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Abstract— In this paper we present the methodology and the 
numerical results related to the analysis of aging of the SU-
8 polymer when used as a primary layer for the realization 
of Coplanar Waveguide (CPW) structures. As test devices, 
we used a set of transmission lines with different lengths and 
T-shaped open stubs shunt resonators; by using these 
geometries, we are able to acquire the data in a broadband 
range, in principle between 1 GHz and 40 GHz. We conduct 
the analysis by comparing two different technology run: the 
first wafer with a deposited layer by a 12-year-old SU-8 and 
the second wafer, with the same photolithographed metallic 
geometries, with a brand-new processed SU-8 photoresist. 
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I.  INTRODUCTION 
Coplanar Waveguide (CPW) is one of the most used 

geometry for high frequency – high-speed transmission lines 
design in microwave electronics. Its complete planarity, with the 
signal line and grounds placed on the same plane, allows an easy 
integration and fabrication in ultra-large-scale process. At the 
same time, the negative epoxy photoresist SU-8 has been 
employed, now for 20 years, in the process of realization of 
Micro Electro Mechanical Systems (MEMS) sensors, 
microwave devices, optoelectronics and, lately, as a polymer for 
the realization of complex microfluidic channels [1-2]. SU-8 
became popular also for the possibility to pattern structures with 
multiple levels and for managing geometries with high aspect 
ratio, like pillars, for example in MEMS [3] and a sensor array 
for biological application [4]. Because of the possibility to use 
SU-8 by means of MEMS technologies, low-loss CPWs have 
been also demonstrated on low resistivity silicon, exciting an 
almost TEM propagation [5-6]. Despite this well-deserved 
popularity, now it is clear that an accurate characterization in 
terms of electromagnetic properties is vital and crucial for an 
effective and efficient design of high frequency devices and, 
more in general, 3D structures. Suppliers quite often skip this 
kind of characterization, and designers must rely on some on-
line scattered values with unverified reliability. Few previous 
works studied the behavior of the electrical permittivity of SU-8 
in a broad frequency span. A first paper reports the data in the 
frequencies 1-4 GHz by using a resonant ring structure in a 

micro-strip configuration [7]; a second one used a conductor 
backed CPW [8] for conducting this analysis, with reliable 
results between 5 GHz to 50 GHz; in a third one a micro-
machined strip line is buried by SU-8 [9] to extract its 
characteristic impedance, propagation constant and, by them, to 
derive the dielectric constant of the polymer. In this work, we 
characterized in terms of propagation constant and impedance 
[10-11] a set of 16 different CPW lines and 15 different T-
shaped resonators (CPW lines with in parallel an open-ended 
stub [12]). S-parameters are acquired between 1 GHz and 40 
GHz, 801 points, by ground-signal-ground (G-S-G) RF probes 
directly on-wafer. Data are then processed to extract the a priori 
unknown electrical permittivity of the SU-8. In this way, we are 
able to extract the dielectric constant of SU-8 in a broadband 
range, and to verify the variation of the electromagnetic 
properties of the polymer after aging (12 years). The polymer 
aged still in liquid form, unprocessed, conserved in his original 
bottle and maintained in clean-room environment. This is very 
useful in view of the implementation of RF configurations 
implying SU-8 MEMS technology for both device and 
packaging purposes. The knowledge of material aging, and the 
correspondent change in dielectric properties and frequency 
matching of the devices manufactured on top of it, is a key factor 
especially for determining suitable space applications, where the 
change of material properties could result in big issues for the 
electrical response of devices based on the chosen technology. 
Polymers were typically avoided in some applications because 
of out-gassing phenomena, leading to leakage in case of 
hermetic packaging requirements for long-term performance. 
Moreover, plastic materials could be not stable over the years, 
and material properties can change. On the other hand, well-
established protocols could fail in having a precise 
determination of the material aging, because they are normally 
based on thermal treatments and extrapolations from short-term 
heating and thermal shock procedures. In this work, we had the 
opportunity to characterize materials distinguished only by the 
age, but preserved in the same Laboratory, with controlled 
temperature and humidity boundary conditions, over the years. 
For the above reasons, the work is not systematic, as we had no 
SU-8 purposely aged for this study following a pre-defined 
strategy, but we guess it is in any case an important result to 
show the modifications introduced by natural aging, without any 
other worsening factor for the electrical performances. The 



