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Laser-induced forward transfer is a direct-write process suitable for high precision 3D printing
of several materials. However, the driving forces related to the ejection mechanism of the donor ma-
terial are still under debate. To gain further insights into the ejection dynamics, this article presents
results of a series of imaging experiments of the release process of nanosecond LIFT of a 200 nm
thick gold donor layer. Images were obtained using a setup which consists of two dual-shutter cam-
eras. Both cameras were combined with a 50% long-distance microscope and used to capture coaxial
and side-view images of the ejection process. Bright field illumination of the scene was accom-
plished by a 6 ns dual-cavity laser source. For laser fluence just above the transfer threshold of 140
mJ/cm® , the formation of a jet and the subsequent release of a single droplet is observed. The drop-
let diameter is estimated to be about 2 um. For laser fluences above 400 mJ/cm” the formation and
rupture of a blistering bubble is observed, which ultimately leads to an undesirable ejection of mul-

tiple droplets.
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1. Introduction

Laser-induced forward transfer (LIFT) is a 3D direct-
write method suitable for precision printing of various ma-
terials. The process has been demonstrated first in 1986 by
Bohandy et al [1]. The process consists of a transparent
carrier which is precoated with a thin layer of the material
of choice to be transferred, see Fig. 1. The ejection process
is initiated by a single laser pulse, with typical pulse dura-
tions in the order of nano- to femtoseconds. Depending on
the experimental conditions, stress relaxation and/or partial
vaporization of the donor layer results in ejection of the
molten donor material and subsequent deposition on a re-
ceiving substrate. Size and morphology of the deposits de-
pend on the laser fluence applied, indicating that several
physical processes determine the ejection process. Applica-
tions of LIFT of thin metal layers include metal filling of
3D-etched Through Silicon Vias (TSVs) and deposition of
2D metal conducting tracks in the semiconductor industry
[2]. These applications directly benefit from the advantages
of LIFT being a maskless, solvent-free deposition process,
which can be performed in ambient atmosphere at room
temperature without the use of any (wet) chemicals.

However, the LIFT process still suffers from uncon-
trolled contamination (deposits) on the receiving substrate.
In order to gain further insights and to achieve an in-depth
understanding of LIFT, time—resolved images of the ecjec-
tion have been studied. Unfortunately, time-resolved visu-
alization of the ejection has been achieved only for rela-
tively thick liquid-film [3-5] and solid-phase [6] or paste
[7,8] transfer processes. Other observations of LIFT pro-
cesses of pure metal donors, such as Au [9], Ni[10] and Cr
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[11] did not achieve sufficient spatial resolutions to trace
the process in detail. However, imaging studies on copper
indicate different ejection mechanisms for nanosecond [12]
and picosecond LIFT [13] using laser fluences just above
the transfer threshold. Recent publications captured the
ejection process of femtosecond LIFT of Au [14], for a
layer thickness of 60 nm. It was found that, for laser flu-
ence levels just above the transfer threshold, the donor lay-
er is molten and deforms into a liquid jet. It has been
shown, that for donor layers with a thickness of 200 nm,
the ejection dynamics of picosecond LIFT are significantly
different from prior observations, as multiple ejection re-
gimes have been observed [15, 16]. This article presents
further experimental results of LIFT of 200 nm gold using
a nanosecond laser source. In section 2, a brief description
of the experimental setup is presented.
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Fig. 1 Sketch of the LIFT and imaging experimental setup.
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Fig. 2 A and B images of the coaxial and side-view of the nanosecond LIFT ejection process, that were taken at 300ns and 800ns after
the ejection, respectively. (b) - (¢) Laser fluence levels just above the transfer threshold of 140 mJ/cm? lead to the formation of a liquid
jet, which subsequently contracts into a droplet. (f) - (g) Increasing laser fluences lead to an uncontrolled ejection process, indicated by

the formation of blistering gold bubble.

In section 3, fluence-resolved image sequences com-
posed of side and coaxial views are discussed. In addition,
time-resolved images of the low fluence regime are ana-
lyzed to obtain the number and angle of the ejected drop-
lets.

