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Abstract: Free-space propagations of the optical beams generated by the fractal zone
plates with fractional structural parameters [i.e., fractional fractal zone plate (FZP)] are
analytically studied in this paper. The results demonstrate that the axial location of
the main focus and axial distance between two neighboring foci of the fractional FZP beam
can be precisely customized. Furthermore, we first demonstrate optical manipulation with
the fractional FZP beam. The experimental results verified that such an FZP beam can
simultaneously trap multiple particles positioned in different focal planes of the beam, ow-
ing to the multiple foci and self-reconstruction property of the FZP beam. The customized
locations of trapped particles can also be realized by the fractional FZP beam, which would
be useful for constructing three-dimensional optical tweezers.

Index Terms: Fractional fractal zone plate (FZP), self-reconstruction, optical tweezers.

1. Introduction
Highly focused laser beams are widely used to trap various types of particles such as transparent
silica or polymer spheres, coated microspheres, and so on [1]–[3]. Conventionally, only the optical
fields in the imaging plane can be controlled. Thus, the microparticles in multiple planes cannot
be manipulated simultaneously. Although multiple microparticles can be trapped in 3-D space via
several methods such as time-sharing, specific beam shaping algorithms, and so on [4]–[6], the
subsequent propagation of the beam would be affected by the reflection, refraction, or absorption
of a trapped particle.

To realize 3-D trapping of multiple particles in 3-D space, one can generate an optical beam with
tailorable intensity distribution and the self-reconstruction property [7] along the propagation axis
of the beam. A few beams, e.g., Bessel beams, Airy beams, and others, were found to possess
the self-reconstruction property and used to trap multiple particles simultaneously [8]–[10], but
positions of the trapped particles in 3-D space could not be customized owing to the diffraction
properties of the beams. Although the optical beams generated by fractal zone plates (FZPs) were
proved to possess the self-reconstruction property and the focal lengths of multiple foci provided
by the beam can be tailored by adjusting the structural parameters of the FZP [11], [12], the axial
distance between two neighboring foci of an FZP beam can only be roughly adjusted. Furthermore,
a fractal structure lens named devil’s lens was used in optical tweezers [13], but the focal length of
the lens cannot be tailored precisely and the trappings of multiple foci have not been implemented.
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Fig. 1. FZPs with (a) N = 3 and S = 3 and (b) N = 2.9 and S = 3. The bright and dark segments
correspond to the transmittances of 1 and 0, respectively.

Conventionally, the number of fractal segments of an FZP is an integer [11], but the number can
be fractional [12]. We name the FZP with a fractional number of fractal segments as fractional FZP.
In this paper we first demonstrate the capability of the optical beams generated by the fractional
FZP in constructing 3-D optical tweezers. The main focus and the second subsidiary foci of the
beam will be used to separately trap and manipulate particles at different focal spots in 3-D space.
Furthermore, dynamic manipulation of microparticles in optical tweezers will be implemented by
changing Ns of the fractional FZPs. The unique diffraction properties such as the self-reconstruction
property and customizable focal length of the fractional FZP beam are found to be privital for the
implementation of the 3-D manipulation.

2. Axial Properties of the Fractional FZP
The FZPs can be constructed from conventional Fresnel zone plates in some cases [11]. Usually,
one-dimensional fractal structure of the binary Cantor sets can be adopted for the construction of
an FZP. The optical beam generated by an FZP was found to possess multiple foci with internal
fractal properties along the optical axis [11]. Although many specified FZPs [14]–[19] have been
proposed, the focal length of multiple foci provided by the FZP beam, e.g., the FZP beam with an
integer of fractal segments, can be only roughly adjusted. Fig. 1(a) shows an example FZP with
N = 3 and S = 3, where N and S are the numbers of fractal segments and stage, respectively [11].
In our recent investigation [12] the axial locations of multiple foci and the axial distance between
two neighboring foci of a fractional FZP beam can be precisely adjusted by modifying the fractional
number N. Furthermore, the fractional FZP beams are also found to possess the self-reconstruction
property [12]. Fig. 1(b) shows an example fractional FZP with N = 2.9 and S = 3.

The transmittance of a single FZP comprises 0 and 1 meaning that the corresponding zone of the
FZP is opaque or transparent to the incident beam [11]. The transmittance values of 0 and 1 of the
FZP can be replaced with phase steps of 0 and π, respectively, for the higher diffraction efficiency
of phase-only diffractive optical elements [20]. Furthermore, the focal length of the main focus of an
FZP beam can be expressed by (1) [14], shown below, and it has been proved that the focal length
of a fractional FZP beam can be still expressed by [12]

f (a, λ, N , S) = a2 ·
[
λ · (2N − 1)S

]−1
(1)

where a is the radius of the FZP, λ is the wavelength of the illuminating light, N is the number of the
segments forming the fractal structure, and S is the fractal stage.

