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GRAPHENE GAS PUMPS
Dejan Davidovikjl, Damian Bouwmeesterl, Herre S. J. van der Zantl, and Peter G. Steeneken’’
’Kavli Institute of Nanoscience, Delft University of Technology,
Delft, THE NETHERLANDS
“Department of Precision and Microsystems Engineering, Delft University of Technology,
Delft, THE NETHERLANDS

ABSTRACT

We report on a pneumatically coupled graphene pump
system, comprising two cylindrical cavities of 3 femtoliter
connected by a narrow trench, all covered by a thin few-
layer graphene membrane. Local electrodes at the bottom
of each cavity enable electrostatic pressure control and
manipulation of gas flow through the channel. Using laser
interferometry, we measure graphene displacement as a
function of driving amplitude and frequency, thus
providing  proof-of-principle  for using graphene
membranes to pump attoliter quantities of gases and
demonstrating pneumatic actuation at the nanoscale.

INTRODUCTION

Pumps have been of importance for humanity since
early civilization. The Egyptians used a contraption called
"shadoof" to be able to take out water from the Nile that
was used for irrigation. As technology progressed, better
pumps and pneumatic systems using higher pressure, larger
flow, and hence, higher power have been developed.
During the last decades microscale pumps have been
receiving great interest for precise control, dosing and
mixing of fluids and gases in biological, medical and
consumer electronics applications. Moreover, pumps are of
interest for driving pneumatic actuators in MEMS and
NEMS motors. With respect to the first electrostatically
actuated membrane pumps [1, 2], that were presented more
than 25 years ago, a tremendous reduction in size has been
achieved. Downscaling of dimensions can enable smaller
and more precise devices for controlling fluids and gases at
the nanoscale [3-5]. The properties of graphene, like its
atomic scale thickness and extreme flexibility, are very
promising for further miniaturization of nanofluidic
devices.

Since the first realization of mechanical graphene
devices [6], suspended 2D materials have attracted
increasing attention in the MEMS/NEMS community.
Many device concepts have been proposed, including
pressure sensors [7, 8], gas sensors [9, 10], mass sensors
[11, 12], and graphene microphones [13, 14]. The high
tension and low mass of graphene membranes have also
inspired their implementation as high-speed microactuators
in microloudspeakers [15]. Another attractive aspect of
graphene membranes is their hermeticity [16] and the
ability to controllably introduce pores that are selectively
permeable to gases [9].

Although gas damping forces limit graphene’s Q-
factor at high frequencies, they provide a useful but little
explored route towards graphene pumps and nanofluidics.
For efficient pumps and pneumatics it is essential that most
of the available force is used to move and pressurize
the fluid, while minimizing the force required to accelerate
and flex the pump membrane. In these respects, the low
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mass and high flexibility, combined with the
impermeability of graphene membranes [16] provide clear
advantages.
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Figure 1: (a) A 3D schematic of the device: the graphene
flake is covering two circular cavities that are connected
through a narrow trench. (b) Schematic cross-section of
the pumps and actuation mechanism for the case that pump
1 is actuated. (c) Optical micrograph of the device.

Here, we fabricate a system of two nanochambers
(Viotar=7 f1) coupled by a narrow trench and sealed using a
few-layer graphene flake. By designing a chip with
individually accessible electrodes we construct a graphene
micropump, capable of manipulating the gas flow between
the two chambers using small driving voltages (Vact<1 V).
Increasing the gas pressure in one of the nanochambers
results in pneumatic actuation of the graphene drum that
covers the other nanochamber via the connecting gas
channel. To measure the displacement of the drums, we use
laser interferometry and demonstrate successful pumping
of gas wusing two pneumatically coupled graphene
nanodrums.

MEMS 2018, Belfast, Northern Ireland, UK, 21-25 January 2018

Authorized licensed use limited to: TU Delft Library. Downloaded on August 08,2022 at 09:48:38 UTC from IEEE Xplore. Restrictions apply.



