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Manipulation of Dusty Plasma Properties via
Driving Voltage Waveform Tailoring in a

Capacitive Radiofrequency Discharge
N. Kh. Bastykova, Z. Donkó, S. K. Kodanova, T. S. Ramazanov, and Zh. A. Moldabekov

Abstract— Dust particle layers are routinely established in
radio-frequency plasmas, where their levitation height is defined
by the balance of forces acting on the particles. Here, based
on particle-in-cell simulations, we demonstrate the effect of
excitation waveform on this levitation height, by using harmonic
and alternating-phase waveforms that may as well include an
additional dc component. We also demonstrate that the dust
charge can be tuned by the properties of the excitation waveform
and suggest that the dust component of the plasma can be heated
through a variation of the excitation waveforms via a mechanism
similar to second-order Fermi acceleration.

Index Terms— Dusty plasma, force balance, particle-in-
cell (PIC) simulation.

I. INTRODUCTION

DUSTY plasmas have a number of unique features that
have been attracting attention from different branches

of physics [1]. The manipulation of individual dust parti-
cles and their ensembles is of great interest both for the
theoretical understanding of the fundamental properties of
strongly coupled systems and for applications. In recent years,
a considerable progress has been made on the manipulation
of dusty plasmas using lasers [1]–[3] and via modification of
external electric and magnetic fields [4], [5].

Customized or tailored voltage waveforms [mainly com-
posed of consecutive harmonics of a base radio frequency (RF)
with given phase angles] have been found to influence the
spatiotemporal dynamics of discharge plasmas without a dust
component (ionization rate, mean electron energy, ion energy
distribution functions, etc.) considerably [6]. Peculiarities of
the plasma dynamics under specific excitation waveforms may
as well affect the dust component of the plasma. Dusty plasmas
are non-Hamiltonian systems [7], and fluctuations of the dust
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charge can lead to heating of dust particles [8] in a process
that is similar to the second-order Fermi acceleration. Usually,
fluctuations of the dust charge are considered as a random
process with a Gaussian distribution. Such a mechanism
may explain a rather high kinetic temperature, up to several
electronvolts, of the dust component in the complex plasmas
formed in gas discharges [9]. For the case of astrophysical
grains, this mechanism can strongly affect the rate of grain
coagulation [8].

In this paper, we investigate via particle-based simulations
the effect of the excitation waveform on the discharge charac-
teristics and the levitation height of a dust layer that is assumed
to consist of monodisperse grains. We also demonstrate that
the driving voltage waveform influences the dust charging
environment, which provides a way of heating of the dust
system via alternating the driving voltage waveforms.

In Section II, a description of the simulation method is
outlined. The results are presented and discussed in Section III,
while a short summary is given in Section IV.

II. SIMULATION METHOD

The discharge is described by particle-in-cell simulation
incorporating Monte Carlo treatment of collision (PIC/MCC)
processes [10]–[13]. The code considers one spatial dimension
and traces about 2 ×105 superparticles, representing electrons
and argon ions. We assume that the number density of the dust
particles is low, and consequently, the presence of the dust has
no influence on the discharge characteristics. This approach—
although it is not completely self-consistent—avoids the prob-
lems that arise because of the extremely different timescales of
the motion of electrons, ions, and the dust particles [14], [15].
For the interactions of charged particles with electrode sur-
faces, we consider secondary electron emission (with a yield
of γ = 0.15) and the reflection of electrons (with a probability
of η = 0.5).

The main aim of our simulations is to determine the
following:

1) the spatiotemporal distributions of several discharge
characteristics, like the ionization and excitation rates,
electric field and potential, charged particle densities,
and mean electron energy;

2) the different forces acting on the dust particles, the dust
charge, and the equilibrium position, xd , where the dust
layer settles in the discharge.
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The spatiotemporal distributions are calculated in the
simulation in a straightforward manner, by sampling and
accumulating values of quantities at discrete values of position
within the electrode gap and discrete values of time within the
period of the (base) RF waveform.

