Nuclear Inastruments and Methods in Physics Research A291 (1990) 95-100

North-Holland

CHEMICALLY VAPOR DEPOSITED SILICON CARBIDE (SiC) FOR OPTICAL APPLICATIONS
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In this paper we present important physical. thermal, mechanical. and optical properties of cubic { ) silicon carbide produced via
a bulk chemical vapor deposition (CVD) process develaped at CVD Incorporated. This CVD SiC has been identified as the leading
mirror material for high energy synchrotron radiation because of its high thermal conductivity, low thermal expansion. high
polishability, and high reflectance in the vacuum UV. However. it has been difficult to obtain high quality. monolithic. CVD §iC
mirrors in large sizes, i.c.. greater than 10-20 cm. Recently, CVD Incorporated has been successfui in scaling an 5iC CVD process 1o
produce large monolithic pieces of SiC up to 60 ¢m (24 in.) in diameter and plates up to 76 cm (30 in.} long by 46 cm (18 in.) wide
with thicknesses up to 13 mm (0.5 in.). The properties of this material that make it attractive for optical applications. such as

synchrotron optics, will be discussed,

1. Introduction

Silicon carbide (SiC) is currently used for high tem-
perature engineering application, such as reaction tubes
and furnace components in semiconductor processing
chambers, heating elements, refractory ware, abrasives,
and coatings for wear and corrosion resistance [1-3].
Maost of the bulk SiC available today is made by sinter-
ing and/or hot-pressing powders of SiC. These
sintered / hot-pressed forms of SiC are usnally porous
and multiphased materials that, when polished, do not
make a good optical surface. Recently, there has been
growing interest in producing bulk SiC via the chemical
vapor deposition (CVD} processes. This technology al-
tows the production of material which is theoretically
dense, with superior mechanical and thermal properties,
and which is highly polishable. The CVD SiC's high
stiffness-to-weight ratio, strength, thermal conductivity,

hardness, and low thermal expansion coefficient make it’

an excetlent material for optical substrates, such as
synchrotron mirrors.

Silicon carbide is widely considered to be the material
of choice for mirror optics in vacuum uitraviolet (VUV)
and X-ray applications. For example, mirrors for de-
flecting synchrotron radiation in large electron-storage
rings must withstand high X-ray flux without degrada-
tion or excessive thermal distortion, which affects wrans-
mission and energy resolution. The relatively low ther-
mal expansion coefficient and excellent thermal conduc-
tivity of CVD SiC give it a high ranking in such
applications [4-6]. Also, the high polishability of CVD
SiC (<3 A rms) minimizes losses due to stray light
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[4,7]. In addition to its utility in synchrotron beam lines,
SiC has applications in UV telescopes/ instruments for
space astronomy because of its high normal incidence
reflectance (> 40% above 60 nm) [8].

The primary limitation to the application of CVD
SiC has been the unavailability of large monolithic
pieces for the fabrication of mirrors. To overcome this
limitation, SiC optics are usually made of a composite
material which consists of a hot-pressed or reaction-
bonded 5iC substrate coated with a thin CVD SiC film.
These compaosites do not have the resistance to thermal
distortion of CYD SiC. Recently CVD Inc., has devel-
oped a CVD technology for fabricating large monolithic
pieces of polycrystalline B-SiC. The SiC maternial is {ree
of microcracks and/or voids, resulting in high polisha-
bility, strength, stiffness, and thermal conduetivity.

The CVD SiC produced was characterized to de-
termine physical, thermal, mechanical, and optical
properties. These material characterization measure-
ments include thermal conductivity, coefficient of ther-
mal expansion (CTE), heat capacity. flexural strength,
Young’s modulus. hardness, density. chemical purity,
crystalline structure, surface finish characteristics and
reftectivity.

