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Abstract—We present a physical model for hot-carrier degra-
dation (HCD) which is based on the information provided by the
carrier energy distribution function. In the first version of our
model the distribution function is obtained as the exact solution
of the Boltzmann transport equation, while in the second one
we employ the simplified drift-diffusion scheme. Both versions
of the model are validated against experimental HCD data in
nLDMOS transistors, namely against the change of such device
characteristics as the linear and saturation drain currents. We
also compare the intermediate results of these two versions, i.e.
the distribution function, defect generation rates, and interface
state density profiles. Finally, we make a conclusion on the vitality
of the drift-diffusion based version of the model.

Index Terms—hot-carrier degradation, nLDMOS, spherical
harmonics expansion, drift-diffusion scheme

I. INTRODUCTION

Although hot-carrier degradation (HCD) is known to be
one of the most important reliability concerns in modern
microelectronic devices [1], the full physical picture behind
this detrimental phenomenon is very complicated. As a result,
predictive modeling of HCD is difficult and very often sim-
plified empirical/phenomenological approaches are used [2].
This is because — depending on the applied stress voltages —
HCD can be driven by “hot” or “colder” carriers, which trigger
the single- and multiple-carrier mechanisms of Si-H bond
dissociation [3]-[6]. The rates of these competing processes
are determined by the carrier energy distribution function
(DF). To obtain this DF one needs to solve the Boltzmann
transport equation, which is computationally quite demanding
[7]. As a result, the most dramatic simplification which is
often made in HCD models is to avoid the thorough evalu-
ation of the carrier energy distribution function and to use,
instead, some empirical parameters based on the macroscopic
device characteristics [8]-[11]. However, as we have recently
demonstrated, a comprehensive HCD model needs to be based
on a proper carrier transport treatment [5]. Therefore, these
simplified approaches are not predictive when the transition
from accelerated hot-carrier stress to real operating condition
results in a change of the dominant physical mechanism of
HCD.

The situation becomes even more dramatic in the case of
an LDMOS transistor, which has a sophisticated architecture
(including the bird’s beak and curved interface, see Fig. 1) and
high operating voltages, which makes a proper treatment of
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Fig. 1: The schematic representation of the near-interface section of the
nLDMOS with all the characteristic sections labeled.

carrier transport challenging. Furthermore, as recently shown
by our group [12], both the single- and multiple-carrier bond-
breakage process have to be considered even for such a large
device to properly capture the degradation, thus making the
predictive modeling a challenging task. At the same time, the
LDMOS device is very attractive for mixed-signal integrated
circuits and high-voltage automotive applications [13], and
thus predictive modeling of HCD in these transistors is of great
importance. We present an HCD model based on a thorough
solution of the Boltzmann transport equation by means of the
spherical harmonics expansion (SHE) approach as well as a
simplified version which relies on “classical” drift-diffusion
(DD) simulations and check the limits of this approach.

II. EXPERIMENT

Experiments are performed using nLDMOS transistors fab-
ricated in a 0.35 um process (the device is sketched in Fig. 1)
which were subjected to hot-carrier stress with six different
combinations of drain and gate voltages Vs, Vs (i.€. at Vg
=20V and Vg = 18, 20, 22V; V4 = 20V; Vg = 1.2, 1.5,
2.0 V) at room temperature for ~1 Ms. The Si/SiO; interface
length is ~3.4 ym, while the gate length is ~2.5 ym. To assess
HCD, the change in the linear drain current Al ji, (at Vg =
0.1V and Vs =2.4V) and saturation drain current Aly g¢ (at
Vis = 10V and Vs = 3.6 V) was recorded as a function of
stress time (Alq in(t) and Al (). Note that we consider
the normalized (to the value typical for the pristine transistor)
change of these quantities.

