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In this work, we calculate the electronic inter-band transitions in low dimensional nanostructures employing the effective mass 
approximation. With the help of the well-known models of square quantum well (SQW) and the symmetric square double quantum 
well (DQW), we calculate the energy levels in nanostructures commonly grown by molecular beam epitaxy (MBE) of III–V 
compound semiconductors. We choose in our calculations quantum wells (QWs) made of heterostructures without strain such as 
GaAs/AlxGa1-xAs, as well as heterostructures where the strain is very important such as InxGa1-xAs/GaAs and InAs/GaAs. We 
present our results showing the electronic transition energy versus the well width in the SQW case, or versus the middle barrier 
width in the DQW case. A discussion about the wave functions in the SQW and its coupling in the DQW is included.  
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1. Introduction 
 

The textbook problems of quantum mechanics related 
to the single and the double square quantum well (QW), 
have at present relevant importance because the research 
in low dimensional semiconductor heterostructures is not 
exhausted [1-3]. By means of heteroepitaxy techniques 
such as MBE, the growth of QWs with a few 
monoatomic layers or even with a sub-monolayer 
thickness is a routine fact [4]. The optical properties of 
QWs are strongly dependent on the structure dimensions, 
i.e. the quantum confinement is an important property for 
these nanostructures. The strain originated by the lattice 
mismatch between neighbor heterostructure layers, is 
another profitable property in QWs. The InxGa1-

xAs/GaAs system shows a strain at the interfaces as a 
function of the In concentration. The maximum strain is 
obtained for the InAs/GaAs system with a mismatch of 
~7%. As a consequence, it is not possible to deposit 
many layers of InAs on GaAs substrates in a coherent 
growth, forming the so-called δ-layer. In fact, the critical 
thickness is about 1.7 monolayers, after this thickness the 
lattice is relaxed first by producing self-assembled nano-
islands which can be used as quantum dots (SAQDs) 
[5,6]. The SAQDs suffer a redshift in the 
photoluminescence (PL) peak with respect to the very 
thin epitaxial layer before the emerging of three-
dimensional (3D) structures. This kind of nanostructures 
is object of intense study at present due to its complexity 
[7]. 

The matter of coupling two SQWs forming a DQW has 
been used to figure out several physics problems, for 
instance to study the transport and lifetime of carriers in 

heterostructures [8]. As well as, with this system, it has 
been determined the band offset at the highly strained 
InAs/GaAs interface [9]. The DQW system also is quite 
interesting in theoretical studies in quantum coherence 
and interference phenomena [10]. 

Due to several reasons, such as defects at interfaces, 
segregation of chemical species, et cetera; real QWs not 
always have perfect abrupt interfaces, a more 
complicated well profile at the interfaces could be solved 
by the transfer matrix method [11]. In this work, we 
calculate the electronic transitions of ideal SQWs and 
symmetric DQWs with abrupt interfaces as a function of 
its width. We studied the unstrained and strained 
heterostructures made of GaAs/AlxGa1-xAs and InxGa1-

xAs/GaAs, respectively. Including the highly strained 
case for the InAs/GaAs system [4,5]. We performed the 
calculations only along the conventional [100]-oriented 
substrates due to the fact in other growth directions 
corrugated surfaces can appear, forming self-assembled 
quantum wires (SAQWRs) and, where the model of the 
SQW could not match well with the experiment [12]. 
Electronic transitions are also temperature dependent, so 
we considered such effects in the band-gap energy. We 
finally study the wave functions in order to obtain further 
information on the physics of these systems.  
 
2. Theory 

 
Theoretical calculations about QWs heterostructures in 

the effective mass approximation have been presented by 
Bastard [13]. If mW is the effective mass of the charge 
carrier in a well, and mB the effective mass in the barrier; 
the respective even and odd bound states energies E in a  
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Figure 1. Energy of electronic transitions vs well width for a QW 
made of GaAs/Al0.23Ga0.77As at 10 K. The continuous curves represent 
the electronic transitions 1e-nhh. The dotted curves are the transitions 
corresponding from the second electronic subband to the heavy holes 
levels (2e-nhh). 