2. Discussion of materiai characterization results

A discussion of the results of characterization studies
on CVD SiC is presented in this section. These mea-
surements were made at CVD, Inc.. the University of

Davton Research Institute (UDRI), and a number of
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other commercial laboratories. As previously men-
tioned. the CVD process developed was scaled from a
small research furnace 10 a pilot-plant furnace and
finally to a manufacturing facility. Characterization
measurements were performed on CVD SiC produced
in all three CVD chambers during the scaling process.
In addition, material from vanous runs (lots) was also
tested to determine the ability of the CVD process to
consistently reproduce a B-SiC material.

2.1. Chemical and physical properties

Trace-element analysis of material grown in the re-
search furnace was performed using protion induced
X-ray emission spectroscopy (PIXE) at Element Analy-
sis Corporation. Tallahassee. FL. In this technique high
energy protons are accelerated into the sample and
collide with core shell electrons to create X-rays which
are characteristic of the particular atoms present in the
sample. Impurity levels as low as parts per billion can
be detecied by this technique, with the exception of
elements with atomic weights lower than carbon. All
heavier elements, with a few exceptions. can be de-
tected. The following impurities, in weight percent, were
detected in CVD SiC produced in two deposition runs.
From the first run the impurities detected were 1.2 ppm
Mn. 7.3 ppm Fe, 1.0 ppm Co, 0.64 ppm Ni, and 5.5
ppm Cu. Similarly, the following impurities were de-
tected in a sample from another run: 0.6 ppm Mn, 3.9
ppm Fe, and 1.5 ppm Zn. From these data it is con-
cluded that the CVD SiC produced is 99.999% pure,
excluding H, He, Li, Be, B and free C.
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The density of CVD S5iC was measured at room
temperature using the Archimedes immersion tech-
nique. In this technique, a SiC sample is hung by a fine
thread in a beaker of water and weighed. This weight is
compared to the weight of the sample before immer-
sion. The density of SiC material produced in two
depositions in a research CVD chamber was 3213 £
0.013 g/cm® and 3.212 + 0.033 g/cm’. The density of
single crystal cubic SiC is 3.21 g/cm’: therefore. within
the uncertainty of the measurement {1 part in 10°), the
CVD SiC is theoretically dense.

The microstructure of the SiC has been evaluated
using X-ray diffraction and optical microscopy. Diffrac-
tion analysis performed at CVD Inc., using a Siemens
D500 X-Ray Diffractometer. indicates that the material
is polycrystalline B-SiC with crystallites that are ran-
domly oriented. These results were confirmed at UDRI
and ES Laboratories, Wrightstown, NJ. Fig. 1 shows a
typical diffraction pattern from material grown in the
research furnace. Similar patterns have been obtained
for matenal produced in the pilot plant and manufac-
turing CVD facilities using optimized CVD conditions.
All of the diffraction peaks in fig. 1 were identified as
cubic 5iC.

The current technical literature suggesis that prefer-
ential growth of CVD materials can occur on certain
crystallographic planes under conditions of high tem-
perature and/or low growth rate (low gas concentra-
tion) [9]. We have observed similar behavior of CVD-
grown SiC. For example, at low deposition rates. i.e.
<1 tm/min, there is a strong preferential growth in
the (111) and (220} directions in the temperature range

(1L1) SIC 1.2- 1-06 40KV /30MA
52 0.0200 tm: 0.50 CuKal
(220)
(311)
(331) (422)
L(zoor (222) J(:uo) ‘L
- J L. " L I
{ 10.890 x i 2theta y ! 1269. Linear 130, 89¢>

SIEMENS EVALUATION PROGRAM

Fig. 1. Typical X-rav diffraction pattern for polycrystalline CVD SiC produced in the research furnace (Run 1.2.1-6). Notice that all
of the peaks are identifiable as cubic (fec) SiC peaks. The relative intensity of the peaks also indicates no preferred orientation.
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Fig. 2. (a) Typical micrograph of KOH-etched CVD SiC surface perpendicular 1o growth axis (320 %) and (b) tvpical micrograph of
KOH-etched CVD SiC surface parallel to growth axis (160 x ). Notice the columnar growth structure. which is commonlv observed in
CVD deposited materials. The marked bar in micrograph (a) indicates 60 pm and the bar in (b), 120 pm.

