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Abstract—We demonstrate a compact and broadband polar-
ization independent 3-dB coupler for the O-band on silicon-on-
insulator platform. Using the multi-parameter adiabaticity engi-
neering protocol, unwanted coupling between eigenmodes in mode
evolution couplers are redistributed for dual polarization modes
and multiple wavelengths, resulting in a large operating bandwidth
for both TE and TM polarizations. The fabricated device has a
bandwidth of 70 nm with a compact mode evolution region of 27
µm.

Index Terms—Integrated photonics circuit, silicon photonics,
waveguides, adiabatic coupler.

I. INTRODUCTION

OWING to its ability to be easily integrated with com-
plementary metal-oxide-semiconductor (CMOS) manu-

facturing processes [1] and the potential to achieve electronic-
photonics integration [2], silicon photonics has been widely used
in photonic integrated circuits (PICs). Moreover, the signature
of high refractive index contrast between core and cladding
on silicon-on-insulator (SOI) platform enables large-scale and
high-density photonic integration on a chip. Optical 3-dB cou-
plers with wide bandwidth are essential components in pho-
tonic integrated PICs and find frequent applications in optical
switching. [3], modulators [4] and multiplexers [5]. However,
high refractive index contrast also causes birefringence of the
silicon waveguides, resulting in polarization-dependent silicon
photonic devices. That is, the coupling strengths of TE and
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TM polarized light are quite different in silicon waveguide
power couplers and splitters [6]. Broadband and polarization-
independent 3-dB couplers are necessary and desirable for
applications that demand polarization diversity. Many types
of polarization-independent 3-dB couplers had been proposed.
Subwavelength grating waveguides have been used to realize
polarization-independent 3-dB couplers with compact size and
large bandwidth [7], [8]. Nevertheless, subwavelength grating
waveguide needs precise structure control, so electron-beam
lithography process is often required for device fabrication.
Polarization-independent 3-dB coupler designs based on mode
evolution had been developed [9], but their mode evolution
regions are relatively long (75 μm) due to the adiabatic designs.
Bent waveguide couplers were utilized to achieve broadband
polarization-independent 3-dB couplers [10]. However, the de-
sign of cascaded bent couplers also requires high fabrication
precision. It is worth noting that the aforementioned devices
are all designed and experimentally realized for the C-band
wavelengths. To our best knowledge, there are limited efforts
on the design and fabrication of polarization-independent 3-dB
couplers for the O-band.

Research has been conducted over the years to explore the
similarities and analogies between quantum mechanics and
wave optics [11]. An example of the analogy is the similarity
between the Schrödinger equation for two-level systems in quan-
tum mechanics and the coupled-mode equation in wave optics.
Thanks to this analogy, the techniques in quantum mechanics
can be applied in optical waveguide couplers. A family of
protocols called shortcuts to adiabaticity (STA) has also found
analogies in coupled waveguide devices, resulting in short and
robust integrated optics components [12], [13]. Short and broad-
band 3-dB couplers have been designed and experimentally
demonstrated using a STA called fast quasi-adiabatic dynamics
(FAQUAD) [14]. However, the FAQUAD strategy can cause
large differences in the adiabaticity parameters between TE and
TM mode, so the coupler could be made transparent to the TM
mode but functions as a 3-dB coupler for the TE mode [15].
In other words, the FAQUAD strategy can only manipulate a
single-mode system. A polarization-independent silicon 3-dB
coupler for the C-band was realized using FAQUAD under the
quasi-adiabatic regime [16], where only one of the polarization
modes works under adiabatic regime and the other under mode
coupling regime. Previously, we have proposed an adiabaticity
engineering (AE) technique that can manipulate multi-mode
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systems, and we have applied multi-mode AE to design a
compact and broadband polarization-independent 3-dB coupler
[17]. Recently, we developed a multi-wavelength AE that further
improves the operation bandwidth of the resulting photonic
devices [18]. In particular, the multi-wavelength AE allows us
to select the wavelength range of operation for enhancing the
device bandwidth. Nevertheless, these works on adiabaticity
engineering were limited to theoretical studies and simulations.

