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Fabrication of Transparent and Conductive Microdevices
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Microsystems and microdevices can shrink a whole laboratory into a single chip. Due to its small
size, such systems are cost effective, as they require small sample sizes and analysis time. Since the
silicon-based microchip cannot provide optical transparency, there is a rising interest towards glass-
based microchips and their possible applications where optical transparency during the analysis pro-
cedure is of high importance. Our objective is to fabricate microdevices and sensors using laser di-
rect writing and thin film deposition techniques. Applying these two methods to transparent materi-
als will open new avenues in microdevice production by enabling the realization of transparent and

conductive platforms.
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1. Introduction

Realizing microdevices on transparent and conductive
platforms is of particular benefit to fields where optical
transparency, used in spectroscopical/chemical analysis, is
crucial.

Microdevices [e.g., lab-on-a-chips (LOC), microelec-
tromechanical systems (MEMS), micro total analysis sys-
tems (LTAS)] can shrink a whole laboratory into a single
chip that would be utilized in many application areas. To
monitor chemical reactions, make biochemical- and clinical
analysis, and produce microreactors on a transparent plat-
form are challenging and promising goals. Due to the small
size and complexity, such systems provide sensitive per-
formance that is cost effective to manufacture [1]. Nowa-
days, given that the silicon-based platforms cannot provide
optical transparency in the visible spectral range, there is a
rising interest towards glass-based devices and its possible
applications. There is an urgent need to incorporate con-
ductive but still transparent functions into the microdevices
without degrading the transparent feature of the glass. Fur-
ther, the incorporation of electric functionality into photo-
sensitive glass makes the glass chip an attractive environ-
ment also for a wide variety of MEMS applications. The
realization of transparent electrodes and microheaters al-
lows not only the regular optical observations and analysis,
but also the in-situ optical observations and analysis whilst
altering the electric field or/and temperature. For example,
such functional systems are beneficial for dynamic obser-
vation of living microorganisms and cells.

In this paper, we present a technique to incorporate
conductive, but still transparent functions into glass chips
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by means of fs laser direct writing combined with a subse-
quent ITO thin film preparation in the channel by a sol-gel
process. This idea takes advantage of the high precision of
fs laser microfabrication and the cost effectiveness and
high adaptability of the sol-gel process.

1.1 Femtosecond laser processing

In the past years, femtosecond (fs) laser microfabrica-
tion has demonstrated its great potential in materials mi-
croprocessing and microdevice manufacturing due to the
high peak intensities in extremely short pulse durations
allowing the local modification of transparent materials
through multiphoton absorption. The most advantageous
aspect of this method is the capability of tailoring three-
dimensional (3D) fluidic, mechanical and optical micro-
components (such as microfluidics, optical waveguides,
couplers and splitters, Bragg gratings, Fresnel zone plates,
reservoirs, mirrors, lenses, valves, pumps) [2-13]. Our
technique of fs laser processing of photosensitive glass and
other materials is presented in detail in refs. [14,15].

1.2 Materials used

Commercially available photosensitive glass (under
the trade name of Foturan®) is used which combines the
unique glass properties (e.g., transparency, hardness, chem-
ical and thermal resistance, etc.), and the possibility of
achieving very fine structures with tight tolerances and
high aspect ratios (hole depth/hole width) made by fs laser
irradiation. This glass is an excellent material to embed
hollow microchannels and other complicated 3D structures
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using fs laser direct writing. Foturan glass is comprised of
lithium aluminosilicate glass doped with trace amounts of
silver and cerium. The cerium (Ce’") ion plays an im-
portant role as a photosensitizer, releasing an electron by
the exposure of UV light and becoming Ce**. Some of the
silver ions are reduced by the generated free electrons and
silver atoms are created. Another asset of the Foturan glass
is that it can withstand the 550 °C calcination temperature
of the xerogel films. (After the starting sol is dropped on
the Foturan glass, it dries and becomes a xerogel.) This
high temperature is necessary for the ITO film crystalliza-
tion and conductivity.

Among a variety of glass materials, the photosensitive
glass is one of the most promising one for these applica-
tions and its utilization has been continuously developing
[9-13]. Lately, there were many studies on the possible
applications of this technique in the field of microfluidics,
LOC- and uTAS devices, however, there is still a high de-
mand to further improve the complexity and production
cost of these microdevices as well as their functionalities.

