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SUMMARY We propose a novel technique to grow the single-walled
carbon nanotubes (SWNTs) with specific chirality at the desired position
using free electron laser (FEL) irradiation during growth and surface treat-
ment. As a result, only the semiconducting SWNTs grew at the area be-
tween triangle electrodes, where the ozone treatment was done to be hy-
drophilic when an alcohol chemical vapor deposition (ACCVD) process
was carried out with the 800 nm FEL irradiation. Although the number of
possible chiral index is 22 in the SWNTs grown without the FEL irradia-
tion, the number is much reduced to be 8 by the FEL.
key words: single-walled carbon nanotube, ACCVD, chirality, free elec-
tron laser, Raman spectra

1. Introduction

Carbon nanotubes (CNTs) have been intensively studied be-
cause of many featured characteristics such as high electric
conductivity, high permissible current density and high me-
chanical strength in spite of high flexibility [1]–[5]. These
characteristics are available to prepare various kinds of nano
structured devices such as field emitters, high-densely in-
tegrated circuits and so on [6]–[10]. Especially, the CNT
rolled with a grahene sheet was called single-walled car-
bon nanotubes (SWNTs). The SWNTs are characterized
as metals or semiconductors depending on their diameter
and chirality [3]. For applying the SWNTs to the nanoscale
electronic devices, the preparation volume, the diameter, the
alignment, the chirality and the growth position must be
controlled [11]–[22]. A dip-coat method is provided for
uniform size of and/or dense coating of catalyst particles
[23], [24]. The SWNTs grew selectively from catalyst parti-
cles using chemical vapor deposition (CVD) and its diame-
ter depends on that of the catalyst particles. The alignment
of the SWNTs growth in-plane was reported in the growth
on sapphire and quartz substrates [17], [25]. The research
concerning about the chirality contorol is roughly classified
into two categories. One of them is to separate massively
grown semiconducting and metalic mixture SWNTs using
agarose gel [26]–[28]. However, the separation of indivi-
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sual chirality have not been achieved. In this method there
still is a problem to aligne the separated SWNTs to the de-
sired positon for nano-scale devices [29]. The other one is
to grow the SWNTs directly with indivisual chirality during
growth process. The CVD using CoMo, FeRu, FeCu, Au,
and C60 catalysts result in the synthesis of narrow-chirality
distributed SWNTs, dominately (6, 5) index [18], [19], [30]–
[32]. However these processes have also similar problem to
that of the separation metod for nano-scale devices.

In this study we propose a novel technique to control
the growth position as well as the chirality of the SWNTs
using the free electron laser (FEL) and the surface treatment
[33]–[35]. The features of the FEL are a variable wave-
length (0.3–6 μm) and the quite sharp pulse width, approxi-
mately 500 ps. Because of the features, selective wavelength
of the FEL is resonantly absorbed in the SWNTs with a spe-
cific chirality without a thermal defect and/or a reaction due
to the excited phonos by the irradiation of the FEL. As well
known the SWNTs grew from the catalysts. The position of
the deposited catalysts can be controlled by a surface treat-
ment of a substrate surface. Therefore the growth position
of the SWNTs can be controllable.

2. Experimental

2.1 Surface Treatment

A schematic diagram of the surface treatment is shown in
Fig. 1. In Fig. 1(a) the triangle Au/Cr electrodes were de-
posited on SiO2(300 nm)/Si substrate using photolithogra-
phy and lift-off technique. The size of the electrodes and
the gap is described in the Fig. 1. In Fig. 1(b) a ribbon-
type hole was patterned by a photolithography. And then
the surface of the electrodes and the area between the elec-
trodes were treated to be hydrophilic by exposure to the

Fig. 1 Schematic view of surface treatment process. (a) The Au/Cr elec-
trodes were deposited. (b) A ribbon-type hole was patterned. (c) The
surface treatment was done in the ozone atmosphere. (d) The resist was
removed.

Copyright c© 2011 The Institute of Electronics, Information and Communication Engineers



1862
IEICE TRANS. ELECTRON., VOL.E94–C, NO.12 DECEMBER 2011

Table 1 Catalyst preparation conditions.

ozone atmosphere for 30 min using UV/Ozone cleaner (Pro-
CleanerTM110, BIOFORCE NANOSCIENCES) as shown
in Fig. 1(c). The resist was removed using remover of di-
ethylene glycol monobutyl ether 65%-monoethanol amin
35% (00413020, Tokyo Ohka Kogyo Co., Ltd) as shown in
Fig. 1(d). The electrodes surface and the area between the
electrodes were more hydrophilic.