 
 

Figure 2. Energy of electronic transitions vs well-width for a QW 
made of In0.2Ga0.8As/GaAs at 300 K. 

 
 

 
Figure 3. (a) Continuous curve shows the normalized electronic wave 
function in a 30 Å well width QW for the In0.20Ga0.80As/GaAs system. 
The dashed curve is the wave function of the heavy holes QW. 
Vertical lines are the interfaces. (b) Analogue calculation for the same 
system in a 50 Å well width QW. In this case, a new subband appears 
inside the heavy holes QW. 
 

SWQ of width 2a and depth V0 are given by solving the 
transcendental equations 
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where q and κ are the wave-vector in the well and the 
barrier, respectively. These quantities are defined as 
κ 2 =−2mB|E|/h2 and q2=2mW(V0−|E|)/h2.  

Likewise, following similar calculations to the SQW, it 
can be found out the bound state energies of two identical 
coupled SQWs of width a separated by a barrier of width 
b, i.e. the symmetric DQW. The energy level degeneracy 
of the two identical SQWs is lifted when the SQWs 
approach together, emerging the symmetric and 
antisymmetric states of the DQW [3], being the first 
symmetric state the ground state. If the middle barrier is 
made of the same material to the barriers surrounding the 
coupled wells, the eigenenergies are given by solving the 
next transcendental equations 
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where Eq. (2a) corresponds to the symmetric energy 
levels, and Eq. (2b) corresponds to the antisymmetric 
energy levels. Being q and κ the same wavevectors as in 
the SQW case. For a well width fixed a, there are two 
important limits in theses equations. The first one is when 
the barrier width b tends to zero. Thus, equations (2a) and 
(2b) tend to equations (1a) and (1b), respectively. One 
consequence of this limit is that the first antisymmetric 
energy level in the DQW not always exists as occurs with 
the odd energy level in the SQW. The second limit is 
when b tends to infinite, thus the eigenvalues in Eq. (2a) 
become the same as the Eq. (2b). The way we have 
presented equations (2a) and (2b), i. e. the eigen-value 
conditions of the DQW, is a generalization of the 
solutions given by Gasiorowicz for the DQW, where we 
have taken into account the effective masses of the 
charge carriers in each layer [14]. 

Without taking into account the exciton, in 
semiconductors with direct band gap at the Γ point, the 
electronic interband transition energy Eg,eff(T) for a given 
temperature is given by Eg,eff(T)= Eg(T)+Eme+Enhh. Being 
Eg(T) the temperature dependent bulk band gap width of  
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Figure 4. Energy of electronic transitions vs. well width for a QW made 
of InAs/GaAs at 300 K. Vertical line at 5.15 Å shows the critical 
thickness where the strain begins to produce self-assembled quantum 
dots. In this way, it is not physically possible to observe the QW 
transitions at higher thickness. The inset shows the wave functions for a 
QW of one monolayer (~3.0 Å). 
 
the well layer. Whereas Eme and Enhh are the energies of 
the m-th subband of electrons and the n-th subband heavy  
holes in the QWs. In order to obtain the temperature 
dependence of the band-gap energy we used the 
Varshni’s formula [15]:  

( ) ( ) ,0
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−=
β
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where Eg(0) is the energy gap at 0 K, α and β are the 
fitting parameters of the material.  

In strained QWs, the band gap experiments a shift ΔE 
corresponding to the strain for mismatched interfaces. 
Therefore, we should add also this term to the energy 
Eg,eff(T). For the [100] direction, the energy shift is given 
by 
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where C11 and C12 are the elastic constants, ε the strain; 
and, a and b the deformation potentials [16].  
 