The other material we use is one of the most-widely
used transparent conducting oxides, indium tin oxide (Sn-
doped In,O;, ITO) which is an n-type semiconductor with
an optical band gap between 3.5 — 4.3 eV. It provides high
electrical conductivity and transparency in the visible and
near IR (infrared) wavelengths. Hence, it is widely used as
transparent electrodes for the fabrication of liquid crystal
displays (LCDs), organic light emitting diode displays
(OLEDs) [16,17], photovoltaic devices [18,19], and other
optical applications [20-22]. ITO thin films can be prepared
by various methods, such as sputtering [23], evaporation
[24,25], spray pyrolysis [26], and screen printing [27].
However, recently, the sol-gel process became widespread
due to its simplicity and low cost [28-34].

2. Methods

The idea to realize transparent and conductive func-
tions incorporated into the glass chips relies on the combi-
nation of two materials and methods (Fig. 1.). Fabrication
of hollow 3D microstructures inside the photosensitive
glass consists of a four-step process. The detailed experi-
mental outline to embed conductive ITO thin films in the
glass chip is presented in Fig. 1:

(a) 3D photomodified structures are written inside the
photosensitive glass using fs laser direct writing. At this
stage, silver atoms are precipitated, but no visible change
occurs. After the exposure of the fs laser,

(b) the glass chip is annealed in a programmed furnace.
The temperature is first ramped up to 500 °C at a rate of 5
°C/min and held at this temperature for 1 hour. It is then
raised to 605 C at a rate of 3 °C/min and held there for
another hour. Upon this treatment, the laser-exposed region
become crystallized lithium metasilicate and shows a
brown color. After this step,

(c) the glass is soaked in a solution of 10% hydrofluoric
(HF) acid diluted with water in ultrasonic bath. During this
process, the formed lithium metasilicate is preferentially
etched away with a contrast ratio of ~43 in etching rate
compared with the unmodified regions. Finally, hollow
microstructures are formed inside the glass. Since the
thermal treatment leaves behind a rough surface,
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(d) as a last step, the photosensitive glass sample is an-
nealed again to smooth the etched surface.

Further details and a more comprehensive explanation
of this method and experimental setup can be found in [14]
and references therein.

1. Fabrication of hollow
microstructures embedded
in photosensitive glass

2. Preparation procedure of ITO thin film
by sol-gel process
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Fig. 1. A four-step experimental method to fabricate ITO-
coated 3D structures in photosensitive glass

3. Results

The procedure of preparing ITO film can be found in
ref. [30], however, in our experiments we annealed the
xerogel at 550 °C for 30 minutes instead of 260 °C for 10
min. Following preparation of the starting sol, several
methods (e.g., using capillary forces, dipping, spin coating)
can be used to inject or coat the sol into or on the Foturan
chip, respectively. The applied method depends on the lev-
el of complexity of the embedded microstructures. In the
case of a simple open channel structure, such as a micro-
channel, a Foturan chip with an embedded channel is
placed perpendicularly into the sol. Due to the narrow
channel size; the sol is promptly drawn upwards (due to
capillary forces) along the wall of the Foturan chip. As a
result, a 5 mm long channel with a 500 pm x 500 um cross-
section stretching along the Foturan glass chip is obtained

(Fig. 2).

400 pm

Fig. 2. SEM image of an ITO-coated fs laser-processed
microchannel in Foturan glass
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The resulted ITO-coated channels have electrical resistance
of ~450 Ohm. The resistance was measured between the 2
ends of the channel with a digital resistance meter. Sheet
resistivity measurements are impossible to perform due to
the narrow and short channel size. The bright area in the
SEM image (Fig. 2) shows the thin ITO layer in the chan-
nel.

For XRD and optical transmission measurements, the

sol was dropped on the Foturan substrate and dried at 50 °C.

The XRD data of thick films are presented in Fig. 3. XRD
pattern of the dried film, i.e., the as-deposited film, shows
only some broadened peaks with low intensity indicating
the amorphous structure. Since the as-deposited film is
amorphous (Fig. 3a), the Foturan chip was annealed at
550 °C (for 30 min, then cooled down to room tempera-
ture) to form conductive ITO films.
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Fig. 3. XRD patterns of (a) dried xerogel film and (b) an-
nealed (crystalline) ITO films [35]

After calcination at 550 °C, sharp reflections appear due to
the presence of crystalline, cubic (JCPDS No. 71-2195) and
rhombohedral (JCPDS No. 22-0336) indium oxide (In,O;)
(see Fig. 3b). The characteristic XRD reflections for the
two different crystalline phases (cubic, rhombohedral) are
indexed in Fig. 3. It can be seen that between the two phas-
es, the cubic In;O; dominates. Tin compounds (SnO, SnO,)
were not detected, which confirms the homogenous and
successful doping of In,O5 host by Sn*" ions.

