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Abstract: The polarization characteristics of photonic crystal fibers (PCFs) with nano-
scale gold film are evaluated by using a finite element method. The coupling theory be-
tween core mode and SPP mode is introduced. Their application to fiber filter is
investigated. The PCF filters for the ranges of 1.31, 1.48, and 1.55 um and a wide wave-
length range are designed. We demonstrate that the resonance wavelengths are modu-
lated by adjusting the diameter of the air hole with gold film, and the resonance
wavelengths of x-polarized and y-polarized mode are divided by high birefringence of
core. By our structure, the loss of y-polarized mode is larger than the loss of x-polarized
mode at the resonance wavelength. When the diameter of the air hole with gold film is
big enough, the loss of y-polarized mode is further larger than the loss of x-polarized
mode at the wavelength range of 1.25-2.0 pum.

Index Terms: Photonic crystal fiber, polarization filter.

1. Introduction

Photonic crystal fibers (PCFs), which are also called holey fibers or microstructured optical fibers,
are consist of periodic array air holes parallel to the propagation axis [1]. The light is confined in the
defects of the periodic structure. PCFs are divided into two kinds of fibers. The first one, i.e., index-
guided PCF, guides light by total internal reflection between a high refractive index core and a low
refractive index cladding region. The other one, i.e., photonic-bandgap PCF, guides light by the
photonic bandbag in a low refractive index core-region. In this paper, index-guided PCF is em-
ployed. PCFs reveal many advantages, such as high-birefringence [2], low loss [3], big mode
area [4], and so on. The characteristics of PCF could be extended by filling the cladding air holes
with liquid [5], liquid crystal [6], metal [7], oil [8], and so on. PCFs with metal wires or metal film
arouse our interests. Surface plasmon polaritons (SPPs) can form on the surface of metal when
they are stimulated by light. The core guided light can couple to SPPs when their phases match.
By making the core with high birefringence, the resonance wavelengths of x-polarized and
y-polarized mode can be divided. The polarized characteristics are dependent on the parameters
of the structure, such as the thickness of metal film and the diameters and positions of the air holes
coated metal film. Zhang et al. have coated the air holes selectively to realize a absorptive
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Fig. 1. Schematic of PCF polarized filter system (a) and the cross section of the proposed PCF
coated gold film (b).

polarizer [9]. Lee et al. have reported a polarization-maintaining PCF with a metal wire, but the res-
onance wavelengths of two polarized modes are not divided [10]. The PCF with a metal wire has
been fabricated by pumping molten metal into the air holes at high pressure [11]. Duet al. have re-
ported the polarization-filter characteristics based on high-birefringence PCF with metal wires, the
losses of unwanted polarized modes at the wavelength 1.31, 1.55 um are about 60, 40 dB/cm
[12]. Chen et al. have proposed a PCF wavelength splitter coated metal film, the losses of un-
wanted polarized modes at the wavelength 1.31, 1.55 um are about 102.6, 245.0 dB/m [13]. How-
ever, these fibers do not have sufficient performances for the polarized filter.

In this work, polarized characteristics of PCF coated nanoscale gold film are evaluated by a
finite element method (FEM). The different filling styles are discussed. The resonance wave-
lengths of x-polarized and y-polarized mode are divided by making the core with high-
birefringence. The resonance wavelengths are adjusted by changing the diameter of the air hole
coated gold film. Four kinds of polarized filters based on PCF are realized. We also demonstrate
when the diameter of the air hole coated gold film is big enough, the loss of y-polarized mode is
further larger than the loss of x-polarized mode in the wide wavelength range.

2. Geometry and Numerical Method

Fig. 1(a) shows the schematic of the PCF polarized filter system. The white light is stable, con-
tinuous and broadband light. The upper standard single-mode fiber (SMF) is used to connect
white light and PCF. The lower standard single-mode fiber (SMF) is used to connect PCF and
optical spectrum analyzer. The cross section of the proposed filter based on PCF coated gold
film is shown by Fig. 1(b). The core is formed by removing an air hole. The air holes are ar-
ranged in a triangular lattice. The lattice pitch is represented by A =2 um. The diameters of red
holes, blue hole and the other holes are represented by dy, d2, and d, and d is fix to 1.2 um.
The blue hole is coated with gold film. Gold will not occur chemical reaction with most chemicals
and shows strong corrosion resistance. The ductility of gold is the highest. Filter's bandwidth
with gold film is better than that with Ag or Al film [14]. The thickness of gold film is represented
by t, and t is fix to 40 nm. The background material is pure silica. Its chromatic dispersion is cal-
culated by the Sellmeier equation [15]. The refractive index of air is 1. The permittivity of the
gold is calculated by the Drude-Lorentz model [16]
wZD Ace - QE

