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Abstract
Hydrogen sensor working at room and 40°C temperatures made of porous silicon covered
by the TiO,x or ZnO<AIl> thin film was realized. Porous silicon layer was formed by
electrochemical anodization on a p- and n-type Si surface. Thereafter, n-type TiO,x and
ZnO<AI> thin films were deposited onto the porous silicon surface by electron-beam evaporation
and magnetron sputtering, respectively. Platinum catalytic layer and Au electric contacts were for
further measurements deposited onto obtained structures by ion-beam sputtering. The sensitivity
of manufactured structures to 1000-5000 ppm of hydrogen, propane—butane mixture, and
humidity was studied. The sensitivity of obtained structures was determined as ratio of the
resistivity of structures in the presence of investigated gas to that in air. Results of sensitivity
measurements showed that it is possible to realize a hydrogen sensor, resistivity of which can be
decreased up to 2.5 times at room temperature and 4 times at 40°C for the Pt/TiO,./PS structure,
as well as 2 times for the Pt/ZnO<AI>/PS structure at 40°C at 5000 ppm hydrogen concentration,
respectively. Both structures have the recovery and response time of approximately 20 sec and

rather high durability and selectivity to hydrogen gas.

1. Introduction

Requirements to gas sensitive devices increase at present because of their wide application
in everyday life, industry, as well as for security and safety. High interest to gas sensors,
especially to hydrogen sensors, is explained by the growing interest to hydrogen as a future
energy carrier [1]. Extensive investigations in the field of gas sensors in order to obtain high-
sensitivity, high-selectivity, and small-size gas sensors consuming low energy, are currently
under way.

Silicon is now the basic material for electronics. Therefore it is very important to have
silicon-based gas sensors. Much effort was made in this direction [2-8]. In particular, it was
established that the active surface area of etched and textured Si interacting with gas increases
significantly. This means that porous silicon-based gas sensors should have a high sensitivity.
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Unfortunately, the parameters of porous silicon layers are often degrade with time which does not
meet the requirement of durability of gas sensors. The main reason of degradation is that porous
silicon reacts slowly with the ambient air and consequently its properties evolve continuously
with time [9].

Thin film metal oxide ceramics has wide applications for gas sensors. Such gas sensors
are small in size and cheap. In most cases their electrical conductivity dramatically changes under
the influence of different gases. A relatively simple electric circuit suits for the fabrication of the
final device. Note that metal oxide gas sensors need, as a rule, a remarkable pre-heating of
working body of the sensor (up to 300-700°C) [10—12]. It is necessary for an increase in removal
of intense surface oxygen ions from the surface and decrease in the height of barrier between
grains which leads to an increase in the conductivity. But high temperature of metal oxide leads
to a decrease in the sensors stability, as well as there is a danger of explosion of hydrogen gas at
high temperatures. To provide high working temperature of gas sensors, it is necessary to
incorporate an additional heater and a power supply for that. In the first case a lithographic stage
is added to the technological cycle of gas sensor preparation which leads to the rise in price of
obtained structures and in the second case the size of gas sensors increases. Therefore it is
necessary to develop gas sensors working at room temperature or without significant preheating.
For example, such hydrogen sensors can be implementing into fuel cells.

So, the aim of reported investigations is to obtain structures sensitive to hydrogen which
will be characterized by small size and work at reduced temperatures. Allowing for the above-
mentioned properties of both porous silicon and metal-oxide materials, we investigate a
possibility to realize a low-cost hydrogen sensor made of porous silicon layer covered with a
metal oxide thin film, working at reduced temperatures [13, 14].

2. Experimental

Porous silicon films were obtained by electrochemical anodization on the n- and p-type Si
surface with resistivity 0.3 kQ-cm and 0.15 kQ-cm, respectively. Before anodization the samples
were boiled in isopropyl alcohol and immersed into HF aqueous solution to remove native oxide
from the silicon surface, washed in distilled water, and finally dried in air. Anodization was
carried out under the following conditions: the current density was varied from 10 to 50 mA/cm?
and anodization time from 10 to 600 sec for the p-type Si, while for the n-type the current density
was varied in the range 40-90 mA/cm® and anodization time in the range 10-600 sec. An
electrolyte HF (48%):C,HsOH (96%) in proportion 1:1 by volume was used to produce porous
silicon. Anodization was carried out in the Teflon electrochemical cell with a platinum cathode.
The samples were then immersed into ethyl alcohol, dried in air, and placed in the electron-beam
evaporation and magnetron sputtering chambers for deposition of the TiO,-« and ZnO<AI> layers,
respectively.

