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Nanostructured GaAs/(Al,Ga)As Waveguide for Low-Density Polariton
Condensation from a Bound State in the Continuum
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Exciton-polaritons are hybrid light-matter states that arise from strong coupling between an exciton
resonance and a photonic cavity mode. As bosonic excitations, they can undergo a phase transition to a
condensed state that can emit coherent light without a population inversion. This aspect makes them good
candidates for thresholdless lasers, yet short exciton-polariton lifetime has made it difficult to achieve con-
densation at very low power densities. In this sense, long-lived symmetry-protected states are excellent
candidates to overcome the limitations that arise from the finite mirror reflectivity of monolithic micro-
cavities. In this work we use a photonic symmetry-protected bound state in the continuum coupled to
an excitonic resonance to achieve state-of-the-art polariton condensation threshold in a GaAs/(Al, Ga)As
waveguide. Most important, we show the influence of fabrication control and how surface passivation via
atomic layer deposition provides a way to reduce exciton quenching at the grating sidewalls.
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I. INTRODUCTION

Efficient low-threshold lasing is a long-sought goal for
various applications spanning from integrated circuits to
biological sensing [1,2]. However, to date the emission
of coherent and monochromatic light has relied on pop-
ulation inversion, which requires overcoming a threshold
excitation power to achieve lasing. A different approach
exploits hybrid light-matter particles, known as exciton-
polaritons [3,4], which arise in a semiconductor when the
energy exchange rate between a photon and an exciton is
higher than their losses. These particles possess properties
inherited from their photonic component, such as a small
effective mass, and from their excitonic component, such
as high nonlinearities [5,6] that can be further enhanced
via dipolar interactions [7,8]. All these properties make
them interesting candidates for devices [9] such as opti-
cal transistors [10,11], fast optical switches [12,13], and
electrically injected light sources [14].

Because of their bosonic nature, they can undergo
a phase transition to a coherent state, known as a
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Bose-Einstein condensate (BEC) [15,16], without the need
for population inversion, making thresholdless lasing theo-
retically possible [17]. A necessary condition for this phase
transition to happen is that the rate of scattering processes
[18] that populate the BEC state must exceed the loss rates
[9]. This has been one of the main limitations in the his-
torical achievement of exciton-polariton condensates, as
polaritons tend to accumulate in the so-called “bottleneck”
[19,20]. Such limitation is overcome by growing highly
reflective mirrors with layers exceeding 40 pairs in both
sides of a microcavity as well as using many stacks of
quantum wells (QWs). In the last few years a different
approach has enabled the achievement of polariton states
in horizontal platforms [5,21–25], making the fabrication
easier and less time consuming. A similar waveguide con-
figuration with multiple QWs was used to investigate the
enhancement of dipolar polariton interactions [8,26–28].
More recently, the same heterostructure led to the achieve-
ment of a Bose-Einstein condensate from a bound state in
the continuum (BIC) [29] while also proving the topologi-
cal charge possessed by the condensate.

In this work we show the achievement of a low-density
condensate in a GaAs/(Al, Ga)As waveguide by tuning the
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parameters of a low-loss shallow grating and then we con-
sider the effect of the reduction of excitonic losses on the
threshold. In order to reduce the radiative losses we make
use of a topologically protected bound state in the con-
tinuum [30–32], which is introduced in the polariton dis-
persion through the realization of a one-dimensional (1D)
etched grating [33]. Since the BIC has an antisymmetric
profile, it cannot couple to outgoing plane waves, result-
ing in a perfectly dark state with zero radiative linewidth
[34]. The exciton-polariton dispersion can be modified by
changing the grating periodicity, which defines the energy
at which the photonic modes cross. Such crossing can then
be adjusted to bring the BIC closer to or further from
the exciton, changing its excitonic fraction. This will ulti-
mately change the threshold as the excitonic fraction has
also an effect on the polariton thermalization towards the
BIC. This control is something that has no counterparts
in classical vertical microcavities and can be tuned with
extreme precision on several different gratings on the same
chip. The excitonic fractions are estimated throughout this
work by using the coupled oscillators model described in
the Supplemental Material [35].