Em = €00 — - — - 1
m w(w — jp) (wz — QE) —jlw (1)

where ¢, is the permittivity in the high frequency, ¢, = 5.9673, wp is the plasma frequency,
wp/2m =2113.6 THz, ~p is the damping frequency, ~p/27 = 15.92 THz, w is the angular
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Fig. 2. Electric field distributions of (a) x-polarized (b) y-polarized core mode and (c) x-polarized
(d) y-polarized SPP mode.

frequency of transmitting light, Ae can be regarded as a weighting factor, Ae = 1.09, Q. and I'.
represent the frequency and the spectral width of the Lorentz oscillator, QL/27 = 650.07 THz,
and I'L /27 = 104.86 THz. The mode loss of fiber can be calculated by

2
a(x,y) = 8.686 x 7”|m(neﬁ) % 108 2)

where the unit of the loss and wavelength is dB/m and micrometer, respectively, and Im(ne)
represents the imaginary part of the effective refractive index of mode.

Nowadays, the fabrication techniques for the perform of PCF include ultrasonic drilling, cast
rod in tube, extrusion, and stacking. One metallic coating method involves suction and evapora-
tion of metal nanoparticle mixtures into the fiber. Another method is chemical deposition via pre-
cipitation from a reduction reaction. Therefore, the PCF filter coated metal film with simple
structure can be fabricated in reality.

The finite element method is used to investigate the mode characters and find the propagation
constants of the core modes and plasmonic modes. Perfectly Matched Layer (PML) is used.
PML can absorb radiant energy incident at various angles and not reflect energy. In the simula-
tion, cylindrical coordinate is used for PML to absorb the radiant energy from fiber axis. Scatter-
ing boundary condition (SBC) is used for the outer boundary of PML. SBC can further reduce
reflecting energy. The triangular sub-domain is used to discretize the computation area. The
computational region is meshed into 18690 elements for the original structure: dy = 2.4 ym, and
dx =1.2 um.

3. Coupling Theory

At first, a coupling between core mode and SPP mode is analyzed to understand the properties
of mode coupling. In this section, dy =2.4 um, and dz = 1.2 um. Fig. 2 shows the electric field
distributions of core and SPP modes. Fig. 3(a) shows the real part of the effective refractive in-
dex dependence on the operating wavelength A for y-polarized mode. The illustrations of mode
field distributions are in the Fig. 3(a). The core mode and SPP mode couple each other and split
into another new modes. For lower cure, mode field is mainly distributed in the core-region at
the short wavelength, more field begins to transfer from core-region to gold-film-region as wave-
length increases, the field intensity in the core-region is same as the field intensity in the gold-
film region at the turn of the cure, and almost all the field transfers from core-region to the
gold-film-region at the long wavelength. The transition of the upper curve is contrary to that of the
lower curve. Fig. 3(b) shows the loss dependence on the operating wavelength X for y-polarized
mode. The transition from core mode to SPP mode also happens to the losses. For the red solid
curve, the mode loss follows SPP mode at the short wavelength, and follows core mode at the
long wavelength. There is an intersection between the red solid curve and the black dot curve.
The losses of the two modes are equal at the intersection. The intersection corresponds to the
turn of the cure in Fig. 3(a). This coupling is called complete coupling.