2. Experimental methods

Figure 1 shows a schematic drawing of the experi-
mental LIFT setup. LIFT experiments were performed us-
ing a 6 ns, frequency doubled Nd:YAG laser source emit-
ting at a central wavelength of 532 nm. The laser was fo-
cused onto the carrier-donor-interface using a 50x long-
working distance objective. The laser spot size (1/e*) was
measured to be 10+1pm. The laser fluence applied during
the experiments are expressed in terms of average fluence
values [17]. Extra-white soda lime glass was used as a car-
rier substrate. This carrier was precoated with a 200 nm
thick layer of gold, using magnetron sputtering with a sput-
ter rate of 23 nm/m. Two 10x microscope objectives were
placed in the LIFT beam path to control the beam diver-
gence and thereby align the focal plane of the LIFT laser
beam with the imaging plane of the coaxial imaging setup.

High-resolution images of the LIFT ejection process
were captured from two perspectives and at two different
time instances. Therefore, cameras (referred as “dual-shot
camera”) that can be triggered to capture two sequential
images separated with a time delay of 500 ns, are used.
First, side view images were recorded using a combination
of such a dual-shot camera and a dual-cavity nanosecond
laser source, for strobe illumination. In particular, a fre-
quency doubled Nd:YAG laser with a pulse duration of 6 ns
and a wavelength of 532 nm was used as a stroboscopic
illumination source. In order to increase the contrast and to
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avoid interference effects, a fluorescent diffuser was placed
in the beam path of the strobe laser. The mean wavelength
emitted by the diffuser is specified to be 577 nm. The re-
quired spatial resolution was achieved by a combination of
a 50x long-working distance objective and a 200 mm tube
lens. To suppress light from the LIFT laser source entering
the camera, a long-pass filter was placed in the infinite pass
of the microscope setup. For the coaxial view of the ejec-
tion process, the optical axis of the second dual-shot cam-
era was aligned with the LIFT beam path. The images were
obtained using a 50x long working distance objective,
which was also used to co-axially focus the LIFT laser
beam onto the carrier-donor-interface. Also this objective
was combined with a 200 mm infinite corrected tube lens,
that was mounted to the camera. Any reflection of the fo-
cused LIFT laser beam, was suppressed using a long-pass
filter. To ensure a minimal temporal jitter,-the coaxial and
the side view cameras share one strobe source. The tem-
poral control of all components was achieved using a BNC
pulse delay generator. The temporal jitter of the LIFT laser
with respect to the strobe source, was estimated to be less
than 10 ns. By combining the dual-shot camera with the
dual-cavity strobe illumination source, each ejection event
was captured twice (referred to in the following as image A
and B) with a temporal delay between the images of 500
ns.

3. Results and discussion
3.1 Fluence scan

Figure 2 shows the ejection process obtained at differ-
ence laser fluence values. Starting from a fluence level of
100 mJ/cny’, just below the transfer threshold fluence of
140 mJ/cnr’, the laser fluence was increased up
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Fig. 3 Ejection process captured at a laser fluence level of 230
mJ/cm®. (a) Formation and subsequent contraction of a liquid gold
jet into (b) a single droplet, (c) multiple droplets (two ejections
shown) and (d) a deflected single (right) or multiple droplets
(left). Figures (b) — (d) are taken with a time delay of 1.2 ps.

to 540 ml/cm®. Each ejection was captured at two time
instances (300 ns and 800 ns) after the start of the LIFT
laser pulse, indicated by the A- and B-images in Fig. 2.
Both, top (coaxial) view and side view images of the donor
layer are shown. Below the threshold fluence of 140
mJ/ecm?® indicated by figures (a) and (b) no ejection is ob-
served. Instead, a re-solidified (frozen) jet, i.e. a non-
ejection event was captured. Comparing the A- and the B-
images shows a solely deformed jet, which is characterized
by an partially contracted jet, resulting into the partial for-
mation of a droplet at the tip of the jet. For slightly higher
fluence levels, i.e. figures (c) - (¢) the formation of an ini-
tially arbitrary deformed dome can be identified in the A-
image. At a later instance (B-images), this ejected dome
contracted into a jet like feature, with a contracted droplet
at the tip. At this point the ejection process seems to be
dominated by the full melting and the resulting stress re-
laxation of the heated gold layer, similar to what has been
reported for femtosecond LIFT of 60 nm gold layers [13].
Figures (f) — (g) show the ejection process at higher laser
fluence levels. For fluence levels above 400 mJ/cm’ the
formation of a strongly deformed bubble is observed, see
A-images. The rupture of these bubbles, from the donor
layer, lead to an uncontrolled ejection process, which is
characterized by an ejection of multiple droplets, as can be
observed in the B-images.

