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Abstract: Integrating dielectric materials into LTCC is a convenient method to increase the integration density in electronic

circuits. To enable co-firing of the high-k and low-k dielectric LTCC materials in a multi-material hetero-laminate, the shrinkage

characteristics of both materials should be similar. Moreover, thermal expansion mismatch between materials during co-firing

should be minimized. The alternating stacking of an LTCC with silica filler and that with calcium-zirconate filler was observed

to examine the use of the same glass in different LTCCs to minimize the difference in shrinkage and thermal expansion

coefticient. For the LTCC of silica filler with a low dielectric constant and that of calcium zirconate filler with a high dielectric

constant, the amount of shrinkage was examined through a thermomechanical analysis, and the predicted appropriate fraction of

each filler was applied to green sheets by tape casting. The green sheets of different fillers were alternatingly laminated to the

thickness of 500 um. As a result of examining the junction, it was observed through SEM that a complete bonding was achieved

by constrained sintering in the structure of ‘calcium zirconate 50 vol%-silica 30 vol%-calcium zirconate 50 vol%’.
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1. INTRODUCTION

The rapid development of wireless telecommunication and

RF transmitter/receiver technology puts forward the
requirement of electronic modules with high-integrated and
high performance in microwave frequencies. The low
(LTCO),

characterized by a three-dimensional package structure with

temperature  co-fired ceramics which are

embedded resistor-capacitor components, can significantly

reduce the size and weight of microwave modules [1]. Low
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temperature co-fired ceramic (LTCC) has high insulation,
excellent frequency characteristics and a thermal expansion
coefficient similar to that of silicon, which has been
considered as the most promising material for electronic
substrates [2]. The LTCC materials comprising of 20 to 50
vol% of ceramic powders mixed with a majority low softening
point glass phase in non-reactive systems, or little reaction
between the ceramic fillers and the glass phase is observed,
whereas in other cases the glass partially crystallizes or reacts
with the ceramic powder and forms additional phases which
contribute significantly to the final properties and
specifications. The sintering of these LTCC materials is
governed by a liquid-phase sintering mechanism including
different stages, i.e., rearrangement, dissolution, precipitation,

and skeletal sintering [3]. The integration of dielectric
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materials into LTCC is a convenient method to increase the
integration density in electronic circuits. Usually a middle-k
or high-k dielectric or relaxor material is integrated as screen-
printed thick film or green tape in the multilayer architecture
of the low-k LTCC tapes. In order to enable co-firing of the
high-k and low-k dielectric LTCC materials in a multi-
material hetero-laminate, the shrinkage characteristics of both
materials should be very similar. Moreover, thermal expansion
mismatch and chemical reactions between materials during
co-firing should be minimized [4].

In this study, the alternating stacking of an LTCC with silica
filler and that with calcium-zirconate filler was observed to
examine the use of the same glass in different LTCCs to
minimize the difference in shrinkage and thermal expansion
coefficient. Through the results of various stacking designs,

the feasibility of the use of the same glass was investigated.

2. EXPERIMENTAL PROCEDURE

The composition of the prepared glass is shown in Table 1.
Mixtures were melted at 1,550°C for 30 minutes, cooled with
a dry quenching roller at room temperature, and crushed. The
crushed coarse powder was first pulverized with a disk mill,
then passed through KS-#80 sieve, and second pulverized with

Table 1. Glass composition.

a bead mill using ethanol for 5 hours, followed by passing
through a KS-#325 sieve.

Silica (SiO2, 99.5%, KORSIL K-10, 21st Century Silica
Ltd., Korea) and calcium zirconate (CaZrOs;, 98%, CZ,
Cepotech Co., Ltd., Korea) were selected as fillers.

Green sheets were prepared by tape casting. The organic
content is shown in Table 2. Green bars were prepared as thick
as 500 um with the use of individual green sheets of 50 um. All
laminates were manufactured by uniaxial thermal compression
(80°C, 25MPa, 10 minutes). For shrinkage investigations,
these laminates were cut into samples of 15 mm x 30 mm in size.
The specimens were heated from room temperature to 600°C
at 2°C/min rate, held for 1 hour to remove organics, and then
heated to 870°C at 5°C/min rate, held for 1 hour for sintering.
The stacking design is shown in Fig. 1.

