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Abstract

We report the strain effect of suspended graphene prepared by micromechanical method. Under a fixed measurement
orientation of scattered light, the position of the 2D peaks changes with incident polarization directions. This
phenomenon is explained by a proposed mode in which the peak is effectively contributed by an unstrained and two
uniaxial-strained sub-areas. The two axes are tensile strain. Compared to the unstrained sub-mode frequency of 2,672
cm−1, the tension causes a red shift. The 2D peak variation originates in that the three effective sub-modes correlate
with the light polarization through different relations. We develop a method to quantitatively analyze the positions,
intensities, and polarization dependences of the three sub-peaks. The analysis reflects the local strain, which changes
with detected area of the graphene film. The measurement can be extended to detect the strain distribution of the
film and, thus, is a promising technology on graphene characterization.
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PACS: 78.67.Wj (optical properties of graphene), 74.25.nd (Raman and optical spectroscopy), 63.22.Rc (phonons in
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Background
Raman and surface-enhanced Raman spectroscopy have
been widely used to investigate vibration properties of
materials [1-6]. Recently, they have been used as powerful
technologies to characterize the phonons of graphene
[7-14]. With its one to several atomic layers, graphene is
the thinnest sp2 allotrope of carbon, and therefore holds
many unique electrical and optical properties, interesting
scientists and technologists [15-19]. The unique properties
change with the number of atomic layers, defects, and
dopants. These factors also affect graphene's phonon
modes, and therefore, Raman spectroscopy is a useful
method to reflect the variation of the properties [20-22].
In addition, Raman spectroscopy can be employed to de-
termine strain, which modifies the characteristic of mate-
rials, such as band structure, and thus influences the
performance of corresponding devices [23-25]. Recently,
several groups study strain of graphene by artificially
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bending or stretching the film and then measuring the
corresponding Raman spectra [26-30].
Methods
Suspended graphene are fabricated by mechanical exfoli-
ation of graphene flakes onto the oxidized silicon wafer.
First, ordered squares with areas of 6 μm2 are defined by
photolithography on an oxidized silicon wafer with oxide
thickness of 300 nm. Reactive ion etching is then used
to etch the squares to a depth of 150 nm. Micromecha-
nical cleavage of HOPG with scotch tape is then used to
deposit the suspended graphene flakes over the indents,
as shown in the schematic of Figure 1a. Optical micro-
graph and atomic force microscopy (AFM) image, as
shown in Figure 1b,c, were used to characterize the sus-
pended graphene. The surface of suspended graphene
was bulging as indicated by AFM cross-section. The
strain and defects of graphene are usually measured by
Raman spectroscopy. To understand the strain of the
suspended graphene, a micro-Raman microscope was
used to perform Raman polarization-dependence mea-
surements. A 532-nm frequency-doubling Nd-YAG laser
serves as the excitation light source. The polarization
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Figure 1 Images of the suspended graphene. (a) The scheme, (b) optical image, and (c) AFM image of the suspended graphene. The AFM
image included the topography and its cross-section.

Figure 2 Polarized Raman spectra of 2D modes under incident
lights with different polarization angle (Φ). The Φ is defined as
the included angle between the incident polarization direction and
the analyzer.
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and power of the incident light were adjusted by a half-
wave plate and a polarizer. The laser power was moni-
tored by a power meter and maintained through these
measurements. The excitation laser power measured by
the power meter is 8 mW. The laser power is measured
on the delivered path between the polarizer and spec-
troscopy. After the delivery of laser light, the power of
laser on the graphene surface is finally about 0.45 mW.
The laser beam was focused by a ×50 objective lens (NA
= 0.75) to the sample with a focal spot size of approxi-
mately 0.5 μm, representing the spatial resolution of the
Raman system. The scattered radiation was collected
backward with the same objective lens and polarization-
selected by a polarization analyzer. Finally, the radiation
was sent to a 55-cm spectrometer plus a liquid-
nitrogen-cooled charge-coupled device for spectral
recording. For the polarization dependent measurement,
the polarization of incident (scattered) laser is controlled
by the polarizer (analyzer). In the exploration, the
polarization direction of the incident and scattered light
are variable and fixed, respectively. The variability of
polarization direction of the scattered light is 20°.

