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Abstract — The current trend in silicon photovoltaics towards
high-quality thin mono-crystalline silicon substrates makes the
accurate representation of surface recombination of utmost
importance. It has been shown by several authors that an
effective way to study detrimental defects in silicon wafers is by
means of temperature and injection dependent lifetime
spectroscopy (TIDLS) coupled with the Shockley—Read—Hall
recombination model. Given its high sensitivity this is an
excellent technique to study high lifetime substrates. However, a
thorough evaluation of the surface recombination velocity (SRV)
dependence on injection level and temperature is vital to the
extrapolation of meaningful results regarding the defects
contained in the bulk of the material. Here, we present a TIDLS
study of a-Si:H(i), a-Si:H(n) and a-Si:H(p) deposited on n-type
low-resistivity FZ substrates. We evaluate the impact of every
dielectric layer on the total SRV temperature- and injection
dependence while demonstrating its fundamental role in T
behavior of high-quality Si substrate.

Index Terms — passivation, photoconductance, TIDLS,
amorphous silicon, silicon.

I. INTRODUCTION

In the last few years research on silicon photovoltaics has
strongly shifted toward high-quality mono-crystalline silicon
material fueled by the need of continuously pushing the
efficiency/costs ratio. Particular attention has been given to n-
type silicon which presents the obvious advantage over p-type
material of being free of boron atoms and thus metastable
defects such as B-O and Fe-B. The activity of these
complexes are known to strongly downgrade the final device
performance [1]-[4].

As the quality of PV silicon increases, the surface
passivation quality of the substrate gains more and more
relevance as its impact on the overall device performance is
greatly augmented when compared to low-quality material.
During the last decades, several passivation technologies have
been developed as an alternative to the originally established
SiO, in the attempt to eliminate the high-temperature step
needed for the activation of this dielectric material. The
oxidation process usually performed at temperatures above
900 °C is known to severely degrade the bulk lifetime of
silicon samples [5]. Among these technologies the most

978-1-5090-2724-8/16/$31.00 ©2016 IEEE

important are SiNy, Al,O; and a-Si:H(i), with the first two
owing their effect mainly to field effect passivation from the
presence of fixed charges (positive for SiNy and negative for
Al,O3) [6]-[7] and the last one providing excellent passivation
thanks to the superior electrical quality of the interface with c-
Si due to the chemical passivation of dangling bonds provided
by the hydrogen atoms [8]-[10].

The surface recombination velocity (SRV) is usually
considered a figure of merit for the assessment of the overall
quality of the passivation achieved by the dielectric layer,
which includes the effect of chemical as well as field-effect
passivation. Cell performance is known to vary with operating
temperature and light intensity, but little is known on the
fraction originating from variation in surface passivation
properties. In this work we determine the SRV dependence
for different passivation schemes on both temperature and
injection level which we predict is crucial for an accurate
understanding of the overall effective lifetime.

II. EXPERIMENTAL
A. Sample preparation

We used n-type (100) PV FZ wafers with a resistivity of
2.8 Q-cm. The substrates were subjected to typical cleaning
steps including RCA-b, Piranha and BOE solutions. Two
series of samples with different thicknesses (150—-250 nm)
were obtained by subsequent etching into a mixture of
hydrofluoric, nitric and acetic acid. The substrates were then
double-side coated with 50 nm of a-Si:H(i) by plasma-
enhanced chemical vapor deposition (PECVD) at 250 °C.
Samples were annealed in a muffle furnace in air at 280 °C
for 30 minutes. After a first cycle of lifetime measurements
the samples were subjected to a new cleaning procedure
before a second 10-nm-thick layer of either a-Si:H(n) or a-
Si:H(p) was deposited on both sides by PECVD, on top of the
a-Si:H(i) layer; no further annealing was applied.

