
LOW-TEMPERATURE (<300ºC) LOW-STRESS SILICON CARBIDE SURFACE 
MICROMACHINING FABRICATION TECHNOLOGY 

Frederic Nabki1, Tomas A. Dusatko1, Srikar Vengallatore2, and Mourad N. El-Gamal1 
1Department of Electrical and Computer Engineering, 2Department of Mechanical Engineering 

McGill University, Montreal, CANADA 
 

ABSTRACT 
A low temperature (<300ºC), low-stress micro electrome-

chanical systems fabrication process based on a silicon carbide 
structural layer is presented.  A Hexoloy-SG target enables low-
temperature DC sputtering of amorphous silicon carbide.  The 
process is designed for low-cost implementation and CMOS post-
integration stemming from chemical and thermal compatibility.  
Process flow, deposition, etching, and stress control are discussed, 
and the electrical transfer characteristic of a fabricated resonator 
device is reported to demonstrate a process application. 

 
INTRODUCTION 

Historically, silicon has been the structural layer of choice for 
microelectromechanical systems (MEMS) fabrication as it is 
commonly used by the semiconductor industry.  However, the 
mechanical properties of silicon are not optimal for many applica-
tions, and other materials such as silicon carbide (SiC) are being 
developed to improve performance, enhance reliability, and enable 
new functionalities in MEMS.  In contrast with silicon, SiC exhib-
its higher acoustic velocity, higher fracture strength, hardness, and 
desirable tribological properties [1].  In addition, SiC can operate 
at higher temperature, and withstand corrosive and erosive envi-
ronments, which makes this material suitable for use in harsh [2] 
and biological [3] environments.  These factors, along with the 
maturation of deposition and patterning techniques, make SiC a 
natural choice for next generation MEMS processing. 

Adding MEMS capabilities to integrated circuits processes 
(such as CMOS) is very desirable in many sensing and control 
applications.  However, low-temperature processing of SiC is non-
trivial, and most SiC MEMS processes do not intrinsically lend 
themselves to CMOS integration (<400ºC).  This work demon-
strates for the first time a metallized, low-temperature, low-stress 
amorphous silicon carbide (a-SiC) surface micromachining process 
for the fabrication of micro electromechanical systems.  It is de-
signed to be CMOS-compatible, both chemically and ther-
mally [4].  

This paper outlines the process flow, and discusses the depo-
sition and etching of SiC.  Several devices are shown, and the 
measured characteristics of a microelectromechanical (MEM) 
resonator are reported to demonstrate the capabilities of this 
CMOS-compatible fabrication process.   

 
DEPOSITION TECHNOLOGY 

The technology is based on the use of Hexoloy-SG, which is 
an electrically conductive sintered SiC alloyed with 6 wt% carbon. 
This material permits DC sputtering of thin films at relatively high 
rates and low temperatures, with simple implementation and low 
cost. Residual stresses of the films can be tuned by changing the 
argon pressure during deposition. 

SiC deposition has generally not lent itself to be CMOS com-
patible, because of the high temperatures involved (>800ºC) in 
traditional polycrystalline SiC (poly-SiC) chemical vapor deposi-
tion (CVD) [5-7]. Plasma enhanced CVD (PECVD) has been used 
to deposit a-SiC at reduced temperatures [8], but annealing at 
around 600ºC was required to reduce film stress [9]. Amorphous 
SiC has similar properties to poly-SiC, with variations in properties 

such as the Young’s modulus [10]. Low-temperature PECVD of a-
SiC tends to form hydrogenated films (a-SiC:H) with lower 
Young’s modulus than sputtered a-SiC [10]. Table 1 compares 
different SiC types, with poly-silicon as a reference. In accordance 
with the Hexoloy-SG properties [11], nanoindentation analysis of 
the DC sputtered SiC thin films yielded a higher Young’s modulus 
than that of poly-silicon and other a-SiC films [12].  

 
Table 1: Properties of different materials. 

