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We present the preparation and characteristics of liquid-phase sensors based on nano-porous silicon
multilayer structures for determination of organic content in gasoline. The principle of the sensor is a
determination of the cavity-resonant wavelength shift caused by refractive index change of the nano-porous
silicon multilayer cavity due to the interaction with liquids. We use the transfer matrix method (TMM)
for the design and prediction of characteristics of microcavity sensors based on nano-porous silicon
multilayer structures. The preparation process of the nano-porous silicon microcavity is based on
electrochemical etching of single-crystal silicon substrates, which can exactly control the porosity and
thickness of the porous silicon layers. The basic characteristics of sensors obtained by experimental
measurements of the different liquids with known refractive indices are in good agreement with simulation
calculations. The reversibility of liquid-phase sensors is confirmed by fast complete evaporation of organic
solvents using a low vacuum pump. The nano-porous silicon microcavity sensors can be used to determine
different kinds of organic fuel mixtures such as bio-fuel (ES), A92 added ethanol and methanol of different

concentrations up to 15%.
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I. INTRODUCTION

Recently, porous silicon (PS) has generated a great
interest for use in photonic structures and optical devices.
Several studies of PS were devoted to understanding the
formation mechanisms of pores and porous multilayer structures
and the relationship of PS with its physical and chemical
properties that can be altered easily just by controlling the current
density and electrolyte solution in the electrochemical
etching process [1-3]. The one-dimensional porous silicon
photonic crystal (ID-PSPC) devices such as optical filters
and microcavities in the PS technology have been achieved
by multilayer structure formation with periodic refractive
index sequence [4]. The periodic sequence was obtained
by controlling the current density and etching time in a
periodic way while the others electrochemical parameters
were fixed [5]. The PS photonic crystal structures have
large potential for use in the optical sensor technology,
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especially in the gas and liquid-phase sensors [6-9]. The
specifications of these optical devices are the porous structure
of constituent layers that showed high specific surface area
for interaction with ambient gas or liquid. Then the nano-
porous structural features have allowed fabrication of high
sensitivity gas, chemical and/or biosensors [10-12]. In the
literature on the nano-PS photonic sensors, most papers
show PS distributed feedback (DFB) structures with large
reflectance spectra that limited the accuracy of the measurement.
In addition, the role of porosity and its contrast with the
multilayer structures, which strongly depends on preparation
process, still has not been discussed.

In this paper, we present research results on preparation
of the liquid-phase photonic sensors based on nano-PS
microcavity structures and the influences of the configuration
and porosity of multilayers on the sensitivity and accuracy
of measurements using simulation and experiments. We
show the fabrication process and characteristics of liquid-
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phase sensors based on nano-PS microcavity using an electro-
chemical etching method. Simulation study is based on the
transfer matrix method (TMM), which developed our
previous results in ref. [13] for prediction of porosity of
multilayers. The sensor response is given by the shift of
the resonant wavelength of the microcavity when the sensors
are immersed in liquids. A change of sensor reflectance
spectra is temporary, that characteristic is useful for reversible
optical sensing. The nano-porous silicon microcavity sensors
can be used to investigate different kinds of gasoline such
as bio-fuel (E5), A92 added ethanol and methanol with
concentrations of 5%-15%.

II. DESIGN AND PREPARATION OF
NANO-POROUS SILICON MICROCAVITY

For design of nano-porous silicon microcavity (PSM),
we use the TMM for calculation of the parameters of multilayer
structures. The microcavity structure was designed by using
the (HL)"LL(HL)" sequence, where H and L labels correspond
to high and low refractive index layers, respectively, and n
(and/or m) is a quantity of HL pairs. In the sequence
above, the HL pair is the unitary cell of photonic crystal
(PC) structure and the LL pair is the microcavity structure
(defect layer) localized between two Bragg mirrors created
by PC layers [13]. The spectral region of the optical
response for the 1D-PSPC device was projected by using
Bragg’s relation, where the thickness of the defect layer
was equal to M2 or A, as follows:

N4 = IlH.dH = IlL.dL (1)

In this equation A is the wavelength corresponding to the
center of the photonic band gap (PBG) region; ny and nr.
(dg and dp) are the refractive indices (thicknesses) of the
H and L layers, respectively.