Results and discussion
Polarized Raman spectra of 2D modes under incident
lights with different polarization angle (Φ) are shown in
Figure 2. The Φ is defined as the included angle between
the incident polarization direction and the analyzer. The
clear anti-symmetric spectra with different polarization
angle can be observed in the spectra. Fitting of the 2D
peaks is done using a double-Lorentzian function for Φ
of (a) 0° and (b) 90°.
The 2D peak originates from four-step Stokes-Stokes

double-resonance Raman scattering [31]. According to
the previous review, the 2D band split when strain is ap-
plied [32]. The two angles relating to the two maximum
peak positions are exhibited in Figure 3, respectively.



Figure 3 (See legend on next page.)
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(See figure on previous page.)
Figure 3 Fitting the 2D peaks with a double-Lorentzian function. Φ of (a) 0° and (b) 90°. The two angles relate to the two maximum peak
positions in Figure 2, respectively. The two Lorentz peaks for (a) are at 2,646 (2D−) and 2,660 (2D+) cm

−1, while that for (b) are at 2,647 (2D−) and
2,662 (2D+) cm

−1. (c) For Φ of 40°, fitting the 2D peak of graphene by a triple-Lorentzian function whose three peaks correspond to the sub-
modes of 2D+, 2D−, and 2D0. The green curves represent the fitting peaks for the corresponding spectra. The black curves display the spectra,
while the red ones show the profiles by adding all the related fitting peaks.

Huang et al. Nanoscale Research Letters 2012, 7:533 Page 4 of 6
http://www.nanoscalereslett.com/content/7/1/533
The two Lorentzian peaks for Figure 3a are at 2,646 (2D−)
and 2,660 (2D+) cm−1, while that for Figure 3b are at
2,647 (2D−) and 2,662 (2D+) cm−1. To systematically
analyze the sub-peak of the 2D modes, the spectra of 2D
modes with different polarization angle can be fitted by
double-Lorentz function, and the 2,647 and 2,660 cm−1 by
average of all the peak positions of 2D+ and 2D− modes
with different polarization angles. The 2D0 showed the
peak position at 2,672 cm−1 as an original 2D peak in the
unstrained graphene. The peak positions of 2D+ and 2D−

modes compared with an original 2D peak both red shifts.
The results showed that the 2D+ and 2D− modes are both
tensile strains on suspended graphene. To understand the
strain effect of the suspended graphene, fitting the 2D
peak of graphene by a triple-Lorentzian function whose
three peaks correspond to the sub-modes of 2D+, 2D−,
and 2D0 with Φ = 40°, which is just an example of all the
spectra, is shown in Figure 3c.
To systematically analyze the intensities of the fitting

sub-peaks, the plots of I(2D+), I(2D−), and I(2D0) as func-
tions of Φ is shown in Figure 4. The analysis of the sus-
pended graphene was shown in Figure 4a. The 2D+ and
2D− sub-bands which have the peak positions of 2,647
and 2,660 cm−1, respectively, showed a prominent sinus-
oidal intensity modulation with a period of 180°. Both
the modulation of the 2D+ and 2D− bands can be fitted
Figure 4 Analysis of intensity. (a) Suspended and (b) supported graphen
‘I’ denotes the intensity of the corresponding sub-peak obtained by fitting
obtained intensities are shown by the dots, which are fitted by the form o
and Φ0 are fitting parameters. The black and red lines display the fitting res
by a function of cos2(θA − θP), where θA and θP are the
polarization angles of the analyzer and polarizer, respect-
ively. Both the intensities of 2D+ and 2D− modes are the
maximum when Φ = 0° and minimum when Φ = 90°.
This result of suspended graphene is very different from
those of the supported graphene by previous research
[32]. Compared with supported graphene, the same dir-
ection of tensile strain on the suspended graphene by
analyzing 2D+ and 2D− modes can be obtained.
The strains of the 2D+ and 2D− can be calculated by

employing the Grüneisen parameter [27] (γ) for the 2D
mode of graphene. The corresponding equation is writ-
ten as ω ¼ ω0γ Exx þ Eyy

