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All-optical switching in Bragg-spaced quantum well contained uniform quantum dots (QDs) is
investigated in theory. With our design, it is nonresonant excitation for pumping a few meV below
the photonic band-gap. The active photonic band-gap structure is shifted by the optical Stark effect,
and the circular dichroism and birefringence are induced by the circular polarized pump light.
Thus, the optical switching can be realized based on the ultrafast nonlinear effect. The switch, with
great advantages of lower requirement of pump light intensity and high contrast ratio, is a promising
candidate for the ultrafast all-optical switching devices in future.
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1. Introduction
All-optical polarization switches based on Bragg-spaced quantum wells (BSQWs) have
been reported [1–4], which take advantage of the properties of an optical Stark effect
and have achieved control-pulse-width-limited switching time due to the ultrafast
suppression and recovery of the active photonic band-gap structure in BSQWs.
However, the thermalization of the excitons in quantum wells makes this switch work
only at low temperature [3, 4], and cannot be applied in the practical optical commu-
nication system. 

In the same time, QDs applied in the optical device have been researched widely.
Many works have been carried out on how to grow the QDs uniformly and controllably
[5–9]. Until now, the QDs’ inhomogeneous broadening caused by the fluctuations of
QD sizes can be reduced to about 10 meV [9]. QDs also are the perspective material
to fabricate all-optical switching according to their large nonlinearity. The require-
ments of all-optical switches are an ultrafast response time, a high repetition rate, low
switching energy, a high extinction ratio, and a low insertion loss. QDs have been uti-
lized in all-optical switching in different ways. An early report on all-optical switching
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contained QDs was semiconductor-doped glasses [10, 11], but it required an imprac-
tically high excitation power due to the use of non-resonant nonlinearity, and its
extinction ratio is not big enough. In Ref. [12], PRASANTH et al. reported all-optical
switching due to state filling in quantum dots within a Mach–Zehnder interferometer
switch. In Ref. [13], HITOSHI NAKAMURA et al. demonstrated a two-dimensional
photonic crystal based symmetric Mach–Zehnder type all-optical switch with InAs QDs
acting as a nonlinear phase-shift source. In Ref. [14], CHAO-YUAN JIN et al. developed
a vertical-geometry all-optical switch device based on self-assembled InAs QDs within
a GaAs/Al0.8Ga0.2As vertical cavity structure. However, there are some limitations in
the above all-optical QDs switching, and the requirements are not all satisfied. 

In the present paper, we design an all-optical switching in Bragg-spaced quantum
well contained uniform quantum dots. The QDs with homogeneous broadening are
considered. We theoretically investigate the switching characteristics by a transfer
matrix method. The switch shows great advantages of lower requirement of pump light
intensity and high contrast ratio. 

2. Model and theory
In Figure 1, a schematic of the studied switching structure is shown. It is a system
consisting of the uniform QDs embedded in the Bragg-spaced InGaAs/GaAs layers
which exhibit a one-dimensional photonic band-gap [15, 16]. The QD with the en-
hanced activation energy can prevent the thermal ionization of excitons, and improve
the switch’s temperature characteristic [17]. The exciton energy is 0.83 eV (1500 nm)
by capping with InGaAs layer [18]. The parameters of the structure and some
main parameters used in the calculations are listed in Table 1. In our optical switch,
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Fig. 1. The schematic of one Bragg period of the switching structure.

T a b l e 1. The value of the parameters.

Symbol Quantity Value
dw Thickness of InGaAs 9 nm
db Thickness of GaAs 199 nm
h Diameter of QDs 7 nm [19]
γ Nonradiative decay rate 5 ns–1 [24]
Γ Radiative decay rate of QDs layer 7 ns–1 [25]
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the sample is placed between crossed polarizer in reflection geometry [20]. The control
light which is a Gaussian pulse is spectrally centered 3 meV below the exciton
resonance (0.83 eV) to assure it is non-resonant, and has 1 ps duration with an intensity
of 0.5 MW/cm2. Similar to the control light, the detuning of the signal light is 3 meV
below the exciton resonance, the duration is 160 fs and the intensity is 1% intensity of
the control light.