The calculation of the forces acting on the dust particles, the
dust charge, and the levitation height proceeds in the following
manner [16]. We expect this position to be in the vicinity of
the electrode sheath/bulk plasma boundary above the lower
electrode of the discharge, at a position defined by the balance
of the vertical forces acting on the particles (we neglect the
dust-dust interaction, due to the low dust density, so only
vertical forces are important). We consider the three major
forces: 1) gravity; 2) electrostatic; and 3) ion drag forces. The
force due to gravity is given as

Fg = md g (1)

where md is the mass of the dust particles. The electrostatic
force is

Fel = 〈E(x)〉qd (2)

where 〈E(x)〉 is the time average of the electric field at
position x (as obtained from the PIC/MCC simulation of
the discharge without dust) and qd is the dust charge. The
calculation of this force needs the determination of the charge
of the dust particles qd . For that, the first step is to calculate the
floating potential ϕd . For the determination of ϕd , we apply the
method of [17], which is based on the interactions (collisions)
between electrons and ions with the dust particles, described
by cross sections that correspond to the orbital motion limited
approximation. We assume that a dust particle is located at
each computational grid point (xk) in the simulation and carry
out calculations for the floating potential at all grid points.
This procedure is only needed to determine Fel, as a function
of x , and finally, the real position of the dust layer is found by
the balance of the three forces listed above. For the calculation
of the floating potential ϕd , we run the PIC/MCC simulation
for one RF cycle, and meanwhile calculate the electron and
ion fluxes to dust particles (�e and �i ), by summing for all
electrons and ions, respectively

�e(xk) ∝
∑

p

Wev pnd(x) σed[εp, ϕd(xk)] (3)

�i (xk) ∝
∑

p

Wiv pnd(x) σid[εp, ϕd(xk)] (4)

where W denotes the superparticle weight, v p is the velocity of
the pth electron or ion, nd is the dust density, and σed and σid
are the electron-dust and ion-dust collision (collection) cross
sections [18], [19]. The floating potential of the dust parti-
cles is found iteratively, by the requirement that the fluxes,
given by (3) and (4) become equal in the stationary state,
at all positions. ϕd (xk) is changed by ±0.05 V after each
RF simulation cycle at each grid point to reach the
above-mentioned requirement. Having obtained ϕd(xk), the
equilibrium dust charge, assuming a radius rd for the dust
particles, is found adopting the simple capacitor model

qd = 4πε0rdϕd(xk). (5)

Fig. 1. Plasma excitation waveforms used in this paper.

From the value of the charge, we calculate via (2) the
electrostatic force, with spatial dependence, Fel(x).

The ion drag force results from the momentum transfer from
the ions flowing to the dust particles [18], [19]. It consists of
two parts: 1) ions absorbed by the dust particles and 2) ions
deflected by the charge of the dust particles—these two force
components are called the collection force and the orbit force

Fi (x) = Fi,coll(x) + Fi,orb(x). (6)

The usual way to handle these processes is to adopt the
binary collision approach. We proceed with the calculation
based on the model of [19]. The required data (drift and mean
velocities of the ions) are readily available from the PIC/MCC
simulation.

Finally, the equilibrium position of the dust particles is
derived from the force balance

Ftot = Fel(xd) − Fg − Fi (xd) = 0. (7)

The calculations are carried out for an RF discharge with
a plane-parallel electrode configuration, with an electrode
separation of L = 55 mm. The bottom electrode (situated
at x = 0) is powered, while the top electrode (at x = L) is
grounded. The excitation frequency is fRF = 13.56 MHz. The
buffer gas is argon, at a pressure of p = 1.8 Pa, and the dust
particles are assumed to have a radius of rd = 2.19 μm. These
conditions correspond to the experiments described in [16].
We consider the following types of driving voltage waveforms
(see Fig. 1), with an amplitude of ϕ0 = 100 V:

1) harmonic RF voltage excitation: ϕ(t) = ϕ0 sin[2π fRFt];
2) excitation of the discharge with alternating phase

of the driving voltage with an additional dc bias,
ϕ(t) = ϕ0 sin[2π fRFt + sin[2π(2 × fRF)t]] + ϕdc,
where the phase of the RF voltage alternates as
sin[2π(2 × fRF)t], and ϕdc is the additional dc voltage.

Combination of the two methods (the phase modulation and
additional dc bias) gives more flexibility in realizing a control
of the spatial profiles of electron (ion) density (temperature)
and the forces exerted on dust particles. In addition, as it
is shown below, there is the possibility to control interdust
particle interaction keeping the vertical position of them nearly
the same. Latest opens the way for investigation into the
different kinds of nonlinear processes like phase transitions.
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Fig. 2. Spatiotemporal profile of electron temperature for the case of
harmonic RF excitation of the discharge. T is the period of the fundamental
frequency (13.56 MHz). p = 1.8 Pa.

Fig. 3. Spatiotemporal profile of electron temperature for the
RF discharge with alternating phase. T is the period of the fundamental
frequency (13.56 MHz). p = 1.8 Pa.