Rutile TiO, metal-oxide tablet-target for electron-beam evaporation was formed from
powder of this material undergone thermal annealing at the temperature 1100°C. Because the
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stoichiometric TiO; is an insulator (with a specific resistance of 10" Q -m), the thermal annealing
has been carried out in the inert gas atmosphere resulting in obtaining partially substituted
samples with oxygen vacancies. The free sites of the anion subsystem of rutile act as donor
impurities in the semiconductor. Besides, by varying the concentration of free sites of oxygen, it
is possible to vary the specific resistance of samples from 100 Q ‘m up to 10’ Q ‘m.

Compact ZnO<AI> targets for magnetron sputtering were manufactured with the diameter
~40 mm and thickness ~ 3 mm. The semiconductor ceramic samples ZnO doped with 1 at % of
Al were synthesized by the method of solid-phase reactions in air according to the following
program: raising temperature from room up to 800°C for two hours, soaking at this temperature
during 30 minutes, further increase in temperature for 2 hours up to 1200°C, soaking at this
temperature during 3 hours, and subsequent slow cooling down to room temperature.

Thin films of TiO,-x were obtained by the electron-beam evaporation onto the surface of the
porous silicon layer under the following conditions: electron beam current of 30 mA, the target
bias voltage of 1.25 kV, and the process duration of 10-30 min. Thin films of ZnO<Al> were
obtained by rf magnetron sputtering under the following conditions: magnetron power of 80 W,
process duration from 10 to 60 min.

Then, platinum catalytic film and gold electric contacts were deposited by the ion-beam-
sputtering through a metallic mask on the top of obtained structures. The schematic diagram of
obtained gas sensors is shown in Fig.1.

Au electrical contacts

Pt catalytic layer

Metal oxide layer

Porous
silicon layer

Silicon Substrate

Fig. 1 Schematic diagram of gas sensor

Five percent of H, premixed in N, propane—butane mixture, and humidity were used in
sensitivity examination. Sensitivity of the obtained structure to hydrogen gas and propane-butane
mixture was examined in the range of concentrations from 1000 to 5000 ppm and for humidities
from 50% to 80%. The PC control of the concentration of investigated gas is realized as follows:
PC keeps open the gas valve until the gas concentration in the test chamber reaches the desired
value. A special software is written for this purpose and the control is performed by DAQ card
attached to PC and flow meter controller. All measurements were performed at room temperature

and normal atmospheric pressure.
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3. Results and Discussion

X-ray and chemical analysis were carried out by DRON-3 and EDX INCA Energy 300
setups in order to identify the structure and composition of deposited metal-oxide thin films.
Results of measurements showed that the manufactured thin films had the following structure and
composition: the value of x of grown TiO, varied from 0.02 to 0.04 in the case of electron-beam
evaporation; in the case of magnetron sputtered ZnO<AI> films, the grown films had the
composition of the initial material. Both films were amorphous.

Sensitivity of obtained structures to the concentration of investigated gas was examined.
The gas sensitivity was determined as a ratio (Rgas/Rair) of the resistance in investigated gas (Rgas)
to that in air (R,;;). All measurements were carried out in a test chamber at room temperature and
40°C using computer control system.