Material Dep. 
type 

Temp. 
(ºC) 

Young’s 
mod. 
(GPa) 

Acoustic 
Velocity 
(km/s) 

poly-Si LPCVD 1050 169 [13] 8.52 
3C-SiC LPCVD 900 401 [14] 11.18 
a-SiC RF Sput. - 231 [10] 8.48 

a-SiC:H PECVD 600 (anneal) 153 [10] 6.90 
This work (a-SiC) DC Sput. <170 258 [12] 9.50 

 
THE PROCESS FLOW 

The process provides a total of three metallic layers for rout-
ing signals and electrostatic actuation.  Polyimide is used as the 
sacrificial layer in this surface-micromachining process.  A layer of 
chromium is used as an etch stop for the SiC plasma etch, and also 
protects the underlying polyimide from fluorination [15].  Finally, 
a thick aluminum layer is available to lower the resistivity of inter-
connects, and to create bonding pads. 

Figure 1 illustrates the process flow to create clamped-
clamped beam resonators. A DC sputtered 60 nm aluminum layer 
is wet etched to pattern the bottom electrode (Fig. 1a). Subse-
quently, a variable thickness (>200 nm) polyimide sacrificial layer 
is spun-on, cured, and patterned to form the anchors (Fig. 1b). 
Another 60 nm aluminum layer renders the bottom surface of the 
SiC conductive (Fig. 1c). 
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Fig. 1: Process flow for a clamped-clamped beam resonator. 
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Fig. 2: (a) A released MEM inductor with two isolated conductive 
layers, and (b) a MEM switch with signal/actuation isolation. 

 
An 80 nm chromium etch-stop layer is then DC sputtered 

(Fig. 1d) followed by the 2 μm SiC structural layer. The etch-stop 
protects the underlying polyimide from fluorination for subsequent 
release [15]. The SiC is then patterned through NF3 reactive ion 
etching (RIE) (Fig. 1e). Finally, a wet etch removes the etch-stop 
(Fig. 1f), then oxygen plasma releases the structures (Fig. 1g). Not 
shown in Fig. 1 is an aluminum layer that can be added to the 
process flow on top of the structural layer.  This interconnect layer 
can be patterned after the SiC etch, or be self-aligned to the SiC 
layer, by patterning it after the chromium mask. 

The low-temperature SiC process allows for the deposition of 
a metal underneath the SiC, and hence provides the ability to route 
signals both on top and bottom of the structural layer.  This yields 
interesting design advantages.  For example, electrical isolation of 
signals across the structural layer is possible, such as in the re-
leased inductor shown in Fig. 2a, or as depicted in Fig. 2b, where 
this is exploited in a MEM switch to isolate the actuation and sig-
nal voltages. 

 
DETAILS OF DEPOSITION AND ETCHING 
Characterization of SiC thin films 

Thin films deposited by physical or chemical vapor deposition 
are invariably subjected to intrinsic residual stresses.  The choice 
of DC magnetron sputtering to deposit a-SiC permits good control 
of film stress.  Figure 3a shows the effect of the argon pressure 
during deposition on the biaxial residual stress in the film. The 
stresses reported on this graph were measured using the wafer-
curvature technique.  The measured stress of the deposited film 
goes from compressive to tensile at a working pressure of ap-
proximately 6 mTorr.  This is consistent with previously reported 
studies of DC sputtered Hexoloy-SG thin films [16].  Repeated 
depositions of films at this condition confirmed stress values of 
±50 MPa.  Fracture due to tensile stresses of these magnitudes is 
not a concern for SiC; however, compressive stresses of tens of 
megapascals can lead to buckling in slender microfabricated 
beams.  Therefore, the deposition pressure is selected to ensure a 
low level of tensile stress in the film.  Figure 3b shows a scanning 
electron micrograph of doubly-clamped SiC structures confirming 
the absence of stress-induced buckling or fracture.   