B. Characterization

Temperature- and injection-dependent lifetime
spectroscopy (TIDLS) measurements were performed with a
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WCT-120TS Sinton lifetime tester [11]. The version used in
this work is equipped with a heating stage which allows to
acquire the lifetime vs injection curves in a range of
temperature going from room temperature to 230 °C. All the
measurements are made in transient mode and averaging over
20 data points to improve the signal-to-noise ratio..

III. RESULTS AND DISCUSSION

The SRV values are obtained in this work by applying the
wafer thickness wvariation method [12] on a series of
chemically-thinned wafers. For double-side a-Si:H(i) coated
samples with a minority carrier diffusion length greater than
the sample width (W), and for sufficient low SRV, we can
express relationship of the effective lifetime z; to the bulk
lifetime 7, as[13]

1 1 2SRV
—=— ®

Terf  Thulk w

Hence, the contribution of bulk recombination and SRV can
be separated by measuring the lifetime on samples with
varying thickness.

A. Passivation provided by a-Si:H(i) layer

The effective lifetime is measured for all the samples
between 25 and 230 °C, with steps of 10 °C. Every measure is
taken in the transient mode and is averaged over 20
acquisitions. Results are shown in Fig. 1 for the 250-pm-thick
sample. All the other samples show a similar behavior
although 7.4 is found to change with the samples thickness
according to Eq. 1.
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Fig. 1.  Effective lifetime as function of injection level at different
temperatures with a step size of 10 °C for the 250-um-thick wafer
coated with only a-Si:H(i) layer.
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The resulting 7, is plotted as a function of temperature for
three different injection levels in Fig. 2, for the same sample
coated with a-Si:H(i).
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Fig. 2.  Effective lifetime as function of temperature for three
different injection levels for one of the samples analyzed with only
a-Si:H(i) as passivation layer.

The effective lifetime is found to decrease substantially as
the temperature increases for injection levels below 10'® cm™
above which the lifetime is limited by the Auger
recombination at all temperatures.

By measuring the effective lifetime of wafers with different
thicknesses and following Eq. 1 we can extrapolate the
surface recombination velocity at each injection level and
temperature from the linear fit of data. An example of the
results obtained with this method is shown in Fig. 3 using six
samples with a thickness in the range 250—150 um passivated
with 50 nm of a-Si:H(i) at 100 °C.
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Fig.3. Inverse of effective lifetime plotted vs. the inverse of
thickness for extrapolation of SRV from the fit of data at each
injection level and temperature, here at 100 °C for samples coated
with a-Si:H(3).
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Fig. 4.  Surface recombination velocity as function of temperature
at three different injection levels for samples coated with a-Si:H(i).

The resulting SRV for the same three selected injection
level values as shown in Fig. 2 at temperatures across the
range 30 — 230 °C with a step size of 10 °C for samples
coated with a-Si:H(i) is shown in Fig. 4. An outstanding
surface recombination velocity is obtained with SRV below
0.5 cm/s at room temperature—to our knowledge this
represents the best passivation provided by amorphous silicon
on n-type substrates reported up to date. The SRV is found to
increase as the temperature rises above 120 °C but remains
lower than 5 cm/s in the whole temperature and injection
level ranges. We think this trend originates from the
decrement of Fermi level position with temperature which
leads to the activation of a defect contained in the passivation
layer. The correct position of the defect level within the
bandgap and its very nature is currently a matter of
investigation.

B. Passivation by a-Si:H(i)/a-Si:H(n) layer stack

As in real devices such as silicon heterojunction solar cells
(SHJ) the intrinsic a-Si:H layer is always coupled to a doped
a-Si:H layer working as a carrier-selective contact, we
proceeded with the deposition of a 10 nm thick layer of a-
Si:H(n) with an estimated doping density of 10" em™ (100
Q-cm from dark IV measurement) on top of the same samples
used for the first part of this work. It must be noticed that the
layers thicknesses don’t correspond to those used in real
devices but were chosen to provide a better temperature
stability.

