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In this work we present the design and simulation of an acoustic sensors array for detecting specific frequencies in a 
range, and allowing their identification from a complex audio signal in order to develop an application for cochlear 
implants. The sensitivity is obtained when a membrane resonates when stimulated by an audio signal which behaves as a 
mechanical wave. The structure of each sensor is designed with the concept of MEMS capacitive microphones, formed by 
a flexible membrane between two rigid backplates. The variation of the distance between the membrane and backplates 
generates a capacitance change that can pass to an electronic readout circuit. The structure has been designed as a mass-
spring system where a set of springs, with the same elastic properties, holds the flexible membrane. 
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1. Introduction 
 

The problem of hearing loss is treated with different 
alternatives, from hearing aids to cochlear implants; the 
second ones are devices that realize a digital processing of 
audio signals to separate some frequencies and then, to 
send electric pulses to an array of electrodes inside the 
cochlea, stimulating electrically to the cells responsible of 
detecting the vibrations produced by any acoustic signal 
[1,2]. In the human ear, the cochlea is the responsible for 
separating the frequencies that constitute a complex audio 
signal.  

An alternative to the traditional directional microphones 
used in cochlear implants is to develop a device that can 
detect an audio signal and at the same time separate and 
identify the center frequencies. For this, in this work 
MEMS microphones are used, which began to be used in 
different applications due to their low cost and integration 
in signal analysis. They are very practical by not being 
affected by external acceleration. Capacitive microphones 
can detect a wide range of acoustic information, its 
operating principle is already well studied and they are 
used in different applications. 
MEMS microphones are designed and fabricated using 
different structures, each one with advantages and 
disadvantages. One of these structures uses a polysilicon 
membrane which moves when a sound pressure hits on its 
surface; some structures additionally implement acoustic 
perforations on the fixed reference membrane obtaining, in 
the same way, a variable capacitance. 
 
2. Device description and design 
 
2.1. Device design 
 

In this work the SUMMiT V platform design is used. 
This tool allows to define 4 mechanical layers of 
polysilicon (MMPoly1-4) fabricated above a thin highly 
doped polysilicon layer (MMPoly0) and a sacrificial oxide 

(SacOx) sandwiched between each polysilicon level. The 
thin sacrificial films define the amount of mechanical play 
the polysilicon layers can have. An optional patterned 
metal layer can be applied to the upper polysilicon layer for 
electrical connections. There is a process to planarize each 
oxide for the next polysilicon layer, this feature is 
important for the proper behavior of the microphone.  
 
2.2. Structure description 
 

The proposed structure is formed by a movable 
membrane and two rigid backplates [3,4], forming a 
structure with two parallel plate capacitors [5]. The 
movable membrane responds and changes its position 
when the acoustic pressure hit its surface, producing a 
capacitance variation between the backplates and the 
membrane, which in turns produces a current flow 
proportional to the distance variation between the 
membrane and the backplates. Before removing the 
sacrificial oxides, a cavity must be opened from the 
backside of silicon substrate, below the capacitor structure, 
here the sacrificial oxides give mechanical support to the 
polysilicon structures. After the cavity is formed, the 
sacrificial oxides are removed using a HF solution.  

The movable membrane is held by a set of springs, which 
designs allow modifying the device sensitivity. Acoustic 
perforations made in the upper and lower backplates allow 
the passage of the acoustic signal and homogenize it over 
the whole membrane surface, also they allow an air-
exchange with the ambient to prevent abrupt pressure 
changes. In figure 1 is shown the structure of the presented 
microphone. 

It is proposed an array of 14 microphones, each of them 
responding to a specific frequency from a defined range. 
This is precisely the new characteristic shown in this work, 
the possibility to define the resonance frequencies of each 
membrane. The analyzed frequency range was selected 
from 512 Hz to 4.2 kHz, which is where the intelligent 
information of the voice is contained. Within this selected  
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Figure1. Diagram of the proposed microphone structure. 
 

 
 

Figure 2. Spring geometries used in the microphone array. 
 

 
 

Figure 3. Layout of the membrane and springs mask, using the same 
polysilicon layer. 
 

 
 

Figure 4. Diagram of the microphones array. 
 

 
 

Figure 5. Lateral view from SUMMiT V final model of the movable 
membrane and rigid backplates.  
 
 
 

range, a second division was made, defining three 
intervals: low (from 537 Hz to 830 Hz), medium (from 
1002 Hz to 1642 Hz) and high (from 1905 Hz to 4231 Hz) 
frequencies. 

