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Au-assisted chemical etching
Chih-Chung Lai1, Yun-Ju Lee2, Ping-Hung Yeh2* and Sheng-Wei Lee1*

Abstract

The formation mechanism of SiGe nanorod (NR) arrays fabricated by combining nanosphere lithography and Au-
assisted chemical etching has been investigated. By precisely controlling the etching rate and time, the lengths of
SiGe NRs can be tuned from 300 nm to 1μm. The morphologies of SiGe NRs were found to change dramatically
by varying the etching temperatures. We propose a mechanism involving a locally temperature-sensitive redox
reaction to explain this strong temperature dependence of the morphologies of SiGe NRs. At a lower etching
temperature, both corrosion reaction and Au-assisted etching process were kinetically impeded, whereas at a
higher temperature, Au-assisted anisotropic etching dominated the formation of SiGe NRs. With transmission
electron microscopy and scanning electron microscopy analyses, this study provides a beneficial scheme to design
and fabricate low-dimensional SiGe-based nanostructures for possible applications.
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Introduction
Over the past few decades, intensive research efforts have
been devoted to the fabrication and characterization of
Si-based nanostructures due to their intrinsic physical
properties, high packing density, and compatibility with
current Si technology [1]. Self-assembled Si-based nanos-
tructures are of particular interest because self-assembly
provides a possible way to realize nanostructures without
process-induced damages, which are frequently observed
in the samples defined by electron (e)-beam lithography or
reactive ion etching (RIE) [2,3]. Ge/Si has become a model
system for the fabrication and investigation of nanometer-
scale heteroepitaxy due to their moderate lattice mismatch
(4.2%) [4,5]. The fabrication of SiGe nanowire arrays is
one of the most interesting topics [6,7]. Recently, the use
of Si-based nanowires as high-performance devices or
sensors has been extensively reported [8-12]. There are
several methods to fabricate nanowire structures, such as
e-beam lithography [13] and vapor-liquid-solid growth

[14-16], and metal-assisted chemical etching [17-20]. Pre-
vious works have demonstrated that nanosphere lithogra-
phy (NSL) provides an efficient way to fabricate self-
organized, ordered, and close-packed sphere arrays
[21,22]. However, there have been few studies paying
attention on the formation mechanism of SiGe NRs. In
this work, we fabricated SiGe NR arrays by combing NSL
and Au-assisted chemical etching. The influences of che-
mical etching conditions on the morphologies of as-etched
SiGe NRs were investigated to clarify their formation
mechanism.

Experimental details
The schematic depiction of experimental procedures is
shown in Figure 1. p-Type (001)-oriented Si wafers 10 to
25 Ω cm in size and 100 mm in diameter were used in
the present study. All SiGe heterostructures used in this
study were grown at 550°C in a multi-wafer ultra-high
vacuum chemical vapor deposition (UHV/CVD) system.
Before epitaxial growth, the Si wafers are dipped in a 10%
HF solution to achieve the hydrogen-passivated surface
and then transferred into an UHV/CVD system.
A 50-nm-thick Si buffer layer was first grown and fol-
lowed by growth of a 2-μm-thick SiGe buffer layer and a
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1-μm-thick Si0.8Ge0.2 uniform epilayer, as shown in
Figure 1a. The wafer with the SiGe epilayer was sliced
into 1 × 1 cm2 as the templates. Next, polystyrene (PS)
nanospheres in diluted colloidal form were then drop-
placed onto the freshly prepared hydrophilic substrate, as
illustrated in Figure 1b. An area of a monolayer of poly-
styrene nanospheres then forms upon complete water
evaporation under ambient condition. Subsequently, RIE
process using O2 plasma with a power of 30 W was
employed to reduce the sizes of the PS nanospheres, as
illustrated in Figure 1c. In this step, the PS nanospheres
with a reduced size formed non-closely packed arrays on
the surface. Next, a 20-nm-thick gold film was then
deposited onto the substrate by e-beam evaporation, as
illustrated in Figure 1d. Due to the PS monolayer mask,
an Au film with patterned nanohole arrays was formed.
The patterned Au thin film acts as a catalyst in the fol-
lowing Au-assisted etching process. The samples were
then dipped into the freshly prepared etching solution
(2:1:2:5 (v/v) HF/H2O2/C2H5OH/DI water mixture) to
form SiGe NR arrays under various etching conditions,
as shown in Figure 1e. The diameter, spacing, and density