As mentioned above, the parameters of the porous silicon layer degrade in time. This
phenomenon can be observed in Fig.2 where the sensitivity of as-prepared porous silicon samples
to 5000 ppm hydrogen is shown versus time. It is evident from Fig.2 that the resistance of porous
silicon changes sharply after injection of hydrogen into the test chamber, i.e. the obtained structure
is sensitive. The resistance of porous silicon layer under influence of hydrogen increases first
(Fig.2a), then, after the second injection no change in the resistance is observed (Fig.2 b), and
finally the resistance decreases (Fig.2c). This means that the parameters of porous silicon layer
degrade in time; therefore the sensors based on only porous silicon are not stable. In order to
improve the stability of such gas sensors, it is necessary to protect the porous silicon layer from
ambient. For this purpose, taking into account above mentioned properties of metal-oxide layers,
we chose TiO,« or ZnO<AI> layer as protective one for porous silicon (PS).
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Fig. 2 Sensitivity of porous silicon structures to 5000 ppm hydrogen vs. time
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Sensitivity of TiO,_/PS and ZnO<AI>/PS structures to 1000-5000 ppm of hydrogen was
examined at two different temperatures. Results of measurements are shown in Figs.3—-5. Only
the TiO,.«/PS structures were sensitive to 5000 ppm hydrogen at room temperature (Fig.3), while
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the ZnO<AI>/PS structure was not. As clearly seen in Fig.3, the resistance of the TiO,/PS
structure changes 2.5 times, which means that it is possible to obtain hydrogen sensors working at
room temperature without preheating of the working body of the sensor.
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Fig. 3 Sensitivity of PS/TiO,_/Pt structures at room temperature

Further measurements of sensitivity to different concentrations of hydrogen were
continued at 40°C in order to check possibilities of sensors to work close to room temperature
with relatively high sensitivity.

Results of measurements of sensitivity of the TiO,.x/PS and ZnO<AI>/PS structures to 1000—
5000 ppm hydrogen at 40°C are shown in Fig.4 and Fig.5, respectively. As clearly seen in these
two figures, the resistivity of structures to 1000-5000 ppm hydrogen was 1.5—4 times higher than
that of TiO,_/PS structures and 1.1-2 times lower than for ZnO<AI>/PS structures. Both
structures are characterized by short recovery and response times (~20 sec). In some cases, in
order to realize low values of the response or recovery times of gas sensors, the working body of
them was usually heated up to temperatures 2 times exceeding the working temperature.
Therefore energy consumption and working temperature increased, which is commonly not
suitable for gas sensor. In our case response and recovery times are relatively short even at 40°C.
As mentioned above, we used platinum thin film as a catalytic layer. When hydrogen molecules
pass through the Pt layer they dissociate into atoms or ions, which leads to better and stronger
interaction between hydrogen atoms or ions with oxygen species adsorbed on the metal-oxide or
porous silicon surface and thus to relatively high sensitivity and short response and recovery
times of obtained structures [15]. Besides, as shown in [15], even if hydrogen is present in a
mixture with other gases, presence of the Pt catalytic layer allows splitting and passing of
primary hydrogen atoms, which means that the Pt catalytic layer plays always unambiguously
positive role in the increase in selectivity of the fabricated structures to hydrogen. To ascertain
correctness of the above-mentioned statement, the sensitivity of both obtained structures was
checked in the propane—butane gas mixture and under humidity. The measurements carried out
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for 1000-5000 ppm concentration of the propane-butane mixtures in rather wide temperature

range (up to 70°C) and humidity range from 50% to 80% showed that the sensitivity to those

ambient has not been observed.
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Fig. 4 Sensitivity of PS/Ti0,_/Pt structures to different concentration of hydrogen at 40°C
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Fig. 5 Sensitivity of PS/ZnO<AI>/Pt structures to different concentration of hydrogen at 40°C

To ensure that degradation processes in porous silicon layer are very weak, when it is

covered by a TiO, or ZnO<AIl> layer, we carried out continuous measurements of current—

voltage characteristics and sensitivity of samples during 10 months and did not observe any

change in parameters. This means that deposited metal-oxide layers protect effectively the PS

layer.

Note that the reported gas sensors made on a silicon substrate, consist of hydrogen-

sensitive thin layers of porous silicon and metal oxide and were manufactured by the technology

traditional for the integral circuits (electrochemical anodization, electron-beam evaporation, and

rf magnetron sputtering). Such sensors are characterized by durability, hydrogen-selectivity, and
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relatively short recovery and response times, and they can operate at and close to room
temperature, which is typical for many important devices (including fuel cells).

4. Conclusion
Hydrogen sensors working at and close to room temperature and made of porous silicon
covered by the TiO,x or ZnO<AI> thin film have been realized. The sensitivity of manufactured
structures to 1000-5000 ppm hydrogen was studied. Results of measurements showed that it is
possible to realize a hydrogen sensor which has relatively high sensitivity and selectivity to
hydrogen, durability, and relatively short times of recovery and response. Such sensors can also
be a part of a silicon integral circuit.

