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Abstract. We have demonstrated high resolution focused ion beams based on a magneto-optical trap ion source (MOTIS),
which takes advantage of the ultra cold temperatures of laser cooled atoms to produce high brightness, low emittance ion
beams. We have created focused beams of both Cr" and Li" and present secondary electron micrographs obtained with these
beams, demonstrating a focal spot size as low as 27 nm at a beam energy of 2 keV. This work shows that the MOTIS can be
a useful source for focused ion beams that will open new opportunities for applications in materials characterization and

metrology.
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INTRODUCTION

High resolution focused ion beams (FIBs) are one
of the most important tools for characterization and
metrology in nanoelectronics. Beams of ions focused
to the nanometer scale enable essential tasks such as
three-dimensional metrology, defect detection and
failure analysis, and make possible important
procedures such as transmission electron microscope
(TEM) lamella preparation, in-situ editing of
integrated circuits and mask repair. These applications
are enabled by a FIB’s ability to not only image a
surface by generating secondary electrons or
backscattered ions, but also remove and add material
via sputtering or interaction with chemical precursors.

Over the past three decades, the generation of high
resolution FIBs has been largely accomplished via the
liquid metal ion source (LMIS)'. This source uses
field ionization from a sharp tip coated with liquid
metal to generate a high brightness beam of ions (most
often Ga") that is then apertured, accelerated, and
focused to the nanoscale. Recently, new ion sources
have begun to appear. Field ionization of He gas from
a specially prepared sharp tip has been demonstrated?,
and is now available commercially. Also, a plasma-
based source has been introduced’, which offers high

ion currents of heavier noble gas ions such as Xe' at
the expense of slightly less resolution.

All FIB systems in use today have some
characteristics in common. Generally, a high beam
energy of at least 10 kV is required to achieve
nanoscale resolution, and the variety of ionic species
that can be reliably produced is limited. High energy
is required both because most sources have a large
energy spread which gives rise to chromatic
aberrations in the focused beam, and also because field
ionization requires a large electric field. Species
limitations arise because of a range of practical
considerations: only Ga and a few alloys have the
necessary wetting characteristics to make a robust
liquid metal ion source; He and perhaps Ne are the
only ions that can be produced in a gas field ionization
source because of tip contamination issues; and plasma
sources are essentially limited to gas phase materials.

While FIBs enjoy a wide range of applications
already, their utility could be dramatically enhanced if
they could be realized with lower beam energies and
with a wider choice of ionic species. High beam
energy can lead to deep implantation of ions and
undesirable contamination of the sample. It also
increases sputtering and surface damage, resulting in
altered samples, roughened lamellae, and limitations
on resolution in imaging. Lack of choice of species



also can lead to undesired excessive sputtering and
unwanted contamination issues. Heavy ions such as
Ga' have a much higher sputter rate than light ones,
and can create problematic contamination when, for
example, they are used in mask repair or to fabricate
nanoscale magnetic structures. At low energies, beam-
assisted chemistry can also be affected by the chemical
nature of the ion being used, and having a choice of
ions could allow a great deal of flexibility in process
optimization.

MAGNETO-OPTICAL TRAP ION
SOURCE

Recently, a new ion source has been proposed that
opens new possibilities for producing FIBs with low
beam energy from a broad range of ionic species. The
magneto-optical trap ion source (MOTIS) achieves a
low emittance and a high brightness, sufficient for
focusing the ions to the nanometer scale, in a manner
very different from other sources. Whereas field
ionization sources rely on an extremely small source
area to keep the emittance small, the MOTIS takes
advantage of the extremely low temperatures of laser-
cooled atoms to achieve the same end. By
photoionizing cold atoms, a beam of ions is created
with a very small transverse velocity spread, which
results in a very small angular spread for the beam.
Since the emittance of a source is proportional to the
product of the beam size and its angular spread, a
beam with very low emittance is created, even though
the transverse dimension is not particularly small. The
cold temperature of the atoms also leads to an
extremely small fundamental limit for the energy
spread. In most cases this fundamental limit is not
reached, however, because the ions are extracted in a
potential gradient which introduces a small but
manageable energy spread. Regarding selection of
ionic species, the MOTIS is essentially compatible
with any atom that can be laser-cooled, a list which
includes alkalis, alkaline earths, noble gases and
several metals — over 20 species in all*. It is also
worth noting that the MOTIS creates isotopically pure
ion beams because the laser cooling process
spectroscopically selects only one isotope at a time.