Porous silicon layers with different refractive indices
were formed by electrochemical etching of a highly doped
p-type silicon wafer (resistivity is of 0.01 = 0.1 Q.cm) in
an aqueous HF: ethanol electrolyte, because the p-type
silicon substrates yield the most favorable porous silicon
morphology. The electrolyte with concentration of 16% HF
and ethanol of ratio 1:2 is chosen because of the large
porosity variation obtained by varying the electrical
current. The electrochemical etching process was controlled
by computer program using Galvanostat equipment (Autolab
PGSTAT 30), so precise control over electrical current
density and etching time was achieved. The result is a
good control of the refractive index and thickness over the
individual layers forming the multilayer.

Figure 1 shows the calculation result with a numerical
simulation and the experimental measured reflective spectrum
of the microcavity based on (HL)4‘5LL(HL)5 nano-porous
silicon multilayer structure (4.5 means four and one half

pairs of HL). The nano-porous silicon microcavity structure
was obtained from anodization current densities of 15 mA/cm’
and 50 mA/em’ and with etching times of 2.86 sec and
4.76 sec for high and low refractive index layers, respectively.
The feature of the microcavity structures in the air charac-
terized by a single resonance peak at wavelength of 506
nm in a transmittivity stopband in the wavelength range of
436 nm-600 nm. The imperfection of interfaces between high
and low refractive index layers created by the electrochemical
etching caused the deviation of the simulation from the
experimental reflective spectra. In general, the measured
reflective spectrum of the microcavity is smaller than the
calculated one.

Figure 2 shows the image of a cross-section of the
nano-porous silicon multilayer microcavity (Fig. 2(a)) and
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FIG. 1. Reflective spectra of microcavity device based on the
nano-porous silicon multilayer structures. The line 1 is the
numerical simulated spectrum (neglecting absorption and
scattering) and the line 2 is the experimental measured one.
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FIG. 2. (a) SEM cross-section view of nano-PS microcavity
structure; (b) and (c) surface plan views of high and low
reflective index nano-PS layers, respectively.
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the surface plan views of the nano-porous silicon layers
with high (Fig. 2(b)) and low refractive index (Fig. 2(c)),
captured by ultrahigh resolution field emission scanning
electron microscopy (FE-SEM) S-4800. The silicon pores
have a size of 20-25 nm. For characterization of the nano-
porous silicon microcavity, we used the ultraviolet-visible-
near infrared (UV-VIS-NIR) spectrophotometer (Varian Cary
5000) for measurement of reflective spectra of the samples.
For prevention of aging in the porous silicon layers, we
thermally annealed the samples at 200°C in nitrogen ambient
for a time of 60 minutes. After annealing, the resonant
wavelength peak shifted 1.0-1.5 nm into the short-wavelength
zone from the increasing pore density of the layers.

III. CHARACTERISTICS OF LIQUID-PHASE
PHOTONIC SENSORS

The basic characteristics of the porous silicon microcavity
(PSM) and the resonant wavelength shift (A\) caused by
the ambient refractive index (n), were built experimentally
by using a series of liquids with known refractive indices.
The effective refractive index of the nano-porous silicon
layer immersed into organic solvent would be increased
due to the substitution of air with liquid in the pores and
consequently the optical thickness of the layer is increased.
As a result, the resonant wavelength shift would be dependent
upon the refractive index value of the organic solvent. Table 1
presents a series of organic solvent such as methanol
99.5%, ethanol 99.7%, isopropanol 99.7% and methylene
chloride 99.5% (product of NHTC-China) with their refractive
indices and the resonant wavelengths of the sensors, when
they are dipped into the corresponding organic solvent for
some minutes.