2.2 SWNT Growth Process

2.2.1 Deposition of Catalysts

Two ethanol solutions containing cobalt(II) acetate tetrahy-
drate (C4H6CoO4·4H2O) and molybdenum(II) acetate dimer
([(C2H3O2)2Mo]2) were prepared as shown in Table 1. The
concentration of catalysts was 0.1wt%. After the surface
of the electrodes deposited substrate was treated by ozone,
immediately the catalysts particles were formed using a dip
coat technique. The substrate was soaked in solution for
10 min, and then drawn with the speed of 600 μm/s. Molyb-
denum particles were deposited and annealed first, and sub-
sequently the Co particles were deposited and annealed. The
annealing condition after dipping was 400◦C in air for 5 min.

2.2.2 Setting of an Equipment for the SWNT Growth

The SWNTs growth was carried out by alcohol chemical
vapor deposition (ACCVD) method. The schematic view of
the ACCVD equipment is illustrated in Fig. 2. The fabri-
cated equipment was a cold-wall type CVD in which only
the substrate was heated by the heater under the substrate.
The growth condition of the equipment was set in advance
as follows. The chamber was evacuated using a rotary pump
(c) down to approximately 0.5Pa without the substrate. The
valve position was set to obtain a growth condition, a flow
rate of ethanol (C2H5OH) 1000 ccm and a process pressure
1000 Pa through (a) process line using (d) rotary pump. The
flow line was switched to (b) waiting line evacuated with
(d) rotary pump. After leaking the chamber back to an at-
mospheric pressure, the substrate was set on the heater at a
tilting angle of approximately 5◦, and then the chamber was
evacuated again.

2.2.3 Growth of the SWNT

Argon (Ar, 200 ccm) and hydrogen (H2, 20 ccm) mixture
gases were introduced into the chamber as the carrier and

Fig. 2 Schematic view of ACCVD equipment. The (a) process line is
for growth of CNTs. The (b) waiting line was used to maintain the growth
condition while a substrate was loaded. The (c) rotary pump vacuums the
chamber. The (d) rotary pump is used during growth.

Fig. 3 Schematic diagram of the ACCVD process. After set of the
growth condition, a substrate was put on the heater and the chamber was
evacuated. The substrate was heated up to 1050◦C under (a) a reduced at-
mosphere. The (b) reduction process was done for 30 min, immediately
the ethanol gas was introduced for (c) CNTs growth. The growth time was
15 min. The heater temperature was gradually decreased at (d) 3 kPa with
200 ccm of Ar. When the ACCVD process was carried out with the FEL,
the irradiation of the FEL started from the beginning of the process (a).

reducing agents, respectively, as shown in Fig. 3(a), (b) pro-
cesses for approximately 30 min. The substrate temperature
was increased by heating at the same time up to 1050◦C.
The flow rate of Ar and H2 gases were controlled using mass
flow controllers (STEC, SEC-400MK3). At the process of
Fig. 3(c), ethanol was introduced into the chamber as a car-
bon source by switching flow line back from (b) waiting
line to (a) process line as shown in Fig. 3, and its flow rate
was controlled using a flow monitor at 1000 ccm. The FEL
was irradiated through the quartz window set up foreside of
the substrate as shown in Fig. 2. After stopping the flow of
ethanol gas, Ar gas was flowed at the rate of 200 ccm and the
substrate temperature was decreased to room temperature in
the process of Fig. 3(d).

The FEL used was irradiated at the Laboratory for
Electron Beam Research and Application (LEBRA), Insti-
tute of Quantum Science, Nihon University [33]. The FEL
was extracted from vacuum through a CaF2 window to the
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air. The extracted laser passed through a nonlinear crys-
tal, β-BaB2O4 (BBO), to obtain the second harmonics for
800 nm FEL. The 800 nm FEL is the most influenced wave-
length for chirality control in our previous report [34], [35].
A prism was inserted in an optical path when fundamental
and the other harmonic wavelengths were excluded.

