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Abstract—The ideal interfaces of aluminum with different con-
figurations of polyethylene were studied through first principles
calculations based on density functional theory. The theoretical
vacuum energy shift caused by interfacial dipole moments agrees
well with experimental result for Al-tetratetracontane (TTC,
n-CH3(CHz)42CH3) interface. Although the interfacial dipole
moments are considered, the calculated charge injection barriers
are still higher than the experimental barriers. The reason is
likely that chemical defects exist at the interface but are not
included in this work.
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I. INTRODUCTION

Metal-polymer interfaces are important ingredients of a
wide range of multilayer-structured electrical and electronic
devices such as capacitors and electric cables. The performance
of these devices is greatly shaped by a variety of interfacial
phenomena [1], [2]. In particular, the physical and chemical
processes of charge injection at the interface are believed to
play a key role in the degradation and failure of the polymeric
insulators in electronic devices.

Polyethylene (PE) is a typical polymer that has been
widely examined in theoretical and experimental studies of the
metal-polymer interfaces [3]-[5]. In spite of extensive efforts,
the metal-PE interface is not yet fully understood. One of
the reasons is that device level models do not capture the
complex morphology of real PE samples, particularly at a
molecular level [6], [7]. Charge injection barriers at the metal-
PE interface are directly affected by a dipole layer which
may be formed at the interface, due to chemical reaction
and charge transfer. Previously, the calculated charge injection
barrier based on the Schottky-Mott rule [8], [9] for idealized
interfaces between metal and polymers, especially PE, are
too high compared to the experimentally measured data [5],
[10], [11]. The inconsistency suggests that interfacial dipole
moments may play an important role in determining charge
injection barriers [12].

The dipole moments formed at the interface induce the
vacuum energy shift (Ay), which affects the charge injection
barriers (electron barrier ¢, and hole barrier ¢y,), as illustrated
in Fig. 1. The charge injection barriers depend on the band gap
(E) and electron affinity (£A) of PE. These quantities may be
computed using density functional theory (DFT) calculations.

However, the widely used exchange correlation potentials with
in the local density approximation (LDA) and generalized gra-
dient approximation (GGA) of DFT tend to underestimate band
gap F, of insulators by as much as 30% or more. The recently
developed Heyd-Scuseria-Ernzerhof (HSE) hybrid functional
[13] and many-body perturbation theory (GW) [14] are thus
employed in the present work to determine the electronic
properties of the Al-PE interface.

Practically, high adhesion is desired for metal-polymer
interfaces [15]. Various methods were developed towards this
goal, e.g., increasing the oxidation of polyethylene [16], [17]
using copper clusters as “nano-nails” to anchor the deposited
metals [18], and plasma modification of polymers [19], making
the interfacial structure more complicated. Theoretically, the
charge-injection barriers have not been well studied so far, be-
cause such concept can only be rigorously understood through
a quantum mechanical description of the interface bonding.
The above points suggest that a first-principles study of the
relevant properties of the metal-polymer interfaces is desirable.
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Fig. 1. Energy diagram of metal/PE (a) before contact and (b) after contact.
Er, Evac, and v are Fermi level of the metal, vacuum energy level, and
work function respectively. £A, CBM, VBM and Eg are electron affinity,
conduction band minimum, valence band maximum and band gap of PE,
respectively. Ay, ¢e and ¢y, are, respectively, vacuum energy shift, electron
barrier, and hole barrier.

Motivated by these considerations, we present in this paper
a first-principles study on AI-PE interfaces with different
configurations of PE, to both represent various crystalline
orientation of PE as well as aspects of the amorphous phase
which both are expected to exist at the interface. Various
characteristics of the Al-PE interfaces, i.e., geometries, elec-
tronic properties, vacuum energy shift and charge-injection
barriers, are examined. We find that the calculated vacuum
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energy shift of AI-PE (110) agrees with experimental result
for Al-tetratetracontane (TTC, n-CH3(CHsy)42CH3) interface.
By properly considering the interfacial dipole moment, charge-
injection barriers are calculated and compared with experimen-
tal values.