According to our understanding, the shift of Fermi level
towards higher values due to the n-type doping of the
additional layer should delay the activation of the defect level
as the temperature rises, and lead to a shift in the temperature
threshold at which the SRV starts to increase.
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We observed a SRV now consistently below 1 cm/s for the
whole range of temperatures and at all injection levels (data
above the injection level of 10'° cm™ are not shown but they
are below the 1 c/s threshold) (Fig. 5). This could mean that
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Fig. 5. Surface recombination velocity as function of temperature
for two different injection levels for samples coated with the
passivation stack a-Si:H(i)/a-Si:H(n).

the postulated shift of temperature threshold at which the
SRYV starts to increase is so substantial that it is above 230 °C
and hence no increment in the SRV can be observed.

C. Passivation by a-Si:H(i)/a-Si:H(p) layer stack

We attempt to test this hypothesis by coating samples with
a a-Si:H(p) layer which should affect the SRV in the opposite
way, leading to an activation of the defect level at a lower
threshold temperature. We prepared a second thickness series
of 250- to 150-um-thick wafers following the same procedure
as the first one. An initial evaluation of z,;and SRV with only
the a-Si:H(i) coating showed the same trends as for the first
sample set. This time we deposited an additional 10-nm-thick
a-Si:H(p) layer (18,000 Q-cm from dark IV measurement).
Following the method described above we extrapolated the
SRV at every injection level and temperature. The results are
shown in Fig. 6.

Despite a general decrement of the absolute SRV values
and stronger scattering in the, we observe a similar increment
happening at 120 °C as seen in Fig. 4 for samples passivated
only with a-Si:H(i). We think this result to be due to the very
low doping level of the additional a-Si:H(p) layer which is not
sufficient to induce a shift in Fermi level position, as observed
for the n-doped a-Si:H and thus didn’t influence the energy
threshold at which the defect level is activated.
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Fig. 6. Surface recombination velocity as a function of
temperature for three different injection levels for samples coated
with the passivation stack a-Si:H(i)/a-Si:H(p).

IV. CONCLUSIONS

The surface recombination velocity dependence on
temperature and injection level of several passivation schemes
was evaluated via the analysis of a chemically-thinned series
of high quality n-type FZ c-Si samples. Very high level of
passivation was demonstrated with a double-side 50 nm a-
Si:H(i) layer coating alone, whereas a better temperature
stability was provided by the addition of a 10 nm a-Si:H(n)
layer on both surfaces; we attribute this behavior to a Fermi
level shift provided by the doped layer preventing the
activation of a defect level contained in the passivation layer.

On the other hand, the additional a-Si:H(p) coating did not
modify the SRV trend with temperature compared to just the
a-Si:H coating. We think that the doping in the a-Si:H(p) is
not sufficient to induce a significant shift in the Fermi level
position in the intrinsic layer and promote the expected
activation of defect levels at a lower threshold temperature
than for a a-Si:H(i) coating. Further investigation will provide
a better insight of these results.

This work proves that SRV temperature- and injection-
dependence varies greatly among different passivation layers.
The dependence of SRV on temperature and injection level
can’t be ignored when analyzing high-quality substrates as its
signature could hinder the contribution coming from the bulk.
We predict that for an adequate modeling of TIDLS data, the
extrapolation of the bulk lifetime will then be crucial for an
accurate characterization of lifetime-limiting defects.

978-1-5090-2724-8/16/$31.00 ©2016 IEEE

ACKNOWLEDGEMENTS

The authors would like to thank Dr. R. Sinton for technical
support and fruitful discussions; Dr. M. Boccard, S.
Herasimenka for their help with samples preparation. This
material is based upon work primarily supported by the
Engineering Research Center Program of the National
Science Foundation and the Office Energy Efficiency and
Renewable Energy of the Department of Energy under NSF
Cooperative Agreement No. EEC — 1041895. Any opinions,
findings and conclusions or recommendations expressed in
this material are those of the author(s) and do not necessarily
reflect those of the National Science Foundation or
Department of Energy.