The synthesized CNTs were characterized by micro-
and resonance-Raman scattering spectroscopy (NRS-3000,
JASCO Corp.) The micro-Raman spectra for excitation with
the second harmonic of diode laser (at 785 nm), He-Ne laser
(at 632 nm), YAG laser (at 532 nm), and He-Cd laser (at
442 nm) to obtain CNTs were characterized. The surface
morphology was observed by a scanning probe microscopy
(SPM, NanoNavi Station, SPA-400, SII).

3. Results and Discussion

Figure 4 shows the 2 × 2 μm2 surface images of the speci-
men grown with the 800 nm FEL irradiation. The image of
Fig. 4(a) is of the area between electrodes, where the surface
was the hydrophilic area due to the treatment of the ozone.
The image of Fig. 4(b) is of the other substrate area, where
no treatment was done. The image of Fig. 4(c) was detected
at the electrodes. In the Fig. 4(a), a lot of tube-like mate-
rials were dispersed in the plane with a random direction.
The height, corresponding to the diameter, of the tubes was
approximately 1.4 nm. Similar tubes were detected on the
no treatment substrate surface as shown in Fig. 4(b), but the
tubes were not the SWNTs confirmed by the Raman spec-
tra mentioned below. On the electrodes three dimensional
grains grew without any tubes. The specimen grown without
the FEL irradiation showed similar results, but the tube-like
materials were not detected at the no treated substrate area.

The detected height of 1.4 nm is expected to be due
to the growth of the SWNTs. On the electrodes, the growth
temperature of 1050◦C, which is a little bit lower than an Au
melting temperature, makes the Au and catalysts be an alloy.
The alloy does not work as a catalyst any more. Therefore
no CNTs grew on the electrodes as shown in Fig. 4(c). It is
noticed that we can find the difference of the SWNTs growth
at the points of the ozone treated, no treated, and electrodes
area.

Figure 5 shows the resonant Raman spectra related to a
radial breathing mode (RBM) of the specimen grown with-
out the FEL irradiation detected at the area between elec-
trodes. The used excitation lasers were (a) 442, (b) 532,
(c) 632, and (d) 785 nm, respectively. In all Raman spectra,
the G-band at approximately 1590 cm−1 and the D-band at
approximately 1350 cm−1, not shown here, were observed,
indicating the growth of the CNTs. The RBM peaks in
Fig. 5 revealed the growth of the SWNTs, the diameter of
which was estimated by the Eq. (1) [12], [36]–[38]. On the
no treated substrate area and electrodes, both of G- and D-
bands were not observed, indicating that the CNTs did not
grow, corresponding with the results of surface image.

d(nm) = 248/RBM(cm−1) (1)

Fig. 4 Surface images of the specimen grown with the 800 nm FEL irra-
diation. The images (a)–(c) were detected at the area between electrodes,
at the other substrate area, and at the electrodes.

Fig. 5 The Raman spectra of the treated area between electrodes were
detected using four different excitation lasers, (a) 442, (b) 532, (c) 632,
(d) 785 nm. The appeared peaks were the RBM peaks, attributed from the
presence of the SWNTs.

The excitation laser of 532 nm is resonantly absorbed in the
SWNTs with the energy gap between van Hove singulari-
ties (vHSs) in the nanotube density of state (DOS), so-called
ES

33, EM
22, ES

22, where the superscript S and M mean the semi-
conductor and metal [36]. The relationship between series
of the energy gap for resonance absorption and the diam-
eter of the SWNTs is referred from the Kataura plot [12],
[36]–[38]. The RBM peaks of the SWNTs at 187, 236,
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Table 2 Summary of the results from the RBM peaks of Raman spectra
for the specimens without the FEL irradiation and with the 800 nm FEL
irradiation. The detected points were of the area between electrodes where
the ozone treatment was done to be hydrophilic.