II. METHODS AND MODELS

The calculations were performed within the frame work
of density functional theory (DFT) [20], [21] as implemented
in the Vienna ab initio simulation package (VASP). We used
the Perdew-Burke-Ernzerhof (PBE) [22] generalized gradient
approximation (GGA) functional for the exchange-correlation
energies and a plane wave energy cutoff of 400 eV for the
basis set. A vacuum slab of 14—16 A was used to suppress
the interactions between the system and its periodic images.
In order to correct the underestimation of band gap of PE,
the Heyd-Scuseria-Ernzerhof (HSE06) hybrid functional [13]
and many-body perturbation theory (GoWj) [14] were used.
Dense Monkhorst-Pack k-point meshes of 14 x 14 x 14 and
4 x 4 x 10 were used to sample the Brillouin zones of bulk
Al and bulk PE. For the interface model, the k-point mesh
used was 4 x 4 x 1. van der Waals interactions, known to be
important in stabilizing polymers like PE, were included using
non-local vdW-DF correlation functional. Atomic coordinates
were relaxed until atomic forces are smaller than 0.01 eV/A.
Table I lists the optimized lattice parameters of the examined
bulk Al and PE. Good agreement between the results of the
present work and other DFT results as well as experimental
data [23]-[25] was obtained. With PBE, HSE06 and G, W, the
calculated electronic properties of bulk PE are listed in Table
II. The band gap of PE calculated by PBE, HSE06 and GoW)
are within 24%, 7%, and 1% of experiment, respectively.

In our model, heterostructures were created by placing
different configurations of PE slabs on Al (111) (hereinafter
referred to as Al) slab, as illustrated in Fig.2. Based on the
convergence tests for the work function, 9 atomic layers for
Al slab were used. The commonly made assumption of a single
interface with one Fermi level relative to the CBM and VBM
of PE, overlooks the fact that various stable orientations of PE
can occur at interface with metals leads to a varying charge
injection barriers. Accordingly, four possible configurations
of PE, including PE (110), PE (001) and PE (001)*, as
representatives of the crystalline phase and PE (Lamellae)
which occurs in the amorphous phase were used to model the
morphologically complex structures of PE. The orientation of
PE chains in PE (110) is parallel to the Al slab and normal to
the paper as shown in Fig.2 (a), PE (Lamellae) is constructed
by folding the PE chains as shown in Fig.2 (b). The chain
direction of PE in Al-PE (001) is normal to the Al slab
(Fig.2 (c)) while the angle between Al surface and the chain
direction of PE in AI-PE (001)* is about 80 (degree) as shown
in Fig.2 (d). For AI-PE (Lamella), Al-PE (001) and AIl-PE
(001)* structures, (1 x 1) PE slabs were strained along a and
b directions to match the (3 x v/3) Al slab. In the case of Al-
PE (110), since the b direction is the chain direction of PE,
(3 x 2v/3) Al slab at b direction was strained 3 % to match
the PE (110) slab.
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(a) AI-PE (110) (b) Al-PE (Lamellae)

(c) AL-PE (001)

(d) AL-PE (001)*

Fig. 2.  Geometry of the examined AI-PE interface structures where Al, C,
and H atoms are shown by blue, dark-brown, and pink spheres. (a) is Al-PE
(110), whose PE chains parallel to Al plate and normal to the paper; (b) is
Al-PE (Lamellae), in which PE chains are folded ; the PE chains are both
normal to Al surface for AI-PE (001), but the PE chains lean slightly for
Al-PE (001)*.

TABLE 1. OPTIMIZED LATTICE PARAMETERS OF PE AND THE BULK
AL EXAMINED, GIVEN IN A. FOR COMPARISON, DATA FROM
EXPERIMENTAL AND OTHER DFT WORKS ARE ALSO GIVEN.