of SiGe NRs should be defined by the starting reduced
size of PS nanospheres. Once SiGe NRs were formed, the
Au metal was washed away using an Au etchant (3:1
(v/v) HCl/HNO3 mixture), leaving PS nanospheres on
the surface as labels for observing the etched SiGe NRs.
Finally, the morphologies and microstructures of the
resulting SiGe NRs were characterized by scanning elec-
tron microscopy (SEM) and transmission electron micro-
scopy (TEM) in conjunction with an energy dispersion
spectrometer (EDS).

Results and discussion
Top-view SEM images of self-assembled PS nanosphere
arrays before and after RIE treatment are shown in
Figure 2a, b, respectively. Prior to the RIE treatment, the
PS nanospheres were closely packed on the SiGe sub-
strate with a uniform diameter of 600 nm. After the RIE
treatment, the PS nanospheres were then trimmed to an
average size of 420 nm. These reduced sizes of PS nano-
spheres were also found to be deformed to a truncated
shape, possibly due to the thermal heating effect during
the O2 plasma RIE process.
Figure 3 shows the temperature dependence of the

morphologies of SiGe NR arrays etched at temperatures
from 5°C to 25°C. The etching time was fixed at 20 min
for all SiGe NRs. By the fact that PS nanospheres are on
top of the etched structure, we can verify that the etched
SiGe nanostructures are composed of the as-grown SiGe
epilayer. At lower etching temperatures (5°C to 15°C) as
shown in Figure 3a, b, the etched SiGe nanostructures
show a necklike body with a thin diameter underneath the
truncated PS nanospheres. The maximal height of the
etched SiGe nanostructures was limited to be about 300
nm. However, by increasing the etching temperature to
20°C and 25°C, the etched SiGe nanostructures became
apparently longer (about 1 μm at 25°C), i.e., the formation
of SiGe NRs. These results demonstrated that the
morphologies of etched SiGe nanostructures are strongly
influenced by the etching temperatures and potentially
can be controlled by varying other etching conditions.
Herein, we propose a mechanism involving a locally

Figure 1 Schematic diagram of fabrication process of SiGe NRs.
(a) TEM image of 1-μm-thick Si0.8Ge0.2 epilayer with the SiGe buffer
layer grown on Si wafer. (b) PS nanospheres in diluted colloidal
form were drop-placed onto the freshly prepared hydrophilic SiGe
substrate. (c) The sizes of the PS spheres were reduced by RIE
treatment. (d) A 20-nm-thick Au film was deposited by e-beam
evaporation. (e) SiGe NRs were formed by Au-assisted wet chemical
etching. (f) Finally, Au film is removed by an Au etchant.

Figure 2 Top-view SEM images of PS nanospheres. (a) Before
and (b) after the RIE treatment using O2 as precursor gas.
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temperature-sensitive redox reaction to explain this strong
temperature dependence of the morphologies of the
etched SiGe NRs.
It is well known that metal-assisted chemical etching

in the H2O2/HF solution may occur as a localized elec-
trochemical process, with the nanometer-sized metal
acting as a local cathode and microscopically local Si
acting as an anode [17]. Their corresponding half-cell
reaction can be outlined as the following.

Cathode reaction :H2O2 + 2H+ → 2H2O + 2h+,

2H+ + 2e− → H2 ↑ .

Anode reaction:Si + 2H2O → SiO2(s) + 4H+ + 4e−

SiO2(s) + 6HF → H2SiF6 + 2H2O.