Firstly, because the quantum dots’ dimension is very small compared to the signal
wavelength, the QDs can be treated as electrically small objects. The effective medium
theory [21] can be used to calculate the electromagnetic response. Here we will use
the Maxwell–Garnett approach [22] to describe the dielectric properties of the nano-
composite. The effective permittivity

(1)

with εQD (ε h) – the permittivity of the QDs (GaAs host medium) and ε h = 3.5; f  is
the QD volume fraction which is much smaller than the volume fraction of the host
medium f = 0.05. And now, the QD layer will be approximated by a thin layer with
an average refractive index, 

After that, we will use the transfer matrix method [20, 23] to calculate the reflec-
tivity of the Bragg quantum well contained uniform QDs. The exciton susceptibility is 

(2)

where Γ  is the QDs radiative decay rate [24], γ  is the QDs nonradiative decay
rate [25], ω0 is the exciton resonance frequency, Δω0 is the variable quantity of
the exciton resonance frequency caused by the Stark effect [26]

while D is the dipole moment of the transition, and ε  and μ are the permittivity and
permeability of the material, Ip is the pump laser intensity, Δ is the pump laser energy
detuned from the QD transition. 

The N  blocks transfer matrix can be written as

(3)

where  is the transfer matrix through the halves of the barriers surrounding
the quantum well, Tw(S ) is the transfer matrix of a block and is the function of S.
Then, the reflectivity can be calculated by R = |T21 /T22 |2.
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In Figure 2, the reflectivity spectrum of Bragg well contained QDs is shown. Here,
we only consider the normal incidence. With the pump laser, there is a blue shift in
the Bragg well reflectivity because of the Stark shift. Especially, at the phone energy
0.827 meV, the reflectivity declines from 0.9 without the pump laser to 0.05 with
the pump laser. When we set the signal pulse at 0.827 eV (1503 nm), it applies to
all-optical switch according to the great change of the reflectivity. In addition, the col-
lapse in the reflectivity is due to the nonlinearity in the QDs.

What is more, the circular pump laser also can bring about circular dichroism and
birefringence in the quantum dot layers due to the spin-dependence selection rules [1].
The linearly polarized signal light contains equal amounts of right (σ +) and left (σ –)
circularly polarized light. The right circularly polarized control light are both almost
normally incident to the quantum well plane. Without the control light, the signal light
is perpendicular to the linear analyzer and cannot pass through the analyzer (which is
perpendicular to the signal light) due to the unchanged polarization state of the signal
light (i.e., the switch is tuned off). With the control light, the reflectivity stopband
of σ + polarization component is partially suppressed, but that of σ – polarization is
almost unchanged. Consequently, σ + and σ – components of the signal light have
a different amplitude and phase. The signal polarization is thus rotated and becomes
elliptically polarized, which means that a portion of the signal light is allowed to pass
the analyzer (i.e., the switch is tuned on). So, the polarization state of a linearly
polarized light is changed in the control pulse time scale, and it also is another principle
for the optical switching.

In QDs, the refractive index change is given by Δn = Re(χ /2n); χ is the optical
susceptibility, n is the refractive index, Δn is influenced by the control light ampli-
tude [27]. Under the operation with the external light field, the third-order nonlinear
refractive index is changed. This property is the cause of the light-induced circular
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Fig. 2. The reflectivity spectrum of Bragg quantum well contained QDs with the pump pulse 0.827 meV,
intensity Ip = 0.5×1010 W/m2, N = 100. 
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dichroism. The polarization ellipse defining the orientation angle θ  can be written by
the following expression:

(4)

where L is the sum of QDs layers thickness L = Ndw, dw = 9 nm is QDs layers thick-
ness, c is the speed of light. There is an ellipticity, but it is very small, we assume it is
approximately equal to zero. Taking the extremely small extinction ratio of the polar-
izer  into count, the reflected intensity has a form: 

(5)

 (6)

where the on/off superscripts denote the on/off state of the switch, and in/out subscripts
denote the in/out signal pulse. R(ω ) represents the reflective spectrum of the structure.
The contrast ratio (CR) can be written:

(7)

Figure 3 depicts the time response of the contrast ratio which we calculated by (7).
When the control and signal light arrive in the sample simultaneously, the strongest
control light intensity induces maximal changes of susceptibility and reflectivity index.
The signal becomes elliptically polarized and a large portion of the signal light can
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Fig. 3. Calculated contrast ratio as a function of control-signal delay at room temperature, 100 periods,
I = 0.5 MW/cm2. 
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transmit this polarizer. At the end of control light, the signal light passes the quantum-
-dot layers without any polarization state change due to the vanishing of the circular
dichroism, and it cannot pass through the polarizer. The switching time is pulse-width
limited. Because it is nonresonant excited, there is not any free carrier generated.
The switching can recover quickly after the pump pulse and the repetition rate is not
restrained [1].

Figure 4 shows the dependence of the contrast ratio on the increase of the control
light intensity. The contrast ratio is up to the maximum value 1600 at the control light
intensity of  2 MW/cm2 which is smaller than that of the structure made of BSQWs [1].
After that, the contrast ratio does not change greatly with the increase of the control
light intensity, because the absorption coefficient is saturated due to the dramatically
enhanced third order susceptibility.