3. Results and Discussions 
 
It is well established that the electronic transitions 
observed in photoluminescence (PL) and 
photoluminescence excitation (PLE) techniques are those 
with the same parity. However, we present our results 
showing all the interband transitions no matter if they 
were or not possible to be observed. In such a case, the 
width where one possible transition begins is the same 
where a new level in one of the wells is emerging. Figure 
1 shows electronic transitions in a SQW at 10 K for the 
GaAs/Al0.23Ga0.77As system. The parameters we used in 
the Varnish’s formula for GaAs are α = 5.4×10-4 eV/K, 
β= 200 K and Eg(0)= 1.5192 eV. On the other hand, for 
Al0.23Ga0.77As the band gap is 1.963 eV at the same 
temperature. In GaAs, the effective masses are 0.0665m0 
and 0.51m0, for the electrons and the heavy holes;  

 
 

Figure 5. Electronic transition energy 1es-1hhs vs. barrier width b for a 
DQW made of Al0.23Ga0.77As/GaAs at 10 K. The well width a is fixed 
to four different values 4, 8, 12 and 16 Å. 
 
respectively, where m0 is the free electron mass [17]. The 
remaining parameters of Al0.23Ga0.77As were taken from 
the same reference.  For our calculation we employed the 
conduction band offset ratio at the GaAs/Al0.23Ga0.77As 
interface as Qc = 0.65 [18]. Figure 1 shows only one 
electronic transition (1e-1hh) up to the emerging of the 
second level n = 2 at the heavy holes band at the well 
width 2a = 26 Å. With the increasing of the well width 
the energy spectrum is enriched with a variety of 
transitions. The well width broadening also causes that 
the energy of the electronic transition 1e-1hh approaches 
to the gap of the well, that in the case of GaAs at 10 K is 
Eg(10)= 1.5189 eV.  

For the InxGa1-xAs/GaAs system with x = 0.2, a biaxial 
compressive stress is applied to the well layer. Thus, the 
lattice mismatch of about 1.4% among In0.2Ga0.8As and 
the barrier layers increases the unstrained band gap by an 
energy shift of 72.4 meV at 300 K. Therefore, for this 
system, the bulk band gap Eg(300) = 1.140 eV goes up to 
1.212 eV [19]. In this case, the conduction band offset 
ratio of Qc = 0.71 was used [18]. Figure 2 shows the 
energy transitions for an In0.2Ga0.8As SQW at 300 K as a 
function of well width. The behavior of the electronic 
interband transitions is similar to the shown for 
Al0.23Ga0.77As. However, in figure 2 we do not observe 
the transitions 1e-4hh, 2e-4hh, etc. because of the fourth 
heavy hole level emerges up a to a well thickness of 107 
Å. 

Normalized wave functions for the electrons and heavy 
holes associated with two In0.2Ga0.8As/GaAs QWs of 30 
and 50 Å well width are shown in figure 3. The 
calculations display a greater percentage of localization 
inside the QW for the heavy holes than for the electrons 
in the ground state. The electronic wave function in the 
wider QW has 76 % of probability to localize the electron 
inside the well, whereas there is a 53 % of probability to 
localize the electron inside the QW of 30 Å. With respect 
to the heavy holes, there is a 92 % of probability to find 
the heavy hole in the wider QW versus 79 % in the 
thinner QW. For the odd state, the probability of the  
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Figure 6. Energy of electronic transition vs barrier b width for a DQW 
made of Al0.23Ga0.77As/GaAs at 10 K. The well width a is fixed to 16 
Å. 
 
heavy holes to be localized inside the 50 Å QW decreases 
to 58 %. 

Figure 4 shows the transition energy as a function of 
well width for InAs/GaAs SQW. In this calculations, we 
have used the conduction band offset ratio of Qc = 0.58 
[9]. Theoretically there is not limit in the well width. 
However, it is important to note that the Stranski-
Krastanov mechanism stops the possibility to growth 
SQWs of InAs/GaAs with arbitrary well width. Thus, the 
InAs/GaAs quantum wells support only one level in the 
conduction band as well as in the valence band, allowing 
only the ground state transition. About the energy shift in 
the bulk band gap in the InAs monolayer, the Eq. (4) 
gives 103 meV at 300 K. Therefore, the bulk band gap of 
InAs increases from 0.350 to 0.453 eV. Our calculations 
in InAs monolayers are in very good agreement with 
reported PL experiments [4], but also without the use of 
delta functions frequently used to represent these very 
thin layers [9]. In the case of one nominal monolayer of 
InAs embedded in barriers of GaAs, the calculation 
shows a 4.25 % of probability for electrons to be 
confined, versus 20 % for heavy holes. 