III. MODEL DETAILS

Our HCD model consolidates three main sub-modules:
carrier transport treatment, a description of the microscopic
mechanism of defect generation, and modeling of the degraded
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Fig. 2: Comparison of DFs from the DD-based model with those obtained
from ViennaSHE for stress voltages: Vgs = 20V, Vgs = 2V, calculated near
the drain, bird’s beak and channel regions.

devices [5], [6]. The model is implemented in the determin-
istic Boltzmann transport equation solver ViennaSHE [14].
ViennaSHE evaluates the carrier DFs for the given device
structure and defined stress/operating conditions, see Fig. 2.
The transistor architecture is obtained using the Sentaurus
Process simulator [15]. Since the carrier DFs are sensitive to
the device doping profiles, the process and device simulators
are calibrated in a coupled manner to reproduce the charac-
teristics of the fresh nLDMOS. It is important to emphasize
that even a simplified DD approach to the Boltzmann transport
equation solution can be computationally challenging in such
a device as the nLDMOS. For instance, this transistor has
high doping gradients in the vicinity of the Si/SiO5 interface,
while near the bulk electrode, the doping is almost constant.
As a result, a highly adaptive meshing is needed. For this
purpose, we used the ViennaMesh [16] framework which
generates meshes using the built-in potential, see Fig. 3.
The mesh thus generated has a fine resolution in important
regions, and sufficiently low density in less important areas
so that all the vital characteristics of the device are captured
at reduced computational cost. The HCD model incorporates
such important ingredients as the self-consistent consideration
of single- and multiple-carrier mechanisms of Si-H bond-
breakage, the reduction of the bond rupture activation energy
due to the interaction of the dipole moment of the bond with
the electric field, and statistical fluctuations of this energy.
The rates of both the single- and multiple-carrier process are
determined by the carrier acceleration integral [5], [6]:

fﬁch F©)9(E(E)one — en)Pde, (1)

where f is the carrier energy DF, ¢ the density-of-states, v(e)
the carrier group velocity, and oo (g — &4, )P the reaction cross
section. The product f(E)g(E)v(FE) represents the number
of carriers impinging on the interface per unit time and per
unit area, while the reaction cross section determines the
probability that this particular particle from the ensemble was
successful to dissociate the bond.

The idea to avoid the computationally expensive SHE simu-
lations and employ instead the simplified DD scheme appears
to be very attractive, especially in the case of an nLDMOS

transistor [17]. We estimate the DFs from the DD solution
using the analytical expression (2) [18]

b
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where kp is the Boltzmann constant, and 7,, the carrier
temperature. The parameters of the DF are determined using
information on the moments of the Boltzmann transport equa-
tion, i.e the local carrier concentration and carrier temperature,
see (3). The electric field profile F(z) from DD-simulations,
for the given stress voltages, is used to find the carrier
temperature, T'(z), according to:

f(e) = Aexp kBETn

+ Cexp [— } , 2

T,=To+ 5P, )
where 77, is the lattice temperature, ¢ the modulus of the elec-
tron charge, and 7 the energy relaxation time. The parameters
of the DF are then obtained from the solution of the following
set of integral equations:

| e =n @
/00 ef(e)g(e)de = §nkBTn 3
o 2

/0 fle)de = 1. (6)

To describe the bond dissociation kinetics we use a trun-
cated harmonic oscillator model of the Si-H bond [3]-[6]. We
consider all possible superposition of the single- and multiple-
carrier processes of the bond dissociation. The rates of the
multiple-carrier process are modeled as

P, = Ivic + we exp[—hw/kBTL], (7)
Py = Iuc + we, 3

where P,, P; are bond excitation/deexcitation rates, we 1S
the oscillator vibrational frequency, while hw is the distance
between the oscillator levels.
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Fig. 3: The adaptive meshing tool, ViennaMesh, modulates the mesh density
based on the built-in potential. The mesh is fine near the Si/SiO2 interface
and coarse in the Si bulk.
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We assume that the bond-dissociation event can occur from
any oscillator level with the corresponding rate:

R, ; = wwexp|—(E, — E;)/ksTy] + Alsc,i, 9)

where the first term corresponds to the thermal activation of the
hydrogen atom over the potential barrier between the bonded
state and the transport mode, while the second term represents
the effect of hot carriers. The cumulative bond-breakage rate
is calculated as a sum of the rates from all particle levels
weighted with the corresponding occupation numbers:

1 P,
Ro= 1 ;Ra,i <Pd> .

As for the rate of the bond passivation reaction R, for the sake
of simplicity, we model this process as a thermal activation
over the barrier E, with the corresponding attempt frequency
Vp:

P

(10)

(11)

The solution of the equation set describing the bond passi-
vation/depassivation processes leads to an analytic expression
for the interface state density (12):

§Rp =UVp exp(—Ep/kBTL).

v VEATNRT, - (1) R
v R, L+ f(t) 2R,
() = Y R2/4+ NoRa R, — R /2 (12)

= X
VRZ/4+ NoRoRp, + Ra/2

X exp (—2t R2/4+ N0§Ra§Rp> .

The interface state density profiles Nj(z) computed for each
stress time step are then loaded to the device simulator
MiniMOS-NT [19] to simulate the degradation traces of the
device characteristics (Alq iy and Al gat).

IV. RESULTS AND DISCUSSION

Fig. 2 presents a family of DFs simulated for Vgs = 20V
and Vi = 2.0V using the SHE- and DD-based versions of
the model. The DFs are plotted near the drain, near the bird’s
beak, and in the channel. The two former ones are severely
non-equilibrium, while the latter one is almost Maxwellian.
The DFs obtained using the DD-based approach agree well
with those obtained with ViennaSHE. A small discrepancy
is visible at high energies in the drain region. At these high
energies, however, DF values drop by more than 20 orders
of magnitude and this discrepancy does not transform into a
significant error in the model. To prove this we also plot the
acceleration integral for the single-carrier process (Fig. 4) and
N (x) profiles (Fig. 5). Figs. 4,5 show that the acceleration
integrals and the Nj(x) profiles evaluated using the SHE- and
DD-based approaches are very similar. The hot carriers near
the drain, see Fig. 2, lead to saturation of both the single- and
multiple-carrier processes, thus producing the Nj; peak at the
drain region. The peak in the bird’s beak region is due to the
single-carrier process alone, while the third /NV;; maximum in
the channel at x ~2.8 um is a result of the common action of
the multiple-carrier process of the bond dissociation and the
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Fig. 4: The acceleration integrals calculated from the DFs obtained from the
DD-based model and ViennaSHE for Vg = 20V, Vgs =2 V.
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Fig. 5: The interface state densities obtained from the DD-based model and
ViennaSHE for Vgg =20V, Vg =2V at 10s and 1 Ms.

interaction of the dipole moment of the bond with the electric
field [12].

The normalized experimental changes of the linear and
saturation drain currents plotted vs. the theoretical ones are
shown in Fig. 6 for a fixed Vs = 2.0 V and a series of three Vg
equal to 18, 20, and 22 V. One can see that agreement between
experiment and the model is very good. It is important to
emphasize that the Al in(t) and Alg g¢(t) curves obtained
with the SHE- and DD-based versions of the model are almost
the same within the whole experimental time window and
that the DD-version can be used for predictive simulations of
HCD. To prove this, we also plot normalized current changes
simulated with the DD-model, without any additional tuning
with the SHE-based model, for fixed V35 = 20V and three
different Vs = 1.2, 1.5, and 2.0V, see Fig. 7. Fig. 7 shows quite
good agreement between the experimental degradation traces
and those obtained with the simplified version of the model.
We conclude that the DD-based HCD model can properly
represent the degradation of such device characteristics as
Algin and Alg gat.