Fig. 4(a) shows the real part of the effective refractive index dependence on the wavelength X for
x-polarized mode. The illustrations of mode field distributions are represented in Fig. 4(a). The core
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Fig. 3. Real part of the mode refractive effective index (a) and loss of the mode (b) dependence on
wavelength when a complete coupling happens. The insets show the electric field distributions of
the coupled modes. For lower cure (a), the mode field is mainly distributed in the core-region at the
short wavelength, more field begins to transfer from core-region to gold-film-region as wavelength
increases, and almost all the field transfers from core-region to the gold-film-region at the long
wavelength. The transition of the upper curve is contrary to that of the lower curve.
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Fig. 4. Real part of the mode effective refractive index (a) and loss of the mode (b) dependence on
wavelength when a incomplete coupling happens. The insets show the electric field distributions of the
coupled modes. The core mode and SPP mode are confined in core-region and gold-film-region at the
short wavelength. Just a little of the mode field of the core couples to the SPP mode as the wavelength
increases. Just a little of the SPP mode field couples to the core mode as the wavelength increases. At
the longer wavelength, mode fields of the core and SPP modes return to their respective region.

mode and SPP mode are confined in core-region and gold-film-region at the short wavelength. Just
a little of the mode field of core couples to the SPP mode as the wavelength increases. Just a little
of the SPP mode field couples to the core mode as the wavelength increases. At the longer wave-
length, mode fields of the core and SPP modes return to their respective region. Fig. 4(b) shows
the loss dependence on the operating wavelength \ for x-polarized mode. At the phase matching
point, the losses of core mode and SPP mode are not equal, the loss of core mode is the maximum
and the loss of SPP mode is the minimum. This coupling is called incomplete coupling.

Next, we use coupled-mode theory [17] to explain the above phenomena. For core and SPP
mode, the coupled-mode equations are

dey .

d—; = iB1E; + ikEp (3)
de> .

d—22 =ikEy +iBoEp (4)

where 3y and (3, are the propagation constants of core and SPP mode, E; and E, are the mode
fields of the two modes, « is the coupling strength, and z is the propagation length. We assume
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the propagation constant of the coupling mode is 5. E; and E, can be represented by the follow-
ing equations:

Eq = Aexpl(iB2) (5)
E> = Bexp(ifz). (6)

We substitute (5) and (6) into (3) and (4) and get 3
B+ = Bave £ 62 + K2 (7)

where fBae = (61 + 52)/2, and 6 = (81 — B2)/2. The two modes are leaky because their real
parts of mode refractive index are lower than that of the background material. For leaky modes,
#1 and (> are complex. Therefore, § can be represented by 6 = 6, + i6;. The real parts of propa-
gation constants of core and SPP mode are equal as phase matching condition is satisfied;
therefore, 6, = 0. Then, we can get the equation

&2+ k2= 6% + K? 8)

when §; < k, the real parts of 3, and (_ are different, the imaginary parts of 5. and §_ are
equal, and a complete coupling happens as y-polarized mode. When §; > «, the real parts of 3,
and (_ are equal, the imaginary parts of 5, and 3_ are different, a incomplete coupling happens
as the x-polarized mode.

4. Polarization Filter

4.1. Comparing With Different Filling Style

Fig. 5 shows the loss dependence on the operable wavelength A\ for x-polarized and
y-polarized mode of core; in this part, d> is fix to 1.2 ym. In Fig. 5(a), di = 2.4 um, the reso-
nance wavelengths of x-polarized and y-polarized mode are 1.516 and 1.40 um, respectively,
the corresponding losses are 23 644 and 36 094 dB/m, and the loss of x-polarized mode is just
812 dB/m at the wavelength 1.40 um. In Fig. 5(b), di = 1.2 um, the resonance wavelengths of
x-polarized and y-polarized mode are all 1.227 pm, and the corresponding losses are 883
and 5632 dB/m, the loss of y-polarized mode is larger than the loss of x-polarized mode at the
resonance wavelength, because the air hole coated gold film is in y-direction, and y-polarized
mode couples to SPP mode easier than x-polarized mode. Comparing Fig. 5(a) with Fig. 5(b),
we find the resonance wavelengths of x-polarized and y-polarized mode are divided by increasing
dy because the difference of the effective refractive index between x-polarized and y-polarized
mode exists, and the corresponding losses are increased because the polarized modes are ex-
truded to the y-direction.

Fig. 5(c) shows the loss dependence on the wavelength A\ based on the PCF with two air
holes coated gold film, the structural parameters of the two air holes coated gold film are the
same, d; = 2.4 um, the resonance wavelengths of x-polarized and y-polarized mode are 1.516
and 1.40 um respectively, the corresponding losses are 33732 and 39 139 dB/m, and the loss
of x-polarized mode is 1595 dB/m at the wavelength 1.40 um. Fig. 6(a) and (b) shows the elec-
tric field distributions of x-polarized mode at the wavelength 1.516 um and y-polarized mode at
the wavelength 1.40 um. Comparing Fig. 5(a) with Fig. 5(c), we find the losses of the PCF
with two air holes coated gold film at the resonance wavelengths are all increased, and the
loss of x-polarized mode at the wavelength 1.40 um is also increased.

