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Abstract. Meyer—Neldel (MN) formula for DC conductivity (opc) of chalcogenide glasses is
obtained using extended pair model and random free energy barriers. The integral equations for DC
hopping conductivity and external conductance are solved by iterative procedure. It is found that
MN energy (AEMN) originates from temperature-induced configurational and electronic disorders.
Single polaron-correlated barrier hopping model is used to calculate opc and the experimental data
of Se, As>S3, AsySes and As)Tes are explained. The variation of attempt frequency vy and AEMN
with parameter (r/a), where r is the intersite separation and a is the radius of localized states, is
also studied. It is found that vy and AE)N decrease with increase of (r/a), and AEpN may not be
present for low density of defects.
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1. Introduction

Pollak and Geballe [1] explained that impurity conduction at high temperature in Si is due
to single polaron hopping. Emin et al [2] have shown that DC conduction, thermoelec-
tric power and Hall mobility in amorphous chalcogenides are due to hopping of hole-like
small polarons. Mott and Davis [3] correlated AC and DC conductivities and gap parame-
ter and emphasized that same mechanism was responsible for AC and DC conductions.

Pramanik et al [4] simplified the extended pair model of Summerfield and Butcher [5]
and used correlated barrier hopping (CBH) for bipolarons to calculate DC conductivity
(opc) of chalcogenide glasses. The conductance and capacitance are inversely propor-
tional to relaxation time and temperature respectively. The optical band gap and defect
density of states, obtained by fitting the experimental results for AC conductivity, and re-
laxation time 10713 s, were used to calculate opc of Se, AsyS3, AsySes and As,Tes [6].
The calculated results were found lower by an order of 1012-10'3 than the experimental
values. Hence it was concluded that CBH model was not applicable to DC conduction in
chalcogenides.
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According to Shimakawa [7] and Goyal and Vohra [8], DC conduction, due to single
polaron hopping, dominates in amorphous chalcogenide glasses at higher temperature. In
the as-evaporated films, there may be high concentration of intimate valence alternation
pairs and at higher temperature large number of neutral defects may be created which may
enhance the single polaron hopping.

Shimakawa and Abdel-Wahab [9] fitted the experimental data of o pc for chalcogenide
glasses and found it obeying Meyer—Neldel (MN) rule [10]

opc = 0p exp(AEpc/AEMN) exp(—AEpc/kpT), (D

where pre-exponential factor o exp(AEpc/AEMN) is temperature-independent and fol-
lows exponential law. Here o is constant, AEpc is the hopping barrier height for DC
conduction, kg is the Boltzmann constant, 7 is the temperature and AEpN is the MN
energy. Yelon and Movaghar [11] used optical phonon-induced electron hopping and
showed multi-excitations to be the origin of MN rule for DC conduction.

Abdel-Wahab [12] analysed DC and AC conduction data for chalcogenide glasses using
CBH model. The conductance was augmented by an exponential factor to account for dis-
tribution of energy barriers, and capacitance was taken inversely proportional to temper-
ature. The MN rule for AC and DC conduction was obtained. However, pre-exponential
factor was temperature-dependent, which was contrary to the experimental observations.

In the light of these facts, we examined extended pair model [5] to calculate DC con-
ductivity of chalcogenide glasses. The CBH model for single polaron hopping, in con-
junction with random-free energy barriers [13] was used and MN rule for DC conductivity
was obtained. It was found that AEypN was due to temperature-induced configurational
and electronic disorders. The experimental results of Se, As,S3, AsySes and As,Tes were
explained. Variation of attempt frequency vy and AEyN with (r/a) where r is the intersite
separation and a is the radius of localized states is also studied.

The plan of the paper is as follows: The necessary formalism is presented in §2, calcu-
lations and results are given in §3 and discussions are given in §4.