III. RESULTS AND DISCUSSION

In Figs. 2 and 3, the spatiotemporal profiles of the
(effective) electron temperature, derived from the mean energy
of electrons measured in the simulation, for the case of
harmonic RF excitation (Fig. 2) and for the case of alternating
phase excitation with no additional dc bias (Fig. 3) are shown,
respectively. Comparing Figs. 2 and 3, one can see that the
highest values of the effective electron temperature are found
near the edges of the expanding sheaths. In the case of
the (pure) harmonic excitation waveform, the highest values
are in the order of ∼4 eV, while in the plasma bulk we
find ∼2 eV. In the case of the alternating-phase excitation volt-
age, the electron dynamics changes considerably. The expan-
sion of the sheaths becomes much faster, and consequently,
the electron temperature rises to higher values compared with
the case of the harmonic excitation. Here, Te reaches values
exceeding 5 eV, while in the bulk we observe similar values
as in Fig. 2. Here, we do not discuss the impact of the
additional dc bias on the spatiotemporal profiles of the electron
temperature, as it was discussed in detail recently [20].

Due to large difference between masses of the electron,
ion (atom) and dust particle as well as of their temperatures,
these three subsystems have big difference in characteristic

Fig. 4. Ion (thick lines) and electron (thin lines) density profiles for the
different excitation waveforms considered.

time scales. This makes very difficult a self-consistent simu-
lation of the evolution of the all subsystems simultaneously.
Dust particles more inert in comparison with electrons. Thus,
a dust particle’s response lags behind of fast changes of the
spatial profile of the electron density. However, evolution of
the properties of the electrons affects ion density via the
ionization rate of the atoms, and thus the mean value of the
ion drag force acting on the dust grain.

In Fig. 4, the density profiles of the electrons and
ions are shown for the three types of excitation waveform
considered. The stronger electron heating following the fast
sheath expansions in the case of the alternating-phase driving
voltage leads to an increase by a factor of ∼2.7 of the electron
and ion densities in the plasma, compared with the harmonic
RF excitation. The additional dc bias applied to the powered
electrode (at x = 0) results in a decrease of the peak density
and shifts the peak position of the density profiles toward
the grounded electrode, as a consequence of the increasing
length of the dc-biased sheath at the powered electrode. These
changes in the discharge characteristics modify the levitation
height of dust particle as well.

Fig. 5(a)–(c) shows the individual force components and
the resulting total force acting on the dust particles, for the
three different excitation waveforms. A general observation is
that the spatial position of the dust levitation xd is largely
defined by the spatial dependence of the electrostatic and ion
orbit forces. For the harmonic RF excitation, xd is found to
be 0.84 cm. Following the changes of the sheath length and ion
fluxes under the excitation with phase-alteration, xd decreases
to 0.61 cm. The negative bias voltage, which leads to a longer
powered sheath (see [16]), increases the position, to 0.81 cm,
near to the original value found at the harmonic RF excitation
waveform. We note that the collection force is not constant in
time and we considered mean value of this force.

These results demonstrate that the electron dynamics and
the position of the dust particles can be controlled in nearly
independent ways, by the change of the driving voltage wave-
form (including phase-modulation and using an additional
dc bias). As the dust charging currents obviously change with
the plasma density, which is in turn set by the waveform shape,
different charging scenarios can be established at otherwise
(nearly) the same levitation heights. The degrees of freedom
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Fig. 5. Individual force components and the total force acting on the dust
particles for the different excitation waveforms considered. (a) Harmonic
RF excitation. (b) Alternating-phase excitation. (c) Alternating-phase
excitation with −40 V dc bias. Arrows indicate the equilibrium dust levitation
position as defined by Ftot = 0.

provided by waveform tailoring and switching between differ-
ent waveforms open a way to heat the dust particle suspension
in a way similar to the second-order Fermi acceleration, which
may induce a transition between the liquid and solid phases.

Here, only mean value of the dust charge is considered,
since under given parameters of the gas discharge plasma the
dust charge fluctuations do not have considerable impact on
the dust particle’s levitation height.

IV. CONCLUSION

In this paper, we have demonstrated the effect of different
driving voltage waveforms on the dynamics of capacitive
RF plasmas and on the levitation height of dust particles

between the electrodes. The application of the RF excitation
waveform with alternating phase was found to result in an
increased electron temperature and plasma density and was
revealed to have an effect of decreasing the dust levitation
height. The additional dc bias, on the other hand, resulted in
an increase of the levitation height and a moderate decrease
of the plasma density. These two competing effects allow
one to influence the dust charging mechanisms and screening
length, while maintaining the levitation height, through which
the energy balance of the dust system (similarly to Fermi
acceleration) can be changed leading eventually to a phase
transition.

REFERENCES

[1] M. Bonitz, C. Henning, and D. Block, “Complex plasmas: A laboratory
for strong correlations,” Rep. Prog. Phys., vol. 73, no. 6, p. 066501,
May 2010.

