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Abstract: Hot embossing is one of the most popular fabrication methods to replicate polymer microdevices in the field of
micro-fluidics and micro-optics. Numerical models for hot embossing were constructed to analyze the advance of flow front
of the molten polymer using commercial software, DEFORM-2D. A hemisphere tipped post, used as an alignment structure
in the assembly of micro devices, was modeled to demonstrate the flow behavior of the molten polymer in mold filling. Hot
embossing experiments were performed to validate the feasibility of the numerical models. Most of the simulations showed
agreement with experiments. The mold filling was estimated with the heights of the embossed posts in the analysis. No
significant mold filling with the molten polymer was observed below the glass transition temperature of 105 °C. The mold
cavity was completely filled with the polymer at the molding temperature of 137.5°C and 150 °C while the embossing forces

were 300, 600, and 900 N.
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Introduction

Analysis of the flow behavior of molten polymer has been
widely used in the fabrication of micro-devices using hot
embossing [1-5]. Numerical analysis can be utilized to
understand the flow behavior of the molten polymer in the
filling of the mold cavity [2-4]. The effect of individual
process parameter on the mold filling [5-7] can be analyzed
through parametric study. The appropriate process parameters
can be selected to ensure a complete filling of the mold
cavity. This can significantly increase the productivity of hot
embossing while high quality of the replication can be
achieved.

Hot embossing is a popular fabrication method to replicate
designed patterns from a mold insert into a polymer substrate
in micro-fluidics and micro-optics [8,9]. It has advantages
of: low cost of operation, simplicity of the process, and easy
mold exchange over injection molding [1,9]. There are three
principal steps in the hot embossing process: molding,
cooling, and demolding [1,8-11]. A polymer substrate is
heated to a molding temperature. The molten polymer flows
into the mold cavity as the embossing force is applied to the
substrate during molding. The embossed pattern on the
substrate is cooled down to obtain the rigidity of a replicated
device after molding filling. When the demolding temperature is
reached, the embossed part is separated from the mold insert.

The flow front of the molten polymer advances to fill a
mold cavity during molding. A complete mold filling is a
critical aspect to achieve high replication fidelity of a
molded part [1-7,12]. Some analyses have been performed
to analyze the flow behavior of the molten polymer in hot
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embossing.

Juang et al. [1,2] showed a stress/strain relationship of
polymethyl methacrylate (PMMA). It was incorporated into
the simulations of both isothermal and non-isothermal
embossing processes. Mold fillings of the molten polymer
were demonstrated with slip and no-slip boundary conditions
at the interfacial layer between the polymer substrate and
mold. The results of simulation showed uniform or non-
uniform flow of the molten polymer into the mold cavity,
depending on the depths of the mold cavities.

The flow of the molten polymer was correlated with the
effect of heat transfer between a mold cavity and the
polymer [3]. The ratio of the heat transfer dominated the
flow patterns of the molten polymer, including uniform or
non-uniform flow, in mold filling while the depths of the
mold cavities varied from 200 gm to 1 ym.

The flow velocity of the polymer was demonstrated to
understand the effect of mold structures on the mold filling
[4]. A concave and convex mold was used to fabricate micro
lens array. The flow stress obtained by Juang [1,2] was
coupled with the numerical models in the analysis.

The strain of PMMA was considered to study the influence
of embossing time on the viscoelastic behavior of the molten
polymer [13]. The first order exponential decay of the strain
was a more accurate model when compared to a polynomial
fitting curve. The model was used to predict the recovery of
the polymers [14] after demolding.

The mechanical behavior of PMMA was analyzed using a
tensile test. Stress-strain curves of PMMA were characterized
below and above the glass transition temperatures [15].
PMMA was hardened with large strains as the temperature
increased. The characterized mechanical property was used
to analyze the flow behavior of the molten polymer [2,3,5].
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The flow behavior of the molten polymer was studied to
analyze the mold filling of hot embossing process. Numerical
models were constructed using a finite element method
(FEM). Commercial finite element software, DEFORM-2D
(Scientific Forming Technologies Corp., Columbus, OH),
was used to develop the finite element models. An alignment
structure, used in previous studies for micro-assembly, a
hemisphere-tipped post [5,8] was selected for the numerical
and experimental demonstration. The models were used to
predict the effect of a molding temperature and an embossing
force on the mold filling. The heights of the embossed posts
were characterized to assess the mold filling while the
molding temperature and the embossing force varied. The
results of the numerical analysis were correlated with the
experimental results to validate the feasibility of the numerical
models. The developed models can be used to select proper
process parameters of micro hot embossing. This may lead
to the reliable replication of micro-structures.