Taking into account all this considerations, it is also 
possible to implement the microphones array like a 
mechanical filters array. It is proposed an application as a 
complement of the processing done by a DSP in a cochlear 
implant. Due to the double application of the array, as an 
acoustic sensor and as a mechanical filter, it is expected a 
reduction not only in the complexity of the DSP signal 
processing but also a reduction of the final size of the 
device. The use of individual membranes to detect specific 
frequencies results in a greater selectivity of the sampled 
frequencies. 

Three different geometries of springs were designed, 
considering the three frequency intervals, each one with 
own elastic properties; one reason to different designs is to 
avoid the overlapping between them. An important 
consideration is that the minimum number of spring used in 
each membrane is four. In figure 2 the three different 
geometries for the springs are shown, indicating the 
dimensions for each case. The geometries for low and 
medium frequencies use the same number of segments but 
different length. On the other hand, geometries for medium 
and high frequencies use the same length but different 
number of segments. For each case, there is a value for the 
elastic constant (k). For each frequency interval, just the 
defined spring is used and no mixture of them is allowed. 

The membrane and the springs are fabricated with the 
same polysilicon layer, 2.25 μm thick MMPoly3 of the 
SUMMiT V process. The widths of all segments were 
established in 1 μm, which is the minimum value defined 
by the design rules. The figure 3 shows the layout mask 
used to define the membrane and springs. 
The 14 membranes of the array have the same diameter, as 
shown in diagram of figure 4, and depending of the number 
of springs and its geometrical characteristics the specific 
frequency at which each microphone responds when 
stimulated by a complex audio signal can be modified. 

It can be seen that the array has a proper size to be 
implemented, with complementary electronics, in the audio 
detection stage of a cochlear implant. 

The frequencies at which each device respond have been 
defined through the center frequencies used in Mel filters, 
which are commonly used in the field of digital signal 
processing allowing to calculate the coefficients that 
represent the human speech based in methods of human 
auditory perception, this way it is also possible the pattern 
recognition in audio signals [6]. 

The number of acoustic perforations in each plate is in 
function of its size. Acoustic perforations have been 
reported between 5 to 10 μm of diameter [5,9], being their 
most relevant functions to allow the incident acoustic 
pressure to pass through the plates and hit homogeneously 
the membrane and to promote the total removal of the 
sacrificial oxide during the wet etching to release the 
polysilicon structures. 
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Figure 6. Diagram of complementary electronic. 
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(b) 
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Figure 7. Different behaviors on membranes when stimulated by a 
mechanical force, (a) first oscillating mode, (b) third oscillating mode and 
(c) sixth oscillating mode. 
 

 
a) 

 

 
b) 

 

Figure 8. a) Membrane with 4 springs for low frequencies. b) Shows the 
points with higher stress, around 717 kPa. 

In this work the diameter of the acoustic perforations 
were defined in 6 μm, taking into account the design rule 
of SUMMiT V platform [7] that indicates the spacing 
between the perforation centers must be at least 38 �m for 
the proper fabrication process and for the correct removal 
of the sacrificial oxides. 
Following the design rules of the Sandia Labs SUMMiT V 
design platform [7], the thicknesses of each layer that form 
the membrane and backplates are guaranteed, ensuring then 
the final dimensions of the structures. The corresponding 
layers are: MMPoly3 (2.25 μm) for the movable membrane 
and MMPoly1+MMPoly2 (1 μm + 1.5 μm) and MMPoly4 
(2.25 μm) for the rigid backplates. Another advantage of 
this platform is the flattened layers obtained after 
processing SacOx3 and SacOx4 (2 μm each). The final 
modeled structure is shown in figure 5. 

The figure 6 shows a diagram of a complementary 
electronics proposed to read the behavior of the membrane.  
 
3. Mathematical model 
 

The model that allow to know the membrane oscillation 
mode was determined using the Lagrangian function, with 
this the different normal oscillating modes of the system 
were observed [8]. In this first approach, the mathematical 
model does not consider all the parameters that have 
influence on the devices behavior. 

The corresponding set of springs are equally spaced, so 
each spring load an equal part of the membrane. The elastic 
constant of the system consider the sum of the elastic 
constants of the springs, due to they are in parallel. 

The differential motion equation has a solution given by, 
 
x=A cos ωt      (1) 
 
so the first and second derivatives are known, which are 
necessary to rewrite the equation. Simplifying the 
expression dividing by cos (ωt) and making the variable 
change, 

     (2) 
 
an eigenvalues analysis is obtained, now is possible to 
know the response of the mass-spring system as a function 
of the movable membrane mass and the springs elastic 
constant (ks), given by 
 

     (3) 
 

The next step is to match the frequencies of the human 
voice bandwidth, relating the equation of simple harmonic 
movement with the response of the system, which is a 
function of the number of springs (N) and the elastic 
constant of a single spring. 
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Figure 9. a) Membrane with 4 springs for medium frequencies. b) 
Shows the points with higher stress, around 536 kPa. 
 

 
a) 
 

 
b) 
 

Figure 10. a) Membrane with 4 springs for high frequencies. b) Shows 
the points with higher stress, around 454 kPa. 
 