Sensitivity (ANAn) is one of the most important parameters
to evaluate the performance of the sensors. Using the
experimental data in Table 1, we calculate the sensor sensitivity
of about 200 nm/RIU. The Spectrophotometer Varian Cary
5000 is able to detect a wavelength shift of 0.1nm, corres-
ponding to the minimum detectable refractive index change
in the porous silicon layer of less than 107, Experiment
shows that after complete evaporation of organic solvent,
the reflectance spectra of the sensors return to their original

TABLE 1. Various organic solvents with known refractive
index and resonant wavelengths of sensors based on porous
silicon microcavity dipped in corresponding solvent

Organic Solvent Re_fractive Resonant
index wavelength (nm)

Air 1.0003 504.75

Methanol (99.5%) 1.3280 572.05

Ethanol (99.7%) 1.3614 579.00

Isopropanol (99.7%) 1.3776 583.17

Methylene chloride (99.5%) 1.4242 592.85

waveform positions (as in the air). In our case the evaporation
of organic solvents in open air at room temperature was
carried out for 40-50 minutes, but this process can occur
in 20 seconds when the samples are in a vacuum chamber
with 10" torr. That means, the change of sensor reflectance
spectra are temporary, and it is useful for reversible optical
sensing.

An important parameter of the microcavity sensor is that
the change of the refractive index of the porous layer
depends on the refractive index of the liquid as well as on
the porosity of the porous layer. In Bruggeman effective
medium approximation, the relation between effective refractive
index of the pore layers (75 ), silicon refractive index
(Msi= 3.5), void refractive index (...;=1) and porosity (P)
is presented by the following equation:

2 o 2
(_ )nSi " psi M voida M psi _

2 2 2 2
n Si + 2” PSi n void + Zn PSi (2)

Based on this relation we determined the porosity (P) of
the pore layer and the refractive index of the pore layer
("psi) dipped in liquid with known refractive index. The
simulation calculations for basic characteristics of the sensor
consist of the following steps:

1. Determination of the refractive index of the defect
layer based on the experimental resonant wavelength
and the pore layer thickness from the scanning
electron microscopy (SEM) image.

2. Determination of layer porosity in air using the
relation (2). When the refractive indices of the pore
layers in air changed from 2.739 to 1.323, the porosity
of the layer changed from 30 to 80 by calculation.

3. Determination of effective refractive index of the
layer when the voids were filled by liquid with
known refractive index using the relation (2).

4. Determination of resonant wavelength of the sensor
dipped into liquid using the simulation reflectance spectra.

Simulation shows that the contrast of the porosities (i.e.
refractive indices) of the layers strongly influences the
wavelength shift (i.e. on the sensitivity) of the microcavity.
The contrast of the porosities would be high when the
change of current density was large in the electrochemical
etching process. However, the experiment shows that the
imperfection of the interfaces of layers increased with the
large change of current densities. In our work, when the
porosity contrast of layers is more than 40, the reflective
spectra of the device were deformed in the reflection
intensity and the line-width of the transmittance zone.

The curves from C1 to C4 in Fig. 3 present the fitting
process of sensor basic characteristics by simulations with
that by experiment (curve E). The fitting showed that the
porosity contract between two layers affects the sensor
sensitivity (ANAn). Consequently, the matching process
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FIG. 3. The basic characteristics of liquid-phase sensor prepared
from porous silicon microcavity obtained in experiment (curve
E), and by simulation calculations (curves C1, C2, C3, C4) with
various pairs of porosities.
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FIG. 4. Response characteristics of the sensor wavelength shift
for mixture of methanol and ethanol in different concentrations
and commercial gasoline A92.

found suitable porosity of 34% and 72% of low and high
porosity layers of the prepared sensor, respectively.

The microcavity-based sensors have been applied to
determination of different solutions of ethanol and methanol
in the commercial gasoline A92. Figure 4 shows the measured
results of the resonant wavelength shift of the microcavity
sensor immersed into gasoline A92 with different concentrations
of ethanol and methanol. In the case of a mixture of
ethanol/A92, a resonant wavelength shift is 3.6 nm, when
ethanol concentration changed in the range from 5% to
15% in the gasoline. With the sensitivity of the sensor as
described above, the minimum determination of ethanol
concentration change in the gasoline is about 0.4%. In the
case of methanol/A92, wavelength shifts are 7.2 nm between
the 5% and 15% methanol mixtures,. From these experimental
data, we suppose that the enhanced sensor can distinguish
change of about 0.2% in concentration of methanol in the
gasoline.