Considering the SiGe/Au/H2O2/HF system in this
study, because Au is more electronegative than SiGe
materials, the deposited Au film strongly attracts elec-
trons from the underlying SiGe substrate and becomes
negatively charged [23]. The deposited Au film serves to
catalyze the subsequent reduction of H2O2 and H+ ions
and thus facilitates the oxidation of the underlying SiGe.
Therefore, once Au-assisted chemical etching dominates
the whole etching process, an anisotropic etching can be
expected. On the other hand, there have been many stu-
dies reporting that SiGe materials tend to be more

vulnerable to the H2O2/HF solutions than pristine Si
wafer [6,24]. This means that even if there is no Au cat-
alyst existing, SiGe may still suffer ‘attacking’ from the
H2O2/HF solution, i.e., the corrosion reaction, which is
principally an isotropic etching process. Therefore, as
illustrated in Figure 4, there exist two etching mechan-
isms competing for the formation of SiGe nanostruc-
tures by Au-assisted chemical etching. As the etching
temperature is low, both the corrosion reaction and Au-
assisted etching process are kinetically impeded. Thus,
necklike etched nanostructures with a limited height
could be observed (Figure 4a). By increasing the etching
temperature above 20°C, more temperature-sensitive
Au-assisted anisotropic etching begins to dominate the
whole etching process, and SiGe NRs form (Figure 4b).
Nevertheless, isotropic corrosion reaction still proceeds
in the meantime. Therefore, all SiGe NRs have a taper-
like shape with a diameter less than that defined by the
PS nanospheres (420 nm); that is also why all SiGe
nanostructures in this study have a base horizontally
lower than the surrounding Au film. It is also worth-
while noting that if we increase the temperature above
40°C, only straight Si nanowire arrays would be obtained
since the upper SiGe parts have been etched away (not
shown here). This is because both the corrosion reaction
and Au-assisted etching rates are significantly enhanced
at such a high temperature.

Figure 3 SEM images of SiGe NRs fabricated by Au-assisted wet chemical etching at various solution temperatures . Solution
temperatures of (a) 5°C, (b) 15°C, (c) 20°C, and (d) 25°C for 20 min.

Lai et al. Nanoscale Research Letters 2012, 7:140
http://www.nanoscalereslett.com/content/7/1/140

Page 3 of 6



By fixing the etching temperature at 25°C, we can
further observe the formation evolution of the SiGe
NRs. As seen in Figure 5a, the etched SiGe structures
started with a necklike shape, which is very similar to
that appearing at low etching temperature. It is specu-
lated that Au-assisted chemical etching process may be
hindered at the initial stage of etching possibly because
the initial oxidation of SiGe underneath the Au film is
limited by the reactant transport. After that, the SiGe
NRs increase their lengths with the increasing etching

time, as shown in Figure 5b, c, d. Note that SiGe NRs
with etching times of 15 min and 20 min have similar
rod lengths (about 1 μm). We infer that the Au-assisted
etching rate would be slowed down as the SiGe buffer
layer is reached, where the Ge composition decreases
gradually into the depths.
The TEM-related data of SiGe NRs are gathered in

Figure 6. Figure 6a shows a cross-sectional TEM image
of a typical SiGe NR. No dislocation or any residual
reactant was observed in the SiGe NR structure. With

Figure 4 Schematic of the formation of SiGe nanostructures. These are formed by Au-assisted chemical etching at relatively (a) low and (b)
high solution temperatures.

Figure 5 SEM images of SiGe NRs etched at a solution temperature at various times. SEM images of SiGe NRs etched at solution
temperature of 25°C for (a) 5, (b) 10, (c) 15, and (d) 20 min.
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the EDS analysis, we can further confirm that SiGe NRs
are composed of SiGe materials, i.e., they are a replica
of the as-grown SiGe epilayer. Low-dimensional SiGe
nanostructures have many potential applications, such
as chemical and biochemical sensing [25,26]. Notably,
compared with Si materials, SiGe alloys have a tunable
and lower work function, which is an important factor
for designing field electron emitters [27]. Therefore, by
optimizing the microstructural parameters, like the tip
curvature and aspect ratio, taper-like SiGe NRs formed
by Au-assisted chemical etching may promise to be
applicable for fabricating field emitters. Further work
remains under investigation.

Conclusions
In this study, the formation mechanism of SiGe NR arrays
fabricated by combining NSL and Au-assisted chemical
etching has been investigated. By precisely controlling the
etching rate and time, the lengths of the SiGe NRs can be
tuned. The morphologies of SiGe NRs changed dramati-
cally by varying the etching temperatures. We propose a
mechanism involving a locally temperature-sensitive redox

reaction to explain this strong temperature dependence of
the morphologies of SiGe NRs. At a lower etching tem-
perature, both corrosion reaction and Au-assisted etching
process were kinetically hindered, whereas at a higher
temperature, Au-assisted anisotropic etching dominated
the formation of SiGe NRs. With TEM and SEM analyses,
this study provides a beneficial scheme to design and fabri-
cate low-dimensional SiGe-based nanostructures for possi-
ble applications.