Particle size analyses (LA-350, Horiba, Japan) of glass and
filler powders were performed, and the dielectric constant of
individual silica LTCC and calcium zirconate LTCC were
measured using an impedance analyzer (E4991B, Agilent,
USA). Thermomechanical analysis with TMA (Q400, TA
instruments, USA) was operated with specimens. Specimens
for TMA measurement were prepared with sizes of a diameter
of 3 mm and a height of 5 mm by uniaxial press molding from
mixing glass and filler powders without organics. The

shrinkage was measured geometrically. The shape of each

Component Mole ratio Raw material Purity Manufacturer
SiO2 69.9% SiO2 99.5% Duksan, Korea
B203 17.9% H3;BO3 99.5% Duksan, Korea
ALO; 2.2% ALOs (LS-130) 99.5% Nikkei, Japan
K20 10.0% KoCOs 99.0% Duksan, Korea
Sum 100% - - -

Table 2. Composition for tape casting.

Component Ratio Raw material Purity Manufacturer
Glass 9.5 vol% - - -
LTCC
Filler 6.3 vol% - - -
Solvent Ethanol 31.2 vol% Ethanol 95.1% Duksan, Korea
olven
Toluene 42.5 vol% Toluene 99.5% Duksan, Korea
Dispersant 0.3 vol% BYK-111 - BYK, Germany
Organics Binder 6.8 vol% BM-SZ - Sekisui, Japan
Plasticizer 3.4 vol% Dibutyl phthalate 99.0% Duksan, Korea
Sum 100.0 vol% - - -
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Fig. 1. Stacking designs for hetero laminates. ‘Dual samples’ are for cases of shrinkage constraining from the gravimetric force, and ‘sandwich

samples’ are for cases of self-constraining.

powder and the microstructure of the sintered body were
observed by SEM (AIS1800C, Seron Technologies Inc.,
Korea).

3. RESULTS AND DISCUSSIONS

Figure 2 shows the powder properties and SEM images of
the prepared glass. It was observed that the average particle
diameter was 6.8um and had an irregular shape. Because it
passed through KS-#325 sieve, abnormally large particles
were not observed.

Figure 3 shows the powder properties and SEM images of
the two selected fillers. Large particles of about 10
micrometers are observed to be mixed in silica, and huge
aggregates are also thought to be present in particle size
distribution. It was observed that aggregates are mixed in
calcium zirconate.

The thermomechanical behavior according to the filler
fraction is shown in Fig. 4. When the temperature was raised
to 900°C, the final shrinkage amount for each filler increased
as the glass content increased. As the dielectric properties are
thought to be more apparent with the increase in the filler
amount, calcium zirconate 50 vol%, silica 30 vol%, and 50
vol% were chosen. In the case of calcium zirconate 30 vol%
(-64.55%) and silica 10 vol% (-71.67%) with large shrinkage
amount, their slopes (expressed in the same unit as the
coefficient of thermal expansion) from 800°C to 900°C are
almost the same as -0.49%/°C. This is thought to indicate that
the use of glass in common is effective. These behaviors are

(a) Density 2.38 g/’
Mean 6.807 um
Mode 3.905 um
Median 4.891 um
D[3,2] 3.769 um
D[4,3] 6.807 um
0.10 pm 1.00 pm 10.00 pm 100.00 pm 1000.00 ym  10000.00 pm

Fig. 2. Characteristics of prepared glass powder. (a) Particle size
distribution and (b) SEM photo showing its shape.

thought to indicate viscous mobility during sintering. Above
the sufficiently high temperature, fluidities of large amounts
of the same glass in the specimens are thought to dominate the

shrinkage behaviors.
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Density 2.65 g/an Density 4.35 g/av
Mean 9.008 um Mean 1.143 um
Mode 1.832 um Mode 1.520 pm
Median 2.139 um Median 0.704 ym
D[3,2] 1.367 um D[3,2] 0.376 um
DI[4,3] 9.008 pm D[4,3] 1.143 um