) i
V ,,,,,,,,,,, V _IBE
“
€ 12 Z 4|0sc PD v PBS
8 —— w4
©
<L > 50x
chl ch2| AWG
5 ~
k) e [l
g [ L—- il I -
: | ]
Figure 2: Setup for electrostatic actuation and

interferometric motion readout of either of the pumps. PD:
photodiode, OSC: oscilloscope, AWG: arbitrary waveform
generator, BE: beam expander and PBS: polarized beam
splitter.

EXPERIMENT

The device concept is presented in Figure la. Two
circular AuPd electrodes at the cavity bottom (one for
addressing each of the membranes) are separated by a thin
layer (130 nm) of spin-on-glass (SOG) silicon oxide from
the top metallic (AuPd) electrode. The few-layer (FL)
graphene flake (black), with a thickness of 9 monolayers (4
nm), is in direct electrical contact with this top electrode.
The entire device is fabricated on top of a quartz substrate
to minimize capacitive cross-talk. The device fabrication is
described in detail in [17]. A cross-section along the
direction of the trench of the device is shown in Figure 1b,
which illustrates the working principle. The actuation
voltage Vacri is applied between AuPd electrode 1 and
ground, while keeping AuPd electrode 2 and the AuPd top
electrode grounded. As a result, pump 1 experiences an
electrostatic force Facr, causing it to deflect downwards.
This compresses the gas underneath the membrane and the
induced pressure difference causes a gas flow through the
channel between the two nanochambers. This results in a
pressure increase that causes the other membrane (pump 2)
to bulge upwards. Figure 1c shows an optical image of the
measured device. The image shows the two bottom
electrodes, together with the top metallic island on which
the dumbbell shape is patterned. Graphene is transferred
last (using an all-dry transfer technique [18]) and it is
visible in the image as a darker area on top of the metallic
island.

READOUT

The readout of the motion of the drums is performed
using a laser interferometer, shown schematically in Figure
2. A red HeNe laser is focused on one of the graphene
membranes, and the sample is mounted in a pressure
chamber in a N, environment at ambient pressure and room
temperature. When the membrane moves, the optical
interference between the light reflected from the bottom
electrode and the light reflected from the graphene causes
the light intensity on the photodiode detector to depend
strongly on the drum position. By lateral movement of the
laser spot, the motion of either of the pumps can be
detected. The photodiode signal is read out via an internal
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first-order low-pass filter with a cut-off frequency of 50
kHz.
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Figure 3: (a) Measured displacement (photodiode voltage)
of drum 1 when actuating drum 1 (measurement 11) and
drum 2 (measurement 21). (b) Measured displacement
(photodiode voltage) of drum 2 when actuating drum 1
(measurement 12) and drum 2 (measurement 22). The
actuation voltage is shown on the vright y-axis.
Measurements of each of the drums are performed at
constant laser position to ensure that the transduction of
the system (Vpp/z) is constant.

For electrostatic actuation, the two bottom electrodes
are connected to two channels of an arbitrary waveform
generator, where one is grounded and the other one is ac-
tuated (Figs. 1b and 2). The actuation voltage (Vact) on
each of the drums and the photodiode voltage (Vpp) are
measured using an oscilloscope. The top electrode (i.e. the
graphene flake) is electrically grounded during the
measurements. Since there are 2 pumps that can be actuated
(pump 1 and pump 2) and either of them can be detected
with the red laser there are 4 measurement configurations
indicated by Vpp 11, Vpp21, Vep.12and Vep 2o, where the first
number indicates the pump that is actuated and the second
number indicates the pump that is read out by the laser.
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GAS PUMP & PNEUMATIC ACTUATION

Pneumatic actuation is one of the most efficient ways
to transfer force over large distances in small volumes. At
the microscale, the pneumatic coupling also has the
advantage of converting the attractive downward
electrostatic force on pump 1 to an upward force on the
graphene membrane of pump 2 (Fig 1b). Thus, proof for
gas pumping and pneumatic actuation can be obtained by
detecting that the motion of both drums is in opposite
directions.
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Figure 4: Measurement of the motion of pump 2 when
actuating pump 1 at atmospheric pressure (blue curve) and
in vacuum (orange curve).

