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Abstract: The finite-difference and finite-element methods are employed to
solve the one-dimensional single-band Schrodinger equation in the planar and
cylindrical geometries. The analyzed geometries correspond to semiconductor
quantum wells and cylindrical quantum wires. As a typical example, the
GaAs/AlGaAs system is considered. The approximation of the lowest order is
employed in the finite-difference method and linear shape functions are
employed in the finite-element calculations. Deviations of the computed ground
state electron energy in a rectangular quantum well of finite depth, and for the
linear harmonic oscillator are determined as function of the grid size. For the
planar geometry, the modified Pdschl-Teller potential is also considered. Even
for small grids, having more than 20 points, the finite-element method is found
to offer better accuracy than the finite-difference method. Furthermore, the
energy levels are found to converge faster towards the accurate value when the
finite-element method is employed for calculation. The optimal dimensions of
the domain employed for solving the Schrodinger equation are determined as
they vary with the grid size and the ground-state energy.

Keywords: Schrodinger equation, Finite-difference method, Finite-element method,
Semiconductor quantum well, Quantum wire, Nanowire.

1 Introduction

Semiconductor nanostructures have been in the focus of research for the
last few decades, with promising applications in electronics and photonics [1 —3].
Techniques of molecular beam epitaxy and metalorganic vapor phase epitaxy
allow fabrication of layered structures of almost arbitrary composition and
thickness. However, most attention has been devoted to the GaAs/(Al,Ga)As
system, since GaAs and (Al,Ga)As are almost lattice matched, therefore no
restrictions are imposed on thickness of the layers of GaAs and (AL Ga)As.
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Furthermore, for the mole fraction of GaAs less than 0.4, (Al,Ga)As is a direct
band gap semiconductor, therefore the GaAs/(Al,Ga)As nanostructures are
suitable for fabrication of lasers. The electron states in the GaAs/(Al,Ga)As
quantum wells might be modeled by the single-band Schrédinger equation. To
adopt this approach, quantum well layers should be thicker than about 2 nm,
otherwise influence of the interfaces could be quite large [1, 2].

Besides layered nanostructures, the single-band Schrodinger equation has
been successfully employed to model the electron states in semiconductor
quantum wires and quantum dots [4]. A novel technique to grow nanowires is
the VLS (vapor-liquid-solid) process, which has been employed to create free-
standing and core-shell nanowires with a nearly cylindrical shape [5]. Because
of the axial symmetry of these quantum wires, the single-band Schrodinger
equation could be simply solved in the cylindrical coordinate system.
Furthermore, the potential well in these quantum wires is a few eV deep,
therefore the electrons could be regarded to be confined in an infinitely deep
quantum well.

The secular equation can be derived for only a few confining potentials in
nanostructures. The notable examples are the potential of the rectangular
semiconductor quantum well, the potential of the one-dimensional (1D) linear
harmonic oscillator (LHO), and the isotropic 2D LHO model. For the general
case, however, numerical methods should be employed to solve the single-band
Schrodinger equation [6 — 10]. Two such cases are nanostructures exhibiting
compositional intermixing [11,12] and modeling the effects of charge
redistribution from the well to the barrier, which should be considered by jointly
solving the Schrodinger and the Poisson equation in a self-consistent manner
[6]. The Schrodinger equation can be numerically solved by the finite difference
method (FDM) [6, 7] and the finite element methods (FEM) [8 — 10]. They are
both relatively easy to implement, the accuracy of the computed energies can be
controlled by varying the grid size and the dimension of the solution domain.
Furthermore, a nonuniform grids can be adopted in both models. However, it is
not a priori clear which of the two methods is more effective for solving the
Schrodinger equation.

The present paper presents the numerical procedures for solving the single-
band Schrodinger equation in the GaAs/(Al,Ga)As quantum wells and quantum
wires. The calculations are based on both the FDM and FEM. The deviations
of the energy levels computed by means of the two methods from the
analytical results are analyzed as they vary with the grid size. For both the
analyzed numerical methods the optimal dimensions of the solution domains are
determined. Moreover, variations of the numerical error of the ground state
energy levels in the quantum wells and quantum wires with both the grid size
and the ground state electron energy are determined and analyzed.
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2 Theoretical and Numerical Methods

GaAs and (Al,Ga)As have large energy gaps, thus the electron states in the
conduction band of the GaAs/(Al,Ga)As quantum wells can be computed by
the single-band Schrodinger equation

———(; - jw(z)+ i (DW(2) = Ey(2) (1)

Here m denotes the effective mass which varies along the z axis, and V. K (2)

is the effective confining potential

Vip s () =V (2) + kuz ; )

where V,(z) has the rectangular shape if 1t arises from the conduction-band

offset, and could be described by the potentials of the linear harmonic oscillator
(LHO) and the modified Pdschl-Teller potential to take into account the effects

of compositional intermixing. The term hzk”2 /2m in equation (2) describes free
motion of the electron in the quantum-well plane, which takes place with the in-
plane wave vector k. By solving equation (1) for different k, values the

subband dispersion relations E(k,) are determined.