paper is organized as follows: after this introduction, in Sec. II 
we describe the methodology adopted for this research, 
including theoretical main aspects. Then, in Sec. III we describe 
the experiments and discuss the results. In the end, conclusions 
are drawn. 

II. METHODOLOGY 

A. Theoretical approach 
In this paper, for brevity, we do not recall the complete 

mathematical formulation adopted. For a complete review, the 
reader can refer to works [10] and [11]. The logical scheme 
describing the procedure for calculating the dielectric constant 
of the SU-8 layer is as follows: 1) acquire S-parameters as 2-
ports data on the test devices by broadband (1-40 GHz) on wafer 
measurements; 2) by using matrix transformation, we are able to 
compute the propagation constant k jβ α= −  on the 
transmission lines and to extract the resonant frequency fr for 
each T-resonator; from the extracted  (phase constant) it is 
calculated the effective dielectric constant eff of the line (in the 
broadband regime), while from fr  the eff is determined precisely 
at the resonant frequency; 3) in the end, by inverting design 
formulas on CPW [13] and T-resonator, the unknown dielectric 
constant r-SU8 of the polymeric layer is derived. 

B. Test devices 
The devices are realized by standard photolithography: 

starting from a high resistivity 4-inch Silicon wafer, 525 μm 
thick, we then deposited a 25 μm thick SU-8 2000 layer; in the 
end the metallization of the lines and resonators is patterned. By 
using the CPW lines we are able to process the data in a 
broadband regime, while the different resonances, characteristic 
of the T-geometries, allows us a more stable data on particular 
frequencies to be used for a later best fitting procedure. We 
realized two different test cases: in the first one, very aged SU-
8 (12 years) was processed and used as substrate for the above 
devices; in a second run the same geometries are realized on 
fresh SU-8, just shipped by the company. In Fig. 1 the layout of 
the test devices is presented, and in Tab. I, the three geometrical 
parameters of the four different lines are listed. For each 
typology, we have the first line 10 mm long, the second line 11 
mm long and the third one 12 mm. Having three lines with 
different length allows us the application of the differential 
analysis method presented in [9]. Regarding the T-stub 
resonator, the lengths of the stubs are designed as 3 mm, 4 mm, 
5 mm, 7 mm, except for the Type 4 lines, where we used 6 mm, 
7 mm and 9 mm. The expected resonances, i.e. S21 = 0 ideally, 
obey the following equation: 

 (1)

Where, n is the resonance order, c0 is the speed of light in 
vacuum, lstub is the physical length of the shunt stub, and eff is 
the effective dielectric constant of a two-layered ungrounded 
CPW line, as in [12,13].  

 

 
Fig 1. Layout of the test devices: from left to right, grouped in columns, Type 1, 
2, 3, and 4 respectively lines geometry: transmission lines above and T-
resonators below.  
 

TABLE I. Geometrical parameters of the lines grouped by typology (the table 
reports the width of the signal line, the air gap between signal line and lateral 
ground planes and the width of the ground planes) 

 Type 1 Type 2 Type 3 Type 4 
w_signal 90 μm 100 μm 120 μm 250 μm 

w_gap 25 μm 30 μm 40 μm 100 μm 
w_ground 700 μm 800 μm 800 μm 1200 μm 

 

 
Fig 2. Photo of the processed wafer, test case 1. 

