to injured mouse liver,” Theranostics, vol. 7, no. 7,
pp. 1820–1834, Jun. 2017, doi: 10.7150/thno.18614.

[4] H. Sun, K. J. Kuchenbecker, and G. Martius, “A soft thumb-
sized vision-based sensor with accurate all-round force percep-
tion,” Nature Mach. Intell., vol. 4, no. 2, pp. 135–145, Feb. 2022,
doi: 10.1038/s42256-021-00439-3.

[5] H. Martin, P. Kumar, A. Henning, and X. Q. Jiang, “Extended
sub-surface imaging in industrial OCT using ‘non-diffracting’ Bessel
beams,” CIRP Ann., vol. 69, no. 1, pp. 493–496, May 2020,
doi: https://doi.org/10.1016/j.cirp.2020.04.017.

[6] W.-C. Chien, D. S. Dilworth, E. Liu, and E. N. Leith, “Synthetic-aperture
chirp confocal imaging,” Appl. Opt., vol. 45, no. 3, pp. 501–510, Jan. 2006,
doi: 10.1364/AO.45.000501.

https://dx.doi.org/10.1007/s10404-019-2261-7
https://dx.doi.org/https://doi.org/10.1016/j.biologicals.2019.06.006
https://dx.doi.org/10.7150/thno.18614
https://dx.doi.org/10.1038/s42256-021-00439-3
https://dx.doi.org/https://doi.org/10.1016/j.cirp.2020.04.017
https://dx.doi.org/10.1364/AO.45.000501


WANG et al.: DESIGN OF A TRENCH-ASSISTED OPTICAL FIBER FOR GENERATING BESSEL BEAMS 7145805

[7] D. M. Sampson, A. M. Dubis, F. K. Chen, R. J. Zawadzki, and
D. D. Sampson, “Towards standardizing retinal optical coherence tomog-
raphy angiography: A review,” Light: Sci. Appl., vol. 11, no. 1, Mar. 2022,
Art. no. 63, doi: 10.1038/s41377-022-00740-9.

[8] P. Stachelek, L. MacKenzie, D. Parker, and R. Pal, “Circularly polarised
luminescence laser scanning confocal microscopy to study live cell chi-
ral molecular interactions,” Nature Commun., vol. 13, no. 1, Jan. 2022,
Art. no. 553, doi: 10.1038/s41467-022-28220-z.

[9] O. A. Sapozhnikov, S. A. Tsysar, V. A. Khokhlova, and W. Kreider,
“Acoustic holography as a metrological tool for characterizing medical
ultrasound sources and fields,” J. Acoust. Soc. Amer., vol. 138, no. 3,
pp. 1515–1532, Feb. 2016, doi: 10.1121/1.4928396.

[10] C. Liu et al., “High-speed, multi-modal, label-free imaging of patho-
logical slices with a Bessel beam,” Biomed. Opt. Exp., vol. 11, no. 5,
pp. 2694–2704, May 2020, doi: 10.1364/BOE.391143.

[11] S. Takanezawa, T. Saitou, and T. Imamura, “Wide field light-sheet mi-
croscopy with lens-axicon controlled two-photon Bessel beam illumi-
nation,” Nature Commun., vol. 12, no. 1, May 2021, Art. no. 2979,
doi: 10.1038/s41467-021-23249-y.

[12] J. Durnin, J. J. Miceli, and J. H. Eberly, “Diffraction-free beams,” Phys.
Rev. Lett., vol. 58, no. 15, pp. 1499–1501, Apr. 1987, doi: 10.1103/Phys-
RevLett.58.1499.

[13] J. Durnin, “Exact solutions for nondiffracting beams. I. The scalar
theory,” J. Opt. Soc. Amer. A, vol. 4, pp. 651–654, Apr. 1987,
doi: 10.1364/JOSAA.4.000651.

[14] N. Chattrapiban, E. A. Rogers, D. Cofield, W. T. R. Hill, and R. Roy,
“Generation of nondiffracting Bessel beams by use of a spatial light
modulator,” Opt. Lett., vol. 28, no. 22, pp. 2183–2185, Nov. 2003,
doi: 10.1364/OL.28.002183.

[15] S. H. Tao, W. M. Lee, and X. C. Yuan, “Experimental study of holo-
graphic generation of fractional Bessel beams,” Appl. Opt., vol. 43, no. 1,
pp. 122–126, Jan. 2004, doi: 10.1364/AO.43.000122.

[16] A. J. Cox and D. C. Dibble, “Nondiffracting beam from a spatially filtered
Fabry–Perot resonator,” J. Opt. Soc. Amer. A, vol. 9, no. 2, pp. 282–286,
Feb. 1992, doi: 10.1364/JOSAA.9.000282.

[17] X. L. Wei et al., “Generation of arbitrary order Bessel beams via 3D printed
axicons at the terahertz frequency range,” Appl. Opt., vol. 54, no. 36,
pp. 10641–10649, Dec. 2015, doi: 10.1364/AO.54.010641.

[18] P. Steinvurzel, K. Tantiwanichapan, M. Goto, and S. Ramachandran,
“Fiber-based Bessel beams with controllable diffraction-resistant dis-
tance,” Opt. Lett., vol. 36, no. 23, pp. 4671–4673, Nov. 2011,
doi: 10.1364/OL.36.004671.

[19] C. Xie et al., “High power femtosecond Bessel-X pulses directly from a
compact fiber laser system,” Appl. Phys. Lett., vol. 101, no. 15, Sep. 2012,
Art. no. 151111, doi: 10.1007/s10404-019-2261-7.

[20] H. C. Deng et al., “Circular Airy beam shaping by annular arrayed-core
fiber,” J. Lightw. Technol., vol. 37, no. 18, pp. 4844–4850, Sep. 2019,
doi: 10.1063/1.4758687.

[21] S. R. Lee, J. Kim, S. Lee, T. M. Jung, J. K. Kim, and K. Oh, “All-silica
fiber Bessel-like beam generator and its applications in longitudinal optical
trapping and transport of multiple dielectric particles,” Opt. Exp., vol. 18,
no. 24, pp. 25299–25305, Aug. 2010, doi: 10.1364/OE.18.025299.

[22] O. C. Vicente and C. Caloz, “Bessel beams: A unified and extended per-
spective,” Optica, vol. 8, no. 4, pp. 451–457, Apr. 2021, doi: 10.1364/OP-
TICA.411887.

https://dx.doi.org/10.1038/s41377-022-00740-9
https://dx.doi.org/10.1038/s41467-022-28220-z
https://dx.doi.org/10.1121/1.4928396
https://dx.doi.org/10.1364/BOE.391143
https://dx.doi.org/10.1038/s41467-021-23249-y
https://dx.doi.org/10.1103/PhysRevLett.58.1499
https://dx.doi.org/10.1103/PhysRevLett.58.1499
https://dx.doi.org/10.1364/JOSAA.4.000651
https://dx.doi.org/10.1364/OL.28.002183
https://dx.doi.org/10.1364/AO.43.000122
https://dx.doi.org/10.1364/JOSAA.9.000282
https://dx.doi.org/10.1364/AO.54.010641
https://dx.doi.org/10.1364/OL.36.004671
https://dx.doi.org/10.1007/s10404-019-2261-7
https://dx.doi.org/10.1063/1.4758687
https://dx.doi.org/10.1364/OE.18.025299
https://dx.doi.org/10.1364/OPTICA.411887
https://dx.doi.org/10.1364/OPTICA.411887


<<
  /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 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