In a cylindrical quantum wire the Schrodinger equation reads

K1 d d
—ng—p(—pd—pjx(p) Vs (P)2(P) = Ex(p) . 3)

Here, k. denotes the longitudinal wave number describing the electron free
motion along the z direction, and m =m(p), where p is the radial coordinate of
the cylindrical coordinate system. Therefore, the effective potential has the form

wroow
Vega (2) = V(Z)+——+—k “)
2mp> 2m

Even though the effective mass values in GaAs and (Al,Ga)As differ, we
assumed the approximation of the spatially constant effective mass, for which
we adopted the value in GaAs, where the electron is mainly localized.
Furthermore, for the constant effective mass, the depth of the effective potential
well does not depend on the wave vector &, or k_, therefore it suffices to
analyze the accuracy of the calculations for k =0and k, =0. For this case, the
Schrdédinger equation for the planar quantum well has the form

h2 d’y

Tom At Y ¥y (2)w(2) = Ey(2). )
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whereas for the cylindrical quantum wire =x\/5 is substituted in equation
(3) to remove the term inversely proportional to p, thus the Schrodinger
equation has the form

#(d2+i{l—ﬁﬁw+mmw=Ew. (©)

om dp> p*l4
In the FDM, equations (5) and (6) are solved by replacing the second derivative
with
" Vg — 2 i + i—
g () = L =2 T e ©)
h

Here, £ is the step of the uniform grid, and , = y(u =ih). Hence, at each grid
point the differential equation (5) is replaced with the difference equation

-V, +(Dl. —X)w,. -y, ,=0, i=12,.,N, ®)
where:
2m
D, =?h2Ui +2, 9
2m

A similar procedure is adopted to compute the quantum-wire states by the
FDM.

On the other hand, in the finite element calculations [8] the unknown wave
function is expanded into the shape functions f(u)

W =Ya,f,w), (11)

where a, are the coefficients of expansion. For simplicity, the first-order

(linear) shape functions are employed. Multiplying equation (11) by f;(z) and

subsequently integrating (Galerkin approach) equation by parts gives
Ha=ESa, (12)

where a is the vector of the expansion coefficients. The matrix elements
of H and S are given by

nordf,df, "
; =%dEEdZ+J;fi(z)Uo(z)fj(z)dz, (13)
S, = jf,.(z)fj(z)dz, (14)
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where d =D /2 is the half-width of the solution domain, and D is the domain
full width. For quantum wires, following the similar procedure a similar set of
equations is derived from equation (6).

3 Computer Implementations

In our calculations, the value of electron effective mass is m =0.067m,,
half-width of the rectangular quantum well equals w=10 nm, dimension (width
or diameter) of the solution domain equals D =40nm, and height of the
rectangular potential well amounts to ¥, =0.3¢eV in both the planar and the
cylindrical geometry.

The accuracy of the employed numerical methods is quantified by the error
of the electron ground state energy,

AE:EmAm_EaCE’ (15)

where £, and E . are the computed and the accurate energy values. If the

domain size D is kept fixed and the number of the subdomains N varies, the
error of the ground state energy in a rectangular quantum well oscillates, as
Figs. 1 and 2 show for the planar and the cylindrical geometry, respectively.
The displayed oscillations originate from varying the position of the grid point
which is closest to the heterojunction boundary. If we denote the number of this
point as n,, the actual width of the quantum well in our numerical calculations

is w,,. =n,D/N . For a certain value of N, the value of w,,, might be close

num num

to the quantum well half-width w. However, when N increasesto N +1, w

num

could become much smaller than w, which leads to increase in the calculated
eigenenergy. If N increases further, the value ofw__ could again approach w,

num

therefore the energy decrease. We note that w_ is not allowed to exceed w in

our calculations. Furthermore, we define the numerical half-width of the
quantum well as

Woum =W=fN, (16)

where 0< f<1. According to (16) w,_ —w when N increases, which

explains why amplitude of the oscillations shown in Figs. 1 and 2 decreases.
Interestingly, the oscillations of the ground energy level computed by the FEM
have smaller amplitude in both the planar and cylindrical geometry. It is due to
the fact that the energy value computed by the FEM depends on integrals,
therefore the dependence of the matrix elements of the Hamiltonian on N is
smoothed out, even when the position of the well-barrier boundary is not
precisely determined. Therefore, the FEM was found to be more robust than the
FDM to solve the Schrodinger equation.
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Fig. 1 — The error of the computed electron ground state energy in a rectangular
quantum well as function of the number of the grid points. The oscillatory
curve depicted by blue color is the result obtained by the FDM,
while the green line shows the result of the FEM calculations.
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Fig. 2 — The error of the computed electron ground state energy in a cylindrical
quantum wire for the rectangular variation of the confining potential. The FDM result is
shown by the blue line, while the green line shows the result of the FEM calculations.