In this paper, we design and fabricate broadband polarization-
independent 3-dB couplers for the O-band using a combina-
tion of multi-mode AE and multi-wavelength AE. This new
technique is called the multi-parameter adiabaticity engineering
(MPAE), which was previously used for the design of a C-band
polarization-independent 3-dB coupler [19]. In this work, MPAE
is used to optimize the mode evolution region of silicon adia-
batic 3-dB couplers for dual polarization modes and multiple
wavelengths. We report a compact and broadband polarization
independent 3-dB coupler realized using a multiple project wafer
(MPW) foundry service. The device mode evolution region is
27 μm, and the measured polarization independent bandwidth
is over 70 nm ranging from 1270 to 1340 nm.

II. MULTI-PARAMETER ADIABATICITY ENGINEERING

In this section, we introduce a technique to optimize device
adiabatic metric over dual polarization modes and multiple
wavelengths by a single control parameter. Defining the adia-
baticity metric in optical waveguides has been a subject of many
works [20], [21], [22]. In this paper, we follow the heuristic
approach in [23] and define the adiabaticity parameter C in an
optical waveguide as

C (z) =
〈m| d

dz |n〉
βm − βn

=
dz

dW

〈m| d
dW |n〉

βm − βn
=

1

R (W )
F (W )

(1)
where |m,n〉 are the eigenmodes of an optical waveguide, βm,n

are the propagation constants of the eigenmodes, W is the control
parameter (corresponding to waveguide width in our design
example which will be discussed in Section III). F(W) is solely
dependent on the control parameter W. If the geometry and ma-
terial composition of the waveguide cross-section is determined,
F(W) would be a fixed function of W. With the assumption of W
being monotonically increasing (dW/dz > 0), R(W) defines the
rate at which z changes with W. The adiabaticity parameter C
presents a measure of the degree of coupling between eigenmode
|m〉 and eigenmode |n〉. From (1), we find that the adiabaticity
parameter C can be engineered through the rate of change R(W).
Hence, the concept underlying MPAE involves engineering the
most suitable distribution of R(W) to minimize the aggregate un-
wanted coupling in multi-mode and multi-wavelength systems.

To ensure wideband functionality, the initial step involves
separate design of R(W) for TE and TM polarizations, RTE(W)
and RTM(W), by accounting for contributions from multiple
wavelengths. To realize a polarization-independent 3-dB cou-
pler for the O-band, we choose three wavelengths, 1210 nm,

1310 nm and 1410 nm, so that the resulting bandwidth covers
the entire O-band spectral region. For each wavelength λ, Rλ(W)
represents the optimal rate of change that evenly distributes
adiabaticity along the evolution. A larger Rλ(W) value indicates
that the control parameter W needs to be varied slower with
z, and vice versa. When multiple wavelengths are considered,
we engineer the overall R(W) by considering contributions from
each wavelength. At each W, we determine R(W) by selecting
the largest Rλ(W) as it indicates the largest unwanted coupling
among the wavelengths. The condition we impose on R(W)’s
can thus be expressed as:

RTE,TM (W )

= max { r1R1210 (W ), r2R1310 (W ), r3R1410 (W )} (2)

where weights r1, r2 and r3 are assigned to each wavelength,
dictating their respective contributions and r1 + r2 + r3 = 1.
Using (2), the optimal distributions for broadband operation are
first determined for the TE and TM polarizations, respectively.

Using a similar approach, polarization independence can be
obtained by designing RAE(W) for both TE and TM modes,
while ensuring the following condition is met:

RAE (W ) = max { rTERTE (W ), rTMRTM (W )} (3)

where the TE and TM mode weights, denoted as rTE and rTM,
determine their respective contributions and rTE + rTM = 1.

Fig. 1 illustrates the schematic steps involved in MPAE.
Firstly, we calculate C(z) for TE and TM modes at 1210 nm,
1310 nm, and 1410 nm, with W varying linearly (dW/dz =
constant) [Fig. 1(a)]. We can then find R1210(W), R1310(W), and
R1410(W), which evenly distribute adiabaticity at their respective
wavelengths. We then optimize the weights r1, r2 and r3, in (2)
for broadband operation [Fig. 1(b)]. Once RTE(W) and RTM(W)
are determined using (2) for a specific set of r1, r2, and r3,
illustrated by the purple curves in Fig. 1(b), we can calculate
the updated C(z)’s for TE and TM modes as shown in Fig. 1(c),
which represent the adiabaticity parameters corresponding to
the engineered RTE(W) and RTM(W) at the chosen wavelengths.
The main objective of MPAE is to minimize the total unwanted
coupling by minimizing the sum of the maxima of C(z)’s [red
circles in Fig. 1(c)], denoted as