� �
, where ω0 is the 2D peak pos-

ition at zero strain and Δω is the shift caused by the
strain of E. For the uniaxial strain, Exx is the uniaxial
strain and Eyy ¼ �0:186Exx is the relative strain in the
perpendicular direction due to Poissons’ ratio of gra-
phene [33]. In addition, the γ has been measured as 1.24
from the experiment on CNTs [34]. Hence the stains of
Exx for the 2D+ and 2D− are estimated as 0.44% and
0.93%, respectively. Based on these results, the distribu-
tion of strain on the suspended graphene can be
obtained through our analysis.
Another interesting phenomenon measured from our

sample can be observed in Figure 4b. The analysis of the
supported graphene which was used the same method in
es. The plots of I(2D+), I(2D−), and I(2D0) as functions of Φ. The symbol
the related Raman spectrum with a triple-Lorentzian function. The
f Acos2(Φ − Φ0) for I(2D+) and I(2D−), and of a constant of A, where A
ults.
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Figure 4a was shown in Figure 4b. The 2D+ and 2D−

sub-bands having the peak positions of 2,651 and 2,661
cm−1, respectively, showed a prominent sinusoidal inten-
sity modulation with a period of 180°. Both the modula-
tion of the 2D+ and 2D− bands can be fitted by a
function of cos2(θA − θP), where θA and θP are the
polarization angles of the analyzer and polarizer, respect-
ively. Both the intensities of 2D+ and 2D− modes are the
maximum when Φ = 1° and minimum when Φ = 91°.
Using the same calculation, the stains of Exx for the 2D+

and 2D− are estimated as 0.44% and 0.93%, respectively.
The result in Figure 4b is similar with Figure 4a. Based
on the results, we believed the strain will be relaxed to a
new condition during the fabricated process of substrate.

Conclusion
We have explored the suspended graphene by polarized
Raman spectroscopy. In the exploration, the polarization
direction of the incident and scattered light are variable
and fixed, respectively. The position and intensity of the
graphene's 2D peak is modified by the incident
polarization, and the modification is explained by a pro-
posed biaxial-strained model. In this model, the 2D peak
is contributed by three effective areas related to un-
strained and two tensile-strained graphene, respectively.
The two strains are uniaxial and in the same directions.
The strength of the strains is quantified through our
analysis. This analytical method can be used to probe
strain and help us understand the situation of suspended
graphene. Hence, this method provides great application
potential on graphene-based electrical and optical
devices, whose performance usually relies on strain.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
CWH and BJL carried the experimental parts: the acquisition, analysis, and
interpretation of data. CWH also had been involved in drafting the
manuscript. HYL and CHH performed the analysis and interpretation of data.
They also had been involved in revising the manuscript. FYS and WHW
(Institute of Atomic and Molecular Sciences, Academia Sinica) prepared the
samples, suspended the graphene using micromechanical method, and
captured the OM and AFM images. CYL has made substantial contributions
to the conception and design of the study, and the critical revision of the
manuscript for important intellectual content. HCC, the corresponding
author, had made substantial contributions to the conception and design of
the study, and had been involved in drafting the manuscript and revising it
critically for important intellectual content. All authors read and approved
the final manuscript.

Authors' information
CWH received his BS degree in Electronic Engineering from the National
University of Kaohsiung, Kaohsiung, Taiwan, in 2008. He studied his MS
degree in 2008 and PhD degree immediately in 2009. Currently, he is a PhD
candidate in the Department of Photonics, National Cheng Kung University,
Tainan, Taiwan. He focuses on the property of graphene and surface
plasmon resonance of nanoparticles.
BJL received his BS degree in Physics from the National Chung-Hsing
University, Taichung, Taiwan, in 2010. He received his MS degree in
Photonics from the National Cheng Kung University, Tainan, Taiwan, in 2012.
His research interests mainly include Raman measurement of graphene. He
is in compulsory military service now.

Acknowledgment
We wish to acknowledge the support of this work by the National Science
Council, Taiwan under contact no. NSC 98-2112-M-006-004-MY3.