III. EXPERIMENT AND DISCUSSION OF RESULTS 
After the completion of both wafers, in Fig 1 is displayed 

test case 1 (test case 2 is visually identical), we started 
measuring each device on each wafer. In total, we have a set of 
54 2-port measurements. The comparison of the dielectric 
constant values between fresh and aged SU-8 related to the 
transmission lines is depicted in Fig. 3. Due to a known 
limitation of the methodology, having designed short 
transmission lines, in the low frequency regime (below 5 GHz), 
the information of the dielectric constant is not accurate. We 
can compensate this inaccuracy by the analysis of the behavior 
of the resonators. 

Type 1 Type 2 Type 3 Type 4 



 
Fig 3. Extracted dielectric constant from the analysis of the transmission lines. 

Regarding the data coming out by the analysis of the T-
resonator, we identified clearly the first two resonances, 
respectively around 5.890 GHz and 17.970 GHz. By inverting 
the design equation from [11], with a physical length of the stub 
of 7 mm, we obtain the following data: 

• r SU-8 fresh 3.4, SU-8 aged 3.8 @ 5.8 GHz 
• r SU-8 fresh 3.2, SU-8 aged 3.3 @ 17.9 GHz 

For a better understanding of what does it mean in terms of 
electrical performances of a planar device manufactured on a 
layer of thick SU-8, we can say, first of all, that such a change 
in the dielectric constant can cause a change in the characteristic 
impedance around Z 1 ohm, and a corresponding variation of 
the return loss in the order of 3 dB. 

Looking to the frequency changes induced in a resonator, 
which is the most sensitive device to the dielectric constant 
modifications, we can also write, by using the definition of 
resonant frequency or from the cut-off: , which 

corresponds to  1.05 @ 5.8 GHz and 1.01 @ 
17.9 GHz. This simple computation gives evidence for a less 
critical aging contribution at higher frequencies, even if a 
change of 1% at 20 GHz means a not negligible 200 MHz shift. 

To complete the characterization, we proceed further in the 
analysis of the losses. We want to verify if aging process 
changes in a noticeable way the microwave losses of the 
polymer. This parameter is also interesting for designers, who 
would like to know how the substrate changes in time, and for 
system engineers, to predict the whole RF system evolution. By 
a direct comparison of the S21 parameter, or Insertion Loss (IL), 
measured between linear section of transmission lines, we can 
observe, Fig. 4, that is evident that aged SU8 is more lossy than 
fresh one in the whole frequency range analyzed. In this result, 
we are comparing 10 mm length lines, and we can summarize 
the observed difference of losses (see selected marker in 
figure): 

• +0.038 dB IL at 5 GHz (+2.6% losses) 
• +0.078 dB IL at 10 GHz (+4% losses); 
• +0.102 dB IL at 15 GHz (+5% losses); 
• +0.17 dB IL at 20 GHz (+8% losses); 
• +0.036 dB IL at 25 GHz (+1% losses); 
• +0.641 dB IL at 30 GHz (+22% losses). 

Regarding the data at 30 GHz, and above this frequency, the 
results start to be influence by field leakage effects (radiation in 
free space), because the length of the lines is now comparable 
with a significant fraction of the wavelength. For this reason, in 
principle, we should shield all metallic equipment in the nearby 
of the wafer under test: mainly the RF probes chassis and the 
RF probe micro-positioners, 

 

 
Fig 4. Comparison of losses on a unitary length line (10 mm) between aged and 
fresh SU-8. 

IV. CONCLUSIONS 
The characterization of the aging of the SU-8 polymer has 

been performed by using it as primary layer for CPW lines and 
T-resonators in two different wafer run. By measuring the 2-
ports S-parameters of the different test structures we calculated 
the dielectric constant of the polymer and by comparison of the 
same structures on different wafers we verified the change in 
dielectric constant. From a complete analysis, we can observe 
that very aged SU-8 seems to have a slightly higher dielectric 
constant in broadband situation, probably due to very slow 
drying process experienced by the material during the natural 
aging. This condition is similar also regarding microwave losses 
induced by the polymer; in fact, the aged one seems to be more 
lossy with equal geometry, on average by 5% between 5 and 20 
GHz. The possibility to use a naturally aged material, preserved 
in controlled environment over the years gives a prediction free 
from any extrapolation about the possible long-term utilization 
of such a polymer without using specific thermal treatments. In 
particular, a clear indication about the possibility to use SU-8 
even after 10 years ca. without critical changes in the electrical 
performances of microwave planar devices is given.  