Fig. 6 The Raman spectra of the treated area between electrodes were
detected using four different excitation lasers, (a) 442, (b) 532, (c) 632, (d)
785 nm. The specimen was grown with the 800 nm FEL irradiation. The
RBM peaks were detected only in the spectrum (d).

and 284 cm−1, as shown in Fig. 5(b), were estimated at 1.3,
1.1, and 0.87 nm in diameter, caused by the resonant ab-
sorbance with the energy of the ES

33, EM
22, and ES

22, respec-
tively, mentioned above. The RBM peaks detected using
632 and 785 nm, as shown in Figs. 5(c), (d), were analyzed
as well. The analyzed results, the RBM peaks position, the
diameter of the grown SWNTs estimated from Eq. (1), no-
tation of energy gap between vHSs, and electric property,
are summarized in Table 2. When the specimen is estimated
to be metal, the cells are colored. It was figured out that
the mixture of semiconducting and metallic SWNTs grew
when the ACCVD process was carried out without the FEL
irradiation.

Figure 6 shows the RBM mode of the specimen grown
with the 800 nm FEL irradiation using resonant Raman anal-
ysis. The detected point was of the area between electrodes.

Fig. 7 Chiral map on the graphene sheet. The notation of the (n1, n2) is
the chiral index. The open circles and closed circles indicate semiconduct-
ing and metallic SWNTs. The diameter of the SWNT is able to be estimated
from the Eq. (1). For example the arcs of the SWNT with 800 nm FEL irra-
diation with φ = 1.04 and 1.12 nm in diameter are described. The possible
chiralities are the intersection between the arc and the circles. In this case,
since the grown SWNTs were semiconducting, the possible chiralities were
(14, 0), (13, 2), (10, 6), (9, 7), (13, 0), (12, 2), (10, 5), and (8, 7).

We can see the peaks only in the spectrum detected using
excitation laser of 785 nm as shown in Fig. 6(d). The RBM
results revealed that the grown SWNTs were only semicon-
ductor. The results are summarized in Table 2. From the
results of the SPM, the tube-like materials with the height
of approximately 1.4 nm grew with random direction in the
plane at the area. The tube-like materials are sure to be the
SWNTs. At the other area, any SWNTs were not found in
the Raman spectra and the SPM analysis.

Figure 7 shows the graphene honeycomb lattice for es-
timating the chiral index. The chiral vector Ch is defined as
the vector from the origin to the crystallographically equiva-
lent site on the graphene sheet. Since the SWNT was formed
by rolling up the sheet to fit the origin and the equivalent
site, the diameter and the chirality of the SWNT are deter-
mined by the Ch. The Ch is described by Eq. (2), where the
n1 and n2 are integer. The magnitude of the Ch, |Ch|, is the
diameter of the SWNT. The a1 and a2 are unit vectors, de-
scribed in Fig. 7. A pair of integers (n1, n2) is the chiral
index.

Ch = n1a1 + n2a2 (2)

The chiral index is estimated as follows. i) The diameter
of the SWNTs is estimated from the wavenumber of the
RBM peak and Eq. (1). ii) Since the absorbance energy
gap is known from the used excitation laser, we can find
out whether the SWNT is semiconductor or metal from the
estimated diameter using the Kataura plot, as shown in the
column of “notation of energy gap and electric property” in
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Table 2. iii) An arc of the estimated diameter is illustrated
in the graphene sheet. In Fig. 7 the arc is described when
the diameter, φ, of the SWNT is 1.04 and 1.12 nm. Those
SWNTs were obtained when the 800 nm FEL was irradi-
ated during growth. iv) Since we know that the SWNT is
semiconductor or metal at the process ii), the possible chiral
index is turned out from the intersection between the arc and
open circles (semiconductor) or closed circles (metal). The
notation of energy gap and electric property as well as the
chiral index are summarized in Table 2. The 22 kinds of chi-
ral indices in the SWNTs grown without the FEL irradiation
were much reduced to 8 chiral indices with 800 nm FEL ir-
radiation as shown in Table 2. It is also noticeable that only
semiconducting SWNTs grew when the FEL was irradiated,
though the mixture of semiconducting and metallic SWNTs
grew without the FEL irradiation. Since the 800 nm FEL is
expected to be resonantly absorbed at the gap energy of ES

22,
the semiconducting SWNTs is enhanced to grow.