Figure 4 shows an SEM image of the ITO film on Foturan
glass after calcination. The nanocrystalline film homoge-
neously covers the glass and consists of nanoparticles about
10 nm. Bigger crystallites can be also observed with diame-
ters around 30-50 nm.

Figure 5 presents the optical transmittance of the
ITO/Foturan layers and shows that the ITO layer on
Foturan glass barely affects the transmittance. The ITO-
coated glass is also highly transparent in the visible region.

30

Fig. 4. SEM image of an ITO-coated Foturan glass after
calcination
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Fig. 5. Optical transmittance spectra of uncoated and ITO-

coated Foturan glass

4. Applications

When fabricating more complicated 3D structures, a
microneedle is used to inject the starting sol into the glass
chip. Most of the sol is removed by blowing a high-
pressure stream of nitrogen into the channel. This process
leaves a thin layer of the sol on the inner surface of the 3D
microstructure. (A spin coating technique was also
exempted, but proved ineffective to remove the sol from
the long channel due to a limited rotational speed.)
Subsequently, the chip was annealed at 550 °C. As a final
processing step, the unwanted ITO-coated portion on the
glass surface can be removed by using fs laser ablation.

4.1. MEMS device

As we presented in [35], one of the applications of our
technique is a transparent MEMS device (Fig. 6). 3D inter-
connection of electrically conductive lines and reservoirs
inside the photosensitive glass was fabricated. Such a 3D
interconnection arrangement is desirable to fabricate
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MEMS devices as it allows to applying different voltage
between reservoirs. In the presented structure, 2x2-
connecting microchambers (A-C and B-D) are seen where
the two connecting microchannels do not intersect (see on
the side view of Fig.6). The electrical resistance between
the A-C and B-D microreservoirs was found to be ~ 400
Ohm, however, it was confirmed that connections between
A-B, A-D, C-B, and C-D were completely electrically iso-
lated.

Top view:

Side view:

Fig. 6. Microstructure scheme of a possible MEMS layout
embedded in Foturan glass [35]

4.2. Gas sensor

As for an example of sensor application, Figure 7
presents the concept of a possible CO, sensor in an electro-
luminescent cell which can be triggered by CO, detection.
The ITO layers act like plates of a capacitor. Due to the
presence of oxidizing gases (e.g. NO,, NO, CO,, O,) the
conductivity of ITO increases (5x in case of CO,) [36] pro-
ducing an electric field in the capacitor that excites the
phosphor which emits light. This increase in conductance
of ITO can be utilized to initiate the triggering of an elec-
tric alarm system. The phosphor on the ITO electrode will
only be excited if the ITO has current running through it.
The ITO films are transparent, so photons can pass through
the layer. The Au layer at the bottom serves as reflecting
the generated light to gain more light upon operation. A
more detailed explanation of the sensing behavior of ITO
can be found in [36].
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Fig. 7. Concept of a CO, sensor in an electroluminescent
cell

5. Conclusions

We have presented a method to fabricate conductive
and completely transparent microdevices. The idea is based
on the combination of fs laser processing and sol-gel meth-
od. This concept will provide a major contribution to
strengthen research and development via the realization of
a novel microdevice technology. The development of mi-
crochips and biochips will promote clinical and medical
investigations by this new process and will increase the
functionality of the devices and at the same time make
them more cost effective for a mass market. Such featured
microchips will be highly beneficial for sensitive biochem-
ical analysis and biological, chemical, and medical inspec-
tions based on their broad functionality.

References

1. D. Psaltis, S.R. Quake, C. Yang, Nature 442, 381 (2006)
2. M. Masuda, K. Sugioka, Y. Cheng, N. Aoki, M. Kawachi,
K. Shihoyama, K. Toyoda, H. Helvajian, K. Midorikawa,
Appl. Phys. A76, 857 (2003

3. Y. Cheng, K. Sugioka, K.Midorikawa, M. Masuda,
K.Toyoda, M. Kawachi, K. Shihoyama, Opt. Lett. 28, 55
(2003)

4. Y. Cheng, K. Sugioka, K.Midorikawa, M. Masuda, K.
Toyoda, M. Kawachi, K. Shihoyama, Opt. Lett. 28, 1144
(2003)

5. K. Sugioka, M. Masuda, T. Hongo, Y. Cheng, K.
Shihoyama, K. Midorikawa, Appl. Phys. A 78, 815 (2004)
6. M. Masuda, K. Sugioka, Y. Cheng, T. Hongo, K.
Shihoyama, H. Takai, I. Miyamoto, K. Midorikawa, Appl.
Phys. A 78, 1029 (2004)