Analysis

DEFORM-2D was used to study the mold filling of hot
embossing process. The flow of molten polymer was assumed
as a Non-Newtonian viscous flow [3,7] in the analysis while
the polymer substrate underwent a viscoplastic deformation
enabling it to flow into the mold cavity. Flow stress of the
polymer was defined as the functions of stress and strain
under constant strain rates. It was obtained from the previous
studies [1-3,15]. The flow behavior of the molten polymer
was expressed by the flow stress-molding temperature
relationship as shown in equation (1) [1-3]. Equation (1)
defines the flow behavior of the polymer while the molding
temperatures and embossing forces:

o=cT+é& (1)

where ois the flow stress, T is the molding temperature, & is
the strain rate and ¢ and & are coefficients for the molding
temperatures.

A schematic of the hot embossing and the finite element
model for mold filling analysis is shown in Figure 1. Figure
1(a) shows a typical hot embossing process. A polymer
substrate, Polymethyl Methacrylate (PMMA), was placed on
the substrate plate. The mold cavity, a hemisphere-tipped
hole, was located at the center of the mold insert. It had a
depth of 925 ym and a radius of 500 gm. The polymer
substrate on the plate moves upward to the mold insert to
give a molding pressure on it as indicated by arrow.

The hot embossing process was modeled as an isothermal
and axisymmetric model to analyze the flow behavior of the
molten polymer as shown in Figure 1(b). It was assumed
that the molten polymer flows identically in any cross-
sectional area on the X- and Y- planes. A non-slip condition
was applied on the bottom surface of the polymer substrate.
The mold insert, the plate, and the platen were considered as
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Figure 1. Schematic of hot embossing process and the finite
element model for mold filling analysis; (a) schematic of the hot
embossing process and (b) finite element model for the mold
filling analysis.

rigid bodies. The model had 7,570 brick elements for the
polymer substrate. The length of element of the polymer
gradually decreased from 250 pm to 25 um as the polymer
substrate reached the boundary of the hemisphere-tipped
hole. Molding temperatures were 87.5, 100, 112.5, 125.0,
137.5, and 150 °C with embossing force were 300, 600, and
900 N in the analysis. Friction, surface tension, air trap, and
heat transfer were not taken into account in the analysis.

Experimental

A brass mold insert was machined to fabricate the
hemisphere-tipped hole. The tool paths were generated by
computer numerical control (CNC) software, Mastercam
(CNC software Inc., Tolland, CT, USA). The mold insert
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was machined using a CNC milling machine (Discovery
308, Hardinge Inc., Elmira, NY, USA).

A Carver thermal press (AutoFour/15-NE, Wabash, IN,
USA) with heating and cooling platens and a hydraulic
cylinder was used as shown in Figure 2. The mold insert was
mounted at the center of the upper platen. The polymer
substrate was placed on the lower platen during molding. A
dial indicator with a flexible magnetic base (2YNK2, Westward,
Edmonton, Canada) was used to measure the upward movement
of the lower platen.

PMMA sheets (Plexiglass®, Sabic Plastics, Shanghai,
China) were selected as the substrate material. The thickness
of PMMA was 4.5+0.5 mm. The glass transition temperature
of PMMA is about 105 °C. Prior to embossing, the polymer
substrates were dried at 80°C in a convection oven (31-
350ER-1, Quincy Lab, Chicago, IL, USA) for four hours.
The dried substrates were sprayed with nitrogen to remove any
particulate material on the surface of the polymer substrate. A
mold release agent (Mold Wiz, F-57NC, Axel Plastics
research Laboratory Inc., Woodside, NY, USA) was applied
to the brass mold insert and bottom platen to assist
demolding of the PMMA sheet.

Embossing parameters applied in the experiments are
shown in Table 1. Molding temperatures were 87.5+5,
112.545, and 137.5+5°C, embossing force were 300, 600,
and 900 N, holding time was 300 seconds, and demolding
temperature was 92.0+5 °C.

Heating/Cooling

platen Mold insert

Displacement
indicator

Substrate

Heating/Cooling plate

platen

Hydraulic cylinder

Figure 2. Carver Thermal Press 3893 4NEI8 hot embossing
machine.