Acknowledgements
The research is supported by the National Science Council of Taiwan under
contract numbers NSC 100-2221-E-008-016-MY3, NSC 100-2622-E-008-009-
CC3, and NSC-98-2112-M-032-003-MY3. The authors also thank the National
Nano Device Laboratories and Center for Nano Science and Technology at
National Central University for the facility support.

Author details
1Institute of Materials Science and Engineering, National Central University,
Jhongli, 32001, Taiwan 2Department of Physics, Tamkang University, Danshui
District, New Tapei, 25137, Taiwan

Authors’ contributions
C-CL carried out the nanorod experiments and data analysis under the
instruction of S-WL. Y-JL and P-HY performed the TEM measurements. All

Figure 6 TEM image of a SiGe NR and compositional distribution of Si and Ge. (a) Cross-sectional TEM image of a SiGe NR, which is
highlighted by a dotted line. (b) The composition of the SiGe NR can be characterized by the EDS line scan, where the Si and Ge compositional
distribution are shown in (c) and (d), respectively.

Lai et al. Nanoscale Research Letters 2012, 7:140
http://www.nanoscalereslett.com/content/7/1/140

Page 5 of 6



the authors contributed to the preparation and revision of the manuscript,
and read and approved its final version.

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

Received: 30 November 2011 Accepted: 18 February 2012
Published: 18 February 2012

References
1. Pauzauskie PJ, Yang P: Nanowire photonics. Mater Today 2006, 9:36-45.
2. Medeiros-Ribeiro G, Brathovski AM, Kamins TI, Ohlberg DAA, Williams RS:

Shape transition of germanium nanocrystals on a silicon (001) surface
from pyramids to domes. Science 1998, 279:353-355.

3. Kammerer C, Cassabois G, Voisin C, Delalande C, Roussignol P, Gerard JM:
Photoluminescence up-conversion in single self-assembled InAs/GaAs
quantum dots. Phys Rev Lett 2001, 87:207401.

4. Medeiros-Ribeiro G, Williams RS: Thermodynamics of coherently-strained
GexSi1-x nanocrystals on Si(001): alloy composition and island formation.
Nano Lett 2007, 7:223-226.

5. Robinson JT, Rastelli A, Schmidt O, Dubon OD: Global faceting behavior of
strained Ge islands on Si. Nanotechnology 2009, 20:085708.

6. Wang X, Pey KL, Choi WK, Ho CKF, Fitzgerald E, Antoniadisa D: Arrayed Si/
SiGe nanowire and heterostructure formations via Au-assisted wet
chemical etching method. Electrochem Solid-State Lett 2009, 12:K37-K40.

7. Geyer N, Huang Z, Fuhrmann B, Grimm S, Reiche M, Duc TKN, de Boor J,
Leipner HS, Werner P, Gosele U: Sub-20 nm Si/Ge superlattice nanowires
by metal-assisted etching. Nano Lett 2009, 9:3106-3110.

8. Law M, Greene L, Johnson JC, Saykally R, Yang P: Nanowire dye-sensitized
solar cells. Nat Mater 2005, 4:455-459.

9. Peng K, Wang X, Lee ST: Silicon nanowire array photoelectrochemical
solar cells. Appl Phys Lett 2008, 92:163103.

10. Yu JY, Chung SW, Heath JR: Silicon nanowires: preparation, device
fabrication, and transport properties. J Phys Chem B 2000,
104:11864-11870.

11. Greytak AB, Lauhon LJ, Gudiksen MS, Lieber CM: Growth and transport
properties of complementary germanium nanowire field-effect
transistors. Appl Phys Lett 2004, 84:4176-4178.

12. Whang SJ, Lee SJ, Yang WF, Cho BJ, Kwong DL: Study on the synthesis of
high quality single crystalline Si1-xGex nanowire and its transport
properties. Appl Phys Lett 2007, 91:072105.