A horizontal configuration and such a long-lived state
can drastically ease the fabrication with respect to ver-
tical microcavities in order to achieve thermalization of
polaritons into a single quantum state. Here we demon-
strate the achievement of low-threshold condensate as
a result of simple, yet extremely effective sample pro-
cessing. We consider three different shallow etched 1D
gratings: 40-, 90-, and 130-nm-deep grooves. Finally,
we show the reduction of the exciton-polariton linewidth
and condensate threshold by passivating the trap states
that form on the groove sidewalls during the etching
process.

II. RESULTS

The sample is composed of a GaAs substrate on which
a waveguide slab is grown via molecular beam epitaxy.
Al0.8Ga0.2As (500 nm) is firstly grown onto the substrate,
forming the waveguide cladding. A set of 12 GaAs QWs
and 13 Al0.4Ga0.6As barriers of 20 nm in thickness are
grown on top of the cladding, forming the waveguide core.
Lastly, 10 nm of GaAs is grown on top of the last bar-
rier to act as a cap layer. The optical mode is confined in
the waveguide core through total internal reflection, and
here it exchanges energy with the QW excitons leading
to propagating polaritons. A shallow etched 1D grating
[Fig. 1(a)] can be used to couple propagating and counter-
propagating photonic modes via the slab refractive index
modulation; hence, we can easily introduce new proper-
ties by engineering the photonic dispersion. In our system
we can exploit such coupling between photonic modes to
introduce a symmetry-protected bound state in the con-
tinuum, which appears in the so-called dark state. If we
consider EBright and EDark as the photonic modes originat-
ing from the grating coupling and separated by an energy
gap, the energy exchange with the QW excitons can lead
to the following system Hamiltonian:

H =

⎛
⎜⎜⎜⎝

EBright
�
2 0 0

�
2 X 0 0
0 0 EDark

�
2

0 0 �
2 X

⎞
⎟⎟⎟⎠ . (1)

The photonic bright and dark states are then hybridized
with the exciton, and hence the diagonalization leads to
exciton-polariton eigenstates with a BIC in the dark lower

(a)

(b)

FIG. 1. (a) Sketch of the final processed waveguide sample with a 90-nm-deep grating, along with a conformal passivating layer of
Al2O3. (b) Simulations of the exciton-polariton dispersion with bright and dark states coupled to the exciton. The BIC appears here as
a dark state at the maximum energy point of the dispersion, corresponding to vertical emission (k‖ = 0) in the far field.
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state [Fig. 1(b)] [36]. Since the gap depends on the cou-
pling strength between the photonic modes, it also depends
on the grating’s fabrication parameters, such as the etch-
ing depth and the filling factor, defined as FF = 1 −
width/pitch [Fig. 1(a)]. We use Stanford Stratified Struc-
ture Solver (S4) [37] to simulate the structure in Fig. 1(a),
from which we obtain the energy dispersion shown in
Fig. 1(b). The exciton is introduced in the simulations with
a Lorentzian resonance in the GaAs dielectric constant,
with a Rabi splitting � = 13.9 meV [8]. The bound state
in the continuum appears as a saddle point of the dark
state as shown in Ref. [29], which creates a direct path for
polaritons to thermalize from the exciton reservoir.

The fabricated gratings are 50-μm wide and 300-μm
long with a filling factor of 70%–75%. The periodicity is
set around 240 nm to have the photonic mode coupling
close to the exciton resonance. We realize the grooves by
writing an electron-beam-sensitive resist, and subsequent
pattern transfer into the heterostructure via inductively
coupled plasma-chlorine etching [38–41]. The etched grat-
ing penetrates into the waveguide core, and three differ-
ent depths are chosen, resulting in different degrees of
photonic coupling.