The oscillations shown in Figs. 1 and 2 might be avoided by imposing the
condition

w=nh, (17)
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where n, is the number of the grid points inside half of the well determined
such that the i =n,, grid point is located at exactly z =w. Thus the total number
of the grid points is
N :an. (18)
w
The similar procedure can be adopted to construct an axially symmetric
grid. Such formed grids can be employed for the piece-wise variation of the
confining potentials, whereas the oscillations demonstrated in Figs. 1 and 2 do
not occur for continuously varying potentials, therefore width of the solution
domain and number of the grid points could both be arbitrarily chosen.

4 Numerical Results and Discussion

Fig. 3 shows how the error of the computed electron ground state energy in
a rectangular quantum well varies with half-width of the solution domain for
N =100. Both curves shown in this figure exhibit minima around 4, =20
nm. The existence of the minimum is a consequence of the rapid decay of the
electron wave function inside the barrier. When the solution domain width
increases above d, ;. , the number of the grid points inside the barrier, where the
wave function has small magnitude, increases, therefore the error increases.
Also, increase of the solution domain leads to reduction of the number of the
grid points inside the quantum well where the electrons are mostly localized.

It is obvious in Fig. 3 that the FEM produces more accurate result than the
FDM for d >d_. . We note that the error in Fig. 3 is computed for only several
values of d according to equations (17) and (18). Therefore, the oscillations of

the error of the electron ground state which are demonstrated in Figs. 1 and 2
are not present in Fig. 3.

min

The deviation of the computed electron ground state from the exact value in
the cylindrical nanowire having the rectangular potential as function of the wire
radius is shown in Fig. 4. It is evident that AE computed by both the FDM and
the FEM shows minimum at d , =20nm, which is close to the value
determined for the planar geometry. However, the error of the calculation by
both methods is less sensitive to variation of d when d >d_; . This could be
explained to be an effect of a faster decay of the wave function in the barrier,
and less varying wave function inside the wire. Therefore, the wave functions in
quantum wires are well represented by discretization at smaller number of the
grid points.

We found that the diagrams for the higher energy states have forms similar
to Figs. 3 and 4. Also, we found that the variations of AE with d have similar
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shapes for the 1D LHO and the isotropic 2D LHO. But, for these latter
potentials we also inspected how d,, varies with the grid size and the width of
the confining potential well, which is proportional to the exact value of the
ground state energy E,.
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Fig. 3 — The error of the computed ground-state electron energy in the rectangular
quantum well as function of the solution domain half~width. The FDM result is shown
by the blue line, and the result of the FEM calculations is shown by the green line.
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Fig. 4 — The error of the computed electron ground-state energy
in the cylindrical quantum wire with the rectangular shape
of the confining potential as function of the solution domain radius.
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Fig. S — The optimal half-width of the solution domain as function
of the number of elements and the exact energy of the electron ground
state in the planar quantum well with the potential of the 1D LHO.
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Fig. 6 — Dependence of the optimal radius of the solution domain on the
number of the elements and the exact energy of the electron ground state
in the axially symmetric quantum wire with the potential of the 2D LHO.

The diagrams determined by means of the FEM are displayed in Figs. 5 and 6
for the planar and cylindrical geometry, respectively. It is obvious that for the
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given width of the quantum well the optimal dimension of the solution domain
weakly depends on the number of elements. On the other hand, 4, decays fast

with E, in the range from 0 to 100 meV. The functions shown in Figs. 5 and 6
can be fitted with
(x’O

JE

where o, a,, and a, are the fitting parameters.

doin (Ey, N) =—=log" (a,,N), (19)

The values of the fitting parameters for the potential of the LHO in the
quantum well (QW) and the quantum wire (QWR) are shown in Table 1. The
difference between the parameters extracted from the calculations by the two
numerical methods is found to be small, and the fitting parameters for the
quantum wells and quantum wires have the similar values.

Table 1
The values of the parameters of the function given by (19)
obtained as the best fits of the results shown in Figs. 5 and 6.