1300-1450° C. It is important to understand the sensi-
tivity of the crystallographic orientation of the material
to growth rate (furnace conditions) for CVD SiC. since
many of the physical, mechanical, and thermal proper-
ties depend on the microstructure.

Figs. 2a and 2b are typical optical micrographs of
CVD SiC. The material was polished and then etched in
molten potassium hydroxide before the micrographs
were taken. Fig. 2a shows the as-deposited SiC surfaces
(surface perpendicular to growth axis). The average
grain size is approximately 10 pm. Fig. 2b is a cross
section of the matenal (surface parallel to growth axis)
and shows the growth to be columnar. We have ob-
served that the grains originating at the substrate, where
nucleation initially occurs, are small and then increase
in size with distance from the substrate. This is typical
for most CVD deposited materials [1,9].
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Fig. 3. Coefficient of thermal expansion (CTE) plouted vs

temperature for various samples of CVD SiC. Matenal from

Run 1.2-2 was produced in a small research CVD furnace. Run

1.2.3-4 in a pilot-plant facility, and Run 1.2.4-3 in a manufac-

tuning facility. The uncertainty in the measured value of CTE
is +2x107 7K™\

2.2. Thermal properties

A number of samples of CVD SiC were tested at
CVD Inc. and UDRI to determine the coefficient of
thermal expansion (CTE). The CTE measurements were
made using differential dilatometers over the tempera-
ture range 123 to 1375 K (=150 to 1100°C). Fig. 3
shows results of CTE measurements made on CVD SiC
produced in three runs, one each from the research
furnace (Run 1.2-2), the pilot plant furnace (Run 1.2 3-
4), and the manufacturing facility (Run 1.2.4.3)
Calibration runs performed on the dilatometer used to
make these measurements (Theta Industries, Inc.. Model
Dilatronic IR) indicate that the uncertainty in the mea-
surement of CTE is about 2 X 1077 K" for the sample
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Fig. 4. Heat capacity of CVD SiC measured bv a differential

scanning calorimeter (DSC). Measurements were periormed al

UDRI and Skinner and Shermal Laboratories (S&S) using a

sapphure standard. Note good agreement in data at low 1em-

peratures and deviations observed at higher temperatures. Sohd

line drawn through points in a least-squares Sth-order regres
sion fit to all the data.
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length used (40 mm). Notice that these datwa (fig. 3)
show that the CTEs of CVD SiC from various runs and
various CVD chambers are equal within the uncertainty
of the measurement. This demonstrates the reproduci-
bility of the CVD process, with respect to CTE. that can
be achieved during scaling from a small research fur-
nace to a manufacturing facility.

The heat capacity of several samples of CVD SiC,
produced in various runs, was determined using a dif-
ferential scanning calorimeter (DSC), with sapphire as
the reference material, over the temperature range 173
to 733 K (—100 to 460° C). These measurements were
performed at UDRI on a Dupont Model 910 DSC and
at Skinner and Sherman Laboratories (S&S), Waltham,
MA, on a Dupont Model 1090 DSC. The results are
shown in fig. 4. Note that the UDRI data and the S&S
data for samples from the same run (9052-2) agree ai
low temperatures but deviate from each other at higher
temperatures. Also nolice (see fig- 4) that the UDRI
data for Runs 1.2-14 and 1.2.4-3 differ slightly from
that of Run 9052-2 at low temperatures and differ
significantly at high temperatures. We do not know, at
this time, whether these differences are due 10 uncer-
tainties in the measurement (calibration errors) or dif-
ferences in material properties. The solid line in fig. 4 is
a least-squares 5th-order regression fit to all the data.