Fig. 5(d) shows the loss dependence on the wavelength \ with single gold wire, di = 2.4 um,
the diameter of metal wire is d» = 1.2 um, the resonance wavelengths of x-polarized and
y-polarized mode are 1.63 and 1.505 um, respectively, the corresponding losses are 16 805 and
22 447 dB/m, and the loss of x-polarized mode at the wavelength 1.505 pum is 600 dB/m.
Fig. 6(c) and (d) shows the electric field distributions of x-polarized mode at the wavelength
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Fig. 5. Loss dependence on the wavelength with one air hole coated gold film dy = 2.4 um (a), one
air hole coated gold film di = 1.2 um (b), two air holes coated gold fiim dy = 2.4 um (c), one air
hole filled gold wire di = 2.4 um, and the diameter of gold wire is 1.2 pum (d).
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Fig. 6. Electric field distributions of x-polarized mode (a) at the wavelength A\ = 1.516 um, y-polarized
mode (b) at the wavelength A = 1.4 um with two air holes coated gold film, dy = 2.4 um, and x-polarized
mode (c) at the wavelength A = 1.63 pm, y-polarized mode (d) at the wavelength A = 1.505 pum with
one air hole filled gold wire, dy = 2.4 um, and the diameter of gold wire is 1.2 pm.

1.63 um and y-polarized mode at the wavelength 1.505 pm. The electric field distributions are
similar to those in Fig. 2. Comparing Fig. 5(a) with Fig. 5(d), we find the losses of the PCF with
gold wire at the resonance wavelengths are all decreased, and the loss of x-polarized mode at
the resonance wavelength of y-polarized mode is also decreased.

For polarization filter, we hope not only the loss of wanted polarized mode small but also the
loss of unwanted polarized mode big. Therefore, the structural style of Fig. 5(a) is what we
want. Next, we introduce single wavelength polarization filters.

4.2. Single Wavelength Polarization Filter

In this section, d; is fix to 2.4 um. We realize the polarization filters based on PCF by modu-
lating the diameter of the air hole coated gold film. For the filter in Fig. 7(a), the diameter of the

Vol. 7, No. 1, February 2015

2700210



IEEE Photonics Journal Polarization Filter Based on PCF

L e e I o o e B e e o 45000 T T T T T T
400004 (1.31pm, 37719dB/M)  ceeees x-polarization 7 (1.48 ym, 41721 dB/m)  <eceee x-polarization

35000 —— y-polarization | 40000 —— y-polarization -
30000
250004
20000 4

15000

Loss (dB/m)

10000

5000

T T T T T T T T T T T T T T T T T T T T T - T T T T T T T T T
1.14 1.20 1.26 1.32 1.38 1.44 1.50 1.56 1.62 1.68 1.74 1.80 1.86 1.92 1.98 1.14 1.20 1.26 1.32 1.38 1.44 1.50 1.56 1.62 1.68 1.74 1.80 1.86 1.92 1.98
Wavelength (um) Wavelength (um)

(@) (b)

T T T 20 4

LG S B oo e e T
45000 (1.55 um, 41802 dB/m)...... x-polarization ]
40000 p —— y-polarization _| 104

T
d2=1.06 pm
———d2=1.34 pm
d2=1.75 ym

Loss (dB/m)
ER (dB)
3
I

H -404 1.55 ym 4
-5000 T T T T T T T T T T T T T T T T T T T T T T T T
1.14 1.20 1.26 1.32 1.38 1.4 1.50 1.56 1.62 1.68 1.74 1.80 1.86 1.92 1.98 12 13 14 15 16 17 18 19 20
Wavelength (um) Wavelength (um)
() (d)

Fig. 7. Loss with (a) do = 1.06 um, (b) d> = 1.34 um, (c) d> = 1.5 um, and (d) ER dependence on
the wavelength. (a) Filter for 1.31 um. (b) Filter for 1.48 um. (c) Filter for 1.55 um. (d) ER.