Author details
1Department of Photonics, National Cheng Kung University, Tainan 70101,
Taiwan. 2Center for Nano Bio-Detection, National Chung Cheng University,
Chiayi 621, Taiwan. 3Institute of Atomic and Molecular Sciences, Academia
Sinica, Taipei 10617, Taiwan. 4Advanced Optoelectronic Technology Center,
National Cheng Kung University, Tainan 70101, Taiwan.

Received: 11 July 2012 Accepted: 9 September 2012
Published: 26 September 2012

References
1. Suëtaka W: Surface Infrared and Raman Spectroscopy: Methods and

Applications. New York: Plenum; 1995.
2. Wang JK, Tsai CS, Lin CE, Lin JC: Vibrational dephasing dynamics at

hydrogenated and deuterated semiconductor surfaces: symmetry
analysis. J Chem Phys 2000, 113:5041–5052.

3. Kneipp K, Moskovits M, Kneipp H: Surface-Enhanced Raman Scattering:
Physics and Applications. Berlin: Springer; 2006.

4. Wang HH, Liu CY, Wu SB, Liu NW, Peng CY, Chan TH, Hsu CF, Wang JK,
Wang YL: Highly Raman-enhancing substrates based on silver
nanoparticle arrays with tunable sub-10 nm gaps. Adv Mater 2006,
18:491–495.

5. Liu CY, Dvoynenko MM, Lai MY, Chan TH, Lee YR, Wang JK, Wang YL:
Anomalously enhanced Raman scattering from longitudinal optical
phonons on Ag-nanoparticle-covered GaN and ZnO. Appl Phys Lett 2010,
96:033109.

6. Huang CH, Lin HY, Chen ST, Liu CY, Chui HC, Tzeng YH: Electrochemically
fabricated self-aligned 2-D silver/alumina arrays as reliable SERS sensors.
Opt Express 2011, 19:11441–11450.

7. Ferrari AC, Meyer JC, Scardaci V, Casiraghi C, Lazzeri M, Mauri F, Piscanec S,
Jiang D, Novoselov KS, Roth S, Geim AK: Raman spectrum of graphene
and graphene layers. Phys Rev Lett 2006, 97:187401.

8. Malard LM, Pimenta MA, Dresselhaus G, Dresselhaus MS: Raman
spectroscopy in graphene. Phys Rep 2009, 473:51–87.

9. Gao LB, Ren WC, Liu BL, Saito R, Wu ZS, Li SS, Jiang CB, Li F, Cheng HM:
Surface and interference coenhanced Raman scattering of graphene.
ACS Nano 2009, 3:933–939.

10. Schedin F, Lidorikis E, Lombardo A, Kravets VG, Geim AK, Grigorenko AN,
Novoselov KS, Ferrari AC: Surface-enhanced Raman spectroscopy of
graphene. ACS Nano 2010, 4:5617–5626.

11. Wu D, Zhang F, Liu P, Feng X: Two-dimensional nanocomposites based
on chemically modified graphene. Chemistry 2011, 17:10804–10812.

12. Calizo I, Bao WZ, Miao F, Lau CN, Balandin AA: The effect of substrates on
the Raman spectrum of graphene: graphene-on-sapphire and
graphene-on-glass. Appl Phys Lett 2007, 91:201904.

13. Calizo I, Miao F, Bao W, Lau CN, Balandin AA: Variable temperature Raman
microscopy as a nanometrology tool for graphene layers and
graphene-based devices. Appl Phys Lett 2007, 91:071913.

14. Calizo I, Bejenari I, Rahman M, Liu G, Balandin AA: Ultraviolet Raman
microscopy of single and multilayer graphene. J Appl Phys 2009,
106:043509.

15. Novoselov KS, Geim AK, Morozov SV, Jiang D, Zhang Y, Dubonos SV,
Grigorieva IV, Firsov AA: Electric field effect in atomically thin carbon
films. Science 2004, 306:666–669.