A collimated laser beam with a wavelength of 532 nm was applied in the following simulations
and trapping experiments. The radii of the FZPs are set as 256 × 15 μm. Propagations of the
FZP beam in free space are simulated by using the angular spectrum of the plane wave method.
As an example, the axial irradiance of the FZP with N = 3 and S = 3 is shown in Fig. 2(a) and
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Fig. 2. Axial irradiance of the FZPs with (a) N = 3, S = 3 and (b) N = 2.9, S = 3. Plots of (c) axial
location of the main focus from the SLM and (d) axial distance between the main focus and the second
subsidiary focus of an FZP beam with S = 3 versus N.

the counterpart of the fractional FZP with N = 2.9 and S = 3 is shown in Fig. 2(b). The main
foci in Fig. 2(a) and (b) have the calculated distances of 221.7 mm and 250.7 mm from the FZPs,
respectively. The peaks around the respective main focus are marked as the first subsidiary focus
and the second one, respectively. The average axial distance between two neighboring foci (i.e.,
the main focus and subsidiary foci) of the FZP beam with N = 3 and S = 3 is about 8.5 mm and
the counterpart of the fractional FZP with N = 2.9 and S = 3 is about 10.3 mm. The plots of axial
location of the main focus and axial distance between the main focus and the second subsidiary
focus of an FZP beam with S = 3 versus N are shown in Fig. 2(c) and (d), respectively. Obviously,
when N is changed with a fractional increment, both the axial locations and the axial spacings of
the foci of the FZP beam can be more precisely controlled. Thus, microparticles can be dynamically
manipulated by changing Ns of the fractional FZPs.

It is worth mentioning that although the fractional FZP beam has weaker foci than the FZP
beam with an integer of N in Fig. 2(a) and (b), the fractional FZP beams can be still used to trap
microparticles due to the intensity-gradient force. As the fractional FZP beams are found to have the
self-reconstruction property [12], the trapped particles will not affect the subsequent propagation
of the beam. This will be beneficial to stable trapping of microparticles in multiple planes. In the
following multi-plane trapping experiments, we will use the FZP shown in Fig. 1(b) so that the shifts
of the foci in the viewfield can be observed clearly. Considering the limited depth of the sample
cell and short work distance of the objective, we will use the main focus and the second subsidiary
focus shown in Fig. 2(b) to trap microparticles.

3. Optical Trapping of Microparticles With the Fractional FZP Beam
The schematic of the whole optical trapping system can be referred to [21]. A Gaussian beam
emitting from an optically pumped semiconductor laser with maximum output power of 1 W is
expanded with a beam expander and then projected onto the spatial light modulators (SLMs: BNS,
XY Nematic Series, 512 × 512 pixels, phase type, pixel pitch = 15 μm). The reconstructed FZP
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Fig. 3. (a) Schematic of the experimental setup. Captured CCD frames of intensity distributions of
(b) the main focus and (c) the second subsidiary focus of the FZP beam with N = 3 and S = 3.
Captured CCD frames of intensity distributions of (d) the main focus and (e) the second subsidiary
focus of the fractional FZP beam with N = 2.9 and S = 3. The locations of the main focus and the
second subsidiary focus are highlighted with white and red arrows, respectively.

beam from the SLM is further reduced 25 times with a telescope. The optical arrangement around
the sample cell is schematically shown in Fig. 3(a), where the reduced FZP beam incidents to
the sample cell at a small oblique angle. In the trapping experiments polystyrene beads with a
diameter of about 5 μm were immersed in deionized water of refractive index of 1.33. The oblique
incidence of the beam ray in Fig. 3(a) facilitates the observation of three-dimensional trapping of
microparticles in multiple focal planes. It is worth mentioning that the relative distance between the
objective and the sample cell was fixed in the trappings.