 
 
Figure 11. Membrane buckle deformation by the acoustic pressure 
0.02 Pa. 
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Figure 12. Comparison between the Mel frequencies and the simulated 
resonance frequencies at which each membrane responds. 
 

3.1. Spring model 
 

The design of the springs is a critical part of the complete 
design, because the expected way the membrane behaves  
due to an acoustic pressure stimulus is a function of the 
value of ks of each spring. On the other hand, it should be 
taken into account the maximum displacement in the 
spring, because if deforms more than the air gap between 
the membranes, they may hit and be damaged. Therefore it 
is important to take into account the spring elastic 
properties. 
To calculate the geometry of the springs, as mentioned 
above, it is considered that they are fabricated using 
MMPoly3 layer, the diameter of the membrane is 700 μm, 
polysilicon density is 2.3 g/cm3, obtaining a membrane 
mass of 1.992e10-9 kg. The maximum displacement of the 
membrane cannot be bigger than 1.5 μm, because of the 
width of sacrificial oxides (SacOx3 and SacOx4), and the 
considered pressure on the membrane is 0.02 Pa which is 
the equivalent of a normal conversation (60dB). 

Knowing the membrane area and the pressure on it, the 
resulting exerted force is F=7.697e10-9 N. From Hooke´s 
Law it is possible to calculate the minimum value for the 
elastic constant of the springs, because this expression 
relates the deformation and the spring elastic constant in an 
inversely proportional way, thereby obtaining the ks 
minimum, which is kmin = 0.006 kg/s2.  

Once knowing the values of ks that will be used for the 
membranes, it is possible to calculate the number of 
springs for each system. Table 1 shows the values of 
frequencies, their corresponding values of spring elastic 
constant and number of springs used to hold each movable 
membrane, values are shown in the three defined frequency 
intervals. 

Values on Table 1 show a proper number of springs and 
also they are distributed over the whole circumference of 
the movable membrane without overlapping or any 
interference among them. 
 
4. Simulations 
 

In this work the simulations were made using COMSOL 
Multiphysics. This is a computational tool for multiphysics 
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analyzes to study and to predict the behavior of one or 
several structures under specific conditions. One of its 
versatilities is the possibility of coupling different physical 
phenomena in the same study. It is possible to obtain 
analyzes very close to the actual conditions to those the 
final device will undergo. 

The proper behavior of the membranes was verified by 
simulations, taking into account different aspects that 
influence the behavior and actual operating conditions. In 
this way, it was found that the proposed mathematical 
model is very close to the expected real behavior of the 
system. The results show that the theoretically calculated 
normal modes match the Eigenfrequencies values obtained 
from multiphysics simulations in the whole proposed 
frequency range. The behavior of the movable membrane 
obtained from simulations is shown in the figure 7, where 
three different normal oscillating modes which behavior is 
the same in all membranes independent of the geometry of 
the springs used are illustrated. 

The value of the polysilicon Young’s modulus is 160 
GPa. Figures 8 to 10 show the stress in the springs. It has 
been reported that polysilicon rupture stress is between 1 to 
4 GPa depending on the accumulated stress in the structure 
[10,11]. In this work, the maximum stress obtained in 
springs is 717 kPa, as shown in figure 8, which is below 
the critical point for causing a rupture. 

The deformation of the membrane originated by a 
pressure of 0.02 Pa was studied, and it was observed that 
the deformation in the membrane is negligible (there is a 
negligible buckle deformation) compared with the total 
displacement of the membrane in reference to the rigid 
plates. The membrane total displacement is about 10-6 to 
10-7 m and its buckle deformation is on the order of 10-10 
m. 

On the other hand, a comparison between the Mel 
frequencies and the simulated resonance frequencies at 
which each membrane responds as a function of the 
number of springs is shown in figure 12. In this comparison 
it can be observed a perfect match between values in the 
whole proposed frequency range. 
 
 
 
 

5. Conclusions and discussion 
 

The design and simulation of an acoustic membrane-
based sensors array for detecting specific frequencies in a 
range was presented. Design is based on a MEMS 
capacitive microphone structure, using a movable 
membrane between two rigid backplates. Simulations of 
the membranes behavior when an audio signal hits its 
surface were done, obtaining values for resonance 
frequencies which are very close to the Mel frequencies 
values in the proposed range. Multiphysics simulations 
were done in order to verify the mechanical properties of 
the material and oscillating modes in the structure. 
Simulation results demonstrate that the behavior of the 
structure is very close to the expected real behavior of the 
system. 