air hole coated gold film is 1.06 um, the resonance wavelength of y-polarized mode is 1.31 um,
the corresponding loss is 37 719 dB/m better than [12] and [13]. For the filter in Fig. 7(b), the di-
ameter of the air hole coated gold film is 1.34 um, the resonance wavelength of y-polarized
mode is 1.48 um, the corresponding loss is 41 721 dB/m. For the filter in Fig. 7(c), the diameter
of the air hole coated gold film is 1.5 um, the resonance wavelength of y-polarized mode is
1.55 um, and the corresponding loss is 41 802 dB/m better than [12] and [13]. To show loss
relation between x-polarized and y-polarized mode, extinction ratio (ER) is introduced which
can be calculated by

ER:10*Ig%. 9)
X

ER is shown by Fig. 7(d) as fiber length is assumed to be 1 mm. The two modes can be di-
vided very well when ER is better than —20 dB.

4.3. Wide Wavelength Polarization Filter

From Fig. 7, we find the full width at the half-minimum of the loss curve increase with the in-
creasing d.. Therefore, we try increasing d, to realize broadband polarization filter. Fig. 8(a)
shows the loss of x-polarized and y-polarized mode of core dependence on the wavelength A
based on polarization filter for wide wavelength, the structural parameters are di =2.4 um,
d> =2.4 um,d = 1.2 ym, and t = 40 nm. The loss of y-polarized mode is better than 35 000 dB/m
in the wavelength range 1.25-2.0 um, the corresponding loss of x-polarized mode is small. The
losses of y-polarized mode are 68 576, 64 991, and 47 702 dB/m at the wavelength 1.27, 1.37,
and 1.74 pum, respectively, and the corresponding electric field distributions are shown by
Fig. 9. The electric field distributions of SPP modes are not similar to those shown by Fig. 2.
And the number of SPP modes increases. The y-polarized mode of core couples to different
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Fig. 9. Electric field distributions of y-polarized mode at the wavelength (a) X =1.27 um,
(b) A =1.37 um, and (c) A = 1.74 um for filter of wide wavelength.

SPP modes; therefore, Fig. 8 shows three peaks. ER is shown by Fig. 8(b) as fiber length is as-
sumed to be 1 mm.

Finally, the tolerance of realistic fabrication is analyzed. We calculate the impacts of the slight
changes in the diameters of air holes and the thick of gold film on the loss spectra. Numerical
simulations reveal that the PCF filter for wide wavelength has a relatively strong tolerance of re-
alistic fabrication. Fig. 10 shows the loss spectra of y-polarized mode of core are slightly af-
fected as the diameters of air holes fluctuate 20 nm and the thick of gold film fluctuates by
10 nm. We find the loss spectra are more sensitive to the thick of metal film than the diameters of
the air holes. When the thick of metal film decreases, the loss spectra red-shift, and the values of
losses increase in a wide wavelength range. The broadband polarization filter provides a better
tolerance of realistic fabrication.

5. Conclusion

We propose two kinds of polarization filters with nanoscale gold film for 1.31-um, 1.48-pm,
1.55-um, and wide wavelength based on a finite element method. The coupling theory of core
mode and SPP mode are introduced. By modulating the birefringence of core, the resonance
wavelengths of x-polarized and y-polarized mode are divided. The loss of PCF with gold film is
larger than the loss of PCF with gold wire at the resonance wavelength. Compared with the
PCF with two air holes coated gold film, the PCF with one air hole coated gold film is more
suitable as polarization filter. By modulating the diameter of the air hole coated gold film, we
realize four polarization filters based on PCF. When the diameter of the air hole coated gold
film is 2.4 um, the loss of y-polarized mode is better than 35000 dB/m in the wavelength range
1.25-2.0 um. The broadband polarization filter covering 750 nm with gold film is proposed for
the first time.
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considered.
Acknowledgment

The authors would like to thank T. Cheng from the Research Center For Advanced Photon
Technology, Toyota Technological Institute, Tempaku, Nagoya, Japan, for useful discussions
and the anonymous reviewers for their valuable suggestions.

References

[1] P. St. J. Russell, “Photonic crystal fibers,” J. Lightw. Technol., vol. 24, no. 12, pp. 4729-4749, Dec. 2006.