In Fig. 3(a), the main focus of the FZP beam with N = 3 and S = 3 is located at the focal plane
of the objective. The observed main focus in the viewfield of the CCD camera is shown in Fig. 3(b).
When the sample cell and the objective were shifted upward synchronously about 180 μm, the
second subsidiary focus is just located at the focal plane of the objective and we can observe the
image of the focus clearly in the viewfield of the CCD camera as is shown in Fig. 3(c). Similarly,
when the fractional FZP beam with N = 2.9 and S = 3 is used in the optical tweezers system,
the image of the observed main focus in the viewfield of the CCD camera is shown in Fig. 3(d).
Differently, only when the sample cell and the objective were shifted upward synchronously about
360 μm, can we observe the image of the second subsidiary focus clearly in the viewfield. The
image is shown in Fig. 3(e). Compared with the FZP beam with N = 3 and S = 3, the axial distance
between the main focus and the second subsidiary focus of the fractional FZP with N = 2.9 and
S = 3 is increased slightly. Furthermore, we can observe that the locations of the foci shift toward
a fixed direction in the viewfield of the CCD camera due to oblique incidence of the FZP beam
ray. Comparing Fig. 3(b) and (c) with Fig. 3(d) and (e), we find that the shifting displacement of
the second subsidiary focus from the main focus of the fractional FZP with N = 2.9 and S = 3
is slightly greater than that of the FZP with N = 3 and S = 3 in the viewfield. The results are in
agreement with those shown in Fig. 2(a) and (b). Thus, the axial distance between two neighboring
foci of an FZP beam can be precisely adjusted by setting N as a fraction.

Optical trapping experiments were implemented with the optical beam generated by the fractional
FZP shown in Fig. 1(b). In the trapping experiments, the laser power was set to 950 mW. In the
beginning, the main focus of the fractional FZP beam with N = 2.9 and S = 3 was located at the
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Fig. 4. (a)–(d) CCD-captured frames showing that a particle highlighted with a dashed circle is trapped
by the main focus and moves horizontally with the shifting focus.

Fig. 5. (a)–(d) CCD-captured frames showing that a particle is trapped and then moves horizontally with
the second subsidiary focus of the FZP beam.

Fig. 6. Experimental demonstration of simultaneous trapping with two foci of the fractional FZP beam
of N = 2.9 and S = 3. (a)–(b) Trapping of a cluster of particles marked as 1 with the main focus,
(c)–(f) trapping of a particle marked as 2 with the second subsidiary focus and in the mean time
trapping of the particles marked as 1 with the main focus.

focal plane of the objective in Fig. 3(a). The image of the main focus in the viewfield is shown
on the right bottom of the exposure region of Fig. 3(d). A polystyrene bead was attracted toward
the main focus and then trapped stably. Fig. 4(a)–(d) show the sequential CCD-captured frames
demonstrating that the trapped polystyrene bead was manipulated horizontally. Then, the sample
cell and the objective were shifted upward synchronously about 360 μm until the second subsidiary
focus was just located at the focal plane of the objective. The image of the second subsidiary
focus in the viewfield is located at the left bottom of the exposure region of Fig. 3(e). A polystyrene
bead around the focus was trapped and moved. The trappings are shown in Fig. 5(a)–(d). In
Figs. 4 and 5, the particle highlighted with the white dashed rectangle is the background particle
and the black arrows represent the movement of the trapped particle. Hence, we can see from
Figs. 4 and 5 that each of the foci, i.e., the main focus and the second subsidiary focus of the
fractional FZP beam, is capable of manipulating particles stably.

In order to verify the ability of 3-D trapping of microparticles with the fractional FZP beam with
N = 2.9 and S = 3, we first located the main focus of the beam at the focal plane of the objective
in Fig. 3(a). It is observed that the polystyrene beads marked as 1 were trapped from Fig. 6(a)
and (b), where the white and black arrows highlighted the locations of the main focus and the
second subsidiary focus, respectively. Then, the sample cell and the objective in Fig. 3(a) were
shifted upward synchronously and in the mean time the main focus was relatively shifted toward
the bottom of the sample cell. From Fig. 6(b)–(e), we can see that the beads marked as 1 were still
trapped stably and shifted downward with the main focus. Thus, the image of the trapped beads 1
changed dim gradually in the viewfield of the CCD camera. The sample cell and the objective were
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Fig. 7. Experimental demonstration of dynamic trapping with the second subsidiary foci of the fractional
FZPs with N = 3, 3.001, 3.002, and 3.003, as well as S = 3, respectively. (a) The second subsidiary
focus of the FZP with N = 3 and S = 3 and (b) the trapped microparticle in the viewfield of the CCD
camera. (c)–(e) Trapped particle becomes blurred with dynamic changing of the fractional FZPs with N
increasing from 3.001 to 3.003. (f)–(h) Trapped particle becomes clear again with N decreasing from
3.002 to 3.