0.01 pm 0.10 pm 1.00 pm 10.00 pm

100.00 ym 1000.00 ym 10000.00 pm

0.01 pm 0.10 pm 1.00 um 10.00 pm

100.00 ym 1000.00 pm 10000.00 ym

(a) Silica (denoted as ‘SiO2’)

(b) Calcium zirconate (denoted as ‘CZ’)

Fig. 3. Filler powders. (a) Particle size distribution (upper) and SEM photo (lower) of silica and (b) particle size distribution (upper) and SEM
photo (lower) of calcium zirconate.
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Fig. 4. Thermo-mechanical behaviors of various LTCCs with different phase

fillers.

Figure 5 shows the microstructures and dielectric constants
of sintered LTCC manufactured by tape casting for the three
selected filler cases based on the thermomechanical analysis
results. It can be observed that the higher the silica content, the
lower the dielectric constant, as Lichterecker’s mixing rule

predicts [5]. Lichterecker’s mixing rule is reported to be a

Figure 6 shows the shapes of the sintered laminates with
different stacking designs. As the difference in shrinkage
amounts between calcium zirconate 50 vol% and silica 30
vol% is smaller than that with silica 50 vol%, and the slope of
800~900°C is also small in Fig. 4, the shrinkage stress during
sintering was expected to be less. But, in (a) and (b), it is

unusual that the shrinkage direction is different when calcium
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Fig. 5. Dielectric constants of LTCCs with two filler powders [SEM photos showing their microstructures (upper) in sintered bodies].
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Fig. 6. Various results of sintered hetero laminates.
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zirconate 50 vol% is on top (a) and at the bottom (b). As seen
in (g) of ‘calcium zirconate 50 vol%-silica 50 vol%-calcium
zirconate 50 vol%’, it is thought that the appearance of all four
edges being rolled up is expected when a strong shrinkage
amount existed. Strong shrinkage stress along one direction
from calcium zirconate 50 vol% (a) is thought to have made
curling in the long direction. But when this side faced the floor
as in (b), the weaker shrinkage stress along another direction
is thought to have made curling in the short direction, while
the large deformation from the strong shrinkage stress was
suppressed by the self-load. Specimens in (c) and (d) were
thought to be fragmented due to the significant difference in
shrinkage. Complete bonding occurred by constrained

sintering [6] in (e) of ‘calcium zirconate 50 vol%-silica 30

20%

15%

10%

5%

0%

Si0, 30% .
SI0,50% 7 509

CZ 50% +

S0, 30% + 532530?)/‘:/":
C230% S0, 30%
X y z
Si02 30% 13.3% | 133% | 16.5%
Si02 50% 1.9% 1.8% 4.1%
CZ 50% 153% | 15.4% | 19.7%
CZ 50% + SiO2 30% + CZ 50% 15.0% | 13.8% | 17.8%
Si02 30% + CZ 50% + Si0230% | 14.2% | 13.2% | 18.2%
Fig. 7. Shrinkage comparison (among single sheets and hetero

laminates).

vol%-—calcium zirconate 50 vol%’. A specimen was separated
into two parts with symmetrical thicknesses as shown in (f) of
‘silica 50 vol%—calcium zirconate 50 vol%-silica 50 vol%’.
Cracks in the central region are thought to have occurred due
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(a) CZ 50% + SiO2 30% + CZ 50%

Fig. 8. SEM photos showing interfaces in the hetero laminates.

to the difference in the coefficients of thermal expansion
during cooling after the sintering process though the shape was
maintained by constrained sintering in (h) of ‘silica 30 vol%—
calcium zirconate 50 vol%-silica 30 vol%’.