The drums are actuated using a square-wave voltage
input Vacrpp=1V with a frequency of 1.3 kHz, shown as
a black line in Figure 3a and 3b (black curves). Figure 3a
shows a measurement of the displacement of pump 1, when
applying Vacr on pump 1 while keeping pump 2 grounded
(dark blue curve) or when actuating pump 2 while keeping
pump 1 grounded (light blue curve). Both curves show a
main frequency component that is coinciding with the
frequency of the driving signal, meaning that the detected
motion is a consequence of the applied actuation.

When switching the electrostatic actuation to pump 2
it is seen that the photodiode voltage from pump 1 (Vpp21)
is 180 degrees out of phase with respect to the situation
where pump 1 is electrostatically driven (Vppii). This
shows that pump 1 moves in the opposite direction if it is
indirectly driven via pump 2, compared to if it is
electrostatically actuated. This observation provides
evidence which shows that the indirect actuation of drum 1
(in the 21 configuration) is pneumatic, i.e. mediated by
displacement of gas from one chamber to the other. The
same experiments are repeated in Figure 3b when moving
the laser spot to pump 2. The red curve represents the case
when pump 2 is electrically actuated while keeping pump
1 grounded and the pink curve represents the case when
pump 1 is being electrically actuated while keeping pump
2 grounded. The same conclusion can be drawn: the two
curves are 180 degrees out-of-phase, confirming that the
drums move in opposite directions.

It is noted that the photodiode signal amplitudes in
Figure 3 are quite different. These differences are attributed
to gap differences between the pumps that affect the
actuation and detection efficiency. To prove that the
indirect actuation is really gas mediated, the experiment is
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repeated at low pressure (Fig. 4), in which case Vpp 12 (and
the motion of pump 2) is not responding to the actuation of
pump 1, showing that pneumatic actuation is not detected
in vacuum, as expected.
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Figure 5: Bode plots of magnitude (a) and phase (b) of the
system for actuation of pump 2. The data points are colored
according to the measurement scheme: the red points
represent actuation and detection at pump 2, while the light
blue represent actuation at pump 2 and measurement of
pump 1. The fits correspond to a first order low-pass filter
with cut-off frequency 25.4+2.2 kHz.

FREQUENCY RESPONSE

To investigate the nanoscale gas dynamics through the
microchannel, the high-frequency response of the pumps is
measured. The frequency of the square-wave input signal
(Vacr () like in Fig. 3) is varied from 510 Hz to 23 kHz.
For each actuation frequency, the Fourier transform is
taken of both the input and output signal. By taking the
ratio of the input and output response at each of the base
driving frequencies and also at the first three higher
harmonics (to increase frequency resolution), a frequency
response plot is obtained and is shown as a Bode plot in
Figure 5. It can be seen that both the magnitude and phase
of the resulting frequency response curves are flat up to a
frequency of 10 kHz. At higher frequencies the magnitude
of the motion of the second drum drops, which suggests
that at these frequencies the pumping efficiency starts to
become limited by gas dynamics through the narrow
channel. Fits show that the response of the pumps
corresponds to a first-order RC low-pass filter with a cut-
off frequency of 25.4+2.2 kHz.
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DISCUSSION AND CONCLUSIONS

The demonstrated graphene-based pump system is not
only of extraordinarily small size (total volume of 7
femtoliter), but it is also capable of pumping very small
amounts of gas: 76 attoliter of gas is pumped through the
channel per cycle. The thermal noise, due to charge
fluctuations on the capacitor plates, sets a lower limit to the
pump rate of less than 1 zeptoliter/VHz, which is equivalent
to less than 30 molecules/YHz at ambient pressure and
room temperature. The maximum electrostatic pressure
that can be generated by the graphene pump is 0.5 bar, as
calculated from the measured value of the breakdown
voltage of 16 V. The typical force exerted at Vacr =1 V is
4 nN, corresponding to a pressure of 2 mbar.