2. Formalism

Summerfield and Butcher [5] solved Kirchhoff’s equations for equivalent RC network of
localized states in amorphous solids in the extended pair model. These authors used mean-
field theory which is essentially a two-site approximation. The external network where
each pair of sites is embedded, is accounted for, by averaging the external network para-
meters over the pair site coordinates. The DC hopping conductivity for three-dimensional
solids is given by the integral equation

Tmax -1
opCc = (47Tn§/6) drr4 : + L s (2)
g(E,r) Y(E)

"min

where ryin and rpax are the lower and upper limits of integration, ng is the density of
defect sites and g(E, r) is the internal conductance between the states of energy E of the
defect sites at separation r. g(E, r) is determined by equilibrium occupation probabilities
of these sites and transition rate between them.
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The external conductance Y(E) for energy E is given as

Fmax -1
Y(E) = (4rns/Bp) / drr2|: ! + L} ) (3)
g(E,r)  Y(E)

Tmin

Here (1/By) is the proportionality constant. In the limits Y(E)/g(E, r) ~ 0, rmin ~ 0 and
Fmax ~ p, We get percolation radius r,, from eq. (3) as

1/3
rp = (3By/4mng) Y. @)

(1/Bp) is determined with the prediction of percolation theory [14] and for three-
dimensional solids, B, = 2.7. If e is the electronic charge, eY(E) is the mean current
which enters the site due to voltage generators.

The exact solutions of eqs (2) and (3) are non-trivial. Therefore, we solved these equa-
tions by iterative procedure. Equation (3) is rewritten as

Y(E) = (47ny/B,) f g2 [ Y (E) ] , (5)

14+Y(E)/g(E,r)

Tmin

In the first iteration, we assume that external conductance is equal to internal conductance
at percolation radius, i.e.

Y(E) = g(E, rp) = goexp(—AE(rp)/ksT), (6)
where, in general
g(E,r) =goexp(—AE(r)/kpT). (7

Here gg is the proportionality constant and barrier height AE(r) in the CBH model is
given as

AE(r) = Em — (4z€%/er), (8)

where Ey is the maximum barrier height, ¢ is the dielectric constant and z = 1 and 2
for single polaron and bipolarons, respectively. The possibility of negative barrier height
between two defect centres is eliminated by defining

Fmin = (4z€% /e En). 9)

Using eqs (6) and (7) in eq. (5) gives

_ max ) 1
Y(E) = (47ns/Bp)g(E, rp) drr [1 e s (E, r)} , (10)

"min

where

§(E,rp)/8(E,r) =expla(l/rp, —1/r)) (1)
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and
a = 4(ze?/kgT). (12)

To simplify the integral in eq. (10), it is assumed that rax ~ rp, as for large values of
r, the factor in square brackets in eq. (10) nearly vanishes. For smaller values of r, (g(E,
rp)/g(E, r)) is too small. Therefore, the factor in the square brackets is represented by a
step function [4]. This may be an overestimation of the integral, but, the results may not
change qualitatively. This simplifies eq. (10) as

Y(E) = (4mng/Bp)g(E, rp)(ra — roviy)- (13)

~

For z = 1 and assuming that Eyy = B, the optical band gap as given in table 1, the
calculated values of rni, are 4.5, 3.2, 2.57 and 5.76 A for Se, As>S3, As>Ses and As,Tes,
respectively. It is noted from table 1 that ry;, is less than rp by an order of magnitude

except for AsyTes. Thus r%in becomes negligible compared to rg and even for As;Tes,

3 3 .
r>.. is about 30% of Ip Thus we write

Y(E) ~ (4mng/By)g(E.rp) 1. (14)

Using eq. (14) in eq. (2) gives

Iz

_ 2 P4 1
opc = (4nng/6)Y (E) drr |:2 T Y(E)/2(E. r)] , (15)

"min

where eqs (7), (8) and (14) gives
Y(E)/g(E,r) = (4nnsr§/3B) exp(a(l/rp — 1/r)). (16)

The r dependence in eqs (16) and (11) is the same. For small values of r, (Y (E)/g(E, r))
is negligible, therefore the factor in the square brackets in eq. (15) is replaced by (1/2).
This simplifies eq. (15) as

opc = (4mn?/6) (Y (E)/10) (ry — royn)- (17)

min

Table 1. Physical parameters of Se, AsyS3, AspSes and AsyTes.