Structure Method %o " a, o,
[nm(eV) "]
QW FDM 0.8365 0.5774 5.187
QW FEM 1.146 0.4821 3.331
QWR FDM 1.318 0.4444 4.529
QWR FEM 1.837 0.4462 6.437

Finally, we adopt the FEM to numerically compute the energy levels in the
quantum well having the shape of the modified Poschl-Teller potential

(20)

.
V(z)=— 1 )
o(2) cosh[(\[V, /e)z]

In this case the accuracy of the calculations depends on both the width and
the depth of the potential well, as Fig. 7 shows. We found that the error of the
electron ground energy level determined by the FEM decreases when either the
well width decreases (the parameter c of the potential increases) or the well
depth (the parameter V) increases. The variation shown in Fig. 7 could be
explained by better localization of electrons in deeper and wider quantum
wells. We also employed the FDM to determine the electron states in the
modified Poschl-Teller potential, and we found it resembles the diagram shown
in Fig. 7.
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Fig. 7 — The optimal dimension of the solution domain as function
of the parameters of the modified Péschl-Teller potential.

5 Conclusion

The finite-difference and finite-element methods are employed to solve the
single-band Schrodinger equation in the GaAs/(Al,Ga)As quantum wells and
cylindrical quantum wires. We showed that the computation grid should be
constructed with care at the abrupt interface between the well and the barrier.
For an arbitrary grid the error of the electron ground state energy exhibits
oscillations when the number of the grid points varies. We found that the FEM
results are more accurate for the given grid size, and that the error of the
electron energy levels in the quantum wells and wires computed by the FEM are
less dependent on the size of the solution domain than the energy levels
determined by the FDM. Furthermore, the optimal value of the dimension (half-
width or radius) of the solution domain, for which the ground state is computed
with the lowest error, is determined. For the potentials of the 1D and 2D linear
harmonic oscillators the optimal solution domain width is found to vary
negligibly with the number of the grid points, whereas it exhibits strong
dependence on the width of the potential well. Moreover, our calculations for
the modified Poschl-Teller potential demonstrate that the accuracy of the
electron ground state energy depends on both the well width and depth.

6 Acknowledgment

This work was supported by the Ministry of Education, Science and
Technological Development of Republic of Serbia.

83



D. Topalovié, S Paviovié, N. Cukarié, M. Tadié

References

J.H. Davies: The Physics of Low-dimensional Semiconductors: An Introduction, Cambridge
University Press, Cambridge, UK, 1998.

L.R. Ram-Mohan, K.H. Yoo: Wavefunction Engineering of Layered Semiconductors:
Theoretical Foundations, Journal of Physics: Condensed Matter, Vol. 18, No. 49, Dec.
2006, pp. R901 —R917.

T. Thn: Semiconductor Nanostructures: Quantum States and Electronic Transport, Oxford
University Press, Oxford, UK, 2010.

C. Galeriu, L.C.L.Y. Voon, R. Melnik, M. Willatzen: Modeling a Nanowire Superlattice
using the Finite Difference Method in Cylindrical Polar Coordinates, Computer Physics
Communications, Vol. 181, No. 2, Feb. 2004, pp. 147 — 159.

M.E. Pistol, C.E. Pryor: Band Structure of Core-shell Semiconductor Nanowires, Physical
Review B: Condensed Matter and Materials Physics, Vol. 78, No. 11, Sept. 2008,
p. 115319.

C.A. Duarte: Convergence and Instability of Iterative Procedures on the One-dimensional
Schrodinger—Poisson Problem, Computer Physics Communications, Vol. 181, No. 9, Sept.
2010, pp. 1501 — 1509.

H. Shao, Z. Wang: Arbitrarily Precise Numerical Solutions of the One-dimensional
Schrodinger Equation, Computer Physics Communications, Vol. 180, No. 1, Jan. 2009,
pp.- 1-7.

L.R. Ram-Mohan: Finite Element and Boundary Element Applications in Quantum
Mechanics, Oxford University Press, Oxford, UK, 2002.

J.E. Pask, B.M. Klein, C.Y. Fong, P.A. Sterne: Real-space Local Polynomial Basis for
Solid-state Electronic-structure Calculations: A Finite-element Approach, Physical Review
B: Condensed Matter and Materials Physics, Vol. 59, No. 19, May 1999, pp. 12352 — 12358.
J.E. Pask, B.M. Klein, P.A. Sterne, C.Y. Fong: Finite-element Methods in Electronic-
structure Theory, Computer Physics Communications, Vol. 135, No. 1, March 2001, pp. 1 —34.
C.A. Duque, M.A. Mora-Ramos: Electron States and Related Optical Responses in
Asymmetric Inverse Parabolic Quantum Wells, Superlattices and Microstructures, Vol. 54,
Feb. 2013, pp. 61 — 70.

Q. Zhongliang, T. Xiaohong, L.E.K. Kenneth, L.P. Huei, B. BaoXue: Large Energy Band-
gap Tuning of 980 nm InGaAs/InGaAsP Quantum Well Structure via Quantum Well
Intermixing, Solid-State Electronics, Vol. 79, Jan. 2013, pp. 281 — 284.

84




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Europe General Purpose)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