A number of theoretical analyses of the MOTIS
and similar sources have been carried out, predicting a
high level of performance™, and several realizations
have been reported. A Cr MOTIS® was measured to
have an emittance as small as 6x107 mm mrad
MeV', a value competitive with the LMIS.
Measurements of the energy spread of ion bunches
from a pulsed Rb MOTIS’ showed values as low as
0.02 eV, over two orders of magnitude smaller than
the energy spread in the LMIS. Rudimentary images
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FIGURE 1. Magneto-optical trap ion source FIB system.
Neutral atoms from a light-force-slowed atomic beam (not
shown, incident horizontally in the figure) are trapped in a
magneto-optical trap (MOT) and ionized with a laser
incident either transverse to or along the ion beam axis.
Ions are extracted by an electric field between a transparent
and a mirrored electrode, accelerated in a resistive tube, and
deflected and focused in a conventional ion optics column.

were reported using a focused Cr ion beam from a
MOTIS?, and detailed calculations and measurements
of the influence of inter-ion Coulomb interactions was
carried out for a Li MOTIS'.

A schematic of a MOTIS is shown in Fig. 1. A
magneto-optical trap (MOT)'! is formed at the zero of
a quadrupole magnetic field, which is generated by
two opposing ring-shaped NdFeB permanent magnets
(not shown). Three pairs of counter-propagating laser
beams, tuned slightly below an atomic resonance in
the atomic species to be trapped, provide trapping and
cooling forces. Atoms are loaded into the trap from an
atomic beam that has been slowed using a Zeeman
slower, which consists of a counter-propagating near-
resonant laser beam and a tapered magnetic field' (not
shown). Under typical operating conditions up to 10°
atoms are held in the trap within a diameter of a few
hundred micrometers and a temperature of a few
hundred microkelvin. The load rate of the trap is
typically in the range of 10®s™ to 10° s™.

The MOT is located midway between two flat
electrodes, to which a voltage is applied to create an
extraction field. The upper electrode is made from
fused silica with an indium tin oxide transparent



conductive coating, and the lower electrode is coated
with aluminum to form a mirror. Two of the counter-
propagating laser beam pairs that form the MOT are
incident through the transparent electrode and are
reflected from the mirrored electrode (see figure). The
third pair, not shown in the figure, is incident in a
perpendicular direction. An ionization laser beam,
tuned to have just enough energy to ionize the excited
state atoms in the MOT without causing excess
heating, is incident either between the electrodes
transverse to the extraction direction (transverse
ionization), or through the transparent electrode along
the extraction direction (axial ionization).

Ions extracted from the intersection of the
ionization laser and the MOT travel through a small
hole in the mirrored electrode and are accelerated in a
resistive acceleration tube, which brings the ions to the
desired beam energy gradually over a distance of
several hundred millimeters, with minimal focusing of
the beam. After exiting the acceleration tube, the ion
beam is apertured, deflected, and focused via
conventional ion optical elements.

Cr MOTIS

As an initial test of the use of a MOTIS in a
focused ion beam, we have constructed a Cr-based
system. Cr is a relatively light metallic element that,
when formed into a focused ion beam, could enable
deposition and removal of conductors, improved mask
repair, and formation of optical, electronic and
magnetic devices through controlled implantation.

In our experiment, >*Cr was cooled with laser light
tuned to the 7S3 — P, transition at 425 nm, obtained
from a continuous-wave (CW) Ti:sapphire laser
doubled in an external build-up cavity. The MOT
laser beams had 1/¢* diameters of 4 mm and contained
a power of a few milliwatts each. Ionization laser
light at 320 nm was provided via a CW dye laser
operating at 640 nm with DCM laser dye followed by
an external cavity doubler. The atomic beam was
produced by thermal evaporation from an effusion
cell.