Table 1. Molding and demolding parameters for hot embossing
87.5+5, 112.5+5, and 137.5+5
Embossing forces (N) 300, 600, and 900

Holding time (s) 300

Demolding temperature (°C) 92+5

Molding temperatures (°C)
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To estimate the mold filling with the polymer, the heights
of the hemisphere-tipped posts on the molded part were
measured using a Measurescope (MM-800, Nikon, Kawasaki,
Japan) and a focus/defocus method. Scanning Electron
Microscopy (SEM) (Helios NanoLab 400, FEI, Hillsboro,
OR) was used to take the side views of the molded structures.

Results and Discussion

A numerical analysis was performed to investigate the
effect of the molding temperature and embossing force on
the flow behavior of the polymer during mold filling.
Simulation results were represented by the distribution of
effective stress as shown in Figures 3 and 4. Different colors
represent the effective stress of the polymer with advance of
the flow front of the molten polymer.

Figure 3 shows the mold filling analysis as a function of
mold displacement at a molding temperature of 112.5°C
with an embossing of 600 N. The mold displacements were
0.1, 1.0, 1.5 and 1.88 mm. High stress concentration on the
molten polymer was observed at the vicinity of the edge of
the mold cavity due to the geometric characteristics of the
edge.
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Figure 3. Flow stress of the molten polymer at a molding
temperature of 112.5°C with an embossing force of 600 N; (a)
mold displacement of 0.1 mm, (b) mold displacement of 1.0 mm,
(c) mold displacement of 1.5 mm, and (d) mold displacement of
1.88 mm.
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Figure 4. Flow stress of the molten polymer at a molding
temperature of 137.5°C with an embossing force of 600 N; (a)
mold displacement of 0.1 mm, (b) mold displacement of 1.0 mm,
(c) mold displacement of 1.5 mm, and (d) mold displacement of
2.37 mm.

Flow stress was significantly higher at the vicinity of the
edge than the stress at the flow front as shown in Figure 3(a).
The highest flow stress was 6.34 MPa at the vicinity of the
edge. The flow stress was 0.892 MPa at the center of the
flow front of the molten polymer. Figure 3(b) shows the
mold filling at a mold displacement of 1.0 mm. The molten
polymer flowed into the cavity while the mold squeezed the
polymer substrate. The movement of the mold pushed the
polymer into the cavity. As the mold displacement increased
to 1.5 mm, the polymer filled the mold cavity further as
shown in Figure 3(c). When the front flow of the molten
polymer reached the boundary of the hemisphere backpressure
was developed. Backpressure resulted from the reduced
cavity width which increased the fluidic resistance of the
molten polymer. Figure 3(d) illustrates the furthest of the
molten polymer advanced into the cavity. The height of the
mold filling was 0.68 mm.

Figure 4 shows the flow stress of the molten polymer at a
molding temperature of 137.5 °C with an embossing force of
600 N. The advance of the flow front was represented with a
mold displacement of 0.1, 1.0, 1.5, and 2.37 mm. The
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(b)
Figure 5. SEM images of the typical embossed posts; (a) molding

temperature of 112.5 °C with an embossing force of 600 N and (b)
molding temperature of 137.5 °C with an embossing force of 600 N.

1000

875 1

Bde

750

625

375 1

Hot Embossing at 900 N
Hot Embossing at 600 N
Hot EMbossing at 300 N
Numerical Analysis at 900 N
Numerical Analysis at 600 N
MNumerical Analysis at 300 N

250

Height of molded post (um)
8

125 4

EqedD4e0

01 @ ]

87.5 100.0 1125 125.0 137.5 150.0
Molding temperature (°C)

Figure 6. Estimated and measured heights of the molded posts at
molding temperatures of 87.5, 100, 112.5, 125, 137.5, and 150°C
while the embossing forces were 300, 600, and 900 N.

molding temperature of 137.5°C yielded a complete filling
of the mold cavity. The flow front of the polymer could
reach further into the mold cavity when compared to the
molding filling at molding temperature of 112.5°C. When
the molding temperature was increased from 112.5°C to
137.5 °C the polymer was softened enough to completely fill
the mold.

Figure 5 shows SEM images of typical embossed structures.
An incomplete cavity filling was observed at a molding
temperature of 112.5 °C with an embossing force of 600 N as
shown in Figure 5(a). The measured height of the molded
post was 690 um. Figure 5(b) shows the embossed post at a
molding temperature of 137.5 °C with an embossing force of
600 N. The estimated height of the molded post was 930 zm.
The SEM images showed agreement with the simulations as
shown in Figures 4 and 5.