Acknowledgements: This work was carried out in the framework of the ISTC A-1232 and
CRDF ARP2-2678-YE-05 projects as well as Armenian ‘“Semiconductor Nanoelectronics”
Target Program.

References
[1] V. M. Aroutiounian, “Metal oxide hydrogen, oxygen and carbon monoxide sensors (review
paper),” Intern. J. Hydrogen Energy, v. 32, pp. 1145-1158, 2007.
[2] A. Tibuzzi, C. Di Natale, A. D’Amico, B. Margesin, S. Brida, M. Zen, G. Soncini,
“Polysilicon mesoscopic wires coated by Pd as high sensitivity H, sensors,” Sens. Actuators B, v.
83, pp. 175-180, 2002.
[3] K. Scharnagl, M. Eriksson, A. Karthigeyan, M. Burgmair, M. Zimmer, 1. Eiselle, “Hydrogen
detection at high concentrations with stabilised palladium”, Sens. Actuators B, v. 78, pp. 138-143,
2001.
[4] Z.H. Mkhitaryan, A.A. Shatveryan, V.M. Aroutiounian, M. Ghulinyan, L. Pavesi, L.B. Kish,
and C.C. Granquist, “Current-voltage and low-frequency noise characteristics of structures with
porous silicon layers exposed to different gas,” Physica E, v. 38, pp. 160-163, 2007.
[5] S. Nakagomi, K. Muto, M. Itoh, “Hydrogen sensitive negative switching behavior in metal-
oxide-semiconductor devices,” Sens. Actuators B, v. 72, pp. 108-114, 2001.
[6] J.P. Clarkson, P.M. Fauchet, V. Rajalingam, K.D. Hirschman, “Solvent detection and water
monitoring with a macroporous silicon field-effect sensor,” IEEE Sensors J., v. 7, pp. 329-335,
2007.
[7] G. Barillaro, A. Diligenti, A. Nannini, L. M. Strambini, E. Comini, G. Sberveglieri, “Low-
concentration NO/sub 2/ detection with an adsorption porous silicon FET,” IEEE Sensors J., v. 6,
pp. 19-23, 2007.
[8] J.F. Chang, HH. Kuo, I.C. Leu, M.H. Hon, “The effects of thickness and operation
temperature on ZnO:Al thin film CO gas sensor,” Sens. Actuators B, v. 84, pp. 258-264, 2002.
[9] O. Bisi, S. Ossicini, L. Pavesi, “Porous silicon: a quantum sponge structure for silicon based
optoelectronics,” Surf. Sci. Rep., vol. 38, pp. 1-126, 2000.
[10] E. Comini, M. Ferroni, V. Guidi, G. Faglia, G. Martinelli, G. Sberveglieri, “Nanostructured

225



Armenian Journal of Physics, vol. 1, issue 3, 2008

mixed oxides for gas sensing application,” Sens. Actuators B, vol. 84, pp. 26-32, 2002.

[11]Y. Shimizu, N. Kuwano, T. Hyodo, M. Egashira, “High H, sensing performance of
anodically oxidized TiO, film contacted with Pd,” Sens Actuators B, v. 83, pp. 195-201, 2002.
[12] D. Barrettino, M. Graf, S. Taschini, S. Hafizovic, C. Hagleitner, A. Hierlemann, “CMOS
Monolithic Metal-Oxide Gas Sensor Microsystems,” IEEE Sensors J., v. 6, pp. 276-286, 2006.
[13] V. M. Arakelyan, Kh. S. Martirosyan, V. E. Galstyan, G. E. Shahnazaryan, V. M.
Aroutiounian, “Room temperature gas sensor based on porous silicon/metal oxide structure,”
Phys. Stat. Sol. (c), v. 4, pp. 2059-2062, 2007.

[14] V. M. Arakelyan, V. E. Galstyan, Kh. S. Martirosyan, G. E. Shahnazaryan, V. M.
Aroutiounian, P.G. Soukiassian, “Hydrogen sensitive gas sensor based on porous silicon/TiO;«
structure,” Phys. E, v. 38, pp. 219-221, 2007.

[15] O.V. Krilov, B.R. Schub, “Nonequilibrium processes in catalysis” (in Russian), Moscow:
Khimia, pp. 232-247, 1990.

226




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