System  Lattice This work ~ Other  Experiments
constants DFT
PE a 6.98 7.01¢ 7.12¢
b 4.78 4.76% 4.85¢
c 2.56 2.56% 2.55¢
Al a 4.05 4.06° 4.05°

@Ref. [23];"Ref. [24]; “Ref. [25].

III. RESULTS AND DISCUSSIONS

A. Interfacial structure

Based on Fig.2, it is found that Al-C bonds (about 2 A)
are formed at AI-PE (001) and Al-PE (001)* interfaces due to
the unsaturation of CHy at the beginning of PE chains. The
bond angles (Za1cc) of Al-PE (001) is larger (by 4 (degree))
than that of AI-PE (001)*. The effect of formation of Al-C
bond on other properties is examined below. The interaction
between Al and PE (110) and PE (Lamella) is probably a weak
chemisorption/physisorption rather than chemical bonding.

B. Charge-injection barriers

According to the energy diagram presented in Fig.1, the
charge injection barriers are defined as:

$e =19 — EA+ Ay, (1)
d)h - Eg - ¢e~ 2

Here, ¢., ¢n, ¥, E A, and Ay are, respectively, electron barrier,
hole barrier, work function of Al, electron affinity of PE slab
and vacuum energy shift. Ay is taken negative when the
vacuum energy level of PE is decreased.
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Fig. 3.  Energy diagram of AI-PE interface with first-principles theory.
Average potential energy of the AI-PE structure is black-solid curve. Work
function v of Al is defined as the Fermi level Er (red dash line) with respect
to the vacuum level at Al side. The CBM and VBM of bulk PE with different
computational methods are presented with blue, dark cyan, magenta, dark
yellow, cyanm and wine solid lines. The difference between vacuum energy
level at PE side and CBM of PE is electron affinity £A. The Ay is the
difference between the vacuum energy level at Al side and that at PE side,
calculated with Eq. (3).

For the purpose of calculating the charge injection barriers,
the work function v of Al, electron affinity £'A of PE slab and
vacuum energy shift were computed with the “Bulk plus band
lineup” method [26], [27] firstly, as illustrated in Fig.3. We
first calculated the planar average potential of different Al-
PE slab and bulk structures of PE and Al. Then, the average
potential of the bulk Al and PE structures are aligned with
that of the model far from the surface to locate the relative
position of Er of Al and CBM of PE. The VBM position
of PE is determined based on the CBM and E; of PE. The
computed work function 1 of normal and strained Al slab
are 4.05 eV and 4.26 eV, respectively, agreeing well with the
experimental value (4.26 eV) [28]. As shown in Table II, the
E A determined by HSE06 and G¢Wj are in better agreement
with the negative £ A of PE which is obtained experimentally
as -0.54+0.5 eV [30] than the EF A calculated using PBE. In
general, the computational results with GoWj are found to be
in best agreement with experimental data, compared with those
of other computational methods. In addition, it is found that the
electron affinity of different PE slabs is close and independent
on the orientation of PE.

The vacuum energy shift Ay at AI-PE interface is given
by

eD

ToA 3)

Ap =
Here, D,eg,e and A are interfacial dipole moment, vacuum
permittivity, electron charge and the area of the Al-PE inter-
face, respectively.

Results of Ay calculated with PBE and ¢, ¢, computed
with different methods are shown in Table III. Due to the simi-
lar interfacial structures and interaction of Al-PE (110) and Al-
PE (Lamellae), in which no chemical bonding occurs between
PE and Al and just a partial exchange of charge association
with weak chemisorption/physisorption, the Ay of them are
close (-0.20 eV and -0.19 eV). Because of the unavailability