The sample is cooled down to 4 K in a cryostat and
polaritons are created by nonresonantly pumping with a
laser onto the grating (see Sec. IV). Light is outcoupled
by the grating itself and the energy dispersion imaged on
a CCD camera. Accumulation of polaritons in the long-
lived state triggers the onset of a coherent emission by
bosonic stimulation. The polariton energy dispersion at
and above threshold for a grating with FF = 75% is shown
in Figs. 2(a) and 2(b).

The power at which the condensation occurs is found to
be strongly dependent on the grating parameters. Figure 3
shows the threshold intensity in a 90-nm-deep grating as a
function of the periodicity. We choose gratings with peri-
odicities equal to 240, 242, and 244 nm, which correspond
to excitonic fractions 51.2%, 22.6%, and 12.1%, respec-
tively. We observe a lower threshold for the 240-nm pitch

FIG. 3. Emission intensity from the condensate for periodici-
ties of 240 nm (blue), 242 nm (orange), and 244 nm (green). The
excitonic fraction |X |2 is modified by the grating pitch, favor-
ing a polariton thermalization towards the BIC and reducing the
power threshold in the 240-nm case.

with respect to the 242- and 244-nm cases, ascribable to the
higher exciton fraction. In our system, the grating period-
icity moves the BIC closer to or further from the exciton,
making the polariton thermalization process more or less
efficient for the two cases.

In order to reduce the threshold, different etching depths
d are studied with filling factors close to 70%, namely
40, 90, and 130 nm, and the measured dispersions are
reported in Fig. S6d-f within the Supplemental Material
[35]. The etching is performed in the waveguide core,
which has consequences for the quality of the polariton
modes. The trap states in the electronic band gap created
during the fabrication lead to nonradiative exciton surface
recombination at the QW sidewalls. Surface recombina-
tion can be minimized through oxide removal and surface
passivation, achievable through etching at sufficiently low
ion energy to remain in the ion-assisted chemical etching
regime [42–44]. For this reason, the sample is immersed
in a hydrochloric acid bath to remove the surface oxide,

(a) (b)
(c)

FIG. 2. Exciton-polariton energy dispersion and coherent light emission at (a) and above (b) the excitation threshold. The condensate
in (b) is blue-shifted as a result of polariton-polariton interactions. (c) Emission intensity from the condensate as a function of the
pumping power.
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(a) (b)

FIG. 4. (a) Emission intensity as a function of the pump power. The threshold is minimum for a grating 90-nm deep, while it is
higher for a 40-nm-deep grating due to smaller gap size, and for a 130-nm-deep grating due to surface damage. (b) Energy gap and
excitonic fraction as a function of the etching depth. The filling factor is approximately the same in all three cases.

and then 8 nm of Al2O3 is deposited via atomic layer
deposition (ALD) [45–48] at 300 ◦C [49]. The observed
intensity emissions in the three cases along with the gap
size and excitonic fraction are shown in Figs. 4(a) and 4(b).

The lower threshold observed in deeper gratings is caused
by a larger gap. In fact, the BIC is more protected from the
lossy bright state when the gap is larger. In other words, the
smaller the gap, the closer the BIC is to the bright state, and

(a) (b) (c)

(d) (e)

FIG. 5. Exciton-polariton energy dispersion (a) pre-processing and (b) post-processing. (c) Lasing intensity measured at the thresh-
old before and after aluminum oxide deposition for a 90-nm-deep grating, 240-nm pitch. (d),(e) Exciton-polariton dispersions
corresponding to (a),(b). Colors represent the HWHM fit of the linewidths.

024039-4



NANOSTRUCTURED GaAs/(Al,Ga)As WAVEGUIDE... PHYS. REV. APPLIED 18, 024039 (2022)

the higher the losses induced by leakage of the polariton
population into the lossy state. Concurrently with the etch-
ing depth, the surface damage increases as demonstrated
by the 130-nm-deep grating in which the condensate is
achieved only from one structure with a high filling factor,
and only after post-processing, as a consequence of a more
pronounced damage (see Fig. S11 within the Supplemen-
tal Material [35]). The damage induced by the etching is
found to act mainly on the excitonic component, as shown
in Fig. 5 and it is discussed in the Supplemental Mate-
rial [35] where cathodoluminescence hyperspectral maps
elucidate the effect of surface damage on the emission
[50–52].