Although the deposition was performed at room temperature 
with no external heating, the substrate experienced an increase in 
temperature due to ion bombardment during film growth.   

 
 

By using adhesive temperature labels on the wafer, the maxi-
mum temperature of the substrate was monitored continuously 
during the deposition of a 2 μm thick SiC.  The maximum tem-
perature experienced by the substrate was below 170°C, which is 
significantly lower than in chemical vapor deposition processes.  
Furthermore, the film can be grown in stages without vacuum 
break to lower substrate heating.  A growth rate of 75 nm/minute 
was achieved at a deposition power of 2 kW.  This is significantly 
higher than the 18-30 nm/min reported for a-SiC RF sputtering 
[17, 18].   

Energy-dispersive X-ray (EDX) spectroscopy was used to ob-
tain an approximate value for the SiC films’ atomic composition.  
The incident electron beam had an effective volume of interaction 
which is typically on the order of the thickness of the films used in 
this work.  Therefore, the SiC films were deposited on aluminum 
substrates to prevent any convolution of silicon signals from the 
films and substrates.  Calibrated measurements yielded an average 
atomic composition of 47.7% silicon, 51.6% carbon, and 0.7% 
oxygen.  The carbon to silicon ratio of 1.08 is consistent with ex-
pectations based on deposition from a Hexoloy-SG target.   

The resistivity of the SiC was investigated by probing isolated 
micro-striplines using DC needles.  A lower bound of 40 MΩ was 
established for the electrical resistance using a multimeter.  The 
corresponding bound on the bulk resistivity of the film is 
~550 Ω⋅cm.  For comparison, the value reported in [16] for the 
electrical resistivity of deposited Hexoloy thin films was 
~2000 Ω·cm. 
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Fig. 3 (a) Biaxial residual stress of an SiC film versus working 
pressure at 2 kW of power (error bars indicate standard devia-
tion). (b) Scanning electron micrograph of released stress-free 
clamped-clamped SiC beams.  
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Fig. 4 Atomic force microscopy of the SiC film surface indicating 
an RMS roughness of ~20 nm. 
 

X-ray diffraction (XRD) analysis ascertained the amorphous 
nature of the film.  The surface morphology of the SiC films was 
examined using electron microscopy and atomic-force microscopy 
(AFM).  The image from an AFM scan of a 1.5 μm x 1.5 μm area 
is shown in Fig. 4.  The measured RMS roughness ranges from 10 
to 30 nm from a series of AFM scans.   A remarkable feature of the 
surface is the presence of irregular mounds, which has also been 
previously reported for Hexoloy thin films [16].   
 
Reactive-Ion Etching of SiC 

SiC patterning is more difficult than other commonly used 
materials because of the strong inter-atomic bond of the silicon and 
carbon atoms.  Therefore, etching using aqueous solutions must be 
performed at temperatures greater than 600°C [19], which is not 
compatible with low-temperature processes.  As a result, dry tech-
niques such as RIE and lift-off are better suited. Lift-off of SiC can 
yield good results [20], but entails multiple steps, requires sacrifi-
cial materials, and can be difficult to optimize for the desired reso-
lutions.  RIE is a more commonly used technique, and can yield 
better etch profiles and resolution.   

A magnetically enhanced (ME) RIE with NF3 was used in this 
work. NF3 yields fluorine ions efficiently and, as a consequence, 
has one of the highest etch rates of all fluorinated gases.  SiC RIE 
can lead to excessive etch residue formation from mechanisms 
such as micro-masking [21]. Fig. 5 shows an un-optimized etch 
recipe that yields a grassy etch field. The long columnar structures 
are attributed to re-deposited non-volatile material landing in the 
etch field, creating localized masks. This residue can significantly 
reduce the contact quality of the underlying metal layers. Optimi-
zations in masking material and etch parameters were necessary to 
mitigate these effects. An etched SiC sample masked with chro-
mium is shown in Fig. 6.  The etch rate obtained was 2079 Å/min, 
and no residue is present in either the etch field or on the sidewalls. 