TABLE II. THE CALCULATED ELECTRONIC PROPERTIES OF BULK PE
AND E A OF PE SLAB WITH DIFFERENT THEORETICAL METHODS, GIVEN

INEV.
Electron affinity (EA)
Method B VBM = CBM —part—pE—001) yPE (Camellae)
PBE 668 253 415 059 0.74 0.67
HSE06 8.15 338 477  -0.05 0.13 0.05
GoWo 872 267 605  -133 -1.18 123
Exp 8.80% -1.20~0°

@Ref. [29];°Ref. [30].

of experimental results of Ay for Al-PE interfaces, the ex-
perimental Ay of tetratetracontane (TTC, n-CH3(CHz)42CHs)
absorbed on Al surface [31], whose interfacial structure is
close to Al-PE (110), are used as a reference. The calculated
Ay (-0.20 eV) of Al-PE (110) is close to the experimental
result for TTC (-0.30 eV) [31], showing that the computational
scheme used in this work is reasonable. However, the Ay of
Al-PE (001) and Al-PE (001)* are positive, (0.29 eV and 0.24
eV, respectively). The Ay of AI-PE (001) and Al-PE (110)
are opposite in sign, indicating that the mechanisms of dipole
formation at Al-PE interfaces are different.

A dipole pointing to PE surface will facilitate extraction
of electrons from PE which should be reflected as a decrease
in vacuum level at PE side (negative A¢p) and vice versa if
the dipole is pointing to the Al surface. On the one hand,
the interfacial bonding in AI-PE (001) and AI-PE(001)* will
involve the unsaturated carbon accepting electrons from Al,
which is shown in the Fig.2 (c¢) and (d) reflected as shift of
Al atoms towards PE. This shift of atoms and attraction of
electron will create a depletion of electrons on the Al surface
and an accumulation at the PE, thus a net positive charge at
the surface and a net negative charge at PE, leading to the
increase of vacuum energy level at PE side. On the other
hand, a partial redistribution of charge between Al and PE
(110) [or Al and PE (Lamella)] will mostly be governed by
the difference of electron affinity of PE and that of Al. PE as a
crystal has a negative electron affinity which means it wants to
push electrons away from the crystal. Al has a positive electron
affinity and would accept electrons partially. This means a
region of accumulation of electrons at Al (negative charge)
and a region of depletion of electrons at PE (positive charge),
which will decrease the vacuum energy level at PE side.

The results of ¢, calculated with PBE and GoW, differ
by up to 2 eV while for ¢y, the PBE results are smaller
than the GoWj result by 0.2 eV. These results show that
the accuracy of the electronic structure strongly affects the
accuracy of the charge injection barrier. The error in the PBE
band gap is more reflected on the electron injection barrier than
the hole injection one. For Al-PE interfaces, the experimental
value of ¢, is 2.14 eV [3], significantly lower than both
PBE and GyW) results. Possible reason could be that the PE
slab of our model was designed from PE that is free from
chemical impurities such as carbonyl. Carbonyl impurities and
Al surface defects exist at the interface but are not included
in the model. Extra interfacial states created in the forbidden
gap of PE by carbonyl impurities can reduce the barrier to
charge injection. In addition, the interfacial dipole moments
are influenced by the interfacial states, thus the vacuum energy
shift is changed. The effect of carbonyl and other impurities
and surface defects at the interface will be studied in the future.
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TABLE III. VACUUM ENERGY SHIFT A¢ CALCULATED WITH PBE
AND CHARGE INJECTION ¢ AND ¢y, DETERMINED WITH PBE, HSE06
AND GoWjp. UNIT: (EV)

de h
System AY —PEEHSEO6 GoW,  PBE HS]?OG GoWo
ATPE (110) 030 347 41l 539 321 404 333
ALPE (Lamellac) -0.19 3.18 380 508 350 435 364
AL-PE (001) 029 360 421 552 308 394 320
AL-PE (001)* 024 355 416 547 313 399 325

IV. CONCLUSIONS

We have studied the interfaces of AIl-PE with first-
principles theory. The band gap of bulk PE and the electron
affinity of PE slab computed using many-body perturbation
theory (GoW)y) are found to be in best agreement with exper-
imental results. The vacuum energy shift caused by interfacial
dipole moment is discussed and the result (-0.20 eV) of Al-
PE (110) agrees well with experimental result (-0.30 eV)
for Al-tetratetracontane (TTC, n-CH3(CHsy)42CHg) interface.
However, the computed charge injection barriers are still higher
than the experimental barriers, probably because chemical
defects at interface (which exist in reality) are not included
in our models.