Figure 7 shows the shrinkage measured by dimensions
before and after sintering. In tape casting, it is known that the
z-axis shrinkage is large [7,8], but the exceptionally low
shrinkage of silica 50 vol% is thought to indicate incomplete
sintering, as shown in Fig. 5(b). This phenomenon is thought
to have appeared as fragmentation in Figs. 6(c) and (d). And
the differences in the shrinkage amounts between the x-axes
and y-axes seen in ‘C5+S3+C5” and ‘S3+C5+S3’ are thought
to be related to the directional curling phenomena [shown in
Figs. 6(a) and (b)]. This difference is thought to be associated
with the orientation of the particles during the tape-casting
process [8].

Figure 8 shows scanning electron microscope photos of the
junction interface between calcium zirconate 50 vol% and
silica 30 vol%, which showed a complete junction. No channel
cracks or debonding cracks [6] were observed, although the
boundary between heterogeneous LTCCs is apparent clearly.
Although the sinterability of each LTCC needs to be improved
through several ways such as controlling particle size
distributions of glass and fillers, the use of glass in common is
thought to be feasible for heterojunction.
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. ‘exterior

i0; 30%

(b) Si02 30% + CZ 50% + SiO2 30% (separated)

4. SUMMARY

The heterojunction of LTCCs with different fillers was
investigated by using glass in common. For the LTCC of silica
filler with a low dielectric constant and that of calcium
zirconate filler with a relatively high dielectric constant, the
shrinkage amount was examined through thermomechanical
analysis, and the predicted appropriate fraction of each filler
was fabricated into green sheets by tape casting. The green
sheets of different fillers were alternatively laminated to a
thickness of 500 pm. As a result of examining the junction, it
was observed through SEM that complete bonding was
achieved by constrained sintering in the structure of ‘calcium
zirconate 50 vol%-silica 30 vol%-—calcium zirconate 50
vol%’.

ORCID

Zeehoon Park https://orcid.org/0000-0002-8454-8713

ACKNOWLEDGEMENT

This work was supported by the Technology Innovation
Program (or Industrial Strategic Technology Development



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 2, pp. 151-157, March 2023: Jeon et al.

Program (20009976, Development of low-loss dielectric and

magnetic ceramic material in millimeter wave band) funded
by the Ministry of Trade, Industry & Energy (MOTIE, Korea).

REFERENCES

[11 Y.Lv, W. Zhou, Z. Dong, S. Yuan, X. Ding, T. Ma, and S. Cui,

(2]

(3]

J. Alloys Compd., 844, 156212 (2020). [DOI: https://doi.org/
10.1016/j.jallcom.2020.156212]

L. Zhang, S. Yang, M. Xiao, L. Chen, J. Sun, J. Ding, X. Li, Y.
Gong, K. Zheng, X. Zhang, and X. Tian, Ceram. Int., 48, 25382
(2022). [DOIL: https://doi.org/10.1016/j.ceramint.2022.05.212]
B. Capraro, M. Heidenreich, and J. Topfer, Materials, 15, 564
(2022). [DOIL: https://doi.org/10.3390/mal5020564]

(4]

(5]

(6]

(7]

(8]

157

R. Lohnerta, B. Caprarob, S. Barthb, H. Bartschc, J. Miillerc,
and J. Topfera, J. Euro. Ceram. Soc., 35, 3043 (2015). [DOI:
https://doi.org/10.1016/j.jeurceramsoc.2015.04.001]

B.J.Li, S. Y. Wang, C. Y. Chiu, S. H. Lin, and Y. B. Chen, J.
Alloys Compd., 661, 357 (2016). [DOI: https://doi.org/10.1016/
jJjallcom.2015.11.150]

M. Hagymasi, A. Roosen, R. Karmazin, O. Dernovsek, and W.
Haas, J. Eur. Ceram. Soc., 25, 2061 (2005). [DOI: https://doi.
org/10.1016/j.jeurceramsoc.2005.03.011]

A. Heunisch, A. Dellert, and A. Roosen, J. Eur. Ceram. Soc.,
30, 3397 (2010). [DOI: https://doi.org/10.1016/j.jeurceramsoc.
2010.08.012]

R. Greenwood, E. Roncari, and C. Galassi, J. Eur. Ceram. Soc.,
17,1393 (1997). [DOI: https://doi.org/10.1016/S0955-2219(97)
00034-4]




<<
  /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