Lastly we observe the effect of post-processing on
gratings characterized by 240-nm pitch and 90-nm-deep
grooves before and after passivation. The polariton disper-
sion for this grating is shown in Figs. 5(a) and 5(b), where
the threshold reaches an energy per pulse corresponding
to a few μJ/cm2 after ALD as displayed in Fig. 5(c).
This measurement is performed on several gratings, and all
of them show the same characteristic reduction (see Fig.
S10 within the Supplemental Material [35]). The longer
polariton lifetime, which we associate with lower nonra-
diative exciton recombination at the groove sidewalls, can
be observed in terms of linewidth reduction after Al2O3
deposition [Fig. 5(e)]. This result, even though limited
by the spectrometer resolution and inhomogeneous broad-
ening, clearly highlights the reduction of exciton inho-
mogeneous broadening, which ultimately corresponds to
a longer exciton-polariton lifetime. A more detailed dis-
cussion about the BIC lifetime is presented in Ref. [29]
where a lower limit is set by means of polariton propaga-
tion under the grating. While the effect on the excitonic
component is clear, no significant shift in the polariton dis-
persion is observed after the aluminum oxide deposition, a
sign that the lower Al2O3 refractive index (n = 1.6 for thin
film) compared with the photonic mode effective refrac-
tive index (n = 3.359) does not alter the designed structure
behavior.

III. CONCLUSIONS

The main limitation in achieving thresholdless exciton-
polariton lasing is represented by nonradiative and radia-
tive losses that are inevitably present in microcavities.
In this work we realize a low-density exciton-polariton
condensate in a horizontal cavity that makes use of the
long lifetime of a quasibound state in the continuum, the
lifetime of which is increased by several orders of magni-
tude due to the special nature of this dark state. However,
surface damage during processing introduces nonradiative
channels through which excitons can decay. By perform-
ing surface ALD post-processing we greatly reduce such
an effect, increasing the polariton lifetime at the BIC. Our
method substantially lowers the power needed to achieve

a polariton condensate. This system is not only a good
candidate for low-threshold lasers, but also for those exper-
iments that are affected by the simultaneous presence of
horizontal and vertical polariton lasing as recently reported
in Ref. [22]. In conclusion we assess the role of grating
parameters and fabrication in the achievement of state-
of-the-art polariton BEC arising from a bound state in
the continuum coupled to an excitonic resonance. The
extremely long lifetime of the polariton BIC facilitates the
thermalization of the bosonic gas with the onset for con-
densation at a low polariton density despite the presence
of lower-energy states. Finally we also observe the reduc-
tion of the threshold and improvement in the polariton
lifetime after hydrochloric acid treatment and passivation
of the sidewalls via atomic layer deposition, reducing the
density of nonradiative recombination centers at the QW
sidewalls. In the case of deep etching, the role of ALD is
crucial, given it is able to restore the possibility of observ-
ing the condensate from one 130-nm-deep grating, while
it reduces the threshold in all the 90-nm-deep gratings.
The linewidth narrowing observed after post-processing
is related to the reduction of nonradiative recombination,
improving the overall quality factor of the sample lead-
ing to an estimated polariton lifetime of a few hundreds of
picoseconds in the BIC [29]. Since BEC formation from
a BIC has the great advantage of reaching the phase tran-
sition at extremely low densities, it can be used to obtain
ultralow-threshold lasers. The techniques and ideas inves-
tigated and developed here will not only boost the real-
ization of polariton-based thresholdless lasers, but could
also be a way to realize horizontal electrically pumped
polariton light sources.