V. ACKNOWLEDGEMENTS

This paper is based upon work supported by a Multidisci-
plinary University Research Initiative (MURI) grant from the
Office of Naval Research. Computational support is provided
by National Energy Research Scientific Computing Center.

REFERENCES

[11 F. Faupel, T. Strunskus, M. Kiene, A. Thrun, and C. Bechtolsheim,
“Metal-polymer interfaces,” in Proceedings of thel998 IEEE Interna-
tional Conference on Solid-State and Integrated Circuit Technology,
Beijing, China, 1998, p. 206.

[2] T. Mizutanim, “Behavior of charge carriers near metal/polymer inter-
face,” in Proceedings of the 2005 International Symposium on Electrical
Insulating Materials. Japan: IEEE, 2005, pp. 1-6.

[3] D. M. Taylor and T. J. Lewis, “Electrical conduction in polyethylene
terephthalate and polyethylene films,” J. Phys. D: Appl. Phys., vol. 4,
p. 1346, 1971.

[4] M. Taleb, G. Teyssedre, S. Roy, and C. Laurent, “Modeling of charge
injection and extraction in a metal/polymer interface through an ex-
ponential distribution of surface states,” IEEE Trans. Dielectr. Electr.
Insul., vol. 20, no. 1, pp. 311-320, 2013.

[5] A. Huzayyin, S. Boggs, and R. Ramprasad, “Quantum mechanical study
of charge injection at the interface of polyethylene and platinum,” in
IEEE Conference on Electrical Insulation and Dielectric Phenomena,
Cancun, 2011, pp. 800-803.

[6] U. Gedde and A. Mattozzi, “Polyethylene morphology,” in Long Term
Properties of Polyolefins, ser. Advances in Polymer Science, A.-C.
Albertsson, Ed. Berlin: Springer, 2004, vol. 169, pp. 29-74.

[71 T. Furukawa, H. Sato, Y. Kita, K. Matsukawa, H. Yamaguchi, S. Ochiai,
H. W. Siesler, and Y. Ozaki, “Molecular structure, crystallinity and
morphology of polyethylene/polypropylene blends studied by raman
mapping, scanning electron microscopy, wide angle x-ray diffraction,
and differential scanning calorimetry,” Polymer, vol. 38, p. 1127, 2006.

[8] W. Schottky, “Deviations from ohm’s law in semiconductors,” Phys. Z.,
vol. 41, 1940.

[91 W.G.J. H. M. Van Sark, L. Korte, and F. Roca, Physics and technology
of amorphous-crystalline heterostructure silicon solar cells.  Berlin:
Springer, 2011.

[10] G. Teyssedre and C. Laurent, “Charge transport modeling in insulating
polymers: From molecular to macroscopic scale,” IEEE Trans. Dielectr.
Electr. Insul., vol. 12, pp. 857-875, 2005.

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

I. G. Hill, A. Rajagopal, A. Kahn, and Y. Hu, “Molecular level
alignment at organic semiconductor-metal interfaces,” Appl. Phys. Lett.,
vol. 73, no. 5, pp. 662-664, 1998.

Y. Morikawa, H. Ishii, and K. Seki, “Theoretical study of n-alkane
adsorption on metal surfaces,” Phys. Rev. B, vol. 69, no. 4, p. 041403,
2004.