further shifted upward synchronously until the second subsidiary focus approached the focal plane
of the objective. In the process the polystyrene bead marked as 2 was attracted to the subsidiary
focus and finally trapped stably at the focal plane of the objective. The trappings of the bead marked
as 2 are shown in Fig. 6(d)–(f). In the experiments the polystyrene beads marked as 1 moved
toward the bottom of the sample cell with the main focus and meanwhile the bead marked as 2
was trapped by the second subsidiary focus as is shown in Fig. 6(b)–(f). The results demonstrate
that the particles can be trapped by the multiple foci of the fractional FZP beam in different planes
simultaneously. Hence, when the FZPs are designed with a fractional number of fractal segments,
the focal lengths of the foci can be finely tailored and customized trapping locations of trapped
particles in 3-D space can be realized experimentally.

In fact, N can be modified with a variation as small as 0.001. For example, the main focus of
the fractional FZP with N = 3.001 and S = 3 has shifting displacements of 0.2 mm in free space
and 8 μm in the sample cell from that of the FZP with N = 3 and S = 3, respectively. Similarly,
the corresponding subsidiary foci also have smaller shifting displacements. For comparisons, N
can be modified with an increment of 1, e.g., from N = 2 to N = 3. The main focus of the FZP
with N = 2 and S = 3 has shifting displacements of 804.9 mm in free space and 32.2 mm in
the sample cell from that of the FZP with N = 3 and S = 3, respectively. Thus, microparticles
can be dynamically manipulated by modifying N with an especially small fractional variation. For
convenience we used the second subsidiary foci of the fractional FZPs to trap microparticles
dynamically. Fig. 7(a) and (b) show the second subsidiary focus of the FZP with N = 3 and S = 3
and the trapped microparticle in the viewfield of the CCD camera, respectively. Then, the FZPs with
N = 3.001, 3.002, and 3.003 were loaded on the SLM sequentially every 5 seconds. When N was
increased, the second subsidiary focus of the corresponding fractional FZP was shifted toward the
bottom of the sample cell. The experimental results are shown in Fig. 7(c)–(e), where the trapped
particle becomes blurred with dynamic changing of the fractional FZPs in the SLM. Then, the FZPs
with N = 3.002, 3.001, and 3.0 were loaded on the SLM sequentially every 5 seconds. The second
subsidiary focus of the corresponding fractional FZP would be shifted toward the top of the sample
cell. The dynamic trappings are shown in Fig. 7(f)–(h), where the trapped microparticle moves
toward the original location and is in focus. Thus, the positions of the trapped particles can be
dynamically controlled.

4. Conclusion
The axial properties of the optical beam generated by a fractional FZP were analytically investigated
in this paper. The results demonstrated that the focal length of multiple foci of a fractional FZP
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beam can be controlled precisely. The fractional FZP beam was first used in optical trapping
and manipulating. In the trapping experiments the main focus and the second subsidiary focus
of the fractional FZP beam with N = 2.9 and S = 3 were used to trap polystyrene beads. The
experimental results demonstrated that the foci can manipulate particles stably and independently
and even trap different microparticles in the two respective focal planes simultaneously. The results
verify that the fractional FZP beam can be employed to construct 3-D optical tweezers where the
trapping locations can be finely arranged.
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[17] V. Ferrando, F. Giménez, W. D. Furlan, and J. A. Monsoriu, “Bifractal focusing and imaging properties of Thue–Morse

zone plates,” Opt. Exp., vol. 23, no. 15, pp. 19846–19853, Jul. 2015.
[18] J. A. Monsoriu, A. Calatayud, L. Remón, W. D. Furlan, G. Saavedra, and P. Andrés, “Bifocal Fibonacci diffractive

lenses,” IEEE Photon. J., vol. 5, no. 3, Jun. 2013, Art no. 3400106.
[19] W. Z. Ma, S. H. Tao, and S. B. Cheng, “Composite Thue-Morse zone plates,” Opt. Exp., vol. 24, no. 12,

pp. 12740–12747, Jun. 2016.
[20] S. H. Tao, X. C. Yuan, J. Lin, and R. E. Burge, “Sequence of focused optical vortices generated by a spiral fractal zone

plate,” Appl. Phys. Lett., vol. 89, Jul. 2006, Art. no. 031105.
[21] S. B. Cheng, X. Y. Zhang, W. Z. Ma, and S. H. Tao, “Fractal zone plate beam based optical tweezers,” Sci. Rep., vol. 6,

Sep. 2016, Art. no. 34492.

Vol. 8, No. 5, October 2016 6100407



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