13. Gangloff L, Minoux E, Teo KBK, Vincent P, Semet VT, Binh VT, Yang MH,
Bu IYY, Lacerda RG, Pirio G, Schnell JP, Pribat D, Hasko DG,
Amaratunga GAJ, Milne WI, Legagneux P: Self-aligned, gated arrays of
individual nanotube and nanowire emitters. Nano Lett 2004,
4(9):1575-1579.

14. Wu Y, Fan R, Yang P: Block-by-block growth of single-crystalline Si/SiGe
superlattice nanowires. Nano Lett 2002, 2:83-86.

15. Dailey JW, Taraci J, Clement T, Smith DJ, Drucker J, Picraux ST: Vapor-liquid-
solid growth of germanium nanostructures on silicon. J Appl Phys 2004,
96:7556.

16. Hochbaum AI, Fan R, He R, Yang P: Controlled growth of Si nanowire
arrays for device integration. Nano Lett 2005, 5:457-460.

17. Li X, Bohn PW: Metal-assisted chemical etching in HF/H2O2 produces
porous silicon. Appl Phys Lett 2000, 77:2572.

18. Fuhrmann B, Leipner HS, Hoche HR: Ordered arrays of silicon nanowires
produced by nanosphere lithography and molecular beam epitaxy.
Nano Lett 2005, 5:2524-2527.

19. Zhang ML, Peng KQ, Fan X, Jie JS, Zhang RQ, Lee ST, Wong NB:
Preparation of large-area uniform silicon nanowires arrays through
metal-assisted chemical etching. J Phys Chem C 2008, 112:4444-4450.

20. Huang Z, Zhang X, Reiche M, Liu L, Lee W, Shimizu T, Senz S, Gsele U:
Extended arrays of vertically aligned sub-10 nm diameter [100] Si
nanowires by metal-assisted chemical etching. Nano Lett 2008,
8:3046-3051.

21. Hulteen JC, Duyne RPV: Nanosphere lithography: a materials general
fabrication process for periodic particle array surfaces. J Vac Sci Technol A
1995, 13:1553-1558.

22. Wang X, Summers CJ, Wang ZL: Large-scale hexagonal-patterned growth
of aligned ZnO nanorods for nano-optoelectronics and nanosensor
arrays. Nano Lett 2004, 4:423-426.

23. Peng K, Hu J, Yan Y, Wu Y, Fang H, Xu Y, Lee ST, Zhu J: Fabrication of
single-crystalline silicon nanowires by scratching a silicon surface with
catalytic metal particles. Adv Funct Mater 2006, 16:387-394.

24. Katsaros G, Rastelli A, Stoffel M, Isella G, Känel HV, Bittner AM, Tersoff J,
Denker U, Schmidt OG, Costantini G, Kern K: Investigating the lateral
motion of SiGe islands by selective chemical etching. Surf Sci 2006,
600:2608-2613.

25. Canham LT: Bioactive silicon structure fabrication through nanoetching
techniques. Adv Mater 1995, 7:1033-1037.

26. Lin VSY, Motesharei K, Dancil KPS, Sailor MJ, Ghadiri MR: A porous silicon-
based optical interferometric biosensor. Science 1997, 278:840-843.

27. Lee SW, Chueh YL, Chen LJ, Chou LJ, Chen PS, Tsai MJ, Liu CW: Formation
of SiCH6-mediated Ge quantum dots with strong field emission
properties by ultra-high vacuum chemical vapor deposition. J Appl Phys
2005, 98:073506.

doi:10.1186/1556-276X-7-140
Cite this article as: Lai et al.: Formation mechanism of SiGe nanorod
arrays by combining nanosphere lithography and Au-assisted chemical
etching. Nanoscale Research Letters 2012 7:140.

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

Lai et al. Nanoscale Research Letters 2012, 7:140
http://www.nanoscalereslett.com/content/7/1/140

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/9430580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9430580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11690509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11690509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17253759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17253759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17253759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17253759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19417469?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19417469?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19655719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19655719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15895100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15895100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15755094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15755094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16351208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16351208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18698834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18698834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9346478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9346478?dopt=Abstract
http://www.springeropen.com/
http://www.springeropen.com/

	Abstract
	Introduction
	Experimental details
	Results and discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