In addition to the side view images, the coaxial images
are presented. These images indicate the increasing crater
diameter towards higher laser fluence values, which is re-
lated to the Gaussian beam distribution of the focused LIFT
laser beam. Comparing the A- and B-images shows that the
crater diameter decreases in time, indicating a reflow of
material towards the symmetry axis. This unexpected ob-
servation may be caused by surface tension that contracts
the liquid rim (crater edge) towards the center.

Further, in figures (f) and (g), the emission of broad-
band radiation is observed in both the coaxial view as well
as the side-view images. This radiation can originate from
laser-induced breakdown, i.e. the formation of plasma or
from the emission of thermal radiation. However, the origin
of the observed radiation has not been conclusively clari-
fied yet, and will be subject of further research.
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Fig. 4 Observed number of droplets as a function of the laser
fluence. The percentage values refer to the cases in which at least
one ejected droplet is observed. The statistics are based on 10
measurements for each fluence value.

3.2 Description of low fluence ejection

Figure 3 shows the ejection process captured at a laser
fluence level of 230 mJ/cm’. Figure 3 (a) shows a time-
resolved image series that was chosen to give a qualitative
impression of the ejection process. Beginning at 300 ns
after the laser pulse, subsequently, the initially flat donor
layer deforms into a liquid jet, which is still connected to
the donor layer, i.e. to the melt pool that is generated from
the absorbed laser pulse. At 600 ns, the jet reaches a critical
length at which the surface tension leads to an instability of
the liquid jet. As a result, a droplet is separated from the jet
as observed at 800 ns. Here, the ejection speed was meas-
ured to be approximately 10 m/s.

Since marginal differences in the initial conditions (film
thickness, laser fluence) can strongly affect the jet break-up
time, the amounts of ejected droplets vary even for a single
laser fluence value. Figures 3 (b) — (d) show that experi-
ments with identical input parameters result in (b) clean
(59%), (c) multiple (41%) or (d) deflected ejections of ei-
ther a single or multiple droplets. In contrast to prior obser-
vations, those deflected ejections do not propagate perpen-
dicular to the donor layer, but were deflected up to an angle
of 6=42.5°. Based on the analysis of 100 recorded ejection
events, the median angle of deflection was measured to be
11.0°, with a standard deviation of 7.3°. We expect that
asymmetry of the power density profile of the focused
LIFT laser beam and/or irregular thickness of the donor
layer has led to this nonzero angle. Although the cause of
this deflection is not understood yet, the significant range
of ejection angles suggests a strong influence on the control
parameters, and would therefore be interesting to be stud-
ied in more detail.

Figure 4 shows the number of droplets as a function of
the laser fluence, based on 10 measurements for each flu-
ence value. Increasing the laser fluence results in an in-
crease of the averaged observed droplets, as well as an in-
crease in the measured standard deviation. The percentage
values refer to the cases in which at least one ejected drop-
let is observed. Due to the lack of sufficient data (20%) at
the transfer threshold, the observation at 140 mJ/cm’ does
not show an error bar. However, it is clear that clean ejec-
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tion may be expected only for fluence values just above the
threshold, as an increased fluence directly increases the
number of ejected droplets.