V. CONCLUSIONS

We have presented and verified our physics-based model
for HCD against the degradation data measured in nLDMOS
transistors. The model employs carrier transport treatment,
and has two versions, i.e. based on the exact solution and
simplified solution of the Boltzmann transport equation. The
first variant uses the spherical harmonics expansion technique
whereas the second one relies on a simplified drift-diffusion
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Fig. 6: The experimental change in the saturation and linear drain currents
plotted vs. the simulated ones obtained with the SHE- and DD-based models
for a fixed gate voltage Vs = 2V and three different drain voltages Vyg =
18, 20 and 22 V.

scheme. These two versions of the model are compared in
terms of the carrier distribution functions, defect generation
rates, interface state density profiles, and the degradation of
such device characteristics as the linear and saturation drain
currents. We have demonstrated that all the results of these
two versions are very similar. Moreover, both models can
successfully represent the experimental degradation traces, i.e.
Alqin(t) and Alq sat(t) using the same values of the model
parameters. Finally we conclude that the fast and reliable DD-
based version of the model is very attractive for predictive
HCD simulations in nLDMOS devices.

ACKNOWLEDGMENTS

The authors acknowledge support by the Austrian Science
Fund (FWF), grant P23598, the European Union FP7 project
ATHENIS_3D (grant No 619246), and the European Research
Council (ERC) project MOSILSPIN (grant No 247056).

102 T T T 10
stress voltages:
Vs = 20V, Vgs =1.2V
5 £
i 3
S el
@10t 10§
= ©
£ £
5 o experimental Algsa e
© experimental Alyjin
===DD-based
10° : . o
10t 102 10° 10 10° 10°
stress time t, sec
10¢ . . r 10¢
stress voltages:
Vigs = 20V, Vgs =1.5V
u £
=102} 3
210 103
= °
. (0]
N =
E £
_ 1 - 7 ! S
5 10 o 8 0 experimental Alysa | -0 e
¢ experimental Alg,in
===DD-based
10° L L 10°
10! 102 10° 10° 10° 10°
stress time t, se3
10¢ . : T T 10*
stress voltages:
Vas = 20V, VQS =2v
510°F 10° £
3 per® 3
f10f 10 8
= ©
£ o S
I} © i 2
210t e 0O experimental Algsat 4 10t €
¢ experimental Algjin
===DD-based
10° 1 L L 10°
10! 102 10° 10° 10° 10°

stress time t, sec

Fig. 7: The change in the saturation and linear drain currents: experiment
vs. the DD-based model. Results are obtained for a fixed drain voltage Vg
=20V and three different gate voltages Vgs = 1.2, 1.5 and 2 V.

REFERENCES

[1] International Technology Roadmap for Semiconductors (ITRS), 2013.
[2] S. Tyaginov et al., ECS Transactions 35, 321 (2011).
[3] W. McMahon et al., Proc. Int. Conf. Mod. Sim. Micro (2002), Vol. 1,
pp. 576-579.
[4] A. Bravaix et al., Proc. IRPS (2009), pp. 531-546.
[5] S. Tyaginov et al., Proc. IRPS, 2014.
[6] M. Bina et al., IEEE Trans. Electron Dev. 61, 3103 (2014).
[7] C. Jungemann et al., Hierarchical Device Simulation (Springer Verlag
Wien/New York, 2003).
[8] S. Rauch et al., IEEE Trans. Dev. Material. Reliab. 5, 701 (2005).
[9] S. Rauch et al., Proc. IRPS, tutorial (2010).
[10] C. Guerin et al., IEEE Trans. Dev. Material. Reliab. 7, 225 (2007).
[11] Y. Randriamihaja et al., Microel. Reliab. 52, 2513 (2012).
[12] Y. Wimmer et al., Proc. IIRW, in press, 2014.
[13] S. Reggiani et al., Solid-State Electronics, in press, 2014.
[14] http://viennashe.sourceforge.net/, 2014.
[15] Synopsys, Sentaurus Process, Advanced Simulator for Process Technolo-
gles.
[16] http://viennamesh.sourceforge.net/, 2014.
[17] S. Reggiani et al., Proc. ISPSD, 2014.
[18] T. Grasser et al., Journ. Appl. Phys. 91, 3869 (2002).
[19] MiniMOS-NT Device and Circuit Simulator, Institute for Microelec-
tronic, TU Wien.

392




<<
  /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