IV. MATERIALS AND METHODS

Optical Measurements. The sample is kept at 4 K for
all the experiments. All measurements are performed using
a 150-fs, 80-MHz pump laser with its central energy tuned
at 1.588 meV (780 nm), and a spot size of 15 μm FWHM.
The emission from the sample is sent to a SpectraPro-
300i spectrometer with a 1200-lines/mm grating in order to
reconstruct the reciprocal space. The optical setup allows
the simultaneous acquisition of Fourier-space and real-
space images, which makes it possible to keep the sample
in focus at all times. To remove spurious effects, the laser
tail is cut at around 800 nm by a short pass filter, combined
with a spatial filter, which removes any emission outside
the selected grating region.
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Topological Nature of Optical Bound States in the Contin-
uum, Phys. Rev. Lett. 113, 257401 (2014).

[35] See Supplemental Material at http://link.aps.org/supple
mental/10.1103/PhysRevApplied.18.024039 for details
regarding the nanofabrication, 2-steps model, S4 simula-
tions, and cathodoluminescence.

[36] L. Lu, Q. Le-Van, L. Ferrier, E. Drouard, C. Seassal,
and H. S. Nguyen, Engineering a light–matter strong cou-
pling regime in perovskite-based plasmonic metasurface:
quasi-bound state in the continuum and exceptional points,
Photon. Res. 8, A91 (2020).

[37] V. Liu and S. Fan, S 4: A free electromagnetic solver for
layered periodic structures, Comput. Phys. Commun. 183,
2233 (2012).

[38] Z. Liao and J. S. Aitchison, Precision etching for multi-
level AlGaAs waveguides, Opt. Mater. Express 7, 895
(2017).

[39] T. Maeda, J. W. Lee, R. J. Shul, J. Han, J. Hong, E. S.
Lambers, S. J. Pearton, C. R. Abernathy, and W. S. Hobson,
Inductively coupled plasma etching of III-V semiconduc-
tors in BCl3-based chemistries. I. GaAs, GaN, GaP, GaSb
and AlGaAs, Appl. Surf. Sci. 143, 174 (1999).

[40] X. Zhou, I. Kulkova, T. Lund-Hansen, S. L. Hansen, P.
Lodahl, and L. Midolo, High-efficiency shallow-etched
grating on GaAs membranes for quantum photonic appli-
cations, Appl. Phys. Lett. 113, 1 (2018).

[41] K. A. Atlasov, P. Gallo, A. Rudra, B. Dwir, and E. Kapon,
Effect of sidewall passivation in BCl3/N2 inductively cou-
pled plasma etching of two-dimensional GaAs photonic
crystals, J. Vac. Sci. Technol. B: Microelectron. Nanometer
Struct. 27, L21 (2009).

[42] O. J. Glembocki, J. A. Tuchman, K. K. Ko, S. W. Pang, A.
Giordana, R. Kaplan, and C. E. Stutz, Effects of electron
cyclotron resonance etching on the ambient (100) GaAs
surface, Appl. Phys. Lett. 66, 3054 (1995).

[43] D. Leonhardt, C. R. Eddy, V. A. Shamamian, R. T. Holm, O.
J. Glembocki, and J. E. Butler, Surface chemistry and dam-
age in the high density plasma etching of gallium arsenide,
J. Vac. Sci. Technol. A: Vac., Surf., Films 16, 1547 (1998).

[44] C. R. Eddy, O. J. Glembocki, D. Leonhardt, V. A.
Shamamian, R. T. Holm, B. D. Thoms, J. E. Butler, and S.
W. Pang, Gallium arsenide surface chemistry and surface
damage in a chlorine high density plasma etch process, J.
Electron. Mater. 26, 1320 (1997).

[45] B. Guha, F. Marsault, F. Cadiz, L. Morgenroth, V. Ulin, V.
Berkovitz, A. Lemaître, C. Gomez, A. Amo, S. Combrié,
B. Gérard, G. Leo, and I. Favero, Surface-enhanced gallium
arsenide photonic resonator with quality factor of 6 × 106,
Optica 4, 218 (2017).