[2] J. Schablinski, F. Wieben, and D. Block, “An optical tweezer for complex
plasmas,” Phys. Plasmas, vol. 22, no. 4, p. 043703, Apr. 2015.

[3] V. Nosenko and J. Goree, “Shear flows and shear viscosity in a two-
dimensional Yukawa system (dusty plasma),” Phys. Rev. Lett., vol. 93,
no. 15, pp. 155004-1–155004-4, Oct. 2015.

[4] E. Thomas, Jr., B. Lynch, U. Konopka, R. L. Merlino, and M. Rosenberg,
“Observations of imposed ordered structures in a dusty plasma at high
magnetic field,” Phys. Plasmas, vol. 22, no. 3, p. 030701, Mar. 2015.

[5] S. Iwashita et al., “Transport control of dust particles via the electrical
asymmetry effect: Experiment, simulation and modelling,” J. Phys. D,
Appl. Phys., vol. 46, no. 24, p. 245202, Jun. 2013.

[6] T. Lafleur, “Multi-harmonic excitation of capacitively coupled plasmas,”
Plasma Sour. Sci. Technol., to be published.

[7] P. P. J. M. Schram, S. A. Trigger, and A. G. Zagorodny, “New
microscopic and macroscopic variables in dusty plasmas,” New J. Phys.,
vol. 5, pp. 27.1–27.7, Mar. 2003.

[8] A. V. Ivlev, A. Lazarian, V. N. Tsytovich, U. de Angelis, T. Hoang, and
G. E. Morfill, “Acceleration of small astrophysical grains due to charge
fluctuations,” Astrophys. J., vol. 723, no. 1, pp. 612–619, Oct. 2010.

[9] O. S. Vaulina, S. A. Khrapak, A. P. Nefedov, and O. F. Petrov, “Charge-
fluctuation-induced heating of dust particles in a plasma,” Phys. Rev. E,
vol. 60, no. 5, pp. 5959–5964, Nov. 1999.

[10] C. K. Birdsall, “Particle-in-cell charged-particle simulations, plus
Monte Carlo collisions with neutral atoms, PIC-MCC,” IEEE Trans.
Plasma Sci., vol. 19, no. 2, pp. 65–85, Apr. 1991.

[11] K. Matyash et al., “Particle in cell simulation of low temperature labo-
ratory plasmas,” Contrib. Plasma Phys., vol. 47, nos. 8–9, pp. 595–634,
Dec. 2007.

[12] S. Longo, M. Capitelli, and K. Hassouni, “The coupling of PIC/MCC
models of discharge plasmas with vibrational and electronic kinetics,”
J. Phys. IV France, vol. 7, pp. C4-271–C4-281, Oct. 1997.

[13] Z. Donkó, “Particle simulation methods for studies of low-pressure
plasma sources,” Plasma Sour. Sci. Technol., vol. 20, no. 2, p. 024001,
Apr. 2011.

[14] K. Matyash, R. Schneider, and H. Kersten, “Kinetic modelling of dusty
plasmas,” J. Phys., Conf. Ser., vol. 11, no. 1, pp. 248–253, Sep. 2015.

[15] V. Land, L. S. Matthews, T. W. Hyde, and D. Bolser, “Fluid modeling of
void closure in microgravity noble gas complex plasmas,” Phys. Rev. E,
vol. 81, no. 5, p. 056402, May 2010.

[16] N. K. Bastykova et al., “Force balance of dust particles in RF+DC
discharges,” presented at the 20th Symp. Appl. Plasma Process.,
Tatranská Lomnica, Slovakia, Jan. 2015, p. 268. [Online]. Available:
http://neon.dpp.fmph.uniba.sk/sapp

[17] A. L. Alexandrov, I. V. Schweigert, and F. M. Peeters, “A non-
Maxwellian kinetic approach for charging of dust particles in discharge
plasmas,” New J. Phys., vol. 10, p. 093025, Sep. 2008.

[18] S. A. Khrapak and A. V. Ivlev, Complex and Dusty Plasmas, V. E. Fortov
and G. E. Morfill, Eds. Boca Raton, FL, USA: CRC Press, 2010.

[19] M. S. Barnes, J. H. Keller, J. C. Forster, J. A. O’Neill, and D. K. Coultas,
“Transport of dust particles in glow-discharge plasmas,” Phys. Rev. Lett.,
vol. 68, p. 313, Jan. 1992.

[20] N. K. Bastykova et al., “Controlled levitation of dust particles in RF+DC
discharges,” Contrib. Plasma Phys., vol. 55, no. 9, p. 671, Oct. 2015.

Authors’ photographs and biographies not available at the time of publication.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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

  /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 "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