The estimated heights of the embossed structures were
shown in Figure 6 while the measured heights of the
embossed structures were represented by the mean with
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error bars indicating the 95 % confidence interval.

No significant mold filling was observed at the molding
temperatures of 87.5 °C and 100.0 °C since the polymer was
not softened enough to fill the cavity below the glass transition
temperature of 105 °C. The height of the embossed structure
was significantly increased as the molding temperature went
above 100.0°C. This can be explained by, the increased
molding temperature decreased the fluidic resistance of the
molten polymer.

The complete mold filling was achieved at the molding
temperatures of 137.5°C and 150.0°C with embossing
forces of 300, 600, and 900 N. The results of simulation and
experiments showed that increasing the embossing force and
molding temperature promoted the advance of the flow front
of the molten polymer into the mold cavity. The increase of
embossing force did not improve the mold filing as much as
the increase of the molding temperature did.

Conclusion

Mold filling was investigated for the realization of high
replication fidelity in micro hot embossing. A numerical
analysis was performed to study the advance of the flow
front of the molten polymer in the mold filling. Finite
element models, using DEFORM 2D, predicted the effect of
molding temperatures and embossing forces on the mold
filling. Hot embossing experiments were conducted to
validate the numerical models. The mold filling was assessed
by the heights of the embossed posts in the simulation and
experiments. No significant mold filling with the molten
polymer was observed below the glass transition temperature
of 105°C. A complete cavity filling was achieved at embossing
forces of 300, 600, and 900 N with a molding temperature of
137.5°C and 150°C. The molding temperature significantly
affected the advance of the flow front of the molten polymer
during molding. It showed that the proper process parameters
can be selected by analyzing the flow behavior of the molten
polymer during mold filling. The developed models were
applicable to the design of a micro hot embossing process.

Fibers and Polymers 2014, Vol.15,No.6 1201

Acknowledgements

This work was supported by the Department of Engineering
Technology and Materials Science, Engineering, and
Commercialization Program at Texas State University.

References

1. Y.-J. Juang, L. J. Lee, and K. W. Koelling, Polym. Eng.
Sci., 42, 539 (2002).

2. Y.-J. Juang, L. J. Lee, and K. W. Koelling, Polym. Eng.
Sci., 42, 551 (2002).

3. D. Yao, V. L. Vinayshankar, and B. Kim, Polym. Eng. Sci.,
45, 652 (2005).

4. Y. He, J.-Z. Fu, and Z.-C. Chen, J. Micromech. Microeng.,
17,2420 (2007).

5. J. A. Gomez, T. G. Conner, 1. H. Song, D.-H. Chun, Y.-J.
Kim, and B. H. You, Proc. IMECE 2012, IMECE2012-
88441.

6. D. H. Chun, B. H. You, and D. J. Song, Fiber. Polym., 13,
1185 (2012).

7. Y. I. Kwon, T. J. Kang, K. Chung, and J. R. Youn, Fiber.
Polym., 2,203 (2001).

8. B. H. You, P-C. Chen, D. S. Park, S. Park, D. E.
Nikitopoulos, S. A. Soper, and M. C. Murphy, J. Micromech.
Microeng., 19, 125025 (2009).

9. M. Heckele and W. K. Schomburg, J. Micromech. Microeng.,
14, R1 (2004).

10. L. J. Heyderman, H. Schift, C. David, J. Gobrecht, and T.
Schweizer, Microelectron. Eng., 54, 229 (2000).

11. Z. Song, B. H. You, J. Lee, and S. Park, Microsyst. Technol.,
14, 1593 (2008).

12. W.-B. Young, Microelectron. Eng., 77, 405 (2005).

13. Y. Luo, M. Xu, X. D. Wang, and C. Liu, J. Phys.: Conf.
Ser., 48, 1102 (2006).

14. P.Jin, Y. Gao, T. Liu, J. Tan, Z. Wang, and H. Zhou, Jpn. J.
Appl. Phys., 48, 06FH10 (2009).

15. C. G’Sell and A. Souahi, J. Eng. Mater. Technol., 119, 223
(1997).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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 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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.33333
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [300 300]
  /PageSize [1734.803 2245.040]
>> setpagedevice