4. Conclusion

For applying SWNTs to the nanoscale electronic devices,
we propose a novel technique to control the growth position
as well as the chirality of the SWNTs using the free elec-
tron laser (FEL) irradiation and the surface treatment. The
SWNTs were grown by the ACCVD method with ethanol
as a feeding gas. The chirality controlled SWNTs grew at
only the area between electrodes, where the ozone tretment
was done to be hydroplic, using the 800 nm FEL irradiation
and surface treatment technique. The number of possible
ciraltiy was 22 when the FEL was not irradiated during the
ACCVD process, however, the number was much reduced
to be 8 in the SWNTs grown with the 800 nm FEL irradia-
tion. The mixuture growth of semiconducting and metallic
SWNTs was limitted to the growth of semiconducting one
because of the FEL irradiation.
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and A.O.I. Krause, “Predominant (6, 5) single-walled carbon nan-
otube growth on a copper-promoted iron catalyst,” J. Am. Chem.
Soc., vol.132, pp.13994–13996, 2010.

[19] Z. Ghorannevis, T. Kato, T. Kaneko, and R. Hatakeyama, “Narrow-
chirality distributed single-walled carbon nanotube growth from
nonmagnetic catalyst,” J. Am. Chem. Soc., vol.132, pp.9570–9572,
2010.

[20] M. Ishida, H. Hongo, F. Nihey, and Y. Ochiai, “Diameter-controlled
carbon nanotubes grown from lithographically defined nanopar-
tiles,” Jpn. J. Appl. Phys., vol.43, pp.L1356–L1358, 2004.

[21] C.-C. Chiu, M. Yoshimura, and K. Ueda, “Patterned growth of car-
bon nanotubes through AFM nano-oxidation,” Diam. Relat. Mater.,
vol.18, pp.355–359, 2009.

[22] L. Ding, A. Tselev, J. Wang, D. Yuan, H. Chu, T.P. McNicholas,
Y. Li, and J. Liu, “Selective growth of well-aligned semiconduct-
ing single-walled carbon nanotubes,” Nano Lett., vol.9, pp.800–805,



1866
IEICE TRANS. ELECTRON., VOL.E94–C, NO.12 DECEMBER 2011

2009.
[23] K. Ryu, A. Badmaev, L. Gomez, F. Ishikawa, B. Lei, and C. Zhou,

“Synthesis of aligned single-walled nanotubes using catalysts de-
fined by nanosphere lithography,” J. Am. Chem. Soc., vol.129,
pp.10104–10105, 2007.

[24] D. Nagao, R. Kameyama, H. Matsumoto, Y. Kobayashi, and M.
Konno, “Single- and multi-layered patterns of polystyrene and sil-
ica particles assembled with a simple dip-coating,” Colloids Surf.
A: Physicochem. Eng. Aspects, vol.317, pp.722–729, 2008.

[25] H. Ago, N. Uehara, K. Ikeda, R. Ohdo, K. Nakamura, and M. Tsuji,
“Synthesis of horizontally-aligned single-walled carbon nanotubes
with controllable density on sapphire surface and polarized Raman
spectroscopy,” Chem. Phys. Lett., vol.421, pp.399–403, 2006.

[26] T. Tanaka, Y. Urabe, D. Nishide, and H. Kataura, “Continuous
separation of metallic and semiconducting carbon nanotubes us-
ing agarose gel,” Appl. Phys. Express, vol.2, pp.125002–125002-3,
2009.

[27] H. Kataura, “Separation and optical evaluation of single-wall carbon
nanotubes,” Oyobuturi, vol.78, pp.1128–1134, 2009.

[28] Y. Feng, T. Miyata, K. Matsuishi, and H. Kataura, “High-efficiency
separation of single-wall carbon nanotubes by self-generated density
gradient ultracentrifugation,” J. Phys. Chem. C, vol.115, pp.1752–
1756, 2011.

[29] S. Fujii, T. Tanaka, Y. Miyata, H. Suga, Y. Naitoh, T. Minari,
T. Miyadera, K. Tsukagoshi, and H. Kataura, “Performance en-
hancement of thin-film transistors by using high-purity semicon-
ducting single-wall carbon nanotubes,” Appl. Phys. Express, vol.2,
pp.071601-1–071601-3, 2009.

[30] X. Liu, X. Tu, S. Zaric, K. Welsher, W.S. Seo, W. Zhao, and H. Dai,
“Selective synthesis combined with chemical separation of single-
walled carbon nanotubes for chirality selection,” J. Am. Chem. Soc.,
vol.129, pp.15770–15771, 2007.