[2] K. Saitoh and M. Koshiba, “Photonic bandgap fibers with high birefringence,” IEEE Photon. Technol. Lett., vol. 14,
no. 9, pp. 1291-1293, Sep. 2002.

[3] K. Tajima, J. Zhou, K. Nakajima, and K. Sato, “Ultralow loss and long length photonic crystal fiber,” J. Lightw. Technol.,
vol. 22, no. 1, pp. 7-10, Jan. 2004.

[4] T. Matsui, J. Zhou, K. Nakajima, and S. lzumi, “Dispersion-flattened photonic crystal fiber with large effective area
and low confinement loss,” J. Lightw. Technol., vol. 23, no. 12, pp. 4178-4183, Dec. 2005.

[5] Y. Wang, M. Yang, D. Wang, and C. Liao, “Selectively infiltrated photonic crystal fiber with ultrahigh temperature
sensitivity,” IEEE Photon. Technol. Lett., vol. 23, no. 20, pp. 1520-1522, Oct. 2011.

[6] H. Chen et al., “A novel polarization splitter based on dual-core photonic crystal fiber with a liquid crystal modulation
core,” IEEE Photon. J., vol. 6, no. 4, Aug. 2014, Art. ID. 2201109.

[7] S. Zhang et al., “Theoretical study of dual-core photonic crystal fiber with metal wire,” IEEE Photon. J., vol. 4, no. 4,
pp. 1178-1187, Aug. 2012.

[8] Y. Geng, X. Li, X. Tan, Y. Deng, and X. Hong, “Compact and ultrasensitive temperature sensor with a fully liquid-
filled photonic crystal fiber mach-zehnder interferometer,” IEEE Sens. J., vol. 14, no. 1, pp. 167-170, Jan. 2014.

[9] X. Zhang, R. Wang, F. M. Cox, B. T. Kuhimey, and M. C. J. Large, “Selective coating of holes in microstructured optical
fiber and its application to in-fiber absorptive polarizers,” Opt. Exp., vol. 15, no. 24, pp. 16 270-16 278, Nov. 2007.

[10] H. W. Lee, M. A. Schmidt, H. K. Tyagi, L. Prill Sempere, and P. St. J. Russell, “Polarization-dependent coupling
to plasmon modes on submicron gold wire in photonic crystal fiber,” Appl. Phys. Lett., vol. 93, no. 11, Sep. 2008,
Art. ID. 111102.

[11] H. W. Lee et al., “Pressure-assisted melt-filling and optical characterization of Au nano-wires in microstructured fibers,”
Opt. Exp., vol. 19, no. 13, pp. 12 180-12 189, Jun. 2011.

Vol. 7, No. 1, February 2015 2700210



IEEE Photonics Journal Polarization Filter Based on PCF

[12] Y. Du, S. Li, X. Zhu, and X. Zhang, “Polarization splitter filter characteristics of Au-filled high-birefringence photonics
crystal fiber,” Appl. Phys. B, vol. 109, no. 1, pp. 65-74, Oct. 2012.

[13] L. Chen et al., “Design for a single-polarization photonic crystal fiber wavelength splitter based on hybrid-surface
plasmon resonance,” IEEE Photon. J., vol. 6, no. 4, Aug. 2014, Art. ID. 2200909.

[14] T. Srivastava, R. Das, and R. Jha, “Highly sensitive plasmonics temperature sensor based on photonic crystal
surface plasmon waveguide,” Plasmonics, vol. 8, no. 2, pp. 515-521, Aug. 2013.

[15] G. P. Agrawal, Nonlinear Fiber Optics. San Diego, CA, USA: Academic, 1989.

[16] A. Vial, A. Grimault, D. Maclas, D. Barchiesi, and M. Chapelle, “lmproved analytical fit of gold dispersion: Application
to the modeling of extinction spectra with a finite-difference time-domain method,” Phys. Rev. B, vol. 71, no. 8,
Feb. 2005, Art. ID. 085416.

[17] Z. Zhang, Y. Shi, B. Bian, and J. Lu, “Dependence of leaky mode coupling on loss in photonic crystal fiber with hy-
brid cladding,” Opt. Exp., vol. 16, no. 3, pp. 1915-1922, Feb. 2008.

Vol. 7, No. 1, February 2015 2700210




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /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 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 false
  /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