∑
λ maxz{C(z)}, through the

weights r1, r2, and r3. Through a systematic search of all
parameters, we obtain r1 = 0.34, r2 = 0.37, r3 = 0.29 for the
TE polarization and r1 = 0.33, r2 = 0.36, r3 = 0.31 for the TM
polarization, achieving the minimum

∑
λ max{C(z)} for both

polarizations.
After obtaining RTE(W) and RTM(W), the optimization pro-

cess is repeated to engineer RAE(W) for polarization inde-
pendence operation, by minimizing

∑
TE,TM maxz{C(z)}

through the weights rTE and rTM in (3). The values of rTE

and rTM are found to be 0.64 and 0.36, respectively. The yellow
curve in Fig. 1(e) shows the corresponding optimal RAE(W),



CHUNG et al.: ADIABATICITY ENGINEERED SILICON POLARIZATION INDEPENDENT 3-DB COUPLER FOR THE O-BAND 6601206

Fig. 1. The steps involved in multi-parameter adiabaticity engineering (MPAE) are depicted in the schematic diagram. The first step involves obtaining the
adiabaticity parameters for both TE and TM modes in a device with linear variation. Subsequently, in steps (b) and (c), the contributions from three wavelengths are
optimized to minimize undesirable coupling for TE and TM modes, respectively. In steps (d) and (e), the weights for both polarizations are optimized to minimize
the overall unwanted coupling. Finally, in step (f), the MPAE-optimized structure is obtained by integration.

which minimizes the overall adiabaticity parameter and reduces
unwanted coupling. The control parameter W(z) can be obtained
by integrating both sides of the equation 1/RAE(W) = dW/dz
[Fig. 1(f)], completing the MPAE procedure.

III. DESIGN AND SIMULATION

Our design for the polarization-independent 3-dB coupler
considers an SOI substrate with a top silicon layer thick-
ness of 220 nm and a buried oxide layer thickness of 2 μm.
The cladding layer in our design is silica, as illustrated in
Fig. 2(a). Fig. 2(b) presents the top view schematic of the
MPAE-optimized polarization-independent 3-dB coupler. W(z)
corresponds to the control parameter introduced in the previous
section. The input and output width W0 of MPAE-optimized
polarization-independent 3-dB coupler is chosen to be 0.38 μm

to match the width specification of single-mode SOI waveguide
for O-band. In the 5-μm long region I, the upper optical path
consists of a linear taper waveguide with width varying from
W0 = 0.38 μm to W1 = 0.4 μm, and the lower optical path is a
taper waveguide with width varying from W0 = 0.38 μm to W2

= 0.3 μm. The gap g1 is 3 μm. In the 20-μm long region II, we
employ two S-bend waveguides of widths W1 and W2 to bring
the two waveguides together (g1 = 3 μm → g2 = 0.15 μm).
Region III is the mode evolution region of MPAE-optimized
polarization-independent 3-dB coupler. Though a constant gap
of g2 is maintained, a taper function W(z) designed by MPAE is
applied to both waveguides so that their widths become W1(z)
= W1−W(z) and W2(z) = W2 + W(z). W(z) is varied from 0 to
0.05 μm, and width W3 for both waveguides at the end of region
III is 0.35 μm. The taper function W(z) and length L of Region
III is optimized by setting W(z) as the control parameter in (1).
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Fig. 2. Schematics of the MPAE-optimized 3-dB coupler (a) Cross-sectional view. (b) Top view. W(z) is the control parameter for adiabaticity engineering.

Fig. 3. Transmissions of port 1 and port 2 as a function of Region III length
L for TE and TM modes. (a) MPAE-optimized 3-dB coupler. (b) Conventional
adiabatic 3-dB coupler.

In the 10 μm long region IV, two S-bend waveguides of the
same widths W3 is used to separate the two waveguides from
g2 to g1 to avoid additional optical mutual coupling. Finally,
in the 5 μm long region V, two linear taper waveguides with
widths varying from W3 to W0 are used. The physical parameters
of the MPAE-optimized polarization-independent 3-dB coupler
are summarized as follows: W0 = 0.38 μm, W1 = 0.4 μm,
W2 = 0.3 μm, W3 = 0.35 μm, g1 = 3 μm and g2 = 0.15
μm.