From the equation that shows the behavior of the 
membrane anchored by springs, and knowing the mass of 
the membrane, it was possible to define the elastic 
properties and the number of springs necessary for each 
membrane, in order to detect specific frequencies from an 
audio signal. Different spring geometries were proposed to 
evaluate their elastic properties and to find the closest 
values to the theoretical analysis. The analysis showed, in 
some cases, the use of just one spring and, in other cases, a 
large amount that would result in overlapping; neither of 
these two results is useful for the correct operation of the 
device. The solutions was to use three different springs 
geometries, each of them was used in a different frequency 
range (low, medium, high) to avoid having inconsistent 
amounts of spring anchoring the membrane. The final three 
geometries have elastic constants (k) very close to those 
proposed in theoretical analysis, thus the number of springs 
required is determined for each case. 

After performing the simulations using, it was observed 
that the number of springs used in each membrane is 
appropriate, so that the Eigenfrequencies study showed 
values corresponding to frequencies to be detected. Hence, 
the simulations prove satisfactorily that each system has 
the expected behavior when compared with the behavior 
described in the theoretical analysis. Each microphone has 
a custom design with very specific characteristics. 

Therefore, the specific frequency identification from a 
complex audio signal can be used to develop a device 

Table 1. Values of frequencies, spring elastic constant (ks) and number of springs (N) used to hold each movable membrane. 
 

 
Low 

Frequency 
(Hz) 

ks 
(N/m) N 

537 0,006 4 
676 0,006 6 
830 0,006 9 

 
 

 
Medium 

Frequency 
(Hz) 

ks 
(N/m) N 

1002 0,0181 4 
1194 0,0181 6 
1406 0,0181 9 
1642 0,0181 12 

 
 

 
High 

Frequency 
(Hz) 

ks 
(N/m) N 

1905 0,078 4 
2197 0,078 5 
2522 0,078 6 
2889 0,078 8 
3286 0,078 11 
3733 0,078 14 
4231 0,078 18 
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widely used in cochlear implants. The final prototype of 
the device is being fabricated by The Sandia National 
Laboratories. In future work, the complementary 
electronics will be designed and implemented in order to 
measure the device response and compare it with 
theoretical results. 
 
References 
 
[1] C. Luo, J. H. McClellan, and P. T. Bhatti, Introductory Signal 
Processing Labs Based on Filterbank Applications, in Proc. of the 
IEEE Digital Signal Processing Workshop and IEEE Signal 
Processing Education Workshop (DSP/SPE), pp. 90-94 (2011). 
[2] P. Loizou, IEEE Signal Processing Magazine, 15, 101 (1998). 
[3] T. Kasai, S. Sato, S. Conti, I. Padovani, F. David, and Y. 
Uchida, Novel Concept for a MEMS Microphone with Dual 
Channels for an Ultrawide Dynamic Range, in Proc. of the IEEE 
24th International Conference on Micro Electro Mechanical 
Systems, pp. 605–608 (2011). 
[4] C. Chan, W. Lai, and M. Wu, IEEE Sensors Journal, 11, 2365 
(2011). 

[5] J. Liu, D. Martin, T. Nishida, L. N. Cattafesta, M. Sheplak, 
and B. P. Mann, Journal of Microelectromechanical Syst., 17, 698 
(2008). 
[6] T. Ganchev, N. Fakotakis, and G. Kokkinakis, Comparative 
Evaluation of Various MFCC Implementations on the Speaker 
Verification Task, (SPECOM-2005). 
[7] SUMMiT V Five Level Surface Micromachining Technology 
Design Manual, version 3.2, October 25, 2012. Sandia National 
Laboratories, MEMS Technologies Department, Microelectronics 
Development Laboratory, 2012. 
[8] Dare A. Wells, Schaum’s Theory and Problems of Lagrangian 
Dynamics. (Schaum-Publishing Co., 1967). 
[9] D. T. Martin, J. Liu, K. Kadirvel, R. M. Fox, M. Sheplak, and 
T. Nishida, Journal of Microelectromechanical Systems, 16, 1289, 
(2007). 
[10] J. Bagdahn, W. N. Sharpe, and O. Jadaan, Journal of 
Microelectromechanical Systems, 12, 302 (2003). 
[11] W. N. Sharpe, R. Vaidyanathan, and R. L. Edwards, 
Measurements of Young’s Modulus, Poisson's Ratio, and Tensile 
Strength of Polysilicon, in Proc. of the IEEE 10th Annual 
International Workshop on Micro Electro Mechanical Systems, 
pp. 424-429 (1997). 
 

 



<<
  /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 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

  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