The thermal diffusivity of CVD SiC was measured at
UDRI by the flashlamp technique. In this method the
front face of a small (13 mm X 13 mm X 2.5 mm) speci-
men plate is irradiated with an energy pulse from a
Xenon flashlamp, and the resulting temperature rise of
the rear surface of the specimen is measured and re-
corded. An Armco iron standard is used to calibrate the
apparatus immediately before and after each run. By
using these data to solve the heat flow (diffusion) equa-
tion {edge effects are ignored), the thermal diffusivity
can be determined. Fig. 5 shows the average measured
thermal diffusivity of CVD SiC samples produced in the
research furnace in Run 1.2-14 and the manufacturing
facility in Run 1.2.4-3. The error bars represent the
standard deviation in the measured values for two sam-
ples from each run. The solid line is a least-squares
2nd-order regression fit to the data. Notice that the
diffusivity increases as the temperature decreases from
298 K (25°C) to 83 K {—190°C). Also notice that the
values for the two runs differ. The reason for this
difference is not clear at this time. However. the deposi-
tion temperature in Run 1.2.4-3 was higher than in Run
1.2-14. The lugher temperature would produce material
with larger grains and. therefore. fewer grain boundaries.
It may be that thermal diffusion across grain boundaries
is much lower than through the SiC crystallites. More
work needs to be done 10 better undersiand the rela-
tionship between the thermal diffusivity and deposition
conditions and microstructure of the deposited SiC.

The thermal conductivity is simply the product of

~ 1.700+ ;
T f |
»  1.5004 L
o™
=
S 1300 L
P
& 1.100
o !
2 0.900
. i
Q 0.700
< 0 RUN #1.2-14 =
= 4 RUN #1.2,4-3 1 T
z 0.500 \‘-{»\_{k
=TS

I N 1AN
| V.IoUu T T T

50 100 150 200 250 300

TEMPERATURE (K)
Fig. 5, Thermal diffusivity of CVD SiC measured at UDRI a
using flashlamp technique. Solid lines are least-squares lnd-
order regression [its 10 data. Error bars represent the standard
deviation for measurements made on two samples from Run
1.2-14 and Run 1.2.4-3. The deposition temperature was higher
in Run 1.2.4-3. which mayv account for the observed (measured}
difierence in diffusivity.

the density (p) heat capacity (¢,), and thermal diffusiv-
ity (ag). Knowing the values of p. e,. and ¢, at specific
temperatures, one can calculate the thermal conductiv-
ity. If we assume that the density of CVD SiC does not
change appreciably over the temperature range 80 to
300 K, we can use the heat capacity data of fig. 4 and
the thermal diffusivity data of fig. 5 to determine the
thermal conductivity. For example, the thermal conduc-
tivity for CVD SiC from Run 1.2.4-3 varies from 122 to
160 J i~! s™' K~ as the temperature increases from
122 to 296 K.

2.3. Mechanical properties

The hardness of CVD SiC material produced in the
research furnace. the. pilot-plant furnace. and the
manufacturing facility was measured using both Knoop
and Vickers indentors. under loads ranging from 300 g
to 1 kg. The average hardness value for 80 samples
tested was 2463 + 152 kg,/mm. There was no significant
difference between the Knoop and Vickers hardness
values, for the various loads used.

The fracture toughness critical flaw intensity value.
Kic. of CVD SiC was measured for material produced
in the small research furmace. the pilot-plant furnace.
and the manufacturing facility, The K, values de-
termined using the Vickers microfracture technique (10]
did not vary substantially under various loads or from
sample to sample. The average K- value using the
Vickers microindentation method for 42 samples tested
was 3.3 40.3 MPaym. This value agrees quite well
with others reported in the literature for CVD-grown
SiC having an average grain size of 10 um [1].