[31] S. Bandow, S. Asaka, Y. Saito, A.M. Rao, L. Grigorian, E. Richter,
and P.C. Eklund, “Effect of the growth temperature on the diame-
ter distribution and chirality of single-wall carbon nanotubes,” Phys.
Rev. Lett., vol.80, pp.3779–3782, 1998.

[32] X. Yu, J. Zhang, W. Choi, J.-Y. Choi, J.M. Kim, L. Gan, and Z.
Liu, “Cap formation engineering: From opened C60 to single-walled
carbon nanotubes,” Nano Lett., vol.10, pp.3343–3349, 2010.

[33] Y. Hayakawa, I. Sato, K. Hayakawa, T. Tanaka, K. Yokoyama, K.
Kannno, T. Sakai, K. Ishiwata, K. Nakao, and E. Hahsimoto, “Char-
acteristics of the fundamental FEL and the higher harmonic genera-
tion at LEBRA,” Nucl. Instr. Meth. Phys. Res. A, vol.507, pp.404–
408, 2003.

[34] D. Ishizuka, K. Sakai, N. Iwata, H. Yajima, and H. Yamamoto, “Ef-
fect of chirality by the free electron laser iradiation,” IEEJ Trans.
FM, vol.130, pp.209–212, 2010.

[35] K. Sakai, H. Takeshita, K. Kaneki, H. Yajima, N. Iwata and H.
Yamamoto, “Multi-excitation-laser Raman analysis of chirality-
controlled single-walled carbon nanotubes with free electron laser
irradiation during growth,” Jpn. J. Appl. Phy., vol.50, pp.01BJ13-
01–01BJ13-5, 2011.

[36] R.B. Weisman and S.M. Bachilo, “Dependence of optical transition
energies on structure for single-walled carbon nanotubes in aqueous
suspension: An empirical Kataura plot,” Nano Lett., vol.3, pp.1235–
1238, 2003

[37] M.S. Strano, “Probing chiral selective reactions using a revised
Kataura plot for the interpretation of single-walled carbon nanotube
spectroscopy,” J. Am. Chem. Soc., vol.125, pp.16148–16153, 2003.

[38] M.S. Dresselhaus, G. Dresselhaus, A. Jorio, A.G.S. Filho, and R.
Saito, “Raman spectroscopy on isolated single wall carbon nan-
otubes,” Carbon, vol.40, pp.2043–2061, 2002.

Keijiro Sakai was born in Japan, on March
18, 1987. He recived the B.S. degrees from the
Department of Applied Chemistry department,
the Tokyo University of Science in 2009. He
is currently a graduate student in the Graduate
School at the Nihon university.

Satoshi Doi was born in Japan, on March 03,
1989. He recived the B.S. degrees from the De-
partment of Electronics and Computer Science,
CST, Nihon University in 2011. He is currently
a graduate student in the Graduate School at the
Nihon university.

Nobuyuki Iwata was born in Japan, on
February 28, 1973. He received Dr. Sci. in
Eng. degree from Waseda University in 2000.
He is a full time lecturer at the Department of
Electronics and Computer Science, College of
Sci. & Technol., Nihon University from 2000.
His principal reserach interests are in the film
growth and application at nano-scale of complex
oxides, fullerene, and carbon nanotube.

Hirofumi Yajima received Ph.D. degree
from Department of Applied Chemistry depart-
ment, the Tokyo University of Science in 1981,
and is presently a professor at the same uni-
versity. His recent research has bio-related
compounds, nanocarbons, laser chemistry, ad-
vanced medical materials/devices and its ion-
beam irradia-tion effects.

Hiroshi Yamamoto received B.S. and M.S.
from Kyushu Institute of Technology in 1974
and Tokyo Institute of Technology in 1976, re-
spectively. He received Dr. Sci. in Eng. degree
from Tokyo Institute of Technology in 1979. He
was a Research assistant at Nihon University
from 1979 and appointed a Professor in 1995.
Since then, he is a Professor at the Department
of Electronics and Computer Science, College
of Sci. & Technol., Nihon University, and now a
Vice–Dean of the College from 2008. His cur-

rent work involves Materials Science and Technology in the fields of Su-
perconducting and/or Nano-Molecular Electronics thin films.



<<
  /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
  /CreateJDFFile false
  /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 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /SUO <>
    /SVE <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 [612.000 792.000]
>> setpagedevice