Material e B (eV) ng (cm73) rp (cm) T (K) opc(exp) (Q*1 cmfl)
Se 6.4 2.00 20x 1019 32x1077 300 2.8 x 10714
AssS3 7.8 2.30 3.6 x 1019 26 x 1077 300 5.0 x 10715
AspSes 112 200  20x1020  15x1077 300 1.0 x 10712
AsyTes 10.0 1.00 12x 1020 81x10°8 100 1.0 x 10712

Note: The values are taken from [4] and references therein. Here ¢ is the dielectric constant, B is
the optical band gap, s is the defect density, rp is the percolation radius, T is the temperature and
opc(exp) is the experimental value of DC conductivity.
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5 . . . 5 . . . .
As r. is not significant when compared to r;J, substituting eq. (14) in eq. (17) gives

opc = (niry /15)g(E, rp). (18)

In thermally activated DC conduction in amorphous solids, opc is proportional to
exp(—AE/kgT) where activation energy AE is the maximum potential barrier height
which is independent of temperature [3]. However, if temperature-induced configura-
tional and electronic disorders are accounted for, AE involves thermal fluctuations and
hence a range of activation energies contribute to the conduction process. Thus, AE rep-
resents a distribution of free energy barriers which is given as

AE = AEpc — TAS, (19)

where AEpc is the constant part of the barrier height and entropy barrier TAS accounts
for thermal fluctuations. Evidently, AEpc is compensated by TAS. It is referred as
random free energy barrier model.

Substituting eq. (19) in (7), one gets

8(E, rp) = goexp(AS/kg) exp(—AEpc(rp)/ksT). (20)
The pre-exponential factor can also be expressed as

80exp(AS/kp) = Cwoexp(AEpc/AEMN) 1)
where

AEMN = kB AEDc/AS = kg Tp. (22)

Here C and w( have the dimensions of capacitance and frequency, respectively, and Ty is
the characteristic temperature. Thus, we get MN rule for DC conduction in chalcogenide
glasses as a consequence of free energy barriers which account for temperature-induced
configurational and electronic disorders. Abdel-Wahab [12] used brute force method to
augment g(E, rp) by an exponential factor to account for distribution of energy barriers,
whereas Pramanik et al [4] ignored this factor.

Evidently, AEyN is directly proportional to AEpc and inversely proportional to AS.
For a given AEpc, AEmN will increase with decrease of entropy. However, for very large
and small values of AS, AEMN will lose its significance.

Pramanik er al [4] and Abdel-Wahab [12] used C = (e? /4ksT). This inverse temper-
ature dependence of capacitance is rather incorrect. In fact, capacitance increases with
increase in temperature [15] and wq also changes with temperature. The exact tempera-
ture dependence of Cwy is not known [16], and therefore, Cwy is taken as temperature-
independent and to represent the results in the same units as given in refs [4] and [6], we
write

Cawy = (e*/mkpbp)vo, (23)

where 0p is the Debye temperature and vy is the effective jump frequency. Here 6p and
vo depend on material properties.
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Substituting eqs (21) and (23) in eq. (18), we get eq. (1) where
o0 = (e°nir; /15ksp)vo. (24)

Here DC conduction is due to the phonon-assisted single polaron hopping. In eq. (1), as
T — 0, AS — 0, phonon assistance vanishes and hence opc = 0. If T decreases, opc
also decreases due to decrease in AS and 7. Thus entropy barrier plays a significant role
in the conduction process.

3. Calculations and results

Calculations are carried out for Se, As>S3, As>Ses and AsyTes using the values of ¢, B,
ns, rp, T as given in ref. [4] and for ready reference these are tabulated in table 1. AEpc
is calculated replacing r by rp, in eq. (8) and using the relation Em = 2(B — AEpc) [4].
This gives

AEpc = (1/3)(2B — 4ze? [ery). (25)

The neutron scattering measurements on crystalline and amorphous Ge and As show that
0p decreases from 374 to 315 K for Ge and from 278 to 169 K for As [3]. This is due
to phonon softening in the amorphous phase. Due to the non-availability of 6p for the
materials in question, fp is estimated by reducing the data of crystalline Se and Te [15] in
the same ratio as for As, Op for binary compounds is calculated using weighted average
of these reduced values which are given in table 2.