The fiexural strength of CVD SiC was measured at
CYD Inc.. and UDRI using a four-point fiexure test,
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Fig. 6. Flexural strength (four-point loading) of CVD SiC as a

funciion of temperature. All samples had a 0.4 pm rms surface

finish except for pcint W, which was optically polished. The

solid line is a least-squares linear regression fit to data, exciud-

ing point M.

The results are shown in fig. 6. Tests were performed at
79 K (—194°C), 295 K (22°C), 1473 K (1200°C),
1673 K (1400° C), and 1723 K (1450 ° C) using material
grown in the research furnace (Runs 9052-2, 1.2-1, and
1.2-14), the pilot-plant furnace (Runs 1.2.3-4 and 1.2.3-8)
and the manufacwuring facility (Runs 1.2.4-3 and 1.2.4-
6). The tests at CVD Inc., were made using an Instron
Model 1122 Universal Testing Instrument on 20 beams
50 mm long by 6.4 mm wide by 2 mm thick, and the
tests at UDR! were made using an Insiron Model 1123
Universal Testing Instrument on five to ten beams
(from each run) 50 mm long by 6.4 mm wide by 3.2 mm
thick. All of the beams were prepared with a surface
finish of 0.4 pm rms, cxcept for beams {rom Run 9052-2
{point ® in fig. 6), which were optically polished. The
solid line in fig. 6 is a least-squares linear regression fit
to the data. excluding point B. The flexural strength
results suggest that the strength increases with tempera-
ture. This effect has been observed previously for CVD
SiC and is atiributed to small plastic deformation that
occurs at crack tips at higher temperature {1},

The room-temperature flexural strength of the
polished beams prepared from material grown in Run
9052-2 (point W in fig. 6) is higher than any of the
others. This is attributed to the optical finish on the
faces and edges of these beams. As a result. the average
flexural strength of these beams is the most indicative
of the intrinsic room-temperature strength of CVD SiC.

The sonic and flexure elastic moduli of CVD SiC
were measured for 30 samples (beams). The sonic mod-
ulus was measured at UDRI using a GrindoSonic, MK3
(J.W. Lemmens, Co.), and the flexure modulus was
measured at CVD Inc., using an Instron Model 1122
Universal Testing Instrument. There was essentially no
difference in the modulus determined by these methods
using material from the research furnace and the pilot-
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plant facility. The measured sonic modulus was 467 + 9
GPa for 10 beams tested. and the flexure modulus was
461 + 16 for 20 beams tested.

2.4. Optical properties

As mentioned in the section 1 and shown above.
CVD 8-8iC is a theoretically dense. single phase, high
purity, homogeneous material. These charactenstics
make it attractive as an optical material due to its high
polishability and thermal stability. The CVD B-SiC has
been polished 10 < 10 A rms by several optical houses.
United Technologies Optical Systems (UTOS), West
Paim Beach, FL, has routinely achieved finishes of <38
A rms and Carl Zeiss, FRG, has recently obiained a
finish of 3 A rms “without much effort” [11]. These
results indicate that CVD SiC is highly polishable and.
therefores—suitablefor mirrorapplications -where low

surface scatter is required.
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Fig. 8. Normal incidence VUV reflectance polished. uncoated

CVD SiC. The solid line represents the caleulated values for

single crystal SiC using refractive index and extinction coeffi-

cient data from ref. [12]. The SiCC sample had a surface finish
{polish) with a microroughness of 8.8 A rms.
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The VUV and IR reflectances of CVD SiC were
measured and compared 1o the reflectance of single-
crvstal SiC calculated from refractive index and extine-
tion coelfictent data. The normal incidence IR reflec-
tance in the wavelength range of 2.5-50 pm was mea-
sured at CVD Inc.. using a Perkin-Elmer Model 1330
IR specirophotometer outfitted with a reflectance mea-
suring accessory, and these data are shown in fig. 7. The
experimental data in fig. 7 are consistent with that
calculated for single crvstal SiC {12]. The VUV reflec-
tance of CVD SiC was measured by Acton Research
Corporation. Acton, MA, at normal incidence. These
data are shown in fig. 8 (Q points) along with the
calculated reflectance for single crystal SiC (solid line)
using refractive index and extinction coefficient data
available in the literature [12). The CVD SiC sample
used in these measurements was polished flat to 0.049
am rms and had an average microroughness of 8.8 A as
measured on a Wyko profilometer.