We optimize and simulate the MPAE-optimized polarization-
independent 3-dB coupler using a full-vectorial finite-difference
mode solver and the eigenmode expansion method (EME) [24].
The MPAE process outlined in the previous section is used to
obtain the optimized taper function W(z) shown in Fig. 1(f).
To determine the length L of the taper function, the device
is simulated at 1310 nm of wavelength for both TE and TM
polarizations. We simulate the light transmission for TE and
TM polarizations at two output ports as a function of L, as
shown in Fig. 3(a). The transmission curves for TE port 1, 2
(blue solid curve and dashed curve) and TM port 1, 2 (green
solid curve and dashed curve) are nearly crossover at the length
L = 27 μm. This means that the device can function as a
polarization-independent 3-dB coupler at the length of L = 27
μm. Fig. 3(b) shows the TE and TM outputs of the conven-
tional adiabatic polarization-independent 3-dB coupler with a
linearly varying region III as a function of L. The transmission

Fig. 4. Simulated light propagation in the MPAE-optimized 3-dB coupler with
an L = 27 µm for the (a) TE mode and the (b) TM mode.

curves for TE port 1, 2 (blue solid curve and dashed curve) and
TM port 1, 2 (green solid curve and dashed curve) are nearly
crossover at the length of L = 63 μm, which is more than
twice the length of the MPAE-optimized coupler. Therefore,
MPAE can indeed shorten the length of mode evolution region
and achieve polarization independence. We show the simulated
light propagation in the device for TE and TM modes in Fig. 4,
and the input light is equally split into port 1, 2 for both TE
and TM modes. It is evident that the MPAE-optimized coupler
achieves polarization-independent 3-dB coupling. We note that
in Figs. 3 and 4, the TM results show strong oscillation. Even for
the conventional adiabatic design in Fig. 3(b), the oscillation is
still present even at long device lengths. The oscillation is due to
a small excitation of the unwanted eigenmode at the beginning
of the mode evolution region as shown in Fig. 4(b). Although
MPAE is used to minimize unwanted coupling between the
eigenmodes during mode evolution, the interference between
the eigenmodes result in the observed oscillations. Excitation of
the unwanted eigenmode can be reduced by further optimization
of W1, W2, and g2 in the design.

IV. FABRICATION AND EXPERIMENTAL RESULTS

The MPAE-optimized 3-dB couplers were manufactured us-
ing MPW foundry service on an 8-inch SOI wafer by a CMOS-
compatible process with ArF 193-nm deep ultraviolet lithogra-
phy. The devices have upper and lower cladding of silicon oxide.
Using a custom-built interrogation system, we characterize the
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Fig. 5. Optical microscope image showing the fabricated MPAE-optimized
3-dB couplers with TE and TM grating couplers (GCs) attached for characteri-
zation.

Fig. 6. Measured transmission spectra of the MPAE-optimized 3-dB coupler.
(a) TE input. (b) TM input. The ripples in the responses are attributed to
reflections from multiple interfaces in the characterization setup and the chip.
To facilitate the estimation of the bandwidth, the spectral data are fitted with
high-order polynomials, which are plotted in a bold black line and a bold blue
line over the raw data.

spectral response of the fabricated couplers using a tunable laser
with a tuning range of 1270 to 1340 nm and a step resolution of
1 pm [25]. Optical input/output between single-mode fiber and
silicon chip is achieved using a pair of grating couplers having
a coupler efficiency of −3.93/−4.14 dB for the TE and TM
polarizations (Fig. 5). The output spectra at bar and cross ports
of the MPAE-optimized 3-dB couplers for the TE [Fig. 6(a)] and
the TM [Fig. 6(b)] polarizations are shown in Fig. 6. Measured
optical spectra are normalized using the procedures outlined in
[25] to remove the effect of coupling variation on the calculated
power splitting ratio. For the TE mode, the maximum deviation
from the designed 50/50 splitting ratio is 44/56 at 1270 nm.
The maximum deviation is 56/44 at 1295 nm for the TM mode.
The TM mode shows a larger variation in power splitting ratio
across the wavelength range of interest as compared to the
TE mode, which is consistent with the larger ripples in the
TM mode transmission shown in Fig. 3(a). The polarization
independent 3±0.5 dB bandwidth of the MPAE coupler is 70 nm
(1270–1340 nm), limited by the bandwidth of the tunable laser
and grating couplers.