First we calculated opc in the bipolaron hopping model using vo = 10! cps as in ref.
[4]. The measured values of opc for Se, As>S3 and AsySes could be explained. How-
ever, estimated values of AEMN were found to be nearly twice the values suggested by
Shimakawa and Abdel-Wahab [9] and AEpN was found to be negative for AsyTes. The
same trend continued even after replacing vop = vp(=kgOp/h). In view of these facts
we gave up bipolaron hopping model and calculated o pc in the single polaron hopping
model using vo = vp. The experimental results were closely reproduced for AEyN =
74, 67, 70 and 22 meV for Se, As>S3, AspSes and AsyTes, respectively. These results
along with vp are given in table 2. The values of AEyN are well within the predictions
of Shimakawa ef al [9]. The calculations were further repeated for vy = 1013cps, and

Table 2. Estimated values of Debye temperature 0p, Debye frequency vp, barrier
height AEpc and Meyer—Neldel energy AEMN.

Material 6p (K) wp x 1012 (cps) A Emn (meV) A Epc (eV)  opcleale.) (7! em™1)

Se 54.7 1.14 74 1.27 2.82 x 10714
AsS3 169 35 67 1.439 5.0 x 10713
As)Ses 100 2.1 70 1.219 1.0 x 10712
AsyTes 121 25 22 0.43 1.0 x 10712
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the results agreed with the experimental data for AEyN = 84, 71, 77 and 24 meV for Se,
AsyS3, AspSes and AsyTes, respectively. Thus AEMN increased with increase in v as
evident from eqs (1) and (24).

In tables 1 and 2, B and AEpc for As>S3, Se, AsySez and As;Tes are in decreasing
order. Although ¢ is large and rp, is small for As;Ses and As;Tes, larger ng and smaller
AEpc may be responsible for large conductivities of these compounds.

Miller and Abrahams [17] calculated relaxation time for transition rate between local-
ized states of radius a and intersite separation » which was used by Pollak and Geballe [1]
to establish correlation between AC and DC conductivities. The effective jump frequency,
suggested by these authors, at higher temperature is given as

o &~ 2 x 10%(r/a)3/? exp(—2r/a). (26)

The parameter (r/a) represents material characteristics. For example, if thin films are
prepared by depositing thin layers along z-axis, atomic configuration along z-direction
may not be the same as along x and y directions. If the samples are prepared by different
heating and quenching rates, it is likely that atomic configurations in different samples
will be different and the measurements of the same physical quantity on different samples
may not be identical [18]. Therefore, we further explained experimental data of DC con-
ductivity of these materials by varying (r/a).

Assuming that the radius of localized state will not exceed the intersite separation, vg
is calculated for (r/a) > 1 using eq. (26) and the results are shown in figure 1. As (r/a)
increases, vo decreases nearly by an order of magnitude for unit increase in (r/a) and
it goes to the order of acoustic phonon frequencies for larger (r/a). Evidently opc will
decrease either with increase in r or with decrease in a. Thus o pc may be absent for too
large interparticle separation or for too localized defect states.

lemt01 2
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1e+)05
1e+004 - \

1e+003

1 z a q a - I L 3 L | e n 112

Figure 1. Variation of effective jump frequency v with parameter (r/a) as described
in the text. Here e + 003 = 10° and so on.
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Figure 2. Variation of AE\N with parameter (r/a).

The calculated values of v are used to predict AEyN by comparing the calculated and
experimental results of opc. As shown in figure 2, AEVN for Se, AsyS3, AsySes are
within the range of 15% and these tend to converge for larger values of (r/a), whereas
AEMN of AsyTes is nearly one-third of AEMN for AspS3. This may be because atomic
radii of S and Se are almost equal and less than the atomic radius of As, but atomic radius
of Te is larger almost by 20% than those of Se and S in the same order as of As [15].
Thus, configurational disorder created by Te in As may be more than that created by S
and Se. Again the overlap interaction between 4p> orbital of As and 5p* orbital of Te is
larger than that of 3p* and 4p* orbitals of S and Se, respectively. Thus entropy due to
distortion field and electronic interaction created by Te in As is larger than that created by
Se and S.