16. Geim AK, Novoselov KS: The rise of graphene. Nat Mater 2007, 6:183–191.
17. Geim AK: Graphene: status and prospects. Science 2009, 324:1530–1534.
18. Balandin AA: Thermal properties of graphene and nanostructured carbon

materials. Nat Mater 2011, 10:569–581.
19. Ghosh S, Nika DL, Pokatilov EP, Balandin AA: Heat conduction in graphene:

experimental study and theoretical interpretation. New J Phys 2009,
11:095012.

20. Compagnini G, Forte G, Giannazzo F, Raineri V, La Magna A, Deretzis I: Ion
beam induced defects in graphene: Raman spectroscopy and DFT
calculations. J Mol Struct 2011, 993:506–509.



Huang et al. Nanoscale Research Letters 2012, 7:533 Page 6 of 6
http://www.nanoscalereslett.com/content/7/1/533
21. Sahoo S, Palai R, Katiyar RS: Polarized Raman scattering in monolayer,
bilayer, and suspended bilayer graphene. J Appl Phys 2011, 110:044320.

22. Cancado LG, Jorio A, Ferreira EHM, Stavale F, Achete CA, Capaz RB,
Moutinho MVO, Lombardo A, Kulmala TS, Ferrari AC: Quantifying defects in
graphene via Raman spectroscopy at different excitation energies. Nano
Lett 2011, 11:3190–3196.

23. Castro Neto AH, Guinea F, Peres NMR, Novoselov KS, Geim AK: The
electronic properties of graphene. Rev Mod Phys 2009, 81:109–162.

24. Huang MY, Yan HG, Heinz TF, Hone J: Probing strain-induced electronic
structure change in graphene by Raman spectroscopy. Nano Lett 2010,
10:4074–4079.

25. Pezzotti G: Spatially resolved Raman and cathodoluminescence probes in
electronic materials: basics and applications. Phys Status Solidi A-Appl Mat
2011, 208:976–999.

26. Ni ZH, Yu T, Lu YH, Wang YY, Feng YP, Shen ZX: Uniaxial strain on
graphene: Raman spectroscopy study and band-gap opening. ACS Nano
2008, 2:2301–2305.

27. Mohiuddin TMG, Lombardo A, Nair RR, Bonetti A, Savini G, Jalil R, Bonini N,
Basko DM, Galiotis C, Marzari N, Novoselove KS, Geim AK, Ferrari AC:
Uniaxial strain in graphene by Raman spectroscopy: G peak splitting,
Gruneisen parameters, and sample orientation. Phys Rev B 2009,
79:205433.

28. Huang MY, Yan HG, Chen CY, Song DH, Heinz TF, Hone J: Phonon
softening and crystallographic orientation of strained graphene studied
by Raman spectroscopy. Proc Natl Acad Sci USA 2009, 106:7304–7308.

29. Sasaki K, Wakabayashi K, Enoki T: Polarization dependence of Raman
spectra in strained graphene. Phys Rev B 2010, 82:205407.

30. Yoon D, Son YW, Cheong H: Strain-dependent splitting of the double-
resonance Raman scattering band in graphene. Phys Rev Lett 2011,
106:155502.

31. Yoon D, Moon H, Son YW, Samsonidze G, Park BH, Kim JB, Lee Y, Cheong H:
Strong polarization dependence of double-resonant Raman intensities in
graphene. Nano Lett 2008, 8:4270–4274.

32. Yoon D, Son YW, Cheong H: Strain-dependent splitting of the
double-resonance Raman scattering band in graphene. Phys Rev Lett
2011, 106.

33. Liu F, Ming PM, Li J: Ab initio calculation of ideal strength and phonon
instability of graphene under tension. Phys Rev B 2007, 76:064120.

34. Reich S, Jantoljak H, Thomsen C: Shear strain in carbon nanotubes under
hydrostatic pressure. Phys Rev B 2000, 61:13389–13392.

doi:10.1186/1556-276X-7-533
Cite this article as: Huang et al.: Observation of strain effect on the
suspended graphene by polarized Raman spectroscopy. Nanoscale
Research Letters 2012 7:533.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com


	Abstract
	Background
	Methods
	Results and discussion
	Conclusion
	Competing interests
	Authors' contributions
	Authors' information
	Acknowledgment
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts 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 (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 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 [595.440 793.440]
>> setpagedevice