V. DISCUSSION AND CONCLUSION

Recent advances in adiabatic guided wave optics have led
to a more rigorous adiabatic criterion based on the local-mode

theory [22]. In this work, we apply the MPAE process to engi-
neer a heuristically defined adiabaticity parameter [23], which
was successful in realizing compact and robust 3-dB couplers
[14], [25]. The results presented in this work also demonstrate
that polarization independent 3-dB couplers can be obtained
using this metric. We note that the MPAE concept can also
be applied to other measures of adiabaticity as long as their
z dependence can be expanded by the chain rule similar to
(1), with the possibility of considering more than one control
parameters [22]. Comparing different adiabatic metrics will be
a topic of future research and is beyond the scope of the current
work.

In conclusion, we have proposed and demonstrated a compact
and broadband polarization independent 3-dB coupler on SOI
for the O-band. Short mode evolution length for dual polariza-
tion modes and multiple wavelengths is achieved by the newly
introduced MPAE protocol. For both TE and TM polarizations,
experimental results show that the MPAE-optimized coupler
provides 3 ±0.5 dB splitting ratio for a wavelength range from
1270 nm to 1340 nm. The device is compatible with common
silicon photonics foundry services.

ACKNOWLEDGMENT

The authors would like to acknowledge chip fabrication
support provided by Taiwan Semiconductor Research Institute
(TSRI).

REFERENCES

[1] T. Tsuchizawa et al., “Microphotonics devices based on silicon microfab-
rication technology,” IEEE J. Sel. Topics Quantum Electron., vol. 11, no. 1,
pp. 232–240, Jan./Feb. 2005.

[2] C. Sun et al., “Single-chip microprocessor that communicates directly
using light,” Nature, vol. 528, pp. 534–538, 2015.

[3] S. Chen, Y. Shi, S. He, and D. Dai, “Compact eight-channel thermally
reconfigurable optical add/drop multiplexers on silicon,” IEEE Photon.
Technol. Lett., vol. 28, no. 17, pp. 1874–1877, Sep. 2016.

[4] M. R. Watts, W. A. Zortman, D. C. Trotter, R. W. Young, and A. L. Lentine,
“Low-voltage, compact, depletion-mode, silicon Mach–Zehnder modula-
tor,” IEEE J. Sel. Topics Quantum Electron., vol. 16, no. 1, pp. 159–164,
Jan./Feb. 2010.

[5] F. Horst, W. M. J. Green, S. Assefa, S. M. Shank, Y. A. Vlasov, and B. J.
Offrein, “Cascaded Mach-Zehnder wavelength filters in silicon photonics
for low loss and flat pass-band WDM (de-)multiplexing,” Opt. Exp.,
vol. 21, no. 10, pp. 11652–11658, 2013.

[6] H. Fukuda, K. Yamada, T. Tsuchizawa, T. Watanabe, H. Shinojima,
and S. Itabashi, “Ultrasmall polarization splitter based on silicon wire
waveguides,” Opt. Exp., vol. 14, no. 25, pp. 12401–12408, 2006.

[7] H. Xu and Y. Shi, “Ultra-compact polarization-independent directional
couplers utilizing a subwavelength structure,” Opt. Lett., vol. 42, no. 24,
pp. 5202–5205, 2017.

[8] L. Liu, Q. Deng, and Z. Zhou, “Subwavelength-grating-assisted broadband
polarization-independent directional coupler,” Opt. Lett., vol. 41, no. 7,
pp. 1648–1651, 2016.

[9] Y. Wang et al., “Polarization-independent mode-evolution-based coupler
for the silicon-on-insulator platform,” IEEE Photon. J., vol. 10, no. 3,
Jun. 2018, Art. no. 4900410.

[10] X. Chen, W. Liu, Y. Zhang, and Y. Shi, “Polarization-insensitive broadband
2×2 3 dB power splitter based on silicon-bent directional couplers,” Opt.
Lett., vol. 42, no. 19, pp. 3738–3740, 2017.