Fig. 2 shows an image obtained by rastering the
focused Cr' ion beam across a sample and collecting
secondary electrons. The sample in this case is the
surface of a microchannel plate, which consists of a
hexagonal array of 10 pm-diameter holes in metal-
coated conductive glass. The MOTIS was used in axial
ionization mode for this image, with the ionization
laser focused to a beam waist of approximately 10 um
1/e* diameter. The beam current was approximately
0.2 pA. The voltage was 4000 V on the transparent
electrode and 3840 V on the mirrored electrode,
resulting in a 3920 eV beam energy. These voltages

FIGURE 2. Secondary electron image of a microchannel
plate surface obtained by scanning a focused Cr ion beam
from a MOTIS. Ion beam energy is 3.9 keV and beam
current is 0.2 pA.

were chosen so that the weak lens formed at the exit of
the ionization region was slightly diverging, resulting
in a beam that filled the focusing lens to a level that
gave the optimum balance between aberration and
emittance contributions to the focal spot size. The
working distance was 17 mm.

Li MOTIS

With ion microscopy in mind, we have also
realized a MOTIS using Li" ions. Lithium is of
particular interest for several reasons. It is a very light
ion, so it is expected to create minimal sputtering
damage during imaging. High Li" backscattered ion
yield, due to its low neutralization probability at the
surface, enhances surface-sensitive imaging based on
backscattered ion detection, which may lead to new
contrast mechanisms. Li also diffuses quite readily,
going interstitial in many materials, so it may be less
likely to create local contamination and structural
damage via implantation. In addition, its chemical
reactivity may prove useful in beam chemistry
applications. A further motivation is that atomic
beams of Li are easily produced in a moderately
heated effusion cell at a few hundred degrees Celsius,
and the laser light needed to cool and trap Li is readily
available via laser diode systems.

In our realization, 'Li laser cooling was achieved
via the 2%S;, (F=2) — 2°Py, (F’=3) hyperfine
transition at 671 nm. Another laser frequency, offset
by 803 MHz to match the F=1 — F’=2 hyperfine
transition, was superposed on all cooling beams to
return atoms that had decayed into the F'=1 hyperfine
state back to the F=2 — F’=3 system. We produced
the necessary laser light in a laser-diode-tapered-



FIGURE 3. Secondary electron images of unknown
contamination on a Si wafer. (a) Li FIB image, using 2 keV
ions. (b) SEM image, using 1 keV electrons.

amplifier system. The light was first split into two
equal-power components, one of which was shifted by
803 MHz. The two beams were then recombined and
redivided into the necessary MOT and slower beams
using a fiber optic combiner/splitter assembly. The
ionization laser beam at 350 nm was obtained from a
Ti:sapphire laser with an external cavity doubler. All
laser light was transported to the MOTIS vacuum
chamber via fiber optic cables.

To construct a prototype FIB, we used a
commercial FIB system, replacing the liquid metal ion
source with the Li MOTIS and deactivating the first
lens, whose original function was nominally to
collimate the initially divergent LMIS beam. The
beam energy was chosen to be approximately 2 keV,
set by the mean voltage of the transparent and
mirrored electrodes. As with the Cr MOTIS, the
voltage difference between these plates was chosen to
create a slightly diverging lens that provided the
optimum beam diameter at the focusing lens,
balancing aberrations with source emittance
contributions to the focal spot size.

Fig. 3a contains an example of a micrograph taken
with the Li* FIB. Shown is a region of a silicon wafer
with an area of unknown contamination. For
comparison, we show a scanning electron micrograph
(SEM) of the same region. Of particular note is the
fact that in the Li" ion micrograph the contamination
shows up white, whereas it appears black in the SEM.
This highlights the possibility of new contrast
mechanisms that could be realized by imaging with an
ion such as Li" instead of electrons.