 

 
Fig. 5: SiC test structure etched using non-optimal process pa-
rameters, yielding etch field residue. 

 
(a) 

 
(b) 

Fig. 6: Scanning electron micrographs of (a) an SiC corner, and of 
(b) a sidewall, both etched with optimal process parameters. 
 
FABRICATION RESULTS 

Several test devices were fabricated (Fig. 7) using the process 
flow outlined in Fig. 1.  These include beam resonators, inductors, 
and variable capacitors.  All devices clearly exhibited low stresses 
and low stress gradients in the structural layers. Fig. 7a and 7b 
show electron micrographs of a clamped-clamped beam resonator 
and its transducer gap, respectively.  The gap is clear of residue, 
and confirms successful release of the devices. Fig. 7c and 7d 
show a released variable capacitor with release holes, and a re-
leased inductor.  Stress control is apparent in the capacitor which 
shows no signs of plate deformation due to intrinsic stress.  

 

 
(a)   (b) 

  
(c)   (d) 

Fig. 7: Scanning electron micrographs of (a) a released clamped-
clamped beam MEM resonator, (b) its transducer gap, (c) a vari-
able capacitor, and (d) a released inductor. 
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Similarly, the released inductor exhibits low stress gradients.  
This is important, as warping of large structural membranes, such 
as the parallel plates in a variable capacitor, can result in a signifi-
cant loss in tuning performance or even device malfunction due to 
interlayer stray contacts.  

The measured transfer function of a clamped-clamped beam 
resonator device with a natural frequency of 8.3 MHz is shown in 
Fig. 8.  The mechanical quality factor (Q) measured in vacuum is 
815, which compares favorably with values reported for similar 
SiC beam-type resonators (e.g.  Q=490 in [20]).   
 

 
Fig. 8: Transfer function of an 8.3 MHz clamped-clamped beam 
resonator. 
 
CONCLUSIONS 

This work presented a low-temperature and low-stress process 
for a-SiC that was demonstrated with functional fabricated MEM 
resonators.  This process features double-sided metallization that 
allows for high quality conduction of two separate signal paths.  
The SiC structural layer allows for higher acoustic velocity, opera-
tion in harsh environment, and increased reliability.  DC sputtering 
is used for metals and SiC, making the process low-cost and easy 
to integrate with standard integrated circuits processes.  Addition-
ally, the sacrificial spun-on polyimide allows for low-cost creation 
of the small gaps required for devices such as MEM resonators.  
This process enables processing of SiC through innovative mask-
ing techniques that reduce aluminum micro-masking issues.  These 
results establish a strong foundation for the integration of high-
performance MEMS with CMOS devices.  

 
ACKNOWLEDGMENT 

The structures reported in this paper were fabricated in the 
NanoTools Microfabrication Facility (funded by CFI, MDEIE and 
McGill University).  The staff of this Facility provided invaluable 
assistance during process development. The financial support of 
McGill University, ReSMiQ, and FQRNT are highly appreciated. 

 
REFERENCES 
[1] G. L. Harris, "Properties of Silicon Carbide", London, In-

spec/IEE (1995). 
[2] R. Cheung, "Silicon Carbide Microelectromechanical Systems 

for Harsh Environments", London, Imperial College Press 
(2006). 

[3] S.Santavirta et al., "Biocompatibility of silicon carbide in 
colony formation test in vitro", Archives of Orthopaedic and 
Trauma Surgery, 118, 1-2 (1998), pp. 89-91. 

[4] F. Nabki, T. Dusatko, M. N. El-Gamal, and S. Vengallatore, 
"Low temperature ceramic microelectromechanical struc-
tures," US Patent Application, December 2007. 

[5] C. R. Stoldt et al., "A low-temperature CVD process for sili-
con carbide MEMS", Sensors and Actuators A, 97-98, (2002), 
pp. 410-415. 