3. Conclusions

A scalable CVD process has been developed to pro-
duce a theoretically dense, high purity B-SiC which
possesses superior properties for optical applications.
Large monolithic disks of CVD SiC up to 60 cm (24 in.)
in diameter and plates up to 76 cm (30 in.) long by 46
cm {18 in.) wide are currently being produced with
thicknesses up to 13 mm (0.5 in.). The CVD SiC tech-
nology is currently being scaled to 1.5-m-diameter
optics.

Numerous material characterization measurements
performed throughout the CVD process development
and scaling have allowed for optimization of the CVD
process conditions in a mumber of CVD reactors, pro-
ducing a homogeneous material ideal for optical compo-
nents. In addition, important scaling laws and processing
issues were identified which will be used in further
efforts to scale the process to much larger sizes,

Important physical, thermal, mechanical. and optical
properties of CVD SiC have been measured. These
results show that this material is theoretically dense,
highly pure, single phase (cubic) SiC which can be
optically polished to < 3 A rms. The material is homo-

geneous with respect to CTE and has a verv high elastic
modulus (460 GPa). high strength (600 MPa) and hard-
ness (2500 kg,/mm"). and relatively high heat capacity
(700 J kg~! K ') and thermal conductivity (160 W
m~' K~'). Al of these properties are beneficial for
opiical applications and were oplimized by adjusting
the CVD conditions during the SiC process develop-
ment and scaling. The CVD SiC is a good candidate
material for current and future optical applications.
such as svnchrotron mirrors. where durability. strength.
high stiffness-to-weight ratio. good thermai distortion
resistance. and thermal stability are required in material
that can be finished to extremely high optical tolerances
{low surface scatter).

Acknowledgements

This work was supported under Air Force Coniract
No. F33615-84-C-5004 and No. F33615-87-C-5227. The
authors are grateful to Charles J. Pellerin, WRIC/
MLPJ. WPAFB. OH. for his continuing support and
numerous technical discussions concerning this work.

References

[1] K. Nirhara, Ceram. Bull. 63 (9) (1984) 1160.
[2] J.E. Hove and W.C. Riley, Ceramics of Advanced Tech-
nologies (Wiley, 1965).
[31 ). Schlicktrig, Powder Metallurgy International 12 (3)
(1980) 141 and 12 (4) (1980) 196.
[4] V. Rehn and W.J. Choyke. Nucl. Instr. and Meth, 177
(1980) 173.
[5] S.L. Hulbert and S. Sharma. Opt. Eng. 27 (1988) 433,
[6] M.M. Kelly and J.B. West. SPIE 315 (1981) 135.
{7} V. Rehn, J.L. Stanford, A.D. Baer, V.O. Jones and W.J.
Choyke, Appl. Opt. 16 (1977) 1111,
[8] R-AM. Keski-Kuha, LF. Ostantowski, H. Herzig, I.5.
Gum and A.R. Toft, Appl. Opt. 27 (1988) 2815.
[9] W.A. Bryant, J. Mater. Sci. 12 (1977) 1285.
{10] K. Okazaki, J. Am. Ceram. Soc. 63 (9) (1984 1150.
[11] K. Beckstette (Zeiss). private communication.
[12] W1 Choyke and E.D. Palik, Silicon Carbide (SiC). in:
Handbook of Optical Constants of Solids. ed. E.D. Palik
(Academic Press. Orlando. FL. 1985).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [612.000 792.000]
>> setpagedevice