Finally, we should discuss the influence of the inhomogeneous broadening on our
all-optical polarization switch. Our switch is sensitive to the inhomogeneous broaden-
ing. The inhomogeneous broadening of the QDs fabricated by the Stranski–Krastanow
growth mode usually is more than 10 meV. On the one hand, if we set the pump pulse
too close to exciton resonance energy, the non-resonant condition may not be met
according to the large inhomogeneous broadening. Some of the QDs are excited
resonantly and cannot recover instantaneously because of the long life time of the car-
rier. Or we can set the pump pulse farther below the exciton resonance energy, but
the nonlinearity will be very small and we have to aggrandize the power of the pump
pulse. On the other hand, the reflectivity spectra also are related to the inhomogeneous
broadening. If the inhomogeneous broadening is very big, there is not high reflectivity
in the sample according to our calculation. And the refractive index change also is
averaged by the inhomogeneous broadening of the QDs. As to the above-mentioned,
our switch can be put into effect under small inhomogeneous broadening condition. 
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Fig. 4. Dependence of the contrast ratio on the increase of the control light (0.827 eV) intensity.
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3. Conclusions

In conclusion, we have established an all-optical polarization switch based on Bragg
well contained uniform QDs for optical communication. The switch shows a high con-
trast ratio 930 (~30 dB) and lower requirement of pump light intensity (0.5 MW/cm2).
It is a promising candidate for the all-optical switching devices in ultrafast optical
communication in future. To realize the performance of this switch, more work should
be done to reduce the inhomogeneous broadening of QDs.

Acknowledgments – This work is supported by the National Basic Research Program of China (Grant.
2010CB923204), National High Technology Research and Development Program of China (Grant
No. 2008A A03Z404) and the National Natural Science Foundation of China (Grant No. 60877040). 

References

[1] JOHNSTON W.J., YILDIRIM M., PRINEAS J.P., SMIRL A.L., GIBBS H.M., KHITROVA G., All-optical spin-
-dependent polarization switching in Bragg-spaced quantum well structures, Applied Physics
Letters 87(10), 2005, article 101113.

[2] PRINEAS J.P., ZHOU J.Y., KUHL J., GIBBS H.M., KHITROVA G., KOCH S.W., KNORR A., Ultrafast
ac Stark effect switching of the active photonic band gap from Bragg-periodic semiconductor
quantum wells, Applied Physics Letters 81(23), 2002, pp. 4332–4334.

[3] DAMEN T.C., KARL LEO, JAGDEEP SHAH, CUNNINGHAM J.E., Spin relaxation and thermalization of
excitons in GaAs quantum wells, Applied Physics Letters 58(17), 1991, pp. 1902–1904. 

[4] JOHNSTON W.J., PRINEAS J.P., SMIRL A.L., Ultrafast all-optical polarization switching in Bragg-
-spaced quantum wells at 80 K, Journal of Applied Physics 101(4), 2007, article 046101. 

[5] EVTIKHIEV V.P., BOIKO A.M., KUDRYASHOV I.V., KRYGANOVSKII A.K., SURIS R.A., TITKOV A.N.,
TOKRANOV V.E., Control of density, size and size uniformity of MBE-grown InAs quantum dots by
means of substrate misorientation, Semiconductor Science and Technology 17(6), 2002, pp. 545–550.

[6] JIYUN C. HUIE, Guided molecular self-assembly: a review of recent efforts, Smart Materials and
Structures 12(2), 2003, pp. 264–271.

[7] LE RU E.C., FACK J., MURRAY R., Temperature and excitation density dependence of the photolumi-
nescence from annealed InAs/GaAs quantum dots, Physical Review B 67(24), 2003, article 245318.

[8] KENICHI KAWAGUCHI, NAMI YASUOKA, MITSURU EKAWA, HIROJI EBE, TOMOYUKI AKIYAMA, MITSURU

SUGAWARA, YASUHIKO ARAKAWA, Optical properties of columnar InAs quantum dots on InP for
semiconductor optical amplifiers, Applied Physics Letters 93(12), 2008, article 121908.

[9] ZETIAN MI, PALLAB BHATTACHARYA, Molecular-beam epitaxial growth and characteristics of highly
uniform InAs/GaAs quantum dot layers, Journal of Applied Physics 98(2), 2005, article 023510.

[10] TSUDA S., CRUZ C.H.B., Femtosecond response time in a polarization-rotation switch using
semiconductor-doped glasses, Optics Letters 16(20), 1991, pp. 1596–1598.

[11] PADILHA L.A., NEVES A.A.R., RODRIGUEZ E., CESAR C.L., BARBOSA L.C., BRITO CRUZ C.H., Ultrafast
optical switching with CdTe nanocrystals in a glass matrix, Applied Physics Letters 86(16), 2005,
article 161111.