J. Heyd, G. E. Scuseria, and M. Ernzerhof, “Erratum:“hybrid functionals
based on a screened coulomb potential”[j. chem. phys. 118, 8207
(2003)1,” J. Chem. Phys., vol. 124, no. 21, pp. 219906-219 906, 2006.

L. Hedin, “New method for calculating the one-particle green’s function
with application to the electron-gas problem,” Phys.Rev, vol. 139,
no. 3A, p. A796, 1965.

G. Grundmeier and M. Stratmann, “Adhesion and de-adhesion mecha-
nisms at polymer/metal interfaces: Mechanistic understanding based on
in situ studies of buried interfaces,” Annu. Rev. Mater. Res., vol. 35,
no. 1, pp. 571-615, 2005.

F. Bockhoff, E. T. McDonel, and J. Rutzler, “Effects of oxidation on
adhesion of polyethylene to metals,” Ind. Eng. Chem., vol. 50, no. 6,
pp- 904-907, 1958.

J. Evans and D. Packham, “Adhesion of polyethylene to copper:
Reactions between copper oxides and the polymer,” J. Adhesion, vol. 9,
no. 4, pp. 267-277, 1978.

M. Menezes, 1. Robertson, and H. Birnbaum, “Novel technique to
improve adhesion between metalpolymer interfaces,” MRS Proceedings,
vol. 445, 1 1996.

M. Horakova, P. Spatenka, J. Hladik, J. Hornik, J. Steidl, and A. Pola-
chova, “Investigation of adhesion between metal and plasma-modified
polyethylene,” Plasma Processes Polym., vol. 8, no. 10, pp. 983-988,
2011.

P. Hohenberg and W. Kohn, “Inhomogeneous electron gas,” Phys.Rev.B,
vol. 136, no. 3B, p. B864, 1964.

W. Kohn and L. J. Sham, “Self-consistent equations including exchange
and correlation effects,” Phys.Rev, vol. 140, no. 4A, p. A1133, 1965.

J. P. Perdew, K. Burke, and M. Ernzerhof, “Generalized gradient
approximation made simple,” Phys. Rev. Lett., vol. 77, no. 18, p. 3865,
1996.

C.-S. Liu, G. Pilania, C. C. Wang, and R. Ramprasad, “How critical
are the van der waals interactions in polymer crystals?” J. Phys. Chem.
A, vol. 116, no. 37, pp. 9347-9352, 2012.

N. E. Singh-Miller and N. Marzari, “Surface energies, work functions,
and surface relaxations of low-index metallic surfaces from first prin-
ciples,” Phys. Rev. B, vol. 80, no. 23, p. 235407, 2009.

C. Kittel, Introduction to Solid State Physics, 8th ed. New York: Wiley,
11 2004.

C. G. Van de Walle and R. M. Martin, “Theoretical study of band offsets
at semiconductor interfaces,” Phys. Rev. B, vol. 35, pp. 8154-8165, May
1987.

R. Ramprasad, N. Shi, and C. Tang, “Modeling the physics and chem-
istry of interfaces in nanodielectrics,” in Dielectric Polymer Nanocom-
posites. New York: Springer, 2010, pp. 133-161.

W. M. Haynes, CRC handbook of chemistry and physics.
2012.

N. Ueno, K. Sugita, K. Seki, and H. Inokuchi, “Low-energy electron
transmission and secondary-electron emission experiments on crys-
talline and molten long-chain alkanes,” Phys. Rev. B, vol. 34, pp. 6386—
6393, Nov 1986.

K. Less and E. Wilson, “Intrinsic photoconduction and photoemission
in polyethylene,” J. Phys. C, vol. 6, no. 21, p. 3110, 1973.

H. Ishii, K. Sugiyama, E. Ito, and K. Seki, “Energy level alignment
and interfacial electronic structures at organic/metal and organic/organic
interfaces,” Advanced Materials, vol. 11, no. 8, pp. 605-625, 1999.

CRC press,

978-1-4799-7525-9/14/$31.00 @2014 IEEE

890




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