Besides the pneumatic actuation and pumping, the
system also allows the study of gas dynamics in channels
of sub-micron dimensions, where the free path length of
molecules is longer than the channel height, even at
atmospheric pressure. The presented graphene pump
system can therefore be used as a platform for studying
anomalous viscous effects in narrow constrictions and
graphene-gas interactions at the nanoscale. It thus provides
a route towards scaling down nanofluidic systems by using
graphene membranes.

ACKNOWLEDGEMENTS

This work was supported by the Netherlands
Organisation for Scientific Research (NWO/OCW), as part
of the Frontiers of Nanoscience (NanoFront) program and
the European Union Seventh Framework Programme
under grant agreement no. 604391 Graphene Flagship.

631

REFERENCES

[1T W.Judy, T. Tamagawa, and D. L. Polla, Proc. IEEE

MEMS, 182 (1991).

R. Zengerle, A. Richter, and H. Sandmaier, Proc.

IEEE MEMS, 19 (1992).

D. J. Laser and J. G. Santiago, Journal of

Micromechanics and Microengineering 14, R35

(2004).

B. D. Iverson and S. V. Garimella, Microfluidics and

Nanofluidics 5, 145 (2008).

S. Lee, R. An, and A. J. Hunt, Nature

Nanotechnology 5, 412 (2010).

J. S. Bunch, A. M. Van Der Zande, S. S. Verbridge, 1.

W. Frank, D. M. Tanenbaum, J. M. Parpia, H. G.

Craighead, and P. L. McEuen, Science 315, 490

(2007).

A. Smith, S. Vaziri, F. Niklaus, A. Fischer, M.

Sterner, A. Delin, M. Ostling, and M. Lemme, Solid-

State Electronics 88, 89 (2013).

R.J. Dolleman, D. Davidovikj, S. J. Cartamil-Bueno,

H. S. J. van der Zant, and P. G. Steeneken, Nano

Letters 16, 568 (2016).

[9] S.P.Koenig, L. Wang, J. Pellegrino, and J. S. Bunch,
Nature Nanotechnology 7, 728 (2012).

[10]R. J. Dolleman, S. J. Cartamil-Bueno, H. S. J. van der
Zant, and P. G. Steeneken, 2D Materials 4, 011002
(2016).

[11]A. Sakhaee-Pour, M. Ahmadian, and A. Vafai, Solid
State Communications 145, 168 (2008).

[12]]. Atalaya, J. M. Kinaret, and A. Isacsson, EPL
(Euro-physics Letters) 91, 48001 (2010).

[13]D. Todorovié, A. Matkovi¢, M. Mili¢evié, D.
Jovanovié, R. Gaji¢, 1. Salom, and M. Spasenovié¢, 2D
Materials 2, 045013 (2015).

[14]1Q. Zhou, J. Zheng, S. Onishi, M. Crommie, and A. K.
Zettl, Proceedings of the National Academy of
Sciences 112, 8942 (2015).

[15]Q. Zhou and A. Zettl, Applied Physics Letters 102,
223109 (2013), http://dx.doi.org/10.1063/1.4806974.

[16]J. S. Bunch, S. S. Verbridge, J. S. Alden, A. M. van
der Zande, J. M. Parpia, H. G. Craighead, and
P. L. McEuen, Nano Letters 8, 2458 (2008).

[17]1D. Davidovikj, P. H. Scheepers, H. S. J. van der Zant,
and P. G. Steeneken, arXiv:1708.05952 (2017).

[18]A. Castellanos-Gomez, M. Buscema, R. Molenaar,
V. Singh, L. Janssen, H. S. J. van der Zant, and G. A.
Steele, 2D Materials 1, 011002 (2014).

(2]
(3]

(4]

(3]

(6]

(7]

(8]

CONTACT
P.G. Steeneken, p.g.steeneken@tudelft.nl

Authorized licensed use limited to: TU Delft Library. Downloaded on August 08,2022 at 09:48:38 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