REFERENCES 
[1] A. Bertsch, P. Renaud, “Special Issue: 15 Years of SU8 as MEMS 

Material”, Micromachines, Vol. 6, No. 6, 2015. 
[2] H. Lorenz, M. Despont, N. Fahrni, N. La Bianca, P. Vettiger, P. Renaud, 

“SU-8: A low-cost negative resist for MEMS”, Journal of Micromechanics 
and Microengineering, Vol. 7, No. 3, 121-124, 1997. 

[3] E. H. Conradie, D. F. Moore: “SU-8 thick photoresist processing as a 
functional material for MEMS applications”, Journal of Micromechanics 
and Microengineering, Vol. 12, No. 4, 368, 2002.J. C. Doll, N. Harjee, N. 
Klejwa, R. Kwon, S. M. Coulthard, B. Petzold, M. B. Goodmanc. B. L. 
Pruitt, “SU-8 force sensing pillar arrays for biological measurements”, Lab 
on Chip, Vol, 9, No. 10, 1449-1454, 2009. 



[4] R. Marcelli, S. Catoni, L. Frenguelli: “Low Loss Coplanar Lines on Low 
Resistivity Silicon by SU-8 Thick Negative Photoresist”; 28th International 
Semiconductor Conference, IEEE CAS 2005, October 3-5, 2005, Sinaia. 

[5] A. Lucibello, E. Proietti, F. Giacomozzi, R. Marcelli, G. Bartolucci, G. De 
Angelis: “RF MEMS Switches Fabrication by using SU-8 Technology”, 
Microsystem Technology, Vol. 6, No. 6, 929-936, 2013. 

[6] J. M. Dewdney, J. Wang, “Characterization the microwave properties of 
SU-8 based on microstrip ring resonator”, IEEE Wireless and Microwave 
Technology Conference, 2009. WAMICON '09, April 20-21, 2009. 

[7] F. D. Mbairi, H. Hesselbom, “High frequency design and characterization 
of SU-8 based conductor backed coplanar waveguide transmission lines,” 
International Symposium on Advanced Packaging Materials: Processes, 
Properties and Interfaces 2005, March 16-18, 2005. 

[8] R. Osorio, M. Klein, H. Massler, J. G. Korvin, “Micromachined Strip Line 
with SU-8 as the Dielectric”, Gallium Arsenide applications symposium. 
GAAS 2003, 6-10 October 2003, Munich. 

[9] J. A. Reynoso-Hernández, C. F. Estrada-Maldonado, T. Parra, K. Grenier, 
J. Graffeuil, “An Improved Method for the Wave Propagation Constant  
Estimation in Broadband Uniform Millimeter-Wave Transmission Line”, 
Microwave and Optical Technology Letters, Vol. 22, No. 4, 268-271, 1999. 

[10] J. Hinojosa, K. Lmimouni, S. Lepilliet, G. Dambrine, “Very High 
Broadband Electromagnetic Characterization Method of Film-Shaped 
Materials using Coplanar”, Microwave and Optical Technology Letters, 
Vol. 33, No. 5, 352-355, 2002. 

[11] R. L. Peterson, R. F. Drayton, “A CPW T-Resonator Technique for 
Electrical Characterization of Microwave Substrates”, IEEE Microwave 
and Wireless Components Letters, Vol. 12, No. 3, 90-92, 2002. 

[12] R. N. Simons, “Coplanar Waveguide Circuits, Components and Systems”, 
Wiley-Interscience, 2001. 

[13] S. S. Gevorgian, “Basic characteristics of two layered substrate coplanar 
waveguides”, Electronics Letters, Vol. 30, No. 15, 1236-1237, 1994. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