REFERENCES

[1] K. Bothe, and J. Schmidt, “Electronically activated boron-oxygen-
related recombination centers in crystalline silicon”, Journal of
Applied Physics, vol. 99, 013701 (2006).

[2] J. Libal, S. Novaglia, M. Acciarri, S. Binetti, R. Petres, J.
Arumughan, R. Kopecek, A. Prokopenko, “Effect of
compensation and of metallic impurities on the electrical
properties of Cz-grown solar grade silicon”, Journal of Applied
Physics, vol. 104, 104507 (2008).

[3] G. Zoth, and W. Bergholz, “A fast, preparation-free method to
detect iron in silicon”, Journal of Applied Physics, vol. 67, 6764
(1990).

[4] D. H. Macdonald, L. J. Geerligs, and A. Azzizi, “Iron detection in
crystalline silicon by carrier lifetime measurements for arbitrary
injection and doping”, Journal of Applied Physics, vol. 95, 1021
(2004).

[5] M. J. Stocks, A. Cuevas, A.W. Blakers, “Multicrystalline silicon
solar cells with low rear surface recombination”, Proceedings of
the 14™ European Photovoltaic Solar Energy Conference,
Barcelona, pp. 770-773 (1997).

[6] C. Leguijt, P. Lolgen, J. Eikelboom, and A. Weeber, “Low
temperature surface passivation for silicon solar cells”, Solar
Energy Materials and Solar Cells, vol. 40, 297-345 (1996).

[71 R. Hezel, K Jaeger, “Low-temperature surface passivation of
silicon for solar cells”, J. Electrochem. Soc., vol. 136, 518-523
(1989).

[8] J. I. Pankove, M.L. Tarng, “Amorphous silicon as a passivant for
crystalline silicon”, Applied Physics Letters, vol. 34, 156 (1979).

[9] S. Dauwe, J. Schmidt, and R. Hezel, “Very low surface
recombination velocities on p-and n-type silicon wafers
passivated with hydrogenated amorphous silicon films”,
Proceedings of the 29" IEEE Photovoltaic Specialists
Conference, New Orleans, Louisiana, USA, pp. 1246-1249
(2002).

[10] S. Olibet, E. Vallat-Sauvain, and C. Ballif, “Model for a-SiH_c-
Si interface recombination based on the amphoteric nature of
silicon dangling bonds”, Physical Review B, vol. 76 (3), 035326
(2007).

[11] www.sintoninstruments.com

[12] E. Yablonovitch, D. L. Allara, C. C. Chang, T. Gmitter, and T. B.
Bright, “Unusually low surface-recombination velocity on silicon
and germanium surfaces”, Phys. Rev. Lett., vol. 57, 249 (1986).

[13] A. B. Sproul, “Dimensionless solution of the equation describing
the effect of surface recombination on carrier decay in
semiconductors”, Journal of Applied Physics, vol. 76, 2851
(1994).

2866



[14] A. Richter, S. Glunz, F. Werner, J. Schmidt, and A. Cuevas,
“Improved quantitative description of Auger recombination in
crystalline silicon”, Physical Review B 86, 165202 (2012).

[15] W. Shockley and W. T. Read, “Statistics of the Recombinations
of Holes and Electrons”, Physical Review vol. 87, 835 (1952).

[16] R. N. Hall, “Electron-Hole Recombination in Germanium”,
Physical Review vol. 87,387 (1952).

[17] P. P. Altermatt, F. Geelhaar, T. Trupke, X. Dai, A. Neisser, and
E. Daub, “Injection dependence of spontanecous radiative
recombination in crystalline silicon: Experimental verification
and theoretical analysis”, Applied Physics Letters vol. 88, 261901
(2006).

[18] D. H. Macdonald and L. J. Geerligs, “Recombination activity of
interstitial iron and other transition metal point defects in pp- and
nn-type crystalline silicon”, Applied Physics Letters, vol. 85,
4061 (2004).

978-1-5090-2724-8/16/$31.00 ©2016 IEEE

2867




<<
  /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