Electronic transition energies corresponding to the 
ground state of the electrons and holes of a DQW for the 
system GaAs/Al0.23Ga0.77As at 10 K are shown in figure 
5. In this figure, the calculations were done fixing the 
well width a to four different values 4, 8, 12 and 16 Å. 
From the 1es-1hhs transition energies versus the barrier 
width we can observe two limits. For the first limit, when 
the barrier width b tends to zero, the transition energy 
tends to the corresponding SQW of width 2a, due to the 
total coupling of both SQWs when the barrier disappears. 
In the second limit, we can see as the barrier width 
increases, the transition energy tends to a constant value, 
which corresponds to two decoupled SQWs of the same 
width a. Thus, the transition energies at the barrier widths 
b=0 Å and b=300 Å in figure 5 have corresponding 
values with the electronic transition 1e-1hh showed in the 
figure 1. 

The 1es-1hhs transition shown in figure 5 corresponding 
to a= 16 Å is compared with the 1es-1hha transition in  
figure 6. We can see as the barrier width b increases, both  

 
 

Figure 7. Wave functions in a DQW made of Al0.23Ga0.77As/GaAs at 
10 K. (a) Continuous curve is the normalized electronic wave function. 
Dashed curve is the wave function of the heavy holes. Vertical lines 
are the interfaces, in such a way the parameters of the DQW are a=6 Å 
and b=3 Å. (b) Analogue calculation for the same system in a 50 Å 
well width DQW with a barrier of 100 Å. In this case, there is an 
antisymmetric state inside the heavy holes DQW. 

 
transitions converge very fast. This result is in agreement 
with the behaviour of the equations (2) when b tends to 
infinite. We stated in Eq. (2b) that not always exists the 
antisymmetric states. Thus, at a = 16 Å and b = 3 Å, 
there are already the first two states in the hole’s DQW, 
but only one in the electron’s DQW. Figure 6 took into 
account this consideration.The analysis of the wave 
functions in a DQW is given in figure 7. The system 
under study is again Al0.23Ga0.77As/GaAs at 10 K. Figure 
7a shows a DQW with parameters a=6 Å and b=3 Å. 
Similarly to the SQW case, the calculations also show a 
greater percentage of localization inside the wells for the 
heavy holes than for the electrons in the ground state. 
The electronic wave function has 5.87 % of probability to 
localize the electron inside each well, whereas there is a 
13.9 % of probability to localize the heavy hole inside 
their corresponding wells. About the probability to 
localize the charge carriers in the middle barrier, there is 
a probability of 0.00016 % for the electrons versus 
0.0026 % for the heavy holes. These data contrast with 
the great probability to localize the charge carriers in the 
external barriers: 44.13 % for the electrons versus 36.1 % 
for the heavy holes. Figure 7b shows a DQW with 
parameters a=50 Å and b=100 Å. The wells are weakly 
coupled; however the probability of tunneling between 
the wells is greater than the DQW shown in figure 7a. In 
the middle barrier, there is a probability of 0.25 % to find 
the electrons versus 0.07 % for the heavy holes. We also 
have a probability of finding the electrons in each well of 
39.82 % and a probability of 47.28 % for the heavy holes. 
Meanwhile, the probability of finding the electrons is 



Superficies y Vacío 26(4) 126-130, diciembre de 2013 ©Sociedad Mexicana de Ciencia y Tecnología de Superficies y Materiales
 

130 
 

 

10.05 % at the external barriers versus 2.68 % for the 
heavy holes. With respect to the antisymmetric state 
located at the heavy holes we have an increased 
probability to find them in the middle barrier, being of 13 
%. At the same time, reducing the probability at the 
external barriers to 1.4 %. Finally, the probability at each 
well is 42.1 %.  

We can see from the figure 7b, that although there is a 
little probability to find the charge carrier in the middle 
barrier; the wells are strongly coupled even separated at 
100 Å, in such a way the wave functions are still quite 
different from two decoupled SQWs as we can see in 
figure 3. The differences in probabilities of finding the 
charge carriers in each one of the regions in SQWs and 
the DQWs, are in all cases mainly due to the differences 
in their effective masses, but also in the differences of the 
band offset of the wells. 
 