IV. CONCLUSION

In conclusion, we successfully fabricated a nano-porous
silicon microcavity with resonant wavelength in the visible
region and used them as liquid-phase photonic sensors. We
built the basic characteristics of sensors by simulation
calculations and by experiment based on a series of
organic solvents with known refractive indices. Enhanced
sensor sensitivity of 200nm/RIU can detect a minimum
refractive index change of about 10°. We used these sensors
for determination of ethanol and methanol concentration
from 5% to 15% in the commercial gasoline A92. Based
on the experimental data we suppose that the enhanced
sensors can distinguish a small concentration of methanol
and ethanol in gasoline. This sensor, to our knowledge, is
suitable to detect the very small content of methanol that
damages the resin details in cars and motorbikes.

ACKNOWLEDGMENT

This work financially supported by National Foundation
for Science and Technology Development (NAFOSTED)
of Vietnam under Grant No.103.06.84.09. This work had
been using the apparatus of National Key Laboratory for
Electronic Materials and Devices in Institute of Materials
Science.

REFERENCES

1. L. T. Canham, “Si quantum wire arrays fabrication by
electrochemical and chemical dissolution of wafer,” Appl.
Phys. Lett. 57, 1046-1048 (1990).

2. H. J. Woo, G. D. Kim, H. W. Choi, and J. K. Kim,
“Characterization of SiC nanostructures in crystalline and
porous silicon formed by ion beam synthesis,” J. Korean
Phys. Soc. 56, 2063-2067 (2010).

3. H. Bui, V. H. Pham, H. K. Phan, T. V. Nguyen, and T. C.
Do, “Porous silicon as a promising material for photonics,”
Int. J. Nanotechnol. 8, 360-370 (2011).

4. V. H. Pham, T. C. Do, H. Bui, and T. V. Nguyen, “Silicon-
rich silicon oxide thin films fabricated by electro-chemical
method,” in Optoelectronics-Materials and Techniques, P.
Predeep, ed. (Publisher InTech Rijeka, Croatia, 2011),
Chapter 2.

5. J. Gao, T. Gao, and M. J. Sailor, “Porous silicon vapor
ensor based on laser interferometry,” Appl. Phys. Lett. 77,
901-903 (2000).

6. Y. Shang, X. Wang, E. Xu, C. Tong, and J. Wu, “Optical
ammonia gas sensor based on a porous silicon rugate filter
coated with polymer-supported dye,” Anal. Chim. Acta 685,
58-64 (2011).

7. M. S. Salem, M. J. Sailor, F. A. Harraz, T. Sakka, and Y.
H. Ogata, “Sensing of chemical vapor using a porous
multilayer prepares from lightly doped silicon,” Phys. Stat.
Sol. (c) 4, 2073-2077 (2007).

8. Y. Y. Kim, H. J. Kim, and K. W. Lee, “The potential for



Nano-porous Silicon Microcavity Sensors for Determination of Organic Fuel Mixtures - Van Hoi Pham et al.

10.

11.

i

alcohol-containing gas sensor based on DFB porous silicon,’
J. Korean Phys. Soc. 55, 415-418 (2009).

. L. D. Stefano, K. Malecki, F. G. Della Corte, L. Moretti,

I. Rea, L. Rotiroti, and I. Rendina, “A microsystem based
on porous Silicon-Gallss anodic bonding for gas and liquid
potical sensing,” Sensors 6, 680-687 (2006).

V. Mulloni and L. Pavesi, “Porous silicon microcavities as
optical chemical sensors,” Appl. Phys. Lett. 76, 2523-2525
(2000).

W. Theif3, “Optical properties of porous silicon,” Surf. Sci.
Report 29, 91-93 (1997).

12.

13.

427

P. N. Patel, V. Mishra, and A. K. Panchal, “Theoretical
and experimental study of nanoporous silicon photonic
microcavity optical sensor devices,” Adv. Nat. Sci.: Nanosci.
Nanotechnol. 3, 035016 (2012).

T. C. Do, H. Bui, T. V. Nguyen, T. A. Nguyen, T. H.
Nguyen, and V. H. Pham, “A microcavity based on a porous
silicon multilayer,” Adv. Nat. Sci.: Nanosci. Nanotechnol.
2, 035001 (2011).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