4. Discussions

Butcher and Summerfield [5] established equivalence between DC hopping conduction
and percolation theory. The internal conductance g = go exp(—A) vanishes if A is suffi-
ciently large and gg is constant. Let this critical value of A is A,,. As external conductance
Y is also a factor of opc, DC conduction will vanish if ¥ = 0. Assuming that exter-
nal conductance Y = gg exp(—21'), Y vanishes beyond a critical value of A/, say )»;. It
Ap = AJ,, hopping conduction is equivalent to percolation theory for the right choice of
percolation radius 7. In view of these facts, we solved eqs (2) and (3) by iterative proce-
dure. The factor g(E, r,)/g(E, r) was approximated to zero for » < r, in egs (11) and
(16). But, for r in the vicinity of rp, this approximation may not be valid and this factor
should be accounted for in the integration.
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It is evident from eq. (22) that AEpc, AEMmN and AS are correlated and AEMN is
inversely proportional to AS for a given AEpc. Therefore, it is expected that the origin
of AEMN lies in the temperature-induced configurational and electronic disorders. If
AS ~ kg, AEMN = AEpc, thus AEMN will be a fraction of AEpc for all values of
AS > kp. In the limit AS — 0, MN factor in eq. (1) becomes unity.

In conclusion, it is shown that DC conduction in chalcogenide glasses is due to single

polaron hopping and temperature-induced disorder is the origin of MN rule.

Acknowledgements

Authors were benefited from fruitful discussions with Prof. P Entel and Dr G S S Saini.
The financial support from UGC, New Delhi and University of Duisburg, Germany are
gratefully acknowledged.

References

[1] M Pollak and T H Geballe, Phys. Rev. 122, 1742 (1961)
[2] D Emin, C H Seager and R K Quinn, Phys. Rev. Lett. 28, 813 (1972)
[3] N F Mott and E A Davis, Electronic processes in noncrystalline materials, 2nd edn
(Clarendon, Oxford, 1979)
[4] M H A Pramanik, P N Butcher and I D Cox, Phil. Mag. B47, 437 (1983) (correct formalism
is given in ref. [6])
[5] S Summerfield and P N Butcher, J. Phys. C: Solid State Phys. 15, 7003 (1982)
P N Butcher and S Summerfield, J. Phys. C: Solid State Phys. 14, 1.1099 (1981)
[6] SR Elliot, Adv. Phys. 36, 135 (1987)
[7]1 K Shimakawa, Phil. Mag. B46, 123 (1982)
[8] N Goyal and A Vohra, Phys. Status Solid B171, 477 (1992)
[9] K Shimakawa and F Abdel-Wahab, Appl. Phys. Lett. 70, 652 (1997)
[10] W Meyer and H Neldel, Z. Tech. Phys. (Leipzig) 12, 588 (1937)
[11] A Yelon and B Movaghar, Appl. Phys. Lett. 71, 3549 (1997)
[12] F Abdel-Wahab, Phil. Mag. B82, 1327 (2002)
[13] J C Dyre, J. Appl. Phys. 64, 2456 (1988)
[14] G E Pike and C H Seager, Phys. Rev. B7, 1421 (1974)
[15] CKittlel, Introduction to solid state physics, 7th edn (John Wiley & Sons, Pvt Ltd., Singapore,
2001)
[16] B Movaghar and W Schirmacher, J. Phys. C: Solid State Phys. 14, 859 (1981)
[17] A Miller and E Abrahams, Phys. Rev. 120, 745 (1960)
[18] R Singh, S Prakash, N N Shukla and R Prasad, Phys. Rev. B70, 115213 (2004)
D N Bose and S Pal, Phys. Rev. B63, 235321 (2001)

Pramana - J. Phys., Vol. 76, No. 4, April 2011 637




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