4. Conclusions 
 

In a QW heterostructure there is always at least one 
electronic transition, this is the case of the very thin 
delta-layers heterostructures made of InAs/GaAs. In 
QWs with or without strain, as the well-width increases, 
the system begins to have a richer subband structure. At 
thinner QWs the charge carriers have a higher probability 
to be localized at the barriers. The coupling between 
SQWs can be studied qualitatively by means of the shape 
of the wave function, and quantitatively by the 
probabilities of finding the charge carriers. In identical 
coupled QWs, the degeneracy splits in antisymmetric and 
symmetric energy level. Becoming the last one in the 
ground state. The energetic separation between levels or 
transitions can also give us quantitative information 
about the degree of coupling between SQWs forming a 
DQW.  
 
Acknowledgments 
 

The authors are thankful to SIP-IPN project No 
20131035, the Mexican Agencies CONACYT-SENER 
project No 151076, and ICyT-DF, for financial support. 

The authors also thank the technical assistance of E. 
Gómez. 
 
References 
 
[1] I. Dhifallah, M. Daoudi, A. Bardaoui, B. Eljani, A. Ouerghi, 
R. Chtourou, J. Lumines. 131, 1007 (2011). 
[2] A. Castañeda-Medina and R.M. Gutiérrez, Phys. Status 
Solidi B. 248, 2877 (2011). 
[3] A. Acus and A. Dargys, Phys. Scr. 84, 015703 (2011). 
[4] J. Hernández-Rosas, J.G. Mendoza-Álvarez, S. Gallardo-
Hernández, E. Cruz-Hernández, J.S. Rojas-Ramírez, and M. 
López-López, Microelectron. J. 39, 1284 (2008). 
[5] W. Rudno-Rudziński, G. Sek, and J. Misiewicz, T. E. 
Lamas, A. A. Quivy, J. Appl. Phys. 101, 073518 (2007). 
[6] H. Morales-Cortés, C. Mejía-García, V.H. Méndez-García, 
D. Vázquez-Cortés, J.S. Rojas-Ramírez, R. Contreras-Guerrero, 
M. Ramírez-López, I. Martínez-Velis and M López-López, 
Nanotechnology 21, 134012 (2010). 
[7] J. G. Keizer, P. M. Koenraad, P. Smereka, J. M. Ulloa, A. 
Guzman, and A. Hierro Phys Rev B 85, 155326 (2012). 
[8] A. Matos-Abiague and J. Berakdar, Phys. Scr. T118, 241 
(2005). 
[9] J. Brübach, A. Yu. Silov, J. E. M. Haverkort, W. v. d. 
Vleuten, and J. H. Wolter, Phys. Rev. B 59, 10315 (1999). 
[10] Wen-Xing Yang, Xiaoxue Yang, and Ray-Kuang Lee, 
Opt. Express 17, 15402 (2009) 
[11] C.M. Yee-Rendón, M. López-López, and M. Meléndez-
Lira Rev. Mex. Fis. 50 193 (2004). 
[12] E. Cruz-Hernández, J. Hernández-Rosas, J.S. Rojas-
Ramírez, R. Contreras-Guerrero, R. Méndez-Camacho, C. 
Mejía-García, V. H. Méndez-García, and M. López-López, 
Physica E 42, 2571 (2010) 
[13] G. Bastard: Wave mechanics applied to semiconductor 
heterostructures (Halsted, New York 1988). 
[14] S. Gasiorowicz, Quantum Physics (Wiley, New York 
1996).  
[15] Y. P. Varshni, Physica (Utrecht) 34, 194 (1967). 
[16] F. H. Pollak, in Semiconductors and Semimetals, edited 
by Thomas P. Pearshall (Academic, New York, 1991), Vol. 32, 
p 17. 
[17] L. Pavesi, M. Guzzi, J. Appl. Phys. 75, 15 (1994). 
[18] C. G. Van de Walle, Phys. Rev. B 39, 1871 (1989). 
[19] Handbook on Physical Properties of Semiconductors Vol. 
2, edited by S. Adachi (Kluwer Academic, Boston, MA, 2004). 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile 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 false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /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 [612.000 792.000]
>> setpagedevice