[6] R. F. Wiser, J. Chung, M. Mehregany, and C. A. Zorman, 
"Polycrystalline silicon-carbide surface-micromachined verti-
cal resonators-part I: growth study and device fabrication", 
Journal of Microelectromechanical Systems, 14, 3 (2005), pp. 
567-578. 

[7] D. Gao et al., "High modulus polycrystalline 3C-SiC technol-
ogy for RF MEMS", International Conference on Solid State 
Sensors, Actuators and Microsystems, 2, (2003), pp. 1160-
1163. 

[8] L. S. Pakula, H. Yang, and P. J. French, "A CMOS compati-
ble SiC accelerometer", Proceedings of the IEEE Sensors 
Conference, 2, (2003), pp. 761-764. 

[9] D. S. Kim and Y. H. Lee, "Annealing effects on a-SiC:H and 
a-SiC:H(F) thin films deposited by PECVD at room tempera-
ture", Thin Solid Films, 261, 1-2 (1994), pp. 192-201. 

[10] M. A. E. Khakani et al., "Hardness and Young's modulus of 
amorphous a-SiC thin films determined by nanoindentation 
and bulge tests", Journal of Materials Research, 9, 1 (1994), 
pp. 93-103. 

[11] A. Wolfenden, A. C. Anthony, and M. Singh, "Measurement 
of Young's modulus and damping for Hexoloy SG silicon 
carbide", Scripta Materialia, 41, 6 (1999), pp. 611-615. 

[12] J. Crocker, G. Sosale, and S. Vengallatore, "Nanomechanical 
characterization of Hexoloy-SG silicon carbide thin films", 
Proceedings of the 21st Canadian Congress of Applied Me-
chanics, (2007), pp. 678-679. 

[13] W. N. Sharpe, B. Yuan, and R. Vaidyanathan, "Measurements 
of Young's modulus, Poisson's ratio, and tensile strength of 
polysilicon", IEEE International Workshop on Micro Electro 
Mechanical Systems, (1997), pp. 424-429. 

[14] J. S. Mitchell et al., "Examination of bulge test for determin-
ing residual stress, Young's modulus, and Poisson's ratio of 
3C-SiC thin films", Journal of Aerospace Engineering, 16, 2 
(2003), pp. 46-54. 

[15] L. J. Matienzo et al., "Surface composition and distribution of 
fluorine in plasma-fluorinated polyimide", Journal of Vacuum 
Science & Technology A, 6, 3 (1988), pp. 950-953. 

[16] M. Tenhover and I. B. Ruppel, "DC-magnetron sputtered 
silicon carbide", Proceedings of the Thin Films Symposium, 
(1995), pp. 227-232. 

[17] N. Ledermann et al., "Sputtered silicon carbide thin films as 
protective coating for MEMS applications", Journal of Sur-
face and Coating Technology, 125, 1-3 (2000), pp. 246-250. 

[18] A. K. Costa and S. S. Camargo, "Properties of amorphous SiC 
coatings deposited on WC-Co substrates", Journal of Materi-
als Research, 6, 1 (2003), pp. 39-42. 

[19] P. H. Yih, V. Saxena, and A. J. Steckl, "A Review of SiC 
Reactive Ion Etching in Fluorinated Plasmas", Physica Status 
Solidi B, 202, 1 (1997), pp. 605-642. 

[20] R. F. Wiser, M. Tabib-Azar, M. Mehregany, and C. A. Zor-
man, "Polycrystalline silicon-carbide surface-micromachined 
vertical resonators - part II: electrical testing and material 
property extraction", Journal of Microelectromechanical Sys-
tems, 14, 3 (2005), pp. 579-589. 

[21] P. H. Yih and A. J. Steckl, "Effects of hydrogen additive on 
obtaining residue-free reactive ion etching of β-SiC in fluori-
nated plasmas", Journal of the Electrochemical Society, 140, 
6 (1993), pp. 1813-1824. 

 
 

219


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /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 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