7. Y. Cheng, K. Sugioka, K. Midorikawa, Opt. Lett. 29,
2007 (2004)

8. K. Sugioka, Y. Cheng, K. Midorikawa, J. Photopolym.
Sci. Technol. 17, 397 (2004)

9. K. Sugioka, Y. Cheng, K. Midorikawa, Appl. Phys. A 81,
1 (2005)



JLMN-Journal of Laser Micro/Nanoengineering Vol. 7, No. 1, 2012

10. Y. Cheng, K. Sugioka, K. Midorikawa, Appl. Surf. Sci.
248, 172 (2005)

11. T. Hongo, K. Sugioka, H. Niino, Y. Cheng, M. Masuda,
I. Miyamoto, H. Takai, K. Midorikawa, J. Appl. Phys. 97,
063517 (2005)

12. Y. Cheng, H. Tsai, K. Sugioka, K. Midorikawa, Appl.
Phys. A 85, 11 (2006)

13. K. Sugioka, Y. Cheng, K. Midorikawa, F. Takase, H.
Takai, Opt. Lett. 31, 208 (2006)

14. K. Sugioka, Y. Hanada, K. Midorikawa, Laser Photon-
ics Rev. 4, 386 (2010)

15. S. Beke, K Sugioka, K. Midorikawa, A. Peter, L. Nanai,
J. Bonse, J. Phys. D: Appl. Phys. 43, 025401 (2010)

16. M. Eritt, C. May, K. Leo, M. Toerker, C. Radehaus,
Thin Solid Films 518, 3042 (2010)

17.J.-M. Liu, P.-Y. Lu, W.-K. Weng, Mater. Sci. Eng. B 85,
209 (2001)

18. N.R. Armstrong, C. Carter, C. Donley, A. Simmonds, P.
Lee, M. Brumbach, B. Kippelen, B. Domercq, S. Yoo, Thin
Solid Films 445, 342 (2003)

19. A.B. Chebotareva, G.G. Untila, T.N. Kost, S. Jorgensen,
A.G.Ulyashin, Thin Solid Films 515, 8505 (2007)

20. C.G. Granqvist, A. Hultaker, Thin Solid Films 411, 1
(2002)

21. C.R. Zamarrefio, M. Hernaez, 1. Del Villar, I.R. Matias,
F.J. Arregui, Sens. Actuators B, Chem. 146, 414 (2010)

22. P. Frach, D. GI6B, K. Goedicke, M. Fahland, W-M.

32

Gnehr, Thin Solid Films 445, 251 (2003)

23. R. Das, K. Adhikary, S. Ray, Appl. Surf. Sci. 253, 6068
(2007)

24. S.-Y. Lien, Thin Solid Films 518, S10 (2010)

25. M. Yamaguchi, A. Ide-Ektessabi, H. Nomura, N. Yasui,
Thin Solid Films 115, 447 (2004)

26. N. Manavizadeh, F. Akbari Boroumand, E. Asl-
Soleimani, F. Raissi, S. Bagherzadeh, A. Khodayari, M.
Amin Rasouli, Thin Solid Films 517, 2324 (2009)

27. H. Mbarek, M. Saadoun, B. Bessais, Mater. Sci. Eng. C
26, 500 (20006)

28. T.L. Li, S.L.C. Hsu, Thin Solid Films 518, 6761 (2010)
29. Y.J. Kang, M. Okada, Y. Haruyama, K. Kanda, S. Mat-
sui et al., J. Photopolym. Sci. Technol. 23, 39 (2010)

30. S. Kundu, P.K. Biswas, Opt. Mater. 31, 429 (2008)

31. E. Celik, U. Aybarc, M.F. Ebeoglugil, 1. Birlik, O.
Culha, J. Sol-Gel Sci. Technol. 50, 337 (2009)

32. M.J. Alam, D.C. Cameron, Thin Solid Films 455, 377
(2000)

33. T.M. Hammad, Phys. Status Solidi A 206, 2128 (2009)
34. L. Korosi, S. Papp, I. Dékany, Thin Solid Films 519,
3113 (2011).

35. S. Beke, L. Koérosi, K. Sugioka, K. Midorikawa, L.
Dékany, Appl. Phys. A 102, 265 (2011)

36. N.G Patel, K.K. Makhija, C.J. Panchal, Sensor Actuat
B-Chem, 21, 193 (1994)

(Received: June 16, 2011, Accepted: December 19, 2011)




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