[12] PRASANTH R., HAVERKORT J.E.M., DEEPTHY A., BOGAART E.W., VAN DER TOL J.J.G.M., PATENT E.A.,
ZHAO G., GONG Q., VAN VELDHOVEN P.J., NÖTZEL R., WOLTER J.H., All-optical switching due to state
filling in quantum dots, Applied Physics Letters 84(20), 2004, pp. 4059–4061.



828 CHUNCHAO YU, TAO WANG

[13] HITOSHI NAKAMURA,YOSHIMASA SUGIMOTO, KYOZO KANAMOTO, NAOKI IKEDA, YU TANAKA, YUSUI

NAKAMURA, SHUNSUKE OHKOUCHI, YOSHINORI WATANABE, KUON INOUE, HIROSHI ISHIKAWA, KIYOSHI

ASAKAWA, Ultra-fast photonic crystal/quantum dot all-optical switch for future photonic networks,
Optics Express 12(26), 2004, pp. 6606–6614. 

[14] CHAO-YUAN JIN, KOJIMA O., INOUE T., KITA T., WADA O., HOPKINSON M., AKAHANE K., Detailed
design and characterization of all-optical switches based on InAs/GaAs quantum dots in a vertical
cavity, IEEE Journal of Quantum Electronics 46(11), 2010, pp. 1582–1589.

[15] VAHALA K.J., Optical microcavities, Nature 424(6950), 2003, pp. 839–846.
[16] VUJIC D., SAJEEV JOHN, Coherent all-optical switching by resonant quantum-dot distributions in

photonic band-gap waveguides, Physical Review A 76(6), 2007, article 063814. 
[17] TORCHYNSKA T.V., CASAS ESPINOLA J.L., BORKOVSKA L.V., OSTAPENKO S., DYBIEC M., POLUPAN O.,

KORSUNSKA N.O., STINTZ A., ELISEEV P.G., MALLOY K.J., Thermal activation of excitons in
asymmetric InAs dots-in-a-well InxGa1–xAs/GaAs structures, Journal of Applied Physics 101(2),
2007, article 024323.

[18] JUN TATEBAYASHI, MASAO NISHIOKA, YASUHIKO ARAKAWA, Over 1.5 μm light emission from InAs
quantum dots embedded in InGaAs strain-reducing layer grown by metalorganic chemical vapor
deposition, Applied Physics Letters 78(22), 2001, pp. 3469–3471.

[19] JUNGHO KIM, SHUN LIEN CHUANG, Theoretical and experimental study of optical gain, refractive
index change, and linewidth enhancement factor of p-doped quantum-dot lasers, IEEE Journal of
Quantum Electronics 42(9), 2006, pp. 942–952.

[20] TAO WANG, GANG LI, ZHENG CHEN, The theoretical investigation of all-optical polarization switching
based on InGaAs(P) Bragg-spaced quantum wells, Optics Express 16(1), 2008, pp. 127–132.

[21] SLEPYAN G.YA., MAKSIMENKO S.A., KALOSHA V.P., HOFFMANN A., BIMBERG D., Effective boundary
conditions for planar quantum dot structures, Physical Review B 64(12), 2001, article 125326.

[22] PRASAD P.N., Nanophotonics, New Jersey, 2004.
[23] EREMENTCHOUK M.V., DEYCH L.I., LISYANSKY A.A., Optical properties of one-dimensional photonic

crystals based on multiple-quantum-well structures, Physical Review B 71(23), 2005, article 235335.
[24] CHANG-HASNAIN C.J., PEI-CHENG KU, JUNGHO KIM, SHUN-LIEN CHUANG, Variable optical buffer using

slow light in semiconductor nanostructures, Proceedings of the IEEE 91(11), 2003, pp. 1884–1897.
[25] SCHEIBNER M., SCHMIDT T., WORSCHECH L., FORCHEL A., BACHER G., PASSOW T., HOMMEL D.,

Superradiance of quantum dots, Nature Physics 3(2), 2007, pp. 106–110.
[26] BEREZOVSKY J., MIKKELSEN M.H., STOLTZ N.G., COLDREN L.A., AWSCHALOM D.D., Picosecond

coherent optical manipulation of a single electron spin in a quantum dot, Science 320(5874), 2008,
pp. 349–352.

[27] CUI-HONG LIU, BAI-RU XU, Theoretical study of the optical absorption and refraction index change
in a cylindrical quantum dot, Physics Letters A 372(6), 2008, pp. 888–892.

Received November 20, 2011
in revised form March 29, 2012



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 600
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 true
  /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 <>
    /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.)
    /POL <>
  >>
  /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 [481.890 680.315]
>> setpagedevice