4. Conclusion

An experimental study on the ejection regimes of nano-
second LIFT was presented. Two ejection regimes have
been observed. For laser fluence values just above the
transfer threshold of 140 mJ/cm?, the formation of a liquid
gold jet and the subsequent formation and ejection of single
and multiple droplets are shown. An increasing laser flu-
ence increases the number of ejected droplets. For laser
fluences above 400 mJ/cm’, the formation and rupture of a
blistering bubble was observed. This regime is less suitable
for controlled deposition, since multiple droplets are al-
ways ejected at angles that cannot be controlled as yet.

Acknowledgments

R. Pohl, G.R.B.E. Romer, and A.J. Huis in’t Veld are
grateful to the European Union Seventh Framework Pro-
gramme for the funding under Grant Agreement No.
260079 (www.fab2asm.eu). C.W. Visser, C. Sun and D.
Lohse acknowledge Fundamenteel Onderzoek der Materie
(FOM) for funding.

References

[1] J. Bohandy, B. F. Kim and Adrian, F. J.: J. Appl. Phys.,

60, (1986) 1538 — 1539.

Roozeboom F., Smets M., Kniknie, B., Hop-

penbrouwers, M., Dingemans, G., Keuning, W., Kes-

sels, W., Pohl R. and Huis in 't Veld A.:

46th IMAPS International Symposium on Microelec-

tronics (2013).

D. Young, R.C.Y. Auyeung, A. Piqué, D.B. Chrisey,

Dana D. Dlott: Appl. Surf. Sci., 197-198, (2002) 181-

187.

M. Duocastella, J.M. Fernandez-Pradas, P. Serra, J.L.

Morenza: Appl. Phys. A, 93, (2008) 453-456.

Brown, Matthew S.; Brasz, C. Frederik; Ventikos,

Yiannis et al.: J. Fluid Mechanics, 709, (2012) 341 —

370.

Romain Fardel, Matthias Nagel, Frank Niiesch, Thom-

as Lippert andAlexander Wokaun: J. Phys. Chem. C,

114, (2010) 5617 — 5636.

M. Feinaeugle, A. Alloncle, P. Delaporte, C. Sones,

and R. Eason: Appl. Surf. Sci., 258, (2012) 8475-8483.

[8] S. A. Mathews, R. C. Y. Auyeung, H. Kim, N. A. Cha-
ripar, and A. Piqué: J. Appl. Phys., 114, (2013) 064910.

[9] Y. Nakata, T. Okada: Appl. Phys. A, 69, (1999) 275-
278.

[10]T. Sano, H. Yamada, T. Nakayama, I. Miyamoto, Appl.
Surf. Sci., 186, (2002) 221-226.

[11]1. Zergioti, D.G. Papazoglou, A. Karaiskou, C. Fotakis,
E. Gamaly, A. Rode: Appl. Surf. Sci., 208-209, (2003)
177-180.

[12]Merijn P. Giesbers, M.B. Hoppenbrouwers, E.C.P.
Smits and R. Mandamparambill: Proc. SPIE 9135, La-
ser Sources and Applications II, 91350Z (1 May 2014).

[13]R. Pohl, C.W. Visser, G.R.B.E. Romer, C. Sun, A.J.
Huis in’t Veld, D. Lohse: Proceedings of LAMP2013 -

(2]

(6]

(7]

157

the 6th International congress on Laser Advanced Ma-
terials Processing, (2013) Niigata, Japan.

[14]Arseniy I. Kuznetsov, Claudia Unger, J. K. and
Chichkov B. N.: Appl. Phys. A, 106, (2012) 479 —487.

[15]R. Pohl, C.W. Visser, G.R.B.E. Romer, C. Sun, A.J.
Huis in’t Veld, D. Lohse: Proc. SPIE 8967, Laser Ap-
plications in Microelectronic and Optoelectronic Man-
ufacturing (LAMOM) XIX, 89670X (6 March 2014).

[16]Ralph Pohl, Claas Willem Visser, Gert-Willem Romer,
Detlef Lohse, Chao Sun, and Bert Huis in ’t Veld:
Phys. Rev. Applied, 3, (2015) 024001.

[17]Samuel X Guo and Adela Ben-Yakar, J. Phys. D: Appl.
Phys., 41, (2008) 185306.

(Received: June 13,2014, Accepted: February 23, 2015)




<<

  /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