[11] S. Longhi, “Quantum-optical analogies using photonic structures,” Laser
Photon. Rev., vol. 3, no. 3, pp. 243–261, 2009.

[12] H.-C. Chung, S. Martínez-Garaot, X. Chen, J. G. Muga, and S.-Y. Tseng,
“Shortcuts to adiabaticity in optical waveguides,” Europhysics Lett.,
vol. 127, no. 3, 2019, Art. no. 34001.



6601206 IEEE PHOTONICS JOURNAL, VOL. 15, NO. 3, JUNE 2023

[13] V. Evangelakos, E. Paspalakis, and D. Stefanatos, “Efficient light transfer
in coupled nonlinear triple waveguides using shortcuts to adiabaticity,”
Sci. Rep., vol. 13, 2023, Art. no. 1368.

[14] Y.-J. Hung et al., “Mode evolution based silicon-on-insulator 3 dB cou-
pler using the fast quasiadiabatic dynamics,” Opt. Lett., vol. 44, no. 4,
pp. 815–818, 2019.

[15] H.-C. Chung and S.-Y. Tseng, “High fabrication tolerance and broad-
band silicon polarization beam splitter by point-symmetric cascaded fast
quasiadiabatic couplers,” Opt. Continuum, vol. 2, no. 10, pp. 2795–2808,
2019.

[16] H.-C. Chung, C.-H. Chen, Y.-J. Hung, and S.-Y. Tseng, “Compact
polarization-independent quasi-adiabatic 2×2 3 dB coupler on silicon,”
Opt. Exp., vol. 30, no. 2, pp. 995–1002, 2022.

[17] Y.-L. Wu, F.-C. Liang, H.-C. Chung, and S.-Y. Tseng, “Adiabatic-
ity engineering in optical waveguides,” Opt. Exp., vol. 28, no. 20,
pp. 30117–30129, 2019.

[18] H.-C. Chung, G.-X. Lu, and S.-Y. Tseng, “Shortcut to adiabaticity in
silicon polarization splitter rotator using multi-wavelength adiabaticity
engineering,” Opt. Exp., vol. 30, no. 5, pp. 8115–8125, 2022.

[19] H.-C. Chung and S.-Y. Tseng, “Ultra-broadband silicon polarization in-
dependent 3-dB coupler using multi-parameter adiabaticity engineering,”
in Proc. IEEE Photon. Conf., 2022, pp. 1–2.

[20] J. D. Love, W. Henry, W. Stewart, R. Black, S. Lacroix, and F. Gonthier,
“Tapered single-mode fibres and devices. Part 1: Adiabaticity criteria,”
IEE Proc. J. (Optoelectron.), vol. 138, no. 5, pp. 343–354, 1991.

[21] S. G. Johnson, P. Bienstman, M. Skorobogatiy, M. Ibanescu, E. Lidorikis,
and J. Joannopoulos, “Adiabatic theorem and continuous coupled-mode
theory for efficient taper transitions in photonic crystals,” Phys. Rev. E,
vol. 66, no. 6, 2002, Art. no. 066608.

[22] D. F. Siriani and J.-L. Tambasco, “Adiabatic guided wave optics – a toolbox
of generalized design and optimization methods,” Opt. Exp., vol. 29, no. 3,
pp. 3243–3257, 2021.

[23] H.-C. Chung, K.-S. Lee, and S.-Y. Tseng, “Short and broadband silicon
asymmetric Y-junction two-mode (de)multiplexer using fast quasiadia-
batic dynamics,” Opt. Exp., vol. 25, no. 12, pp. 13626–13634, 2017.

[24] FIMMWAVE/FIMMPROP 7.2, Photon Design Ltd., 2022.
[25] Y.-J. Hung, C.-H. Chen, G.-X. Lu, F.-C. Liang, H.-C. Chung, and

S.-Y. Tseng, “Compact and robust 2×2 fast quasi-adiabatic 3-dB cou-
plers on SOI strip waveguides,” Opt. Laser Technol., vol. 145, 2022,
Art. no. 107485.

[26] G. F. R. Chen, J. R. Ong, T. Y. L. Ang, S. T. Lim, C. E. Png, and
D. T. H. Tan, “Broadband silicon-on-insulator directional couplers using a
combination of straight and curved waveguide sections,” Sci. Rep., vol. 7,
no. 1, 2017, Art. no. 7246.



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