[46] C. L. Hinkle, A. M. Sonnet, E. M. Vogel, S. McDonnell,
G. J. Hughes, M. Milojevic, B. Lee, F. S. Aguirre-Tostado,
K. J. Choi, H. C. Kim, J. Kim, and R. M. Wallace, GaAs
interfacial self-cleaning by atomic layer deposition, Appl.
Phys. Lett. 92, 071901 (2008).

[47] D. Mikulik, A. C. Meng, R. Berrazouane, J. Stückelberger,
P. Romero-Gomez, K. Tang, F. Haug, A. Fontcuberta i Mor-
ral, and P. C. McIntyre, Surface defect passivation of silicon
micropillars, Adv. Mater. Interfaces 5, 1800865 (2018).

[48] V. Dhaka, A. Perros, S. Naureen, N. Shahid, H. Jiang,
J.-P. Kakko, T. Haggren, E. Kauppinen, A. Srinivasan, and
H. Lipsanen, Protective capping and surface passivation of
III-V nanowires by atomic layer deposition, AIP Adv. 6,
015016 (2016).

[49] I. V. Levitskii, M. I. Mitrofanov, G. V. Voznyuk, D. N.
Nikolaev, M. N. Mizerov, and V. P. Evtikhiev, Annealing
of FIB-induced defects in GaAs/AlGaAs heterostructure,
Semiconductors 52, 1898 (2018).

[50] M. Negri, L. Francaviglia, D. Dumcenco, M. Bosi, D.
Kaplan, V. Swaminathan, G. Salviati, A. Kis, F. Fabbri, and
A. Fontcuberta I Morral, Quantitative nanoscale absorption
mapping: A novel technique to probe optical absorption of
two-dimensional materials, Nano Lett. 20, 567 (2020).

[51] P. Hovington, D. Drouin, and R. Gauvin, CASINO: A new
Monte Carlo code in C language for electron beam inter-
action - Part I: Description of the program, Scanning 19, 1
(1997).

[52] D. Drouin, A. R. Couture, D. Joly, X. Tastet, V. Aimez,
and R. Gauvin, CASINO V2.42 - A fast and easy-to-
use modeling tool for scanning electron microscopy and
microanalysis users, Scanning 29, 92 (2007).

024039-7

https://doi.org/10.1038/s41467-021-23635-6
https://doi.org/10.1364/optica.403558
https://doi.org/10.1103/PhysRevB.93.195151
https://doi.org/10.1126/sciadv.aat8880
https://doi.org/10.1021/acsphotonics.8b00922
https://doi.org/10.1038/s41586-022-04583-7
https://doi.org/10.1038/nature20799
https://doi.org/10.1038/natrevmats.2016.48
https://doi.org/10.1038/s41566-018-0177-5
https://doi.org/10.1038/s41377-020-0286-z
https://doi.org/10.1103/PhysRevLett.113.257401
http://link.aps.org/supplemental/10.1103/PhysRevApplied.18.024039
https://doi.org/10.1364/prj.404743
https://doi.org/10.1016/j.cpc.2012.04.026
https://doi.org/10.1364/ome.7.000895
https://doi.org/10.1016/S0169-4332(98)00594-7
https://doi.org/10.1063/1.5055622
https://doi.org/10.1116/1.3205004
https://doi.org/10.1063/1.114275
https://doi.org/10.1116/1.581185
https://doi.org/10.1007/s11664-997-0078-8
https://doi.org/10.1364/optica.4.000218
https://doi.org/10.1063/1.2883956
https://doi.org/10.1002/admi.201800865
https://doi.org/10.1063/1.4941063
https://doi.org/10.1134/S1063782618140178
https://doi.org/10.1021/acs.nanolett.9b04304
https://doi.org/10.1002/sca.4950190101
https://doi.org/10.1002/sca.20000

	I. INTRODUCTION
	II. RESULTS
	III. CONCLUSIONS
	IV. MATERIALS AND METHODS
	ACKNOWLEDGMENTS
	. References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (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 false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