Fig. 4 shows images taken at high resolution with
the Li* FIB. These images illustrate the capability of
the Li MOTIS to achieve extraordinarily high
resolution at a low beam energy of 2 keV. Fig. 4aisa
micrograph of a graphite sample, which is often used
as a resolution target because it is sputter-resistant and
has structure on a wide range of length scales. Fig. 4b
is an image of a tin-on-carbon SEM resolution test

FIGURE 4. Li MOTIS high resolution secondary electron
images, (a) graphite, and (b) tin balls on carbon. Li" beam
energy was 2 keV and current was approximately 1 pA.

specimen. Both images were taken with a beam
current of approximately 1 pA.

To quantify the resolution of the 2 keV Li" FIB, we
also conducted measurements using a knife edge'
under conditions similar to those used in Fig 4. By
sweeping the beam across the edge of a cleaved <100>
silicon wafer, we were able to determine a 25 % to
75 % rise distance of (26.7 £ 1.0) nm (uncertainty is
one standard deviation combined  standard
uncertainty). This represents an unprecedented level
of resolution for a 2 keV ion beam.

CONCLUSION

We have demonstrated a new type of ion source
that has the potential to impact a wide range of
applications in characterization and metrology of
nanoelectronics. Choosing two out of a wide range of
possible ionic species, we have constructed magneto-
optical trap ion sources and shown that low energy



focused ion beams with nanoscale resolution and
significant beam current can be produced.

The results presented here suggest that a number of
new applications will be forthcoming. For example,
new capabilities in 3D metrology and defect detection
will be enabled not only by the ability to mill at high
resolution leaving very smooth surfaces without
contamination, but also by the possibility of elemental
analysis via low-energy ion scattering'* or secondary
ion mass spectroscopy (SIMS).  Ultrathin TEM
lamellac with very smooth surfaces may become
possible as well. In addition, new methods for circuit
edit and mask repair may be forthcoming.

ACKNOWLEDGMENTS

The authors thank G. Schwind and D. Stewart for
useful conversations, and Alan Band, Steven
Blankenship, Glenn Holland, Dustin Laur, and David
Rutter for aid in building the FIB platforms.

REFERENCES

1. J. Orloff, L. Swanson, and M.W. Utlaut, High Resolution
Focused Ion Beams: FIB and Its Applications (Springer,
2003).

2. B.W. Ward, J.A. Notte, and N.P. Economou, J. Vac. Sci.
Technol. B 24, 2871 (2006).

3. N.S. Smith, W.P. Skoczylas, S.M. Kellogg, D.E. Kinion,
P.P. Tesch, O. Sutherland, A. Aanesland, and R.W.
Boswell, J. Vac. Sci. Technol. B 24, 2902 (2006).

4. AV. Steele, B. Knuffman, J.J. McClelland, and J.
Orloff, J. Vac. Sci. Technol. B 28, C6F1 (2010).

5. J.L. Hanssen, J.J. McClelland, E.A. Dakin, and M. Jacka,
Phys. Rev. A 74, 063416 (2006).

6. B.G. Freinkman, A. Eletskii, and S.I. Zaitsev,
Microelectronic Engineering 73-74, 139-143 (2004).

7. B.J. Claessens, M.P. Reijnders, G. Taban, O.J. Luiten,
and E.J.D. Vredenbregt, Phys. Plasmas 14, 093101
(2007).

8. J.L. Hanssen, S.B. Hill, J. Orloff, and J.J. McClelland,
Nano Lett. 8, 2844-2850 (2008).

9. M. Reijnders, P. van Kruisbergen, G. Taban, S. van der
Geer, P. Mutsaers, E. Vredenbregt, and O. Luiten, Phys.
Rev. Lett. 102, 034802 (2009).

10. A.V. Steele, B. Knuffman, and J.J. McClelland, J. Appl.
Phys. (in press).

11. E. Raab, M. Prentiss, A. Cable, S. Chu, and D. Pritchard,
Phys. Rev. Lett. 59, 2631-2634 (1987).

12. W.D. Phillips, J.V. Prodan, and H.J. Metcalf, J. Opt. Soc.
Am B 2, 1751-1767 (1985).

13. B. Knuffman, A.V. Steele, J. Orloff, and J.J.
McClelland, (submitted for publication).

14. T. Grehl, E. Nichuis, and H.H. Brongersma, Microscopy
Today 19, 34-38 (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


